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MpepcTaBneHbl pesybTaThl KOMMIEKCHOMN
OLLeHKM 3KCMJlyaTaLUOHHOM HAAEeXHOCTU
MOAY/IbHOM KabUHbI C aKTUBHOM 3aLLUTOMN

OT BO34,eMCTBUSA Na3epHOro obayyeHus. Pa6oTta
npoBogunach B ABa 3Tana. Ha Ha4yasnbHOM 3Tane
pa3paboTaHa u peasM3oBaHa Ha NpakTuKe
pacyeTHO-3KCMepuMeHTasibHasA ABYXYpPOBHeBas
MeToAMKa, BKoYaloLw,as Ha NepBoM YpOBHe
onpepeneHne BpeMeHun cpabaTbiBaHMUS CUCTEMDI
ABapUIHOM 3aLWUTbI OT J1a3ePHOro U3Ny4YeHUs

B MOAY/IbHOM KabuHe npu pa6oTarLem
NlasepHOM reHepaTope HenpepbiBHOr0O
DEeNnCcTBUSA C BOJIOKOHHOM ONTUYEeCKO CUCTEMOM
MaKCMMasibHOM MOLLLHOCTbIO 6 KBT. Ha BTopom
YPOBHE BbINOJIHANACH OL,eHKA HANpSAXeHHOoro
COCTOSIHUS U HecyLie CNoCO6HOCTU 3/1IeMEeHTOB
MOAY/IbHOM KabuHbl. MokasaHbl NpenmMyLecTsa
MOAY/IbHOM KabUHbI MO OCHALLEHHOCTHU
cpeAcTBaMu 3aWMThbl Nepej, 3alUTHbIMU
KabmHamm 06bi4HOro (6e3 aKTUBHOWM 3aLLUTbI)
ucnosHeHUd. Ha 3aknounTeIbHOM 3Tane nocsne
OBYXYPOBHEBbIX UCCef0BaHUM 6bi1a npoBegeHa
OLLeHKA HAaA,eXXHOCTU 3aLWUTbl MOAYJ/IbHOM
KabMHbI OT OTPAXEHHOro U paccessHHOro
M3/ly4YeHUs NpuU UCMNOJIb30BAaHUM B J1a3epHbIX
TeXHO/0rMYeckux npoueccax.

KntoyeBble c/10Ba: N1a3epHble TeXHOM0rn4eckme
YCTaHOBKW; MOAY/bHbIE KABUHbI C AKTUBHOM
3awmTon (MKA3); AByXypOBHeBas MeToamka
NCCNeaoBaHNI; CUCTEMA AaBAPUMHOW 3aLUNTDI
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The results of a comprehensive assessment of
the operational reliability of a modular cabin
with active protection against the effects of
laser radiation are presented. The work was
carried out in two stages. At the initial stage,

a computational and experimental two-level
technique was developed and implemented in
practice, including, at the first level, determining
the response time of the emergency protection
system against laser radiation in a modular
cabin with a continuous laser generator with

a fiber optic system operating with a maximum
power of 6 kW. At the second level, the stress
state and bearing capacity of the elements

of the modular cabin were assessed. The
advantages of a modular cabin in terms of
equipping with protection means are shown
over protective cabins of a conventional
(without active protection) design. At the final
stage, after two-level studies, the reliability

of the protection of the modular cabin from
reflected and scattered radiation during laser
technological processes was assessed.

Keywords: laser technological installations;
modular cabins with active protection (MCAP);
two-level research methodology; laser radiation
emergency protection system (LREPS); high-
power fiber lasers; direct, diffusely scattered and
reflected laser radiation; stressful condition; load
bearing capacity; reliability of cabin elements;
protection against reflected and scattered
radiation during laser technological processes;
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oT nasepHoro nsnydenusa (CAOJIM); MolHble
BOJIOKOHHbIe f1a3epobl; npamMoe, auddysHo-
paccessHHOe 1 OTPaXKeHHOe f1a3epHoe n3flyyeHune;
HanNps)KeHHOe COCTOSIHME; HecyLLLas CNOCOBHOCTD;
HaZeXKHOCTb 3/1IEMEHTOB KabuHbl; 3aLmnTa

OT OTPaXXEHHOr0 N pacCesiHHOro U3ny4yeHus

NpW NaszepHbIX TEXHONOMMYeCcknxX npoLeccax;
06/1y4eHHOCTb OT 1A3ePHOT0 U3NYYEHUS;
napamMmeTpbl CBETOBOW Cpefbl.
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BBEAEHWUE

OnHMM K3 GPaKTOPOB YCIIELIIHOIO BHEAPEHHUS JIa3ePHbIX
TeXHOJIOTMYEeCKUX KOMIIJIEKCOB M TeXHOJIOTHH JIa3epPHOM
00paboTKK B IIPOMBILIUIEHHOE ITPOM3BOACTBO SIBIISETCS
BBIIIOJIHEHHe TpeDOBaHUM J1a3epHOH be3oracHocTH (JIB),
IIpe/iNMCaHHBIX (OTeUeCTBEHHOM M MHPOBOK) HOpMa-
THUBHOH JOKyMeHTalllel. ITociie otmeHbsl CH Ne 5804-91
«CaHUTapHBIX HOPM M IPaBHJI yCTPOMCTBA M IKCIUIya-
Tauuu Jjasepos», CaHIIuH 2.2.4.3359-16 «CaHUTapHO-
3MMAEeMHONOrHYeckie TpeboBaHUS K (U3HUUECKUM
dakropam Ha paboumx Mmecrax» u CII 2.2.2.1327-03
«[UTHeHU4YecKre TpeboBaHMS K OpPraHH3aLUK TeX-
HOJIOTUYeCKHX IIPOLIeCCOB, IIPOM3BOACTBEHHOMY
0bopymoBaHHIO U paboyeMy HHCTPYMEHTY» B CHIIY
BCTYIIM/IM OBa HOBBIX HOoKymeHTa CanlluH 1.2.3685-
21 «TUrueHUYecKre HOPMAaTHBEI U TpeboBaHHS K obe-
criedeHuIo besomacHocTy U (uix) 6e3BpelHOCTH ISt
vesioBeKa $pakTopoB cpembl obuTaHus» u CII 2.2.3670-20
«CaHUTapHO-3IIHUEMHUOIOTUYecKHe TPebOBaHHUS K YCIIO-
BUSIM TpPyAa».

B CaulluH 1.2.3685-21 mpuBeeHbI TOIBKO IIPefeIbHO
nonycTuMble ypoBHH (IIY) Ui j1a3epHOro H3jyde-
HUsi. 0 HefaBHero BpeMeHH 6e30IlacHOe IIpHMeHe-
HHe JIa3ePHBIX H3[e/IMH COIVIACOBBIBA/IOCH C IIpefCTa-
BUTE/ISIMU POCHOTpe6Ha[L30pa. CIT 2.2.3670-20 paroT
CCBUIKY K CIIeLIMaJIbHOM OLIeHKe YCIOBHH Tpyda, KOTO-
PYIO BBIIIOJIHSAIOT AKKPeJUTOBAHHbBIE OPraHM3aLHH.
TpeboBaHUS K /Ia3epaM B JOKYMEHTEe YKa3aHBI TOJIBKO
B OJJTHOM IIYHKTe.

OnrcaH’e OCHOBHBIX TPeOOBaHUM — K KOHCTPYKLIMH
Na3epHbIX U3fenuil (61I0KHUPOBKH, Iy/IbThl YIIPABIE€HUS
U Jp.), K pasMelleHUIO JTa3epPHbIX H3/e/IMH B IIoMelle-
HHSX, K BBOAY B 3KCIUIYaTaLMIO M 3KCIUIyaTallMH Jla3ep-
HBIX HU3[0eMIHH, K IIePCOHANy, K IIPHMeHeHUIO CPeACTB
HHAUBUIYaJIbHOM 3alllUThl, K MapKUPOBKe M IIpel-
YIPEeKIAMKUM 3HaKaM - OCTajoCh B CTaHJApTax.
B nensix obecriedeHHs 6€30IaCHOCTH M 3aILIUTHI OT BO3-
MOKHBIX BPeIHBIX M OIACHBIX (AKTOPOB Ha paboumx
MeCTax NpelNpUsITHH IIPOBOAATCS OpraHU3allOHHEIE;
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exposure from laser radiation; parameters of the
light environment.
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INTRODUCTION

One of the factors for the successful implementation of
laser technological complexes and laser processing tech-
nologies in industrial production is the fulfillment of
laser safety (LS) requirements prescribed by (domestic and
world) regulatory documents. After the abolition of SN No.
5804-91 “Sanitary norms and rules for the construction
and operation of lasers”, SanPiN 2.2.4.3359-16 “Sanitary
and epidemiological requirements for physical factors at
workplaces” and SP 2.2.2.1327-03 “Hygienic requirements
for the organization of technological processes, produc-
tion equipment and working tools “entered into force two
new documents SanPiN 1.2.3685-21 “Hygienic standards
and requirements for ensuring the safety and (or) harm-
lessness to humans of environmental factors” and SP
2.2.3670-20 “Sanitary and epidemiological requirements to
working conditions”.

