SPECI FI CATION TITLE OF THE | NVENTI ON Laser beam nmachi ni ng apparatus 5
TECHNI CAL FI ELD The present invention relates to a | aser beam nachi ni ng
apparatus which carries out welding and cutting and is capabl e of
detecting m xing of inpure gas in purge gas filling a |light guide duct 10
guiding a | aser beam BACKGROUND ART Various types of |aser nmachining
apparatuses are known. For exanple, Japanese Patent Application Laid-Open
Publication No. 15 5-8079 (see pagepicieigaTibNnd 2) discloses a
conventional |aser beam nachining apparatus that transmts a | aser beam
stably for long time and can weld and cut a subject to be machined with
hi gh accuracy. This | aser beam machi ni ng apparatus includes a | aser

oscillator, i cal duct, and a machi ning gas supply
unit. The | a@j}ﬁﬁ%rﬁﬁgy@%%a beam transm ssion line including a
| aser outgoing port of an ai rt'ﬂyht mechanism The | aser robot has an
articul ated confilRF€ PR 98 aPRAraU$ aser beamto an arbitrary

position of the subject to be nachined. The optical duct guides the |aser
beam so 5that an optical axis of the |aser beam between the |aser
oscillator and 25 the | aser robot does not shift. The nmachi ning gas supply
unit det ect STECHMKSAURELD t he optical duct and supplies a predeternined
machining gas into the optical duct so that the pressure in the optical
duct The present invention relates to a laser beam machining

apparatus which carries out welding and cutting and is capable of

detecting mixing of impure gas in purge gas filling a light guide duct

10 guiding a laser beam.

BACKGROUND ART
Various types of laser machining apparatuses are known. For
example, Japanese Patent Application Laid-Open Publication No.

15 5-8079 (see page 2, Figs. 1 and 2) discloses a conventional laser beam
machining apparatus that transmits a laser beam stably for long time
and can weld and cut a subje'ct to be machined with high accuracy.
This laser beam machining apparatus includes a laser oscillator, a laser
robot, an optical duct, and a machining gas supply unit. The laser

20 oscillator has a beam transmission line including a laser outgoing port
of an airtight mechanism. The laser robot has an articulated
configuration which can emit a laser beam to an arbitrary position of the
subject to be machined. The optical duct guides the laser beam so
that an optical axis of the laser beam between the laser oscillator and

25 the laser robot does not shift. The machining gas supply unit detects



becones hi gher than external pressure. Such a configuration prevents fune
and dust generated at the tinme of the | aser beam machining from5 entering
the optical duct through a tip of the |aser robot. Japanese Patent
Appl i cation Laid-Open Publication No. 6-17120 (see pages 2 to 3, Fig. 1)
di scl oses a | aser anneal ing apparatus capable of controlling intensity of
a | aser beam accurately according to a condition where a subject to be

machi ned undiedaare in kHe Yptikal aﬂ!&ﬁéhbnﬁjﬁﬁlgﬁﬁlﬁﬁ)reﬁbﬁeﬂnﬁiﬁ%ﬂ maehmihgg

apparatus has such a configuration that the |aser oscillator and a chanber

|0 uhi ch 1 Nag bRk dic d’@&@d“ﬁ-ga;"ﬂtp% PiRsUBFE g HpticatAucanneal i ng

process is rranged are connected opti cal | aser anneal i ng
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I b t Ay th h,t ti | t d t ' f
cont ol - gas HER AR SR Thaates 2A30BrpnE dg el Peapl Stocniies Bl or
beam The optical duct, therefore, has a detectin sensor which detects

t he concént reRtesingothe prticaldye thyaugha 'E’Hé-"defai I@gpr 5eb@lict, and a quantity
of the control gas to be supplied into the optical duct is controlled

based on a signal J[apanessiPatertidpplicatiombeaidipen Rabligation: NagSsbhtef
detects the concentration of the control gas. In the conventional |aser
beam nmachi ni(seegpagesPue 3l Eig. dgatisciosesap iasarcamas2ling Apparatasi on

Lai d- Open Publication No. 5-8079, 25 however, air mght enter the optical
duct. One ofcamitdesftduitréilingdntensityest alaséhbeapt acelratebt acsoraing to

configuration of the optical duct. As shown in Fig. 1 of this publication,
for exanpl e, cBAdRRIA GMer8Ussubfictio be machined undergoes a laser
10  annealing process. The laser annealing apparatus has such a
configuration that the laser oscillator and a chamber in which the
subject to be machined and to undergo the laser annealing process is
arranged are connected by the optical duct. The laser annealing
apparatus adjusts the intensity of the laser beam emitted to the subject
15 to be machined in the chamber based on purge gas which does not
absorb the laser beam transmitting through the optical duct, and
concentration of control gas having predetermined absorptance with
respect to the laser beam. The optical duct, therefore, has a detecting
sensor which detects the concentration of the control gas in the optical
20 duct, and a quantity of the control gas to be supplied into the optical
duct is controlled based on a signal obtained in such a manner that the
detecting sensor detects the concentration of the control gas.
In the conventional laser beam machining apparatus disclosed

in Japanese Patent Application Laid-Open Publication No. 5-8079,

25 however, air might enter the optical duct. One of causes that the air



connects the | aser oscillator and the | aser robot does not have a |inear
form and the optical path is bent at a plurality of portions. Such an 5
optical duct is normally constituted so that bellows or the |ike connects
a plurality of pipes. The | aser beam machi ni ng apparatus of the first
prior art has the |aser robot in which a position to which the | aser beam
Is emtted can be noved so that the | aser beam can be emitted to an

arbitrary poghidreth8fopticaliRe lis aOchfigationesk thenophital a6t hRe&hdWn

machi ni ng apparatus having such a configuration, for exanple, a bellows

secti on comskRg ot MibiidifchPtbeakaiyts, BRFapiealA Wkt according

to a changi ng operation e emtting sition of the laser robot which
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joints between the pipes and the bellows. Another cause thmget he air m ght

enter thé op?Plicadl duetisinormalbheansiifuied sodthst ballews egthelixeqanngsts cal

duct, and this is caused by 20 using air sucked froma conpressor into the
optical ductaaduraidy ofpipesi ndhgdeser beame machiaingapparatusmfitbel firgtict |
when thinner, paint, or the like is used in a vicinity of the optical

duct, i npurepriasastutds Hse laseEr rabedrin velishra pogitipasty wWhichméhe laser beam
trichl oroethyl ene, acrylic conbustion gas, 25 fluorocarbon gas, SF6,

organi ¢ conpiguaditted dahtse mdvad eotthas thd taset ingamcedn Becémitlew: to mour e gas

causes power distribution of the |aser beamand increase in attenuation of
the laser begmitrafdpasitin 864!dubject to be machined. In the laser beam
10  machining apparatus having such a configuration, for example, a
bellows section composing a part of the optical duct occasionally moves
according to a changing operation of the emitting position of the laser
robot which is performed in order to change the laser beam emitting
position, or when the laser beam machining is stopped, pressure in the
15  optical duct temporarily drops. As a result, for example, outside air
enters the optical duct through joints of the pipes composing the optical
duct or joints between the pipes and the bellows.
Another cause that the air might enter the optical duct is
machining gas to be supplied into the optical duct, and this is caused by
20 using air sucked from a compressor into the optical duct as the
machining gas.
If the air enters the optical duct, when thinner, paint, or the like
is used in a vicinity of the optical duct, impure gas such as laser beam

absorbing gas (thinner, trichloroethylene, acrylic combustion gas,

25 fluorocarbon gas, SFg, organic compound, and the like) enters the



characteristics of the | aser beam are deteriorated, and thus machi ning
ability of the |aser beam nmachi ning apparatus is deteriorated. 5 Wen
anonmal ous out put of the |aser beam occurs, a defect in the |aser
oscillator is firstly regarded as a cause of the fault. After wvarious
factors which cause the fault in the output of the |aser beam are
elimnated, it is frequently found that the intrusion of the inpure gas

into the opbhiahs dugt "ﬁhe}}hﬁpﬁ?é‘ GsUaldid W'd?éﬁlb%%iﬁgéf fHe idxerl aser

beam 10 That 1s to say, e gas In e opt1 cal t cannot be
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causes, thergefor hi n| cannot b arr t he | aser beam
rmchi i ng. anpir et oF e Md F4AH ere defetorafes, “the Tt Was it
deterloratln wor ki n f|C|enc In the |aser annelln rat us

di scl osed in 'z!ib‘éﬁé%'geE%ﬁ%"n’?ea%maicbﬂim&?ﬂ_%ﬁrﬁ%é% ?‘?r@ggéon No.

6- 17120, the detecting sensor which detects the control gas is provided in
the opti &al duct, When asomaledsiutputehths lagardeeamiorcusnaddrfest iron of

t he control gas whi ch 20 controls the out put of the | aser beam and does not
det ect the ithaulasergeillathais fissthyregardeavas a ¢ause of tipefaulyas Afterh as t he
| aser absorbing gas enters the optical duct, the detecting sensor cannot

detect the vatiousifactors whiehiogusecthgafaull In ihee eotpltjfadhedtisthbeane aeat
I nvention to solve at |east the 25 problens in the conventional

t echnol ogy. éinlﬁirﬁﬁb@sﬁﬁé fréquatitly PO kRt thd miAIsiOR BN tRBAR pLIrepAPRRbAL US
according to the present
the optical duct is the cause of the anomalous output of the laser beam.
10  That is to say, the impure gas in the optical duct cannot be specified as
the cause of the anomalous output of the laser beam in the early stage
of the checkup of the causes. During the checkup of the causes,
therefore, the machining cannot be carried out by the laser beam
machining apparatus, and thus the impure gas is also a cause for
15  deteriorating working efficiency.
In the laser annealing apparatus disclosed in Japanese Patent
Application Laid-Open Publication No. 6-17120, the detecting sensor
which detects the control gas is provided in the opticail duct, but the
detecting sensor detects the concentration of the control gas which
20 controls the output of the laser beam and does not detect the impure
gas. That is to say, even if the impure gas such as the laser absorbing
gas enters the optical duct, the detecting sensor cannot detect the
intrusion of the impure gas.

It is an object of the present invention to solve at least the

25 problems in the conventional technology.



i nvention includes a | aser oscillator which oscillates a | aser beam the 5
| aser oscillator having a | aser beam outgoi ng port to output the |aser

beam a machi ni ng head whi ch nachi nes a workpiece with the |aser beam an
optical duct with an optical systemto guide the | aser beam fromthe |aser
beam out going port to the machi ning head; a purge gas supply port that
opens into the optical duct and situated near any one of 10 the | aser beam
out goi ng port and the machi ni ng head, wherein a purge gas supply unit

suppl i es purge gas into the optical duct fromthe purge gas supply port; a

purge gas ex OSRE AR T FEENVENﬂd@e optical duct and situated near
any one of t aser eam ou gm ng port and the machining head, wherein

t he purge gas |n t cal duc 0 exhaust
port; and an odor 53‘?\%@’ b?ﬂg‘[ "@gﬁ‘é@ é’lﬁ,ﬁﬁ%@y? §g@’§ OQH}?gﬁf‘:Tgsaeﬁ"tof t he
optical duct, fro t he eam ou n r ch|

wher o ¢ he InNABLPPAAChies & Iason st Waktostater ataget Reafdlous.
The ot her. objects, features and advantages of the present 20 .invention are
speci fic#l | y|Ja§§f ossHiator hazgmgmiasgeb@ﬁ@ ay&m@atpqr# denautaut the [asfng
detail ed descriptions of the invention when read in conjunction wth the
acconpanyi ngeerriang@chBRNEMEEL ST Intar iR esHE worRkpiaaeswitb thedaseri s a
schematic diagram of a | aser beam nachining 5 apparatus according to a
first enbodimemn; ah ¢pcardisetnyvithrareoptioal system t@ guide the daser heama gas
detector is attached to an optical duct; Fig. 3 is a flowhart of a
process to diebRCthealwsrbedm ddtgohegspbrtbt@amem@wrmmg h&adas plurge aamor di ng

to the first enbodinent; Fig. 4 is a flowhart of a

supply port that opens into the optical duct and situated near any one of

10 the laser beam outgoing port and the machining head, wherein a purge
gas supply unit supplies purge gas into the optical duct from the purge
gas supply port; a purge gas exhaust port that opens into the optical
duct and situated near any one of the laser beam outgoing port and the
machining head, wherein the purge gas in the optical duct is output

15 from the purge gas exhaust port; and an odor sensor that detects
undesired gas in a portion of the optical duct from the laser beam
outgoing port to the machining head, wherein the undesired gas is a
gas that makes the laser beam anomalous.

The other objects, features and advantages of the present
20 invention are specifically set forth in or will become apparent from the

following detailed descriptions of the invention when read in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Fig. 1 is a schematic diagram of a laser beam machining



5 process of calibration executed using the gas detector; Fig. 5is a
schematic diagram of a | aser beam machi ni ng apparatus according to a

second enbodi nent of the present invention; Fig. 6 is a flowhart of a
process to detect an anomaly in the | aser beam machi ning apparatus; Fig. 7
Is a schematic diagramof a | aser beam machi ni ng apparatus 10 according to
a third embodi nent of the present invention; Fig. 8 is to explain howthe

odor sensor dﬁﬁ@ﬁtﬁs%&%%t@@ﬁﬁb@@hbdﬂs&erﬂ dftha present ivdntidn;aFigr ocess
to detect an anomaly in the | aser beam nmachining apparatus accor di ng to

the third enpoiidieites il a dsidot8otot B UMl anAptial &S Fig. A

machi ni ng appar at us accor gto | nent of the present

i nvention; in the
| aser beam reNeRARS a%ggéé%‘%%%?@?éc*m%*?@?ﬁit“? a‘;%f% r:@'}a??r@"?“ép. 0. 12
Is a schematic diggramof .a |aser arat ng to a
[ 1eh onbodi AePRrBHs dRsordPetonha g amBrdieyl HE"RISH HBRERER S0, | he
odor sensor detects 20 anommal ous paortions IB t he aser erg rga,chl ni ng

appar at u® acRBIESTP ealinnation; axecwWagRRgA egqquetﬁptpg, a9 PoRchart of a
process to detect an anomaly in the |aser beam machi ni ng appar at us

accordi ng t osehematicidiagemai anarer beam machiningannaratumaskarfing terd whi ch
the gas detector is attached to the optical duct; Fig. 16 is a flowhart
of a processsetormb eoebodimentaf tbnemnﬁse@tmsverngMeF@aﬁ idea flomahartiofja 17

illustrates an 6 exanple in which the gas detector is nounted to the
optical ductpropeds to detetd ansamomadyvirithié ladercbgamanashiiingapparatusin

executed using the gas detector. 5 BEST MODE FOR CARRYI NG OQUT THE
I NVENTI ON  Fig. 7 is a schematic diagram of a laser beam machining apparatus
10  according to a third embodiment of the present invention; Fig. 8 is to
explain how the odor sensor detects anomalous portions; Fig. 9 is a
flowchart of a process to detect an anomaly in the laser beam
machining apparatus according to the third embodiment; Fig. 10 is a
schematic diagram of a laser beam machining apparatus according to a
15 fourth embodiment of the present invention; Fig. 11 is a flowchart of a
process to detect an anomaly in the laser beam machining apparatus
according to the fourth embodiment; Fig. 12 is a schematic diagram of a
laser beam machining apparatus according to a fifth embodiment of the
present invention; Fig. 13 is to explain how the odor sensor detects
20 anomalous portions in the laser beam machining apparatus according to
the fifth embodiment; Fig. 14 is a flowchart of a process to detect an
anomaly in the laser beam machining apparatus according to the fifth
embodiment; Fig. 15 illustrates an example in which the gas detector is

attached to the optical duct; Fig. 16 is a flowchart of a process of

25 calibration executed using the gas detector; Fig. 17 illustrates an



Exenpl ary enbodi nents of |aser beam machi ni ng apparatus according to the

present invention are explained in detail with reference to the
acconpanyi ng drawi ngs. A first enbodi nent of the present invention is

expl ai ned wi
of the | aser
the present

10 6 mcro
21 which em

th 10 reference to Figs. 1 to 4. Fig. 1 is a schematic diagram
beam machi ni ng apparatus according to the first enbodi nent of
I nvention. Fig. 2 illustrates how a gas detector is attached

to an opticatafpid in erﬁlch the gad détedtdiars! m%n@e@ﬂ@ftﬁé%ﬁfﬂbaq'w* afgomal y
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A first embodiment of the present invention is explained with
reference to Figs. 1 to 4. Fig. 1 is a schematic diagram of the laser
beam machining apparatus according to the first embodiment of the
present invention. Fig. 2 illustrates how a gas detector is attached to
an optical duct. Fig. 3 is a flowchart of a process to detect anomaly in
the laser beam machining apparatus according to the first embodiment.
Fig. 4 is a flowchart of a process of calibration executed using the gas
detector.

