;e3er9| r6Dp6(T| SPECI FI CATION TI TLE OF THE | NVENTI ON Laser beam machi ni ng
apparatus 5 TECHNI CAL FI ELD The present invention relates to a | aser beam

machi ni ng 10 apparatus which carries out welding and cuttin i bl e
of detecting mxing of inpure gas in purge gas filling a I|i ammmgm‘mmmmﬁt
guiding a | aser beam BACKGROUND ART Various types of |aser nachi ni.ng
appar atuses are known.. For 15 20 exanpl e, Japanese Patent Appli caton
Lai d- Open Publication No. 5-8079 (see i 1 and 2) di
conventional | aser beam machi ni ng appgpﬁlﬁpﬁ‘i@ﬁ ansmts a m%“%nm&ﬁ@w
stably for long time and can weld and cut a subject to be nma

hi gh accuracy. This |aser beam machi ni ng apparatus includes a | a%&po*
oscillator, a laser_robot, an optical duct, and a machini ng gas supply
unit. The |aserlld&& OFaTbE HAYENTIEHW t r ansni ssion line including a | aser
outgoi ng port of an airtight mechanism The |aser robot has an articul ated
confi guration which dasesrhaara rhaskinibgappasatus arbitrary position of the
subj ect to be nachined. The optical duct guides the | aser beam so that an
optical axis of the | aser beam between the | aser oscillator and 25 the

| aser robot does not shift. The machining gas supply unit detects 1
pressure in thappHMaAdpatpnd supplies a predeterm ned nmachi ni ng gas
into the optical duct so that the pressure in the optical duct becones

hi gher than external Tﬁfeeﬁfﬁé’qt iﬁ,yghggnqg[gtgg%_aé ,&rrggg%ﬁgb@%&ﬁ@ and dust

generated at the time of aser beam machi ning t he

ti | duct t ti f he | bot . ,J t ent |.icati
Lai o Open publ PERHT AT galdSs pOLEallBEch 50 GRANG Ry R cPaiBioses o
I i tus, bl f trolli i ntensit f al b
accur at ol y accUERRRgd 5 X RAITPBIF GRerD Rirgsgat iing pdamandeduct

undergoes a_l aser 10 anneal ing process. The | aser anneal ing apparatus has
such a conf® guldidisg @ fRsetbRaMaser oscillator and a chanber in which the
subj ect to be machined 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 beamemtted to the subject 15 to be
machi ned i n t hEADKEROUNB&RDN purge gas which does not absorb the | aser
beamtransmtting through the optical duct, and concentration of control

gas having predeter ”Mé‘?ﬁ)u%b@%@t@ﬂﬁgey\ﬁrﬁébﬁiﬁﬁfg?‘éaﬁbﬂathaés'aﬁé%no%ﬂm Féhe

optical duct, therefore, has a detecting sensor ich detects the

concent rati on_ehahfiflec98ba fbsgatbi Wi IRARY o B00BMG PuBith RN 1Y Of

the control gas t e su red into optica I's con based on

L1l oS 21 Sedo} (S4E DA ITBR g del e J0ar RO dPLRC ke

concentration of the'contr onvent i onal

apparatte o0t SChsdinidy dBBARSES that finsARR L98LePBekR SiaBlf oI fidle O
and can weld and cut a subject to be machined with high accuracy.
This laser beam machining apparatus includes a laser oscillator, a laser
robot, an optical duct, and a machining gas supply unit. The laser

20  oscillator has a beam transmission line including a laser outgoing port

of an airtight mechanism. The laser robot has an articulated
configuration which can emit a laser beam to an arbitrary position of the
subject to be machined. The optical duct guides the laser beam so

that an optical axis of the laser beam between the laser oscillator and

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



25 however, air mght enter the optical duct. One of causes that the air 2
enters the optical duct is a configuration of the optical duct. As shown in
Fig. 1 of this publication, for exanple, the optical duct which connects
the | aser oscillator and the | aser robot does not have a linear 5 10 15
form and the optical path is bent at a plurality of portions. Such an
optical duct is normally constituted so that bellows or the |ike connects a
plurality of pipes. The | aser, beam machini ng .apparatus of the first prior
art has the | aB8FS$YiSoN §he QRSicH %uf)to%'?‘ijisHH%{' g\/9nP ?tﬁéml"é%‘zfnﬂféﬁﬂﬂ\ﬂ%
emtted can be noved so that the | aser beam can be emtted to an arbitrary
position of a 888jieka the opticahdrrhea.thehtheeresswe ivethe opliealrduty appar at us
havi ng such a configuration, for exanple, a bellows section conposing a
part of the opbecamatubighesrdhanaderyalnpressuae.coldichga tconéigahatian pgevents
operation of the emtting position of the |aser robot which is perforned in
order to changlumkeahdislest beasrarad at the fios bf the lagembeamthachaseg fRaam
machining is stopped, pressure in the optical duct tenporarily drops. As a

result, forsexanpmig ené DiptiRafiducet®uyH Beipost tiedlagliiGhpbhr ough joints of
t he pi pes conposing the optical duct or joints between the pipes and the

bel | ows. Anot her cauggggﬁégetﬁﬁeﬂkh@!ﬁ:@ioﬁg{}ﬁg&gg%ngﬁgbﬁ tiéjryﬂto.ifﬁﬁgZBy

machi ni ng gas to be red into optic IS 1S cause

using air suck r ok Lt ' s the, machi ning
gas. If the ai Fsdeeefnpgg]segt%g&gpﬁ@aﬁ) Qﬁcﬁ?éﬁéﬂ%ﬁf%h@ggﬁbaﬁ%afawﬁ he |ike
25 is used in a_vigini of the optical duct, inpure gas such as | aser beam
absor bi ng gas ??H?ﬁ‘%?}, X'P?V@hm@r @?H?ﬁ%ﬁg,a lasey| e@rﬂtﬂ%ﬁﬁéﬁe&aﬁﬁgfdmg to

fl uorocarbon gas, SF6, organic conpound, and the |like) enters the 3

optical duct. FHENAdiHeR avigre asudectionee narchinesudndergsrest méaselser beam
and increase in attenuation of the | aser beam and as a result,

charact eri ¥t i canoeating prasess bedimealas ed @nerciadingt arp aratds thiasss uicai ni ng
ability of the |laser beam machining apparatus is deteriorated. 5 10 15 Wen
anonal ous out paonbifutdton dedrthedaseoosailktonaddfachambdrhia whiserthesci | | at or
is firstly regarded as a cause of the fault. After various factors which

cause the faul subject e beuinathindd hel lcagrteRRAAA IS e AnAd@iRIprddessSis
frequently found that the intrusion of the inpure gas into the optical duct

s the cause ofibhReRnaiErtonieePH 186 doliRal ABel. DYARIIalBRhNhSalifg S2Y. the

inpure gas in the oOptical duct cannot be speci e cause of“the

anonal ous outp ; r.e Iy f . .of the
causes. Durt norPREathaAelige AT hBLL SF 1R Ls e oD B8R Rinitie o AR S Btk
be carrie ut, by th ser. beam hi ni.ng. apparatus, and thus the inpure
gas i S al g‘osoa tcoaﬁgén%éb%&gt '@rﬁ&r 3@‘?@&%%%9383%@9&%%@ PHESI er
anneal i ng appaégggrso Iesf’\alsoesr dea{mn t‘ggr??rrﬁﬁ?irewgaﬁtrg%h 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



20 Application Laid-Open Publication No. 6-17120, the detecting sensor

whi ch detects the control gas is provided in the optical duct, but the
detecting sensor detects the concentration of the control gas which
controls the output of the | aser beam and does not detect the inpure gas.
That is to say, even if the inpure gas such as the |aser absorbing gas
enters the optical duct, the detecting sensor cannot detect the intrusion
of the inpure gas. The present inventiqgn has been achieved in order to

sol ve the 25 aPMeEs 6?%19%'&@?%’%'% ?sCQjHjQéH@apg Ci% h@b‘?%‘i’?ﬁqt%tl afst SBRWRM
machining 4  apparatus which is capable of detecting inpure gas intruded
into the opti cilFigudtof hiseubtcrtoorfon-gxampinthenemtical| rWIHi€&m machi ni ng
apparatus according to the present invention includes a |aser oscillator
whi ch oscil | atesnredtathe lbsanpsciliatdémsed tbedaseatarothdeengobhbsasear liheam
outgoing port to output the |laser beam a machi ning head whi ch machi nes a
wor kpi ece W t hforfe dnaSie 666831 gatortbéad adagiumlith cdrprfibhsal SSxstam to
gui de the | aser beam 10 fromthe | aser beam outgoing port to the nachining

head; a purge 9@@%32 atxs %&hén@ﬁéoﬁmuw Bbankth®cfBsCE} tHl ke 20H neictd1at ed

near any one of t ser beam out gol ng port and the machi ni ng head,

‘Wherein a purge %%lilf}gBr’préE‘.i LTRUARL L EBeBHT B FiRing"4 é&ﬁu%’%tfitﬁé'firgt‘“

fLomthe plurge gas S 8 port,da pur ge gas exhaust pf)r? that opens into
i 15 i . [ " i

bort “and the rH ATt is e doBRR i AR EeBgbMte PRE B Bt s

out put fromthe purge gas exhaust, port;,K and an qdor sensor that detects
undesired gas I8 @'t&q gﬁﬁrpeofanl%j g%ttf‘ﬁhﬁ‘%lﬁﬁer&)r‘?ﬂﬁ‘t% Pﬁseépﬁ R 80t goi ng
port to the machi ning head, wherein the undesired gas is a 20 gas that
nmakes the | asedrbiisary aasitRINoefka sEIjEF PESERIENIORAOR ImHibe DRARY g@snﬁ g. 1is
a schematic diagram of a | aser beam machi ni ng apparatus according to a
first enbddi nemachininbapmaraturg hamirensuocm;a config@atdn, fouskampds, Aow a gas
detector is attached to an optical duct; Fig. 3 is a5 fl owmchart of a
process to detigsiiovageartivnidorhpesingsempdrtaftnmobticahguappacasionatigemodesg
to the first enbodinent; Fig. 4 is a flowhart of a process of calibration

execut ed usi ngaé&tﬁd@ﬁgft@gt@féﬁihgdeeraﬁoinSofatn%c@mmmniQCp@léiﬁghacmtﬂte laskaser
beam nmachi ni ng apparatus according to a 5 second enbodi nent of the present

i nvention; Fi grQb%tiﬁhiEhfiE%‘@?ﬂﬂ'H?:?’fin %r@§§f§§§aﬁgec{ﬁb%&eaaeaﬁpgﬁhwn:gn the

| aser beam machi ni ng appar at us; g. 7 chématic diagram of a [Taser

beam machi ni n a cC ' t thi.rd. [ f

Mmventon: i P OHRBL bE St Bl diky Ha s RIS sHERhed IS e ST ERE
portions; Fig. 9.i flowchart, of a process to. detect an anamaly in the
| aser bear?l%ac‘?f?%‘?%dﬁ‘h%gﬁmq}é”236859%?'ngB‘rsoa f?ﬁ%uﬁ'hfiorrc?x@r%%lgi’ R&ﬁ%‘?}gﬁ?"b. 10
is a schematic diagram of, a | aser beam machi nj n% apparatus according,.to a
fourth embodi rEHErS e (APtisabsuist LITAHGR IR P te RIPasCampPaiiehii ogiica
process to detect an anomaly in the |aser beam nachi ni ng apparatus 15
accordi ng to tdectauiointscheinaarcte pmes and the kellewemati ¢ di agram of a

| aser beam machi ni ng apparatus according to a fifth enbodi ment of the
present invention; FAgothes dauseothedthei air moight eatedtre spticalrduettisct s

anomal ous portions in the |aser beam machi ni ng apparatus according to the
fifth enbodi memtachfnigg dab tesbe Supplisthirttodheopticad ersctt andehiscs Gauszdl by
anonaly in the | aser beam machi ni ng apparatus according to the fifth

embodi mentgg Fi @singoait sueREE FrEH &ko ser imtovhieChptide dast dletrretor s
attached to the optical duct; Fig. 16 is a flowhart of a process of

cal i bration exggdhétn sdoggg the gas detector; Fig. 17 illustrates an exanple
in which the gas deteCtor is nounted to the optical duct; and

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



25 Fig. 18 is a flowhart of a process of calibration executed using the
gas 6 detector. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Exenpl ary
enbodi ments of |aser beam machi ning apparatus 5 according to the present
i'nvention are explained in detail with reference to the acconpanyi ng

drawi ngs. First Enbodinent A first enbodi nent of the present invention is
explained with reference to Figs. 1 to 4. Fig. 1 is a schematic diagram of
the | aser 10 beam nachi ni n% apparatus according to,the first f?@b di ment of
the present irfpdieal 8CtFi dNeIMRY@sIFnLauShB R BV ad SHAPRUQDOf| eg‘??%rched to
an optical duct. Fig. 3 is a flowhart of a process to detect anomaly in
the | aser bearnesland ingrapparianite nEdendehtie Bsafd9amsendodi'fsHt. Fig.
4 is a flowhart of a process of calibration executed using the gas 15

det ect or. The drasactdredivsnefctneniasg r dygzem aregiatacorates, #ndy veshiniagor 20
25 11, such as a carbon dioxide gas |aser oscillator (oscillation

vavel engt h; 10|ty 6F heMidsleir BRien Thashintdy appiakatises delezioeatdteam a
machi ni ng head 21 which emts a | aser beamoutput fromthe | aser oscillator

11 to a wogkpi ece (wweﬁ%neésma%ﬁﬁmmﬁ)thmasb@ peanTeeluneda dafsttan

optical duct 30 which gui t he ser beam energed fromthe |aser

BZSLn' B i ﬁ?aﬁ%gtafgf ﬁgﬁﬂ%@%*ﬁ%ﬁﬁ%g T A B U, ML T e
L T [ i | L.
nothor 7 wiATRS o pedtl palsg et ihRnd ARRD: B R es e a1

are’jo angle via a

stretchabl e bellows 33. An optica st h.as a.bend mrror 34 is
provi ded into Q'HE'”(%WC&I'Sd[ﬁquﬁﬁ\k@lﬁﬁ%stgﬁiedaatuﬁéoﬁ‘ Qgé'?e YORE 9PPIMS
| aser beam out goi ng port 12 of the |aser oscillator 11 to H}%{mchi ni n
head 5 21 and tbeneeticalriyatrie thas@usscahine apemaacus pUthet @ aser bear.
machi ning head tip) 22 of the machining head 21. For exanple, the bend
mirror 34 1gendEhat isatohsaf, thbdnmeergaeantie epticabdutt eannokbe specififchas
out goi ng port 12 of the laser oscillator 11 towards the nachining head 21
by 90 degrees the éd\ese onth@unan sousfodtpgt ol thdhesexi peadlinbthtOeadnstaged

with the machining head 21 can nove to a direction of an

of the checkup of the causes. During the checkup of the causes,
therefore, the machining cannot be carried out by the laser beam
machining apparatus, and thus the impure gas is also a cause for

15  deteriorating working efficiency.