SanPiN 1.2.3685-21 contains only maximum permis-
sible levels (MPL) for laser radiation. Until recently, the
safe use of laser products was coordinated with represen-
tatives of Federal Service for the Oversight of Consumer
Protection and Welfare (Rospotrebnadzor). SP 2.2.3670-20
give a link to a special assessment of working conditions,
which is carried out by accredited organizations. Require-
ments for lasers in the document are specified in only one
paragraph.

Basic requirements - for the design of laser products
(interlocks, control panels, etc.), to the placement of laser
products in the premises, to commissioning and opera-
tion of laser products; to the staff, to the use of personal
protective equipment, to markings and warning signs -
remained in the standards. In order to ensure safety and
protection from possible harmful and dangerous factors
at the workplaces of enterprises, organizational; techni-
cal; sanitary and hygienic and medical and preventive
measures. The technical measures include, among other
things, the design of protective equipment [1-7].

This paper presents the results of studies on assessing
the effectiveness of means and methods of protection
against laser radiation of personnel serving laser equip-
ment when performing specific technological processes
of laser processing. The object of this research and test-
ing is a modular cabin with active protection (MCAP),
which, in terms of equipping with protection means, has
undoubted advantages over protective cabins (PC) of a con-
ventional (without active protection) design.
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TeXHUYEeCKHe; CAaHUTAPHO TUTHMEeHHYecKre U JieueGHO-
IIpodHIAKTHYECKHe MepOIpUsITHS. K TeXHHUYeCKUM
MEPOIIPUSITUSIM OTHOCHUTCS B TOM YHC/Ie IIPOEKTHPOBA-
HHe CpeJICTB 3aluThI [1-7].

B maHHOI paboTe IIpefCTaBIeHbl pe3y/IbTaThl HCCIe-
TOBAHUH I10 OLleHKe 3)EeKTHBHOCTH CPEICTB U METOLIOB
3aIIUTHL OT JIa3epHOr0 M3/Iy4YeHMs IepcoHana, oboiy-
SKHBAIOLIEr0 JIa3epHOe 00OpyIOBaHMe IIPU BBIIIOTHE-
HUM KOHKPETHBIX TeXHOJOTHYeCKHX ITPOLIeCCOB J1a3ep-
HOM 06paboTKU. O6BEKTOM HACTOSIIErO0 UCCIENOBAHUS
M HCIIBITAaHUM SIBJISIETCS. MOAY/IbHAsl KabMHA C aKTHB-
Hom 3ammrTor (MKA3), obnazaromas II0 OCHAILIeHHO-
CTH CPeICTBAMH 3aILIUTHl HECOMHEHHBIMU IIPEHMYIIe-
CTBAMM II0 CPAaBHEHHIO C 3aIIUTHBIMHU KabruHamu (3K)
06bIYHOrO (63 aKTUBHOM 3alLUThI) UCIIOTHEHUS.

OLLEHKA 3KCMNYATALMOHHOW
HALEXXHOCTU MOAY/IbHOM KABUHDbI

C AKTUBHOW 3ALLUTON

OLleHKa 3I<cr1)1yaTaL[HOHH0171 HageskHocTH MKA3 mpo-
BOJM/IACh IO CIeLMa/JbHO Pa3paboTaHHOM pacdyeTHO-
3KCIIePHMEHTA/IBHOM [BYXYPOBHEBOH MeTofuKke [8].
Ha mepBoM ypoBHE METOOMKH 3KCII€PHUMEHTA/IbHBIM
oIpesie/ieHHEM BpeMeHH CpPabaTbIBaHMS CHCTEMBI aBa-
PHIHOIO OTKIIOYeHHUS Jla3epHoro usnydenus (CAOJIH)
Ha MKA3 obopymoBaHUS [UIsl JIa3epHOM HAIlJIABKHU
BBIIIO/IHSIACh OLleHKa 3(pPeKTUBHOCTH 3KCTPEHHOIO
ABTOMAaTHYeCKOI0 OTK/IIOYEHHS JIa3€PHOI0 M3/TyUYeHUs
mpu paboTaroleM JIa3epPHOM TIeHepaTope HeIlpephbIB-
HOTO [EHCTBHSI C BOJIOKOHHOM OIITHYECKOM CHCTeMOHM
MaKCHMaJIbHOK MOIIHOCTBIO 6 KBT. Ha BTOpoM ypoBHe
HCCIeJ0BaJIOCh BO3[ELCTBHE JIa3ePHOIO0 H3/IydeHHUs
Ha CTPYKTYpHBIe U QH3UKO-MeXaHHYeCKHe XapaKTe-
PUCTHKH MeTajUla, HaIIpssKeHHOe COCTOSIHHE, a TakKe
3KCIUTyaTallOHHBIE CBOMCTBA 371eMeHToB MKA3. Vuu-
TBIBAJIMCh 3aJI0KeHHBIE IIPU [IPOeKTHPOBAHHUH W M3I0-
TOBJIeHUM MKA3 KOHCTPYKTHBHBIE TeXHHUYECKHe pellle-
HUSA (pI/IC. 1). Ha ogHo# U3 a”eneir MKA3 3aKpeIl/IeHsl
BBICOKOYYBCTBUTE/IbHBIE [ATYHMKH, Ppearupymooinue
Ha JIa3epHoe U3/IyuyeHHe, SB/IMIOIIecs OCHOBOIIOIarak-
IMMMH BBICOKOYYBCTBUTEIBHBIMU ITPUOOPAMHU, OIIpese-
JAIOMKUMH QYHKIMOHAIPHOE Ha3HaYeHHe U IPUHIIKII
paborsl CAOJIM, KOTOpbIe COCTOSIT B CllefyomeM. IIpu
C/Iy4aliHOM IIOMAaJAHUH JIa3€PHOrO Jlyda Ha 000 3J1e-
MeHT Kabuubl CAOJIU obecrieqrBaeT GOopMHpOBaHIE
ABAapPUIMHOIO CHUTHAJIa OTKIIOYeHHS HCTOYHHKA JIa3ep-
HOro M3JIyYeHHUs [Jisd IIpeJOoTBpallleHMs PacIIpocTpa-
HEeHHs Ja3epHoro usnydeHus (JIM) 3a mpemensl 3aliuT-
HOT'0 OTpsKIeHUs KAOHUHBI. UyBCTBUTEIbHBIE 3/IeMEeHTBI
JaT4MKa 3aJI0KeHBl B IIPOCTPAHCTBO MeXIy [BOLHOMN
CTeHKOM IMaHeH. IIpu nonaganuu JIM Ha repemsHIo0
CTeHKY IaHeIH IIPOMCXOOMT ee Pa3orpeB C IOCIeny-
IONMM ITPOKMIOM/pa3pylleHHeM O00JIacTH BO3JeH-

284 POTOHMUKA TOM 15 N2 4 2021

CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey
NA3EPbI N TIA3BEPHbBIE CUCTEMbI I—
CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey

ASSESSMENT OF THE OPERATIONAL
RELIABILITY OF A MODULAR CABIN WITH
ACTIVE PROTECTION

The assessment of the operational reliability of MCAP
was carried out according to a specially developed
calculation and experimental two-level technique [8]. At
the first level of the methodology, by experimentally
determining the time of the “actuation” of the laser
radiation emergency protection system (LREPS) at the
MCAP laser cladding equipment, the effectiveness of
the emergency automatic shutdown of laser radiation
was evaluated when a continuous laser generator with
a fiber optic system with a maximum power of 6 kW was
operating. At the second level, the effect of laser radiation
on the structural and physicomechanical characteristics
of the metal, the stress state, as well as the operational
properties of MCAP elements was investigated. The
structural technical solutions incorporated in the design
and manufacture of MCAP were taken into account (Fig.
1). On one of the MCAP panels, highly sensitive sensors
are fixed that react to laser radiation, which are the
fundamental highly sensitive devices that determine
the functional purpose and principle of operation of the
LREPS, which are as follows. In the event of an accidental
hit of a laser beam on any element of the cabin, the
LREPS provides the formation of an emergency signal
for switching off the laser radiation source to prevent
the propagation of laser radiation (LR) beyond the safety
barrier of the cabin. Sensitive elements of the sensor are
embedded in the space between the double wall of the
panel. When the LR hits the front wall of the panel, it
heats up, followed by burning/destruction of the affected
area. Reflected, diffusely scattered (re-reflected) LR,
transmitted as a result of exposure to the inner surface of
any of the panels, the spectrum of which falls within the
sensitivity range of the applied photodiode (A\=850-1100
nm), is recorded by the LREPS module (Fig. 1). Thus,
LREPS provides the formation of an emergency signal for
switching off the laser radiation source, which excludes
the propagation of LR outside the cabin [7, 9-11].

