;yz{| e3e9@D L6T@PECI FI CATI ON TI TLE OF THE | NVENTI ON Laser beam nachi ni ng
apparatus 5 TECHNI CAL FI ELD m~~~~s~~~ The present invention relates to a

| aser beam nachi ni ng 10 apparatus which carries out welding and cutting and
is capable of detecting m xing of inpure gas in purge gas filling a |ight
gui de duct guiding a | aser beam BACKGROUND ART Various types of | aser

machi ni ng apparatuses are known. For 15 20 25 exanple, Jap m“ummllz
Application Laid-Open Publication NQS{%% 2?'97%{. page 2) ﬂﬂmml )
di scl oses a conventional |aser beam YUs @?D;'Sar atus that tggpgnmits a
| aser beam stably for long tinme and can weld and cut a subject to be

maclhi ned with high acculracy. Thibs | aser beam Imaghi ni ng Sppwt‘\m““\wm Ees
.a |l aser osci r ser robot, an optical duct, and a Jm S
supply unit. %‘Jﬂﬁga%?”agclﬁ\(%wohlas a beamtransm ssion | 1 ncluding a
| aser outgoing port of an airtight mechanism The |aser robot Y
articul ated confi gut-8sebheam oracidningrappardtaser beam .to an arbitrary
position of the subject to be machined. The optical duct guides the |aser
beam so that an optical axis of the |aser beam between the | aser oscill ator
and the | aser. robot does not shift. The machi ning gas supply unit detects 1
pressure in t AE@EHNICAL FIELID and supplies a predeterm ned nmachi ni ng gas

into the optical duct so that the pressure in the optical duct becones

hi gher than ext er nalThermeswhe invaHb R raanid waabbeprbggﬁgﬁi&c%nﬁngg and dust

generated at the tinme of the | aser beam machi ning mS enteri t he

tical duct ' | ; : licati
50 d open Publ T Ear P bR 3o ERETaihg Bt cHRREPERE (SBRRRbI R poos o
I i -af i i nt it f.al b
accurately acoui i FikaCani fisndaRll Bulbe RAMNE S i Quidkai™ "
undergoes; @ | 83ffing 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 subject to be machined with high accur‘acy.

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 arbitra_ry 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
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10 anneal ing process. The | aser annealing apparatus has such a
configuration that the | aser oscillator and a chanber in which the subject
to be nmachined and to undergo the | aser annealing process is arranged are
connected by the optical duct. The |aser annealing apparatus adjusts the
intensity of the |laser beamenmtted to the subject 15 . to be nmachined in
t he chanber based on purge gas which does not absorb the | aser beam

transmtting : apt.i cal ct,, and concentration of control gas
havi ng pr edet éfgrﬁ%lr?gg 'égﬁ%ro&tg%@gl’%?taﬁ‘dr%ﬁg@&%s ?ODFPHEE?%%'BFC*BB%%'”W%
optical duct, therefore, has etecti gt% sensor which detects the ‘
concent r at i on98% "PetNEARHEA! %ﬁ% $h t3tdNspriessredn e optigabdectquant ity of
the control gas to be supplied into the optical duct is controlled based on
a signal obtaPReeMes HERRT thamexie rnal Rressie edet 2ueh Recefigiuatidetaeventshe
concentration of the control gas. In the conventional |aser beam machi ni ng
appar at us di stire&nd dustpenersdedatehe tappl ¢fdhei laset hiednOpmchiibyifcami on
No. 5-8079, 25 however, air mght enter the optical duct. One of causes
that the & r entering thesoptiealophtictctirodghta tip of therlbsguraisgton of the opti cal
duct. As shown in Fig. 1 of this publication, for exanple, the optical duct

whi ch connects the .Ila}saanrewfs"ialtémtApFﬁOQtiéﬁQaﬁ@-@ﬂierﬁ Fajlicdaen N@isAame
linear 5 10 15 form and the optical path is bent at a plurality of

portions. Suclsedpages oo 9UFlg | BISEIBdsYa R Ak i Athcob Ay ge! | ovs or
the like connects a plurality of pipes. The |aser beam™achi ni ng appar at us

of the first } ; @fg t) 4l i it1.0 . whj ch the
| aser beam i sEéeI!r)né)lélte 26 %ﬂﬁ?%l@ﬁﬁdbe s'%r?ﬁgtla%ﬁre&?g@;?g%@%%&a%&gi&@mot ed to
an arbitrary it subj.ect .t.Q be hined. In the |laser beam

machi ni ng appg@tnyét?%whﬁges%ghs%?%3§fqegm%§(\t '%?1‘? uf’(glgr%%ﬁ“rﬁl '@?e'é bel | ows
section ¢ osin art of t optical duct occasional]y noves accordi ng
to a chanmgggﬁg?@Q$85°%?s§'h?@ﬁﬁ?f’?h@”%gh?g@rﬁ’p@[’a Ur?eh%/%@%i;h fobot whi ch
is perfornmed in order, to changg the | aser beamenmitting position, or when
the | aser beaf®MQyiakioRgthiad tae daseoseflatenand achanbgpin whichithe
tenporarily drops. As a result, for exanple, outside air enters the optical
duct through Pebigcttapetnacpingssandipdsnaryoonbedgsee anngaling Progessis

bet ween the pipes and the bell ows. Another cause that the air m ght enter
the optical dagengedxyenewinadtad yathe optieakdpel. i €bthe Msertanmempingcal duct

and this is caused by using air sucked froma conpressor into the optical

duct as the napparitog agisstsithetineermsity efithey faddreoexrhigraitteduiet thenbefject
thinner, paint, or the like 25 is used in a vicinity of the optical duct,

aCTyl c combust s on Gaer 11 uor ccarbon gae Care: "o gan e Carneona "t he
like) enters ab€ofd 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
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optical duct. The inpure gas causes power distribution of the |aser beam
and increase in attenuation of the |laser beam and as a result,
characteristics of the | aser beam are deteriorated, and thus machining
ability of the |laser beam machining apparatus is deteriorated. 5 10 15 Wen
anomal ous out put of the |aser beamoccurs, a defect in the |aser oscillator
is firstly regarded as a cause of the fault. After various factors which
cause the fau [ e output of the |.aser beam.are elimpated, it is
frequently fo%'ﬁutﬁr?ﬁ@? Qtoﬁ'gairl)ﬁf'lcgéﬁ Bnc%f'gﬂ{@t'ijﬂ’d{ﬂt eg%%t'qutdé‘cf-heAép?th%’P duct
i s-the cause of _t hg afn mal orpii out EUt of the |laser beam That is to say, the
i mpure gas i n™tRg- Jp? PYREcatlaRniAT BXAgptLitheeeptical dvst wehiek of t he
anonal ous output of the |aser beamin the early stage of the checkup of the
causes. Duri ngPRnRCteRbekapenpseilatenaredhe daseeraial dadsenomaverarnemnnot
be, carried out by the | aser beam machi ni ng apparatus) and thus the inpure
gas is al so afodaused e detieali pati isnge moatka pdu ity of @ocyond.n Shehlaser
anneal i ng apparatus di scl osed in Japanese Patent 20 Application Lai d-Qpen
Publ i cati &n Noptidgalldli20s ricmenaligt ewistitgtee88ahanbifibweesrepksikegosadtsol gas

. is provided in the optical duct, but the detecting sensor detects the

concentr at i ona @luraiey 6Ppigey. TRReWAEENDEART MRAICHINIAG M RYtuLES f:{@{ihﬁser

beam and does not detect the inpure gas. That is t0 say, even I e inpure

gas such as thgot ageHa Pl ToBRS | a @siﬂ%itg_a\kq_%gcthe 598{ geLFet i ng

rfWrﬁéﬁ | ;
sensor cannot detect the intrusion of the inpure ga resent “rnvention
has been achigved:i 5 I and i.ts obj ect
is to obtain '?h%q|tgé§egégg%mﬁﬁba%% %‘?rtlltg‘ggﬁth?e g%*%g}bge[aﬁ@%%nf@e@{lg%gb% of
detecting inp L ot.rud into the optical. dyct. DI SCLOSURE OF THE

| NVENTI ON 5 Aél'lrbi‘ég'r%’s Bég'&@#a‘gfﬁ? ﬁ%ﬁ%ﬁﬁ&%{nﬁfmee@r di'%@’?‘%ﬁq{giﬁr@sent

i nvention Jdncludes .a | aser oscjl| ator ich oscillates a | aser beam the

| aser oscid | a'GFNHUDY ﬁt‘?pérP&bsehaB@Qrﬁ §ANY Poatiope iy @XATPlEnE Laser
beam a machi ni head whi ch machi nes a workpiece with the |aser beam an
optical duct W'Fqgﬂﬁﬁeﬁ}j@i‘&élm@?%'ﬂén@ Pargaf e ppticakbdest ercasiamaliy mavesse

| aser beam outgoing port to the machining head; a purge gas supply port
that opens i MEEArHIDOIR Aalangiog apefaipnwafttbe emitingmosithen of thééaserser
beam out goi ng port and the nachining head, wherein a purge gas supply unit
suppl i es pur g@bgasvhiak ds peeforptedt &l odiet tof cloangdréhglags igeamsamitliygport; a
purge gas exhaust port that opens into the optical 15 duct and situated

near any one pdsitibr, bredve bt asel drarg machinangl i BRpprehigtbssufeeintthe
wherein the purge gas in the optical duct is output fromthe purge gas

exhaust part; optichl AuckdempurBRR dids. JRLeCiesUMAEE eXk8MMISoitjde RAY tion of
the optical duct fromthe | aser beam outgoing port to the machini ng head,

\églerE Ei n_ tS ?:% #r"?@oilé l&@é‘ ?%E%SL,EA\L/'\?K @é%%% jols dTakeSibBs ddAs5dsiRg AL YNGR ous-
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 compreséor 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



Fig. 1 is a schematic diagramof a |aser beam nmachi ni ng apparatus according
to a first enbodi nent of the present invention; Fig. 25 2 illustrates how a
gas detector is attached to an optical duct; Fig. 3 is a5 fl owmchart of a
process to detect anomaly in the | aser beam nmachi ni ng apparatus according
to the first enbodinent; Fig. 4 is a flowhart of a process of calibration
executed using the gas detector; Fig. 5 is a schematic diagramof a | aser

beam nmachi ni ng & S ording to a 5 second eprbodi nent of the present
i nvention; Fi %_pﬂggf‘éﬁéﬁ’f f@ﬁéﬁ%pturgfgaas B?‘(’)%%%Qoi’v@rcfgt?)fé&’tm'&ﬁ HnBReepern t he

| aser beam macghi_ni nﬂ aBEar at us; Ei % 7 is a schematic diagramof a |aser
beam machi ni n§2BpaPSt 15TeAsB HARENHEtiIaN1a{ithg lasBbaRARNtaNst as lrergstdent

i nvention; Fi% 8 is to explain how the odor sensor detects anonal ous
portions; Fi gthgractegstios qfsetaser bpam prodetariarateidt acd thus amasmmhing n t he
| aser beam machi ni ng apparatus according to the third enbodi nent; Fig. 10
is a schemati @bditu@tdhe daser baser mzechinimgcp pa nagus ppdetdrisratsdor ding to a
fourth enbodi ment of the present invention; Fig. 11 is a flowhart of a

process toSdetect akVizremloynalousheuthasef tie eerasddmi syt Padalast kS
according to the fourth enbodinent; Fig. 12 is a schematic diagramof a

| aser beam s Mtisey cumd il s fReSPre Midas of ¢4ide SFRRCHMNL Rhtelhe
present invention; Fig. 13 is to explain how the odor sensor ‘detecCts

anomal ous por vaﬂaas!facms%ﬁiéﬁﬁe}%"eﬂ mgmm Bﬂggféac{f;{ﬁag%%{ Qéﬂ%zéroe the

fifth enbodinent; Fig. 14 is a wchart of a proc

anonmaly in thgy bea Lain r.di n o.the fifth

cmbodi tent: Fra M Ee Tog g dgin B Ehat R RRFEICh A heumaliearsrinte
attached to t i uct,. Flg. 16.1s a flowchart of. a_ process of
calibration eﬁ%cgpgégﬁéV%g&ttmg %%és%lgf b’&? 8?9"’3\,@.“3?”?\"‘ Bgﬁ}eataéyi’r?aé&arrpl e
in which fhe detector, is. mounted to the optical duct; and 25 Fig. 18 is
a rovvchaM] o?ﬁgtbsrf)“cé% the '@%{W"&%%‘?\“&é’@ﬁ'@élﬂd&lﬁt ﬁgnﬂweb@é@eslfledg as
detector. BESI MODE FOR CARRYI NG OUT THE | NVENTI ON Exenpl ary enbodi nents of
| aser beam mallf ABHSE &55AL Anemalouscen il @f toe dagepbeamnin thevearly stage e
explained in detail with reference to the acconpanying draw ngs. First
Embodi nent A ©f Hi& chaskup oéthe shuses. pidwing thercaetkop.ofithe eapisasned wit h
reference to Figs. 1 to 4. Fig. 1 is a schematic diagramof the |aser 10

beam nmachi ni nedipfereaths naachinifigiganoot he darristl cutttpdtinenisedthddme present
invention. Fig. 2 illustrates how a gas detector is attached to an opti cal

duct. Fig. 3 machifihgvapparates, andtiogssise impdes gek i8nNedlaycasd iy | aser
beam nmachi ni ng apparatus according to the first enbodinent. Fig. 4 is a

fl owchart1®f defrizratiagafofdhd ¥fatieagyexecut ed using the gas

| 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 optical 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. Thatis to say, even if thé impure gas such as the laser absorbing
gas enters the optical duct, the detecting sensor cannot detect the
intrusion of the impure gas.