In the laser annealing apparatus disclosed in Japanese Patent

Application Laid-Open Publication No. 6-17120, the detecting sensor
which detects the control gas is provided in the 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 the 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



arrow Ain the drawing along a frane 23 by a guiding configuration or a
driving nechanism not shown, so that a relative noving operation is
performed between the | aser beam L and the workpi ece 100. According to the
nmovenent of the pipe 31 b connected with the 15 nmachi ning head 21 al ong 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 | aser beam L passing through the optical duct 30 is provided in a
vicinity of thappasdusbesichde capaipde of dsdecting impuraddsaérudsseintpaher 11
on the optical duct 30. A purge gas exhaust port 36 to exhaust the purge
gas out of theopfptalodlctduct 30 is provided near the nachining head 21 on
the optical duct 30. The purge gas supply port 35 is connected with a

ni trogen supply section 41 and a conpressor 42 via a valve 44 which is

swi tched 25 exclusively The nitrogen supply section 41 supplies nitrogen

as the 8 purgpsg dBe @(p:aneE\sNﬁWEAﬂ@ﬂwpl i es sucked and conpressed air

as the purge gas. n |n et port sucks air of the conpressor 42 has a

filter 43. gThe filtep I?gerl Bﬁnﬁ'gﬁﬁafc@qn%gs?ﬁﬁéyﬁhg%&%w @ Rarthtegﬁrééaé?ff havi ng

a functionfor elim'nating organi ¢ conpou he i

in a room where th Iase am nmachi ni us i.s,1nstal

prevent them f'l”éfﬁ]n RO 0G ‘H%ﬁ ﬁtlﬁs?rhgsﬁ'ggf%p\pﬁtﬁ?ﬁm%wat%@ IB?%ESE f’%ﬁet he
optical duct 30 is set to be predetermnm ned pressure r exanpl e, when air
(purge air) |s‘a§§é@3e§§'3ctﬁéhﬁuf%ad%enheﬁﬂb\%u%ﬂ'@gl%Orig@ qut nﬁthe %8 a
pressure difference is not |less than 0.06 kPa) by 10 the purge gas supply
port 35 and t hepur, gempediringaiead porich 36aphiveisdew wkpidaee Wﬁgltbéllalatt 30.
The | aser beam machi ni ng apparatus further includes at |east one gas

det ector 50, abeamt raol optita il deett with areoptioal $ysteamdo guice tnellys ati sgdray
section 62. The gas detector 50 detects intrusion of inpure gas in the

optical dugt 3foanthelHdditifen diftgd byt detreCriavhisingnitéad; TH@ uegatigel
notification section 61 controls the aser beam nachi ning apparatus and

when recei vi ng?aymgwhéﬂ Qséﬁgum%ntrfé eaﬁ&arfa@ém she s%%té*@h@%fr%rnyfi&ne of

notifies anona a operator of the | aser beam machi ni ng appar atus.

anomaly di Spl 2 SRAEr Bb 4 JIREEMd pgrt% MOm é@rﬁﬂgﬂcﬁéahh%h%%f@é)bg?ﬁe

nmeans of the not| |ca I on e control noti at1oh section

¢ ﬁQ: anomaly L'eﬁé‘%isﬁ&ﬁ eﬁtané’ﬁ”wﬁqﬁ& 085? ﬁﬂﬁt 68 heEel Q{J‘%ﬁ&%’ﬁé’éjsfﬁdﬁ
[ 42
45715 1 opl aceod aRuPBLPRE: 7 DY “eéag%%‘ﬁa&%é?”@ﬁﬁtﬁ%éwwa‘?ﬁs sl at us

based on an instruction fromthe operator. The control positing
section 6115 ondvel ane sifugted ine@rsiny aee Ridhadeser beasp OM%”QI‘R-PFF é‘é‘érthﬁeam
machi ni ng apparatus is booted. The anomaly display section 62 is conposed
of, for exanpl machilORY l{«Gad hoterdtatheupege gaqum%/a aptiped duchisspuiHt an

i ndi cat or whi ch notifying various anonalies, or a buzzer which is provided
in the | aser bfram mpiumgelg;aap@ManslsporThandcmt odbr sensdr thatidetestcti on 61
notifies the anomaly due to the

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 laser 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. 3 is a



intrusion of the inpure gas to the operator. The gas detector 50 includes,
as shown in Fig. 2, an odor 10 sensor 51 which detects the inpure gas in
the optical duct 30, and a sensor calibrator 52 which calibrates the odor
sensor 51 when the | aser beam nachi ning apparatus is booted. The gas
detector 50 is provided on a concave portion 70 which is fornmed in such a
manner that a portion of a side wall of the optical duct 30 is dented from
the inside to the outside of the optical duct 30, The concave portion 70
has a 15 surfacdéWahrart e a aresesmhiogetestianamsly in the lagsrikeamdoachiddng The
concave portion 70 is fornmed so as to be surrounded by a peripheral surface
71 connect ed widppangusprccoadinguottheofirsd mbedinsénte Figr #dsa fldwshacthof s
positioned on a | ower stream side of the concave portion 70 and connects an
outer peri pher girosestafecaiforationaidcuakd disttg 30e Washdeteet30 mer spbey al
surface 71 of the concave portion 70, and a second side surface 73 which is

posi tioned on as*cnem@nc@ﬁé@@m%if%ela%ferttfeearﬁwﬁamirﬁ)@ratdp%'?aﬁ% é‘@é’or@?ﬁe@gtas

the outer peripheral surface of the optical duct 30°wth the periph
surface 71 @f t It . k i SURf.ac

angl e whi chgi S %ﬁ?‘?;?@a\bﬁe @ebé?)?itﬁglprégggg{n'i@\?ﬂéﬁﬂﬁaéd%d?riggﬁgﬁgﬁ g{'ﬂe
optical duct 3 ' urface 10 73 has an.angle of tilt
which is not v rrpfb’(g:%FttgfﬂeﬁggﬁgﬂefdQSﬁ A ﬁﬁ]léa]se\%qarafm@ﬁ N4 gEQIaf%&h‘éu 30
towards the pe;f.gh«zr.al surr]fac?. 7] of the ccrncave gorti on .70 which is the
farthest from d 'Beft'8r® BENEMAUSHAGERAMIOLR 388" FRENMLAACNRIAGAPRAr atus
provi ded on the fi rg,t side surface 72 of 5 the concave portion 70 so as to
oppose to a fl AFEFINGthatjEdrEbediment &fthe prasesbiiveatioau€ig.3dis 1s t he
odor sensor 51, a hot wire sem conductor sensor which can detect atnosphere
conponent s suclexpdainondudhend dorgeensarnste e ciaanoanaloodguortionppRént9 ésaa be
used. The hot wire sem conductor sensor has a two-term nal configuration

that 10 i ndDuddbvechyrs osenpiddess toedéiemt aandnamzgpdn Whe ¢asechiemn. The gas
sensitive section is constituted so that a netallic oxi de sem conduct or

such as tin oxirdgchiniry GpPASSt L SEEEHdInE &b thahGh dribbalABRL; g a1 bigear
resister nmade of noble netal wire such as a platinumor plati n%m al | oy

wire. The |ead sthefhHREHidYtah$ of aNakkt Bedth ?r‘??ér?ﬂ?enggggﬁa?ﬂ% égcotraﬁalﬁbﬁ_

linear resister are extended to the outside o sensitive se

hoe gas det oot B6utih ShBEHIHER! bY uReBRest Atntbioht Big) PR ol fRLeH &t ol 2°

hot wi re sem conductor sensor having sSuch a confi gur
e iin resistance of th

gt S R e B N

aingo?ﬁgéép@ﬁat hje:oo igrg tf@it%sﬁg{g@grﬁﬁ'g(oaMeeﬁt; %igho%Z\f\é Eesghee%gﬁg%lijggtr%% %?r;sor
laser beam machining apparatus according to a fifth embodiment of the
present invention; Fig. 13 is to explain how the odor sensor detects
anomalous portions in the laser beam machining apparatus according
to the fifth embodiment; Fig. 14 is a flowchart of a process to detect an

20 anomaly in the laser beam machining apparatus according to the fifth

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



El ectric Co., Ltd. can be used. The sensor calibrator 52 includes a

cali bration gas supply section 53, a nozzle 54, and an el ectronmagnetic
val ve 55. The 25 calibration gas supply section 53 supplies gas for
calibration of the odor 11 sensor 51 (hereinafter, "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 the calibration gas is
blown to the same direction as the flow of the purge gas G. The

el ect romagnet i de{@¢t96 5 55 controls so as to supply the calibration gas
into the optical duct 30 at the tinme of the calibration and not to supply
the calibration gas into the optical duct 30 at tine other than the
calibration. Opening and closing states of the electronagnetic valve 55 are

control | ed by BESTMODE FORICARRYING BUTI PHEGNVERTION sensor cal i brator
52 obtains a standard of the operation of the odor sensor 51 in the

envi ronnent wit hout Eh@nhpTRYY @naasdinte Egcgpat%ﬁrQgta?r??né’cl'ﬁﬂi?ﬂ@ggpbgrattng odor

sensor 51 when the inpure gas intruded. IS reason, It s desirable

conposi 1 on® as LR 87 P et epenE T e el BRIAR e B Th Al bl rERTE e e

beam machi ni ng, ﬁ\éen if. however, the gas does not have the sane
conposition as ? ?%FWP@%?%@”@%” *the calibration gas supply section
53 may supply pitraogen gas or oxygen gas, which is not detected by the odor
sensor 51, as FHét%gF'P%(g'ﬂ?’Hn gas. That the calibration gas is allowed to
flowin the odor 20 sensor 51 in order to obtain an initial value for

det ermi nati on whi ch 4tfisé embedimemonaiheusrasenddnventios is exprined ovith The
gas detector 50 is provided near the purge gas exhaust port 36 of the
optical duct 3ceferenteto &dgs. beéar. nelEiy. i isga sghanwmticsdEyram vbtitetanir t he
intrusion of the inpure gas into the optical duct 30 which 25 causes the

anonal i es Suchbaant heaghomiely &ihs4 rat bstdcen rdingt foetHeafigit deBHYikRent &f Bred t he
increase in attenuation of the |aser beam L. The inpure gas 5 can be

detected, ther gfaent iARelRtiah. arid.n it ted! FowhehhsTadiBeI NS Hld el t he
y the inpure gas or another reason.

an optical duct. Fig. 3 is a flowchart of a process to detect anomaly in
the laser beam machining apparatus according to the first embodiment.
Fig. 4 is a flowchart of a process of calibration executed using the gas

15  detector.