The laser beam machining apparatus includes a laser oscillator
11, such as a carbon dioxide gas laser oscillator (oscillation
wavelength: 10.6 micro millimeters) which oscillates a laser beam, a
machining head 21 which emits a laser beam output from the laser
oscillator 11 to a workpiece (subject to be machined) 100 to be
machined, and an optical duct 30 which guides the laser beam emerged
from the laser oscillator 11 to the machining head 21 while an optical
axis of the laser beam is maintained. In the drawings, an alternate

long and short dash line L shows the laser beam.

irst enbodi nment .

at or

mthe | aser oscillator 11 to the

right angle via a stretchable



21 and condensing the |laser beamL onto a tip (hereinafter, a machining
head tip) 22 of the machining head 21. For exanple; the bend mrror 34
bends a path of the |aser beamL emtted fromthe | aser beam out goi ng port
12 of the laser oscillator 11 towards the nachining head 10 21 by 90
degrees in the configuration of Fig. 1. The pipe 31 b connected with the
machi ni ng head 21 can nove to a direction of an arrow A in the draw ng

along a frame 23 byhg cqsudy:@mc@@mfis%ﬁﬁﬁé&as%ngnsmétwm MRg AReSM  not
shown, so that a relative noving operation is performed between the |aser

beam L and t | f 31b
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30. A purge gas exhaust port 36 to exhaust the purge gas out .of the

Opt i cal Sduckeam putgningingsti13efithenasproscillatgr Ad4R the machiinghaath duct
The purge gas supply port 35 is connected with a nitrogen supply 25

sect ion 41 a%‘h andcoondessing the haiser Heann Leoato atipcthareinafiteracmacyining

excl usively. The nitrogen supply section 41 supplies nitrogen as the purge

gas. The conpeadsip) 22 of thhw machiningkbdad it .cofipr exaetplej the hendhminpor ge
gas. An inlet port which sucks air of the conpressor 42 has a filter 43.

The filter 434ibernc3n @@ dffthadhseabednt Brdmitted frone tihe laser beximng a
function for elimnating noisture, dust, organic comnpound,
outgoing port 12 of the laser oscillator 11 towards the machining head

10 21 by 90 degrees in the configuration of Fig. 1. The pipe 31b
connected with the machining head 21 can move to a direction of an
arrow A in the drawing along a frame 23 by a guiding configuration or a
driving mechanism, not shown, so that a relative moving operation is
performed between the laser beam L and the workpiece 100.

15  According to the movement of the pipe 31b connected with the
machining head 21 along the frame 23, the bellows 33 expands and
contracts.

A purge gas supply port 35 which is used for supplying purge
gas which does not affect absorptance of the laser beam L passing

20 through the optical duct 30 is provided in a vicinity of the laser beam
outgoing port 12 of the laser oscillator 11 on the optical duct 30. A
purge gas exhaust port 36 to exhaust the purge gas out of the optical
duct 30 is provided near the machining head 21 on the optical duct 30.
The purge gas supply port 35 is connected with a nitrogen supply

25 section 41 and a compressor 42 via a valve 44 which is switched



and the like in a roomwhere the | aser beam nmachi ni ng apparatus is
installed so as to prevent themfromintruding into the optical duct 30.
The pressure in the optical duct 30 is set to be predeterm ned pressure
(for exanple, when air (purge air) is used as the purge gas, a flowrate 10
s 100 L/mn., and a pressure difference is not less than 0.06 kPa) by the
purge gas supply port 35 and the purge gas exhaust port 36 provided on the

optical ducteR@usiey.! ashe ﬂl%@dﬂuﬁbpﬁl&%cﬁwatmmmrﬁindmﬁlﬁld@S at

| east one gas detector 50, a control notification section 61, and an
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| mpure gas in duct 30 and outputs an anomaly detection signal.
The control L ' ech| A : | QiaNg
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detector 50,,notifies gnomaly.t.o g.aperator of the laser L.ni ng
appar at us. Tﬂ%s Qnﬁ%ﬁ ffgdi 53\%9&9'233§3&qr8ﬁ°%§d r?gl{aégwlai%d 8%@6‘229 %? C‘Bgcogni ze
t he anomal y |t_ﬁ%{f:éweans of the nfot ification f rosg1 the control notification
section &1. @¥ig 81 fupstipp;fesslisynaling mRILYre:HiFlo PEIRME GormRpUNd,
oscillator 11 based on the anonmaly detection signal output fromthe gas
detect or 50 and theflike igra reem wheneibedaganbeam maghinihg: pRParAtERIS he
conpressor 42 when the 25 filter 43 is replaced, and controls the entire

| aser beam niastallechgo @5 tp poevanisthieas éwmrintinding intadhecptical dudis30.
operator. The control positing section 61 controls calibration of the gas

det ect or 50 Wherpreseurd ot the bpticaihdabt 80rg sgtfarks psedeatebmined préssurenonmal y
di splay section 62 is conposed of, for exanple, a CRT (Cathode Ray Tube),

grS l'iquid ctfgserbnihieplvien air (borhé ai0ris Wiethasehé fniirge gy, ipflowarmenl i es,

10 is 100 L/min., and a pressure difference is not less than 0.06 kPa) by
the purge gas supply port 35 and the purge gas exhaust port 36
provided on the optical duct 30. The laser beam machining apparatus
further includes at ieast one gas detector 50, a control notification
section 61, and an anomaly display section 62. The gas detector 50

15 detects intrusion of impure gas in the optical duct 30 and outputs an
anomaly detection signal. The control notification section 61 controls
the laser beam machining apparatus and when receiving the anomaly
detection signal from the gas detector 50, notifies anomaly to a
operator of the laser beam machining apparatus. The anomaly display

20 section 62 makes the operator recognize the anomaly by means of the
notification from the control notification section 61. The control
notification section 61 controls the laser oscillator 11 based on the
anomaly detection signal output from the gas detector 50 and a filter

replacement signal which is output from the compressor 42 when the

25 filter 43 is replaced, and controls the entire laser beam machining



a buzzer which is provided in the | aser beam nmachi ni ng apparatus. The
control notification section 61 notifies the anomaly due to the intrusion
of the inpure gas to the operator. The gas detector 50 includes, as shown
in Fig. 2, an odor 10 sensor 51 which detects the inpure gas in the optical
duct 30, and a sensor calibrator 52 which calibrates the odor sensor 51
when the | aser beam nmachining apparatus is booted. The gas detector 50 is

provi ded onaapsmtaa\&mbh% irstiddtion froni BidrederatorUcTha eamtrer that a
portion of a side wall of the optical duct 30 is dented fromthe inside to

15 the OUtS'P si‘?m\%&ﬁctﬂm Bqaéorﬂ 5 @Qrbrsﬁé Cd?friﬁa &fegié(ﬂﬂr ?5@\]0 énethe

surface para an optlca axis 1n t e opt iIta concave
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surface 71 of the concave g)rtlon 70, and a sec&n_d side surface 73 which
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connects the outer per| heral surface of the optical duct 30 with the
peri pheral saruzzerwhigh istsovisiechirethsolasesiberom maehining @pparaiuse surface
72 has an angle which is approximtely vertical to an 10 extended

di recti on of ThaeaytoloxitifitatiorBsection 6iheotifies the sndenalyrdusto thid has an
angle of tilt which is not vertical but gentle froman inner wall of the
optical ductin¥fusionafdhetinpurergasty the spetatoe. 71 of the concave portion

70 which is the farthest froma center of the optical duct 30. 5 The odor
sensor 51 is proviWRd gus HBRedtbr 8D iREHRIeBY HsP6Ifown iRfFig. 2, an odor
10  sensor 51 which detects the impure gas in the optical duct 30, and a
sensor calibrator 52 which calibrates the odor sensor 51 when the laser
beam machining apparatus is booted. The gas detector 50 is provided
on a concave portion 70 which is formed in such a manner that a
portion of a side wall of the optical duct 30 is dented from the inside to
16 the outside of the optical duct 30. The concave portion 70 has a
surface parallel with an optical axis in the optical duct 30. The
concave portion 70 is formed so as to be surrounded by a peripheral
surface 71 connected with the optical duct 30, a first side surface 72
which is positioned on a lower stream side of the concave portion 70
20 and connects an outer peripheral surface of the optical duct 30 with the
peripheral surface 71 of the concave portion 70, and a second side
surface 73 which is positioned on an upper stream side of the concave
portion 70 and connects the outer peripheral surface of the optical duct

30 with the peripheral surface 71 of the concave portion 70. The first

25 side surface 72 has an angle which is approximately vertical to an
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t he concave portion 70 so as to oppose to a flow of the purge gas G
flowwng in the optical duct 30. As the odor sensor 51, a hot wre

sem conduct or sensor which can detect atnosphere conmponents such as
conbusti bl e gas, toxic gas, and odor conponent can be used. The 10 hot wre
sem conductor sensor has a two-term nal configuration that includes a gas
sensitive section and a lead wire section. The gas sensitive section is

constituted gatehbled dirg€fich bf thedpirat &tict J0d Wit Ahe sucOmdSidel surfacele s
arranged around a coil which is formed by a linear resister made of noble

metal wire spghaasai aghé lof Uik \ﬂbgﬂlﬁe }rrlggvgﬁlﬁébu?t%éﬂtreefmﬁhan' iAAdr Wdie

section is constituted™so that Il near resister are
extended to ' R ' or is
clcorri cal |y EHRiearaRt SO ToRRRaS 1he peitheRar btie 7461 B cORbAGE

sem conduct or _sens avin u configuration as h

predeterm ne%o'ﬁappzéé*{h*e}Fb'géﬁacfé@&éfgf° &ﬁﬁﬂﬁeri%&?éﬁ%ﬂc‘g‘\@&f t he gas
7 the odor sensorTNE HIASERING 5 LImBIOVIARY O Ui BEHcILEHArRa? By e
(nmodel nane) made by New Cosnps Electric Co., Ltd. can be used. The sensor
cal i brator 5he eencane partien 79r s @snioerpese e 2 flow ofdbe purassgas Giozzl e
54, and an el ectromagnetic valve 55. The 11 calibration gas supply section
53 suppl i es fawirfgin the optiaal ducbB80t hdsothe odorsensos 1¢ kdnel witkt er |,

“calibration gas"). The nozzle 54 is arranged on the second side surface
73 of the cosemicomndudtopsenfoppihictedancdéeteet atehospbens contorientstswth t he

calibration gas is blowm to the sane 5 direction as the flow of the purge
gas G . The g eshikigtibelgas, tokicegas, and odor component can be used. The
10 hot wire semiconductor sensor has a two-terminal configuration that
includes a gas sensitive section and a lead wire section. The gas
sensitive section is constituted so that a metallic oxide semiconductor
such as tin oxide is arranged around a coil which is formed by a linear
resister made of noble metal wire such as a platinum or platinum alioy
15 wire. The lead wire section is constituted so that both ends of the
linear resister are extended to the outside of the gas sensitive section.
The gas detector is electrically connected with the linear resister of the
hot wire semiconductor sensor having such a configuration so as to
have a predetermined temperature, and detects a change in resistance
20 of the gas sensitive section due to gas absorption so as to detect the
gas component. As the odor sensor, for example, a hot wire
semiconductor sensor CH-E (model name) made by New Cosmos
Electric Co., Ltd. can be used.

The sensor calibrator 52 includes a calibration gas supply

25 section 53, a nozzle 54, and an electromagnetic valve 55. The

11



55 controls so as to supply the calibration gas into the optical duct 30 at
the time of the calibration and not to supply the calibration gas into the
optical duct 30 at tine other than the calibration. Opening and cl osing
states of the electromagnetic valve 55 are controlled by the control 10
notification section 61. The sensor calibrator 52 obtains a standard of the
operation of the odor sensor 51 in the environnent without the inpure gas

in order 1t ocAltd@tloncg&9308BlY Setlién TsuSSHESbas forRaNbdtfor BPYE oerdy
intruded. For this reason, It Is desirable that the calibration gas supply

S, 53, S Fofighs "B T THA Bl A Sohliggn o

pu
gas G suppl t aser “beam machi ning. Even | owever,

car i brati on ghane MRERPCEOR e R R e GTod W haBlod 10 PSSR o

whi ch i t tected t h .01, t 20 | i brati .
That the cal PaSPBOLAL (50 A e SolBraUaHoRR TehowAde LREBE 51 'n or der

to obtain an initial value for determ nation which state is not anomal ous
i s cal | e® asticastion as e Mlawolthe puidecgas Gb i Ehe eiectiemagasticiyalvaur ge
gas exhaust port 36 of the optical duct 30 in the | aser beam machi ni ng
appar at us sodasont®lis sodas éesuphly the calibaticart gaadnionihe eptjesl duel301ed
optical duct 30 which 12 causes the anonalies such as the power

di stri buti onthef titneecof theecalipration_anddhdtie suppigdbe catibaatiemgstsi ioto tiet he

| aser beam L. The inpure gas can be detected, therefore, made at an

initial stateptidetdiest 3(at sineerakhestin theechhbeitidieanDpeniny apdssidsing t he
i mpure gas or another 5 reason.
states of the electromagnetic valve 55 are controlled by the control
10  notification section 61.

The sensor calibrator 52 obtains a standard of the operation of
the odor sensor 51 in the environment without the impure gas in order
to detect a change in the odor sensor 51 when the impure gas intruded.
For this reason, it is desirable that the calibration gas supply section 53

156  supplies gas with the same composition as that of the purge gas G
supplied at the time of the laser beam machining. Even if, however,
the gas does not have the same composition as that of the purge gas G,
the calibration gas supply section 53 may supply nitrogen gas or
oxygen gas, which is not detected by the odor sensor 51, as the

20 calibration gas. That the calibration gas is allowed to flow in the odor
sensor 51 in order to obtain an initial value for determination which
state is not anomalous is called as calibration.

The gas detector 50 is provided near the purge gas exhaust port

36 of the optical duct 30 in the laser beam machining apparatus so as

25 to detect the intrusion of the impure gas into the optical duct 30 which

12



The process to detect an anonmaly in the | aser beam machi ning apparatus
w Il be explained using Fig. 3. To boot the | aser beam machi ning
apparatus, the conpressor 42 is booted (step S1) whereby the optical duct
30 is filled with gas (air). 10 Next, calibration of the odor sensor 51 is
executed (step S2) as shown in Fig. 4. The el ectromagnetic val ve 55 which
I's provided between the calibration gas supply port 53 and the nozzle 54

i's opened @é@ﬁeé%bnoﬁf&ié{sﬁ&b@ﬁ%i% iﬁﬁfe?ﬂi&ﬁ%‘ﬂ'ﬁoﬁrmﬁé‘%s@%a@nm

onto the odor sensor 51 so that the cal ation is started (step S202).

The 15 calib | ' l. : 1f ﬁﬁgﬁ. 1 ned
tinme (norm‘l%tﬂaoghéﬁr%aﬁgt@g&%' gﬁ]&ﬁ[aas?g%maﬁ'ﬁon?f‘gqe egeqésli ep
S203), the odor .sepspor.5 utputs a signal s LN 0 i f the

cal i brat f on C8h EheOeERPd: BiRcBldrR. Bode R ot PR OefE W sthoE e 11

control notification section 61 closes the el(g%t(retgirr&%g?etic val ve S(ﬁ E(_2step
20 $205), so2bpmaliegeoicthe; Igssr bsam Larecaused bydhe e 93§ X AANeE Fig.
3, upon conpletion of the calibration of the odor sensor 51, the workpiece
100 is | Scate@RSMN.a predetermi ned position and the workpi ece 100 is

machi ned (step S3). During the nmachining, the odor sensor 51 continues to
detect an anonal y, Thagirocess 26 detectugn @anashalyhie thepkaser deam maghining i cal
duct 30 (step S4). When 13 there is no anonaly (No at step S4), the

machi ni ng i sappatatasevili(k egplafidd using Fig. 8t hdo beotdthenWaser bieame i s an
anomaly (Yes at step S4), the odor sensor 51 outputs an anomaly detection

zieg??l)nt glt g?mihg[sap&amé,fﬂh@a@mprémﬁ 97 i boold¢ (Si@p 89) whrebiycat i on
the optical duct 30 is filled with gas {air).