The present invention has been.achieved in order to solve the

25 above problems, and its object is to obtain the laser beam machining



15 detector. The | aser beam machi ni ng apparatus includes a |aser oscillator
20 25 11, such as a carbon di oxide gas |aser oscillator (oscillation

wavel ength: 10.6 micro mllineters) which oscillates a | aser beam a
machi ni ng head 21 which emts a | aser beamoutput fromthe | aser oscillator
11 to a workpiece (subject to be nmachined) 100 to be nmachi ned, and an
optical duct 30 which guides the |aser beamenerged fromthe | aser
oscillator 11 the machini ng head 21 while an optical axis of the |aser
beam i s mai nt E}Dﬁ@&?tulsnwﬁwg r %?,O%aﬁﬁvgpl'ggdﬁl%”ﬁcﬂﬂf Wi dgsointo dbeh | ne
L shows the Ias?r Egan1 The optical duct 30 is shaped as English letter L.
In other 7 9Pi§318UGbrds, two pipes 31 a and 31 b are joined at right
angle via a stretchable bellows 33. An optical systemsuch as a bend mrror
34 is provided into the optical duct 30 so as to guide the | aser beam L
froma |l aser beam outgoing port 12 of the laser oscillator 11 to the

machi ni ng hea®|2C LU @M THE INKENBION beam L onto a tip (hereinafter,
a machining head tip) 22 of the machining head 21. For exanple, the bend
mrror 34 Hends a paAtlasef bielaen hesetin agdtut ! | kppeam

out goi ng port 12 of the |aser oscillgsggpgl towé?%gr?@guﬁg?ﬁﬂﬁﬁﬁgnﬁead 21
by 90 degr eesirverition, meNidésibabbenostiiaisr which BEcRbR 2abe cpONRCHEM Wi th

t he machi ni ng head 21 can nove irection of an arrow awi ng

0 a
along a franme|z&3rsA et @ ' ' : Y nism not
shown) so that a rel at%éwaﬁg‘ﬁ%gt“%%grbg%hgﬁ”&‘”ﬁ%ﬁﬁdor}/h‘gg“ﬁmédag}% | aser
beam L and th kplece. SAccordi to .the novepent of the pipe 31 b
connect ed Wi tﬁe%ﬁ'rél%onahgancﬁlﬁ&ﬁg lp.é%cg %Cﬁﬁ%@“ﬂﬁé 3 ?’V&frgg'?é’,e Witk the lasgis 33

d d ts. A I t 35 which i d f

Suppl vi ng. pur 88955 asoplicBlig IR RBliCak Piste i ab ftuitwelasr team aser
beam L pa inﬁ_ t hrough the optical duct 30 is provided in a vicinity of the
| aser beal out'§8} hbe gﬁﬁqr beargfoutgeinampert tosthiel machining head; leporgs gas duct
30. A purge gas exhaust port 36 to exhaust the purge gas out of the optical
duct 30 is preyPR¥PIEsRat Apenadntonthegoplécal Qictaand bituatetd nedr dogtond0of The
pur ge gas sup&[@y port 35 is connected with a nitrogen supply section 41 and
a conpressor lasgr Dezan \oatgdinghpett drel the trautdniegch eisd WehgreifRepdidd ogen
supply section 41 supplies nitrogen as the 8 purge gas. The conpressor 42

suppl i es suckeas sugptoupitesigadiesi puge §ae interae gRecalAudtTtath tREguryli ch
sucks air of the conpressor 42 5

gas supply port; a purge gas exhaust port that opens into the optical

15 duct and situated near any one of the laser beam 6utgoing port and the
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

20 gas that makes the iaser beam anomalous.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram of a laser beam machining
apparatus according to a first embodiment of the present invention; Fig.

25 2 illustrates how a gas detector is attached to an optical duct; Fig. 3is a



10 15 20 25 has a filter 43. The filter 43 is conposed of activated carbon
or the Iike having a function for elimnating noisture, dust, organic
conpound, and the like in a roomwhere the | aser beam nachi ni ng appar at us
isinstalled 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 is

100 L/mn., a ifference is not |less than 0,06 kPa) by the
purge gas supp yﬁ%@érr?%g%rghog!e[%gtopﬁ?@é:t &an@(wdﬂipegﬁﬁ?rb%aﬁ‘rmﬂcﬂéﬂngn t he
opti cal duct 30. The |aser pea chi ni ng apparatus further includes at

| east one gas %Peqaé'@ﬁb? aggor n%?ﬂgﬁﬁl "ﬁbf*‘%fq‘gﬁm%ﬁ? Eitt4 isna dlowchadt aha
anonal y displﬁy-section 62. The gas detector 50 detects intrusion of inpure
gas in the opti'@SFSGECalbratien exeputes Hainentheapgs distectorpRigsisgisad . The
control notification section 61 controls the |aser beam machi ni ng appar at us
and when receiSAhe§atiediagram of adaset beans matiningoap paeatgaacderdnyad $0,
notifies anomaly to a operator of the |aser beam machi ni ng apparatus. The

anonmal y di §pl ®ecoach émboiineakes thderepentaneentionpdiy 28 id B e % BY
nmeans of the notification fromthe control notification section 61. The

control notif ipcratésslt@el@té@tna@bn@@rﬁ‘él?/(lh&hbhﬁséﬂéééWﬁﬁdh‘iﬁggraé{%rgﬂfsled on

the anomaly detection signal output fromthe gas detector "I'ter

" epl acemrent siggay iwh éhdmanlidurdrh A %&Qﬁ%ﬁ%ﬁ%@ﬂa%%’éﬁ@%@ﬁg I ter

43 is replaced, and controls the entire |aser am nmachi ni tus

based [ ) ; : h 0l 9. i ti. ti

o1 control & cariorandag oFihe adBEAER tnech R e BB, o> "
hi ni ' ted T |y, displ ti [ d '

of - for axanpRa R Ay 108 cifhs AR HHIES S ShSaT S BRp Kinc B an-

of , for exanpl'ef "3 G (At ef> PG EPYST: Tdasi

orovi ded 1 1 (W Y AheeRsi R ) Sap B AHirS TR e e bR SATL | 1 cat i on

section 61 notifies.the anomaly due to the intrusion of the inpure gas to
the operator. MHEHY ARPRAtHE anFordinduifethe turd pevpdimentgFige 1 0ais ador
sensor 51 which detects the inpure gas in the optical duct 30, and a 10
sensor cali bréPBP”@Z'%ia@ﬁaﬁhg{)%H%@sb@a@ véehiniogsapp&atwheacofigng &6 ar
beam nmachi ni ngw?pgar atus is booted. The gas detector 50 is provided on a
concave porti rTo ewnb edinentf of thedp fes estidhventiemnBig . tiHais afloachafofod a
side wall of the optical duct 30 is dented fromthe inside to the outside
of the opti calpracess 8Ddeféet arpanewrlpon thonasdr besmambzhiiing aepapaial | el
with an optical axis in the optical duct 30. The concave portion 70 is

formed sol@s wecbadiagrtoataded ripye mbRdimeher kg, 39 fsaf 8 chdniz®i it the
optical duct 30, a first side surface 72 whi Igh i's posicti one'g%éﬁbgg?\ég\{éf

stream si de olagdrenEANGAUENRIRG ia%’ba?@t@“ﬂc@tg‘glﬁ}f%tté a%ﬁtﬁ%hféoaﬁ{g{ﬁgbﬁrtﬁh o

surface of the optical duct 300wth the 20 heral surface

concave port i pfedéh AYEAORSERI Sd'h) SNOLAR GOl pbER, LapRgstloned on an

upper stream side of the cohc ortion and con

peri pheral su the.. i i he peripheral surface 71 of
the concave p%b?f@ABI)B.d&HQR%i"ﬁgbej#%ér i%?wa%‘g%wﬁﬁsa "AHG RGN i s
bat the secondd BTl srBolTngR: Fis 14T A aGhathel sinrocans i dpledicn
verti cal ?gt entle] fr Enefn i nner wall of the optical duct 30 towards the
peri pher af” suff38%8 Ying etﬂ%e"cgﬁéﬁ\/@%ﬂrﬂm&ﬁpmf\%ﬁl%HCFQI’CM@t@éherﬁiétit from
a center of the optical duct 30. The odor sensor 51 is provided on the
first side suf imend; Fig.11p ilkistates 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; Fig. 17 illustrates an
example in which the gas detector is mounted to the optical duct: and

25 Fig. 18 is a flowchart of a process of calibration executed using the gas



t he concave portion 70 so as to oppose to a flow of the purge gas G fl ow ng
in the optical duct 30. As the odor sensor 51, a hot wi re sem conductor
sensor whi ch can detect atnosphere conponents such as conbusti bl e gas,

toxi ¢ gas, and odor conponent can be used. The hot w re semn 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
so that a net %Jelt%g %i de sem conductor such as tin oxide is arranged around
a coil which is tro d by a linear resister nade of noble netal wire such
as ‘a platinumor platinumalloy wire. The lead wire section is constituted
so that both ends of the |inear resister are extended to the outside of the
gas sensitive section. The gas detector is electrically connected with the
i near resist &EJT MIORFORIGARENNG QT DHEISNEDNTHAN ng such a
configuration so as to have a predeterm ned tenperature, and detects a
change in resistanc&xeimplhey gat ainesrtts \of |aget beandieadhmitgsagraty i on so
as to detect the gas conponent. As the odor sensor, for exanple, a hot wire
seni conduck or asensting@b-the(predent iarentidreee QXFPﬁ%@QﬁFH&aiEW fdferdite

Ltd. can be used. The sensor calibrator 52 includes a calibration gas
supply 25 sectéwm%commhgﬁgmﬁg@ an el ectromagnetic val ve 55. The
calibration gas supply section 53 supplies gas for calibration of the odor
11 sensor S5Fihe&mboain&ht "calibration gas"). The nozzle 54 is arranged
on the second side surface 73 of the concave portion 70 opposed to the odor

sensor 51 (so that | 'l is blo to the, sane direction as
the flow of the purégﬁgggngéﬁ%eg&e%ﬁeréﬁfﬁ (RYERKRN &5 eXRIBINGhWIH s so as
to supply the | ibratien gas,into the optical duct 30 at the tine of the
calibration aﬁ%f%ﬁ%'?c?&)o ﬂ%%l it? e c%'lgi' drigt3 §ﬁl‘55‘s?t|cn@'@9ﬂ‘i@ pihecaseduct 30
at tine o (ﬂer t han th?%c.al i bration. Opening and cl osing states of the

el ect romag et PEATLMACBING, 2P R K S [@CEq By Ot teetheofivist @mbrdintent afitbe sect i on
61. 10 The sensor calibrator 52 obtains a standard of the operation of the

odor sensor 5PT§$ERMHBVERALPRonfitt 2 Wiustcrtest hewiapas degastor s attdehetdodet ect
a change in the odor sensor 51 when the inpure gas intruded. For this

reason, it isabefnticaidscthafig.hkizalfidwvehanofgaprecgssl tp detect anohfaiguppl i es
gas with the sanme conposition as that of the purge gas G 15 supplied at the

time of the | Hselasesdreamchachining Bpparatfus dcverderg té bite Gast slaBsdREnhave
the sanme conposition as that of the purge gas G the calibration gas supply

section 53 mafFigupid ¥ flovdIRgedf Gasrdte s@XTOSANiEHaSs o n Ml &t ed by
t he odor sensor 51, as the cali %?gti on gas. That the cé’lt?%rugﬁgoﬁ%gégi S

al l owed t15 f| @atddicf he odor 20 sensor 51 in order to obtain an initial
value for determ nation which state is not anomalous is called as

gglrlt bration. The ga¥hdqhgsf Beanlmathihing &i5sh ataS ifdl6dBY 0B 3F 3 s &iffAR4S!
11, such as a carbon dioxide gés laser oscillator (oscillation
wavelength: 10.6 micro millimevters) which oscillates a laser beam, a
machining head 21 which emits a laser beam o~utput from the laser

20  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.

25 The optical duct 30 is shaped as English letter L. In other
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36 of the optical duct 30 in the | aser beam machi ni ng apparatus so as to
detect the intrusion of the inpure gas into the optical duct 30 which 25
causes the anonalies such as the power distribution of the |aser beam 12

L and the increase in attenuation of the |aser beam L. The inpure gas 5 can
be detected, therefore, nmade at an initial state whether the anonalies of
the | aser beam L are caused by the inpure gas or another reason. The
process to det eC‘%s? atn anomaI% in t£§ Laser, beam machi ni ng apparatus will be
expl ai ned usi WQTE g WABPIPRS Bbdancha 1 Parerionashahight ﬁﬂ@& wigpustietehablee
conpressor 42 is booted (step S1) whereby the optical duct 30 is filled
with gas (airbellaust33.cahnmpdicabsystemmiciua? aseerdmispridt sxproviced (st ep
S2) as 10 15 20 25 shown in Fig. 4. The el ectromagnetic valve 55 which is
provi ded bet wséd tha®ptigal bust B6rsgas teuppite therlaséBbearh Liimmazikser54 i s
opened (step S201 ), and calibration gas is blown fromthe nozzle 54 onto

the. odor sensbeafilosigaimgporhe2asitheriasepostislaséatt esl ths heacriRMR) heddie
calibration gas is blown onto the odor sensor 51 for predeterm ned tine

(normal |'y,5 a~pewnt oohésnsingrdevser beant &l diodd tip heFemaded 4 $h zf’%iﬁ" ),
t he odor sensor 51 outputs a signal show ng conpletion of the calibration

to the controhea@tid)izabi Ak ﬁ%d&@iﬁgﬂeéétﬁp .%xarﬁ}ﬂf‘e QEEtt{eg{deBﬂg%E)) <o

notification section 61 closes t ectronmagneti ¢ valve

et ou ot i R PpatF 3 the 15800°HeaRPL Uik AOAT fh Bkt Beatn 000

conpl etion of the calibration of or ~sensor 100 is

| t ed i Lt d.th Kpi 100 is. i t
$3) " Bur i ng-« PAERINGIANTY FiRe JaSPr B8RS PidRe it e e Binaaars o
ly, that,}s, iAot i .of the i, j, h tical_ duct 30 t
gz;).mav%en tﬁe?ﬁesqyséﬁgregi%%l'@”é%%gl 'gg'?étgorgg’?,ﬁ'g-hé ﬁﬁg‘gi F:"iggg?“gcconti ﬁ\ﬁegp

(step 13 10 connected with the machining head 21 can mové 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.
According to the movement of the pipe 31b connected with the

16 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 paséing
through the optical duct 30 is provided in a vicinity of the laser beam

20 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
section 41 and a compressor 42 via a valve 44 which is switched