The laser beam machining apparatus includes a laser oscillator

11, such as a carbon dioxide gas laser oscillator (oscillation
wavelength: 10.6 micro millimeters) which oscillates a laser beam, a
machining head 21 which emits a laser beam output from the laser

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



The process to detect an anonmaly in the | aser beam machi ning apparatus wl|
be explained using Fig. 3. To boot the | aser beam machi ni ng apparatus, the
conpressor 42 is booted (step S1) whereby the optical duct 30 is filled
with gas (air). Next, calibration of the odor sensor 51 is executed (step
S2) as 10 15 20 25 shown in Fig. 4. The el ectromagnetic valve 55 which is
provi ded between the calibration gas supply port 53 and the nozzle 54 is
opened (step S201 ), and calibration gas is blowm fromthe nozzle 54 onto
the odor sensoWOsdS stva pipes Béacnd Bﬂgtar@nome%@améw angl @ yissacstyetchggle
calibration gas is blown onto the odor sensor 51 for predetermned tine
(normal ly, a fleellowswdles)Anamiodheystéra sudh bs s bendimnsireonda4l ig prepdsz03l) ,

t he odor sensor 51 outputs a signal show ng conpletion of the calibration
to the controlintethéiopaidadduse Sl £m a8lto(ghier thalkser Beancanfrow a laser
notification section 61 closes the el ectromagnetic valve 55 (step S205), so

that the cali btb@éﬂnoauﬂ@rdpﬁgia%riszaﬁotﬁ@-nagef@rsbinwoagaita the rhb8hindng HRQAY
conpletion of the calibraiion of the odor sensor 51, the workpiece 100 is

| ocated on e ps asieL ghAEAsiAaSHE BLePRaFNT URIGRIHEE heBhd e BCiaRRThiA3 o

S3). During the nachining, or sensor 51 continues to detect an
anomal y, that | i, Nt rsi 0 i i | C tep
S4). Wen ther@g?%t@g %8%?‘?9@181@5%%‘1% ?%Fegr%%c I]!Ia]i ﬁ!ge Sgﬁgdﬁ&f(ﬁ{aed
(step 13 S12 On t he ot her, hand en there.is,an anomaly (\Yes at step
$4), the odor %%P&S‘rdsﬂp ?ﬂjttgegﬁsﬁmﬁﬁw Q%PQL%Q gr?'@it@‘gi?y"?rob?%@ cont r ol
notification section 61. The control notification section fit decides as 5
to how nmany ti@wigoinmg paibidlaf thetlaser esciliagpml 1itewasdaithednaghieing headaser
beam nmachi ni ng apparatus is booted (step S5). Wen an anonaly detection
signal is rece2ldy 90degreesiindhetdondiguratiestof Fig. i g. Ty pirendibont r ol
notification section 61 sends information to the anomaly di splay section 62

to di spl aylta nodnmected withphetmabkindogveasisdt cbd modelld atdrectionnoft gn (st ep
S6). This notice is displayed on the anonaly display section 62. When such

a notice is digpbayRdn thBedr@RBhGINBNG NS AeehS 2BNey eogwitess ebnfigupdttbr bs a
vicinity for anomaly (step S8). Particularly, the operator inspects the

at nrospher e ar oygk S n i fiownd, the
il Tor 45 of {her e ARt bt SR owA oML e BRCT NPyl S8Prarers

OB e Rt LchAEEPOSdh (1A PR, e EWERTRgEe 380 o, conrect e
PPy ert | Ot i STl e 1B ek B BB B, S o
of the 11%er MECNNBIIH eds0PnaR G i BTies 25, tHe Beflofs 53 ekpanastard ™™™
contracts.
A purge gas supply port 35 which is used for supplying purge
gas which does not affect absorptance of the laser beam L passing
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



repl acenent conpl etion signal show ng that the replacenent is conpleted 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 conpressor 42 is connected with the 14 opti cal duct
30, so that the air is again supplied into the optical duct 30. The val ve
44 may be switched by the control notification section 61 or by the
operator. At the tinme of switching by the control notification section 61,
when the contr AUTEBtIFS cal NBrFaseRIASHPr6H FepRIigRSUCkedRtherBIn/edsed @il on
signal fromthe odor sensor 51, the valve 44 is switched fromthe
conpressor 42 tas theepuige ggen s"up'mlgt pecitwbich4guchkshair efhidecoorpodssor 42
notification section 61 receives the replacenent conpletion signal fromthe
conpressor 42, Hasea\fileret3i4 Thy filersdd i< beshposert dhectivatedoeiybonpdt the
section 41 to the conpressor 42. 10 During the inspection, the | aser beam

machi ni ng proceixe KANnEe FHdtidHIesH Smued ity MdiSRABN d4as cﬁ'@ah"’@cBH{pﬂﬁJeris
Upon conpl etion of the”inspection, the system control retufns to step S4

ad the 0405 el ST g E%%oi%ia;”ﬁg*a o i B Reta s Ee

ly d 61. The
anomel ¥ det et TR b a5 ERLIgh A8M HHARINRIRT IS 8B BhatReaa
booted (st op_SIN® BHSSUAR bR tai@é[‘cﬁét@?sﬁ%ﬁ@ ‘;o“r'fe elstraaeac eshere
second tinme (" second in Fig the control 20 notification section 61

sends i nf or mat (¥ @XRMALE, ammﬁyr RWBEa3INsSce s a@Z“ﬁoP@"&@pQ&% aflatiate to
i nspect transmi ssion line parts (step 872i This information is displayed on
the anomaly di $pl18P ldatini.cand 2. prassnre witieeenast iscrol ke ssi thpinad &6, kPagpby

operator inspects the transmssion line parts such as the pipes 31 a and 31

b and the bel | the pRB5g8Fay stipelyopsit G addahe3urge das ekpatsapsrti 36i on |ine
of the |aser beamL 15 for burning and deterioration. If the operator

finds faulty parésidedeot ehé aperal deict 30l t yTiRIdse (156 &P rﬁ%bhuﬁiﬁgrawym{ﬁ' on
of the inspection, the systemcontrol returns to step S4, and the odor

sensor 51 agai %ﬁﬁéﬁﬁ&u&@@@?éaé%@ﬁ@ =% @teetGNBFBLYcdritt QM gtfticati rr:n there

is an anonmaly (Yes at step e odor sensor 51  outputs the anonaly

ot 1 cati on s cerign B A8 P ARa NP eF 3 Bh Fnontr S B FEEEH5Y: ga
e oe! Yo ool SRl BEIPS Ml SRR A RSP SRR B
|(mE 2|r :rgt iagﬂs ?Lt ﬁhénaly cretgbtio%’sigrrxlael.coﬂt]erz %lon?r% Infoltl l%taltl%rr]l s',seecctlt&no& 6clon%reorfgls
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 detector 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



anomal y display section 62 to display a notice to inspect the entire | aser
beam machi ni ng apparatus (step S7). This information is displayed on the
anonmaly display section 62. 15 Upon receiving of the information, the
operat or judges whether the machining can be carried out w thout affecting
machining quality if the output of the laser oscillator 11 is |owered. The
| aser oscillator 11 is controlled based on the result of the judgnent (step
S10). Wien it is possible to carry out the machining without affecting the
machi ni ng 20 qeRlitiny seytibaver cogtrole calibmitorodf the gaastetebtamdQ wiesy the
exanple, the control notification section 61 adjusts the output of the

| aser oscillatgeedBehf mMd@ising\iessrdths isholitad ng Thwahhomais disptlanf f ect ed,
and the machining Is continued.” The process ends after the machining is

conpl et ed. Nbas%‘t’éﬁiiolneés i cbmﬁﬁéﬁ Bf:,if%lrlletxatnq)p@g@r@ungcghﬁ,dgagla'ynrm)@\gen 25

after | owering € out put e laser beamL, the control notification 16

section 61 sta S . %&%ﬁ%iﬁisgﬂqggvkéh%8{03% WFE@ ggmhﬁrvdrwgﬁémtat%sp@?ts

in the | aser arat us suc ne 1 ncluding the frane

23 and the laser oscillator 11 except .for _the.i d

conpr essor 542 HAHZEREWEER ésapr%@egga_t%mg%eg bg%ﬁrﬁrﬁ%’@rﬂgﬁﬁgahgmf\ﬁg
operator replaces an anonal ous part, and the process is ended. cording to
the first enmbothesantrod W@tlﬂﬁéfloﬁe?%(‘éfo”s@i@%gl%t'i‘\/ﬁ}feanﬂgb?ﬁytdﬁ‘@ e gas
exhaust port 36 so as to be capable of detecting the intrusion of the

i npure gas in intreset of theimgerggasdo theloperodpti cal duct 30. The
intrusion of the inpure gas can be specified as a cause of the anonal ous

| aser beam L, as a rpsslgas détectsiob secisdes5asaitqoundntfie. ansnaldordet ecti on
signal to the control notification section 61 so that a cause of the

anomal y can besgheaked wHen ditéert ineeinypurd geasliatkerptidal miucy 36f andeafilter
43 provided to the 15 inlet port of the conpressor 42 can be judged based

on the cayge. Jé]%dr?éaqrqrgffﬁ'oéét%ﬂ%hJeialrbaaté%,etrreoaababbﬂdobasenlh@nthéneaser

anomal y detection signa m the control notification section 61. The odor

S8 55,2 ARG A L S eceTFE g paspenye e T

of the opti cal € opposed to t | ow of the purge gas

G and th e 54 i ted to th i "
conggve pgr??éqﬁn %Oc?rlhtl‘sqqunﬁgf %’?1'[7 8\9/%{%353\3)8%&%9%5@? @%‘?\tn%?’ tR8t A€

I sensor at a tlow ng
direction of the calibration s is the sane t.ha f the pur s, G
The cal i brati opo@dion peacude V&%ﬂ%ﬁh%Ppg'éﬁ?gé,c’??'ﬁe'ﬁeci%ﬁgfj fjé?( C%[eg@sﬂ:ae to
efficiently. Since the second side surface 73 is 25 formed sg.as to tilt
from the upperthet petsideioddherontical shict 38 dlixe comcaye1rPrtionhed BasiFher al
surface 71 of the concave portion 70, the purge gas Geasily flows into the
concave pord i osuiface garaheat witheamopticabasisr insthecantigat dest $Ge iTABure gas
effectively. Second Enbodi ment 5 10 _
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 70 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



Fig. 5is a schematic diagramof a |aser beam nmachi ni ng apparatus according
to a second enbodi nent of the present invention. Fig. 6 is a flowhart of a
process to detect an anomaly in the | aser beam machi ni ng appar at us.
Conmponent s whi ch have same or simlar configuration or same or simlar
functions as those in Fig. 1 are designated by the sane reference nunbers,
and the explanation thereof is omtted. As shown in Fig. 5, in the |aser
beam machi ni ng _apparatus of 15 20 the second enbodi ment, the gas detector
50 is positiondd hehlnt #IIpRidét yduchipmoy vesticalasut aeathe dgm wot ingteswall t he
gas detector may be provided in plurality. The other parts of configuration
are the sane a®ftheoptical Bugt 30.tomtards thegieniping ral shiafadehe! gdshdetonciage 50
is positioned opposite to the purge gas supply port 35 or slightly down
stream side. Therges 7devaitors H@ fatisivireleda @@ ntéeoEtHE apBcROdLEOB0 70 on
the optical duct 30 as shown in Fig. 2 of the first enbodi nent. The gas

detector 50 is provi dpd §&s" séMeoms! 98 pdasideePoh Xnealrkt Skte $Orace 79 ?ﬁe

capabl e of inmediately detecting the inpure gas which 1ntrudes from

o 82 thgloRXAIR S P BER, BhoBELas!d AGuPsr ANORBIAE baeid®

| aser beam 25 machi ni ng apparatus accor di to the secon
xpl ai ned 15 g /R¢ng RiEaFBEr3C S ARG Rt asBe E R B o s24
d S30 tively in Fig. 6. That is t , ,aft th 42 |
boot ed (st ep. S3eMcapiehy ensos el can detets atd shnad GaroRCRRR S WG,
the calibration of the odor sensor 51 is executed (step S22) in sanme 5
manner as expl BB stiblecdas. daxic gasFagd oforempasenhcay bef usad. The
workpiece is started (step S23) and the gas detector 50 detects whether
there is an anbehMjre samicenduaor semsoahaised ywotteemimalihd o figy riasioadihiat nued

(step S30), and conpleted. Wien an anomaly is detected (Yes at step S24),

t he odor sthsoinclOdéd aoghpsesnsitive sechion wnded éedd wiressgotbnt o Thikeggont r ol
notification section 61. The control notification section 61 determ nes as

to how many ti geasitive ST b @I SRULSD s tBRRla metavki dtigd sahiebntlstdraser
beam machi ni ng apparatus is booted (step S25). Wen the anomaly detection

signal is a fi é§&h%.etir$'bf><ide9§s"a?rfan?e‘%igﬁl%%ﬁ?d atd¥il \ﬁ/ﬁ%ﬁ@fd?ﬁ\teitc{]h?%tfiﬁé'a@

section 61 notifies information that OWSs an I nspection o e’ conpressor

At ol Shadibler(RbaR TRl dnk Aty Bk O RTRE Aol Br MM L | 0°

anonel y di splay sectio ! erator ~makes nspect on to
e ot o 11 oy ot By SR A O856h 8 1 RERSHLAGA.EL thACHSTREES 38hai%, 0,
the expl an%li OﬁnégreFeescigte-irsar%rgitteﬁgéd to the outside of the gas sensitive section.