10 Next, calibration of the odor sensor 51 is executed (step S2) as
shown in Fig. 4. The electromagnetic valve 55 which is provided
between the calibration gas supply port 53 and the nozzle 54 is opened
(step S201), and calibration gas is blown from the nozzle 54 onto the
odor sensor 51 so that the calibration is started (step S202). The

15  calibration gas is blown onto the odor sensor 51 for predetermined time
(normally, a few minutes), and when the calibration is ended (step
S$203), the odor sensor 51 outputs a signal showing completion of the
calibration to the control notification section 61 (step $204). The
control notification section 61 closes the electromagnetic valve 55 (step

20 S205), so that the calibration process is ended.

Referring again to Fig. 3, upon completion of the calibration of
the odor sensor 51, the workpiece 100 is located on a predetermined
position and the workpiece 100 is machined (step S3). During the

machining, the odor sensor 51 continues to detect an anomaly, that is,

25 intrusion of the impure gas in the optical duct 30 (step S4). When

13



to how many times the anomaly detection signal is received after the |aser
beam machi ni ng apparatus is booted (step S5). Wien an anonaly detection
signal is received for the first time ("first" in Fig. 3), the control
notification section 61 sends infornmation to the anomaly 10 display section
62 to display a notice to inspect the conpressor 42 and its vicinity (step
S6). This notice is displayed on the anonmaly display section 62. Wen such

a notice is ﬂie‘-‘r@'|§Wanb%lggﬁlbaépéte‘ﬁ"8ﬂ?% ﬁ%htﬁﬁ?ﬂ&%ﬁﬂmtﬂ% @dpi ts

vicinity for anomaly (step Particularly, the oper at or |nspects t he
at mosphere ag gd t he conpressor 42, and when anomaly is not found, the
filter 43 of the conpressor 42 is replaced When the filter 43 of the

conpressor 42 is r t nnected
W iR the optical dabiitscotardidhfBhdn thEre is, hREAB (Y of Siemsiogen
supply sectign IS conn with the 20 o | dugct o that the

i rogen i 5 QEpPpERoReO Ba. Qjﬁp#&%ﬁn&mmw Botgiion einal 3 B8 soatel at < ne
inlet port of the conpressor 42 is pl aced, and after the repl acenent of
the filté 4notificatiensgetiondi. 2Tbﬂtq51ﬂt50|d1°tlf§-‘;ﬂ resestion §ipdecides as gnal
showi ng that the replacenent is conpleted to the control notification
section 61. tomhewemenitténesdhe anmmabsdetactiogesignapis yeceived afterithes
connected with the optical duct 30, the 14 valve 44 is switched so that the

conpr essor 4lases beam esaetinimg bppheatuspﬁsibmbtedq@teBGS)so Wheh ame air is
again supplied into the optical duct 30. The valve 44 may be sw tched by

the control andifaly detedticreelgridl i ¥ebeivedyforithediet it ("fitst tineFigL 6?
switching by the control notification 5 section 61, when the contro
notificati onheeebhiebl Rdtifi€S8HN 22ctibA 61 sends information to the anomaly
10 display section 62 to display a notice to inspect the compressor 42 and
its vicinity (step S6). This notice is displayed on the anomaly display
section 62.
When such a notice is displayed, the operator inspects the
compressor 42 and its vicinity for anomaly (step S8). Particularly, the
15  operator inspects the atmosphere around the compressor 42, and when
anomaly is not found, the filter 43 of the compressor 42 is replaced.
When the filter 43 of the compressor 42 is replaced, in a state where
the compressor 42 is connected with the optical duct 30, the valve 44 is
switched so that the nitrogen supply section 41 is connected with the
20  optical duct 30, so that the nitrogen is supplied to the optical duct 30.
The filter 43 provided at the inlet port of the compressor 42 is replaced,
and after the replacement of the filter 43, the compressor 42 outputs a
replacement completion signal showing that the replacement is

completed to the control notification section 61. In the state where the

25 nitrogen supply section 41 is connected with the optical duct 30, the
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anonmal y detection signal fromthe odor sensor 51, the valve 44 is swtched
fromthe conpressor 42 to the nitrogen supply section 41. Wen the control
notification section 61 receives the replacenent conpletion signal from
t he conpressor 42, the valve 44 may be 10 switched fromthe nitrogen supply
section 41 to the conpressor 42. During the inspection, the | aser beam
machi ni ng process can be continued by using nitrogen gas as the purge gas.

Upon conpl et {8 e0d4 (& 8witthRRCsd that HLcOHMNPrasIGiOAL 1§ conPledtd® with trid ep S4,
and the odor sensor 51 again detects whether there is an 15 anonmaly. Wen

there is an a?ﬂ{,@i é{uét\@?, é‘étﬁ%‘{eﬂwesé?r’ist gﬁ#ﬁ{p RISRto the 0%%%’%0#%2’

anonmal y detection signal to the control atiron sectro

control noti & | ' : i L . mal y
et ecti on_si ong 4128 i) SPuETREED A8 SR hoTRAd RECUMMBERECT &
booted (step,_SH). Wen, an omal y detection, 20 signal is received for the
second ¢ o’ bV dba aRpratgl A MR s SihERia bR 4fF ot metBieation, 61
sends information to the anomaly display section, 62 to display a notice to
i nspect % an3@rtan &1, whan e control astifentionrsactiqn6d regeives the di spl ayed
on the anomaly display section 62. Wien such a notice is displayed, the
oper at or i nspaemaly getestion signalfsomrthe edopaensorshiththe vahle ##ies 31 a and
31 b and the bellows 15 33 of the optical duct 30 to be the transm ssion
i ne of the $witeheddemmlthef compoessorgd2tal thetrétrogentsupply Isectioa 4per at or
finds faulty parts, he replaces the faulty parts (step S8). Upon

conpl eti on oWHdrethergpatrol eotificationysdctivreentreobivest thieeplacemetitep S4, and

t he odor sensor 51 again detects whether there is an
completion signal from the compressor 42, the valve 44 may be
10 switched from the nitrogen supply section 41 to the compressor 42.
During the inspection, the laser beam machining process can be
continued by using nitrogen gas as the purge gas.
Upon compietion of the inspection, the system control returns to
step S4, and the odor sensor 51 again detects whether there is an
15 anomaly. When there is an anomaly (Yes at step S4), the odor sensor
51 outputs the anomaly detection signal to the control notification
section 61. The control notification section 61 decides as to how many
times the anomaly detection signal is received after the laser beam
machining apparatus is booted (step $5). When an anomaly det.ection
20 signal is received for the second time ("second" in Fig. 3), the control
notification section 61 sends information to the anomaly display section
62 to display a notice to inspect transmission line parts (step S7). This
information is displayed on the anomaly display section 62.

When such a notice is displayed, the operator inspects the

25 transmission line parts such as the pipes 31a and 31b and the bellows
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anomaly (step S4). Wien there is an anomaly (Yes at step S4), the odor
sensor 51 outputs the anonmaly detection signal to the control notification
section 61. The control notification section 61 decides how many tines the
anonmaly detection signal is received after the | aser 10 beam machi ni ng
apparatus is booted (step S5). Wien an anonmaly detection signal is
received for the third time or nore ("third and after” in Fig. 3), the

control noti$3cAtthebtral idutt 8 ﬁfﬂé&héﬂf‘@ﬁémissi’@ntll@net(ﬁlletheamheaih gpl ay
section 62 to display a notice to |nspect the entire laser beam nmachining

apparatus ( Sfo‘?Fbtggx)n%EHHSdét@fr%rrﬁﬁéhon If Eg:law@ma@ faaﬁgtﬁméwl y

di splay section pon receiving of ormation operat or judges

whet her t hete@ggéﬁmg fgﬁ.ﬁl¥ ﬂgrfsagsrtésds t wi t hout affecting machining

quality if er- os |IIator 11 is | owered. The |aser
oscillator 11 is gontrolled.based,.on.the resulf of the ju nt,. (st S
00 When it 20 1s Begsmefj%tmaf’ B ipadtinthe s W?rﬂgﬂf i fF g
t he rrachinin Iovverllg(gpthe out_ ut o beam L, for

exarpl o, & hestegouitr BNU B Q9RIaRIP IS AR Getaete I betHaTdNSa? JETb! ¢ he

| aser OSCI||at0r 11 to a | evel where the nachlnlng quality is not

af fected, ananemaly tstemi Bfthg Whenpthereusan anenalydyes ansepa$4brthene
machining is 25 conpleted. Meanwhile, if it is difficult to carry out the
machi ni ng evedor $énsdrt &1 dulpeats the ahentalymmteoﬁom Iség naister thieeeomtrol t he
control notification section 61 stops the |laser oscillator 11. The

oper at or i nspetificatidre septioh$1.n The domteoi rutifioatehsaction Slpdecides awh as

a machine including the frame 23 and the | aser oscillator 11 except for
the 5 i nspechesyaitictaPeaftSmanBERSERIIN $igraits F8Eei0BYi 4ftdr théCkasép. \Wen
10  beam machining apparatus is booted (step S5). When an anomaly
detection signal is received for the third time or more ("third and after”
in Fig. 3), the control notification section 61 sends information to the
anomaly display section 62 to display a notice to inspect the entire laser
beam machining apparatus (step 87). This information is displayed on
15 the anomaly display section 62.
Upon receiving of the information, the operator judges whether
the machining can be carried out without affecting machining quality if
the output of the laser oscillator 11 is lowered. The laser oscillator 11
is controlled based on the result of the judgment (step S10). When it
20 is possible to carry out the machining without affecting the machining
quality by lowering the output of the laser beam L, for example, the
control notification section 61 adjusts the output of the laser oscillator
11 to a level where the machining quality is not affected, and the

machining is continued. The process ends after the machining is

25 completed. Meanwhile, if it is difficult to carry out the machining even
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anomaly is found, the operator replaces an anonal ous part, and the process
I s ended. According to the first enbodi nent, the odor sensor 51 is

provi ded near the purge gas exhaust port 36 so as to be capable of 10
detecting the intrusion of the inpure gas in the entire purge gas Gin the
optical duct 30. The intrusion of the inpure gas can be specified as a
cause of the anomal ous | aser beamL, as a result. The odor sensor 51

out puts the gheritiwerdegehéicltpbt Bhthe I8sdBesPNL’ tHe coftrofl helficatiosect i on
61 so that a cause of the anonaly can be checked 15 upon effectively. A

repl acenent §iHen eqfstbgg ethb' {agbr 6&9@3& 9¢d trhd b}ﬁgn{tm‘ Psts tﬁé the

conpressor 42 can be ju based on the cause. aser oscillator 11

can be_cont 1 ghliedn basqdsanoblity ARG A5HEHLET RhaREk haddie contr ol

notification section e odor sens I rst side
surface 72 on th ve,portign 70 of the opti.cal d so as to be
opposed to tlﬁg?l?qlﬁgs\t,héﬁf?gﬁg %\glﬂd@ 8’%'3@39'.%' ﬂgrﬂgz%céeézgoirggﬁount ed to
the second side surface 73 on,the concave portion 7Q just in fr of the
odor - semsorinspestsd ARd reRACRd GGMATRSSET 47 A0 e aplioab it 39- gabhed ¢ ne
same as that of the gﬁ;ge as G The calibration of the odor sensor 51 can
25 be, thercdne@alyisgtannd) theroperater yeplacasan apomaloHs parbcand thece 73 is
17 formed so as to tilt fromthe upper stream side of the optical duct 30
to the periptogess isw@ridaed 71 of the concave portion 70, the purge gas G
easily flows into the concave portion 70, so that the odor sensor 51 can
detect the inpure fesorfihgdbithelfirst entbadintents tle odbesensor difaigr am of a
| aser beam nachi ni ng
provided near the purge gas exhaust port 36 so as to be capable of
10 detecting the intrusion of the impure gas in the entire purge gas G in
the optical duct 30. The intrusion of the impure gas can be specified
as a cause of the anomalous laser beam L, as a resuit. The odor
sensor 51 outputs the anomaly detection signal to the control
notification section 61 so that a cause of the anomaly can be checked
15  upon effectively. A replacement timing of the filter 43 provided to the
inlet port of the compressor 42 can be judged based on the cause.
The laser oscillator 11 can be controlled based on the anomaly
detection signal from the control notification section 61.
The odor sensor 51 is mounted to the first side surface 72 on
20 the concave portion 70 of the optical duct 30 so as to be opposed to the
flow of the purge gas G, and the nozzle 54 is mounted to the second
side surface 73 on the concave portion 70 just in front of the odor
sensor 51 so that a flowing direction of the calibration gas is the same

as that of the purge gas G. The calibration of the odor sensor 51 can

25 be, therefore, executed efficiently. Since the second side surface 73 is
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apparatus according to a second enbodi nrent of the present invention. Fig.
6 is a flowhart of a process to detect an anonmaly in the |aser beam
machi ni ng apparatus. Conponents which have sanme or simlar configuration
or same or simlar functions as those in Fig. 1 are 10 designated by the
sanme reference nunbers, and the explanation thereof is omtted. As shown
in Fig. 5 1in the |aser beam nmachi ni ng apparatus of the second enbodi nent,

the gas det epfrfecdPSoids RPHittfrOMReNGFdel SRealtsiR SPthebpatal dact 36%o
Al t hough not shown, the gas detector may 15 be provided in plurality. The

other parts ﬂqaet Eteﬂghﬁl’ﬁiaédlr@é‘cé"‘rq c%ﬁ‘ﬁéé@ﬁca@épb?@éf?b{‘tﬁé%ur@e ds G°

preferable t gas detector 50 Is positioned opposite To 1he purge

gas supply POLL3ARs ikd 9HblbriQYR nohicRAM SLAShat i BR3; dehes} 81 G IS

provi ded on e ‘concave por e Optlica as shown 1 n Fig.
2 of the firgt, e di.nent. 20 The gas, detector 50 is provided near the
pur ge gas suéﬁ %Fq‘gﬁ?t'"@é{reﬁs QBngV%I "capabl e of imedi ately detecting the
i mpure gas which pntrudes fromthe conpressor, 42, for exanpl e. The process
of detectd ng an an%‘rgalﬁ/'q a schemalicAiagram o laser heam MachininGccor ding to
the second enbodinent is explained 25 using Fig. 6. The steps Sl to S4 and
S11 are saneapRakaibsacsesduiotda segond embsdiment of the mrgsent ME@ndien: espond
to steps S21 to S24 and S30 respectively in Fig. 6. That is to say, after
t he conpr essbig.fis 3 flovethait of st procEss) tortletestt\an apooaly dathellrser3o is
filled wth gas (air), the calibration of the odor sensor 51 is executed
(step S22) ibeaammachimingeapparatupl aComiponéhtsr whistehaee tsanke @r sdmilar
configuration or same or similar functions as those in Fig. 1 are
10  designated by the same reference numbers, and the explanation
thereof is omitted.
As shown in Fig. 5, in the laser beam machining apparatus of
the second embodiment, the gas detector 50 is positioned near the
purge gas supply port 35. Although not shown, the gas detector may
15  be provided in plurality. The other parts of configuration are the same
as those in Fig. 1. It is preferable that the gas detector 50 is
positioned opposite to the purge gas supply port 35 or slightly down
stream side. The gas detector 50 is provided on the concave portion
70 on the optical duct 30 as shown in Fig. 2 of the first embodiment.
20 The gas detector 50 is provided near the purge gas supply port 35, so
as to be capable of immediately detecting the impure gas which
intrudes from the compressor 42, for example.
The process of detecting an anomaly in the laser beam

machining apparatus according to the second embodiment is explained

25 using Fig. 6. The steps S1 to S4 and S11 are same as those explained
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The machining of the workpiece is started (step S23) and the gas detector
50 detects whether there is an anonaly. Wen there is no anonaly, the
machining is continued (step S30), and conpl eted. Wien an anonaly is
detected (Yes at step S24), the odor sensor 10 51 outputs the anomaly
detection signal to the control notification section 61. The control
notification section 61 determnes as to how many tines the anomaly

detection si Gifl référditid {d Fih.2d bR dd1PespeRd tORDs TANB2E ARPIIY US 'S
booted (step S25). When the anonaly detection signal is a first one