25 exclusively. The nitrogen supply section 41 supplies nitrogen as the



S12). On the other hand, when there is an anomaly (Yes at step $4), 5 10

t he odor sensor 51 outputs an anomaly detection signal to the control
notification section 61. The control notification section 61 decides as to
how many tines the anonmaly detection signal is received after the | aser
beam machi ni ng apparatus is booted (step S5). Wien an anomaly detection
signal is received for the first tinme ("first” in Fig. 3), the control
notification ion 61 sends information to the anomaly display section 62
to display a fgg{i'&%egqso -ﬁ@%&@fﬁ@rﬁéseaﬁgr%%%www BNg qaraprassgd(airep
S6). This notice, s dis Ia%/ed on the anonmaly display section 62. Wen such
a notice is didSpiNgRWIE 8BS opérhindet Pﬂgp/élﬁfpg SURKS1ET 20 ths coomressspr242 and
its vicinity for anomaly (step S8). Particularly, the operator inspects the
at mospher e ar $@S fiHer dmpr Bk iltea 43 isncompesedrudreadtivatsd ratb§wendhet he
filter 43 of the conpressor 42 is replaced. Wien the filter 43 of the
conpressor 42 like h%ﬁhg@eﬁmdtimrafosteitmindhmrgemtoh‘auﬁ@,f@lﬂﬁ,s@@?aﬂi% dompgenRgct ed
with the optical duct 30, the valve 44 is switched so that the nitrogen

suppl y sec§i omndiithieslilem imaaoes whdretthe 188k BabnfHfdchRings
nitrogen is supplied to the optical duct 30. The fil termESQppé%‘\%ittueg?at t he

| nl et port of installea sy 6 30Trédehotial PGt BRMAIHE LRI RLAceTRNt of

the filter 43, the conpressor 42 outputs a replacenent co gnal
Section 61 InCHa Rrars ey SR RRTRUEL 385 et 8 0 Bldd aRlned BRssiRec oo
32 1's. connbct S0 AR e vt altplfgE bilds Vs S R ulroRas @ fawdais n
control ot f1LA0PARLEcabhSereSsuts SifielBera st (oot thae CrobPeY by

sw t chi ng?(gx ihe control notification section 61, when the control

notifi cat NEPLEIE §ASISHRRIY ROTE BE 3N HABNYI @8BS @ XhaUSt ingshB6f r om t he

odor sensor 51, the valve 44 is switched fromthe conpressor 42 to the

ni trogen suppP{Pdee i Whthe optirahduae3@oniTihe! laget beacamashisiagt apraGtus
recei ves the replacenent conpletion signal fromthe conpressor 42, the
val ve 44 may BHMR& inchides ablaasteond pasgetestop@0y seohirohndtfiéatidme
conpressor 42. 10 During the inspection, the | aser beam nachi ni ng process

can be conti ngectidy 6dsiang an tanogealygdisphsy $detiquege gam ghbeRteésRlset i on of
the inspection, the systemcontrol returns to step S4, and the odor sensor

S TR e sesvor TSI R G PR
the contr18 nahoialpde®ction 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
section 62 makes the operator recognize the anomaly by means of the
20 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 detecfor 50 and a filter
replacement signal which is output from the compressor 42 when the

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

25 apparatus based on an instruction from the operator. The control




section 61. The control notification section 61 decides as 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 second tine ("second” in Fig. 3), the control 20
notification section 61 sends information to the anomaly display section 62

.to display a notice to inspect transm ssion line parts (step S7). This

information is di.splayed on the anomaly display section 62. Wen such a
notice is di sp‘P%ﬁ/EB,g aediogp@t &p@ﬁrqlmpﬁbfaﬁiqmeftmagamcbstbomrleimwrmrm such
as ‘the pipes 31 a and 31 b and the bellows 25 33 of the optical duct 30 to
be the transni'§§EbRERMEaghining apsaratbedsnboolséd. Mok mrﬂbngdiapﬂay
deterioration. If the operator finds faulty parts, he replaces the faulty

parts (step S8ectignob2deephetised of, fohexanspeckhi ORT (M@ nsysat 0
returns to 5 10 15 20 25 step $4, and thenﬁor senso(; 51 aéa’?%\@gg@gg‘té

whet her t here licmidmr;ammneg)llégi,t &0 i.ﬁﬁibatd/?ywaiéhhﬁéﬁfg‘gt?%??ri%ﬂggﬂé)m%|Ye(f§sj g

step S4), the odor sensor out puts the anomaly Ion

Cont 1oL nosi T @bubger aeidt A pRhiddBqn 4BHACL: BELAT IRt Ao SRR

1
deci des how many tinmes the anoma etectron Srgnal r the

dot oction si ana® PoriraraBtALHRoh SexdBiFt HHfRs TBb antBal-trs e e af ter”
in Fig. 3), t r otificatio ction 61 sends information to the
anomal y di spl gﬁt@g@h g*nt‘%zh.b%bfﬁ éBPEQS[Eerﬂﬂqr@ fo inspect the entire |aser
beam machi ni ng apparatus (s S7).. This information is di splayed on the
anomal y di spl ay sectﬁ@ngﬁé.dle\?gﬁwrr&mq}w@@ﬁs.ﬁh@VVlnn*ﬂ"o’Fl@atZi, @n, oddre oper at or
j udges whet her_ t he ch'k,ni ng can be carried out wthout affecting machining
quality if thECHEOpR! WhiGhhdetasis thedmipuregas inithiesoptivardctt I0erldser
oscillator 11 is controlled based on the result of the judgnent (step S10).
When it i 40poSENEPE cabbeater H2owhiatheaanahes itime odor vewtsorfs1eghbAghE heser
machi ning quality by |owering the output of the |laser beamL, for exanple,

the control ndeam ezathininrgeapporat6s iadjomes. t Meeoys P dlet&dtol BO i%?r@(/i ed
oscillator 11 to a level where the nmachining quality is not affected, and

t he machi ni ngonsa contanequbrtidhey Pnotes ss itdsedid slchhe Ir3hA0a! S
conpleted. Meanwhile, if it is difficult to carry out the nmachining even
after | oweri ngortien ofitapsiteolall i thasstidut aick 30t e SABH PO mAL L&A ON
the outside of the optical duct 30. The co.ncave portion 70 has a
15 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
and connects an outer peripheral surface of the optical duct 30 with the
20 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 7Q and connects the outer peripheral surface of the optical duct
30 with the peripheral surface 71 of the concave portion 70. * The first

side surface 72 has an angle which is approximately vertical to an

25 extended direction of the optical duct 30, but the second side surface

10



16 section 61 stops the | aser oscillator 11. The operator inspects the
parts in the | aser beam nmachi ni ng apparatus such as a machi ne including the
frame 23 and the | aser oscillator 11 except for the inspected and repl aced
conpressor 42 and the optical duct 30. When 5 anonmaly is found, the
operator replaces an anonal ous part, and the process is ended. According to
the first enbodi nent, the odor sensor 51 is provided near the purge gas
exhaust port %Ehéo as to be capabl e of detecting the intrusion of the

i npure gas in ag @ A0 ISRyt yeyicinis mot yertiealdputi gentlelfrom 2@.infibe wall
intrusion of the inpure gas can be specified as a cause of the anomal ous

| aser beam L) ddha apdial ductBE toskardsehsqrerihenat gutrfaceh?! anen@kyndgi&ct i on
signal to the control 15 notification section 61 so that a cause of the

anonal y can beocties Kédwhpamiseftfeefdrtivesdtyfror 4 epheseoEHe bbn&éﬂgmg dgie filter
43 provided to the inlet port of the conpressor 42 can be judged based on

the cause. The |aseiThesciibt 86050151 GEProGidednds @hé@ﬁstbéfg%ds@ﬁbéé“?zad?o”a' y

detection signal fromthe control notification section e odor sensor

51 i s mounted the doheal/krsdrtishde §Hrd(§€c?oé§09é‘ t6% ﬁﬁ%&?@%"éﬁ@‘é&#&égi on 70

of the optical duct 30 so as to be oppos to the gas G

and the nozzl ¢o9fing $n Wé"bfﬁ’?ﬁtaﬂla“Emose%m”'esigﬂ%@%%ﬁ%a?% @Q% the concave

portion 70 just in”front e odor ‘sensor Vﬁkjedi rection
cal i bratton of Mo RaTrtol sediet MM based it ArGeBheds sbitnanaant suickn | y.
ctream oi do of St HANBEETE SeRdeXibTes. 200 OdHE BEPPBREY e Servsass 7Thof the
70 a0 that 1 A8t gl SSEHERH OOt aanaet bee 2 uoitapuina e igurakion tka.
10 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 alloy
wire. The lead wire section is constituted so that both ends of the
15  linear resister are extended‘to the outside of the gaé 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
of the gas sensitive section due to gas absorption so as to detect the
20 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

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

25 calibration gas supply section 53 supplies gas for calibration of the odor

11




Second Enbodinment 5 Fig. 5 is a schematic diagramof a | aser beam machi ni ng
appar atus according to a second enbodi nent of the present invention. Fig. 6
is a flowhart of a process to detect an anonaly in the | aser beam

machi ni ng apparatus. Conponents which have same or simlar configuration or
sanme or simlar functions as those in Fig. 1 are 10 designated by the sane
reference nunbers, and the explanation thereof is omtted. As shown in Fig.

5, in the laser beag]I gﬁchi,ni gg a,ppzr\, atus of the second enbodinent, the gas
detector 50 iSCPRR Pi dAELE'AR r:tr@@'bm@@ §as ksupphg negete 84.is Artangsesh not
shown, the gas detector may 15 be provided in plurality. The other parts, of
confi gur at i on©BrtBetseseoagneidgss unfres 73rofrihg. cancave pertpare? 8 ropiposedhtat thehe
gas detector 50 is positioned opposite to the purge gas supply port 35 or
slightly downodor eanset 8é.(sdtbattse datibratoon §asiis owvitdedewamée concave
portion 70 on the optical duct 30 as shown in Fig. 2 of the first

embodi nent. 20irébkogas thet kowaif the perger gxs @3d MEeg eld@rdHbgReGaYaflPP! Y
port 35, so as to be capable of immediately detecting the ifhpure gas which

i ntrudes f§ onGshRnt@Psessio 4applthesaliblRion’§8s PARCERSoNcAlehREHoNg: an
anomaly in the | aser beam machi ni ng apparatus according to t%e second

enbodi nent is J TESN Fi . . re
ane a5 those s eqergaitiraly bt 10 Sueh ERSe Shibhuish SRS o
steps S21 to - i in . Fig. .6, .That is to sa fter the
conpr essor 42§§§Cﬁor}%{f§§’%( éfgﬁ?%gwg\/\% A ?%‘éb%ﬁ”cmbaﬁ%‘f‘gﬁ)(q Q%'Wed
with gas (air libration of the od sensor, 51 i.s executed (step
S22) in sane %taﬁél%ﬁé?ﬁ%é?%ﬁb?%aﬁé‘&tkﬁ ‘f%lv?g%?%eentfeﬁﬁf@?y the a9 refachi ni ng
of fihe workpi ecfe is started (step S23) and the gas detector 50 detects
whet her t her e"PYICEHIULSREI9N Blhen there is no anomaly, the machining is
continued (step 830_?_, and conpl eted. \Wen an anonmaly is detected (Yes at
step S24)10 t he odor TRe§eHsC1Gatpraer & ebtaies anstaacdardef dbe ioperatigmall t o
the control notification section 61. The control notification section 61
det er ni nes astheoodemnseasyr 51 meshe lenvaroomae pt withect ithe impgregas $n otef | ed
after the | aser beam machi ni ng apparatus is booted (step S25). Wen

the. anomal y dist éetecbra shamge in $he ofdior stensioe 51" vhestth edinmireny 882t ruddie

control notification 15 section 61 notifies information that shows an
i nspection of Fohthi8@eason, it is desirable that the calibration gas supply section 53
supplies gas with the same composition as that of the purge gas G
15  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
calibration gas. That the calibration gas is allowed to flow in the odor
20 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

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

25 causes the anomalies such as the power distribution of the laser beam

12



conpressor 42 and its vicinity (step S26) so that this information is

di spl ayed on the anonmaly display section 62. The operator nakes the

i nspection according to the information (step S27). Since the inspection of
the conpressor 42 and its vicinity by the operator is simlar to that in
the first enbodi ment, the explanation thereof is omtted. After the

i nspection and the replacenent are conpleted by the 25 operator, the
sequence returns to step S24, and the odor sensor 51 detects anomaly due to
the inpure gas and ﬁ\%'nﬁm@%egfw.ttawwtnh@f deolassspeam $1 deheimputengas
anomaly due to the inpure gas in the purge gas (Yes at step S24), the odor
sensor 51 out AN Hettetestriheihgra®re, made abapdnitkl ddetecwhethesityeal to t he
control notification section 61. The control notification section 61

det er m nes asamematies drthetlases behen hraneatyusket byttheringugeajasi or aabirdred
after the | aser beam nmachi ning apparatus is booted (step S25): Since the
anomal y det ectagasonsi gnal is a second one here ("second" at step S25), the
control notification section 61 notifies information shows that an

| nspect | 05 of par t ST prbged e8¢ debeera TardnaI)dnaRBALEE HBe Aimlachfiifg! Ne
conpressor 42 and its vicinity is necessary to0 the anonaly display sgctlon
62 (step 528)ag@aidtal illice bRORAREY 8Thd Fidll SP! By BRIk igsanpumy di spl ay

section 62. Wen the information 1s e operaftor judges whet her

t he machi ni ng ; i.t.h t I ni ality in
the state Memé%ﬁh@ﬁgmﬁgg‘&’%% %@8%%@&4?% égg%afsgepﬁﬂr\&ﬁ,er% t he
state of the ser..osci | | r IS .control led based on the judged result
(step S29). v@ngé%‘égﬁ %%?é‘ﬁh%ﬁﬂ?\‘?ﬁw Saﬁdéérﬁble like the first enbodinment,
the control notific tiona\iﬁcti,onwgl adj usts the output of the |aser
oscillator 11 to a NE¥eICANRERHOR Rd tRAAAGT SRPSQIA T tsyexecyisd (sterSie@sand
the machi ning is continued. \Wen the continuation of the machining is

di fficul t10 t RE"9WadR Figed | diher electicnagopiyevalvar 68rwhish is asevidesci | | at or
11 is stopped, the operator inspects parts in the |aser machining

appar at us, suketween the calibsatigsges suppdy part $3 iamdl thei mozlbeéSpispepeddda and
31 b and the bellows 33 of the optical duct 30 to be the transm ssion |ine
of the |aser (sée320Ncapt dalibrationi gepiachedvrafrdm epd acedlecoipnessve 42,
and the machi ne such as the frame 23 and the laser oscillator 11. Wen

anomaly is depest £6ihs@n5 ARG WEe RANbraton @PLENSH (Sted $HE2)Pr oress IS
ended. 20 /.. According to the second enbodi nent, the odor sensor 51 is 5

10 posi ti onedcalffatibRey 44 <I6IHAF oRUPRhY 0dRF lseBR 00T 1t fof éﬁ@&éfeﬁ‘hiﬁéﬁtﬁn‘?@’ and
the anomaly detection signal detected by the odor sensor 51 I's output to

the cont iy nQidrfighf, BORWPRARLAR) Odna TR RERE caRBRaols EABsa (BRIET O e,

detect intrusion of “the inpure g at nospheric gas 1n the conpressor

42 i i CEBhkY, ' f ivel Th
eplacenent ¢ PaCny BEHY So TS SRR A N SAPERa e TRRLER 0T (e
42 1 hed b ne i nf ' i fied f h :
control not i {PAPBANIBREC o el Canteh SPEEO I RoR S il from t ne
42 to the nit | ti 41. The | illat 11
can be cont r FPEIOLAAUICAHITN AECHRB( Glaserdoei JrcuppRanaticorivaS T istepo

notification ggcti on 61. ) . .
09), so that the calibration process is ended.