The gas detector is electrically connected with the linear resister of the

hot wire semiconductor sensor having such a configuration so as to

have a predetermined temperature, and detects a change in resistance

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 (modei 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



After the inspection and the replacenment are conpleted by the operator, the
sequence returns to step S24, and the odor sensor 51 detects anonaly due to
the inpure gas in the purge gas. Wen the odor sensor 51 detects the
anomaly due to the inpure gas in the purge 25 gas (Yes at step S24), the
odor sensor 51 outputs the anomaly 19 5 10 15 20 25 detection signal to
the control notification section 61. The control notification section 61
determ nes as to how nmany tinmes the anomaly detection signal is notified
after the | asers&ssam e nsimaftappaabibatiansgbeyt edT{s nepzB25% .is Sirreegdde
anomaly detection signal is a second one here ("second" at step S25), the
control notifi aatthmseeohd®idébunfddef ¥ 8ofithbararridvenp SR 70 pded to the

i nspection of parts of the | aser beam nmachi ni ng apparatus other than the

conpressor 42 agfbriséns6rad Nidy that ﬂ_%C§§I§@rra)ﬁ_otrP?é§¢s%Wﬁ|tM tAESRIAY section
62 (step S28) so that this information is displayed on the anonmaly display

section 62. Whenrddiisd 2 TP RIRAEENELE e HRELAfodUdERC AGID

t he machi ni ng can be executed wt hout t he Ta

LT3 ] AP B e 0 O ol i R
I NS RN R S T

oscillator 11 to a | evel where the machining quality is not affected and
the machi ni ng iAPlcehdust 88. attae etherdbanithestalthiragpnt heOperingrand clasing
difficult, the laser oscillator 11 is stopped. After the |laser oscillator
11 is stopped, statesoplethat electrspaghnstipariee 66 arieectdmiseledrvyhthei cantrol
apparatus, such as the transm ssion line parts including the pipes 31 a and
31 b and the belotibeatidd sdctidre6dpti cal duct 30 to be the transmi ssion |ine
of the | aser beam L except for the inspected and repl aced conpressor 42,

and the maghi ne suchTae §88sér aambatorBd dUtainPaYtaRBSHd LRAURE obbratigids
anonmaly is detected, an anonmal ous part is replaced, and the process is

ended. 20  AceRs @iged dehsoh S SRE eﬁweﬁhﬁﬂg\yitbﬁgtgﬁfmﬁﬁszgéﬁééra%d

positioned near the purge gas supply port I ca

he control nots FeLary i PeRee! BrfFE:S8afehnt 1 3kndF a8 mphre S Rnd.

detect intrusi .the inpure gas. due 1o nospherj.c gas in the conpressor
42 or its vici ﬁ&{%lsar;ﬁ?sio?ﬁ 'Lgugﬁs'éﬁﬁlené‘aéﬁbﬁl&fg'%Bhﬂn%%Se%‘t‘f?f?/lél%ﬁc“ﬁﬂe%
repl acenent tim'ng.of t he M\Inti‘er 43 to be mpunted to the inlet port_of the
conpressor 42 SYRPHES @ASeW & $MEHLTRPS IRk A8 ihabef theaurgeaasHe
control notification section 61, and the 10 valve 44 can_be sw tched from
t he conpre$%or S4pPligdiaidhpitimegdiheuigsey beam invackiningrheEvandf, havweeverat or
11 can be controlled based on the anonaly detection signal fromthe control
notification séteiges &aes Tiet havENtieds amvet ceingositions aa thahefhe @uigagyasGof
a | aser beam machi ning 15 apparatus according to a third enbodi nent of the
present invent tiecakfbpatidh gastsumplsaictionodB ey edeblys ANy erfghs@rs

anonal ous portions. Fig. 9 is a flowhart of a process to detect an anonaly

in the |aser peay%@n@as)imcanaaf@tdaeewbqitng ddort §€nddy 54 garpogli ment .
Conmponent s whi ch have same or simlar configuration or sanme or 20 simlar

functions as tBapgrdtiyhds, 1 181k tHE fmggeg%% Ef%ﬁ@pgdf@ffﬁqﬁﬁhé’%@%?r&

and the explanation thefeof is omtted. n the [raser
beam machi 4 ng f L Mag=Tn) I . or 50a
i s provided negréﬂ%)ﬁéggHrﬁgé;rdgggse%(#gﬁg?ﬁgﬁ?gI%,Iﬁ%rﬁ réb@r&nﬁ%ﬁaﬂ?&@%bect or
50b i's providediate 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




25 near the purge gas supply port 35. Although not shown, the first and 21
second gas detectors may be provided in plurality. The other parts of the
configuration are the sane as those in Fig. 1. A position where the second
gas detector 50b is provided is desirably a portion in the optical duct 30
opposed to the purge gas supply port 35 or its slightly lower 5 stream
si.de, The gas detectors 50a and 50b are, as shown in Fig. 2 of the first
enbodi ment, arranged on the concave portion 70 of the optical duct 30. Fig.
8 is a di agramlofnddnedscigiseniraaiesbatienvaishe lagembaaontl y Tha svpimgas
conditions of the first gas detector and the second 10 gas detector. In the
drawi ng, a circas hedeiecteat tharefoomainadiesaihnan initiaé state, whathesr theoss neans
that an anomaly is detected. When both the first and the second gas
detectors 50a amonddilefbetnonaedr, bedmlb a28 dmaRe b ahe NP PUIP YR SRENbIHS
into the optical duct 30, and thus the machi ning process can be conti nued.
When the first rgasofletector 50a detects an anomaly and the second gas
detector 50b is nornmal, a determ nation can be nade that its first cause is
i mpure gas ich is i for t H?rgﬁ i L0 : h
the first aél\,g t he se(wrle{nggds%sée ec%tg%st @Sgﬁan %grgtlléléetlg% aén%%r?ﬁ%?ﬂgﬂ%
determ nation hat iits first cause is-aponal f atnosphere
around the con%?@salsp%rd%ﬁbbe%ﬁméﬁvdopé%ﬁeﬁt%i‘ %t‘eﬁ%gog?tq%ga%%n?ﬁ%@sor 42.
A determnation cgn be made that its second cause ,is the inpure gas which
s intruded frOMEHEING SRBRTAUSeHE CRBTRIZSES 4re 19060 (siaP b akberetsna | s
provi ded near the purge gas 25 exhaust port 36 on the optical duct 30, and
t he second gas !RR8¢cal d5eb30Jsdilled with gesfairhe purge gas supply port 35
on the optical duct 30. 22 The determ nation can be nmade whet her the
cause of the intrusi dlextf calieratigpuobthygnedos seheoabrtoisphvercaitad dstep 8R¢ as
conpressor 42, the filter 43 of the conpressor 42, or.the transm ssion |ine
parts. Thel®roskswnoin Big. ect i Tige aleombindgndtitevalasess henon iaphovided 5
apparatus is explained belowwth reference to the flowhart of Fig. 9. The

sane process apeSWEeR thd daibPatieNn)ay Q@ﬁpiynpcﬁitgm 8n@fthEhfo A& 4 _rdastident
is executed, so that the machining by the 'l aser beam machi ning apparatus is

oot e b She B8P, S20F e Ttbray] g B HoR i ROBEESPEntS1h
odor sensor 51 so that the calibration is started (step $202). The
calibration gas is blown onto the odor sensor 51 for predetermined time

15 (normally, a few minutes), and when the calibration is ended (step
S5203), the odor sensor 51 outputs a signal showing completion of the
calibration to the control notification section 61 (step S204). The
control notification section 61 closes the electromagnetic valve 55 (step
S205), 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



10 gas (air), the calibration of the odor sensor 51 is executed, and the
machining is started. The calibration of the odor sensor 51 is executed in
the procedure explained in Fig. 4 of the first enbodinent. During the |aser
beam machi ni ng, the odor sensors 51 of the first and the second gas
detectors 50a and 50b continue to detect 15 intrusion of the inpure gas in
the optical duct 30 (step 844). When the two gas detectors 50a and 50b do
not detect anonm ("normal " at step S44), the machining is continued (step
S53). The procé%éxends when the machining process is conpleted. Wen the
first and the second gas detectors 50a and 50b detect 20 anonmaly due to the
i mpure gas intruded iGn trr@omuergbagdsvwhﬁntﬂh@reps iataBndoaly 3Wes at 1séep iS4t and
the second gas detectors are anonal ous"” at step S44), the first and the
second gas det ¢cd odorsemsand 1500tputs@n anooral) Yedetion istignalitgrtakescdmtrehe
control notification section 61. The control notification section 61

notifies infor 'ﬁi@‘hh@@tuéh%dﬁﬁ)rﬁ bat e 85nl¢@ﬁﬁ6ﬁﬁ§@tror4%e%ﬂ@n'Gﬁd‘édee@s' by are
inspected to the anonaly display 23 5 section 62 (step S45), so that this

i nformationsis;dingp) ﬁ')’éﬁ‘ﬂ/ gf%etshﬁeag @'e%é’é@é/n %g%ﬁdélqg rBeeivEle ﬂ’QPf or

makes anlnspectlon acc I ng tOt EII’] ormatl on repl acest e parts if

h
meceseary (b B Nearl BBE0| o ARESIER PRI RS AL PR 1, ¢ e
f t enbodi t | anat th f ttdW\,,h,.t.
det sctors 50a ARGMY i%@ﬁﬁ‘?n&éﬁ@%& AR sT 10 RS (e Tt 0B P (he
purge gas ("normal" at step he machi ni ng, process i s continued (step

S53). The procé@ C@ﬁH@'@Pﬁ'@Faﬂﬁ@ %&!mrhﬁﬂmgﬁ%}%@@rmgtleaﬁﬁﬂéﬁeﬁmm%m | e,
when the first gas detector 50a detects anonaly due 15 20 to the inpure gas
in the purge gdsnlapsiegtiones ito stispjay aleoticede inspaabing ogmprassmng

or when only the first gas detector detects anonmaly at step S44 ("only the
first gas tietedsoricinstyaistamlSB)s" Tttis stejreSs4disptaed bnsthegasomelyedisptaypOa
out puts the anomaly detection signal to the control notification section
61. The controkebfibhfexati on section 61 notifies information show ng that
the transmssion |line parts are inspected to the anomaly display section 62

(step S48), so that {fhénistlhrambtiee lbsdlgb@@b@Y@ﬂe%éraﬁaﬁﬂgpgbﬁé espl ay
section 62. The operator nakes an inspection based on the information, and

repl aces the paph,bbsHPE9SaRd 1s(AEMyTOVanothER/ (StER'dd). Pt RARIA the

i nspects
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 transm ssion |ine parts such as the pipes 31 a and 31 b and the bel |l ows
33 of the optical duct 30 to be the transm ssion |ine of the | aser beamL
for burning or deterioration Wien anomaly is found, the 25 operator

repl aces an anomal ous part. 24  After the inspection and the repl acenent
by the operator are conpleted, the two gas detectors 50a and 50b detect
inpure gas in the optical duct 30 (step S50). Wen the gas detectors 50a
and 50b do not detect anonaly due to inpure gas in the purge gas (No at
step S50), 5 theticatdiuni B9, podbesthe sircisragainesli(dHiezpirdoIne otz g rduce SO.
ends after the machining process is conpleted. At |east one of the gas

detectors 50a ane¢ bAkeddt aedisbeavitdtathby teecdritrd iheotifigitien gastidm dher
purge gas (Yes at step S50), the gas detector 50a or 50b which detects the

anonal y out put gytthe oevaby det 8 iRk 8F 9R@chiy bYenewsdtrd) Adifkdtfh 25

notification seCtion 61. The control notificati'on"section 61 notifies

nfor mat] on_ShaURGN YA OE oA HhiRled i SLidR el FRRE RAmATChi N g

apparatus i s necessar o] ay section ), and
this infornmation_is displayed on t angmal y _di spl a ection, 62, \Wen this
nf ormt o s SPanta sliteBlEY ST o i ado LRERREY sTREe S8R A4 can e
execut ed wi t hout ,affecfti ng. t he machi ni n&g&ual i 2{% in the state where the

out put of the PREEhedEPM KiGoromPresseiofériednedHiogsn $HIRIY estionAdt of the

| aser oscillator 11 based on the judged result (step S52). Wen the |aser
beam machi ni ngV¥Repdheidensralinedificadion; sestiambodieseites theereacesient
notification section 61 adjusts the output of the laser oscillator 11 to a
| evel where theonggéiion sigmaidiromythescompreséecd 2dtisovaltvat 44 meayrdehi ning i s
continued. Wien the continuation of the machining is difficult, the |aser

oscillator 11 switthegpedm Wet gitrdgeh baggly osstidn atano the ¢ompresmU2 t he

operator inspects the parts in the | aser beam nachi ni ng apparatus, such as

the maching i nplgthed Mpldcigh, #9e 2pser 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

15



and the |l aser oscillator 11 except for the inspected and repl aced
conpressor 42 and the optical duct 30. When anomaly is found, an anomal ous
part is replaced, and the process is ended. According to the third

enbodi ment, the odor sensor 51 is 5 provided near the purge gas exhaust

port 36 and the purge gas supply port 35, so as to be capable of detecting
intrusion of the inpure gas in the purge gas. A determ nation can be nade
whet her its cause is the conpressor 42 or the transm ssion line parts. As a
result, a | ocafdrohurdng lrendcdetriaritione dhthmlopesalcasardhisiitylpads, be
checked upon 10 effectively. The anomaly due to the intrusion of the inpure
gas is output t@pmbeszeﬁeohwpndéKgmmﬂ$a)section 61, so that the

repl acenent timng of the filter 43 attached to the inlet port of the

conpressor 42 can be%ﬁé@h&@&ao@@@tﬁ@%@ﬂ)é&%ﬁ%@ @\FstEH’f BbHSoﬁF&urns to
deterioration of the transmssion |line parts can be easily found. The | aser

??%Hiﬁé"éomro St AR ééeéeéﬁrgﬁ?ﬁ Rl W RERTR RS, ﬁﬁf‘gﬁgl%* ?gag h

e %?%ﬁ%@%%sgﬁ e Al g P
d

et SR % T SR P BB R R R Bh 0P

sanme or simlar functl ons as those_in Flrﬁéell are designated by the sane

reference nunbBPYiicaien setienp? knatl NercaHerlenp!tificatinn ﬁ?éﬂonﬁa‘l dgcigiesvitoWn
Fig. 10, in the | aser beam nachini ng apparatus of 26 5 the fourth
enbodi nent, a geEnydénest thve s0o0malpdetecteeh sgnaltingecalved pibet thef lades
conpressor 42. Although not shown, the gas detector may be provided in
plurality. Thebeahemauitihgodppheatasns ibpotad i(stemB6)! h§Visemanasndinase in
Fig. 1. The gas detector 50 is provided near the inlet port of the

conpr essor{(A2, deeciion Sighal &€ reédiQetBvtRe 4R ditithe Usted ofd PhirBearfPERESSOr
42 immedi ately. The process of detecting the anomaly in the |aser beam 10

machi ni ng apparnaf:t?s 3) StﬁéF&'o%kfb?%ogﬁic%WoW det{ BA el FthHﬁaf ibRWC{dAhe 1N

