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IAnopaHblie nasepbol

M UX UCNOoJib30OBaHUe
B po60TOTEXHUYECKUX
cucremax

A.0.Yyxaanues, 1. A. Iunuxut, E. C. IuwkuH, B.I1. YmHO08
000 «TepmoJlazep», 2. Baadumup, Poccus

[viopaHble nasepbl 60/1bLION MOLWHOCTH,
Heob6xoAMMbIe AN MHOTUX J1a3epHbIX
NpOu3BOACTBEHHbIX MPOLLECCOB, TPAAULNOHHO
6b1I FPOMO34KMMU HAMOJIbHLIMU
ycTponcTBaMmu. OgHaKo NpovsBoAUTeNU
NlasepoB oTpearnposasnu Ha NOTpe6bHOCTb
NPOMbILLIEHHOCTU B KOMNAKTHbIX CUCTEMAX,
KOTOpble B MOJIHOW Mepe UCMO0JIb3yIoT
MUWUHMATIOPU3ALMIO, MPUCYLLYIO ANOAHBIM
nasepam. 3To NO3BOJISIET yCMNELWHO BCTpansaTtb
AVOAHble na3sepbl B KayecTse paboumnx
MHCTPYMEHTOB B UCMOJIHUTE/IbHbIE CUCTEMbI
YHUBEpPCa/ibHbIX NPOMbILLIIEHHbIX pO60TOB, B TOM
yncne MobunbHbIX po60TOB A1 06paboTkun
KpynHora6apuTHbiXx 06beKTOB. B cTaTbe
npeacTaB/ieH nasep—po60T NpousBoACTBa
KOMMaHuu «TepmoJlasep», pa3paboTaHHbIN A8
06paboTKM KPYMHbIX AeTajiel S3HepreTuyeckoro
M TPAQHCMOPTHOrO Ha3HaYeHus.

KntouyeBble c/loBa: AVMOAHbIE N1a3epbl,
YIbTPAKOPOTKME UMMY/bCbl, PO6OTOTEXHUYECKNE
CUCTEMDI, KQ4YeCTBO Ny4yka

CTaTbs nosyyveHa: 10.04.2023
CTaTbs npuHaTa: 04.05.2023

peny pasJIM4HbIX NCTOYHHKOB JIa3ePHOIO U3J1y-
YeHHMsl, MCIIONb3yeMbIX B IIPOM3BOACTBE, IIep-
BEeHCTBO IIOCTeIIEHHO 3aBOeBBIBAIOT JHOIJHEIe
J1a3ephl, BBITECHSS Ta30Bble U JpyTHe TBepAOoTe/lbHbIe
nasepnl, BKIKOYas BOJIOKOHHBIE [1-3]. ITO mpomcxo-
IUT BCIe[CTBUE HEOCIIOPUMBIX JOCTOMHCTB JHUOIHBIX
J1a3epoB, CPeAr KOTOPHIX:
* y3Kasg JIMHHUSA CIeKTpa H3Jy4eHHMs J1a3epHBIX
IHOMI0B;
* BO3MOXKHOCTb 00paboTKu He TONBKO MeTa/lJIOB
KaK IIpH HCIIO/Nb30BAaHHU BOJIOKOHHOIO Jla3epa,
HO M HeMeTa/l/IOB, HaIlpUMep JepeBa, aKpuia,
KaMHA U T.[.;
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Diode Lasers
and Its Use in the
Robotic Systems
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The high-power diode lasers required

for many laser industrial processes have
conventionally been the bulky floor

devices. However, the laser manufacturers
have responded to the industrial need for
compact systems that take full advantage

of the miniaturization inherent in the diode
lasers. This makes it possible to successfully
integrate the diode lasers as the service tools
into the actuating systems of multipurpose
industrial robots, including the mobile robots
for processing the large-dimensioned items.
The article presents a laser-robot produced
by the ThermoLaser LLC company, designed
for processing large parts for energy and
transport purposes.
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mong the various laser radiation sources used
A in the production process, the diode lasers are
gradually winning the first place, displacing
the gas and other solid-state lasers, including the
optical fiber ones [1-3]. This is due to the following
undeniable advantages of diode lasers:
+ narrow emission line of the laser diodes;
 possible processing of not only metals, as when
using an optical fiber laser, but also non-metals,
such as wood, acrylic, stone, etc.;
« lack of fiber optic cable;
« unequalled electrical and optical efficiency (effi-
ciency up to 50% and above);
 higher power-to-size ratio compared to any other
industrial laser technology, as well as the solid-
state stability and reliability;
« high (over 10 thousand hours in a continuous
mode and 10° pulses in a quasi-continuous mode)
service life of the high-power laser diodes used.
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* OTCYTCTBHE OIITOBOJIOKOHHOTO KabeJs;