("first" at c’%ﬁ,‘é] : nt notd Lhcak | tHdd

i nf or mati on ﬁﬁ% S ov%"?aﬁ?q'ﬁés)'pegﬁb(t)rl]@gé E?ﬁbéftgg%ersgé?ﬁrbggogﬁgq?tﬁsgdvtiegi nity
(step S26) s IS | ti ' ' t di spl ay
section 62. %%Bgép%igwg@'r%iiﬂgt%gﬁa? ﬁgﬁggﬁﬁéﬁ}ig@c%& é;%s @Wﬁhgi nf ormati on
(step S27). Since.the _jnspection of .the conpressor 4 dits vicinity by
t he oper at or CaPrbion 9“'%9 888" it gl ﬁ"t'ﬁ&’?q%?az.ﬁ{%)dé@ggfﬂ S@ME expl anati on
thereof is omtted. After the inspection and the replacenent are conpl eted
by the d&per BEGNer3eexplaiRed with-referenee tadda. 424 and the odor sensor 51
detects anomaly due to the inpure gas in the purge gas. Wien the odor
sensor 51 detects The machuiyg @fidhe waerkpieemis st (steph®23land the gas
(Yes at step S24), the odor sensor 51 outputs the anonaly 19 detection

signal to thegasadeteciorril détexts iwimethecthere &BlanEromalyt r Whendhiefé éat i on
section 61 determnes as to how many tines the anomaly detection signal is

notified afteo drivambBs tiie beachinkrhishcostinped(stepsSE0), Mdicethlleted S25) .
Since the anomaly detection signal is a second 5 one here ("second" at step
S25), the control WHdn hAdASRaReR! dOfkcBdd (Yes at step S24), the odor sensor
10 51 outputs the anomaly detection signal to the control notification
section 61. The control notification section 61 determines as to how
many times the anomaly detection signal is notified after the laser beam
machining apparatus is booted (step $S25). When the anomaly
detection signal is a first one ("first™ at step S25), the control notification
15 section 61 notifies information that shows an inspection of the
compressor 42 and its vicinity (step S26) so that this information is
displayed on the anomaly display section 62. The operator makes the
inspection according to the information (step S27). Since the
inspection of the compressor 42 and its vicinity by the operator is
20 similar to that in the first embodiment, the explanation thereof is omitted.
After the inspection and the replacement are completed by the
operator, the sequence returns to step S24, and the odor sensor 51
detects anomaly due to the impure gas in the purge gas. When the

odor sensor 51 detects the anomaly due to the impure gas in the purge

25 gas (Yes at step S24), the odor sensor 51 outputs the anomaly
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notifies informati on shows that an inspection of parts of the |aser beam
machi ni ng apparatus other than the conpressor 42 and its vicinity is
necessary to the anonaly display section 62 (step S28) so that this
information is displayed on the anonaly display section 62. 10 Wen the
information is received, the operator judges whether the machining can be
executed without affecting the machining quality 1in the state where the

out put of thaetestRin Sigwiall k6tM& cbhtidi rifRatidn Section BA. StRHe cohtrohe | aser
oscillator 11 is controlled based on the judged result (step S29). Wen

the |aser maghiiftatoh Seetoh @ eterrRinesCad to fnbwlﬁa‘?@ﬂﬁiéﬂﬁe ahBfahpnt r ol

notification section 61 adjusts the output of the [|'aser oscillator® 11 to a
-l evel where LG 5 | f ; WY i's
conti nued. - vRESPTRETSRER €1HBliHEM gifer e Riseriitin rdthbiify BpPAFAASs O
oscillator 11 i ftegr the laser ,oscillator.11 .5 s , the
operator i nséggfesﬁ)sggﬁgé’ggﬂ hg"]c s@\e §6°M%Pmt%g?%85%ﬂ'd§,a %%&ﬁ&is t he
transm ssion _line ts ing|udi i pes 31 a apd 31 b and t bel | ows
55%07 't neb opPNEdIerBLpeaend bistdm 525y, i eeatpbRoffation SeRbonat, beanm &
except for the inspected and replaced conpressor 42, and the machi ne such
as the franenolifigsdnfosmatiossshowsdhat andnspectionai pattmaf the lasartkeamd, an
anomal ous part is 25 replaced, and the process is ended. 20 According to
the second emswdimingt apparatos othsetheur thel comprpsesor #drantd itsaricinity ipur ge gas
supply port 35 of the optical duct 30, and the anonmaly detection signal
detected by hbeesshny toetheoandhaly displpvtsectiont 62 (siapt 828) sotthiat thisi on
section 61. The odor sensor 51 can, 5 therefore, detect intrusion of the
i npure gas dipdotrpatibAus RhsSlagedasm thie anomaly display section 62,
10 When the information is received, the operator judges whether
the machining can be executed without affecting the machining quality
in the state where the output of the laser oscillator 11 is lowered, and
the state of the laser oscillator 11 is controlled based on the judged
result (step S29). When the laser machining is possible like the first
15 embodiment, the control notification section 61 adjusts the output of the
laser oscillator 11 to a level where the machining gquality is not affected
and the machining is continued. When the continuation of the
machining is difficult, the laser oscillator 11 is stopped. After the laser
oscillator 11 is stopped, the operator ingpects parts in the laser
20 machining apparatus, such as the transmission line parts including the
pipes 31a and 31b and the bellows 33 of the optical duct 30 to be the
transmission line of the laser beam L except for the inspected and
replaced compressor 42, and the machine such as the frame 23 and the

laser oscillator 11. When anomaly is detected, an anomalous part is

25 replaced, and the process is ended.
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the conpressor 42 or its vicinity, and its cause can be checked upon
effectively. The replacenent timng of the filter 43 to be nounted to the
inlet port of the conpressor 42 can be deternmi ned by the information
notified fromthe control notification section 61, and the 10 val ve 44 can
be switched fromthe conpressor 42 to the nitrogen supply section 41. The
| aser oscillator 11 can be controll ed based on the anomaly detection

signal fromthe coAteetdingttbftheatdcuhd efibodtimht, fiedoddr s8nsoshedgat i C
di agram of a | aser beam nmachining apparatus according to a third

enbodi ment  ofo§ifiR nRUGIEAF tHe“FSQFﬁé Qﬁgisgtﬂﬁ:péf:#brt 851 6¥ the Sptidaidudi®w,tdiry odor

sensor detects anonal ous porti ons. s a flowhart of a process to
detect an ange ' : [ i RS Mf | o the
third enbodi mn%ﬁoh@%ﬁ%ﬁ%ﬁ?@ﬁmﬁ%g%d;hg%r@ st m %‘?S con iqégjgpgﬂton or
sanme or sinlagr functions.as,.those.in Ejig. a | t he sane 20
ref erence nlﬁ%@}%cgaﬁéi 38@“@58@%&‘?'85‘ ﬂfergbp #‘gorg%éé%?%é%hovm in Fig.
7, in the laser beam machi ning,apparatys of the third enbodi nent, a first
Gas. det ol o TEIITS, HERSSLIB UG Of 1BS Thnise daRdbsith pemasmnensooas o &
second gas detector 50b is provided near the purge gas supply port 35.
Al t hough notthéheampressor 42 ar itsMicomity ansh s ayisectar ber cherkEh P8P ovi ded
in plurality. The other parts of 21 the configuration are the sanme as
t hose in Fi geffectivelyosiTtheoreptacement dimingcohthegtidetdBdoths meuunted tor ovi ded
I's desirably a portion in the optical duct 30 opposed to the purge gas
supply port e imei perisifithiet¢omposssor 42 caarbe dede mTinedglag thiet ect ors 50a
and 50b are, as shown in Fig. 2 of 5 the first embodinent, arranged on the
concave portindarm8tioh ridtfiefrbffthe control notification section 61, and the
10 valve 44 can be switched from the compressor 42 to the nitrogen supply
section 41. The laser oscillator 11 can be controlled based on the
anomaly detection signal from the control notification section 61.
Fig. 7 is a schematic diagram of a laser beam machining
apparatus according to a third embodiment of the present invention.
15 Fig. 8 is to explain how the odor sensor detects anomalous portions.
Fig. 9 is a flowchart of a process to detect an anomaly in the laser
beam machining apparatus according to the third embodiment.
Components which have same or similar configuration or same or
similar functions as those in Fig. 1 are designated by the same
20 reference numbers, and the explanation thereof is omitted.
As shown in Fig. 7, in the laser beam machining apparatus of
the third embodiment, a first gas detector 50a is provided near the
purge gas exhaust port 36, and a second gas detector 50b is provided

near the purge gas supply port 35. Although not shown, the first and

25 second gas detectors may be provided in plurality. The other parts of
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duct 30. Fig. 8 is a diagram of causes which are conceivable from anomaly
detection conditions of the first gas detector and the second gas
detector. In the drawing, a circle nmeans that an anomaly is not 10
detected, and a cross nmeans that an anomaly is detected. Wien both the
first and the second gas detectors 50a and 50b do not detect an anomaly,
It means that no inpure gas flows into the optical duct 30, and thus the

machi ni ng prgEeesnfigirRFaFY tHd8dma/d8nhbse iﬁiFfigHga% pBSiRH WhePddhe
detects an anonmaly and the second gas detector 50b does 15 not detect an

md”ﬁLy i SEaD BRsd ﬁé"‘%}r%%%@?g?‘ﬁﬁ@ o ositrdy *\%?éﬁ%!{fh“%’ﬁé“?????
0 _ . : .
can Leeéﬁé°€ﬁ%€?ﬂ°§%ﬁ%§°§gﬁs§f§é gﬁ%%a&ﬁ@%%ﬁ&%% ighfigiavehe "
4 . i 4 20 42., A
et or m nat | oFEaM BEemmaE e @S detecldisiiin Badcelh oo, AS A B 6i& 2l ch i s
intruded fromthe transm ssion |line parts. The first gas_detector 50a is

provi ded Sneathe fiestgipgedigaent, armnged partheseorsavepogin 8 ofdhe: opticalang
the second gas detector 50b is provided near the purge gas supply port 35
on the opticductdd@t 30. 25 The deternination can be made whether the cause
of the intrusion of 22 the inpure gas is the atnosphere around the
conpressor 42, theFig. |8 isra ddagram tof causesrwhikdr ark2conceiviabld frams i ssi on
line parts. The process of detecting anomaly in the | aser beam machi ni ng

The sam pr oseer o St epe S To S e m e o g g arae e 2 °

gas detector. In the drawing, a circle means that an anomaly is not

10 detected, and a cross means that an anomaly is detected. When both
the first and the second gas detectors 50a and 50b do not detect an
anomaly, it means that no impure gas flows into the optical duct 30, and
thus the machining process can be continued. When the first gas
detector 50a detects an anomaly and the second gas detector 50b does

15 not detect an anomaly, a determination can be made that its first cause
is impure gas which is intruded from the transmission line parts. When
both the first and the second gas detectors 50a and 50b detect anomaly,
a determination can be made that its first cause is anomaly of
atmosphere around the compressor 42 or anomaly of the filter 43 of the

20 compressor 42. A determination can be made that its second cause is
the impure gas which is intruded from the transmission line parts.

The first gas detector 50a is provided near the purge gas

exhaust port 36 on the optical duct 30, and the second gas detector 50b

is provided near the purge gas supply port 35 on the optical duct 30.

25 The determination can be made whether the cause of the intrusion of
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enbodi nent i s executed, so that the machining by the | aser beam nachi ning
apparatus is started (steps S41 to S43). That is to say, after the
conpressor 42 is booted and the optical duct 30 is filled with gas (air),
the calibration of the odor sensor 51 is executed, and the 10 machining is
started. The calibration of the odor sensor 51 is executed in the
procedure explained in Fig. 4 of the first enbodinent. During the |aser

beam machi ni 4 irhPErePgas i§§ﬁ§%ﬁ1é§)r@}eté‘r€unﬂitﬁ%_tc@rﬁglrét SEEOfhé AREr

detectors 50a and 50b™continue to detect intrusion e Inmpure gas in

the optical gck tﬁgléfﬁ%sn Srgﬁogl)ﬂ,me;%gnéaﬁmpﬁgﬁngghgptors 50a and 50b

do not detect anona 0 I'hing i s continued
(step S53). The progess _ends .he machi ni.n rocess. i s conpl.eted. Wen
the Firer) and tho' B8 GaCAsE of Melectind AFRTNall R GseLbeam WAt |0
the inmpure gas intruded inh th rge s i.n the optical 0 dugct. 30 ("the
st nd. t PaPRRRHE 15 srimined BaloMauilBoe armnia fblne fowshast Shlig’ S he
first and the second gas detectors 50a and 50b output anonaly detection

si gnal s tS t hBe&ame groress Aiscytepsms e SdaxpRingddn Figndrafithedinsti cati on
section 61 notifies information showing that the conpressor 42 and its
vicinity areembogénest is exehutechmmthatthepnaghiring dayt thenlag®r(map S45), so
that this information is displayed on the 23 anomaly display section 62.

The oper at ormaekértingrapperates istarted ¢staipsoS4 0 toS43 )f oF et iscto say] r epl aces
the parts if necessary (step $S46). Since the inspection and the

repl acenent gftet tife e0MPresser 424s utedtand tise Bbticabyuth8oagdiRidowithr e t he
sanme as those in the first 5 enbodi nent, the explanation thereof is
om tted. gas (air), the calibration of the odor sensor 51 is executed, and the
10 machining is started. The calibration of the odor sensor 51 is executed
in the procedure explained in Fig. 4 of the first embodiment.

During the laser beam machining, the odor sensors 51 of the
first and the second gas detectors 5Ca and 50b continue to detect
intrusion of the impure gas in the optical duct 30 (step S44). When the

15  two gas detectors 50a and 50b do not detect anomaly ("normal” at step
S44), the machining is continued (step $53). The process ends when
the machining process is completed.

When the first and the second gas detectors 50a and 50b detect
anomaly due to the impure gas intruded in the purge gas in the optical

20  duct 30 ("the first and the second gas detectors detect anomalies" at
step S44), the first and the second gas detectors 50a and 50b output
anomaly detection signals to the control notification section 61. The
control notification section 61 notifies information showing that the

compressor 42 and its vicinity are inspected to the anomaly display

25 section 62 (step S45), so that this information is displayed on the
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When the two gas detectors 50a and 50b do not detect anomaly due to the

I mpure gas in the purge gas ("nornmal" at step $S47), the nachining process
is continued (step S53). The process ends after the machining process is
conpl eted. 10 Meanwhile, when the first gas detector 50a detects anomaly
due to the inpure gas in the purge gas ("only the first gas detector
detects an anonmaly" at step S47), or when only the first gas detector

detects anognbinay diéFaySttionoeRy e dpéritop asakes antinspdetiest s an
anonmal y" at step S44), the first gas detector 50a outputs the anomaly

detection 1538&@hg 48 thBAnfPidtitn BAH fepfadd Othe patisop nétesdhry cRBpr O

notification section 61 notifies information show ng that the transm ssion

[ine parts . aul)! NS B RddANARE! e tebCUNSREDY B SorfSERBOPA 0

that this informatron is yed on y display section he
‘oper at or mak an i.nspecti based.on_thg infor L.Qn, and, replaces 20 the
porte i1 necaddafy VEHE,bkIBs RIS atefhe SafieBs B0se I HRIBE S The
transm ssion line, parts such as the pipes,31 a.and 31 b and the bellows 33
of the opti cﬁmm%%v the gxplanation, le%ﬁm'ﬁtﬁ&- of the laser beamlL for
burning or deterioration. Wien anonmaly is_found, the operator replaces an
anonal ous part. 25Wiherthe fiwoigasdetediarshfatand FOpIde sptsetest amamaper at or
are 24 conpleted, the two gas detectors 50a and 50b detect inpure gas in
the optical ddade tBe impwe GEOIN than pured gagasnasnat’ at stepoS4Zhathsob do not
detect anomaly due to inpure gas in the purge gas (No at step S50), the
machi ni ng prmaesdning praceissusdotineedSsiep S3@). prboe psoeeasis ehdafdafeer t he
machi ni ng process is conpleted. At |east one of the gas
the machining process is completed.
10 Meanwhile, when the first gas detector 50a detects anomaly due
to the impure gas in the purge gas ("only the first gas detector detects
an anomaly™ at step S47), or when only the first gas detector detects
anomaly at step S44 ("only the first gas detector detects an anomaly” at
step S44), the first gas detector 50a outputs the anomaly detection
15 signal to the control notification section 61. The control notification
section 61 notifies information showing that the transmission line parts
are inspected to the anomaly display section 62 (step S48), so that this
information is displayed on the anomaly display section 62. The
operator makes an inspection based on the information, and replaces
20 the parts if necessary (step S48). Specifically, the operator inspects
the transmission line parts such as the pipes 31a and 31b and the
bellows 33 of the optical duct 30 to be the transmission line of the laser
beam L for burning or deterioration. When anomaly is found, the
operator replaces an anomalous part.

25 After the inspection and the replacement by the operator are
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detectors 50a and 50b detects the anomaly due to the inpure gas in the
purge gas (Yes at step S50), the gas detector 50a or 50b which detects the
anonmaly outputs the anonaly detection signal to the control notification
section 61. The control notification section 61 notifies 10 information
showi ng that the inspection of the entire | aser beam nachining apparatus
IS necessary to the anomaly display section 62 (step S51), and this

i nformation templsteldatre tad A dReERrY 50aSah@50EE6{dce Imdire \Yaint ihes

information is received, the operator judges whether 15 the nachi ning can

be executed YhlibAIUA SGTHSRISEDS. MPARIHRG daedfabtols 5ORB 0B dthere the

out put of the |aser oscli s lowered, and controls the state of

the | aser osg] t; ' : | ) he

| aser beam nﬁéﬁb%ér% #@rﬁ%@@?gggollﬁﬁgrpﬁﬁjﬁ g't?éJ pté]rrr%%ata%g%@%% ﬁéé(%l;grﬁdr)bl
notification,section 61 adjusts _the out of 20, aser oscillator 11 to
2l evel whor 18 ARG FseRs I MU {st8preaFka T8 HRGFSE RD%Rnch ni ng
is continued. Wen the continuation of thie gachilgi ng IS diffy cult, the

| aser osd | | att8F the machintgeepcess: isrcamplateder Atdeast preRf the 93s st opped,
t he operator inspects the parts in the |aser beam nmachi ning apparatus,
such as the #eladitars PAaland hgbtdriectsathe apormlysve iethesivputssgppliathe 11
except for the inspected and replaced 25 conpressor 42 and the optical
duct 30. Wepuergeogas\Yes dtatag, S80), thaggad detegtar 50asor 8Pb adhiah detectshe
process is ended. According to the third enbodi nent, the odor sensor 51 is
provi ded neathd amomalyoufpstsethieagstd mady dedéctéon sigrealgortbe @adralupply 5

port 35, so as to be capable of detecting intrusion of the inpure gas in

notification section 61. The control notification section 61 notifies

10 information showing that the inspection of the entire laser beam
machining apparatus is necessary to the anomaly display section 62
(step S51), and this information is displayed on the anomaly display
section 62.