Fig. 11. The calibratiion of the or sensor 51 is executed

predet er i ned bh8Bg? LfhIEN L dcrna bt §Plta)y??1%mrees@2|§?1rsp§§t b5 BRAtemhand

t he opti cal duct ste |n|ng i's

started (step gna The .cal i br at| czf ths Sdorr sen eclute i n
t he procedure mwgg%parlg 8? | 'On‘l‘lﬁ RIEY§Et ¥t or

50 detects ano of the at nbsphere around
_ T’é gnomaly display spectlon 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

16



15 the conpressor 42 in a room (step S64), and when inpure gas i s not
detected around the conpressor 42 (No at step S64), the machining is
continued (step S70). After the nmachining process is conpleted, the
detecting process is ended. Meanwhile, when the inpure gas is detected
around the 20 25 conpressor 42 (Yes at step S64), the odor sensor 51

out puts the anomaly detection signal to the control notification section
61. The control notification section 61 notifies_information show ng that
the conpressor SEStgAC 1 850RE thaiaserapsciilapeldt edT he apsataidnapgcts the ay
section 62 (step S65), and this information is displayed on the anomaly
di spl ay secti opagts inMMthe @ser ste@m makelkinamng iapp@eatlisosucit @sralmarhinet he 27
information (step S26). Since the inspection of the conpressor 42 and its
vicinity by théncpdirag tire frantd@3sane the |abat oseillaber 11 @&teﬁﬁhﬂﬁh@ent, t he
explanation thereof is omtted. After the inspection and the replacenent by

the operator algsfecBfeshd v&sRcklCcERp e Panddhdos st iy fatRst @ﬂ?é@'y

of the atnosphere around the conpressor 42 (No at step S67), the nachining

2
(s conti nuegl ( skap S0k rofihheind BECPRERI LMY R HrhSIGATRA AL 8fly thoe

detecting process is’en e gas or etect's an y of the

at nosphere aro e.c ressor 42 (Yes at step S67), 10 the odor sensor
51 out puts theﬁgﬁ%%%if ggﬁggti on signal to the control notification section

61. The control notification sectign 61 potjfies jnformtion show ng that

i nspection of porti oASCPRINGEY ‘Z@eﬁrsﬁ«fdﬂgﬂﬂﬁﬂ?ﬂﬁﬁbe reRNROTeXbEDt for the
conpressor 42 and its vicinity is necessary to the anomaly di splay section
62 (step S68), PARYIEHNad Higohurge 8RS d\R LR AArbRBe0 aﬁstmtesygapabé of ,
information. Wien the information is received, the operator judges whet her
t he machi ni ng datediingeie intedsiantdfctine iatperst gag in hiee readine urgeques Gty i n
the state where the output of the laser oscillator 11 is |lowered, and the
state of the | dseoptisal Huet 80. 1THesirmtaudionldfadebyngure gantanlbenspetifieat i on

20 section based on the judged result (step S69). Wen the | aser beam
as a cause of the anomalous laser beam L, as a result. The odor
sensor 51 outputs the anomaly detection signal to the control
notification section 61 so that a cause of the anomaly can be checked
upon effectively. A replacement timing of the filter 43 provided to the

16 inlet port of the compressor 42 can be judged based on the cause.
The laser oscillator 11 can be controlied 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

17



machi ning can be carried out like the first enbodi nent, the control
notification section 61 adjusts the output of the laser oscillator 11 to
the | evel where the machining quality is not affected so that the machining
is continued. Wen the continuation of the machining is difficult, the 25

| aser oscillator 11 is stopped. After the |laser oscillator 11 is stopped,
28 the operator inspects the parts in the |aser beam machining, such as
the transmi ssion |line parts includi n? the pipes 31 a and 31 b and the

bel | ows 33 of tthe Repinfeir! gueiacgo’ t ofF hee pacavarzmitios 6, thenpurge ghe Gaser
beam L except for the inspected and repl aced conpressor 42, the 5 machi ne

i ncl udi ng t he feasiy fRBys amd theecdmsave poction é."tOorsolmat\t\hemcm’r(HmigorlM tannd,
an anomal ous part is replaced, and the process is ended. The inspection of
the transm ssi aetéchnihepianpsrergys Effamelypwhen the machining is executed with
the output of the |aser beam being | owered. 10 According to the fourth
enbodi ment, theSaudord Eattsdsdintelihti S provi ded near the conpressor 42 which
supplies the purge gas, so as to be capable of determ ni ng anomaly of the

at mosphere ground ther_-lgogrpg %s§§{%,ﬁ%“ ’HlégF ?Thgsé)rpgé%l ’ﬂgﬁﬂ n[ihge | aser

oscillator 11 can be controll ase on t or ITB.tI on ab anomal y.
The 15 I th | et t

the comresor o el % diidfad, %@M%nﬁ% e s e GG GRA put
f t he od 5 hemat di f
a [aser  beam mhih Aihg BOVERAH S SO19EERT i n%tq%t an ﬁnpmascaﬁa”?m'pﬁgﬁé?% “the

present inventi on | .13 is to explain how the odor sensor detects

anonel ous por t PEAF mﬁ‘im@"]gaéépab@é!ﬁm nEcHNRPAG N PpAYIBh e vecerIngi argsitilarhe
fifth enmbodinent. Fig. 14 is a flowhart of a process to detect an anomaly
in the | aser béanfigucation g sappaucatimilac fonctions ve thoeefinfiip. érdredi nent. 25
Conmponents whi ch have sane or simlar configuration or sane or 29 simlar

functions #& tdesigratefily tHe samealesfegoatedubybd ise asanthebe P ahatid
ref erence nunbers, and the explanation thereof is omtted. As shown in Fig.

12, in the Iaseﬁeﬁegang oacitted ng apparatus of the fifth enbodi ment, a first
gas detector 50a is provided near the purge gas exhaust port 36, a second

gas detector 50b is pKOWHSEA Iﬁqqg 5he, %%& SHORLY Pmﬁéta%gjfar?ﬂg gfthird

gas detector 50c is provided in vicinity of e |nIe

conpr essor 42. yfl EQQUHE‘ é?ﬂboﬁnﬁ%@t, thgegagsaaepeetﬁgpgﬁr@ Mtlgﬁegr% 4fg I n

plurality. The ot parts o
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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configuration are the sane as those in Fig. 1. The position where the
second gas detector 50b is provided is desirably a portion on the optical
duct 30 opposed to the purge gas supply port 35 or its slightly |ower
stream side. The first and the second gas detectors 50a and 50b are
arranged on the concave portion 70 provided on the optical duct 30 as shown
in Fig. 2 of the first enbodinent. Fig. 13 is a diagram of the causes which
are conceivabl e from anomal y_detected conditions of the first to e third
gas detectors Wi fSeERICE t%FtEhe; éﬂgvﬁ‘?fé?s%?’hﬁ?lt%rs%ﬁ %aﬁi {:P §§4 %”ai%&q e
represents the condition where anonaly is not detected, and cross
represents therespsiitiviedn infiég.e6.andiat ys i@ sagt aieedhe wesinrgsEof He isilraatedo
the third gas detectors 50a to 50c are normal, since the inpure gas does
not flow into (dtepdd21cahedeioy ti3d optical dachi30iindillEbuéthsgaaaioe tbent i nued.
When the first and the second gas detectors 50a and 50b are normal and the

third gas detegaltirtdm gEtRCbEonBeABOMBHYis dxletuted (bten822)iis saomngi dered to
be inmpure gas in the atnosphere around the conpressor 25 42. 30 When t he

first gas dgt eﬁ\té?{neﬁ%%g%%qﬁéd@ﬂt@wgyc@mg F’_q?_e4__5 second and the third

gas detectors 50b an Oc are normal, a determ nation can be nmade that its

first cause is anonma o - I SIS0 { ts.
when the first and thoeehreamng FATENSIERIER SHENT EEF 23 s R, e
second gas detectoy ,50b i Q |, 2 det Lhation ¢ e that i.ts
first cause isg?ﬁéfea\?wgp@eaggéa}ﬁadmeﬁﬁé%% eggoqnoigag/nd%%ntﬁhgﬁgﬁ ssion
line parts. Wien the fjrst and the second . .gas defeciars 50a and 50b, detect
10 15 anonal y aﬂ@"t%alyhi”ﬂ%i R ignG s 69”%8'(5‘9?33%%&0?' %n@@@Wg%~i on can
be made that its first cause is anomaly between the conpressor 42 and the
purge gas supply por¥YWiEE 8n anemapt iscaetanied (¥os ardeptI24)e dba® o sensos
the transmssion |ine parts. Wien the first to the third gas detectors 50a
to 50c detdrt &Shawputs thalahemdinatatecticasigraltaddet tantrok sofificatiorause is
t he at nosphere around the conpressor 42, and its second cause is the

anomal y bet weegettien 6anprEss eondd| andifichtiopuwearticyas 1 sdatptminey s 36 howt he
optical duct 30, and its third cause is the transm ssion |line parts. The

first gas detegiy G@@sl thePaRYinded deeadtidh 8ighy| 3§ nddBiedlafer Bid Ritelr tRQIh 36

on the optical duct 30, the second gas detector 50b is provided near the

pur ge gas SUPDlas dhokingSTooR ke ORLItal (3] $38) a0phdfignd iothalgs det ect or

50c is provided near éort 0 e conpfes nsequently, a

det i nati : t f j nt i f 2

gas. 15 anoml yOule gl SRELEBaf L PatF BLRG Fisil RS g By pplfcutiBH" ©
42, .the transm ssi | i .31 . A t

208 net (1 anSREIN Alen W ThaeRTAIeN e @M HBSPRRITE SHABS: n ¢ he

| aser beam nmachi ni ng apparatus_is taken from.the upper stream sjde of the
pUrge gas, nanEPTIPTERSGF Aeranst 1th AACIABMLER 26 SO IR tAIS (TRIRALGN iBnd ¢ he
transm ssion line parts. A counterneasure nethod agai nst the causes of the
anomal y in Fi gdispdayes ofetheoagpmply disay isegtiont 82 + wd heapre igiehmakesrdenal
time is added the nmethod can be classified into three. That is to say, the
met hod can be tispesitivineaicéanding he ére infermatorciapes 2Basudi@catide al |l the

gas detectors 50a to 50c are normal; (B) the counterneasure when at |east

one of the secmypewtidnt bethehcompdessot 42 arfiDlis ancini§dydtteeopseratoonal y (the
cause is the conpressor 42 and its vicinity); and (C) the counterneasure

when only jdie §imkisdr GRBAAGharkoirsP @bl iRcd s, 2N BUpYak dthen emarefiis ohfitted.

transmssion line parts). The process of detecting anomaly in the |aser

beam machi ning 15 20after 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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apparatus is explained with reference to the flowhart of Fig. 14. The sane
process as steps S61 to S63 explained 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 S81 to S83). That is to say, the calibration of the odor
sensor 51 is executed for predetermined tinme, and after the conpressor 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
procedur e expldaiteedon sidial. todthef comteof notificatidosestian.6 Dur Theg aaidralaser
beam machi ni ng, the odor sensors 51 of the 25 first to the third gas

det ectors 50a {3if2Q& oFOSE EIBIE 6l ad stereties aBUDEh@asNady tiniss ¢pe B8wmalghen
all the gas detectors 50a to 50c detect no anomaly, ("all the gas detectors

are normal * aget"i%?ﬁ?ﬁgﬁ* nalli8en Ry BFtRY the las€opéhnuRthdshien SH%5aratddes

process ends chining process is conpleted. 5 Wen at |east one

of the second andohiigd ik 0assidel SRLOUIDMAER dBERM SiRharisadwemy (" at

| east one of t t he gas detectors deté&cts anonal y" at

step S84), the anpnaly, detect,i gn ,Si I,s.0QuUl : he
second gas® d&EcfBFe %Cﬁ?cé) tagétﬁﬂ%)géﬁe&érggcﬁloéétg@cﬁ@ﬁ géc:(?ﬁ&é gﬁthe
control notification section 61. The control 1({. not 'hfi cati n slecti n_61
notifies inforadtfiasninfaenainpeh ave thaindh SAIRFCULN Qh P37 BOVINE 1aSE) Peain

i nspected to the anonmaly display section 62 (step S85), and the anonmaly

di spl ay secti onaéRining @ppesatus cheffhbla@atthieofﬁﬁmpﬁéswﬁat%\d WRNELNENR IS

i nspection according to the information (step S86). Since the inspection of
t he conpr essornekzswady itd theiariamaly displdesestiopdzttepaped) s thah®ias t hose
in the first enbodi nent, the explanation thereof is omtted. Wien the three

gas detectors jhfrm&tidPes dizplgyedenette anomaly dismayseadiion 6pure gas (“all
the gas detectors are nornmal" at step S87), the machining process is

continued gstep S93) HY RE6RAaBBASs 28cafviedr thbpmatimudgepnoseiteri s
conpl et ed.1()l\/banvvhi I ewhmgtn oﬁﬁy the first gas det ectp(;éri 502 detects anomal y

due to the i re 1ALt r (i fhd $he GRscHiBE Q&|it
detects anonanwe rg%%@{rgﬁg&% Bgo%vﬁgﬁdtvwgﬁ%% %/#??%ttlahé ?r%t gas d@tcgct ory 50a
detects anonaly ,at st 84 (hanly, the fi : t
anomal v at st necstte wiEE el e o Rut s e B #ERC RS AL ¢ Rl e
detection signal to the control notification i
notification st@@ﬁt@rt\e@? th%ﬂﬁ??%gswﬁ{@g?r {i'%ﬁoéﬁg)%eﬁg)f#aq Epﬁggﬁpgé‘g% ssi on
line parts are inspected to the anonaly display. section 6 e 8 this
i nformation i stegiudipisigrP - t N&/heRoRe %Séiré’g?%'”é%ﬂﬁ 89%@%%?&@%&? at or
makes an inspection according to the information (step S89). The opeéﬂ%)eor
i nspects tife tembodimsindnthe senfrat netiicahonseckend hasiusta thaPuRkt 0 t he
bel l ows 33 of the optical duct 30 to be 10 15 the transmssion line of the
| aser beam L flasebwseiltgoand tdes éevainabémnthe 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