* HeNpeB30OWAeHHAs 3IeKTpHUecKass U OITHYe-
ckas 3bderTuBHOCTD (KIII D0 50% U BBIIIIE);

+ bosiee BBICOKOE COOTHOIIEHHE MOIIHOCTH KU Pas-
MepOB I10 CPAaBHEHHIO C JII060F IPYTroH ITPOMBIII-
JIEHHOM J1a3epHOL TeXHOJIOTHEH, a TakKe TBep-
IOTebHYIO CTabHIBHOCTD U Ha/IeSKHOCTb;

* BbICOKHUH (CBBIIIe 10 THIC. YaCOB B HEIIPEPHIBHOM
peskriMe U 10° KMITy/IbCOB B KBA3HHEIIPEPBIBHOM
pekuMe) pecypc paboThl HCIIONB3yeMBIX MOII-
HBIX JIa3epHBIX JTHOJ0B,

Brarogapsi oTMe4eHHBIM JOCTOMHCTBAM [IHOLHEIE
7a3epsl C BBICOKOM 3PHEKTHBHOCTHIO HCIIONB3YIOTCS
B Pa3JIMYHBIX IIPOU3BOACTBEHHBIX MAaIIMHOCTPOU-
TeJIBHBIX ITPOIeccax: 3aKaIKa IIOBepPXHOCTH MeTaJlIH-
YeCKUX W3[elIHM, HaIUIaBKa U JIErMPOBaHHe, I1akKa,
OUMCTKA [TIOBEPXHOCTH.,

OrpaHuyeHreM Ha IPUMeHEeHHe JUOLHBIX JIa3ePOB
SIBJISI€TCSL OTHOCUTE/IbHO 60/bIION pasMep GoKycHpye-
MOTO IISITHA Ha 06pabaTriBaeMor [T0BepPXHOCTH. Moui-
HOCTb Ha 06bekTe 06paboTKU He MOXKeT ObITH 3pdek-
THUBHO cOKYCHPOBaHa B IIITHO MUKPOHHOIO pasMepa,
[105TOMY OONBIIMHCTBO IIPUMEHEHHUN M/ MOIIHBIX
IOUONHBIX JIa3epOB BKIIOYAIOT HATPEB OIlpeleleHHOHN
obnactu, 06bIYHO M3MepsieMOM B MUJIIMETPaXx.

IIpu olleHKe BO3MOKHOCTH IIPUMEHEHUS IHO[-
HOTO JIa3epa CIeLHMTHCTHI, KaK IIPaBUIO, 03ab0UeHBl
Ka4eCTBOM BBIXOJHOIO Jly4ya, II0JIy4aeMOIrO II03TaIl-
HBIM CYMMMpPOBaHHEM MOIIHOCTH AMOIHBIX JTHHeeK
U Mofyed. [Ipu sToM 06pa3yeTcsi MHOKECTBO OTAENb-
HBIX JIy4ell C aCUMMMETPUYHBIM pacIlpefieleHHeM
IIJIOTHOCTH MOIIHOCTH B CEHYeHHH JIa3epHOro IIY4Ka,
Y UX HeoOXOI MO CBeCTH BMeCTe B OJHH ITy4IOK C CHUM-
MeTPUYHBIM paclpefieieHHeM B CeYeHHH. Takas
3a/ladya COOTBETCTBYeT KOHLEMNIMH TBepAOTelbHOIO
KPUCTUIIMYECKOTO ja3epa C AUONHOM HaKadKoOH.
OpHako 3TOT IIpoliecC TpebyeT [OIOMHHUTENbHBIX
3aTpaT 3HEPryu, a 3TO yKe IIPHBOLUT K CHUKEHHUIO
KIT[ ma3sepa.