When this information is received, the operator judges whether

15 the machining can be executed without affecting the machining quality
in the state where the output of the laser oscillator 11 is lowered, and
controls the state of the laser oscillator 11 based on the judged result
(step S52). When the laser beam machining is possible like the first
embodiment, the control notification section 61 adjusts the output of the

20 laser oscillator 11 to a level where the machining quality is not affected
so that the machining is continued. When the continuation of the
machining is difficult, the laser oscillator 11 is stopped. After the laser
oscillator 11 is stopped, the operator inspects the parts in the laser

beam machining apparatus, such as the machine including the frame 23

25 and the laser oscillator 11 except for the inspected and replaced
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the purge gas. A determ nation can be nmade whether its cause is the
conpressor 42 or the transmssion line parts. As a result, a |ocation as
t he cause of the anomal ous | aser beam L can be checked upon effectively.
The anomaly due to the intrusion of the inpure gas is 10 output to the
control notification section 61, so that the replacenent timng of the
filter 43 attached to the inlet port of the conpressor 42 can be

determ ned, edwiproosEl 42arltHe aptibar ducw3end Wikérranwnealyds folindhan
transm ssion line parts can be easily found. The | aser oscillator 11 can

be cont rol | egnomBnsue oS RMSBSY, 4R b iHECE5F bnkieam the control 15

notification section 61. Fig. 10 is a schematic diagramof a |aser beam
machi ning  appar atRécé‘FcﬁR@ ‘ib’lﬂﬁttﬂirﬁ %uﬂ%ﬁhn%ﬁ’?%‘e”@ r 8bnsdesprgsent
invention. Fig. 11°1S a Ylowhart of a process to detect an anonaly in the
| aser beam hi 0l ng _apparatus according, to t f ount h _enbodi ment . 20
Conponent o TAARL B8 TR dlire3, GF Half brh 38 Akt e o 88 e,
functionsg as t in Fig., 1 are desjgnated by . the sa ref erence punbers,
hnd -t he. BT BORTD A ASitade £aPahia ok deteding s Al ghe IGIPUTR §9% M aoer
beam machi ni ng apparatus of the fourth enbodi nent, a gas detector 50 is
provi ded neaihe RErgengas. pdy determipatioRcaibhpraadewhethesitheaigse ivthehown,
the gas detector may be 26 provided in plurality. The other parts of the
confi gur at i osorapeesser 42.0¢ thedramgmaission Hng. parts ThAsgaseselt catlocatboni s
provi ded near the inlet port of the conpressor 42, so as to detect the
i npure gas ias the edusearh thecancovaboes taserdfeamniedantlsd ghebkdteipmmocess of
detecting the anomaly in the | aser beam
effectively. The anomaly due {o the intrusion of the impure gas is
10 output to the control notification section 61, so that the replacement
timing of the filter 43 attached to the inlet port of the compressor 42 can
be determined, and anomalies such as burning and deterioration of the
transmission line parts can be easily found. The laser oscillator 11 can
be controlled based on the anomaly detection signal from the control
15 notification section 61.
Fig. 10 is a schematic diagram of a laser beam machining
apparatus according to a fourth embodiment of the present invention.
Fig. 11 is a flowchart of a process to detect an anomaly in the laser
beam machining apparatus according to the fourth embodiment.
20 Components which have same or similar configuration or same or
similar functions as those in Fig. 1 are designated by the same
reference numbers, and the explanation thereof is omitted.
As shown in Fig. 10, in the laser beam machining apparatus of

the fourth embodiment, a gas detector 50 is provided near the inlet port

25 of the compressor 42. Although not shown, the gas detector may be
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machi ni ng apparatus is explained belowwth reference to the flowhart in
Fig. 11. The calibration of the odor sensor 51 is executed for
predetermned tine (step S61), and after the conpressor 42 is booted and
the optical duct 30 is filled with gas (air) (step 362), the machining 10
Is started (step S63). The calibration of the odor sensor 51 is executed
in the procedure explained in Fig. 4 of the first enbodinent. The gas

detector 50 grivigéd inpraRiiMy.0f Theeotherppheortivd @uﬁﬂgDMimmﬁé%ﬁanﬁ in a
room (step S64), and when inpure gas is not detected around the conpressor

42 (No at stgg 5642 in'Fi§. TaCHiHY gﬁ%io‘%&e&@r%ﬁé gHﬁﬁdéétrﬁihrstﬁ )igle@fﬁcﬁ% the

machi ni ng process |Is conpl eted, etecting process 1s ende Meanwhi | e,

wh the i '

800 e ondf g BanirtedEoablo WO eldld nEIUTRIGEN04s firdded rlim3heP

control notifi 'ﬁﬁt i gnors%gti on &%&?&Pﬁ 20 control notification section 61
S e

notifies inf%? me conpressor 42 and its vicinity are
i nspected to the omal y display . section 62 (ste 65), and this
nf br e Pon i 5. di SERARMCERS B detagiag yRe Anammal Bcha Bisesbeame. oper at or
makes an inspection according to the informatjion (step S26). Since the
i nspecti on ofachdinipgpRraatys iv explaingdibelov withirejengncenie heftawsharts t he
sanme as that in the first enbodiment, 27 the explanation thereof is
om tted. AftierFighd i nshee catihration ofi¢he esarcansor Sy is axeopiedafosr are
ended, when the gas detector 50 does not detect anonmaly of the atnosphere
around t he cprggetesningt?tifiio(stepssep), 30 aftehcheoawoin priassod 42sisciomd tenued
(step S70). After the machi ning process is conpleted, the
and the optical duct 30 is filled with gas (air) (step S62), the machining
10 is started (step S63). The calibration of the odor sensor 51 is
executed in the procedure explained in Fig. 4 of the first embodiment.
The gas detector 50 detects anomaly of the atmosphere around
the compressor 42 in a room (step S64), and when impure gas is not
detected around the compressor 42 (No at step S64), the machining is
15 continued (step S70). After the machining process is completed, the
detecting process is ended.
Meanwhile, when the impure gas is detected around the
compressor 42 (Yes at step S64), the odor sensor 51 outputs the
anomaly detection signal to the control notification section 61. The
20 control notification section 61 notifies information showing that the
compressor 42 and its vicinity are inspected to the anomaly display
section 62 (step S65), and this information is displayed on the anomaly
display section 62. The operator makes an inspection according to the

information (step S26). Since the inspection of the compressor 42 and

25 its vicinity by the operator is the same as that in the first embodiment,
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detecting process is ended. When the gas detector 50 detects anomaly of

t he at nosphere around the conpressor 42 (Yes at step S67), the odor sensor
51 outputs the anonmaly detection signal to the control notification
section 61. The control notification section 61 notifies 10 information
showi ng that inspection of portions in the | aser beam machi ning apparatus
except for the conpressor 42 and its vicinity is necessary to the anomaly

di spl ay sect{iHeRplandtin Hefeof Adndifted, anonal y di splay section 62 displays
this information. Wien the information Is received, the operator judges

whet her 15 the nmaghipi ; ] i hi ni ng
quality in the stgftgp\mgr'Ig%@?oorﬁ?ggﬁhgﬁeﬂ%%%g?i%?@h%Fgﬁsﬁ S

| ower ed, and f r ' tQr | L1 alel by the
control noti??é§§1?ﬁﬁgﬁﬂﬁ%9%%%%%géﬁréﬁfﬁhégﬁﬁgégééFgéﬁﬁﬁﬂ¥%?tﬁﬁ%69). When

t he | aser be chining c be carried t. ik he JfiJ st enbodi.nent, the
control 20 reimetREGIR! Cabrasser 42N Shshai So7); tne MEtinng
oscillatgr 11 to the |evel _where the nmachining quality is not affected so
that the Svach§i$RMHUed (stem BAbka. Allge the meachining precess i completedniti®ng i s
difficult, the |aser oscillator 11 is stopped. After the laser oscillator
11 i s stoppedetecting pigsessds endashct Whentheigas detectar $Qdetedisam
machi ni ng, such as 25 the transm ssion line parts including the pipes 31 a

and 31 b andandmalyef biet ladmospheoé arbandthecaimprasscd®2 (Yée at lséep S67),
transm ssion line of the |aser beam L except for the inspected and

repl aced conihieesdor sddsot B¢ outpats thee anomaly iptebtioh sigald, thenconthel | aser

oscillator 11. Wen anomaly is found, an anomal ous part is replaced, and
the process métifcatisiedectibr 6 NSPPRE MRS AdIRidatRASSRGRIPB 1! Adiffigar ts may

be nmade

10  information showing that inspection of portions in the laser beam
machining apparatus except for the compressor 42 and its vicinity is
necessary to the anomaly display section 62 (step $68), and the
anomaly display section 62 displays this information.

When the information is received, the operator judges whether

15 the machining can be executed without affecting the machining quality
in the state where the output of the laser oscillator 11 is lowered, and
the state of the laser oscillator 11 is controlled by the control notification
section based on the judged result (step $S69). When the laser beam
machining can be carried out like the first embodiment, the control

20 notification section 61 adjusts the output of the laser oscillator 11 to the
level where the machining quality is not affected so that the machining
is continued. When the continuation of the machining is difficult, the
laser oscillator 11 is stopped. After the laser oscillator 11 is stopped,

the operator inspects the parts in the laser beam machining, such as

25 the transmission line parts including the pipes 31a and 31b and the
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when the machining is executed with the output of the |aser beam being

| onered. According to the fourth enbodi nent, the odor sensor 51 is

provi ded near the conpressor 42 which supplies the purge gas, so as to 10
be capabl e of determ ning anonaly of the atnosphere around the conpressor
42 in a room The operation of the |laser oscillator 11 can be controlled
based on the information about the anomaly. The replacenent timng of the

filter 43 prpyiided 3ot Bife bptieh! AEL 39ftottf@tr%§wsaﬁ§grorflﬁnﬁ%ths laser

determ ned by the anomaly detection signal 15 output fromthe odor sensor
51. Fig. 12y [ ' WW%@ ' ar at us
accordi ng tobga?}?%ﬁﬁgﬁgggﬁﬁgﬁﬁﬁ%%kﬁ%%egies A?gﬁﬁggntloﬁgbgggqug iIs to
expl ai n how odor sensor,,defect s ,anonal Qus, porti o in..th aser beam
e i ng. bRk @B 15 RS 237 AR MEIgBar AshifatoD 1 JvheR®!
flowchart of a process to detect an anomaly in the |aser beam machining
apparatus acRBPHiA S YL 90 AHRMAIRUSIRATALS rORIBRAEN BRANRHPIOCREVE sane or
simlar configuration or same or simlar functions as those in Fig. 1 are
desi gnat & b§Nded. sdme inspestienf thenkapsmisgianding as Anay ibenmadsr eof i s
omtted. 25 As shown in Fig. 12, in the |aser beam nmachi ning apparatus of
29 the fifthwbepddenwachiningiis exegutediatiticthe obtputi of theolases dheawabeing
purge gas exhaust port 36, a second gas detector 50b is provided near the
purge gas suloweredort 35, and a third gas detector 50c is provided in a
vicinity of the inlet port of the conpressor 42. Al though not shown, the 5
gas detectors may Aec@rdingdedhefonHhr énbodimeRe thiehedopeehsornb1tige
provided near the compressor 42 which supplies the purge gas, so as to
10 be capable of determining anomaly of the atmosphere around the
compressor 42 in a room. The operation of the laser oscillator 11 can
be controlled based on the information about the anomaly. The
replacement timing of the filter 43 provided to the inlet port of the
compressor 42 can be determined by the anomaly detection signal
15 output from the odor sensor 51.
Fig. 12 is a schematic diagram of a laser beam machining
apparatus according to a fifth embodiment of the present invention.
Fig. 13 is to explain how the odor sensor detects anomalous portions in
the laser beam machining apparatus according to the fifth embodiment.
20 Fig. 14 is a flowchart of a process to detect an .anomaly in the laser
beam machining apparatus according to the fifth embodiment.
Components which have same or similar configuration or same or
similar functions as those in Fig. 1 are designated by the same

reference numbers, and the explanation thereof is omitted.

25 As shown in Fig. 12, in the laser beam machining apparatus of

29



configuration are the sane as those in Fig. 1. The position where the
second gas detector 50b is provided is desirably a portion on the optical
duct 30 opposed to the purge gas supply port 35 or its slightly |ower
stream side. The first and the second gas detectors 50a and 50b are 10
arranged on the concave portion 70 provided on the optical duct 30 as

shown in Fig. 2 of the first enbodinent. Fig. 13 is a diagram of the causes

which are comenﬂntérﬁbédmntaraoﬂﬁﬂnga%eaefé&dr SQQCIBtpir@VFdéH nbBethe pelrgéo the
third gas detectors 50a to 50c. In the draw ng, simlarly to Fig. 8, a

circle repr b%hhg FJ défée% W‘?é@d%?@&%%dbgls’% ‘Ne%‘i' nd cross

represents t con ere anonaly is detected the irst to

the third 5 gt the
mpure gas og% Qg%ﬁpilvfﬁﬁf%@?h%ﬁ%%ﬁ@% oS fetgR s rién.*ﬁﬁﬁéqp%aess
can be conti.nue f|r and the seco etectors, 50a and 50b
50 do ot _deVETRbLHE I et Ty etmmaraseoraéf CAoGE el ShodR, IS
anomaly, its first cause is consid as in the  atnosphere
around t Re cgﬁﬁ)p@%%gpr%?'am@rprmﬁ@(ﬂ%P?lﬂ'éitlﬂet'gé?@%hgbﬂaﬂét%fctt@ an
anomaly and the  second and the third gas detectors 50b and 50c do not

det ect 25 arctifigwation ake thensams an thase e Riadd. t The pesitionrwherathe is
anomaly 30 of gas intruded fromthe transm ssion |line parts. Wen the
first and t$ecand gdsgiaiedtardiivis pEdddedds cdisiattly anpodtion andherepticadond
gas detector 50b does not detect an anomaly, a determ nation can be nade
that its firductc2@oapposetiite thenpageegas Supphy polne38 @ritseshightiyfowed the 5

transm ssion |line parts.
stream side. The first and the second gas detectors 50a and 50b are
10 arranged on the concave portion 70 provided on the optical duct 30 as
shown in Fig. 2 of the first embodiment.

Fig. 13 is a diagram of the causes which are conceivable from
anomaly detected conditions of the first to the third gas detectors 50a to
50c. In the drawing, similarly to Fig. 8, a circle represents the

15  condition where anomaly is not detected, and cross represents the
condition where anomaly is detected. When all the first to the third
gas detectors 50a to 50¢ do not detect anomalies, since the impure gas
does not flow into the optical duct 30, the machining process can be
continued. When the first and the second gas detectors 50a and 50b

20 do not detect anomalies and the third gas detector 50c detects an
anomaly, its first cause is considered to be impure gas in the
atmosphere around the compressor 42,

When the first gas detector 50a detects an anomaly and the

second and the third gas detectors 50b and 50c do not detect

25 anomalies, a determination can be made that its first cause is anomaly
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When the first and the second gas detectors 50a and 50b detect anomaly and
the third gas detector 50c does not detect an anomaly, a determ nation can
be made that its first cause is anomaly between the conpressor 42 and the

purge gas supply port 35 on the optical duct 30, 10 and its second cause is
the transmssion line parts. Wen the first to the third gas detectors 50a
to 50c detect anonaly, a determnation can be nade that its first cause is

t he at nosphegegas anrddedramntbecansmissiondimné paRsseywPndnapgFast anthe
anonmaly between the conpressor 42 and the purge gas supply port 35 on the

opti cal. duct yiniANgabidbibbiord SO SRABIIGY drinbl RS RRohGapar ! S

The first gas detector 50a 1s provided near t ge gas exhausSt port 36
th ti , | ' th

ur ge. gas. scapierahpoB addindF Bt pHGHERY.f B aRiia A B e '1e

Consequent | yihel (RSt SR, B IneammeRiarB SiouiLine ehnidtse 57 dihe

i ntrusion of the inpure gas i.s anomaly due to the atnosphere around the
conpressoy 4FANBRUSYBRJIERBMS42, or the transmission line parts. A
count er measure agai nst the anomaly due to the intrusion of 25 the inpure

gas in the |aser bdmmthafirstrapdppasecandigas drtacterpiarand 38bdriee
stream si de of the purge gas, nanely, in order of the conpressor 42 and
i ts vicinityanamaly hadtthanthiidsgas detécior fda does\ nod yietechansunoamatyesdhod
agai nst the causes of the anomaly in Fig. 13 can be roughly classified
into two, andetsmannatien vanipé made that dsidiest ¢esenid bndneasip Hetveerl thesi f i ed
into three. That is to say, the method can be classified
compressor 42 and the purge gas supply port 35 on the optical duct 30,
10 and its second cause is the transmission line parts. When the first to
the third gas detectors 50a to 50c¢ detect anomaly, a determination can
be made that its first cause is the atmosphere around the compressor
42, and its second cause is the anomaly between the compressor 42
and the purge gas supply port 35 on the optical duct 30, and its third
15 cause is the transmission line parts.
The first gas detector 50a is provided near the purge gas
exhaust port 36 on the optical duct 30, the second gas detector 50b is
provided near the purge gas supply port 35 on the optical duct 30, and
the third gas detector 50c¢ is provided near the inlet port of the
20 compressor 42. Consequently, a determination can be made whether
the cause of the intrusion of the impure gas is anomaly due to the
atmosphere around the compressor 42, the compressor 42, or the
transmission line parts.