20 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,
intrusion of the impure gas in the optical duct 30 (step S4). When

25 there is no anomaly (No at step S4), the machining is continued (step

13



Third Enbodinment Fig. 7 is a schematic diagramof a | aser beam machi ni ng 15
20 apparatus according to a third enbodi nent of the present invention. Fig.
8 is to explain how the odor sensor detects anonal ous portions. Fig. 9 is a
flowmchart of a process to detect an anomaly in the |aser, beam nmachi ni ng
apparatus according to the third enbodi nent. Conponents which have sane or
simlar configuration or sane or simlar functions as those in Fig. 1 are
desi gnat ed by iaﬁ sanme reference nunbers, and the explanation thereof is
omtted. As sh in Fig. 7, in the |aser beam nmachi ni ng apparatus of 25
the third enbodinment, a first gas detector 50a is provided near the purge
gas exhaust port 369ndhe ethesdend, gulenidhers sramanomnalprYesdddtapd4)t he
purge gas supply port 35. Although not shown, the first and 21 second gas
det ect or s naythgeogoosenser 5h qutputd anyancorhalyodétectiparsignaftd the control
configuration are the sane as those in Fig. 1. A position where the second
gas detector BMificatior ewcted 615 dPRé roaplnol aoRdichtion dettidhes PRleicidls gyct 30
opposed to the purge gas supply port 35 or its slightly lower 5 stream

si de. The syastodebwahang thRes ang é@?n@ryedet%%tiéh@ggnbﬂis':rieg:e_i\?eqoég%gt?n%i rst

enbodi nent, arranged on the concave portion 70 the optica 0. Fig.

8 15 a di agr apsat neakd AtacHinill 3pBafRUSSS HRREY(SRD By dphAct | on

conditions of the first gas ctor and the se gas ctor. In the
d i ) i 1 H i N ]

Chat’ &y anonet ofiaWEaBEGRt sGAR 0 IR v RE PP Ing TLEG AR BB R FISD. ™"

det ect 50 . [, .t 20 t hat i fl

"ot the: opt it Carted! BT eckibn s SeaiR i 9Rtoad0 LEAEEDNt i nued.

When the first. 8 s detect %r 50a detects an anonaly and the second gas

det ect or 50b ‘it]'§ Eﬂi/r?r%q:t,'o% aettoe‘?'ﬁpr%)f APt LR SREsE thegomrressor 42 alise i s

i mpure gas which is intruded fromthe transmission line parts. Wen both
the firstl0andts NiCiRiEY: 631@PgR8) deT Bt BPECS i disida Bemh odecthecanematiadisplay
determ nation can be nmade that its first cause is anomaly of atnosphere
around the co@fte¥s62. 42 or anomaly of the filter 43 of the conpressor 42.
A determ nation can be nade that its second cause is the inpure gas which
is intruded from tH&hemasisch asiaticd ineispdayed, the operator inspects the

compressor 42 and its vicinity for anomaly (step S8). Particularly, the

operator inspects the atmosphere around the compressor 42, and when

15 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

optical duct 30, so that the nitrogen is supplied to the optical duct 30.

20  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

nitrogen supply section 41 is connected with the optical duct 30, the

25 valve 44 is switched so that the compressor 42 is connected with the

14



The first gas detector 50a'is provided near the purge gas 25 exhaust port
36 on the optical duct 30, and the second gas detector 50b is provided near
t he purge gas supply port 35 on the optical duct 30. 22 The determ nation
can be made whether the cause of the intrusion of the inpure gas is the

at nosphere around the conpressor 42, the filter 43 of the conpressor 42, or
the transmssion |ine parts. The process of detecting anomaly in the |aser

beam nachi ni n 10 .a atus is,exp]ained beloww th reference to the

fl owchart of ngF:ag‘?'”g‘ﬁgévs% h%frﬁheegg 13 2GR SsPglieddntpthepplicakdustd®i g. 3
of -the first enbodiment is executed, so that the machining by the |aser
beam machi ni nghﬁp\fﬁd\/aﬁﬂsmy e gvtikhetsby fhe Sontrad nediicatiThaedtiont ®1 say,
after the conpressor 42 is booted and the optical duct 30 is filled with

gas (air), theydhrigperatam dit thiectimeoof switsingSdy itise exatrol edtifieadof he
machining is started. The calibration of the odor sensor 51 is executed in

t he procedur esegipdmibriedvien Higcodtral nohiichtiostsetiopds NeateivBythey the | aser
beam nmachi ni ng, the odor sensors 51 of the 15 first and the second gas

det ect or s H0aanothaIPhietettio Mefy i fAShask ddir ssisyr © ||JRWLi9as in the
optical duct 30 (stgp $44) . V\‘hben the two gas detect oi’stthgég\éélggé“gﬁb do not

det ect anonmal ywitcReHTRdm tRlk ﬁ@eﬂﬁr";é b@tﬁ‘@ﬁ'ﬂiraé@ﬁ’ Si“@ﬁ%{)gééétwa\ﬂ( step

S53). The process ends when ning process™is C en the

IUCTRE N e e E T N e B

the inmpure gas intrude arge ga the first
and the secon 0 are, anonal ous" a ep 4), the first and the
second gas de?%c%i?tggégggtrhﬂﬁrwﬁh&qmpr%‘#%lsthgt‘@j??d‘ﬁ @iaé{nt?;ﬁs to the
control noti fi\(@tboa sec\tldqon ,?1. The control, notification section 61 ,
notifies inforWEENEH FEHBUNR RSN SPRIYHHEISSA 1 42 tha®ompresser ARty are

i nspected to bhe. anonmal y di spl a¥ 23 -
10 uring the inspection, the laser beam machining process can be

continued by using nitrogen gas as the purge gas.
| Upon completion of the inspection, the system control returns to
step S4, and the odor sensor 51 again detects whether there is an
anomaly. When there is an anomaly (Yes at step S4), the odor sensor
.15 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 S5). When an anomaly detection
signal is received for the second time ("second" in Fig. 3), the control
20  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
transmission line parts such as the pipes 31a and 31b and the bellows

25 33 of the optical duct 30 to be the transmission line of the laser beam L
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5 section 62 (step $S45), so that this information is displayed on the
anonmal y di splay section 62. The operator nmakes an inspection according to
the informati on and replaces the parts if necessary (step S46). Since the
i nspection and the replacenent of the conpressor 42 and its vicinity by the
operator are the sane as those in the first enbodi nent, the explanation
thereof is omtted. Wien the tw gas. detectors 50a and 50b do not detect
anonaly 10 due% tg the inmpure gas in the purge gas ("normal" at step S$47),
t he machi ni ng 'BF BEEZEY; aN¢ gateiriddionst & tissDperatns fnrds tstyepaids afi¢ er t he
machi ni ng process is conpleted. Meanwhile, when the first gas detector 50a
det ect s anonmal'§PtAgEsIth udty parts HetepnPBB8).e gas in the purge gas ("only the
first gas detector is anonmal ous" at step S47), or when only the first gas

det ector detects andimdrycammeron 944hé inspactide tHe@istGﬁﬁc@thrGICrté?ﬂrﬂsS‘o
anomal ous"” at step S44), the first gas detector 50a outputs the anonmaly

detection si gsaép i3, taed tienbael seabbf baadd MR SRektPWeIne R &0
notification section 61 notifies information show ng that the transm ssion

line partssar anons@9qsesh 5@ )t hWﬁ@HrfﬁéV%?g éﬁ'ﬁ’qr@?ﬁ{ gﬁ)sagtzgt%ﬁﬁ%%%é%) >0

that this information is di splayed on the anona The
operat or nakegdan sepzBESH p}gﬁlé [ r [ nd, repl aces the
parts if necessary ste§18§gs. S@%%oﬂgllyy@étgﬁgahpsggg?@p Ehﬁsg 't he
transm ssi on |,i.m: t pipes 31 a.and 31 b and the bellows 33
of the opti Ca|”°3'ﬁ§? ﬁébssteg:lf@iﬁ ?ﬁ'e ??'gn%(ﬁq'e%g'?%(ﬁt%l'?é}éorbﬁe%%” Pdsdgcigaaiaw f or
bur ni ng or deﬁ,‘%i oE.ati on. Wien ?norrZI%/,i s found, the operator replaces an
anomal ous par {1 Mek N appmaly, delectign sigipl indereiyescafirmiheniasene
operator are onBIEet ed,. the two gas detectors 50a and 50b detect inpure gas
in the opticaPCaitiMa 1LGepPRAM@IUS i &Roted (g 88).ectdren Boarmmdah0b do
not detect anomaly due to inpure gas in the purge gas (No at step S50), 5
t he machi h? ng dgtetiars signad inrecrivad (for e $5i8) tiMMaorpnomesshiet dndadfter' t he
machi ni ng process is conpleted. At |east one of the gas

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 S7). This information is displayed on
the anomaly display section 62.
15 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

is possible to carry out the machining without affecting the machining

20 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

completed. Meanwhile, if it is difficult to carry out the machining even

25 after lowering the output of the laser beam L, the control notification
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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

anonaly outputs the anonaly detection signal to the control 10 15 20 25

notification section 61. The control notification section 61 notifies

i nformati on showi ng that the inspection of the entire |aser beam machi ni ng

apparatus is necessary to the anonmaly di splay section 62 (step S51 ), and
he anonmaly display section 62. Wen this

pparat i necessary o tne
|t n:‘ 2r Irrgt ?ggaut ISS%%g:?Bi %LgFoﬂa%g‘%%et&tQﬁciﬁlﬂ&@& whEiheperater ipspeais thecan be

executed without affecting the machining quality in the state where the
output of the Rk lasest@am maghinbi@ ee@araive suoht aslasmiakirst at e of the
| aser oscillator 11 based on the judged result (step S52). Wen the |aser
beam machi ni ngn¢ledingsheframe R ame thé dase eobeitlatents, exteptdopt e
notification section 61 adjusts the output of the laser oscillator 11 to a

| evel where t ligspecthirimyreplabetycompredscaff2ahgdnsopthal dub BU?C'WHF-HQ I's
continued. Wen the continuation of the machining is difficult, the laser

oscillators1l dnsmsélﬁﬂ@@dun&,f ey oﬁg@altb@?fébléb%%i an %Bhé‘i%u.é?aﬁ,o#ﬁgﬁm the

operator inspects the parts int aser beam machi ni ng apparatu such as
the machine i pebesdd s ERgedrame 23 25  and the laser oscillator 11 except
for the inspected and replaced conpressor 42 and the optical duct 30. Wen

anomaly is found, ap\cgeg%ggi‘dsth%aﬁrtstie?nﬁ@@ilrrr?%@gy& rédgftrrsgn ngqss i s ended.