Jlpyroe pelieHHe 3aKI0YAeTCS B CYMMHPOBAHHUH
Ja3epHBIX JIy4er OT HEeCKOJIbKUX [IHOMOB B OIITHYe-
CKOM BOJIOKHe. Ho ITpHU HaIlpaB/IeHUH CBETOBOI'O U3y~
YeHWUs OT TUHEHNKHU JUOLHBIX JIa3epoB UM, TeM boiee,
OT MOAYJS 4Yepe3 OIITOBOJIOKOHHBIM Kabesb ITPUXO-
OUTCSL CTAJIKMBATBCS C APYroOM MPobIeMOM — IIOIIBIT-
KOM HAIPaBUTh JIy4 C KBAAPATHBIM pacIipefieieHHeM
IIJIOTHOCTH MOILHOCTH I10 CeYeHHIO IIyuKa uepe3 BOJI-
HOBOJ, KPYIJIOTO CedeHHs. IIpH 3ToM 00s13aTebHO
IOSIBSITCSL IIOT€PU YacTH SHEPrHU CBETOBOIO IIyuKa,
KOTOpas IPOXOIUT CHAPYKK BOJIOKHA.

Kpome TOro, Ha TOpLIeBOM II0BePXHOCTH OIITOIIMHBI
MMeeTcsl 3HauUMTe/lbHasl «MepTBasi» 30HA. Ee IIosiBie-
HHe BBI3BAHO OTCYTCTBHEM M3/Iy4eHMs U3 IIPOCTpaH-

Due to the advantages noted, the diode lasers with
high efficiency are used in various industrial engi-
neering processes, such as surface hardening of metal
products, building-up and alloying, soldering, and
surface cleaning.

A constraint on an applicability of diode lasers is
the relatively large size of the focused spot on the
treated surface. The power on the target cannot be
efficiently focused into a micron-sized spot, therefore,
most applications for the high-power diode lasers
involve heating of a specific area, usually measured in
millimeters.

When evaluating the possible application of a diode
laser, the specialists are usually concerned about the
output beam quality obtained by the stepwise sum-
marization of the power of arrays and modules. In this
case, many separate beams of asymmetric quality are
generated. They must be brought together into one
beam with a symmetrical section. Such a problem cor-
responds to the concept of a diode-pumped solid-state
crystal laser. However, this process requires additional
energy costs, and this fact leads to a decrease in the
laser efficiency. Another solution is to sum the laser
beams from several diodes in an optical fiber. However,
when directing the light radiation from an array or,
moreover, from a module through a fiber optic cable,
it is necessary to face another problem, namely an
attempt to direct a beam with a square section through
a circular waveguide. In this case, part of the light
beam energy that passes outside the tube, will be lost.
In addition, there is a significant “dead’ area on the
end surface of the optical bus. Its occurrence is caused
by the absence of radiation from the space between the
emitters. When these dark spots are projected onto an
optical fiber, the power and brightness of the resulting
beam is reduced. Another key problem occurs when
combining the diode radiation within a fiber optical
channel. The higher the output beam quality and the
smaller the number of emitters projected onto the
optical fiber, the higher the specific absorption of light
energy from the fiber surface per unit of channel diam-
eter. Moreover, the current achievements in the con-
struction of high-power diode lasers make it possible
to obtain a high quality of the resulting laser beam by
using the developed homogenizing modules produced
in the form of micro-optical gratings.

One of the key tasks in the development of high-
power diode lasers is the issue of an efficient cooling
system [4]. As a rule, the microchannel cooling is
used, when water flows through the channels with
a minimum cross section in a copper radiator soldered
to a diode laser rod. To minimize the current leakage
and electrochemical corrosion, the deionized water

PHOTONICs vOL. 17 N23 2023 177



CTBa, pasfesiolllero M3jlydaTead. [Ipu HpoeLHpo-
BaHUU 3THX TEMHBIX IISITEH Ha ONTHUYECKOEe BOJIOKHO
CHIDKAeTCs. MOIIHOCTb M SIPKOCTh Pe3y/IbTHPYIOIIEro
Iy4Ka.