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

25 replaced, and the process is ended.
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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
inmpure gas (No at step S90), the machining process is continued (step S93)
The process ends after the machining process is conpleted. Wen the gas
detectors 50a to 50c detect the anomaly due to 20 the inpure gas in the
purge gas (Yes at st &ECSOdNg tondegsecend et dinmy, the sooraenser &t isct
anomaly output the anomaly detection signal to the control notification
section 61. Theosdmneal naet ifie parjeyasesupply Bdrt 13dt of thes optiCalr dudti 0, and
showi ng that the inspection of the entire | aser beam machi ni ng apparatus is
necessary to ttee anomedly dbteptiay ssgedi detetled HyetheSHdo) seassr &hiis output
information is displayed on the anomaly display section 62. \Wen the

i nformation istd efeicvpthol ndeifieBabAtMctigilees Wt bebr enkbesTagH ni ng can
be executed without affecting the machining quality 34 5 10 in the state

|
where the oyt p%g@?gﬁé‘%ét@é?fntﬁs%‘?%h'd’ftt% i O%@&é’é’"%%‘*o értrﬁ’?o%rrié)bﬁ N ced

notification section 61 contro e state e |l aser osci or

on the judged 2). e r chi.nj e, execut ed
like the first Efg%éhﬁ%%?gr ?%earc'&\?pﬁlpﬁg’o?'{T&i?t%a?%%?ggb[&oﬁﬁgiﬁ%%juggps t he
out put of the | gser. oscillator 11 to the |evel where the nachining quality
is not affect eﬁﬁggév? at e SRIGREAISTY FFE”EQOH% F%@H?f\f%efr? Pe e hifat i on
of the machining is difficult, the laser oscillator 11 is stogped. Af ter
the |aser osci thaidet port of Kreoppapresser &2 be daigpaiied brndhearts in the
| aser beam nmachi ni ng apparatus, such as the nmachine including the franme 23,
and the | aser t¥ermeatioornatifieckrepn thecontwlindibeation sectiarepfil aesd the
conpressor 42 and the optical duct 30. When anomaly is found, an anomal ous
part is refd acedlveadd camebpsadhed Foentee coAqmesdbng2tto thizenitioigiem supply
enbodi ment, the odor sensor 51 is 15 20 25 provi ded near the purge gas

exhaust port 38ectigdd 1t heT el 08ScifHRR V1 pahtbSdonableiafsedenithbet port
of the conpressor 42. The intrusion of the inpure gas can be, therefore,

det ect ed, and i@k On < tignt
etected, an gﬂgﬁﬁgf&%ﬁ%ﬂ#@gssg@bﬁﬁ?ﬁﬁr%ﬁﬁb?ﬁohﬁéaﬁ@h‘%@chéﬂg‘ﬁ

at nosphere arou oom the conpressor or the

transm ssion | - t, a location which is the cause of the
anonal ous | aserﬂﬁga%%géﬁ%m checked upon effectively. The anomaly due to

the int i f the_i i tput t t.rol tificati

e 1 on o e P 59 RS S B LS 1, e
i nl et t, of th 42 .th t ect | h b i
P2 PR S RO R et BB "o

3 Fig. 8 is to explain how the odor sensor detects anomalous portions.
~ Fig. 9 is a flowchart of a process to detect an anomaly in the laser
beam machining apparatus according to the third embodiment.
Components which have same or similar configuration or same or
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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| 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 provided neay .the gurge gas exhaust port 36 and near the inlet
port of the con{t gag HetaaioEs yNay AR PR HEEPJIRIRIHEHEY and hg otbeb@arts of he
odor 10 sensors are changed, the effect explained in the first to fourth
enbodi nent s carthBeCUHiguratian angethia samet as thosa irmiodl neht positiphaivhetdéhe
configuration where the machi ning head 21 stands in vertical state, but the
machi ni ng head skcomalyghs eeitactar it moptalidsti ds elestraie pecihinninng ehegdc AL
may rotate or 15 tilt. The first to fifth enbodi nents explain that the
machi ni ng head dicti3) oppabee torthg d@wrga §a9kYy | Ii@Ngj

machi ni ng head 21 mayUEg novabl e t% g vgerti CQF%{ZIF?gC%??E l%i %Ihd?tiéysye?lgetr to a

orecl, ey Be webhae Do 49 oegians o T YD i Fig, 2

t hree-di nensionally. The optic m t

t he machi ni ng : i oaui t I v ot an
shape i 1 the f i er oo SR Bn P ortBE, b Rk LB 6T (P ettt
first to fifthm%%i ments, the valve 44, which selectively sw tches

bet ween the co ssor 42 and the nitrogen supply section 41 so as to guide
sucked and corrpressegz,ai r . fromthe conpressor 42 25 or nitrogen gas from
the nitrogen supply $d8t8dp audiagsarmal sptpeawhighiaresconcsivable fsemvi ded,
and the filter 43 is attached to the inlet port of the conpressor 42. The
val ve 44 and t R@omalycgetagtignecansitionswdtbe firabgassieteciorpany thiedecondeven
if only one of themis provided, the effect which is simlar to that in the
first to fi@thgashdetieston s lodhebdravkingi metircld moahs thheahiamdmaly fsi féth
enbodi ments, the purge gas supply port 35 is provided near the |aser

out goi ng port Hetedtetihandaseroos ehédms tiatldn @monhglyoBtdetaktedict\Wdn Beth t he
purge gas exhaust port 36 is provided near the attached position of the

machi ni ng headtRd fieét 4R tREIeINddYES dB30ectdfs 15R SRATHY ¥re patﬁnewiee gas

supply port 35 may be provided near the attached position o e ‘machi ni ng

head 21 of thenq)@g,iscﬂ{at%ﬁmggre@%@. ﬁ&\?iﬁlggogﬁhegsﬁti‘ééhétféﬁ Sﬁ’lc)éa@%iﬁ&m?bfhe

provi ded near the | aser outgoing port aser oscl

optical duct 3 I i I n > first Lo the third and the fifth
enbodi nents, t eacg{ééFn%S%%%ép(g%Q& ?é%’?%’%de %%nglﬁ%fgﬁttgggpea% r$§2s
shown, for_gxanple,. in Fig. 2. 1n si xt h_enbodi nent, however, the gas
detector 50°i sag}%q}ﬁcféhaaﬁ”}aﬁé asist F}E‘%Peaﬂ'&& 955 dRtecter pg@r'%rﬁ‘tormﬁln?f rom
Fig. 2. Fig. 15 illustrates an exanple in which the gas detector is 20
attached to t h@eHyMiRatiogcan bejrgadedhiad it finsd Rawaet iSdmrurpraasewhia is

calibration executed usi ng the gas detector. As shown in Fig. 15, the gas
detect or 50 i sifpreded&@rdhheeamgnission line parts. When both the first and the

second gas detectors 50a and 50b detect anomaly, a determination can
be made that its first cause is anomaly of atmosphere around the
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 parts.
The first gas detector 50a is provided near the purge gas
exhaust port 36 on the optical duct 30, and the second gas detector 50b

25 i_s provided near the purge gas supply port 35 on the optical duct 30.
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concave portion 70 which is fornmed 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 with the
optical axis in the optical duct 30, and is surrounded by 37 5 the

peri pheral surface 71 connected with the optical duct 30 and two side
surfaces 74a and 74b whi ch connect the outer peripheral surface of the
optical duct 30 with the peripheral surface 71 of the concave Portion 70.
The side surfatke deiarminatisbcan aen@adnwhgdhpblits 6AUFS aidBe dRtraaneof nat
is approximately vertical to the extended direction of the optical duct 30.
The odor sensothesSimpiret as gashelatmosphese arsufiixbe camaress®ridsttael fiteon
base 81. The installation base 81 is connected with a driving nechani sm 82
such as a not 043 @f tAe cdinip@Psiond,  orathe transmyvsdibe line partep- down direction
on the sheet between the concave portion 70 and a position where the

optical axis of the TREroBE3EE detettifg ARidrealy idusk [39er DeBdt nfdiHIMed.
The installation stand 81 has a di nension which is the approxi mately sane

as that of qan i : i ' f
calibrati or?:a1 t @ﬁ?ﬂ%?gﬁ% ae%(}}gar{ﬁ%goﬁ%gnﬁwg@ @Ze@wvcggfobsﬂkfﬂgh%ﬁa& %thﬁéc%iani sm
82 so that itsysurface o site t f r f the
"nner vai | of THE 00T EaPCaseeoaUsRE B S by R b i e BRdrsEs and

t he odor sensor 51 is housed in the cgn e portion 70. During. the |aser
beam machi ni ng€MPREIMESE & Pé?FBWfEt%ﬁ‘aﬁKPs'%ﬁﬁbHH”Wth? (ﬂsle\%ibr‘?@rﬂechani sm
20 82 to a position in the optical duct 30 where the optical path of the

| aser beam L i ®aghiniopAnRTEduSss grafied bsteRsddti da $4%e i hhatiig.to1say The
sensor calibrator has the calibration gas suQE)pIy section 53 which supplies
cal i brati on gaaftenttymmsosyppbyonperis iyp dedvic thewptisat Hsct:aoilbrfélerio\mtgas
into the concave portion 70, and the el ectromagnetic 25 val ve 55 which

suppl i es tige cgas baia),itbe gabrativa dfikeopdocaensioics 139 exected, amethe me of
executing the calibration and does not supply the calibration gas into the

optical duct 3@azhifiRg i9tigFtetli MEFheStAIIbAItIon bPtHe B8do? sehsbhé1fisrdtecuted
enbodi nent, the gas supply opening 56 is attached to the side surface 74b

posi tioned on iyhﬁeuaﬂfaeoﬁ&ége;gm?r% mfFLdr?Qt 6P RRYiestPebloaimany 0. A gas

exhaust port 57 which exhau e calibration gas is 10 pr ovi ded on the
side surface T4a of BIREVENELPELTHINANENE Saot fenns SEBPbNe |
connect ed i ¢ n TRl 5FERBE SAec o oroseep o baoB i TR Bloghetist port
°7. The op%r at fn?lr]us?cgnto??hgq%rpusrgngsaosr ini aweeé li%&l"&ﬁctb%?‘évte"% 5H4}.5 When the
two gas detectors 50a and 50b do not detect anomaly ("normal” at step
S44), the machining is continued (step S53). The process ends whe_n
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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reference to Fig. 16. In order to execute the calibration, the odor sensor
51 is noved by the driving nmechanism82 to a predeterm ned position in the
concave portion 70 (step S211 ). The process which is the same as steps
S201 to 205 in Fig. 4 is executed, so that the calibration of the odor
sensor 51 is executed (steps S212 to S216). That is to say, the

el ectromagnetic valve 55 which is provided between the calibration gas
supply section 53 and the gas supply opening 56 js opened, and the

ool Tl at on gaeatisndss (s BAG L aam S UpRry s g eeRye PACNSdor
sensor 51, so that the calibration is started. The calibration gas is
emitted to thermnalyseisptay Sécfion 6. edEheraperatbn makesrat MEASLLR T ew

m nutes), and when the calibration is ended, the odor sensor 51 outputs a
signal that shows g &Y fifoemadibnt fied capliaduest thenp &ds tihee cesearyl (step
notification section 61, so that the control notification 25 section 61
closes the el egigomgneldl the'lspechon % thd iepRE@MeNSPheéddomprady@dd Dy

the driving nmechanism 82 to the predeterm ned position in the optical duct
30, and the cal ] tj: on . or [ ($cePameldy tHbs: aPHd grgtat i on of

t he gas de?ectaéldwéogg q'ﬁ%@e&@??@ﬁ%%@%&OﬁS can be applied to the gas
detector 50 in the firs o third i ; boents. According to the
si xt h enbodi nﬁmgogfm?ﬂé t%“len%)(%?n?ﬂgﬂcthfe}%&algr@ﬁqi%&of the odor sensor 51,
the installation stand 81 is noved so as to.cover nj of, &

concave portion 70, When the vy i9@§a$¢t@ﬁ?%r§s5¢§ ahd %gg&ﬁfﬁ()# ngqtrﬁr{;&ﬁagpace
surrounded by the concave portion 70 and the installation st§n_$e§% As a
result, a quardie Yo diie im@ucalgasr i ihenpyese gasdenpaBal At sige ¢4 £ the
calibration can be suppressed. Seventh Enbodi nent In the first through
third embodi nentghandgtdreckss tis cembiodiede(step 85 Ihe e paetess erds@fies

provi ded on the optical duct 30, for exanple, as shown in Fig. 2. A seventh

enbodi mentygexphai machhihgtgrecess idejorepleted0 is provided in the optical
duct 30 in a formdifferent fromFig. 2. Fig. 17 illustrates an exanple in

whi ch the gas detecteanivi?, ek ede st has eitecr 30 tietentd dfamalysdis a
flowhart of a process of calibration executed using the gas detector. The