The tests were carried out according to the program
regulating the order (sequence) of the tests in accordance
with the selected experimental modes (table. one).

The criterion for a positive test result is the absence
of a through hole in the back wall of the LREPS panel.
Additionally, the results of the effect of the thermal effect
of LR on the rear wall material were evaluated using an
Olimpus GX optical microscope. The test results were
documented in the form of a test report.

As a result of research and experiments, it was found
that LREPS with a high degree of reliability performs an
emergency disconnection of the laser generator from the
mains supply for a specified minimum period of time
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cTBUsA. OTpaskeHHOe, AUPPYy3HO-
paccestHHOe (IlepeoTpaskeHHoe) JIH,
Ipollesilliee B pe3yjabTaTe BO3JeH-
CTBUSI Ha BHYTPEHHIOIO IIOBEPX-
HOCTB JIF0OOI M3 IaHesNem, CIIeKTp
KOTOpOro IIONajfiaeT B JMaIla3oH
YyBCTBUTEJBPHOCTH  IIPUMeHse-
moro ¢ortomuona (A=850-1100 HM),
peructpupyercs mopynem CAOJIM
(puc. 1). Takum obpaszom CAOJI
obecrieqrBaeT GpOpPMHpPOBaHUE aBa-

3agHIsI —
CTeHKa

«— IlepengHssa CTeHKa

PUIHOIO CHTHaja OTK/IIOYeHUS D2
HCTOYHHKA JIAa3epPHOTO H3/y4YeHUs, l
HCK/IIOYAIONIET0 PaCIIPOCTPAaHeHHe
JIY 3a penesnel Kabuusl [7, 9-11].
HcmplTaHUA MIPOBOIUIUCH

L]

[0 IIporpaMMe, PperjlaMeHTHpY-
IOIIelN IIOPSIIOK (IIoCIefoBaTeNb-
HOCTb) IIPOBEleHHUSI MCIIBITAaHUH
B COOTBETCTBHU C BHIOPAaHHBIMHU
PeKMMaMHU 3KCIIepUMeHTa (Tabi. 1).

Puc. 1. O6was cxema CAOJIN 8 Modyne 3ausumHo20 02pa>k0eHust
Fig. 1. General scheme of LREPS in the safety barrier module

\J/ < ®oxycupyromas
cucTeMa

DI - OTBEPCTHS B IIepefHer aHenu
D2 - 30Ha BO3MOKHOTO TEPMHUYECKOTO [TOBPEKIEHHUS

KputepreMm I10JOXKUTETBHOIO
pe3y/lbTaTa KCIBITAHUM SIBJISETCS
OTCYTCTBHE CKBO3HOIO OTBEPCTHSI B 3aJHeM CTeHKe
naHenu CAOJIM. [IOIOMHUTEIBHO IIPOBOAUIACH OLIeHKa
Pe3yIbTaToOB BIAHSHUS TEPMUYECKOro Bo3fencTBUS JIH
Ha MaTepHaJl 3aJHeH CTeHKH C IIOMOIIBIO OIITHYECKOr0
MuKpockora Olimpus CX. Pe3ynbTaThl HCIIBITAHHUN
0QOpMIISIIMCB B BUJIe IIPOTOKO/IA HCIIBITAHUE .

B pesysbTaTe MCCIeTOBAaHHUM U SKCIIEPUMEHTOB YCTa-
HoBJieHO, uTo CAOJIH ¢ BEICOKOM CTEIIEeHbIO HAIEeKHOCTH
BBIIIOJIHAET 3KCTPEHHOEe OTKIIOYeHHEe JIa3epHOIo IeHe-
paTopa OT CeTeBOro IMHUTaHMS 3a 33aHHBIN MUHUMa/Ib-

Ta6nunua 1. OCHOBHbIE peXXMMbl 3KCMepUMeHTa
Table 1. Basic experiment modes

®DOoKyCHOe paccTosiHue

MoLHOCTb U3ny4eHns, KBT

Focal length Radiation power, kW
F
3F 50
5F

IIpuMeuaHue:

1. JlomyckaeTcs BBI6MPATh MOLTHOCTD U3/y4eHH S U GOKYCHOe pac-
CTOSIHHe B 3aBUCHMOCTH OT KOHKPETHBIX YCJIOBHI UCIIBITAHUHI.

2. MHHHMAaJIbHO OOMYCTUMBIM paccTosHHeM oT CAOJIHM 1o 30HBI
Bo3JercTBUs JIU sBngeTcs Kpoimka CAOJIH.

Note:

1. It is allowed to select the radiation power and focal length
depending on the specific test conditions.

2. The minimum permissible distance from LREPS to the zone of
influence of LR is the LREPS cover.

and ensures the effectiveness of the MCAP application on
serial laser processing complexes.

Reflected and diffusely scattered laser radiation is
capable of penetrating into the space outside the PC
through gaps, slots between posts, panels and other
elements of it, which significantly reduces the level of
protective properties of the cabin. Therefore, at the sec-
ond stage of the methodology, along with evaluating the
effectiveness of the “actuation” of active protection in the
form of a LREPS, we studied the features of the impact of
LR (direct and reflected) on the metal structural elements
of the cabin to assess the degree of influence of thermal
effects from LR on the stressed state of the metal struc-
ture of the protective door during a given estimated time
of operation of the gearbox [12] .The specified assessment
is necessary, first of all, to determine the indicators of the
stress state, in order to exclude the impact of mechanical
and thermal factors that cause the occurrence of residual
deformations in the form of “leash”, “warping” and other
macro- and micro-dimensional distortions and imperfec-
tions, reducing the effectiveness of the protective (opera-
tional) properties of individual assembly elements and
the cabin as a whole. An increase in the level of stress
in the metal structure of the cabin panels contributes to
the appearance of shape distortions and loss of dimen-
sions, the formation of gaps, cracks and other defects
that significantly reduce the protective properties of the
cabin [13-17].

To determine the stress state of the elements and MCAP
as a whole, modern methods of non-destructive magne-
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HBII [IPOMEKYTOK BpeMeHHU U obecrieurBaeT 3¢ eKTHB-
HOCTb IIpUMeHeHHs MKA3 Ha CepHMHBIX KOMIIJIEKCaX
Jla3epHOM 06paboTKH.

OtpaskeHHOe ¥ IHUPPY3HO-pACCeSHHOE Jia3epHOoe
M3/TyuyeHHe CIIOCOOHO ITPOHMKATh B ITPOCTPAHCTBO BHE
3K yepe3 3a30pkl, IIEIH MeXKIY CTOMKAMH, [IaHeIIMHA
U [p. ee 3JIeMeHTaMH, YTO CYLIECTBeHHO CHIKAeT ypo-
BeHb 3aIllUTHBIX CBOKCTB KabHHEI. [I03TOMy Ha BTOPOM
3Tarle MeTOAMKH (Hapsily C OLeHKOM 3p@deKTHBHOCTH
cpabaThIBaHMS aKTUBHOHM 3aIuThl B Bue CAOJIH) mpo-
BOIU/IU UCCIIeNOBaHUS 0cobeHHOCTeHr Bo3meicTeus JIU
(mpssMOro U OTPaskeHHOI0) Ha MeTAIIUYecKUe KOH-
CTPYKTUBHBIE 37IeMeHThbl KaOHHBI, YTOOBI OLIEHUTD CTe-
IleHb BAMSAHHS TeIIOBBIX 3¢¢eKkToB orT JIM Ha Hamps-
>KeHHOe COCTOSIHHEe MeTaJ/IOKOHCTPYKLMH 3aIlMTHOM
IBepU KabWHBI Ha MIPOTSDREHUH 33/IaHHOTO PACUeTHOIO
BpeMeHM 3KcIulyaTauuu 3K [12]. YKkasaHHas olLleHKa
HeobxofMIMa IIpeskie BCero Iyis OoIpefe/leHHs I1oKa3a-
TeJler HaIIPsDKeHHOT0 COCTOSIHUSL. Ee 1e/Tb — UCK/II0YUTh
BO3[eHCTBHe MeXaHH4YeCKHX M TeIlIOBEIX ($aKTOpOB,
BBI3BIBAIOIIMX BO3HHUKHOBEHME OCTAaTOYHEBIX AedopMma-
LMK B BHUZE “IIOBOJOK», «KOPOOJIEHHS» U IP. MaKpo-
M MHKPO Ppa3sMepHBIX MCKLKEHHH H HeCOBepPIIEHCTB,
CHIDKAIOWUX 3PPeKTUBHOCTh 3aLIUTHBIX (IKCIUIyaTa-
LIMOHHBIX) CBOMCTB OTZEIBHBIX COOPOUHBIX 3JIEMEHTOB
M KabUHBEI B IleJIoM. YBelH4YeHHe YPOBHS HaIlpsUKe-
HUM B MeTaJUIOKOHCTPYKIIUH MaHeNel KabKHBI C110co6-
CTBYeT BO3HUKHOBEHHUIO HCKKeHHH POPMBI U IIOTepH
pa3MepoB, 0Opa3oBaHUIO 3a30pOB, IIeNeH U Ap. Aedek-
TOB, CYILECTBEHHO CHIDKAIOIIMX 3allMTHBIe CBOKCTBA
KabuHkI [13-17].

s ompeneneHHs HANPSKeHHOIO COCTOSIHUS 3j1e-
MeHTOB ¥ MKA3 B LIeJIOM HCII0JIb30Ba/IMCh COBpEMEH-
HBIE€ METOABI HePa3PyIIAOIIero MarHuTOMeTPHYECKOro
KOHTPOJISI, MEeTajUIOrpaprueckoro ¥ CTpyKTYpHOIO aHa-
JIN3a, CTAaTUCTUYECKOHM 006paboTKU IaHHBIX, COBMECTHO
C MeXaHUYeCKMMU MCIBITAHUSIMM, M3MepPeHHeM TBep-
IOCTH U Ap. [18-21]. XMMHUeCKHUH COCTaB MeTaJlja [1aHe-
nert MKA3 ompenensicsi OITUKO-SMHCCHOHHBIM MeTO-
moM Ha aHanu3satope Magellan Q-8.