Jlpyras xitodeBast mpobsemMa BO3HHUKaeT IIPH 00b-
eIMHeHUU OWOJHOTO M3/IyYeHMs BHYTPH OIITOBOJIO-
KOHHOTO0 KaHa/Ia. YeM BBIIIIe KaueCTBO /Iy4a Ha BbIXOJIe
Y MeHbllle KOJIMYeCTBO H3/1ydaTenel, IpoelipyeMbIX
Ha OIITHYecKkoe BOJIOKHO, TeM BBHIILIe YAeabHOe I10I/I0-
IeHHe CBETOBOM 3HEPIHM C IIOBEPXHOCTH OITOBO-
JIOKHA Ha eIMHUIy AUaMeTpa KaHajla. B To ke Bpems
CerofHSITHNE AOCTUKEHUS B IIOCTPOEHUU MOIIIHBIX
OUOAHBIX JIa3epoB II03BOJISIOT IIyTeM HKCIIONb30Ba-
HUSI pPa3paboTaHHBIX TOMOTE€HHU3UPYIOUIHUX MOAYJIeH,
IIPOM3BOAMMBIX B BHJe MHKDOOIITUYECKUX pellleToK,
DOOHUTBCST BBICOKOTO KadeCTBA BBIXOJHOIO JIa3epHOTO
IIy4Ka.

ODHOM M3 KIYEBBIX 33Ja4 IIPU CO3JAaHUH MOII-
HBIX JMOAHBIX Jla3epOB SIBJseTCS 3afada IOCTpoe-
HUS 50PeKTHBHOM CHCTeMBl oxaxkmeHus [4]. Kak
IIPaBHJIO, HCIIONB3YeTCSI MHKPOKAHATbHOE OXJIK-
JleHHs, KOrja BoAa TedeT II0 KaHajaM MHHHMab-
HOIO CeYeHHs] B MeJHOM paJHaTope, MPHIIaSHHOM
K JHUOJHOMY JIa3€PHOMY CTepKHIO. YTOOBI MUHHMHU-
3UpOBaTh yTeUYKy TOKA U 3INMeKTPOXHMHUUYECKYI KOp-
PO3HI0, OOBIYHO HCIIONB3yeTCs AeHOHH3UpOBaHHAs
BOJa, KOTOpas HMMeeT HU3KYIO 371eKTPOIIPOBOJHOCTD.
[ToTpebHOCTh B AEHMOHU3HUPOBAHHOM BOAE HJIM BOAS-
HBIX KapTpHU/IKax YBeIHUYHBaeT 3KCIIIyaTallHOHHBIE
pacxoldbl U SIBISETCS CYIIeCTBEHHBIM HeIOCTATKOM.
B mocnenHee BpeMsi pa3paboTaHBI CXeMBI OXJIaKIe-
HUSI, OCHOBaHHBIE Ha HCII0JIb30BAHHUH KOHTAaKTHOIO
KOHAYKTUBHOTO OXJaXKAEHHS HeIoCpelCTBeHHO
PALOM CO CTepKHSIMH M TOKOBBIMH KOHTaKTaMH
C HCII0JIb30BaHHEM IPOTOYHOM OTQUIBTPOBAHHOMU
BOJIOIIPOBOJHOM BOIBI [5-6].

Kommanuen OO0 «TepMmoJlasep» CO30aH U YCIIEIIHO
3KCIUTyaTHUPYeTCs MOOMIIBHBIN a3ep - poboT MIJI-3.0,
pabourM HMHCTPYMEHTOM KOTOPOIO SIBJISIETCS MAJlo-
rabapuTHBIN BBICOKO3GEKTUBHBIN [THOLHBIH Jia3ep
C HOMHUHJIBHOH BBIXOJAHOM MOIIHOCTBIO H3JIydeHHUSs
3,0 KBT. MobuIbHBIN /1a3ep-poboT OCHAIIEH CIEI[H-
A/IBHOH YIIPaB/ISIeMOM TeJIeXKKOHM, Ha KOTOPOM Ppas-
MeIllaeTCs TUIIOBOM TeXHOJOIUYeCKHH MaHHUIIY/ISTOP,
MMEIHH 6 CTereHel MOABUKHOCTH C UCTIOTHUTEb-
HOIM KHMHeMaTH4ecKOoH LeIblo JIHHOMN [0 3 MEeTpOB,
IpefHa3HAYeHHBIH I[IPeHMMYINeCTBeHHO mis obpa-
6OTKM KPYyIMHOTAbapUTHBIX MAJIMHHOMEPHBIX 0OBeK-
TOB, IIOC/Ie[OBATENbHOIO BBIIIOJTHEHHUS OIlepalun
B HECKOJIBKUX IIPOU3BOJCTBEHHBIX SUeMKax HIU
BBIIIOJIHEHMS OIlepallkil B Pas3s/IUYHBIX CTPYKTYPHBIX
rofpasfieNleHUusIX OFHOTO IpefNpUsATHsA. B KauecTBe
JOIIONIHUTEIPHOM OIILMHK Ja3ep-poboT MoskeT OBITH
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that has a low electrical conductivity, is commonly
used. The need for deionized water or water cartridges
leads to increase in the operating costs and is a signifi-
cant disadvantage. Recently, the cooling circuits have
been developed based on the use of contact conductive
cooling directly next to the rods and current contacts
with the filtered tap water [5, 6].