"of erence nunor e T 3T 4y R e T O wn i n Fro

ref erence nunbers,” an I"an is omt As shown in Fig.

tream oi do antnomett Gue HSERATE; BERERN HFRNR Gos o BHELE R (e
gas det ector 5gngrfnaw%tss?é/per§z{]4 6%n|y the first gas detector is anomalous" at step
15  S44), the first gas detector 50a outputs the anomaly detection signal to
the control notification section 61. The control notification section 61
notifies information showing that the transmission line parts are
inspected to the anomaly display section 62 (step S48), so that this
information is displayed on the anomaly display section 62. The
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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enbodi mrent forns a cl osed space in the optical duct 30 provided with the
concave portion 70 in Fig. 2 of the first enbodi nent. Wen the odor sensor
51 is calibrated, the two gate valves 91 5 are closed so that the space in
the optical duct 30 where the concave portion 70 is provided is a cl osed
space, and the calibration gas is supplied fromthe calibration gas supply
section 53 into the space. After the calibration is ended, the gate val ves
91 are opened, and the |aser bean-r rnachinin? i s executed. The operation
of the odor sensor BHAftesthexpisiamti@noeneddhairerlagemenbby tbe Qrafaton e g.
18. Two gate valves 91 are closed, so that the space in the optical duct 30
where the conceumpltet thre Rloigaspdetsadeds 66aand 68bdiatpat inpetegasanthy.
The process which is the same as steps S201 to S206 in Fig. 4 is executed,

so that the odgtieRnAR:t FoL(dtepboRr anek fHepabietetorSDI0H andelb s to
say, the electromagnetic valve 55 provided between the calibration gas

supply sect | o &3 S, e aoead s 1 iinbure i Aol Gabi(NGE! SedBS0)s

emtted fromthe nozz o the odor sensor 51 so that the calibration

or caet er m Rod TEAESChOIAM §oe8S PR RUER SR I BRERSrONE cdea:

t he odor sensor,51 outputs a calibration ¢ et i t ontrol
notification s¥tef if ,Cﬁ‘é’ﬁ'ﬂgt%@cééﬁt'ﬁoqorﬂgﬁ? ca?ﬂd%gg@b?éﬁ tégegca]%oses t he
el ectromagnetic valve 55. The gate valves 91 provided in the optical duct
30 are opened,d¢tscteig 0 %&I?&?é’ﬁt%‘ﬁtsp @gg%aiy IR '('Eet'éTﬂ)o‘ﬁ%lgfsT'F\ he
configuration of the gas detector 50 in the optical duct 30 41 can be
applied to thepuge gas ¢¥esratsoepfSihe thegas detadier §0arr 508 whiehisdsdesent s.
According to the seventh enbodi nent, the gate valves 91, which 5 10 15 20
form the cl oseghespas® aily oubeutepthiecahomhadty dadfeqiiarv st Wb tthetdoatodncave
portion 70, are provided, and the gate valves 91 are closed at the tine of
the cal i briati ofotsmedtier skbBos@ 1. br phée @orgas rictifiealoadséctidmé1spatifees n t he
optical duct 30 including the concave portion 70. A use quantity of the

calibration ga showiRGeRaEthe KM sPthavehkiré haserasdagur ati on of
t he gas det ec?@rf&%atf?ﬁprtsﬁgwi st to third and fifth enbodi nents. According

to the prese“t@ia%mﬂhhﬁérhpnégﬁé%u&?&heése§9fy (S apgﬁgagygnséuagfwioﬁaézduct

of the | aser beam nac apparatus or “at t ort t he

nt 1o purge oieprd ety fie sl el dPlay s PECOPAIRER, Pl on of

the inmpure gas can be specified as a cause of the anomal ous | aser beam The
odor sensor ou$®e@ fRe anonmly detection signal to the control
notification section, and a determ nation is madﬁ" whi ch odor sens% out put s

the anomalip det ect i oWheamts infarmatian IRFaKas: NeRReIHer Aviees VNELPett i on
signal is notified, thereby checking upon its cause effectively. Defective
machi ni ng duri tig trechisiclgi camgebgxedidedayishoubaffeatioaithe fpashipousdlivan
be, therefore, reduced, and the cause of the defective nmachining can be
found easily. inthe state where the output of the laser oscillator 11 is lowered, and
controls the state of the laser oscillator 11 based on the judged result
(step S52). When the laser beam machining is possible like the first
20 embodiment, the contro! 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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| NDUSTRI AL APPLI CABI LI TY The present invention is suitable to the | aser
beam machi ni ng 25 apparatus whi ch executes the machi ning process such as
wel di ng and 42 cutting on a workpiece to be nachi ned using the |aser

beam 43 CLAIMS 1. A | aser beam machi ni ng apparatus, conprising: a |aser
oscillator which oscillates a | aser beam the |aser oscillator having a

| aser beam outgoing port to output the |aser beam 5 a machining head which
machi nes a workpiece with the | aser beam an optical duct with an optical
systemto gui dangriBe|laser opedldte dbmexeept Aeethbwhesieg@indgramaced o t he
machi ni ng head; a purge gas supply port that opens into the optical duct
and 10 situat edomgaiessoy4drencbthea heticabducbadam Mhgoianpmeivtisdiedndhen
machi ni ng head, wherein a purge gas supply unit supplies purge gas into the
optical duct fanomaieupwageisorspisopp) ¥npahe;pracpesds egriedexhaust port that
opens into the optical duct and situated near any one of the |aser beam

outgoing port and thgcEsrdiRgtbrthedhivepémpaiement tHeeoloF 98n8dassiNst he
optical duct is output fromthe purge gas exhaust port; and an odor sensor

o oo ool BAMESH AR hoe ) 01yt BoroBb Rl LBl BE g
gas t hat nakespgﬂe\sé,assggst}%aég capable of detecting intrusion of the impure gas in

the purge gas. A determination can be made whether its cause is the
compressor 42 or the transmission line parts. As a result, a location
as the cause of the anomalous laser beam L can be checked upon

10 effectively. The anomaly due to the intrusion of the impure gas is
output to the control notification section 61, so that the replacement
timing of the filter 43 attached to the inlet port of the compressor 42 can
be determined, and anomalies such as burning and deterioration of the
transmission line parts can be easily found. The laser oscillator 11 can

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 apparatus of
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20 anomal ous. 2. The | aser beam machi ni ng apparatus according to claim1,
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 | aser beam
machi ni ng apparatus according to claim2, wherein the control notification
unit includes a counter that counts nunber of times the odor sensor detects
t he undesired %as fromthe 5 tinme the | aser beam machi ni ng apparatus is
booted, and if thAdogditinembodiment cagiasr détegtenbeds pmavidellen eaiothesarisbpoltas
detected the undesired gas for a first tine, the control notification

identifies a faflthg dompressaurde gaahsugplryotmﬁdwa,nmaogébmé@ﬂoraﬁgﬁwere
of the purge gas supply unit as the cause. 10 4. The | aser beam machi ni ng

appar at us accongdoRiddoirchRirmid, WS etiert BErts WFtthel cdiid a6k i
i ncl udes a cour?tjer t hat %ountg nunber of FtB]i nmes t he c:odord srenghré}get;ﬁgc%%m{ehe

undesi red gas farsomotsiéemtﬁrig‘?ggnﬁﬂé?ﬁ%rs @%@&P?Qggp{?ﬁ\é%@éﬁﬁ%ﬁlgggsﬁd’

and 15 if the count of th I ndi cat es

detected thg u Lr faqr se i the contral .notification unit
Cdentifies 3 f%ﬂﬁﬁéicﬁq?ﬁ'gessc?ﬁg i4c23|5°d§g?ga"tsetg§%”keaﬁ‘§89r%Qa‘?H (gl Tomathe
machi ni ng apparatus accorgi ng to.claim2, 20 wherein the control
notification uf{"REeERG4 'ﬁ@&gfﬁtsfy'that counts number of tines the odor
sensor detects the undesired gas fromthe tinme the |aser beam machi ni ng
apparatus is booted, 'afdPigcasgeoleeifctiy theeagemal vin thelizsardseamat t he
odor sensor has detected the undesired gas for third or nore tines, the
cont r ol machining apparatus is explained below with reference to the flowchart

in Fig. 11.  The calibration of the odor sensor 51 is executed for.

10  predetermined time (step S61), and after fhe compressor 42 is booted
and the optical duct 30 is filled with gas (air) (step S62), the machining
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

18 the compressor 42 in a room (step S64), and when impure gas is not
detected around the compressor 42 (No at step S64), the machining is
continued (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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25 notification unit identifies a fault in the entire | aser beam nmachi ni ng
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 nmachi ni ng apparatus according to claim®6, 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 optiPERELGACSIBRP 4ok f 0P IRSCHRE 198EESHOAR thei SRMPFRS TR 286d
notifying the cause and controlling an operating state of the |aser

osci | | at or basé8 \deiniynieth@operawy isHbedrne athat idghedirst emb adidweitr ed
gas fromthe tinme the | aser beam machi ning apparatus is 15 booted. 8. The

| aser beam machheienglapporathsread dpodnittgdt o cl aim 7, wherein the purge gas
supply unit has an inlet port to suck air; a filter to filter dust fromthe

air and obtain dust-Afes tAkerinspBaetion WIS s@blakenhtap e spet i rdyst - free
air and supply the conpressed dust-free air to the optical duct, and when

d
(he odor sensoendgbieGlifert fife 4AURKIEHUSS dos fof &Rl B AIgT nehe | aser

beam machi ni ng apparatus 1I's boote e control notification’identifies a

A e A g
appar atus, 2ccoLCEogRed Bld &chs W SHRE NIl AaRBe80E RS T e
and the purge 8gtsecst%1npgplp¥o eosrst isVier?dgd.VaWﬁen the gas detector 50 detects
anomaly of the atmosphere around the compressor 42 (Yes at step S67),
10 the odor sensor 51 outputs the anomaly detectio.n signal to the control
notification section 61. The control notification section 61 notifies
information showing that inspection of portions in the laser beam
machining apparatus except for the compressor 42 and its vicinity is
necessary to the anomaly display section 62 (step S68), 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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whi ch sel ectively switches the purge gas between the purge gas supply unit
and the conpressor, wherein the control notification ~init swtches the
val ve 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 supply unit to the optical duct.
10. The | aser beam machi ni ng apparatus according to claim11, wherein the
odor sensor is situated adjacent to the purge gas supply 15 port. 11. The
| aser beam nacHNBiGRErappainsrestatita partsynt b eclagembe@m froachioing osypsh ssng a
control notification unit that, upon the odor sensor detecting the

undesi red gas, thedrmnsmissien diaespas intladinglts parey83da2heoteramgtide
optical duct and perforns any one of notifying the cause and notifying the

cause and cont rhalloiwegy3arofaper apticy RIAtID 6f behtel RaREMISAbh!IR06f Bas pd LN
nunber of tinmes the odor sensor detects the undesired gas fromthe tinme the

| aser beam nachigzina éi@@@ﬂitaﬁolﬁ&hbﬁnlgﬁéél%@- ake réﬁlace’dzco%egééﬁﬁz.bﬁ?én

machi ni ng apparatus according to claim1l, wherein the rge gas supply

uni t has ans! nlghcRAelinbRIdiHG knaifam® 38! 174G thQ 14L4E BLcifldRd, 11 OMAls, & F

and obtain dust-free air; a conpressor 1O conpress

and supply the st f broot 1t he tical ct, and when the
odor sensor detag@{ﬁgéI&ﬁgﬁgHﬂgs%Peﬁﬁgw%ﬁ Bgﬁflﬁrr&p?% %@éj € PRRCEIZEH beam
machi ni ng apparatus, i s,booted, .the control naotification identifies a faulty
in the purge g&8%ppl %fﬁstp%@rbeﬂ%g@é{‘IS”H?ﬁ%‘pﬁ@?é’ad?s 7Y baimngedeas
supply unit as the cause. 10 13, The | aser beam machi ni ng appar at us
according to ciMen ihe maghinag PR ¢Wefigyith 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 aroom. The operation of the laser oscillator 11 can
be controlled based on the informa_tion 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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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

whi ch sel ectively switches the purge gas between the purge gas supply unit
and the conpressor, wherein the control notification unit switches the

val ve so that, when the odor sensor detects the undesired gas when the
purge gas is supplied fromthe conpressor to the optical duct, the purge
gas is supplied from20 the second purge gas supply unit to the optical
duct. 14. The |sisslarfeactinnstisnihugeapphicatiuaredesighiatgdtioy theasame wher ei n
t he odor sensor includes a first odor sensor situated adjacent to the purge

gas exhaust portefesntteanaet®rd, adartheengnanstibhahete dhisasthacant to the
purge gas supply port. 48 15. The | aser beam machi ni ng appar at us

according to clai m 1455 isWoiiein FRITPI2 SihnBedaePbedm Wééﬁih@@ég@at%hg gat,

upon any one of the first odor sensor and the second odor tecting

t he undesired i T - 0 LT S, entering the
opti cal duct aﬁé‘g?@?? oe?ﬁn@é%'mg@h% @%‘t‘%sl %‘fe%g"fﬁggig&ggvg’%é’ el hﬁ ﬂarQ%e
cause and cegntr i an rating state of the |aser oscillator based on
number of t:“%rre %%QQE?PEE85@0%’5%%?89”%%3% ﬂ@p%%%?@bo'&o?roé@fﬁcgpeaéﬁ%t t he
undesired gas fromthe tinme the |aser beam nmachining 10 apparatus is
booted, and bad¥f96rIFMPERPONBOBIST.n@NY igr hiirchdds dedRsiar Sidist pie véded it aodor
sensor has detected the undesired gas. 16. The | aser beam nachi ni ng