A countermeasure against the anomaly due to the intrusion of

25 the impure gas in the laser beam machining apparatus is taken from the
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into three: (A) the counterneasure when all the gas detectors 50a to 50c
are normal; (B) the counterneasure when at | east one of the second and the
third detectors 50b and 50c detects anonaly (the cause is the conpressor
42 and its vicinity); and (C) the counterneasure when 10 only the first gas
detector 50a detects anonmaly (the cause is the transm ssion |line parts).
The process of detecting anomaly in the | aser beam machining apparatus is

expl ai ned w tppeecseeanceideoot tiie purye gast naindlygin drderTdethescomppess®@ss as
steps S61 to S63 explained in Fig. 11 of the fourth 15 enbodi nent is

executed, so42bald REGIGTARY A Ihé IraidhistibPYinkFant€sea cdararmeaurs ng
apparatus (step S81 to S83). That is to say, the calibration of the odor

sensor 51 is : @5{% Iga¢ ' : a ssor 42
i's booted an@%ﬁﬁ(g&o tluf(‘:gﬁrth%trjct %g??sﬂfélllaﬁggﬁ‘a%'ﬁhrﬂgéggﬁgﬁé ;:5% thg rlgchi ni ng
I's started. | § bration _of r asor.. 51, | i he
procedure ex%-lpglsﬁgeéi ?‘rﬁgé\”g aﬁ‘do‘fK’H? Hgtﬂlg i Q%&néﬁ@%@&ﬁrédr#éd Bﬁ?ﬁéﬁ?’ rqe&?éaser
beam nmachi ni ng, .t he.odor, sensors . 81 .aof the first to the thir )

ot oct or & 50B° clAsKSR S itES; o Thatds torsave the halrod S8 e iRsSfthd, o

t he gas detectors 50 0. 50c detect no anonal 5 ("all the detectors
are gormal " 'Q@%@p?:gﬁé)t!’et%rlﬁﬂ'ﬁﬁﬁ?%e ereg"ééﬁtg(%éﬁte(@?'@ggéééﬂ The
process ends after the machining process is conpleted. Wen at | east one
of the secon?@Bde nesmal (B) thescavbtarmeaswenvhen@tdeastenredfdhgnomal y (" at

| east one of the second and the third gas 5 detectors detects anonal y" at
step S84), tsmcambandthedhirt detecidorgnalb and 50¢ detects anomaly (the cause

is the compressor 42 and its vicinity); and (C) the countermeasure when
10 only the first gas detector 50a detects anomaly (the cause is the
transmission line parts).

The process of detecting anomaly in the laser beam machining
apparatus is explained with reference to the flowchart of Fig. 14. The
same process as steps S61 to S63 explained in Fig. 11 of the fourth

15 embodiment is executed, so that the machining is started by the laser
beam machining apparatus (step S81 to S83). That is to say, the
calibration of the odor sensor 51 is executed for predetermined time,
and after the compressor 42 is booted and the optical duct 30 is filled
with gas (air}), the machining is started. The calibration of the odor

20 sensor 51 is executed in the procedure explained in Fig. 4 of the first
embodiment.

During the laser beam machining, the odor sensors 51 of the
first to the third gas detectors 50a to 50c¢ continue to detect impure gas
(step S84). When all the gas detectors 50a to 50¢ detect no anomaly,

25 ("all the gas detectors are normal” at step S84), the machining is
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I's output fromany one of the second gas detector 50b and the third gas
detector 50c or both to the control notification section 61. The control
notification section 61 notifies information that shows the conpressor 42
and its vicinity are inspected to the anomaly display section 62 (step 10
S85), and the anomaly display section 62 displays this information. The
operator nmakes an inspection according to the information (step S86).

Since the i nSpRUGH (Sop! 983FOTPHEIIBEeEE SHUS itfr W& hikdninkig bRScegyer at or

are the sane as t e’'first 'enbodi ment, e explanation ereof is
omtted. 15 ig\%}nb{éqeahree gas detectors 50a to 50c do not detect anomaly
due to the inpure™gas ("all the gas detectors are nornmal" at step S87),

t he machi ning pro s is,continued, ((step S93). The pr.ocess ds, after the
machi ni ng process %ﬂbf&&%&“%&ﬂ?ﬂnﬁgs?"m {hﬂ @“'Fﬁ@#i‘f@?%‘é’é ect or
50a detects 20 anomaly due to the inpure gas jn the purge s ("oply the
Pirst gas. ot 08 detbett BROmAMITSH A6t oerolihs Sochnamns et ghshe
first gas detector 50a detects anomaly at step S84 ("only the first gas
det ect or 5 dedeiectorsrdetaicls anomalyp abstgp S84, the anogalytatestion sigaabut put s
the anomaly detection signal to the control notification section 61. The
25 control ristadtpobficon axyconeof dhe rseconidegas diedectarisdib ahdwhadghiagas he

33 transm ssion line parts are inspected to the anomaly display section 62

(step S48), ddtestombOe mrtboth tothéi cumteylenbtificdtion sectiah\61di sPhacosrdli on
62. The operator makes an inspection according to the information (step

2 e 51 B DGALSRN S agiIeeTcer 1 RS IR chrrcesthe Pl pes
42 and its vicinity are inspected to the anomaly display section 62 (step

10  $85), and the anomaly display section 62 displays this information.

The operator makes an inspection according to the information (step
$86). Since the inspection of the compressor 42 and its vicinity by the
operator are the same as those in the first embodiment, the explanation
thereof is omitted.

15 When the three gas detectors 50a to 50¢ do not detect anomaly
due to the impure gas ("all the gas detectors are normal” at step S87),
the machining process is continued (step S93). The process ends
after the machining process is completed.

Meanwhile, when only the first gas detector 50a detects

20 anomaly due to the impure gas in the purge gas ("only the first gas
detector detects anomaly" at step S87), or when the only the first gas
detector 50a detects anomaly at step S84 ("only the first gas detector
detects anomaly™ at step S84), the first gas detector 50a outputs the

anomaly detection signal to the control notification section 61. The

25 control notification section 61 notifies information showing that the
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the transm ssion line of the |aser beamL for burning and deterioration,
and when anomaly is found, the operator replaces an anomal ous part. After
the inspection and the replacenent by the operator is ended, the gas
detectors 50a to 50c detect inpure gas in the optical 10 duct 30 (step
S90). When the gas detectors 50a to 50c do not detect the anomaly due to
the inmpure gas (No at step S90), the machining process is continued (step

S93) . The preapsmission id parishdre MmpRichéd o l?lﬁ@f‘aﬁ‘ﬁ)?nalg #igprdyesctioyben t he
gas detectors 50a to 50c detect the anomaly due to the i'mpure gas in

anomal y out pOY Cbrer Sh Dl eHatioh 18 BT B anohfaly Qisplay S AR C, !
[ 61.

Showi ng ¢ hat ér?ﬁﬁ%é{a@%ﬁl%h g8, aRInBpBLloH ctbord to & Mo RHEREAC  o; s

[ ' | y displ 2 20 891 d  thi

|t or mat  on (€oRI SRy e breralor haRegt %ﬁ@pfapsnyé%tp?om%g rigvRien As”

information is received, the operator judges whether the machlawé can be

execut ed i t HRIPIRES %&a.arrgi ghe. ardHhe b@l%%ﬁ&‘}f thenoptigak@ueles t he

output of the laser oscillator 11 is |lowered. The 25 control notification
section 61 cta transmiasios ine obthe hasermbeamok dor burmingiand gsteriarliosh t he
judged result (step S92). Wen the | aser machining can be executed |ike
the first enandiwieen anoimealydstfoundntheé bipeaaiorrepbats oanainomad|oust patthe
output of the |aser oscillator 11 to the | evel where the machining quality
is not affected, saftenahelihgpettidn anddthesreplatemend by theVbperdtoeis

continuation of the machining is difficult, the |laser oscillator
ended, the gas detectors 50a to 50¢ detect impure gas in the optical
10  duct 30 (step S90). When the gas detectors 50a to 50c do not detect
the anomaly due to the impure gas (No at step S90), the machining
process is continued (step S93). The process ends after the
machining process is completed.
When the gas detectors 50a to 50c detect the anomaly due to
15 the impure gas in the purge gas (Yes at step S90), the gas detectors
50a to 50c which detect anomaly output the anomaly detection signal to
the control notification section 61. The control notification section 61
notifies information showing that the inspection of the entire laser beam
machining apparatus is necessary to the anomaly display section 62
20 (step 891), and this information is displayed on the anomaly display
section 62,
When the information is received, the operator judges whether
the machining can be executed without affecting the machining quality

in the state where the output of the laser oscillator 11 is lowered. The

25 control notification section 61 controls the state of the laser oscillator 11
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11 is stopped. After the laser oscillator 11 is stopped, the operator
I nspects the parts in the | aser beam machi ni ng apparatus, such as the
machi ne including the frame 23, and the | aser oscillator 11 except for the
i nspected and repl aced conpressor 42 and the optical duct 30. 10 Wen
anomaly is found, an anonal ous part is replaced, and the process is ended.
According to the fifth enbodi nent, the odor sensor 51 is provided near the

purge gas exbaséd ditHe fiklgdterdsulh steprS®2 Paswhidrihe |aserimahinimg cagar t he
inlet port of the conpressor 42. The intrusion of 15 the inpure gas can be,

therefore, dgbeieRiitedMfledthdsirat BnBodittbt2 the Rontiihothicblioh dddticinese 1 s

t he at nosphere around the conpressor 42 in a room the conpressor 42, or
anoml ous. | aadiege S pulBuol | daer heciRERr SIRo LB P Wi ARID U due to
secti on 61,  SeriunG,didaias bt HitectSar b et e MR BedRiddaTo The
and det & | AHSTEMS ORHBUBRAR 58 1BRCHNIES J8 A G culin 1% HsRAfeadetory . The

| aser oscillator 11 can be _controlled based on the anonauﬁﬁdetection 25

signal from Vhés stenped. ndfterthadaser aseillatar this stopped. thedperateidi nent

explains that the odor sensor 51 provided near the purge gas supply port
35, near theinspegts the pexisdosthepaser bgam spachioing apparaiust syehtasothe he
conpressor 42. Even if, however, the odor sensor 51 is provided near the
purge gas sumachim®incl@dimntherframé 26hanidnihet Iaser osoillatbe 1¢ eyoegtfor 42, or
t he odor sensor 51 is provided
the inspected and replaced compressor 42 and the optical duct 30.
10  When anomaly is found, an anomalous part is replaced, and the
process is ended.
According to the fifth embodiment, the odor sensor 51 is
provided near the purge gas exhaust port 36, near the purge gas supply
port 35, and near the inlet port of the compressor 42. The intrusion of
15 the impure gas can be, therefore, detected, and a determination can be
made whether its cause is the atmosphere around the compressor 42 in
a room, the compressor 42, or the transmission line. As a result, a
location which is the cause of the anomalous laser beam L can be
checked upon effectively. The anomaly due to the intrusion of the
20 impure gas is output to the control notification section 61, so that the
replacement timing of the filter attached to the inlet port of the
compressor 42, and the detected anomaly such as burning and
deterioration of the transmission line parts can be known easily. The

laser oscillator 11 can be controlled based on the anomaly detection

25 signal from the control notification section 61.
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near the purge gas exhaust port 36 and near the inlet port of the
conpressor 42, nanely, providing positions and a nunber of the odor

sensors are changed, the effect explained in the first to fourth

enbodi nents can be obtained. 10 The first to fifth enbodi ments explain the
configuration where the machining head 21 stands in vertical state, but
the machining head 21 nmay lie in a horizontal state, or the machining head

21 may rotate or Thé fifthTembodimient @xbilding theb e velior sedrsor & nptddded he
machi ning head 21 is novable only to a right-left direction, but the

machi ni ng heﬁ’@'aﬂﬂne”'ﬁ&irgfé g8s JIEP port 95an\éﬁf‘th§fﬂur§br®‘é bQﬁaWstt oft@evect to
a sheet, may be novable to both the directions, be nova

t hr ee- di men heg 11 to

t he machi nlﬁég tﬂim t %ﬁ?léh lé%h‘ea%aséé?q?ea k ave\}énrg%w%n L

shape in the In the
first to fi f?iég%%%érngiﬂ%tp??ﬁg%@ %’nﬂfﬁ B%%@ag’e% |?\F§’qr?5% %
bet ween ssor and the nitrgpgen sectiop, .41 so s, to
out de. subkednEnictngi o 308 Carmbradhard ot Sddpensor 5# RPEER gas
fromthe nltrogen supply section 41 to the optical duct I s provided,
and the fil tR@aythe purge gagaxhayistport ﬁﬁean%lﬁ@r5hetfﬂl@tmr&eﬁm%ssor 42.
The valve 44 and the filter 43 are not, however, 36 necessarily provided,
or even if OMPIRRSQIT42,Heamiely, providiag pasikors meeta number pEths AlbEr t o
that in the first to fifth enbodi nents can be obtained. In the first to
fifth enbodissmsars drecchpanged,ghe sffieet explainedh tise fipstolo edtihear t he | aser
outgoing port 12 of the laser oscillator 11 on the 5 optical duct 30, and
the purge gasmbv@anenhtyeah b¥obkinedyvi ded near the
10 The first to fifth embodiments explain the configuration where

the machining head 21 stands in vertical state, but the machining head

21 may lie in a horizontal state, or the machining head 21 may rotate or

tilt. The first to fifth embodiments explain that the machining head 21

is movable only to a right-left direction, but the machining head 21 may
15 be movable to a vertical direction with respect to a sheet, may be

movable to both the directions, or may be movable three-dimensionaily.

The optical duct 30 from the laser oscillator 11 to the machining head

21 which guides the laser beam L may have not an L shape in the first

to fifth embodiments but an arbitrary shapes.
20 In the first to fifth embodiments, the valve 44, which selectively

switches between the compressor 42 and the nitrogen supply section

41 so as to guide sucked and compressed air from the compressor 42

or nitrogen gas from the nitrogen supply section 41 to the optical duct

30, is provided, and the filter 43 is attached to the inlet port of the

25 compressor 42. The valve 44 and the filter 43 are not, however,
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attached position of the nmachining head 21 of the optical duct 30. On the
contrary, the purge gas supply port 35 may be provided near the attached
position of the nmachining head 21 of the optical duct 30, and the purge
gas exhaust port 36 may be provided near the | aser outgoing 10 port 12 of
the |l aser oscillator 11 of the optical duct 30. In the first to the third
and the fifth enbodi nents, the gas detector 50 is provided on the optical

duct 30 as sigvessdrity preditRide ori éverfifoniy oneoftifenitiy probiiédrens effssrever,
the gas detector 50 1s provided on the optical duct 30 in a different form

fromFig. 2.wARnFistimifarblthat IRERE St @RI SbOMABAR S bBBDEMES! Or i S

attached to the optica Fig. 16 1s a art a process of

callbration execu| RG] bt EhdtRliffdns. e il Habbupply pbit ablie 92s

detector 50 is provided concave portion i'n such
a manner that a.pa

t of .th 20 sj de wal | t opt.i cal | S
recessed frdth%’ ecf H?P&éﬁ?ia??lreoﬂtﬁoépgé’oﬁ q?h%ﬂg'ﬁ’t II%(?QF ogﬁﬂtja?éb.%?ﬂﬂaﬂ?:%ncave
portion 70 has,ka surface rallel with the optical, axis in,the optjcal
duct 30, SandPRtc UGN e pHESS GasSRASIRAT Aeds AR BEa! 0 h t he
optical duct 30 and two, side surfaces 74a and 74b which connect the outer
peri pheral <Altached pgsition atthpmachininghead 2§ ohtheepeal duet 3P s@M ace 71
of the concave 37 portion 70. The side surfaces 74a and 74b of the concave
portion 70 thescantranyyithe phageigasapppplyi pent a5 may be pabvided hearthended
direction of the optical duct 30. The odor sensor 51 of the gas detector
50 is fixed dttached positiort bhthomadetiringlhedd 21 oftmd bpticahdbes808ands
connected with a

the purge gas exhaust port 36 may be provided near the laser outgoing

10 port 12 of the laser oscillator 11 of the optical duct 30.