TermoLlaser LLC has developed and successfully
operated a MEL-3.0 mobile robotic laser, the operating
tool of which is a small-sized, highly efficient diode
laser with a nominal output power of 3.0 kW. The
mobile robotic laser is equipped with a special con-
trolled trolley with a standard process manipulator,
having 6 degrees of freedom with an executive kine-
matic chain up to 3 meters long, designed mainly for
processing the large-dimensioned long items, sequen-
tially performing operations in various work cells or
performing operations in various structural subdivi-
sions of the same enterprise. As an additional option,
the robotic laser can be equipped with a manipulator
base stabilization system in relation to the trolley that
ensures stability and rigidity of the stationary trolley
position. This feature expands the operational and
process capabilities of the mobile robot and provides
the required processing accuracy and quality for the
large-dimensioned long items on the non-rigid and
uneven surfaces, for example, the ground surface in
the case of field operations.

Figure 1 demonstrates a view of a mobile robotic
laser. Table 1 shows its main technical specifications.
Figure 2 provides a view of a diode laser (in Fig. 1it is
covered with a casing).

The emitting system of a diode laser consists of
eight separate modules, while each of which gener-
ates a homogeneous beam through the special micro-
optical elements. To direct all beams from all eight
modules to the output beam profiler, four mirrors
with an interference coating to combine the beams of
two orthogonally located modules and a special lens
are used. The generated output beam is directed to
a focusing lens protected against external influences
by two glasses. The laser provides the possible indi-
vidual adjustment of the laser spot energy profile in
the treatment area by setting the output power of the
optical laser radiation of each laser module by a pro-
grammable computer control device. Each module
consisting of diode arrays contains a copper base. The
main parameters of the laser used in the robotic laser
and being the final link of the kinematic robot chain
are given in Table 2.

The basic component of each laser module is a radi-
ation source, the technical specifications of which are
given in Table 3.



Puc. 1. Mo6unbHbil nazep — pobom M3/1-3.0
Fig. 1. Mobile robotic laser MEL-3.0

OCHAIIleH CHCTeMOH CTabMIH3aIIUH TI0/IOKEHUS OCHO-
BaHHUS MaHHUITY/IATOPa OTHOCHTETBHO TeNeXKH, obe-
CIleYMBaloONel YCTOMYMBOCTD M >KECTKOCTb HEIOJ-
BIKHOTO TIIOJIOKEHHUSI TelIeXKH, YTO PacIIUpseT
3KCIUTyaTallMOHHble M TEeXHOJIOIMYecKHe BO3MOKHO-
cTu MobubHOro pobora U obecrieurBaeT Tpebyemyio
TOYHOCTh M Ka4eCTBO 06paboTKH KpyIHOrabapHUTHBIX
AIMHHOMEPHBIX 0O6BEKTOB Ha HEXEeCTKOM U HepoB-
HOM, HaIlpMep I'PYHTOBOM II0OBEPXHOCTH IIpH pabote
B [10JIEBBIX YCJIOBHSX.

Ha puc. 1 mpencraBieH BHJ MOOHIBHOTO J1a3ep-
pobota, a B Tabn. 1 mpUBemeHBl ero OCHOBHBIE TeX-
HUYeCKHe XapaKTepUCTHKU. Ha puc. 2 mpescTraBieH
BUJI, JHOJHOrO ja3epa (Ha puc. 1 3aKPBIT KOXYXOM).
M3nyvaromasi ccTeMa AHOSHOTO jla3epa COCTOMT M3
BOCBMH OT/Ie/IbHBIX MOZYJIei, IIPKU 3TOM KaKABIH K3
Moy/IeH uepes CIeljManbHble MUKPOOIITHYECKHe 3J1e-
MeHTbI GOPMUPYeT TOMOTeHHBIN IIY4YOoK. [[/I Halpas-
JIeHH sl BCeX ITyIKOB OT BCeX BOCbMH MofyJiek K GopMH-
poBaTesnio MPodHIIS BBIXOJHOIO IIyUKa HCIIOIb3YeTCs
YeThIpe 3epKaja C HHTepdepeHIIOHHBIM IIOKPHITHEM
Aas obbeqUHEeHHS MY4IKOB JBYX OPTOTOHAJIBHO pac-
IIOJIO’KeHHBIX MOAYJIeH U CreluaibHas nuH3a. Chop-
MMPOBAaHHBIN Pe3yJIbTUPYIONIUK BBIXOAHOM IIy4OK
HaIIpaB/IseTcss Ha GOKYCHPYIOIIYIO JIHMH3Y, 3allHIeH-
HYI0O OT BHEIIHEro BO3JEHCTBHS JABYMs CTEKIaMH.
B nasepe obecreynBaeTcsi BO3MOKHOCTb HHIHBH-
MyaJbHOM PeryJTMpOBKU JHEePreTHYecKOro Mpoduiis
JIa3epHOTO ISTHA B 30He 06paboTKU IyTeM HaCTPOMKHU
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Tabnuua 1. TexHMYeCcKne XapakTepUCTUKKM 1asep —