appar at us accordfingytef tbeainketisortwidhei spropeesaer 2. .gadltsopghynairs tovirasthan
inlet port to suck air; a filter to 15 filter dust fromthe air and obtain
dust-free air; gasddetentors sssobe tpyouinge espiurbkitydusThé oeee@partarnd tagppl y

the conpressed dust-free air to the optical duct, and _
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
50c. Inthe 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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when the second odor sensor detects the undesired gas for a first tine
after the | aser beam machi ni ng apparatus is booted, the 20 control
notification identifies a faulty in the purge gas supply unit and

peri pheral atnosphere of the purge gas supply unit as the cause. 17. The

| aser beam machi ni ng apparatus according to claim1 fi, further conprising:
25 a second purge gas supply unit that is situated in a flow channel 49
connecting the conpressor and the purge s supply port via a valve which
sel ectively switches Wh@nﬁbﬁg‘ésgﬁgsb@tﬁégﬁ 30 astegls gasnonpplyyandthe and
the conpressor, the control notification unit switches the valve so that,
when any 5 one secontearid the tvidd Ig asedstEctarsd50bhearsk66adiredwrnsangor det ect s
t he undesired gas when the purge gas is supplied fromthe conpressor to the

optical duct, tde¢epuingtiogasan besmpple it fitsofirdt v usecignghfageopgassuppl y
unit to the opt| cal duct. 10 18. The | aser beam nachi ni ng appar at us

according to chgirgudd f%ﬁrtﬂbﬁréﬁ‘ﬁnwﬁﬁlﬂ\@pﬂwm YWHBh' @Efﬁstagnti'l ?tth%r.t
to suck air; a fllter to filter dust fromthe air and o taln ust-free air;

and a conpressagy. t ressed
dust-free a}gr as etggp |S§§1 ad%:? qg?éof %ngc?m%ei aggﬁhéggn)sormt Q%?E%ggcgrfl rst
odor sensor si C S a secopd odor
sensor situat e§ld§d' quﬁ}faﬁ %tﬁeﬁt@? %tég@a? s %5”?/&%25?{ 'tgg‘(’iStaC@Ll'ﬁﬂf
sensor situated adj ent tot | nI et ort of. th e gas supply uni t 20
6 “The | aser BUARSRAERT Al s AU SRN05 AR ABAHB ST aSnis Of BBHRATs.
conprising a control notification unit that, upon any one of the first odor
sensor, the second o¥¥heréhgdirst and thﬁé&@ﬂ%géﬂ&etgéﬁﬁéﬁ%@@@tﬁ&bgdemt
undesi r ed gas, identifies a cause of the undesired gas entering the optical
duct and perf oanpnuﬂy antkethof thiod ghgi defecher 50w $e neSmanda Wete Mmyinagionhearcause
and controlling an operating state of the |aser
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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50 oscillator based on nunber of tines the first odor sensor, the second
odor sensor, and the third odor sensor detect the undesired gas fromthe
time the | aser beam machi ni ng apparatus i s booted, and based on which one
of the first odor sensor, the second odor sensor, and the third 5 odor
sensor has detected the undesired gas. 20. The | aser beam machi ni ng
apparatus according to claim11, wherein the optical duct includes a concave
portion to fit the odor sensor. 10 21. The | aser beam machi ni ng appar at us
accordi ng to clai m 20 countetmeeasorepagsinsg the narmakt dea tgdse dupppipruaf t
situated near the odor sensor, wherein the calibration gas supply unit

ej ects cali br ahieOmmpa® §asvn tse tdse oboanserasbiningraped iabuais tajearhérootone
sensor. 15 22. The | aser beam nmachi ni ng apparatus according to claim 21,
further conprigiig &rébhvii@ dniHe YOFgd gasy aanidlg, pdorderesfsiae sarhbressnt |y
i nside the concave portion when the odor sensor 1s being calibrated, and

e oo tora 2 M0 WS AF, AE 16O MUY AL SeR Al cdltblmbaS uPslor

sensor does no‘;’ isturb aser beamin the conducting
t wh th - knpi i i M b 23.
The 1'scer BearT AR AbAI S RE ct Tad Qe RROMTET (AR, 13 BE oRERD
i Si t t | i iti th tical 5
Cont ohi o't neldeBiied B are aR Whendhe T gD e, SaAdEing letbad A

the odor sensor is being calibrated. 52 . A "
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3Z10%&' () - 110(»€sfteps&m)0tyaN§n)en all tegag)datectod §0a gxrfdlc detecs novangmalyno 10
10F="10% ()-3: 10% ()- ,8210%& ()- 610% ()- DJEmbC t ' L' 10%& ()- L
109 () - 310%& ("hH tFeAHERA6)e BOAYETd NostRIBA( tep BGH) dffid MEEh1ONgLEYE () - 3:
10% ()-31: 10%& ()-3 810% ()-3y) 10%& ()- YOLO%& ()-i] +srP1/

F#109%& () - s! f F#dMaued (3tepFS93 0% he)process ends after the machining process

is completed.

5 When at least one of the second and the third gas detectors 50b
and 50c detects anomaly ("at least one of the second and the third gas
detectors detects anomaly" at step‘884), the anomaly detection signal
is output 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 notifies information that shows the compressor
42 and its vicinity are inspected to the anomaly display section 62 (step
S85), and the anomaly display section 62 displays this information.

The operator makes an inspection according to the information (step
S86). 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 S93). 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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control notification section 61 notifies information showing that the
transmission line parts are inspected to the anomaly display section 62
(step S48), this information is displayed on the anomaly display section

5 62. The operator makes an inspection according to the information
(step S89). 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 and deterioration, -
and when anomaly is found, the operator replaces an anomalous part.
10 After the inspection and the replacement' by the operator is
ended, the gas detectors 50a to 50c detect impure gas in the optical
duct 30 (step S90). When the gas detectors 50a to 50c do not detect
the anomaly due to the impure gas (No at step S90), the machining
process is continued (step S93). The process ends after the
15  machining process is completed.

When the gas detectors 50a to 50c detect the anomaly due to
the impure gas in the purge gas (Yes at step $S90), the gas detectors
50a to 50c which detect anomaly output the anomaly detection signal to
the control notification section 61. The control notification section 61

20 notifies information showing that the inspection of the entire laser beam
machining apparatus is necessary to the anomaly display section 62
(step S91), 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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control notification section 61 controls the state of the laser oscillator 11
based on the judged result (step S$92). When the laser machining can
be executed like the first embodiment, the control notification section 61
5 adjusts the output of the laser oscillator 11 to the level where the
machining quality is not affected, so that the machining is continued.
When the continuation of the machining is difficult, the laser oscillator
11 is stopped. After the laser oscillator 11 is stopped, the operator
inspects the parts in the laser beam machining apparatus, such as the
10 machine including the frame 23, and the laser oscillator 11 except for
the inspected and replaced compressor 42 and the optical duct 30.
When anomaly is found, an anomalous part is replaced, and the
process is ended.
According to the fifth embodiment, the odor sensor 51 is
15 prov'ided near the purge gas exhaust port 36, near the purge gas supply
port 35, and near the inlet port of the compressor 42. The intrusion of
the impure gas can be, therefore, detected, and a determination can be
made whether its cause is the atmosphere around the compressor 42 in
a room, the compressor 42, or the transmission line. As a result, a
20 location which is the cause of the anomalous laser beam L can be
checked upon effectively. The anomaly due to the intrusion of the
impure gas is output to the control notification section 61, so that the
replacement timing of the filter attached to the inlet port of the

compressor 42, and the detected anomaly such as burning and

o5 deterioration of the transmission line parts can be known easily. The
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near the purge gas supply port 35, near the purge gas exhaust port 36,
5 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

10 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

16 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 a sheet, 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

20 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

25 ornitrogen gas from the nitrogen supply section 41 to the optical duct
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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 the optical duct 30, and
the purge gas exhaust port 36 may be provided near the laser outgoing
port 12 of the laser oscillator 11 of the optical duct 30.
Sixth Embodiment
In the first to the third and the fifth embodiments, the gas
15 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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5 has an angle that is approximately vertical to the extended direction of
the optical duct 30.
The odor sensor 51 of the gas detector 50 is fixed to an
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 faser 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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first embodiment, the gas supply opening 56 is attached 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 calibration, 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 $212 to S216).
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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the predetermined position in the optical duct 30, and the calibration
process is ended (step S217).

The configuration of the gas detector 50 in the optical duct 30

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 doncave 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,

15  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

40



10Y=109%&' ()-1:110%& ()- Z(+aBbC 10F&L0%& ()-10%& ()- @ 10%& () -
109&' ()-!YS 10%& ()-', 10% ()- +. 14zPdEbC 10 Y% 0%& () -
1098 ()-310%& ()-1:10%& ()- Y&O10%&' ()- YOdO%& ()-AZ]~_“dYNC 10 10 10 10l =
109&' ()-Y:z 10%& ()- @910%&' ()- 4@ 10%& ()-Ms' 10%& ()-y RAEYNC 10
s109& ()-Y!'109%&' ()- @O0%& ()-10%& ()-10%&k ()-10%& ()-& 8dEYNC 10
109%&' ()-, 109%& ()-YS 109%& ()-10%& ()- F10%& ()-10%&' ()-[t MIEYNC 10 F/
109%& ()-- 10%& ()- +10%& ()- )10%& ()-s' 109%& ()-Yl %! 10%& ()- MDbC 10y
1094 & () - | s10ve&niiydimentiformsl & cidanagl §pabd:inthe%it{ca! HLRYRO( ) roviRiEd dEbC
10F9A0% & ()-f#10% & ()- L!Z10% & ()- @ 10% & ()- Y10% & () -
310% & () - (FI Ltdé&laGntal 82 drfive&’ d Jn &0g.0%4ct the first 289 cdient.
010% & ()-- GLO% & () -
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 S216). That is to say, the electromagnetic
16  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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embodiments.
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 vailves 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 quantity 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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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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: The laser beam machining apparatus according to claim 2,

wherein the control notification unit includes a counter that counts
number of times the odor sensor detects the undesired gas from the
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
identifies 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 counts
number of times the odor sensor detects the undesired gas from the
time the laser beam machining apparatus is booted, and

15 if the count of the counter indicates that the odor sensor has

detected the undesired gas for a second time, the control notification

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

5. The laser beam machining apparatus according to claim 2,
20  wherein the control notification unit includes a counter that counts
number of times the odor sensor detects the undesired gas from the
time the [aser 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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oscillator.

6. The laser beam machining apparatus according to claim 1,
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 6f 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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9. The laser beam machining apparatus according to claim 8,
further comprising:
a second purge gas supply unit that is situated in a flow channel
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.

11. 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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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
5 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
peripheral atmosphere of the purge gas supply unit as the cause.
10
13. The laser beam machining apparatus according to claim 12,
further comprising:
a second purge gas supply unit that is situated in a flow channel
connecting the compressor and the purge gas supply port via a valve
15  which selectively switches the purge gas between the purge gas supply
unit and the compressor, wherein
the control notification unit switches the valve so that, when the
odor sensor detects the undesired gas when the purge gas is supplied

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

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

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

25 adjacent to the purge gas supply port.

48



10+ 109& ()-) MLO%&' ()- YO&Z109%&' ()-S# 10%& ()- 9!'10%&' ()- 10%& () -
y"r""" <#D#dEbCk 10f BMLOY&' ()-96s10%&' ()- 4109 ()-2mlO0%& ()- Y/!109%& ()-
-109&' () - DHGHI#K#L#Mte$} $$bCk 10 nlO%&' () -1 109& ()-  109%& ()- 10 10 10=
109 ()-Y: 10%&' () - $$?988886aEbLCK
103910%& ()- 10%&' ()-3&10%&' ()-z10%& ()-410%& ()- ylO%& ()- Y& &&& M dEbCk
10+10%&' ()- y)109%& ()- ' 109%& () - ,
FF9% 109%&' () -3, #410%&' ()-4! 10%&' ()-3M "' (R(((dEbCk 10l : 10%&' () -
, 8109%&' ()-4610%& ()- 3109%& ()- Y/-10%& ()- - 109 ()-3((((()J)))bCk 10F
109&' ()- @109%& ()-Y109%&' ()- MLO%& ()- 10 10 10l = 109%&' ()-)* ***)+d+dEbCK
10s10%& () - Y! 106& () Theowae( pesov@ndghinirgp@pppratus according to claim 14,
further comprising a control notification unit that, upon any one of the
first odor sensor and the second odor sensor detecting the undesired
5 gas, identifies a cause of the undesired gas entering the optical duct
and performs any one of notifying the cause and notifying the cause
and controlling an operating state of the laser oscillator based on
number of times the 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.

18. 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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unit and the compressor,

the control notification unit switches the valve so that, when any
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 ctaim 1,
wherein the purge gas supply unit has an inlet port to suck air; a filter to
filter dust from the air and obtain dust-free air; and a compressor to
compress the dust-free air and supply the compressed dust-free air to
the optical duct, and

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

the inlet port of the purge gas supply unit.

20 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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5 odor sensor has detected the undesired gas.

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

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

sensor.

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

15

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

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

machined with the laser beam.

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

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

when the odor sensor is being calibrated.
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