According to the thir ment, the odo 18 provi ded
near the purg - W?.HS port 36 _and. the, pur as supply port 35, so as
to be capabl e%(r)g\?]gg?ec i ntzfei ??‘E%Q?s%ﬁ Shaust PPﬁ&g)g‘ﬁgog%éfﬁ?Eetwa&Lwé gas. A
determ nati on n_.be de whet her. its cause is the conpressor 42 or the
t ransni ssi on P:éﬁ%CtH}% {Pze '”AE”SAOP@JJhF,'"hDHFS&%ﬁﬁ Bhthesentee pHiaRges @ he
anonal ous é’as r beﬁm f can_be checked upon effectively. The anonmaly due to
the intrulf ont™? OPHEal ek 80gad hiesingiusiom of dhe tiapeioegas catobefspeatfied
section 61, so that the replacenment timng of the filter 43 attached to the
inlet port of 288HeCabipoéiBeranpmelansbasdebean heds anesw@honfhé @siosuch as
burni ng and deterioration of the transm ssion |line parts can be easily
found. The | a§@nsostil Idudpots the eann=dy detéctidh sigrizdsedhercdne|anomal y
detection signal fromthe control notification section 61. Fourth
Enbodi nent Fi gotificafisn sestibargt 5o tdabarensy oftHRaAbNIARBaRBS Rk Bed
upon effectively. A replacement timing of the filter 43 provided to the
15 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
the concave portion 70 of the optical duct 30 so as to be opposed to the
20  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 df 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
be, therefore, executed efficiently. Since the second side surface 73 is

25 formed so as to tilt from the upper stream side of the optical duct 30 to
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20 25 apparatus according to a fourth enbodi nent of the present invention.
Fig. 11 is a flowhart of a process to detect an anonmaly in the | aser beam
machi ni ng apparatus according to the fourth enbodi nent. Conponents which
have sane or simlar configuration or sane or simlar functions as those in
Fig. 1 are designated by the same reference nunbers, and the expl anation
thereof is omtted. As shown in Fig. 10, in the |aser beam nachini ng
appar at us of 5. the fourth odi ment, a gas detector 50 is provided
near the inl eﬁﬁs@ﬁrlp&erg %ugﬁﬁﬁﬁgﬁggm@fp”ﬁﬁ%mhohcﬁo,éhem,rgetgsasg@s
detector may be provided in plurality. The other parts of the configuration
are the same &£&SilHdaws mtpithe concaue pagiae?Bcsorthedtliesodopsededr Bearart he
inlet port of the conpressor 42, so as to detect the inpure gas intruded
from the conprd&deetthedmpuredyas effectiVety. process of detecting the anomaly in
the | aser beam 10 machi ning apparatus is explained belowwith reference to
the flowhart SatoRidgEmbbdiflemtcal i brati on of the odor sensor 51 is executed
for . predetermned tinme (step S61 ), and after the conpressor 42 is booted

and the op§ical ducFigG isafddHerdatt diagiain GRid lask? LRRNPAchibig Machi ni ng
is started (step S63). The calibration of the odor sensor 51 is~executed in

the procedur e agypraiusestddtdiigPto 4 Kcdfe Jd’o%m%rﬁ?%‘#itﬁ'@:bggg%&ei& %EHQEF ‘ragf)?nr

50 detects anonaly of the atrpbsphere aroun the "conp

(step S64), apgy i | det round the conpressor 42
(No at step S64 ‘,’@?é‘hg L '??—1’?3’34. Er%%ﬁ)ug%ie% tag‘pgé';}@)aﬁymﬁ@ a5%é

machi ning pro I nl_e the detectin rocess i s ended. Meanwhil e,
when t he imu?gaéqag%@?@ge%’?@%raéyﬁun otrﬂgo’i%m%SW H’jib'i‘@é%éﬁm@o(ﬁf%”&& step
S64), the odoregﬁgsor 51 outputs the an mal% detection signal to the

control noti f° ; BF?‘EO&?_{ SAMELOT $HBIIRLAHNSIoNsoas thesa ithigecaran 61
Mnspect od {0 AREISHHHARY WRpAEs ietanse bempberepssespe cpiandtian
information is displayed on the anomaly display section 62. The operator
makes an i nspH&'PERIsREWtEANg to the 27
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 S1to S4 and S11 are same as those explained
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information (step S26). Since the inspection of the conpressor 42 and its
vicinity by the operator is the sane as that in the first enbodi nent, the
expl anation thereof is omtted. After the inspection and the replacenent by
the operator are 5 ended, when the gas detector 50 does not detect anomaly
of the atnosphere around the conpressor 42, (No at step S67), the machining
is continued (step S70). After the machining process is conpleted, the
detecting procgess .i . Aen th as detector 50 detects anomaly of the
at nosphere ar 3@@@ r%ﬁeégﬁgﬁgpfé\hos %’ﬁ&%@@sﬁpngtt@pﬁ‘%m)sﬂl@ot&% aoidS Hensor
51-outpufis the anO{’raI ,dﬁ%.ecti on_signal to the control notification
section 61. THESRBA 'Y%’& IRdti8f Beat | At Isdet3ayn ateribeiddresrdssbodeisi savted
showi ng that inspection of portions in the | aser beam nachi ni ng appar at us
except for théstﬁﬁrﬁﬁé%%}ewgydha opticalidiatidlyis fllecedtsgay (419),ithe anonal y
di spl ay section 62 (step S68), and the 15 anomaly display section 62

di spl ays thi s qaibeatien obnhe Ve seres dirrs10/sT8%é QUteldS(stES S22 s%lﬂ‘?e oper at or

j udges whether 20 25 the machining can be executed without affecting the

machi ni ng Gualmaynémnas lexpsdiate wnnrreférléﬂcettbmp.af the laser oscillator 11
is lowered, and the state of the |laser oscillafor 11 is controlled by the

L e R RS20, ™

the | aser beam machi ning can be carried t, the
11710 the | evelowherorane. SRipstsheRleT, hefe SR Andnales PEs R e ne
arttiout, tnoshahs, AP aEhRIITE cBHAhER e SRoThens ssBibiefa 1 at or
machining. such as VSR PRRARPEaInF Refastpd Vb iaiatoniaas tos rpeseason and

31 b and i@e ggl I c%ws 3@@? the optical duct 30 to be the transm ssion |ine
of the |asdr BeaMPUtiganpgialyKieteatipe signaldadhecgnnicelon atidigatiossor 42,
the 5 machine in¢luding the franme 23, and the laser oscillator 11. \Wen
anonmaly i s fo8RAICAS Tanche sestisdmotificatiopl sextivn Ghdletaem prescss to hewended.
The inspection of the transm ssion |line parts may be nmade when the

machi ning i s Bk@Butiegsvihehan traby dptectisn shmal 4s aotibeanafhsi the hewebadm 10
According to the fourth enbodi ment, the odor sensor 51 is provided near the

conpressor 42mathiminguampbaratus he bpotee (gtes, $26).asWiHebeh & aRakIAy Of
determ ni ng anonaly of the atnosphere around the conpressor 42 in a room

The operati ondetfedtion $igaet ivadirst aher("fiktcanss 235 Hd Eg?tt??ﬁggﬁiﬁ?ﬁ@rheﬁ

i nformati on about the anonmaly. The 15 replacenent tim ng

Dol y et ect on s gnay e oA et S w e e A ALt (e Enbots ment
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 eXpIanation 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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Fig. 12 is a schematic diagram of a |aser beam machi ni ng 20 appar at us
according to a fifth enbodi nent of the present invention. Fig. 13 is to
expl ain how t he odor sensor detects anomalous portions in the |aser beam
machi ni ng apparatus according to the fifth enbodinent. Fig. 14 is a
flowchart of a process to detect an anomaly in the | aser beam machi ni ng
apparatus according to the fifth enbodi nent. 25 Conponents which have sane
or simlar cor}Leidgu.ation or, same or 29 simlar functions as those in Fig.
1 are desi gnat B{}O?ﬁég%%!rﬁ@ e1gpntsobnotificatiameectionttr s, Thamdontre!

expl anati on ther%_of is omtted. As shown in Fig. 12, in the |aser beam
machi ni ng appdldtiisation se@ian 64 reispvinemas toddw man;gﬁmeiseﬁﬁcé@djm@gﬁ i's
provi ded near the purge gas exhaust port 36, a second gas detector 50b is

provi ded near dstecton gigngiss naiifled pliet t85|aserdbearhhaghdasg @8basit@s 30C i s
provided in a vicinity of the inlet port of the conpressor 42. Al though not

shown, the gadodéeddstersSaay. bSimcovheladohmipldatatiiby sighd iothescqyts of
the configuration are the sane as those in Fig. 1. The position ere the

second gas5detoret oerdsQeanar ayistes 925)dasd ? (A opti cal
duct 30 opposed to thg pur ge gas%ppl} porFagg%gﬁopﬁéggﬁﬁéﬁﬁ'énfe&mr

t i de. ifibigri i ; . 50b
arTanged on e o O 8Bt Sy PR e A The e eidheaem shown
in Fig. 2 of i i i i di m of .t he causes which
Iape Lgncei Sabﬁ%rﬁlgmﬁaﬁg%%hg@égf gm&%%icbmgségptr“%ea’ﬁ ft§tV"¥'6't;’|ﬁ%St hi Ird

det ect In the drawing, simlarly to Fig. 8, ircl
Pepr esent s ¢ hEaRARE! BhhBPRMAY thah/ A ssroendit siesas2ahaodhattnis
represents th? nd'.tionéﬁhere nomaly is detected. Wen all the first to
the third gas rﬁé?@@k'BPs's SPlayeqoen é*ﬂ%aﬁémﬂv,d@plﬁdeswt@n fPure gas does

not flow# to the optical duct 30, the nmachini nﬁ process can be conti nued.

Wien the {frst and s £he Wf o tiget isceseivesh dheraperaborjue gesnviteéthand t he
third gas detector 50c detects an anomaly, its first cause is considered to
be inpure gasth®iMamhiaingoepndecexeauted witieo ctoafie etispth@ maéhin3@ quithgn t he
first gas detector 50a detects an anomaly and the second and the third gas

det ect ors 50bimatte stteaviereothreabutrutdsittaertasat beoilleesr e isRifs ddeatardt S

first cause is anomaly of gas intruded fromthe transm ssion |ine parts.
When the firsthesthtehwf thhilader oscillator 11 is controlled based on the judged
result (step $29). When the laser machining is possible like the first
15 embodiment, the control notification section 61 adjusts the output of fhe
laser oscillator 11 to a level where the machining quality 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 inspects 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
Iase.r oscillator 11.  When anomaly is detected, an anomalous part is

25 replaced, and the process is ended.
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5 gas detectors 50a, 50c detect anomaly and the second gas detector 50b is
normal, a determ nation can be made that its first cause is the atnosphere
around the conpressor 42 and the transnmission line parts. Wen the first
and the second gas detectors 50a and 50b detect anomaly and the third gas
detector 50c is nornmal, a determ nation can 10 be nmade that its first cause
is anomaly between the conpressor 42 and the purge gas supply port 35 on
the optical duct 30, and,its second cause is the transnission |line parts.
When the first to tASPHIPG t@égeo%ﬁ%do?@%ﬁk%‘%ﬁ@ gdeesenseodhliy, a
determ nation can be nade that its first cause is the atnosphere around the
conpressor 42Poal@nedsnas B gasssupply e raid ol thebamtiead niuch80, and
conpressor 42 and the purge gas supply port 35 on the optical duct 30, and
its third caufte rsontaly dedestios signalldetectst by th&hel driseis g dep@@ier 50a
is provided near the purge gas exhaust port 36 on the optical duct 30, the
second gas detetiecohitbl nstilfaponsedtidnnhr The ¢us0se @ SUBRhY port 35 on
the optical duct 30, and the third gas detector 50c is provided near fihe

inl et ports5 of thdrefaremaeessointddioFon SKE UARLrY ga3 @ ] hRA:; made
whet her the cause of the intrusion of the@i rrpt?re gg%???@%%ﬁg?gﬁ%égbﬁo t he

h b 5
at mospher e arm&domb?e%@ﬂ)??%‘%ifs $init r,earﬁpff?rc%%%%rcadrfbfaﬁcfeheéﬂgﬂémprhue ‘o

transm ssion line parts. 3 count €r measur e agai ns

t he intrusion t ' i.n the e, be chinin ar at us
i s taken frome?%g%% er IC,(sﬁtelre méglelgd@%éftm?'hg %#u®§eﬁ' %rsgg]ﬁg?‘?& W,Oui”ge@ﬁger of

t he conpressoy, 4 It i.cinit and the transp ssion line parts. A
countermaasuréhema l%ﬂgoggogithgtco[rﬁgy é Bﬁnt%gﬁ%ﬁﬁPWiW ffeg. 13 can be
roughly cl assi ffi ed hnt %[Omp fand when the normal tinme is added the nethod
can be classi i 24 #HPB s frefnihe coplgokpgtificationsesian &in al teassi fi ed
into three; (A), the counterneasure when all the gas  detectors 50a to 50c
are normal® (WIVEHHt €80 Mepiabad oM eagoMpaReS W2 66 thaitsegemduppty t he
third detectors 50b and 50c detects anomaly (the cause is the conpressor 42
and its vicindestjon 4dd (The tasercnaiiatomddseare baheomtoolled bheed ionsthegas
detector 50a detects anomaly (the cause is the transm ssion tine parts).
The process o@naradye tetectimosignal ifrorh ke |casero| et fioziohi $8dipnlé1 20
apparatus is explained with reference to the flowhart of Fig. 14. The sane
process as st €pisdFEhbbdindendt expl ained in Fig. 11 of the fourth enbodi nent
is executed, so that the machining is started by the | aser beam nachi ni ng

apparatus (step S8IFig0 7583 scﬁéﬁiatic?df‘agréﬁfb’oféthéraHegfrﬁ{r{?gﬂgﬁﬁ%t he odor

sensor 51 is executed for predetermined tinme, and a ressor 42

|'s boot ed andap 1S iaeBbrdiiglto3d thifa IrhbEAEATa AR hRldehs i ICNT Ni N

is started. The calibration e odor sensor Xecut

beam machi ni hoo the Sasrb gin AoRLirESeot 6Rhe SEBRRAE Anprialo\ P hardiSpas ™"
d 50 ' d ' 32 . S84). Wh
ai | “the gas deles:bra BNEIPehd ArBEBED thaPRE AR Gmall e 98¢ et oot or

are normal " af. $heRachMing'apparatus BelSrding to the third embodiment.

Components which have same or similar configuration or same or
20 similar functions as those in Fig. 1 are designated by the same
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

25 near the purge gas supply port 35. Although not shown, the first and
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continued (step S93). The process ends after the machining process is
conpleted. 5 Wien at | east one of the second and the third gas detectors
50b and 50c detects anonaly ("at | east one of the second and the third gas
detectors detects anonmal y" at step S84), the anomaly detection signal is
out put from any one of the second gas detector 50b and the third gas
detector 50c or both to the control notification section 61. The control 10
notification section 61 notjfies information that shows_t he conpressor 15
42 and its vi 8??1?'?@%?@? RSHYSBAYRE PRVIdREHAIRIUERIEY afhethebRads ¢fst ep
S85), and the, anonmaly display section 62 displays this information. The
oper at or makef&RONGHA IGNoAT O BAMRY a8 dhese inffigr frat fopogitipapvIss®) thesi nce
the inspection of the conpressor 42 and its vicinity by the operator are
the same as tHeeend gastdetectan 5@uimarovded is e sisgillpmap o diont inethead ptiical
omtted. Wien the three gas detectors 50a to 50c do not detect anonmaly 20

due to the i npuct3@appOsald tot the pasgelghsaupply poet BOroTElS's|jhtBt RVeF87) . the
machi ni ng process is continued (step S93). The process ends after the

machi ni ng Hr oseean sideonpiies gds ddraBwdrs! 50a whansebye t € shbivti ¥y gepect or
50a detects 25 anomaly due to the inpure gas in the purge gas F"o [y the

first gas detﬂféﬂfst@ﬁ@@@ﬁné‘rﬂ?@*éﬁ&gﬁﬁoﬁttﬁ@ éﬁ?&%\/ﬁ ?{)Btm%s??tﬁz‘??lgﬂ ticégg

first gas detector 50a detects ano at step
det ect or det egf,gt gfomal y" at step S84), the first gas detector 50a outputs
the 33 anomaly detection signal to the control notification section 61.