po6oTta M3/1-3.0

Table 1. Technical specifications of the MEL-3.0 robotic

laser

[MapameTtp

Parameter

MakcumanbHas
[0CAraeMoCTb, MM
Maximum reach capability, mm

KonuyectBo ocen
Number of axes

[ToBTOpPSIEMOCTbL, MM
Repeatability, mm

CKOpOCTb 06paboTKM, MM/C
Processing speed, mm/s

MakcumanbHas CkopoCTb
nepemeLLeHuns no ocam,
rpaa/c

Maximum travel speed
along the axes,

BenndunHa
Value

2606

0,06

1-30

Ocb1-180,0cb2 - 180,
ocb 3180, ocb 4 — 250,
0cb 5—-250, ocb 6 — 360
Axis 1 —180, axis 2180,
axis 3—180, axis 4 — 250,

degrees/s axis 5—250, axis 6 — 360
TN CTOYHMKA Na3epHOro AVoaHbIN

N3y4eHns Diode

Type of laser radiation source

HOMWHabHasi MOLWLHOCTb 3

n3yyYeHuns nasepa, KBt
Rated laser radiation power, kW

Tun TpaHCcNopTHOM NNaThOpMbI
Type of transport platform

Ynpasisiemas c AByMsi
MOTOp-KOnecamm, OCHa-
LLEHHbLIMU CUHXPOHHBLIMM
aBuratensMmm

Controlled by two
power-wheels equipped
with the synchronous
motors

3aHMmaemas naouagb, M2 6,8
Required area, m?

One usage sample of the MEL-3.0 robotic laser is
the laser surface hardening of the car boss spline
joint. Moreover, the requirements for hardness and
depth of the hardened layer for projections, depres-
sions and side surfaces of the splines are different. The
boss material is cast iron VCh 50, GOST 7293-85, initial
hardness is 170-207 HB. A view of the spline section
hardened by a diode laser is shown in Fig.3. When
performing the laser hardening procedure, the speed
of the laser beam moving by the robot was changed
from 1 mm/s to 5 mm/s, the power in the spot on the
hardened surfaces was changed from 1200 to 1600 W
by changing the laser power and various spot sizes
for various surfaces: 2x16 mm for the side surfaces
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Tabauua 2. TexHn4eckme XapakTepUCTUKM ANOLHOTO
nasepa
Table 2. Technical specifications of a diode laser

[MapameTtp 3HayeHune
Parameter Value
MoLHOCTb U3ny4eHuns, BT >3000
Radiation power, W

Hanps>keHne nnutaHua, B <270
Supply voltage, V

Paboumm Tok, A <21
Operating current, A

O NVHa BONHbLI U3/Ty4eHNS, HM 976+10
Radiation wavelength, nm
Ko3¢popuuneHT nonesHoro >50

nencteud, %
Efficiency, %

Pasmep naTHa U3nydyeHunsa, Mm
Laser spot dimensions, mm

3%x6 MM, 2x16 MM, 2x10 MM
(BO3MOXHbI BapmaLmm)

3x6 mm, 2x16 mm, 2x10 mm
(options are possible)