I ompemeneHUs: JIOKaJM3allUMK JIa3€pPHOIO BO3-
JeHNCTBUSL MPOBOJMIMCh H3MepeHHs 3HadeHUM H,
Ha BHYTpeHHel (CO CTOPOHBI HaXOXIEHHS NAaT4UHKa)
1 HApY)KHOM CTOpPOHe IaHeJIH Ha 3apaHee pa3sMedeH-
HBIX Y4YaCTKax. 3HayeHHs H, MCIIOIB30BaIKCh B Kaye-
CTBE IePBHYHOIO U JOCTOBEPHOI0 MHGOPMAILIMOHHOTO
IapaMeTpa i IOCIeAyIoIler OLeHKH HaIlpSKeH-
HOIO COCTOSSHMM MeTa/ula MKA3. Ilocie H3MepeHHH
H, u3 naHenu oT6Hpanrch 06pasubl 1 OaTbHEMIINX
HCC/IeJOBAHUM  MeTa/ylorpadryuecKkoll  CTPYKTYpPBL
M HaIIPSKeHHOIO COCTOSHHUA IaHener MKA3. Pesysnb-
TaThl OIpefe/eHHs XUMHYeCKOro COCTaBa 0OpasloB
IIaHe/IU IIpeJCTaB/IeH bl B TabI. 2.
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tometric testing, metallographic and structural analysis,
statistical data processing, together with mechanical
tests, hardness measurements, etc., were used [18-21].
The chemical composition of the metal of the MCAP pan-
els was determined by the optical emission method on
a Magellan Q-8 analyzer.

To determine the localization of the laser action, the
Hc values were measured on the inner (from the side of
the sensor) and outer sides of the panel at pre-marked
areas. The Hc values were used as a primary and reliable
information parameter for the subsequent assessment
of the stress state of the MCAP metal. After Hc measure-
ments, samples were taken from the panel for further
studies of the metallographic structure and stress state of
the MCAP panels. The results of determining the chemi-
cal composition of the panel samples are presented in
table. 2.

To determine the stress state and physical and
mechanical properties of the rolled metal of the protec-
tive panel, the magnetometric method of measuring
the values of the coercive force was used. It is known
that there is a fairly stable relationship between the
chemical composition of a ferromagnetic material, its
mechanical properties, stress state and coercive force
(Hc) [18, 22-25]. This makes it possible to carry out pre-
liminary calculations of Hc and use the results obtained
in the future as a reliable primary information param-
eter of the stressed state of elements and MCAP as
a whole. Based on the results of mechanical tests for
static tension of samples of thin-sheet metal rolling,
a calibration graph was built (Fig. 2) for the subsequent
determination of the stress state of panels and other ele-
ments of MCAP.

After the experiments on the operation of the LREPS,
the values of Hc were measured for the elements of the
cabin (panels, racks, etc.) and using a calibration sched-
ule (Fig. 2) the level of acting stresses from thermal loads
was determined. As a result, it was found that repeated
exposure to laser radiation (direct, reflected and diffusely
scattered) does not change the stress state of the ele-
ments, cabin panels and MCAP as a whole, to a critical
value, at which the geometric dimensions of the cabin
panels may be distorted, the formation of gaps, gaps
between the panels, which means a decrease in its pro-
tective properties.

As aresult of the studies carried out at the first stage, it
was established by calculation and experiment:

1. LREPS provides “triggering” of sensors configured
for emergency disconnection of the laser generator
from the mains supply for a specified minimum
period of time;

2. The thermal effect of LR on the structure, physical
and mechanical properties of the metal and the
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Tabnuua 2. CpefHue pe3ynbTaTbl ONpeAeeHNs XMMNYeCKoro cocTaBa 06pasLos NnaHenm
Table 2. Average results of determining the chemical composition of panel samples

Cofep>xaHne 31eMeHTOB, % No Macce

i g

N2 06p. Content of elements, % by weight
Sample No.
Cr Ni Cu
0,044 0,008 0,283 0,013 0,012 0,024 0,045
1= 0,080 0,013 0,301 0,014 0,017 0,026 0,049 0,008 0.008
Cpeanee 0.07 0,012 0,289 0,014 0,015 0,025 0,046 0,008 0,008
Average
Cranb 08O
Steel 0810 <0,07 <0,03 <0,03 - - - 0,02-0,07 <0,025 <0,02
IIprimeuanue: 1. B Tabnuie IIpe/iCTaBJIeHbl CPeIHUe JaHHbIE 3-5 U3MepeHUN.
2. XUMMUYeCKHH COCTAB 06pa3LioB COOTBETCTBYeT cTanu 0810 (TOCT 9045)
Note: 1. The table shows the average data of 3-5 measurements.
2. The chemical composition of the samples corresponds to steel 08Yu (GOST 9045)

[ist  ompefeneHHs] HAIPSKeHHOTO COCTOSHHUS
1 QHU3KMKO-MeXaHHU4YeCKUX CBOMCTB MeTaJUIONpPOKaTa
3aIIMTHOM MaHeIH MCII0/Ib30BaJICA MarHHUTOMeTpH-
YeCKUH MeTOA, M3MepeHHs 3HaueHHUH KO3PLIUTHBHOU
cuibl. M3BeCTHO, YTO MEXAY XHUMHUYECKUM COCTaBOM
beppoMarHUTHOIO MaTepHasla, ero MexaHHUYeCKUMU
CBOMCTBAMH, HAIIPSDKEHHBIM COCTOSIHMEM K KOIPLIH-
TUBHOM cmiod (H,) CyIlecTByeT JOCTAaTOYHO YCTOM-
ypBas B3aMMOCBS3b [18,22-25]. 310

stressed state of the investigated element of the pro-

tective cabin with the installed sensor sensitive to
the LR effect does not reduce the performance of the

sensor itself and the metal structure of the panel,

which indicates the reliability of the cab protection
system as a whole.
This testifies to the high functional reliability of the

MCAP.

II03BOJISIeT IIPOBeCTH Ipe/iBapu-
Te/lbHBIE pacdyeTsl H, W HCIOJB-

350
30BaTh IIOJy4eHHBbIe pe3yJIbTaThl
B JaJbHEMHIIeM B KadecTBe JOCTO- 6 1L . *
BEPHOro IIepPBUYHOro MHPOpMaIIH- } . ¢
OHHOTO I1apaMeTpa HaIpPSKeHHOTo E 250 | -
COCTOSIHHS 371eMeHToB U MKA3 5 s ¢
B nenom. Ilo pesyasTaTaM Mexa- § s .
HUYEeCKUX MCIBITAHUN Ha CTa- g .
THUYeCcKoe PaCTssKeHHe o06paslioB é’ 150l ¢ R
TOHKOJIICTOBOT'O MeTa/UIOIIPOKATa g
CTPOMJICSI TAPHPOBOYHBIN T'PadUK §100 | . ¢
(puc. 2) Ans HOC/IeAYIOIEero oIpe- & .
flefleHHs  HANPSUKEHHOIO  COCTo- sl y .
SIHUSL IIaHeleH U Jp. 371eMeHTOB
MKAS3.
I[Tocne SKCIIEPUMEHTOB IO Cpa- % T, s - ; 8

b6ateiBaHuio CAOJIU IIPOBOSMJIHCh
H3MepeHHUsl 3HadyeHHMH H, oae-
MEHTOB KabuHBbl ([1aHelneHr, CTOeK
U Ap.) U IPHU IIOMOUIU TapHUPO-
BOYHOro rpadmuka (puc. 2) ompe-
Lensificl  YpOBeHb  [IEeHCTBYIO-
IIUX HANpPSOKeHUHM OT TeIJIOBBIX
Harpy3oK. B pe3yibTaTe yCTaHOB-