The control notificatign secti 61.notifies informati on show ng that the
transm ssion |ine pﬁigtgs 'gr%%iﬁJ‘T@%&toé&atugetsh\%h'gﬁom 90'31‘?:%16?%[?%%'%“ on 62
step S48), this_infarpmation is, displ d on .the anonmaly display section 5
gSZ. 'Fl)'he oi)er af'® mﬁ&k@?@%’%%@é&ﬁ%ﬁ %%@Wrﬁﬁ%@%sog?wt?%@wﬁ’g@ﬁéﬁoogt ep
S89). The, operat or ins?ects the transm ssion line parts such as the pipes
31 a and ¥1 bIaSQERHE.belN Hi dBBWETD, theirele Meansdiiet agoanemaly isonats

detected, and a cross means that an anomaly is detected. When both
the first and the second gas detectors 50a and 50b are normal, 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

16 detects an anomaly and the second gas detector 50b is normal, 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 detectofs 50a and 50b detect anomaly, a determination can
be made that its first cause is anomaly of atmosphere around the

20 compressor 42 or anomaly of the filter 43 of the compressor 42. A
determination can be made that its second cause is the impure gas
which is intruded from the transmission line pérts.

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

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

22



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 duct 30 (step S90).
When the gas detectors 50a to 50c do not detect the anomaly due to the

i npure gas (No at step S90), the machining process is continued (step S93).

The process s after. the nmachinin rocess i s conpleted. Wien the gas
detectors 502?6'5 c%é%rra@aéhotn taR be?n%\%é‘io Wgﬁgh?roﬁ‘?oc"t“}ﬁ%e P Htgesdon pft he
purge gas (Yes at step S90 the gas detectors 50a to 50c which detect
anonal y out pul€ HEP WiScd@s IS Hee aEMOsSRNeTREPURS thecoapresspr Adt the Filteri on
section 61. The control notification section 61 notifies information

showi ng that 4hefithe secpressor 42hordheitransmissiomdiam parthi ni ng apparatus i s
necessary to the anomaly display section 62 (step S91 ), and this
information is di spliy@docass bé detectiiy adosa|gynghetiaser Gamihaahitifg
information is received, the operator judges whether 25 the machining can

be execut &d vappanatusid esplaiged relowonithirate enaki tothadlowhd@ diFighg, state
where the output ofi the |aser oscillator 11 is | owered. The contTol

notification FREtsapie Plo@é%ﬁ é@'sﬁee\ﬁ%ﬂ@s@: &kplaltie ﬂfﬁlr%.%% {Hfh&ﬁ 11 based

on the judged result (step S92). en the | aser mac g can be executed
like the firsgmeghadEAE ol ik L cato [ j usts the
out put of the |aser oscﬁ?é%%rﬂeﬁ%{oomt tgﬁ%enf'/éefﬁm&]g?ﬁé l%%%’ﬁ%%?ﬁ’g quality
is not affect t .1 chj_nj i j pued... . \Wh he continuation
of the machi nﬁ%&hﬁgnéﬁ%%gﬁ%%ﬂ@q}earlggsrt385§141 g? %rqlafl ﬁ@‘aif%b%éay’ Aft er
the | aser oscjllator 11 is stopped, the operator jnspects the parts in the
| aser beam na%gﬁ?rn{r}?gcgrﬁ‘ﬁé?ﬁ?Ws?gé%moégdtaﬁ‘é’ ﬁﬁcﬂpth%a'i tRf ofile Withane 23,
and the | aser osgé,l | ator 11 except for the inspected and repl aced

conpr esso 49%hiRithdnenalRaptignaf the cdmesensmiml 5 pxesweddandriihanonal ous
part is replaced, and the process is ended. According to the fifth

embodi ment, tHACBHBRG deptaited  Theicaliyationmidiiededonsensams! frieyecytes!
exhaust port 36, near the purge gas supply port 35, and near the inlet port
of the conprd§dsioe pracetnee iexplaisedrindfigt Keofi tineufirst gasbodimedre, t her ef ore,
detected, and a determ nation can be nade whether its cause is the

at nosphere around tDericgrthedaser bédam machinion, théedoosenessos145,ther t he
transmssion line. As a result, a location which is the cause of the

anonal ous | asfirst ednthle $edo e gabaidtedtdtsBOLEhaBoW ebktinJéeo yapsed y due to
the intrusion of the inpure gas is output to the control notification

section 6k s@tiukadn bhend aRbareRRtintthal &stief e 90 Lﬁngi‘ﬁ?ﬁ*‘?ﬁeb%“e

inlet port of the conpressor 42, and the detected an ur ni ng

ggd det eri or & PPa8idetbEtdrs FRhAG Bb bbNHotRdtESt SABrREY MM A28t bYep The
S44), the machining is continued (step S53). The process ends when
the machining process is completed.
When the first and the second gas detectors 50a and 50b detect
20 anomaly due to the impure gas intruded in the purge gas in the optical
duct 30 ("the first and the second gas detectors are anomalous" 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

25 compressor 42 and its vicinity are inspected to the anomaly display
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| aser oscillator 11 can be controlled based on the anomaly detection signal
fromthe control notification section 61. The fifth enbodi nent expl ai ns
that the odor sensor 51 provided near the purge gas supply port 35, near

t he purge gas exhaust port 36, 5 and near the inlet port of the conpressor
42. Even if, however, the odor sensor 51 is provided near the purge gas
supply port 35 and near the inlet port of the conpressor 42, or the odor
sensor 51 is provid ar urge, gas .exhaust port 36 and near the inlet
port of the cg%q%%ggr&i%p #@e%tﬁg‘&t v'?df‘?@”ﬂﬁfé‘?’?i%ﬂ@péﬁtﬁcboﬁdhﬁer of the
odor 10 sensors ar? chaqged, the effect explained in the, first to fourth
enbodi ments cAROBEIHEISRIAREECHRG 621 st NEPRETRLOr BYRKSSI M SPestionai n t he
configuration where the nmachining head 21 stands in vertical state, but the
machi ni ng hea@cgarding to ite iinfeamedidnzend aepkacisetheopattbél necéssarpdstegad 21
may rotate or 15 tilt. The first to fifth enbodi nents explain that the
machi ni ng hea848) i Sime e espectionoard theheplafemelnt ettheotombréssdres2
machi ni ng head 21 may be novable to a vertical direction with respect to a

sheet, nmys beanw\biieirfiiyobPohd dpeeattir @et irensamer adofeimnmeahi
t hree-di nensionally. The optical duct 30 fromthe |aser oscillator 11 to

the machi ni ngefmeadiri@nd lthehe ghaaatidasthehgol RSGhithegm L may have not an L
shape in the first to fifth enbodi nents but an arbitrary shapes. In the

first to fifth enbogiy@nire té a‘éaéié(@c{lérs B4 G SE6 5 Hol Y& %it%gyaggﬁf%ygui de

bet ween the conpressor 42 and tthe nitrogen supply Séection

sucked and co alr fr hg. C e rwd2 25,06 nitr n,gas from

t he nitrogen g@%gﬁﬁlﬁge‘cﬁ%% g%_? {noﬁ}%gUPo%% ra%gl( rﬂﬁr&]ab@t st%B,SO%, H?%vi ded,
and the filte .1.s attached to the inlet of. .t he conpressor_42. The
val ve 44 and l{nﬁéﬁfqlpgeqroggsglj% CH&"&',”uﬁgvgég%ﬁ’ I,%%cegg‘f?r PT%Peﬁrscﬁ/?‘gﬁeaftebr even
if only one of themis provided, the effect which is simlar to that in the
first 1o T ftieeREGHNEARTOSRAS s COMRIRIRM. 5 10 In the first to fifth
enbodi nents, the purge gas supply port 35 is provided near the |aser

out goi ng port 12 ofMeRaWhikewheitithe dirst9as detectos 56st deteictsiaoomy dard t he
purge gas exhaust port 36 is provided near the attached position of the
machi ni ng heal® the ignptteegaptin ¢he pduge P& ("Onlyt the Gosttgas gdetddter jsur ge gas
supply port 35 may be provided near the attached position of the nachining

head 21 of thanopaic:E" atustep3d47 st Wwhenprlgehgdisseyhauikite por idedéctany be
provi ded near the | aser outgoing port 12 of the laser oscillator 11 of the

optical duct s@omSimahsEacFe)e;dimam the fisstfddstietertdPs GRbMAIGNY dihgepi fth

enbodi nents) the gas 15 tector 50 is provided on the optical duct 30 as

ot ect or 501 o r oy g S, et oh B P AR el PERKon BRP RS

Fig. 2. 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

20  operator makes an inspection based on the information, and replaces

the parts if necessary (step S49). 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

25 operator replaces an anomalous part.
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Fig. 15 illustrates an exanple in which the gas detector is 20 attached to
the optical duct. Fig. 16 is a flowhart of a process of calibration
execut ed using the gas detector. As shown in Fig. 15, the gas detector 50
is provided on the 25 concave portion 70 which is forned in such a manner
that a part of the side wall of the optical duct 30 is recessed fromthe
inside to the outside of the optical duct 30. The concave portion 70 has a
surface parallel vvit’& the optical axis in the optical duct 30, and is
surrounded by 37 t fée’pﬁ'ﬁ E}mtw@u@fﬁ%@emp@@@n@mwm lopehatooptre cal
duct 30 and two side surfaces 74a and 74b which connect the outer
peripheral surGeRleded: e bpe igasl detestorsosn amdt b petepther@lresgdd Acthe/ 1 of
t he concave portion 70. The side surfaces 74a and 74b of the concave

portion 70 5 Haical dueyi3® (step S50)appidennthieedys detddtord 508 dies56Etgnded
direction of the optical duct 30. The odor sensor 51 of the gas detector 50

is fixed to amatrdatect anoomalpase Blimfoe yastialthatd @ ebﬁse ' apt ed
with a driving nechani sm 82 such as a m)tgr or an ﬂair@ C |§1'gérd,t%§%g 1s710

rovabl e 1o5an the-ravnithg pro6ess RchinsheSiiheLYsn e FAREANG BT ion 70

and a position where the optical axis of the l'aser’ beam
duct 30 is notafgrshdrmaehinihs d L at| d a di mensi on whi ch
is the approxi mately sanemasgtdﬁgtéé§ '%Fr‘l:bo e'%%e?i:g o’gtlﬁl}%%@@ﬁc% €%?%i on 70.
At the tinme ofydib |4 j i |lation 15 stand 81 i s noved by
the driving rrecrtlaﬁtloggndg%rgéaﬁbg&?Fesdtggl&?a?@ ”i‘f)lyo‘%%i‘? ?l@e {'BPHFR:988dR tBénsor
51 fornms a par, e Jnner wal he optjical duct 30 as drawn by a
solid line in p&%’gg &1451’ Sa*ﬁf ?Lét%SP% ‘?ﬁ‘seogagﬂqt%ct%MOE A0k ehicbitedeets
portion 70. Djlirll ng the |aser beam machining, the installation stand 81 is
moved by the dPFAIRNANHERUEHIRS angmalysiatecan isignaldodpei exitraluct 30
where the_ opti C%L path of the |aser beamL is not disturbed as drawn by a
dotted Iin® i Mogfigation septions@hsor heatomiral motificatiameection Briandttfiesgas
supply section 53 25 )

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.

15 When this 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

controls the state of the laser oscillator 11 b.ased on the judged result

(step S52). When the laser beam machining is possible like the first

20 embodiment, the control notification section 61 adjusts the output of the

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

25 beam machining apparatus, such as the machine including the frame 23
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whi ch supplies calibration gas, a gas supply opening 56 which emts the
calibration gas into the concave portion 70, and the el ectromagnetic val ve
55 which supplies the calibration gas into the optical duct 30 at 38 t he
time of executing the calibration and does not supply the calibration gas
into the optical duct 30 at the other tine. Simlarly to Fig. 2 of the
first enbodi nent, the gas supply opening 56 is attached to the side surface
74b positioned 8n t he upper stream side of the concave portion 5 70. A gas
exhaust port 87diRpJASBXRAEGEIELOR hE exaEPbfeR theningagcted apdpeplaaged on t he

si de surface 74a of the concave portion 70 opposed to the gas supply
openi'ng 56. TReMPAESexh4dandtha opticakdopled@d Yvihgn duncinmayytisiéowmd i dm at i on,
and is closed during the | aser beam nachi ni ng. The odor sensor 51 is
connect ed wi t Anohalcosipaot isnkEplécedt and theqrooas$ls endetihe gas exhaust port
57. The operation of the odor sensor is explained belowwth 15 20 25

reference to Fig. 1lBccbrdingdertheahidesmbedimentahiebsddr Shsdrhe pdor sensor
51 is nmoved by the driving nechanism 82 to a predeterm ned position in the

concave pa@ ti provi@elisican thdldirgeT, s RXASASEpYRI 8! aing tth%ep@@ge%a}g)rsagggé S201

to 205 in Fig. 4 is executed, So that the calibration of or 51
is executed (ghgPSs t ' ' Lect i.c val ve
55 which is prom déﬁéfﬁeﬁ%ﬁéaggﬁggﬁ%ﬁ’%% ”sstﬁ{’;&@ € (rBUREBSSIR, The
gas supply opg LS ope the Lhration s i.s emtted from
the gas suppl @Hoggﬁegébga ?\Oﬂéﬂeem@ggpb@egéﬁbeﬁ?&gmeﬁi@rmec%q Sr&€ion is
started. The ibratio as,. is emtted to the odor sensor 51 for .
pr edet er ni nedgwe?‘mﬁ%%rjhﬁﬁfwrﬂi%‘?%ﬁf? RATES whé% 3 FRSWhI3 Incatiosn i s
ended, the odor ﬁensor 51 utgut s a signal that shows the conpletion of the
calibration t8S{tAe @ysereithecenemaleioRsesdisan lecandie ehegkadepennt r ol
notification section 61 closes the electromagnetic valve 55. 39  The odor
sensor 5110 s a@eetively. t fdedanemady seerHarthenn8zision ofitheimdategasrsd
position in the optical duct 30, and the calibration process is ended (step
S217). The coaélpgdrtatthercaottraleotifacatibet section 60, so thiae tlopréslaceient 30 5