DOoKyCHOe pacCTosiHME, MM ~245-670
Focal length, mm
rabapuTbl, MM 230x100x167

Overall dimensions, mm

Oxna)xpgeHume
Cooling

ObblYHOE BOAHOE
Standard water

BBIXOZHOM MOIIHOCTH ONTHYECKOI0 J1a3epPHOI0 H3JIy-
YeHHSI KaXIOIO JIa3epHOr0 MOZY/IsSl YCTPOHCTBOM
[IPOTPaMMHPYEMOT0 KOMIIBIOT@PHOIO YIIPABIeHMS.
KakApld MOIY/Ib, COCTOSINME H3 JHOAHBEIX JIMHEeK,
COeP>KUT OCHOBaHMe U3 MeAr. OCHOBHBIE ITapame-
TPHI JIa3epa, HCIIOIb3yeMOro B Jia3ep-poboTe U SIBIS-
IOIIerocss KOHeYHBIM 3BeHOM KMHeMaTH4eCKOU Liellu
poboTa, ImpefcTaB/leHHl B Tab. 2.

ba30BbIM KOMIIOHEHTOM KaskIOT0 MOIY/Is B ja3epe
SIBJISIeTCSL UCTOYHMK H3/IyYeHH s, TeXHHUeCKHe XapaK-
TePUCTHUKH KOTOPOTO ITPHBeeHbI B TabI. 3.

OOHMM W3 MPHUMEPOB HMCIIOJAb30BAHUSA Ja3ep-
pobora MIJI-3.0 sIB/IsieTCS BBHIIIOTHEHHE JIa3epHOM
3aKa/IKK II0BEPXHOCTH ILIJIMLIEBOIO COeJHHEHHUS CTy-
U1 aBTOMOOUIIS. IIpH 3TOM TpeboBaHUS 10 TBEPIO-
CTH U I7TybHHe 3aKaJIeHHOTO CJI0SI IS BEICTYIIOB, BIIA-
OUH 1 OOKOBBIX ITOBEPXHOCTEH IITHIEB Pa3IHMYaI0TCs
Mexxay cobori. MaTepuan CTymMIBl - 4yryH BY 50,
I'OCT 7293-85, ucxomHas TBepmocTh 170-207 HB. Bun
ydacTKa NUIMIEB, 3aKa/IEHHBIX AUOAHBIM JIa3epoM,
IIpuBeZileH Ha pHC. 3. IIpM BBIIIOJIHEHUH OIlepaliuH
Ja3epHOM 3aKaJKH CKOPOCTb IIepeMelleHHs ja3ep-
HOTO JIy4a pob0TOM M3MeHsUIach OoT 1 MM/c 1o 5 MMm/c,
MOIIHOCTDb B IIATHE Ha 3aKa/JIMBaeMBbIX IIOBEPXHOCTIX
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Puc. 2. [JuodHbil nasep 8 coope
Fig. 2. Diode laser assembly

of the spline and 3x6 mm for depressions and projec-
tions. The hardness of hardened surfaces is 240-304
HB with a depth of more than 0.5 mm. At the same
time, the spline profile distortion did not exceed
0.15 pm and the boss body heating temperature did
not exceed 20 °C of the ambient temperature.

Fig. 4 shows an implementation scheme of the
MEL-3.0 robot for a more comprehensive hardening
process of the working edge of a steam turbine blade
made of alloy steel with a curvilinear shape of a hard-
ening area along the part length with simultaneous
usage of two diode lasers [7].

The laser beams 6 and 9, emitted by the diode radia-
tion sources 4 and 7 through the optical heads 5 and 8,
mounted on a bracket and moved by the robot along
the working edge, have an impact on the front part
2 and end part 3 of the blade 1 leading edge. In this
case, the required radiation power of each laser and
the dimensions of the beam spots on the treatment
surface are determined, and simultaneous hardening

Puc. 3. Yuacmok wauuyes, 3aKkaneHHbix dUOOHbIM Ad3epom
Fig. 3. Section of splines hardened by a diode laser
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Tabnuua 3. TexHnyeckme XapakKTepUCTUKN MCTOYHUKA U3NYyHeHNS

Table 3. Technical specifications of the radiation source

MapameTtp 3HayeHune
Parameter Value
OnTryecKas BbIXOAHASA MOLWHOCTbL B HENPEPbLIBHOM pexumMe He MeHee, BT 95
Optical output powerin a continuous mode, not less than, W

[ONVHA BONHbI MaKCMMYyMa CneKTpa 1Ia3epHOro U3iy4eHuns, HM 940+25
Wavelength in the maximum laser spectrum, nm