KospuutuBHas cuna H, A/ cm

Puc. 2. Homozpamma (mapuposouHbill 2paguk) 91 KOHMPOAS HANPSHKEHHO20
COCMOSIHUS N0 3KCnepumMeHmanbHbiM 3Ha4eHusm H, 3nemenmos MKA3 u3 cmanu
0810: (pom6bl ~ daHHble IKCNepuMeHmad; NPSMAs — AuHeliHAsi annpoKcuMayus)
Fig. 2. Nomogram (calibration schedule) for stress state control according to
experimental values of H, of MCAP elements made of 08O steel: diamonds -
experimental data; straight line - linear approximation

JIeHO, YTO MHOTOKPAaTHOe BO3ZeH-
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CTBHE JIa3€PHOT0 H3/yudeHHs (IIpsiMoe, OTpaskeHHOe
u puddys3Ho-paccessHHOe) He HM3MeHseT HAIlpsDKeH-
HOe COCTOSIHUe 3/IeMeHTOB, IIaHelel KabuHbsl 1 MKA3
B LIeJIOM [0 KPUTHYeCKOro 3HayeHHs, IPHU KOTOPOM
BO3MOXXHO HCKa’KeHHe TIeOMeTPHYeCKHX pa3sMepoB
raHenel KabKHEI, 00pa3oBaHKe IleneH, IIPOCBETOB
MeXAy MaHensIMH. A 3TO 03HadaeT, UYTO BO3/IEHCTBUE
He CHIKAeT ee 3alIHUTHHIX CBOMCTB.

B pesynrTaTe BBIIIOJIHEHHBIX Ha II€PBOM 3Talle
HCCIeI0BaHUI paciyeTHO-3KCIIePUMeHTaTbHBIM IIyTeM
yCTaHOBJIEHO:

1. CAOJIN obecrieynBaeT «cpabaTblBaHHE» HATUU-
KOB, HaCTPOEHHBIX Ha 3KCTPeHHOe OTKIIOYeHHUe
JIa3epHOr0 TeHepaTopa OT CeTeBOr0 IMUTAaHHUSA
3a 3alaHHBIF MHHHMAaJIbHBIN IIPOMEXYTOK Bpe-
MeHH;

2. TertoBoe Bo3fercTBHe JIM Ha CTPYKTYypy, PHU3HKO-
MeXaHHYecKkle CBOMCTBA MeTa/l/la M HaIlpsikeH-
HOE COCTOSSHHE HKCC/IeyeMOro 3jIeMeHTa 3allMT-
HOM KabHHBI C YCTAaHOBIEHHBIM [aTYHUKOM,
YyBCTBUTE/NBHBIM K BO3[deHCTBUIO JIH, He CHHU-
SKaeT 3KCIUIYaTallMOHHBIX KayeCcTB CaMOIo JaT-
YHMKa U MeTUIJIOKOHCTPYKLMHU IIaHeIH, YTO CBHU-
JeTe/IbCTBYeT O HaJeKHOCTH CHCTeMBI 3allMThI
KabHUHBI B L1eJIOM.

ITO CBUAETENBCTBYET O BBICOKOM QYHKIIHOHATBHOMN

Hage>XHOCTH MKA3.

OLEHKA DO®EKTUBHOCTU MOLY/IbHOMN
KABWHbI C AKTUBHOW 3ALLIUTOM

OT OTPAXXEHHOIO U PACCEAHHOIO
U3TYHEHUA

JIrobo¥ 1a3epHBIN TeXHOJIOTHMYECKHI ITPOIiecC COIPO-
BOJKIAETCS COIYTCTBYIOIIMMH (PaKTOpaMM, BO3HHKAIO-
IIMMHK B Pe3y/bTaTe B3aMMOZEHCTBUS JIM ¢ maTepua-
JIOM, HaIlpUMep OTpakeHHoe U AH(PY3HO-paccessHHOe
JIY1; BTOpHr4HOe U3ny4deHue (BH) oT mapo-T1a3sMmeHHOIo
daxena u obpabaTeiBaeMOro MaTepHasa; IIPOAYKTHI
B3aMMOZeHCTBUS JIU ¢ obpabaThiBaeMBIM MaTepHaIOM
(mapet, aspo30iu) U Ap.

[To3ToMy Ha 3aK/IIOYUTEJIbHOM 3TaIle HCCIefoBa-
HUI, HallpaB/eHHBIX Ha obecrieueHue TpeboBaHuU JIB,
BBITIO/IHSUIACh OLIeHKA 3PPEeKTUBHOCTH 3aIMUThl MKA3
0T $aKTOpPOB, BOSHMKAIOIIMX IIPH JIa3€PHOM TeXHOJIO-
THYeCKOM ITpoLecce, M COOTBETCTBHS BBIIIOJIHEHUS YKa-
3aHHBIX TpebOBaHUM. JTO B CBOIO OYepefib BBI3BIBAET
Heob6XOIUMOCTh CO3JAHHUS COOTBETCTBYIOIIEH HOpMa-
TUBHOI 6a3bl, TApMOHU3UPOBAHHOM CO CTaHAApPTaMHU
EBpoIlelncKoro cormsa, C BHeJpeHHeM MeXaHH3MOB
B3aMMHOTO IPH3HAHMSA Pe3yJbTaTOB CePTHUOUKALIMU
HaIlMOHAJBHBIMH J1a60PAaTOPUSIMHU U CepPTHPHUKALIKIOH-
HBIMM LIeHTpaMHu. B HacrosImee BpeMs Ha TePpPUTO-
puK PO [eHCTBYIOT MeXKIOCYAAPCTBeHHBIe CTaHIAPTEI
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EVALUATION OF THE EFFICIENCY

OF A MODULAR CABIN WITH ACTIVE
PROTECTION AGAINST REFLECTED

AND SCATTERED RADIATION

Any laser technological process is accompanied by
concomitant factors arising from the interaction of LR
with the material, for example, reflected and diffusely
scattered LR; secondary radiation (SR) from the steam-
plasma torch and the processed material; products of LR
interaction with the processed material (vapors, aerosols),
etc.

Therefore, at the final stage of research aimed at ensur-
ing the requirements of the LS, the effectiveness of the
protection of the MCAP from the factors arising from the
laser technological process and the compliance with the
fulfillment of these requirements was evaluated. This,
in turn, necessitates the creation of an appropriate regu-
latory framework, harmonized with the standards of
the European Union, with the introduction of mecha-
nisms for the mutual recognition of certification results
by national laboratories and certification centers. Cur-
rently, on the territory of the Russian Federation there
are interstate standards (ie, standards in force in the CIS
countries, etc.), the main object of standardization of
which is LB [26-35].

In this work, a practical assessment of the protective
properties of MCAP from accompanying laser and second-
ary radiation is carried out, which seems to be one of the
important steps aimed at providing conditions for the
industrial implementation of laser equipment and laser
processing technologies.

Due to the lack of currently rigorous and standardized
methods for measuring the irradiance of scattered and
reflected LR in the process of laser processing, in practice,
one has to face a number of questions and problems (36,
37]. This applies equally to not only methodological, but
also metrological support of measurements [38,39]. There-
fore, measurements of the scattered and reflected LR were
carried out according to a program specially developed for
this case. A laser dosimeter (LD) of the “LD-07” model was
used as the main device (Fig. 3). The dosimeter LD-07 is
included in the State Register of Measuring Instruments
and is a portable device consisting of a photodetector unit
(FPU) (Fig. 3-1) and a control and display unit (CUI) (Fig.
3-2). Measurement data are processed and displayed on
the CUI liquid crystal display. The device provides:

« registration and accounting of background

indicators (irradiance (E,, W/cm?), energy exposure
(Ny, J/cm?);

« registration of the highest value of the measured
parameter (irradiance (E,,, W/cm?), energy
exposure (H,,,, J/cm?) LR) during the measurement
cycle;
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(T.e. CTAHJAPTHI, AeHCTBYIOMKe B cTpaHax CHI u gp.),
OCHOBHBIM OOBEKTOM CTaHAAPTU3ALIMM KOTOPBIX SIBJISI-
etcs JIb [26-35].

B Hacrosmell paboTe BBINIOTHEHA ITPaKTHUeCKas
OLIeHKA 3aIllUTHBIX CBOMCTB MKA3 oT COITYTCTBYIOIIETrO
7a3epHOr0 M BTOPUYHOIO U3/1y4deHHs, UTO IpefCcTaBiIs-
€TCSI OHUM M3 BOKHBIX I1aroB, HAIIPAaBIeHHBIX Ha 00e-
CriedeHHe YCIOBHM ISl IIPOMBIIIJIEHHOTO BHeIPeHMUs
Ja3epHOro OOOPYAOBAaHHS M TEXHOJOTHH J1a3epHOMU
06paboTKu.