In the first to the third and the fifth embodiments, the gas
detector 50 is provided on the optical duct 30 as shown, for example, in
Fig. 2. In a sixth embodiment, however, the gas detector 50 is
provided on the optical duct 30 in a different form from Fig. 2.

15 Fig. 15 illustrates an example in which the gas detector is
attached to the optical duct. Fig. 16 is a flowchart of a process of
calibration executed using the gas detector.

As shown in Fig. 15, the gas detector 50 is provided on the
concave portion 70 which is formed in such a manner that a part of the

20 side wall of the optical duct 30 is recessed from the inside to the
outside of the optical duct 30. The concave portion 70 has a surface
parallel with the optical axis in the optical duct 30, and is surrounded by
the peripheral surface 71 connected with the optical duct 30 and two

side surfaces 74a and 74b which connect the outer peripheral surface

25 of the optical duct 30 with the peripheral surface 71 of the concave
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driving nechanism 82 such as a notor or an air cylinder, and is novable to
an up-down direction on the sheet between the concave portion 70 and a

position where the optical axis of the |laser beamL in the optical duct 30
is not disturbed. The installation stand 81 has a 10 di mension which is the
approximately sanme as that of an opening of the concave portion 70. At the
time of the calibration, the installation stand 81 is noved by the driving

nmechani sm 82peridrha0. | Thessideagi@rfaced Tdat #nd F4bhef Wréocoseaspobtion ONs a
part of the inner wall of the optical duct 30 as drawn by a solid line in

Fig. 15 and fhe apdanglecthallis ApprdxinfatBfHeridd) th tRe (AEAYEd RIIFdtSh 6P
During the | aser beam machining, the i'nstallation stand 81 is noved by the

driving nechapl i position in the optical duct 30 where the
optical path ofégﬂ%élz%ﬁsée}r?o'beam L is not disturbed as drawn by a dotted

line in Fig. 15. T ar | i L bE akl supply
section 53 20 V\hitﬁeiﬁgﬁeéis%éaﬁ §f Q{FT' gﬁid%és}gcg&lgsaé) 'ghggﬁx}gg%%ni ng 56
which em_ts th al i pratign i.nto,the concaye .portion,70, .and the

ol ect r ondonehealiaiiin Bags By Cffe inteialiSpiARa T I8 Honseesdd Wi § « ne
optical duct 30 at the tinme of executing the calibration and does not
supply the c@'Y'BQa{PPGHa"Qﬁi@ 82 such ps %m&é’élor(ﬂkﬁ"W%ldefh@"Qt'ﬁer tinme.
Simlarly to Fig. 2 of the 25 first enbodi nent, the gas supply opening 56

i s attached movabie to a8 upgown titestiononthe sheatbetWeendhgppyicamer eam si de
of the concave portion 70. A gas exhaust port 57 which exhausts the

cal i brati on pericons70 mnava gaditton Wherei tihe eptic¢alcaxis of the laber beaoml.dnporti on
70 opposed to the gas supply opening 56. The gas exhaust port 57 is opened
only 5 duri nget disticall dcted0 s notdibtufbed.0sTHednsialgtioestandes 1 hasna

machi ni ng.

10  dimension which is the approximately same as that of an opening of the
concave portion 70. At the time of the calibration, the installation
stand 81 is moved by the driving mechanism 82 so that its surface
opposite to the odor sensor 51 forms a part of the inner wall of the
optical duct 30 as drawn by a solid line in Fig. 15 and the odor sensor

15 51 is housed in the concave portion 70. During the laser beam
machining, the installation stand 81 is moved by the driving mechanism
82 to a position in the optical duct 30 where the optical path of the laser
beam L is not disturbed as drawn by a dotted line in Fig. 15.

The sensor calibrator has the calibration gas supply section 63

20  which supplies calibration gas, a gas supply opening 56 which emits the
calibration gas into the concave portion 70, and the electromagnetic
valve 55 which supplies the calibration gas into the optical duct 30 at
the time of executing the calibration and does not supply the calibration

gas into the optical duct 30 at the other time. Similarly to Fig. 2 of the

25 first embodiment, the gas supply opening 56 is attached to the side
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The odor sensor 51 is connected with the control notification section 61
via the gas exhaust port 57. The operation of the odor sensor is explained
below with reference to Fig. 16. In order to execute the calibration, the
odor 10 sensor 51 is noved by the driving nechanism 82 to a predeterm ned
position in the concave portion 70 (step S211). The process which is the
sane as steps S201 to 205 in Fig. 4 is executed, so that the <calibration

of the odor s@ifaes 74b pesitivaed el the upperIdehamasidd tithe comiaviespbricrny,
the el ectromagnetic val ve 55 which is provided between 15 the calibration

gas supply segli Algas eXRAushBofeS7 B Y @RS the Calibratihie @@ isand the

calibration gas is emtted fromthe gas supply opening 56 to the odor
51, : f : , r . .

Sensor SSrdvidbd to'heth‘éa‘éﬂd%rléﬁﬂ(gg&'e' ﬁﬁfﬁeeeoaag\m%ﬂ(.bnw ?Peog&? eﬂ\?vs

emtted to the odor sensor pre erm ne nor ma

m nutes), and when th Libratian is ended, .the sens ut puts
a signal tha&'esﬂgﬁéhpﬁyggﬁgfré th 0 qﬁggc%n%séﬁ%%ﬁsgﬁs q?i‘jpé(’:doﬁhygl
notification,section 61, so that .the control, notification secti.on 61
Closes B cHaRns dfif salbration: Sadds cidsrd Hlpndotilases beam HEeRRE  ne
driving nechanism 82 to the predeterm ned BOSi tion i n,t_heigc;?t i cal duct 30,
and the cal i bhadss sensos Bk issgonaegtedbwithdhecantioh notificatipn sgrticg Glat i on
of the gas detector 50 in the optical duct 30 can be applied to the gas
det ect or 50 Yia theegas exhaust partrd7.and fifth enbodi ments. According to the

si xth enbodi ment, at the tine of the calibration 5 of the odor sensor 51,
the installation sThadpgrationmfibe cdorasensorcisvexplained below with

reference to Fig. 16. In order to execute the calibration, the odor

10 sensor 51 is moved by the driving mechanism 82 to a predetermined
position in the concave portion 70 (step S211). The process which is
the same as steps S201 to 205 in Fig. 4 is executed, so that the
calibration of the odor sensor 51 is executed (steps S212 to S216).
That is to say, the electromagnetic valve 55 which is provided between

15 the calibration gas supply section 53 and the gas supply opening 56 is
opened, and the calibration gas is emitted from the gas supply opening
56 to the odor sensor 51, so that the calibration is started. The
calibration gas is emitted to the odor sensor 51 for predetermined time
{normally a few minutes), and when the calibration is ended, the odor

20 sensor 51 outputs a signal that shows the completion of the calibration
to the control notification section 61, so that the control notification
section 61 closes the electromagnetic valve 55.

The odor sensor 51 is moved by the driving mechanism 82 to

the predetermined position in the optical duct 30, and the calibration

25 process is ended (step S217).
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t he opening of the concave portion 70, and the calibration gas is allowed
to flowinto a space surrounded by the concave portion 70 and the
installation stand 81. As a result, a quantity of the calibration gas to
be used at the tinme of the calibration can be suppressed. 10 In the first

t hrough third enbodi nents and the fifth enbodi nent, the gas detector 50 is
provi ded on the optical duct 30, for exanple, as shown in Fig. 2. A

sevent h enbodi mentTee ploafigtiratioh dfiBedifs detextbp50 ihGthiesopticalidiest 300 t he
optical duct 30 in a formdifferent fromFig. 2. Fig. 17 illustrates an

exanpl e in V%Hﬁbetéﬁplvé&f%@ﬂwgta%rdét%ci& 504RtRE first tehifdanerfiftfuct , and

Fig. 18 is a flowhart of a process of calibration executed using the gas
detector. T s which are the sane as those in Fig. 2 are
desi gnat ed E@“@&gﬂggﬁgr ef erence nunbers, and the explanation thereof is

omtted. As shown jn Fig. 17..gate,val r roui de | cal
20 duct 30 on the Appsidig 1 1nd Fifie'GneaiDenD, & e VA Ot fik, b (o
concave portion 70,so that the gas detegtor 50, qf the seventh  enbodi nent
forme. o B oafiihe adar shneae5aotia stalEton StaRe & liisdnaved o A8 (EoORlo
portion 70 in Fig. 2 of the first enbodi nent. Wien the odor sensor 51 is
cal i brat ed, thecopapingettheacoreava postion 78, @anssthe salibradion gasdpace in the
optical duct 30 where the concave 40 portion 70 is provided is_a closed
space, and tallowed itoflw imtogaspase surppunded hyoihe eencave pestien0gard suppl y
section 53 into the space. After the calibration is ended, the gate val ves
91 are opendtie iasthlidtion sat 8heasraaksultng guardityafttbe. calibratioopgast i on
of the odor sensor 51 is explained below with
to be used at the time of the calibration can be suppressed.
10 In the first through third embodiments and the fifth embodiment,
the gas detector 50 is provided on the optical duct 30, for example, as
shown in Fig. 2. A seventh embodiment explains that the gas detector
50 is provided in the optical duct 30 in a form different from Fig. 2.
Fig. 17 illustrates an example in which the gas detector is
15  mounted to the optical duct, and Fig. 18 is a flowchart of a process of
calibration executed using the gas detector. The components which
are the same as those in Fig. 2 are designated by the same reference
numbers, and the explanation thereof is omitted.
As shown in Fig. 17, gate valves 91 are provided on the optical
20 duct 30 on the upper stream side and the lower stream side of the
concave portion 70 so that the gas detector 50 of the seventh
embodiment forms a closed space in the optical duct 30 provided with
the concave portion 70 in Fig. 2 of the first embodiment.

When the odor sensor 51 is calibrated, the two gate valves 91

25 are closed so that the space in the optical duct 30 where the concave
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reference to Fig. 18. Two gate valves 91 are closed, so that the space
duct 30 where the concave portion 70 is provided is a closed
S221). The process which is the same as steps S201 to S206 in

the opti cal
space (step

Fig. 4 is executed,

the cali brat

that the cal

the odor seng@ppipdd Fdim 1he RiahBPARS M gaRdslp

the cali brat

in

so that the odor sensor 51 is 10 calibrated (step S212
to S216). That is to say, the electromagnetic valve 55 provided between

I on gas supply section 53 and the nozzle 54 is opened, and the

cal i bration gesidrs70ristgrodidedoi® 4 fosewsphee Sdndrthe ddlibration genisor 51 so
I bration is started. Wen the calibration gas is emtted onto

lon is ended, the odor sensor‘ﬂgl outputs a calibration

dettiores 8 intoatHee wpateut es) and

compl et on Shgapknd GafiBRaticRy 6ALEACH ga Valverol e dlenddahdingont rol

notification section

val ves 91 pr
cal i bration
det ect or q.?o
of the fi*rst
enmbodi nent ,

optical duct
t he gate val

cal i bration i§alhe eptieall duct 30 wheregheccencavgepodian 9 isdrevidad isal udi ng

t he concave

ses the el eCtromagneti c val The gate

BésR R G B exedlled’” The Coni i guration of the gas

o' nTPR apRratiphial Peadih needl Bhis srifained SRy Wion n

the gate valves 91, which 25 formthe closed ace in the
rejer%%twgw-va 8n Twe gatecualvesAl gre tquﬁﬁdsil-cﬁo il‘?%t

YR,

and

ves 91 are closed at the tinme of the calibration so that the

portion 70. A use quantity of the calibration gas can be

suppr essed i tlosedmpaceo(stept322he cbimé ipgacess which inthe sammasddepst or 50

in the first

10

15

20

25

tothird and fifth enbodi nents.
S201 to S206 in Fig. 4 is executed, so that the odor sensor 51 is

calibrated (step S212 to $216). That is to say, the electromagnetic
valve 55 provided between the calibration gas supply section 53 and
the nozzle 54 is opened, and the calibration gas is emitted from the
nozzle 54 onto the odor sensor 51 so that the calibration is started.
When the calibration gas is emitted onto the odor sensor 51 for
predetermined time (normally, a few minutes) and the calibration is
ended, the odor sensor 51 outputs a calibration completion signal to the
control notification section 61, and the control notification section 61
closes the electromagnetic valve 55.

The gate valves 91 provided in the optical duct 30 are opened,
and the calibration process is ended (step $217).

The configuration of the gas detector 50 in the optical duct 30
can be applied to the gas detector 50 of the first to third and fifth
embodiments.

According to the seventh embodiment, the gate valves 91, which

form the closed space in the optical duct 30 provided with the concave
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According to the present invention, the odor sensor is provided in the
optical duct of the | aser beam nmachi ni ng apparatus or at the inlet port of
the conpressor or the like, so as to be capable of detecting anonaly of
the entire purge gas including the optical duct. As a result, 10 the
intrusion of the inpure gas can be specified as a cause of the anonal ous

| aser beam The odor sensor outputs the anomaly detection signal to the

control notipd@idin PO, éﬁ@F'r@&ldeand_na thel a1 vallves 1 hfe Ehskbd\at el iRty
sensor outputs the anomaly detection signal, or as to how many tines the

anomal y det egft {HaNcSlitskadion ﬁ?ﬂ%i i éaliﬁﬂé‘%@by%%isﬁ%ﬁ% ggth’eﬁgﬁlabéﬁn%ése

effectively. Defective machining during t Ining by the | aser beam
machi ni ng a 1 r d AheC :
ot ecti ve mopieiudh Ren i Metencal Biefitn 000 AMBerERIY S 86 1
present invention,is suitabl.e to the |aser beam nmachinj rat whi ch
execut es { N HRIAMANGAT, PAB e suppressed Y ePmparizen Wihite SOl taNBR e ce
to be machined using the | aser, beam, 4 AIMS 1. A |laser beam machi ni ng
hoparatue O GRh gelscion al In g irstie T and S PBCEUma s er  bean
the laser oscillator having a | aser beam outgoing port to output the |aser
beam 5 a nmchi niNecHEing fpitoe nrasant nventing, abea%rmrrsqrﬁé preyided peam
an optical duct with an optical systemto guide the |aser beam fromthe
| aser beam dotthei eptigalrduatofithe lasenibeiany nachining pppgatyssorsabifieyintet t
that opens into the optical duct and

port of the compressor or the like, so as to be capable of detecting

anomaly of the entire purge gas including the optical duct. As a resulit,

10  the intrusion of the impure gas can be specified as a cause of the

anomalous laser beam. The odor sensor outputs the anomaly

detection signal to the control notification section, and a determination

is made which odor sensor outputs the anomaly detection signal, or as

to how many times the anomaly detection signal is notified, thereby

156 checking upon its cause effectively. Defective machining during the

machining by the laser beam machining apparatus can be, therefore,

reduced, and the cause of the defective machining can be found easily.

INDUSTRIAL APPLICABILITY
20 The present invention is suitable to the laser beam machining
apparatus which executes the machining process such as welding and

cutting on a workpiece to be machined using the laser beam.

42



10 situated near any one of the |aser beam outgoing port and the machining
head, wherein a purge gas supply unit supplies purge gas into the optical
duct fromthe purge gas supply port; a purge gas exhaust port that opens
into the optical duct and situated near any one of the |aser beam out goi ng
port and the 15 machi ning head, wherein the purge gas in the optical duct
Is output fromthe purge gas exhaust port; and an odor sensor that detects
undesired gas in a portion of the optgecAalmMguct fromthe | aser beam

out going port to the nmachining head, wherein the undesired gas is a gas

that makes the | aerlagé'aﬁg,gﬁ% W@pﬁap&ara—w& é@ﬁg{riglp,%m machi ni ng

apparatus according to c er conprisin ntrol notification

unit that, upon th ect . | Lentifies a
cause of the undesigJ%%gggéﬁgéﬁfern“tvgfi"ﬁ"ng%’ﬂgt%%gilggﬁgpgééﬁﬂgﬂgﬁﬁg Ffies t he
cause. 43 3. The, | aser. beam machi ni ng ,appar at us, accor gi to claim.?2,
Wherei n ¢ he asAlatr BAYinG % Reas PaAinCyaBHitiBorCoCa i th faset bRaM:
nunmber of tines the odor, sensor detects the undesired gas fromthe 5 tine
the | ase® beam nachiMmasRiniihhead hich mashines anMorkpiese Wity e Hsemhe
counter indicates that the odor sensor has detected the undesired gas for
a first tinebe@amé control notification identifies a faulty in the purge

gas supply unit and peripheral atnosphere of the purge gas supply unit as
the cause. 10 4. Tae opdical doetwithaahioptiocal systemttosguidedhei lager beanai m 2,

from the laser beam outgoing port to the machining head;
a purge gas supply port that opens into the optical duct and
10 situated near any one of the laser beam outgoing port and the
machining head, wherein a purge gas supply unit supplies purge gas
into the optical duct from the purge gas supply port;
a purge gas exhaust port that opens into the optical duct and
situated near any one of the laser beam outgoing port and the
15  machining head, wherein the purge gas in the optical duct is output
from the purge gas exhaust port; and
an odor sensor that detects undesired gas in a portion of the
optical duct from the laser beam outgoing port to the machining head,
wherein the undesired gas is a gas that makes the laser beam

20 anomalous.