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

15 be controlled based on the anomaly detection signal from the control
notification section 61.
Fourth Embodiment
Fig. 10 is a schematic diagram of a laser beam machining
apparatus according to a fourth embodiment of the present invention.
20 Fig. 11 is a flowchart of a process to detect an anomaly in the laser

beam machining apparatus according to the fourth 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. 10, in the laser beam machining apparatué of

26



can be applied to the gas detector 50 in the first to third and fifth
enbodi nents. According to the sixth enbodinent, at the tine of the
calibration 10 of the odor sensor 51, the installation stand 81 is nobved so
as to cover the opening of the concave portion 70, and the calibration gas
is allowed to flow into 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 ;fhe ti of the calibration can be suppressed. Seventh

Embodi nent | nth® OVitggquﬂﬂmg%t,taqgaa datperrthispenddethachi thé imebodirnent
15-the gas detector 50 is provided on the optical duct 30, for exanple, as
shown in Fig. Oi.th%C@@W@r@ﬁﬁoéﬁﬂodi%lmuglxpnlodiisrhlswrhathetgus detectiet ealyase SO i s
provided in the optical duct 30 in a formdifferent fromFig. 2. Fig. 17

illustrates arexideplie ploraltych Theeothas mateof tie confguraisi gek tHe shme
optical duct, and Fig. 18 is a flowhart of a process of calibration

execut ed usi ngstthesgds Rigt éct OThe he ABBITAT & PhdilledmR o IR SRR nR5t t hose
in Fig. 2 are designated by the sane reference nunbers, and tﬁe exSI ahati on

ther eof | 56 OMof 96l cofiipredawn 4on sbl di td Getd@lhie RINER Jds AR ULHOAPEHOD e

optical 25 duct 30 on the upper stream side an rea of

the concave pepiiftaséd i as detector 50 of the seventh 40
enbodi nent forns @ (s:%orsgfg @gﬁ%gfaﬁﬁlﬁhe optical duct 30 provided with the

concave portion 70 ia Flg. of N enbodi rent .. en the odor sensor
51 is calibrated, tF]F@etél\%cg(%?eof\fgqqgggngitksraéwwaggw @@V}gﬁaf%@ﬁm space in
the optical d 0. where the concaye 5 portion, 70 is provided is a cl osed
space, and t hg‘%ﬂﬁi‘ﬁ‘ﬁaﬂ’%ﬂ'aﬁ% $ §XQ&B?9&F|PWOW1"PH@f%rzﬁlnicﬁrtétthérﬂ(yé@ﬁ%r@ppl y
section 53 into-the spa.fe. After the calibration is ended, the gate val ves
91 are opened'n Kl the Tag&aliBEalie meé khaiosprisensos &t isdexemdedfer at i on of
t he odor sensor 51 is explained belowwth 10 reference to Fig. 18. Two
gate val vES oRregetesmyedtime (steptS6hh apheder the compressor 42 is booted
and the optical duct 30 is filled with gas (air) (step $S62), the machini‘ng
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
15 the compressor 42 in a room (step S64), and when impure gas is not
detected around the compressor 42 (Nd at step S64), the machining is
conti_nued (step S70). After the machining process is completed, the
detecting process is ended.
Meanwhile, when the impure gas is detected around the
20 compressor 42 (Yes at step S64), the odor sensor 51 outputs the
anomaly detection signal 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

section 62 (step S65), and this information is displayed on the anomaly

25 display section 62. The operator makes an inspection according to the
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in the optical duct 30 where the concave portion 70 is provided is a closed
space (step S221 ). The process which is the sane as steps S201 to S206 in
Fig. 4 is executed, so that the odor sensor 51 is calibrated (step S212 to
S216). That is to say, the electromagnetic 15 valve 55 provi ded between the
calibratiion gas supply section 53 and the nozzle 54 is opened, and the
calibration gas is emtted fromthe nozzle 54 onto the odor sensor 51 so
that the calibration is started. Wen the calibration gas is emtted onto
the odor sensHHOEDatIgR (steRISR&) ni Rinceithe ipsiRecHan of the tempressordy and t he
calibration is 20 ended, the odor sensor 51 outputs a calibration

conpl etion si gRalicinByttryethenaperatonds the sameasdbat imthefirstambsbieneont r ol
notification section 61 closes the electronagnetic valve 55. The gate

val ves 91 protheledpianatios thareofls dovitte@0 are opened, and the calibration
process is ended (step S217). 25 The configuration of the gas detector 50

in the optical ductAR@r4He inspectisn apal thedrelPaddifelas Qﬁé%gie? f the
first to third and fifth enbodi nents. Accoretg;p?lg to thg sev ntﬁtogg%%di ment ,

the gate vl vend8d, whancihedgdd deté ol Gbes bt YRAEE: LB, gpfiscal duct SO

provided with the concave portion 70, are provi an ga & val ves 91

0

are cl osed at 1 i L ibration gas is
sealed in theag{gggﬁéh?ﬁe tQ Oe“t}g{rf%gt)mﬁ%%ggba?‘n@%ﬁ%} %G’e’% %@ﬁ@ﬂ@d@éct} f9on
70. A use quapt Lty LRy at | .be suppressed in ¢ arison
with the conf !%tg]%éé{ttt”?%%a gﬁ‘*ﬁ’ﬁ%"%s Jé@?égﬁ%ﬁ%"f‘wq HE&“?%%‘? Q%“Pﬁ?‘? » Hifd
fifth enbodi ngnts.. According to the present invention, the odor sensor is
provi ded in Fﬁgge&éﬂgc%rlocﬁﬁétscﬁm{qu I\Q&eﬁn Q&\ﬁ@ﬁﬁeﬁﬁﬁﬁ%&%ﬁﬁw us or at
the inlet port of %;e conpressor or the like, so as to be capabl e of

det ecting anofBP{alY of Hhe @imosphsie fsopad thaqomap s sofd 2opfescal stepcS67hs a
result, the intrusion of the inpure gas can be specified as a cause of the
15 anomal Bus thesedopsansomhé wuputstmsenooalpdiedectien signadity tR6 adettexdt i on
signal to the control notification section, and a determnation is nade
whi ch odor sefnstificatinpaestiohd lanofiae \cométad atatidicasionrsd ctiosr 6 anctifiegow many
times the anomaly detection signal is notified, thereby checking upon its

cause ef f ecti indbymatief atiowirg ithahins peetidur oo ittt snircimeniager Beahhe | aser
beam machi ni ng apparatus can be, therefore, reduced, and the cause of the

rean oo o ioOS Rl g A ot SR, AEBMRIENTY B,
whi ch execut efet&esdMabitAeNehRhaReaspisy Bedfo Ml d1Ep 2684 and the
15 ~anomaly display section 62 displays this information.

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 by the control notification

20  section based on the judged result (step S69). When the laser beam
machining can be carried out like the first embodiment, the control
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

25 laser oscillator 11 is stopped. After the laser oscillator 11 is stopped,
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cutting on a workpiece 'to be machined using the |aser beam 43 CLAIMS 1.
A l'aser beam machi ning apparatus, conprising: a laser oscillator which
oscillates a | aser beam the laser oscillator having a | aser beam outgoi ng
port to output the laser beam 5 a machining head which machines a

workpi ece with the |aser beam an optical duct with an optical systemto
guide the | aser beam fromthe | aser beam out goi Rg port t? 'Ejhet macgl glong
head; a purge,gas _suppl ort that opens into the optical duct and 1f

si t uat edpnegr ”%WSF@F%B{”%)FP\%“P&B&DH@%H iR RRSTPIBNIMARGINING siathasi ng
head, wherein a purge gas supply unit supplies purge gas into the optical
duct from't hetfﬁj?réésah%ﬂ@lﬂdm%/ pBsist inckuding dee gipeedauand 3dbtarndte opens
into the optical duct and situated near any one of the I|aser beam outgoing
port and the bsllawsHhohtheeaticalieceBa tolee the trangasssiontiiie opthie Rlseduct
I's output fromthe purge gas exhaust port; and an odor sensor that detects

undesi red gasbeamal pxcebofioofhd s peuted anddiedtiads @ Bohiiiresases 2baam out goi ng
port to the machining head, wherein the undesired gas is a gas that nakes

the | aser Heamahimadnalaonsy thd friiee R3sahdeMaERE BsBiIR%oAPPAT AYHS:
according to claima1,
anomaly is found, an anomalous part is replaced, and the process is
ended. The inspection of the transmission line parts may be made
when the machining is executed with the output of the laser beam being
lowered.

10 According to the fourth embodiment, the 'odor sensor 51 is
provided near the compressor 42 which supplies the purge gas, so as to
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

15 replacement timing of the filter 43 provided to the inlet port of the
compressor 42 can be determined by the anomaly detection signal
output from the odor sensor 51.

Fifth Embodiment
Fig. 12 is a schematic diagram of a laser beam machining

20  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.
Fig. 14 is a flowchart of a process to detect an anomaly in the laser
beam machining apparatus according to the fifth embodiment.

25 Components which have same or similar configuration or same or
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further conprising 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. 44 3. The |l aser beam
machi ni ng apparatus according to claim2, wherein the control notification
unit includes a counter that counts nunber of tinmes the odor sensor detects
the undesired gas fromthe 5 tinme the | aser beam nmachi ni ng apparatus is
booted, and if .tge ount of the counter indicates that the odor sensor has
detected the o §irrcf%'&°t@%f$5 parthgseiindtigt i rve derdgnatad by thetsiahieat i on
identifies a faulty in the purge gas supply unit and peripheral atnosphere
of the purge d&ierengpinumhbets.aand hee expkanatich thergbéid amsttetheam nachi ni ng
apparatus according to claim2, wherein the control notification unit
includes a counter tAmshewurinsFigurtiaein ofie tasershéhn MARKIHRY ERhafshRCsHS t he
undesired gas fromthe tine the | aser beam machi ni ng apparatus i s boot ed,
and 15 i f the thediith emddumeounadrrst 5 eritestof Hfa Ishsrd%ﬁtféd ﬁ%ﬁf?ﬁe Arge
ro [ IO

detected the undesired gas for a second tinme, the cont notrfica

i denti fiessa foal éxhdudtheone, Gsesdid gas d&@gﬁg’% i{ﬁrc;r\na’eé ﬁ%l%rr tRgam

machi ni ng apparatus according to claim2, 20 rern e con

oGt o A AR i b R oo e
apparatus 1< AL o1 ey iR SO GOl PR SIS, b

control 25 notifi&a&ti n unit identifies a faLth in the entire | aser beam
machi ni ng gas detectors may be provided in plurality. The other parts of the

unit

configuration are the same as those in Fig. 1. The position.where the
10 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 lower
stream side. The first and the second gas detectors 50a and 50b are
arranged on the concave portion 70 provided on the optical duct 30 as
shown in Fig. 2 of the first embodiment.
15 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
.500. In the drawing, similarly to Fig. 8, a circle represents the
- condition where anomaly is not detected, and cross represents the
condition where anomaly is detected. When all the first to the third
20 gas detectors 50a to 50c are normal, 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 are normal
and the third gas detector 50c detects an anomaly, its first cause is

considered to be impure gas in the atmosphere around the compressor

25 42,
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45 apparatus as the cause and controls an operating state of the |aser
oscillator. 6. The | aser beam machi ni ng apparatus according to claiml1, 5
wherein the odor. sensor is situated adjacent to the purge gas exhaust
port. 7. The | aser beam machi ni ng apparatus according to claim6, further
conprising 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 perforns any one of notifying the cause and
noti fying the causeVMiRh tuiiryl 9angeterctopsat delgcts ancansimalyeanitiee
oscillator based on nunber of tinmes the odor sensor detects the undesired
gas fromthe se@endwad theethiisbgas watactoradMpaad fQsaiesndbndoat ed. 8. The
| aser beam nachi ni ng apparatus according to claim7, wherein the purge gas
supply unit hdstexminatien qmor betmadedkatits firat Calseis aaofridly of gdgst from the
air and obtain dust-free air; and a conpressor to 20 conpress .the

dust-free airirdndiedifriohy thd erar@miseRrenn g it r e\ﬂ/r@rftHeOfirtsfﬂ%n@lpt%%'iro?UCt )

and when the odor sensor detects the undesired gas for a first tine after

G
the |aser @eaggmé@ﬂomg SORP T Yt abn%%ﬁ%ad&ﬁw&%@[zgﬂ% g?é?,td'g]étieﬁfélj on

Identifies a ulty in the purge gas supply unit an phera

at mospher e of 5ppes Wrﬁw%l,gé‘sdefi&ﬁﬁlr%éttb[)ﬁ Eaftbe AB AT its st cBusd 1§ thESe"

beam nmachi ni ng apparat us' accor
atmosphere around the compressor 42 and the transmission line parts.