B CBSI3M € OTCYTICTBHEM B HacToslllee BpeMs CTPOTHX
Y1 HOPMHPOBAaHHBIX MeTOAUK IPOBeleHUsl H3MepPeHU
00Iy4eHHOCTH paccestHHOro U oTpakeHHoro JIU B mpo-
Liecce Jia3epHOM 0OpaboTKM Ha ITPaKTHKe IIPHUXOAUTCS
CTAJIKHBATBhCSI C PSOOM BOIPOCOB U Ipobnem [36, 37].
B paBHOM CTeIleHU 3TO KaCaeTcsl He TOJIBKO MeTomude-
CKOTO, HO U METPOJIOTUYECKOro obecrieyeHUs] H3Me-
perui [38, 39]. Ilo3ToMy H3MepeHHUSI PacCessHHOIO
U OTpaskeHHOTo JIM BBIIIOMHSUIMCE II0 CIIeI[HaIbHO Pas-
paboTaHHOM [yIsI JAHHOIO CIy4as IporpaMme. B kade-
CTBe OCHOBHOIO IIpHUOOpa HKCIIONB30BANIK JIa3€PHBIN
posumetp (J1) momenu «JIA-07» (puc. 3). Jo3umeTp
JI[I-07 BHeceH B ['ocpeecTp CpefiCTB M3MEPeHHH U SIB/IS-
eTcsl IepeHOCHBIM ITPpU6OpOM, COCTOSIIIMM M3 6r10Ka
dororrprieMHUKOB (BOIT) (prc. 3-1) 1 6110Ka yIIpaB/IeHUs
U ugaukauuu (BYH) (pI/IC. 3-2). JaHHBIe 1/I3mepeHH151
06pabaThIBAIOTCSL M BBICBEUMBAIOTCS Ha SKUIKOKPUCTAT-
n4eckoM auciiee BYH. ITpubop obecrieurBaet:

e PperucTpalyio M ydeT QOHOBBIX IIOKaszaTeneH
(0byueHHOCTH Ey, Bt/ CM?, SHEPreTHYecKOM 3KC-
niosunmu Hy, JiK/ cM?);

¢ Pperucrpanyio Haubosbllero 3HaUeHHs HU3Mepse-
Mmoro nmapamerpa JIU (obnyuenHoctu E,, ,,, BT/cM?),
SHEPreTHUYecKor 3KCIOo3ULUU H Ik [ cm?)
33 [IUKJI U3MEePeHHH;

* UM3MepeHHMe TeKYIIMX 3HaueHUMN IIapaMeTpoB
(ob6nyuenHoctH (E, BT/cM?), SHEpreTHYecKOMN 3KC-
no3unuu (H, IR/ cm?) JIW) paccessHHOTO MM OTpa-
>KeHHOT0 JIa3ePHOTo U3/TydeHus [39].

M3MepeHHsT MaKCHUMalbHOM obnydeHHOCTH E .,
oT JIU ¢ mnuHOM BOMHBI A=1,07 MKM MOKHO IIPOBO-
OUTb KaK IIPH MCIONb30BaHUU PIIY1 (pHc. 3-3), Tak
M npu ucnonb3oBaHuu PIIY2 (puc. 3-4) [ins mpose-
JeHUsI U3MepeHHUM B peaybHBIX YCIOBHSIX 3KCILIyaTa-
IIUK JIa3ePHBIX TeXHOJIOTMYeCKHX YCTAaHOBOK BBIOpPaHO
ycTpoucTBo OITY2.

Cepust mprbopoB THIIa “API'YC» 1103BOJISIET U3MEPHUTh
3HepreTHyeckre XapaKTepHUCTUKU H3/1y4eHHs B AHalla-
30He 0T 180 10 1100 HM, a TaKkKe [apaMeTphl CBETOBOH
Cpelbl: OCBEIeHHOCTD U SIPKOCTB.

Ons  uccienoBaHUusl YO-U3TydeHHUS HCIIONb3Y-
I0TCsT paguomMeTpsl: APIYC-04-1 (Y®-A 315-400 HM)
(puc. 4); APIYC-05-1 (Y®-B 280-315 um); API'YC-06/1

max?

i g

« measurement of the current values of parameters
(irradiance (E, W/cm?), energy exposure (H, J/cm?)
LR) scattered or reflected laser radiation [39].

Measurements of the maximum irradiance E_,, from
LR with a wavelength of A=1.07 pm can be carried out
both when using FPU1 (Fig. 3-3) and using FPU2 (Fig. 3-4).
To carry out measurements in real operating conditions
of laser technological installations, the FPU2 device was
selected.

The ARGUS series of devices allows measuring the
energy characteristics of radiation in the range from 180 to
1100 nm, as well as such parameters of the light environ-
ment as illumination and brightness.

Puc. 3. /lazepHoili do3umemp «/1[-07»: 1 - 60K pomonpu-
emHukos (5®I); 2 - 6A0K ynpasaeHus U uHoukauuu (6YM);
3 - pomonpuemHoe ycmpolicmso duanazoHa 1(®MY1);

4 - pomonpuemHoe ycmpolicmeo duanazoHa 2 (Priy2);

5 - naszepHbill uereykazamenb; 6 - 3ape3epsuposaHo nod
¢omonpuenmHoe ycmpolicmeo duand3oHa 3

Fig. 3. Laser dosimeter «LD-07»: 1 - photodetector unit
(FDU); 2 - control and display unit (CUI); 3 - photodetector
of range1(FPUT); 4 - photodetector of range 2 (FPU2); 5 -
laser designator; 6 — reserved for range 3 photodetector
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(Y@-C 180-280 HM). M3mepuTenbHble 610KU ITPHO6OPOB
BKJIIOYAIOT B cebsl yabTpadroneToBble pOTOIPHEMHUKHI
C yCTPOMCTBOM IIOJla4YM HAIIPSUKeHHs CMeIleHUs U CIIe-
I[UaJIBHO Pa3paboTaHHBIMU CBETOQHU/IBTPAMH.

[ToBBINIEHHYIO SAPKOCTh CBeTa W OCICILISIOIHAN
3¢p¢deKT oT mapo-maasMeHHOro ¢axena MOXKHO Tak ke
OTHECTH K $aKTOpaM, COIIYyTCTBYIOIIMM JIa3€PHOMY TeX-
HOJIOTUYEeCKOMY ITpolieccy. IIsi U3MepeHHs OCBeIlleH-
HOCTH U SIPKOCTH HCIIOTIB3YIOTCS ITPUOOPEL JIFOKCMETP
1 SpKOMep COOTBETCTBeHHO [40].

M3MmepeHHs SHEPreTHYeCKUX XapPaKTePHCTHK JIa3ep-
HOrO M BTOPUYHOIO H3/Iy4YeHHS B pPaMKax JaHHOIO
HCCTIeJOBAaHMUSI IIPOBOMIMCh Ha JIa3ePHOM PobOTH3Hpo-
BaHHOM KoMIuiekce Ne 1 1a3epHoro MH>KMHHUPHUHIOBOIO
Hentpa (MLI). B cOOTBeTCTBHE CO CIII[HAIBHO pa3pabo-
TaHHOM [TPOrPAMMOM HCIIBITAHUM OCYIIeCTBIISJIN

* IIPOM3BOJACTBEHHBIM KOHTPO/Ib SHepreTH4YecKUx

[IapaMeTPOB OTPAKEHHOrO0 M PaCCesSHHOrO H3Iy-
YeHHs IPU OTPaboTKe TEXHOJOTMHU JIa3epHOMU Puc. 4. Y®-paduomemp APT'YC-04-1 949 u3mepeHus

CBapKH; 3Hepzemuyeckol 0ceeLeHHoCcmu 8 duanazoHe OAUH 80AH
* ompedeneHHe TOYeK C MAKCHMMAaJIbHBIM 3Hayde- 315-400 Hm (Y®-A)

HHIEM SHEPTeTHYECKUX ITaPpAMETPOB. Fig. 4. UV radiometer ARGUS-04-1 for measuring irradiance
H3MmepsieMble B JaHHOM HKCC/IeJOBAHHUH I1apaMeTpEI in the wavelength range 315-400 nm (UV-A)

(daxTopHl) U X 3HAUEHUS [IPUBeIeHbI B Tab. 3.

Tabnuua 3. VismepsiemMmble napamMeTpbl 1 UX 3HAYEHNS
Table 3. Measured parameters and their values

HanmeHoBaHue PasmepHoOCTb MpumMeyaHne
Parameter Dimension Note
doHoBas 061y4eHHOCTb BT/cm? -
Background irradiance W /cm?