2. The laser beam machining apparatus according to claim 1,
further comprising a control notification unit that, upon the odor sensor
detecting the undesired gas, identifies a cause of the undesired gas

25 entering the optical duct and notifies the cause.
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wherein the control notification unit includes a counter that counts

nunber of tines the odor sensor detects the undesired gas fromthe tine

t he | aser beam nmachi ni ng apparatus is booted, and 15 if the count of the
counter indicates that the odor sensor has detected the undesired gas for
a second tinme, the control notification wunit identifies a fault in the
optical duct as the cause. 5. The | aser beam machi ni ng apparat us accordi ng
to claim2, 20 wherein the control notification unit includes a counter
that counts nunber of times the odor sensor detects the undesired gas from

the time the | aseThbeaserBeiimabmRY 4psiratss BeebRfingaddiaimtde count of

the counter indicates that the odor sensor has detected the undesired gas

for third orwABFén!hd=Sontt Kdin Enit'IALHIdes s | Rntér tharklinis! os 2

fault in the entire Taser beam rmachi ning apparatus as the cause and
controls an at i ng. of, the | ase cill [ The.l beam
machi ni ng ap@@&'&?&ﬁggﬁégéﬁﬁaq% %q-r%ﬁoi]%teg?m @f’ﬁef‘ﬁgd&%ffg@ﬁ% S
situated _adjacent to the purge gas, exhaust . part. 7. The |aser beam
machi ni n§ agiReaNe<256E HEAM RETEING APBAratls I8iRAotAEPRs i ng a cont r ol
notification unit that, upon _the odor sensor 10 detectjng the undesired
gas, identifies a iEH@&oynt ofdhacqeniteeindigatas ihatithg adar sgRsaA¥Na%uct and
perforns any one of notifying the cause and notifying the cause and
control | i ng detecped the mtglcésmed gas foralfirst timaydbel ¢anteel netification nunber of
times the odor sensor detects the wundesired gas fromthe tinme the |aser
beam nmachi niidgntifipsraafaidty s in the purge gas supply unit and peripheral
atmosphere of the purge gas supply unit as the cause.
10
4. The laser beam machining apparatus according to claim 2,
wherein the control notification unit includes a counter that counts
number of times the odor sensor detects the undesired gas from the
time the laser beam machining apparatus is booted, and
15 if the count of the counter indicates that the odor sensor has
detected the undesired gas for a second time, the control notification

unit identifies a fault in the optical duct as the cause.

5. The laser beam machining apparatus according to claim 2,
20 wherein the control notification unit includes a counter that counts
number of times the odor sensor detects the undesired gas from the
time the laser beam machining apparatus is booted, and
if the count of the counter indicates that the odor sensor has
detected the undesired gas for third or more times, the control

25 notification unit identifies a fault in the entire laser beam machining
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15 booted. 8. The | aser beam machi ni ng apparatus according to claim?7,
wherein the purge gas supply unit has an inlet port to suck air; a filter
to filter dust fromthe air and obtain dust-free air; and a conpressor to
20 conpress the dust-free air and supply the conpressed dust-free air to
the optical duct, and when the odor sensor detects the undesired gas for a
first tinme after the |aser beam machi ning apparatus is booted, the control

notificati ongpggrituliadstie Eauséd ndcdmPoRUAE @ pdRatiag RRAs gNtHe Ridbr25
peri pheral atnosphere of the purge gas supply unit as the cause. 45 9. The

| aser beam ngghiiBiglg apparatus according to claim8, further conprising: a
second purge gas supply unit that is situated in a flow channel 5
connecting the conpressor and the purge gas supply port via a valve which
selectively switches the purge gas between the purge gas supply wunit and

t he conpress&r, mhﬁﬁein ths control.notificatkon unitdsmdtchps tﬂe val ve so
that, when tfe odbPedanelPeant Machining IRRAIAIYR ACTRLINGL? SR lir ge gas s
supplied 10 fromthe conpressor,tq the optical duct, the purge gas is
suppl i ed & r othereip Wieceder penser §asituates gdigsent i the pusgeiqas e!ﬁlﬁ%‘t‘$‘ 10.
The | aser beam machi ni ng apparatus according to claim1l, wherein the odor
sensor is siP@#ted adjacent to the purge gas supply 15 port. 11. The | aser
beam nmachi ni ng apparatus according to claim 10, further conprising a
control notification unit that, upon the odor sensor

7. The laser beam machining apparatus according to claim 6,
further comprising a control notification unit that, upon the odor sensor
10  detecting the undesired gas, identifies a cause of the undesired gas
entering the optical duct and performs any one of notifying the cause
and notifying the cause and controlling an operating state of the laser
oscillator based on number of times the odor sensor detects the
undesired gas from the time the laser beam machining apparatus is

15 booted.

8. The laser beam machining apparatus according to claim 7,
wherein the purge gas supply unit has an inlet port to suck air; a filter to
filter dust from the air and obtain dust-free air; and a compressor to

20 compress the dust-free air and supply the compressed dust-free air to
the optical duct, and

when the odor sensor detects the undesired gas for a first time

after the laser beam machining apparatus is booted, the control
notification identifies a faulty in the purge gas supply unit and

25 peripheral atmosphere of the purge gas supply unit as the cause.
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detecting the undesired gas, identifies a cause of the undesired gas 20
entering the optical duct and perforns any one of notifying the cause and
notifying the cause and controlling an operating state of the |aser
oscillator based on nunber of tines the odor sensor detects the wundesired
gas fromthe tinme the | aser beam machi ning apparatus is booted. 25 46 12.
The | aser beam machi ni ng apparatus according to claim1l, wherein the
purge gas supply unit has an inlet port to suck air; a filter to filter
dust fromthe air and obtain dust-free air; and a conpressor to conpress

the dust-freg air PG ISHEPbYakl A HIhERSEadas dCceRifl ol Gaftdle opti cal

duct, and when the odor sensor detects esired gas for a first tine

after the | e |.ning apparatus is booted, the control
notificatio?ﬁ’i e tﬁﬁ‘g@gg@aul ty in the purge gas supply unit and

peri pheral atnosphere of .the purge gas,suppl nit..as,.t i . The
| aser beam machi ni h§C5PPIrRHTES %%%5%8?3%”5@ tﬁf’g?%ﬂ?te({]ﬁ}%ﬁ@ﬁggégpﬁi ng:
a second purge gas supply unit that is situated in a flow channel

connect i By (SRNARGHING e CORRTEBRET BRAbeGRNTGE BRP FUPBIY POILY'A AXPE 15

whi ch selectively switches the purge gas between the purge gas suppl uni t
and t he conpwvbigtoselegtiveby awﬁﬁbegdgermrgﬁogaﬁ behwesn tBﬁinurgm%thégpp e

val ve so that, when the odor sensor detects the undesired gas when the
purge gas i susitigpid thee compressor, wherein

the control notification unit switches the valve so that, when the
odor sensor detects the undesired gas when the purge gas is supplied
10  from the compressor to the optical duct, the purge gas is supplied from

the second purge gas supply unit to the optical duct.

10. The laser beam machining apparatus according to claim 1,
wherein the odor sensor is situated adjacent to the purge gas supply

15 port.

1. The laser beam machining apparatus according to claim 10,
further comprising a control notification unit that, upon the odor sensor
detecting the undesired gas, identifies a cause of the undesired gas

20 entering the optical duct and performs any one of notifying the cause
and notifying the cause and controlling an operating state of the laser
oscillator based on number of times the odor sensor detects the
undesired gas from the time the laser beam machining apparatus is
booted.

25
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fromthe conpressor to the optical duct, the purge gas is supplied from 20
the second purge gas supply unit to the optical duct. 14. The | aser beam
machi ni ng apparatus according to claim1l, wherein the odor sensor includes
a first odor sensor situated adjacent to the purge gas exhaust port, and a
second odor sensor situated 25 adjacent to the purge gas supply port. 47
15. The | aser beam machi ni ng apparatus according to claim14, further

conpri sing a4 2ont r'phe 194 heak ﬁi&c%ﬁﬁihgtmsaram@caamiﬁgetosﬁlatrhei1 first
odor sensor and the second odor sensor detecting the undesired 5 gas,

| dentifies ayfatsh b O;%&k%e“ﬁ&@%h@%@ QAR 1R4Y ShiiARKtHUH 8P SUER aifluf filteR e

perfornms any one of notifying th ause and notifying the cause and
trolli ' I AN nmb f

imes the iR GaCHbBR B obbEn dRa nEE At A h SRR e ©
desired f t ti t he | b hi ni 10 t us.

boot od, _and GEREEHH i ELATGiRs B SILsHPPOL (ateyMeEnserd UG TR A dBond

odor sensor has detected the undesired gas. 16. The | aser beam machi ni ng

appar at u® adbsreptieahduet angh 15, wherein the purge gas supply unit has an
inlet port to suck air; a filter to 15 filter dust fromthe ajr and obtain
dust-free air; andvbeodhpredayosensorcdetects the nadgsiredrgasfern a fuabtingpl v
the conpressed dust-free air to the optical duct, and when the second odor
sensor det ecaftet the lasdreard maechining appiarakts isi beoteid; ¢hewoantfadlser beam
machi ni ng apparatus is booted, the 20 control notification identifies a

faulty in theotificatorg idertifid 5 faolty iande pegedes supplyosiplaeyde of the purge
gas supply unit as the cause.
peripheral atmosphere of the purge gas supply unit as the cause.
10
13. The laser beam machining apparatus according to claim 12,
further comprising:
a second purge gas supply unit that is situated in a flow channel
connecting the compressor and the purge gas supply port via a valve
15  which selectively switches the purge gas between the purge gas supply
unit and the compressor, wherein
the control notification unit switches the valve so that, when the
odor sensor detects the undesired gas when the purge gas is supplied

from the compressor to the optical duct, the purge gas is supplied from

20 the second purge gas supply unit to the optical duct.

14. The laser beam machining apparatus according to claim 1,
wherein the odor sensor includes a first odor sensor situated adjacent
to the purge gas exhaust port, and a second odor sensor situated

25 adjacent to the purge gas supply port.
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17. The | aser beam machi ni ng apparatus according to claim 16, further
conprising: 25 a second purge gas supply unit that is situated in a flow
channel 48 connecting the conpressor and the purge gas supply port via a
val ve which selectively switches the purge gas between the purge gas
supply unit and the conpressor, the control notification unit switches the
val ve so that, when any 5 one of the first odor sensor and the second odor
sensor detects the wundesired gas when the purge gas is supplied fromthe
conpressor to the optical duct, the purge gas is supplied fromthe second

purge gas  sppply Hil jad Eé‘ﬁTorﬁ’ltamﬂ%ingﬁ%ar%@ué%ccaﬁﬁngﬁlggtflaﬁﬁafﬂ,maChi ni ng

apparatus according to claim ere e purge gas y unit’ has an

LEL? e a?fﬁgﬁ%ﬁﬁwiféﬁﬂ@ﬁeé L%?*rtﬁof&‘:*oéﬁk%ﬁ‘f@@ggﬁihét3[34%29%{@6""%*3&9 S
AR | 4
| ncl uded & 1118t PApEaeTSBR g U saFend Reck aancd dletBRing dngdmiRsiathanat

port, a second odor sensor situated adjacent to the purge gas s ly port,
and a t hir d Yamrideatifies as?@'aﬁ?é’cﬁtBEjLHtSJ@ﬁ"'QCanFrﬂé"tﬂﬂnetthg&ﬁ%‘éﬁ' 41&5 pur ge

gas supply unit. 20 19. The | aser beam nachi ning apparatus according to
claim 18, fand perfosospanygiong of notifying thecariseaand motifyingt thetcaugdn any
one of the first odor sensor, the second odor sensor, and the third odor
sensor det earid cgntroding dasopematiggsstate efthéilasernoscillatorobaséd omndesi r ed
gas entering the optical duct and perfornms any one of notifying the cause

number of times the first odor sensor and the second odor sensor

detect the undesired gas from the time the laser beam machining

10 apparatus is booted, and based on which one of the first odor sensor

and the second odor sensor has detected the undesired gas.

16. The laser beam machining apparatus according to claim 15,
wherein the purge gas supply unit has an inlet port to suck air; a filter to
15 filter dust from the air and obtain dust-free air; and a compressor to
compress the dust-free air and supply the compressed dust-free air to
the optical duct, and
when the second odor sensor detects the undesired gas for a
first time after the laser beam machining apparatus is booted, the
20  control notification identifies a faulty in the purge gas supply unit and

peripheral atmosphere of the purge gas supply unit as the cause.

17. The {aser beam machining apparatus according to claim 16,
further comprising:

25 a second purge gas supply unit that is situated in a flow channel
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25 and notifying the cause and controlling an operating state of the |aser
49 oscill ator based on nunber of tines the first odor sensor, the second
odor sensor, and the third odor sensor detect the undesired gas from the
time the | aser beam machi ni ng apparatus i s booted, and based on which one
of the first odor sensor, the second odor sensor, and the third 5 odor
sensor has detected the undesired gas. 20. The | aser beam machi ni ng

appar at us acg@rfléctihd the lcoimiprbssorasideihd iRy ghs Uppiy pori idl ddedver
concave portion to fit the odor sensor. 10 21 The | aser beam machi ni ng

apparat us acgAid gicchvelPbiiiees the'pultle GAUBckWbEH the gy ghs QlppaP

supply unit situate ear nsor, wherein the ‘cal’l bfati on gas
supply unit gj ' ' as towards the odor sensor for calibrating
t he odor sen@%{?%@ﬁ%&gﬁi&%@gr beam nmachi ni ng apparatus according to
claim?2l1l, further_ conprjsjng,.a driving unit, which ves the.odor s or
sufficiently insidd& E@"ﬁBLE&U@% of It sRneRAng yANE 3p At ‘g’ﬂﬁé‘i%\?

cal i brated, and noves the odor sensor jnside the conducting,b20, arr.angenent
until thé odene B firghedop&engrt andithengespnd ogor sensprdatecisig i n t he
conducting arrangenent when the workpiece is to be nmachined with the |aser
beam 23. Thendesised gasnwhabHhei piyaergas #8 supalied fmmghecemaressar to o5

further conprising two gate valves in positions on the optical duct 50
the optical duct, the purge gas is supplied from the second purge gas

supply unit to the optical duct.

10 18. The laser beam machining apparatus according to claim 1,
wherein the purge gas supply unit has an inlet port to suck air; a filter to
filter dust from the air and obtain dust-free air; and a compressor to
compress the dust-free air and supply the compressed dust-free air to
the optical duct, and

15 the odor sensor includes a first odor sensor situated adjacent to
the purge gas exhaust port, a second odor sensor situated adjacent to
the purge gas supply port, and a third odor sensor situated adjacent to

the inlet port of the purge gas supply unit.

20 189. The laser beam machining apparatus according to claim 18,
further comprising a control notification unit that, upon any one of the
first odor sensor, the second odor sensor, and the third odor sensor
detecting the undesired gas, identifies a cause of the undesired gas
entering the optical duct and performs any one of notifying the cause

25 and notifying the cause and controlling an operating state of the laser
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sandwi chi ng the concave portion, wherein the gate valves are closed when
the odor sensor is being calibrated. 51

oscillator based on number of times the first odor sensor, the second
odor sensor, and the third odor sensor detect the undesired gas from
the time the laser beam machining apparatus is booted, and based on
which one of the first odor sensor, the second odor sensor, and the third

5 odor sensor has detected the undesired gas.

20. The laser beam machining apparatus according to claim 1,

wherein the optical duct includes a concave portion to fit the odor

sensor.
10
21. The laser beam machining apparatus according to claim 20,
further comprising a calibration gas supply unit situated near the odor
sensor, wherein the calibration gas supply unit ejects calibration gas
towards the odor sensor for calibrating the odor sensor.
15

22. The laser beam machining apparatus according to claim 21,
further comprising a driving unit which moves the odor sensor
sufficiently inside the concave portion when the odor sensor is being
calibrated, and moves the odor sensor inside the conducting

20 arrangement until the odor sensor does not disturb the path of the laser
beam in the conducting arrangement when the workpiece is to be

machined with the laser beam.

23. The laser beam machining apparatus according to claim 21,

25 further comprising two gate valves in positions on the optical duct
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sandwiching the concave portion, wherein the gate valves are closed

when the odor sensor is being calibrated.
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