When the first and the second gas detectors 560a and 50b detect
anomaly and the third gas detector 50c is normal, a determination can
10 be made that its first cause is anomaly between .the compressor 42 and
the purge gas supply port 35 on the optical duct 30, 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
15 second cause is the anomaly between the compressor 42 and the purge
gas supply port 35 on the optical duct 30, and its third 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
20 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
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

25 transmission line parts.
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further conprising: a second purge gas supply unit that is situated in a

fl ow channel 5 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, 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 fromthe conpressor to the optical duct,
the purge gas is supplied fromthe second purge gas supplg unit to the
optical duct. 10. T(I%ecq EfMBasHI RORI Mt eappRmaliiduade dhailplgusionceti m 1,
wherein the odor sensor is situated adjacent to the purge gas supply 15
port. 11. ThelhagBpumaasiadherdragr bppar aashinicgoapp amptus ictakien from the t her
conprising a control notification unit that, upon the odor sensor detecting
the undesiredugper stréam stdeesf the pusge gfast mamelgesi ortbrasfthdompeasdsey t he
optical duct and perforns any one of notifying the cause and notifying the

cause and con#land itg cinitpeantithe tsdmdmision ieel pees, oAddUmbpheRggrd on
nunber of times the odor sensor detects the undesired gas fromthe tinme the

| aser beans magddtAbahGHIRSY BlellSaiiSeHOPtRE andPndly in ﬁighﬂm’an' 9@‘?6u8ﬁ§€‘pl y

machi ni ng apparatus according to claim1ll, wherfein e purge gas®s

unit has an | BlaASiRA Inth wik hPivhennll Adfhaf frld s fadliiife T NG AL

. n .
and obtain dust-free air; a conmpressor to conpres e dus air

a0 SUErLY thBeSABSTRTH el M b bt D B Bl
im;c[]ihgi Bgr 32pg{j@ttﬁﬁep%ls(ﬁf}ﬁ%?gdaq{ﬁg?m%%gug Iwhneont iarlitﬁgtgia%ndét%%%risfé(ﬁas téi faulty
50c are normal; (B) the countermeasure when at least one of the
10  second and the third detectors 50b and 50c¢ detécts anomaly (the cause
is the compressor 42 and its vicinity); and (C) the countermeasure when
only the first gas detector 50a detects anomaly (the cause is the
transmission line parts).
‘The process of detecting anomaly in the laser beam méchining
15 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
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,
20 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
- 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

25 first to the third gas detectors 50a to 50c continue to detect impure gas
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peri pheral atnosphere of the purge gas supply unit as the cause. 10 13. The
| aser beam machi ni ng apparatus according to claim 12, further conprising: a
second purge gas supply unit that is situated in a flow channel connecting
the conpressor and the purge gas supply port via a valve 15 which
selectively swtches the purge gas between the purge gas supply unit and

t he conpressor, mherein the control notification unit swtches the valve so

t hat, when th en detects the undesired gas when the purge gas is
suppl i ed fro %r&fﬁp 3&5&‘ Jlpthe gagHgtestoraRQa ?Q REcpsiateet Ba@nomalyppl i ed
from 20 the sg cond pur ge s supply unit to the optical duct. 14. The |aser
beam machi ni nbaﬂﬁbar%&%geéﬁéﬁjﬁ@n@m@ﬂ athstep §B4tdhe maehiodng isensor
includes a first odor sensor situated adjacent to the purge gas exhaust
port, and a seemfiruasti(stepeB83}). sThegiredess eadisaaféer theomalchimng grogess suppl y
port. 48 15. The | aser beam machi ni ng apparatus according to claim 14,

further conprisstorgpketedntrol notification unit that, upon any one of the
first odor sensor and the second odor sensor detecting the undesired 5 gas,

identifies a cause \nfhenhgt 16RdeDncedf RS sEB6 R igng t‘h'éeth%t% HeE’é&%r@B@b

perfornms any one of notifying the cause and notifying t cause and

controlling ain@BoicidtagtsbAbRAY (‘Mekapshedh! HAnPAREtho il ThE! ©f

times the first odor sensor an he secon r sensor detect t esired
022 o e SRR RER RO TN N B, SRR BT Tl e
detected the ungdgslf $9n9%%y one of the second gas detector 50b and the third gas
detector 50c or both to the control notification section 61. The control
10 notification section 61 notifies information that shows the compressor
42 and its vicinity are inspected to the anomaly display section 62 (étep
$85), and the anomaly display section 62 displays this information.
The operator makes an inspection according to the information (step
586). Since the inspection of the compressor 42 and its vicinity by the
15 operator are the same as those in the first embodiment, the explanation
thereof is omitted. -
When the three gas detectors 50a to 50c do not detect anomaly
due to the impure gas ("all the gas detectors are normal" at step S87),
the machining process is continued (step $93). The process ends
20 after the machining process is completed.
Meanwhile, when only the first gas detector 50a detects
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

25 detects anomaly” at step S84), the first gas detector 50a outputs the
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16. The | aser beam machi ni ng apparatus according to claim 15, wherein the
purge gas supply unit has an inlet port to suck air; a filter to 15 filter
dust fromthe air and obtain dust-free air; and a conpressor to conpress
the dust-free air and supply the conpressed dust-free air to the optical
duct, and when the second odor sensor detects the undesired gas for a first
tinme after the | aser beam nachini ng apparatus is booted, the 20 control
notification identifies a.faulty in the purge gas supply unit and
peripheral at FOSFMRYAIecting 5(591%@ logthe suplsplnetilicatien shetieadde. Tre The

| aser beam machi ni ng appar atus according to claim 16, further conprising:
25 a second pGPHEFOhAStiEiGaEPY sasntion BAtnatiiesi infemeatiom shofimyvticatathieel 49
connecting the conpressor and the purge gas supply port via a valve which

sel ectively sHiansmeissiarelipemngetsyare bepssted toehewrgen gysdisprRy e dtijri 6and
t he conpressor, the control notification unit switches the valve so that)

when any 5 onéstep $48) fthisinfodmatisaris atisplagetingn H0LaRNRAPISHRT VedtiBhect s
t he undesired gas when the purge gas is supplied fromthe conpréssor to the

optical dugt, 6Rhe The gpetdrirsaked Bhni indpEEGHH LR oPER Fi igyPply
unit to the optical duct. 10 18. The Iager beam rrachlg%n@%alggoara bo:r’r’

according o (apredo) Wieheldbd At s BBolAMSHARLIILILY MASpAfls IRt PoT !

to suck air; a filter to filter dust e alr and o air;
and a conpresgi pt r e ﬂ -f | hoald suppl.y the ressed
dust-free air topt escg?)rtgia?gfsggt? Hgthg ti%f}q\ﬁéeggd%&h&ﬁg%%li%t% Befirst
odor sensor si Lacent to.th urge s .exhaust port, a second odor
sensor situat gﬁjé’g%ﬁggﬁg#%ﬁom%g?m? S%Q%’a‘geéfﬁglmf?ﬂ BBFQ',”QM detediaratiefor
sensor situat gﬂ adj acent to the inl ehg)ort of the purge gas supply unit. 20
19. The | aser SBENARENOMAY '538'&9% QPERR'GT f@Ptases an Anesialpus tset.
conprising. a control _notjification unit that, upon ané one of the first odor
sensor, tht second OH&F taedsspection anddheneniaermentbydbe aperatariing t he
undesired gas, identifies a cause of the undesired gas entering the optical
duct and perfBR#8daHe eAe dateatarsf50mtp 6Ae dedaskinBumndason itfigiopticahe cause

and controlling an operating state of the |aser 50 oscill ator based on

nunber of tinggct B (stapsS96Jor Vikes dthe dasedstectmd H0Wto SORSMS notAdtddie
third odor sensor detect.the undesired gas fromthe tinme the | aser beam

machi ni ng apptireaanerialy et fedtheaimip bes gds GNovdt $t8 posgoPfthbhRabhindtg odor
sensor, the second odor sensor, and the third 5 odor sensor has detected
t he undesi redpgasess is continued (step S93). The process ends after the

15 machining process is completed.

When the gas detectors 50a to 50¢ detect the anomaly due to
the impure gas in the purge gas (Yes at step 590), 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

20  notifies information showing that the inspection of the entire laser beam
machining apparatus is necessary to the anomaly display section 62
(step S§91), and this information is displayed on the anomaly display
section 62,

When the information is received, the operator judges whether

25 the machining can be executed without affecting the machining quality
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20. The | aser beam nmachi ni ng apparatus according to claiml1, wherein the
optical duct includes a concave portion to fit the odor sensor. 10 21. The
| aser beam nachi ni ng apparatus according to claim20, further conprising 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 | aser beam machi ni ng appar at us
according to ¢laim?21, further conprising a driving unit which noves the
odor sensor sif theiséael yhermsithe oubrutcohthe@seoasiciatahdn is hewerksd. SEnsor i s
bei'ng calibrated, and noves the odor sensor inside the conducting 20
arrangenment ugonkrol metifidatios evestio ndétomotolslitise wttet betheataReplostMRtbasEr
beamin the conducting arrangenent when the workpiece is to be machined

with the | asebabsednon 28 jddyged assult pstem FBLNI NVHE PR AW AEGRTH B9nt O
claim 21, 25 further conprising two gate valves in positions on the optical

duct 51 San@‘ei@E&Meﬂh&&ﬂ{@ﬁh‘s@_&ﬁbbbmw‘{"@ﬁé%o@é?cﬂ%o%i%%ti%ﬂ's\é%?ioﬂr&

cl osed when the odor sensor is being ca at ed,
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and near the inlet port of the compressor 42. Even if, however, the
odor sensor 51 is provided near the purge gas supply port 35 and near
the inlet port of the compressor 42, or the odor sensor 51 is provided
near the purge gas exhaust port 36 and near the inlet port of the

compressor 42, namely, providing positions and a number of the odor

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

embodiments can be obtained.

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
be movable to a vertical direction with respect to asheet, may be
movable to both the directions, or may be movable three-dimensionally.
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.

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
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0% ()-F %%Z%sgl)'ily gPo%c}gc?or even if only one of them is provided, the effect
which is similar to that in the first to fifth embodiments can be obtained.
5 In the first to fifth embodiments, the purge gas supply port 35 is
provided near the laser outgoing port 12 of the laser oscillator 11 on the
optical duct 30, and the purge gas exhaust port 36 is provided near the
attached position of the machining head 21 of the optical duct 30. On
the contrary, the purge gas supply port 35 may be provided near the
10  attached position of the machining head 21 of th'e optical duct 30, and
the purge gas exhaust port 36 may be provided near the laser outgoing
port 12 of the léser oscillator 11 of the optical duct 30.
Sixth Embodiment
In the first to the third and the fifth embodiments, the gas
16 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.
| 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
20  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
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

25 parallel with the optical axis in the optical duct 30, and is surrounded by
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installation base 81. The installation base 81 is connected with a
driving mechanism 82 such as a motor or an air cylinder, and is

10 movable to an up-down direction on the sheet bétween the concave
portion 70 and a position where the optical axis of the laser beam L in
the optical duct 30 is not disturbed. The installation stand 81 has a
dimension which is the approximately same as that of an opening of the
concave portion 70. At the time of the calibration, the installation

15 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
51 is housed in the concave portion 70. During the laser beam
machining, the installation stand 81 is moved by the driving mechanism

20 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 53

which supplies calibration gas, a gas supply opening 56 which emits the
calibration gas into the concave portion 70, and the electromagnetic

25 valve 55 which supplies the calibration gas into the optical duct 30 at
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% 1094@& () - 39#1Bd@nhkgdiment, the gas supply op g ttached to the side
surface 74b positioned on the upper stream side of the concave portion
5 70. A gas exhaust port 57 which exhausts the calibration gas is

provided on the side surface 74a of the concave portion 70 opposed to
the gas supply opening 56. The gas exhaust port 57 is opened only
during the calibration, and is closed during the laser beam machining.
The odor sensor 51 is connected with the control notification section 61

10 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 calibfation, the odor

sensor 51 is moved by the driving mechanism 82 to a predetermined
position in the concave portion 70 (step S211). The process which is

15 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 S2186).
That is to say, the electromagnetic valve 55 which is provided between

. 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

20 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
sensor 51 outputs a signal that shows the completion of the calibration

to the control notification section 61, so that the control notification

25  section 61 closes the electromagnetic valve 55.
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5 can be applied to the gas detector 50 in the first to third and fifth
embodiments.

According to the sixth embodiment, at the time of the calibration
of the odor sensor 51, the installation stand 81 is moved so as to cover
the opening of the concave portion 70, and the calibration gas is

10 allowed to flow into a space surrounded by the cbncave portion 70 and
the installation stand 81. As a result, a quantity of the calibration gas
to be used at the time of the calibration can be suppressed.

Seventh Embodiment
In the first through third embodiments and the fifth embodiment,
16 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
mounted to the optical duct, and Fig. 18 is a flowchart of a process of

20 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
duct 30 on the upper stream side and the lower stream side of the

25 concave portion 70 so that the gas detector 50 of the seventh
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When the odor sensor 51 is calibrated, the two gate valves 91
-are closed so that the space in the optical duct 30 where the concave
5 portion 70 is provided is a closed space, and the calibration gas is
supplied from the calibration gas supply section 53 into the space.
After the calibration is ended, the gate valves 91 are opened, and the
laser beam machining is executed.
The operation of the odor sensor 51 is explained below with
10 reference to Fig. 18. Two gate valves 91 are closed, so that the space
in the optical duct 30 where the concave portion 70 is provided is a
closed space (step S221). The process which is the same as steps
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
15  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
20 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 S217).

25 The configuration of the gas detector 50 in the optical duct 30
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According to the seventh embodiment, the gate valves 91, which
form the closed space in the optical duct 30 provided with the concave
5 portion 70, are provided, and the gate valves 91 are closed at the time
of the calibration so that the calibration gas is sealed in the space in the
optical duct 30 including the concave portion 70. A use guantity of the
calibration gas can be suppressed in comparison with the configuration
of the gas detector 50 in the first to third and fifth embodiments.
10 According to the present invention, the odor sensor is provided
in the optical duct of the laser beam machining apparatus or at the inlet
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 result,
the intrusion of the impure gas can be specified as a cause of the
15 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
checking upon its cause effectively. Defective machining during the

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

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

INDUSTRIAL APPLICABILITY
The present invention is suitable to the laser beam machining

25 apparatus which executes the machining process such as welding and
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10@0% u& ()-3s@0% u& ()- f/10% u& ()-%0% u& ()-10% u& ()-
s10% u& ()-vLadEj @ 10@40% u& ()- LT 10% u& ()-f S
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10% u& ()-10% u& ()-Y3s10% u& ()-10% u& ()-
a laser oscillator which oscillates a laser beam, the laser
oscillator having a laser beam outgoing port to output the laser beam:
5 a machining head which machines a workpiece with the laser
beam;
an optical duct with an optical system to guide the laser beam
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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number of times the odor sensor detects the undesired gas from the
5 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 a first time, the control notification
identifieé a faulty 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 cou}nts
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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5 wherein the odor sensor is situated adjacent to the purge gas exhaust

port.

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 df 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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5 connecting the compressor and the purge gas supply port via a valve
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
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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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
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 cont_rol 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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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 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 laser 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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5 one of the first odor sensor and the second 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 the second purge gas

supply unit to the optical duct.

10 18. | The laser beam machining apparatus acéording 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 inciudes 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 19. 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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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

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.

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.

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
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,

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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