O61y4YeHHOCTbL OT HENPEPLIBHOMO 1a3€PHON0 U3/1y4eHUs -
Irradiation from continuous laser radiation

MakcumanbHas 061y4eHHOCTb OT HeMpepbIBHOIO Slasep- 3a BpeMs KOHTponis
HOrO N3y4YeHuns During control
Maximum exposure from continuous laser radiation

OcBeLeHHOCTb, Co3aBaemMas eCTeCTBEHHbIM CBETOM U pas- nK B cnexkTpansHom ananasoHe ot 0,38 10 0,80 MKM
JINYHLIMWU UCTOYHMKAMUM NCKYCCTBEHHOTO OCBeLLEeHNS Ix Inthe spectral range 0.38 to 0.80 pm
Ilumination from natural light and various artificial light

sources

SAPKOCTb Pa3INYHbLIX 06BLEKTOB K4/ M2

The brightness of various objects cd/m?

SHepreTmyeckas 0CBeLeHHOCTb YabTpadmoneTosoro (YO) BT/Mm2 B cnexTpanbHom ananasoHe ot 0,315 10 0,400 MKM
N3y4eHns W/m? In the spectral range from 0.315 to 0.400 um

Energy illumination ultraviolet (UV) radiation
B cnekTpanbHOM AnanasoHe ot 0,280 40 0,315 MKM

In the spectral range from 0.280 to 0.315 um

DKCMo3MUMOHHas go3a 0K/ m? B cnekTpasibHOM AmnanasoHe o1 0,2 50 0,28 MKM
Exposure dose J/m? In the spectralrange 0.2t0 0.28 pm
DHepreTnyeckas 0CBeLWEeHHOCTb MHPPAKPACHOTO BT/Mm? B cnekTpasnbHOM AnanasoHe ot 0,75 o 1,1 MKM
(MK-n3nyyeHmns) W/m? Inthe spectralrange 0.75to 1.1 pm

Infrared (IR) irradiance
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Tabnuua 4. XapakTepucTMKmM To4eK KOHTPO/IS
Table 4. Checkpoint characteristics

MapameTp | Parameter

PaccToHMe OT TOYKWM KOH- PaccTosaHne oT nosna
TPpONA A0 MULLIEHWN [0 TOYKM KOHTPO/A

Distance from control point Distance from floor to
to target control point
l hy

MM | mm
1412 1523
1425 1507

i g

[MpumeyaHne
Note
PaccTosiHMe OT NOBEPXHOCTU
06paboTkm oo nona
Distance from the treatment
surface to the floor
h,

880 Pacnonoxexue npubopa 14-07
Location of device LD-07

PacnonoxeHune cTeHAa AAaTYNMKOB
Location of the sensor stand

B obbeme HCCIeLOBAaHUS BBHIIIOJIHEHO 9 cepui
H3MepeHMM. B KadecTBe IMpHMepa B HacTosIleH
paboTe mpexcTaBIeHBl pe3ylbTaThl IIE€PBOM CepHUU
H3MepeHHN. HM3MepeHHUS NPOBOAUIHCH IIpU pabo-
4Jell MOINHOCTH M3/7y4eHHs nasepa 2500, 3000,
4000 u 5000 BT mo TpH 3KCIIepPHMeHTa Ha Ka>KOBIH
PEeKUM MOILHOCTH. JIMHeNHEBIe

To study UV radiation, radiometers are used:
ARGUS-04-1 (UV-A 315-400 nm) (Fig. 4); ARGUS-05-1 (UV-B
280-315 nm); ARGUS-06/1 (UV-C 180-280 nm). The measur-
ing units of the instruments include ultraviolet photo-
detectors with a bias voltage supply device and specially
designed light filters.

pa3Mepsl IIOJIOKeHHUS  ToudeK
KOHTPOJIS OIpeleNsiid Ja3ep-
HBIM JanbHOMepoMm PLR25. Ilpu
BBIIIOJIHEHHUH BCeX 3KCIIepPHMeH-
TOB HCII0/Ib30BAJIM MHIHWBUAYAJIb-
Hele (ouku O3II) U Ko/ZIeKTHBHBIE
(samuTHas KabuHA C aKTHUBHOM
3allMTOM) CpeACTBA  3aIIUTHI.
CxeMa IIpoBefeHHS H3MepeHUuM
C yKa3aHHeM To4ueK KOHTPOJs
IIpUBeeHa Ha PUC. 5. XapaKTepu-
CTUKU TOUYeK KOHTPOJIS IIPeiCTaB-

A2

NeHBI B Tab1. 4.

3Ha4YeHUs IpelesbHO MOIly-
CTUMBIX ypoBHeH (II1Y) obnydeH-
HOCTH OT JIa3epHOTO H3JIyYeHHUs
B COOTBETCTBHUHU C HOpPMaTHBHBIMH

V., — > HampaB/eHue BefleHHs ITPOLIeCCa CBAPKU

OOKYMeHTaMU (IpU IIUTEeNIbHO-
CTH BO3JeNCTBUS t,,,=8,5c) mpex-
CTaBJIeHHL B TabI. 5.

Pe3ynpTaThl HM3MePEeHHUHM Mak-

CHUMalbHOH 061y4eHHOCTH

OT JIa3epHOT0 M3JIy4deHHs U HX

cpaBHeHue c IIJIY mpencraB/ieHbl Puc. 5. Cxema nposedeHus usmepeHuli ¢ ykazaHuem movek KoHmpoast Al u A2

B Tabnule 6, mokasaHus MIpubo- (paccmosiHue om moyku koHmpoas do muweHu (I u l,); paccmosHue om nona

poB Tuma API'YC ImpeAcTaBieHEBI do mouku kovmpoas (hy); paccmosHue om nogepxHocmu o6paéomu do noaa (h,)

B Tab. 7. Fig. 5. Measurement scheme with indication of control points Al and A2 (distance
U3 maHHBIX Tabn. 6-7 cienyer, from the control point to the target (I, and L,); distance from the floor to the con-

4YTO mpHU pabore sasepHOro pobo- trol point (h); distance from the processing surface to the floor (h,)

TH3UPOBAaHHOIO KOMILIekca Ne 1,
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OCHAIleHHOT0 3aIlUTHON KabuHOMI, B HCCIefyeMOM
Juaria3oHe MolHocTH (2500, 3000, 4000 u 5000 BT)
JIU 6e30macHo IpH OJHOKPAaTHOM BO3IEMCTBUU
Ha Ijasa ¥ KoXy. OOHAKO HCIIOJIb30BaHHE CpPelCcTB
WHIWBUYQJIBHOM 3aIIUTHl (OUKOB U CIIELIOfeKAbl)
IJIsL IepcoHana, O6C/IysKHUBAIOLIETO JIa3ePHBIM KOM-
IIJIeKC, SIBsieTcsl obs3aTenbHBIM TpeboBaHKeM obe-
criedeHus b6e3011acHOi paboThl Ha KOMILJIEKCe.

Ta6bauua 5. 3Hayenus MNay
Table 5. Remote control values

_ l@ NA3EPbBI N JIASEPHbIE CACTEMb| I
i g

The increased brightness of the light and the blinding
effect of the steam-plasma torch can also be attributed to
the factors accompanying the laser technological process.
To measure illumination and brightness, a luxmeter and
a brightness meter are used, respectively [40].

Measurements of the energy characteristics of laser
and secondary radiation in the framework of this study
were carried out at the laser robotic complex No. 1 of
the Laser Engineering Center (EC).
In accordance with a specially devel-
oped test program, the following was
carried out:

+  production control of the energy
parameters of the reflected and
scattered radiation during the

development of laser welding
technology;

+ determination of points with
the maximum value of energy

parameters.
The parameters (factors) measured

[TapameTpbl 3Ha4yeHue  [MpumeyaHue

Parameters Value Note

O6y4eHHOCTb 0,941 TabamuHoe 3HaYeHme C y4etom B

npuv BO34encTBUN Table value taking into account B”

Ha rnasa, BT/ cm?

Irradiation upon 0,320 [MepecyeT N4 BXOAHOMO 3payka da:lz MM
exposure to eyes, Conversion for the entrance pupil withd,=12 mm
W/cm?

OBNy4eHHOCTb 360,9 TabnnyHoe 3HaYeHme c yyetom B™

npwv BO3AencTBumn Table value taking into account B*

Ha Koxy, BT/cm?

Irradiation upon 3,033 MepecyeT AN BXOAHOIO 3payka cd,=12 Mm
exposure to skin, Conversion for the entrance pupil with d,=12 mm
W /cm?

in this study and their values are
shown in Table 3.
Within the scope of the study, 9

21m. 8.2.11, Tabn1. 5.19: B=1 P A< Opppey)-
CauIluH 1.2.3685-21 Tab. 5.20.

SanPiN 1.2.3685-21 Tab. 5.18. B - auxiliary coefficient (SanPiN 1.2.3685-21 clause 8.2.11,

table. 5.19: B=1 with a < o).
SanPiN 1.2.3685-21 Tab. 5.20.

Tabnuua 6. Pe3ynbTathl M3mepeHunn J14-07
Table 6. Results of measurements LD-07

CaulluH 1.2.3685-21 Tab. 5.18. B - BcriomoratenbHbIH Ko3bouiiueHT (CaulluH 1.2.3685-

series of measurements were carried
out. As an example, this work pres-
ents the results of the first series
of measurements. The measure-
ments were carried out at an operat-
ing laser power of 2500, 3000, 4000
and 5000 W, three experiments for
each power mode. The linear dimen-
sions of the position of the control
points were determined with a PLR25
laser rangefinder. When performing
all experiments, we used individual

BbixogHas Emax 1073, KCOJ" npu ogHokpatHoM  KCOM™ Npu OAHOKPATHOM R .
MOLWHOCT, KBT | BT/CM? | BO3LEMCTBMMHA Ta3a R,  BO3AENCTBUM Ha KOXY R, (protective absorbing goggles (OZP))
Output power,  W/cm? LRHLF" with a single LRHLF" with a single and collective (protective cabin with
kw exposure to the eyesR, exposure to the skin Ry active protection) protective equip-
25 017 0,521 0,055 ment. The measurement schemg
with indication of control points is
3 017 0,541 0,057 shown in Fig. 5. The characteristics
of the control points are presented in
4 0,19 0,593 0,063
Table 4.
5 0,26 0,801 0,085 The values of the maximum per-
missible levels (MPL) of exposure
5 Lk o 0,005 from laser radiation in accordance
5 0,0031 0,010 0,001 with rf:gulatory documents (with
a duration of exposure t,,,;=8.5s) are

R<1-Ej . He mpeBbimaeT E .

Laser radiation hazard level factor (LRHLF) R=E_,,/Ey;p;, at R<1-E_ ., does not

exceed Eyp; -
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Ko3Q)HUIHEHT CTeleHH OMacHOCTH JIasepHoro usnydeHus (KCOJ) R=E./Eyy, IIPH

BHIT

presented in Table 5.

The results of measurements of
the maximum irradiance from laser
radiation and comparison with the
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Tabnuua 7. PeaynbTaThl U3MepeHuin npubopamm tuna APIYC

Table 7. Measurement results with ARGUS devices

i g
1T

MokasaHus npmbopos Tnna APIYC | Indications of ARGUS devices

-01 -02 -04 -05 -06 -15
JHepretuyeckass >SHepreTmyeckas
P, KBT OcBeLeHHOCTb, SpKOCTD, DKCNO3MLMOHHag JHepreTnyeckas ocse-
P. kW NK Ka /M2 OcBelleHHOCTL OCBELLEHHOCTL no3a YO-C, Ax /M2 LWeHHoCTb UK, BT/ M2
b S . Y®-A, BT/ m?2 Y®-B, BT/ M2 o o "
[llumination, Brightness, o o Exposition UV-C Energeticilluminated IR
5 Energy lighting Energy lighting ) : . 5
Ix Cd/m UV-A. W/ m?2 UV-B. W/ m2 dose, J/m intensity, W/m
2,5 100 100 0,014 0,050 0 54
3 100 200 0,017 0,059 0 59
4 100 200 0,025 0,071 0 68
5 100 200 0,036 0,095 0 94
3AKJTIOYEHUE remote control are presented in table 6, the readings of

B pesynbraTe pacuyeTHO-3KCIIEPHMEHTAJIBHOIO HKCCIIe-
IOBaHUS IONy4eHHBIX B HACTOSIIEH paboTe MAaHHBIX
10 OLleHKe 3PPeKTUBHOCTH 3aluThl MKA3, ocCHalleH-
HbIX CAOJIH, a TaKKe IIpU OIIpefe/IeHUH CTeIleHH oIlac-
Hoctu JIM mpu paboTe y1a3epHOro pobOTH3UPOBAHHOIO
KoMILIeKca N2 1 6b110 YCTaHOB/IEHO:

1. CAOJIM obecrieurBaeT cpabaTblBaHHE JATUUKOB,
HACTPOEHHBIX Ha 3KCTPeHHOe OTKIIYeHHe Jla3ep-
HOTO TeHepaTopa OT CEeTeBOrO ITMTAHMS 3a 3aJaH-
HBIM MHHHMAaJIbHBIN IIPOMEKYyTOK BpeMeHH

2. TerutoBoe Bo3zekicTBUe JIM Ha CTPYKTypy, GU3HKO-
MexaHH4YecKre CBOMCTBA MeTa/Ula KM HaIIpsUKeH-
HOe COCTOSHHe HCCIeflyeMOro 3/eMeHTa 3allKT-
HOM KabWHBI C YCTAaHOBJIEHHBIM JAaTYHKOM,
YyBCTBUTE/IBHBIM K BO3JeHCTBUIO JIH, He CHUKAeT
3KCIUTYaTallMOHHBIX KadyecTB CaMOro [JaTyuKa
Y1 METaJUIOKOHCTPYKLIMH IIaHe/IH, YTO CBUIETe/lb-
CTBYeT O HafIeKHOCTH CHCTEMBI 3aIIHUThl KaOKHEI
B L1eJIOM.

3. IIpu pabote a3epHOro pobOTH3UPOBAHHOIO KOM-
Iuiekca Ne 1, ocHaIlleHHOro 3alllMTHOM KabWHOMH,
B HCCIeyeMOM [HaIla3oHe MOLIHOCTH (2500,
3000, 4000 1 5000 Bt) JIM 6Ge30macHO IIPH OGHO-
KpaTHOM BO3/IeHCTBHUU Ha I71a3a K KOXKY.

4. Hcrionp3oBaHUe CPelCTB HMHAHUBUYaIbHOH
3aIIUTEL (OUKOB M CIIELIOAEK/BI) Ui IIepcoHasIa,
06CTy>KMBAIOIIETO JIa3ePHOM KOMIUIEKC SIBIISIeTCS
obsi3aTenpHBIM TpeboBaHHeM obecriedeHHs: 6e3-
OITACHOM PaboThI Ha KOMILIEKCE.

CI'I NCOKJIUTEPATYPbI
KpIO‘IVIHa 0.A., Munaes B.T1. Hosblit CaHMuH 1.2.3685-21. CocTosiHMe OTeyecTBeH-
HOI HOPMATWBHO 6a3bl N0 NasepHoit 6e3onacHocTy. laep-Mrdopm. 2021;5-6 (692-
693):7.

2. KproumnHa O.A. CoBpeMeHHOe COCTOSHUE W NEepCreKTUBbLI PellieHns MPaKTUYeckux
BOMPOCOB 06ecrieyeHms nasepHoit GesonacHocti. URL: https://www.youtube.com/

ARGUS devices are presented in Table 7.

From the data table. 6-7 it follows that when the laser
robotic complex No. 1, equipped with a protective cabin,
operates in the studied power range (2500, 3000, 4000
and 5000 W), LR is safe with a single exposure to the eyes
and skin. However, the use of personal protective equip-
ment (glasses and overalls) for the personnel serving the
laser complex is a mandatory requirement to ensure safe
work at the complex.

CONCLUSION

As a result of a computational and experimental study
of the data obtained in this work on assessing the
effectiveness of protection of MCAP equipped with LREPS,
as well as determining the degree of danger of LR during
the operation of the laser robotic complex No. 1, it was
established:

1. LREPS provides “triggering” of sensors configured
for emergency disconnection of the laser generator
from the mains supply for a specified minimum
period of time;

2. The thermal effect of LR on the structure, physical
and mechanical properties of the metal and the
stressed state of the investigated element of the
protective cabin with the installed sensor sensitive
to the LR effect does not reduce the performance of
the sensor itself and the metal structure of the panel,
which indicates the reliability of the cab protection
system as a whole.

3. When operating the laser robotic complex No. 1,
equipped with a protective cabin in the studied
power range (2500, 3000, 4000 and 5000 W), LR is
safe with a single exposure to the eyes and skin.

4. The use of personal protective equipment (glasses
and overalls) for personnel serving the laser complex
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is a mandatory requirement to ensure safe work at
the complex.
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AuarHocTka v KOMNOHEHTBI

» DOTONPUEMHMEN C YCUAWTENEM, NABMHHEE, DanaHcHBe
« Mzonatopel Gapapen 400-1250 1M, ao 60 gb, oo 15 mMm
= CenekTopbl MMNYNLCOR Ha 250-2700 Hm ao 2 Miy

» Miameputeny gnutensHocT mmnynscoe, SPIDER

« InekTpoHuka CANY ana CUHXPOHKWIaLWK

= CnekTpometpil 190-3450 Hm

{DE‘MT{JL’EK}-’HHHI}IE nazepHele CMCTEMEI

« NapameTpryeckne reHepatoptl 340-4200 Hm

« BonokoHHbIe nazepbl Ha 780, 1030-1064, 1560 Hm

= Nazepwl co cpegHel MOWHOCTEID Ao 50 BT

» ONTMYeckKil CUHTe3aTOp YacToTh ("kKomb-renepatop”)
« TuTaH-cangupoBble reHepatop ot 6 Ao 100 ¢

« CUCTEMBI € MMKOBOR MOWHOCTLIO 0o 15 TBT
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