BbicoTa n3nyyatroLlen o61actu, MKM 2
Height of the emission region, pm

LnpuHa nsnyyatoLler 061actm, Mm 5
Width of the emission region, mm

PacxoAMMOCTb NyyKa (MOMHASA WKPUHA HA MO/YBbLICOTE), <11

B NMJI0CKOCTM NapasiaenbHoW p-n nepexoay, rpasyc

Radiation beamwidth (full width at half height) in a plan parallel to the p-n junction, degrees

PacxoaMMocCTb ny4ka (nosHas WuprHa Ha noayBbICoTe), <45%*

B M/JI0CKOCTW NMepreHANKyAApHOM p-n Mepexoay, rpaayc

degrees

Radiation beamwidth (full width at half height) in a plane perpendicular to the p-n junction,

Pe>xum paboThbl
Operating mode

HenpepbIBHbLIV MK
UMMYNbLCHO-NEPUOANYECKMIA
Continuous or repetitively-
pulsed

TOK HaKa4vku, A
Pumping current, A

He 6onee 100
Not more than 100

Hanps>eHne npy MakCMManbHOM TOKe HakaykK, He 6onee B 2,0
Voltage at the maximum pumping current, not more than, V

Temnepatypa xnagoHocutens’, °C 2045
Coolant temperature’, °C

Pacxof XxnafoHOCUTENS Yepes UCTOYHUK N3STYYeHUS], He MeHee 1/MUH 1

Coolant flow rate through the radiation source, not less than, I/min

M3MeHeHHeM MOIIHOCTH Jia3epa oT 1200 mo 1600 Bt
M Pa3s/lMYHBIN pa3sMep ISITeH J1s1 PasHbIX [10BEPXHO-
cTer: 2x16 MM 11 BOKOBBIX MOBEPXHOCTEH IIJIHIIA
Y 3X6 MM IS BIaJWH K BBICTYIIOB. TBepIOCTh 3aKa-
JIeHHBIX II0BepXHOCTeHM 240-304 HB mpu rinybuHe
6omee 0,5 MM. I[Ipy 3TOM HCKaskeHHe MPOGUISA LUIH-
1eB He IpeBrICHI0 0,15 MKM M IIpeBhHIIIeHHEe Harpesa
Tesla CTYIHUIBI He 6os1ee 20 °C TeMIIepaTyphl OKPYsKako-
IeH cpenbl.

Ha puc. 4 mpescTaB/ieHa cxeMa peaau3allldu pobo-
ToM MDJI - 3.0 6ormee CIIOKHOrO ITpoOLlecca 3aKaIKU
pabouell KPOMKH TypOHMHHOK JIOMATKHU IIAPOBOM TYp-
OMHBI 13 JIEFHPOBAHHOM CTa/IM C KPUBOJIMHEMHOH I10
IJIMHe feTald GOpMOLl 30HBI 3aKa/IKH C HCII0/Ib30Ba-
HHeM OHOBPEMEeHHO [IByX JHUOJHBIX /1a3epoB [7].

JIasepHble Jy4Yd 6 U 9, HCIIyCKaeMble THOAHBIMH
WCTOYHHUKAMM H3/Iy4eHHUsS 4 U 7 4Yepe3 ONTHYeCKHe
TOJIOBKH 5 U 8, 3aKpeIlIsieMble Ha KPOHIITEHHE U IIepe-

of the front part 2 and the end part 3 of the leading
edge of the blade 1 is performed. The angular position
of each bean (angles a and p) is selected in such a way
that to provide the closest to normal incidence angle
of radiation on the hardened surfaces 2 and 3 along the
entire profile of the heated area and uniform exposure
throughout the entire processing area. The installa-
tion angles o and P of the optical heads 5and 8 are also
selected with due regard to the prevention of direct
and reflected radiation of the part in the optical head
holes. When moving the laser beams 6 and 9 along the
treated area, their angular position shall be program-
matically changed when the transverse profile of the
edge is changed and set as described above. To ensure
the material hardening to the required depth, two
conditions must be met: the material temperature in
the layer to the full depth during the heating process
shall reach or exceed the value of Ac3+50 °C, or 1050 °C
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Mellaemble po6oToM BHOAb paboueil KPOMKH, BO3-
DeMCTBYIOT Ha MePeHIOK YacTb 2 U TOPLIEBYIO YacTh 3
BXOJIHOM KPOMKH JIONATKH 1. [IpK 3TOM Ha3Ha4aroTcs
HeobXxoiMBble MOLTHOCTH H3/Ty9deHHs KaKIO0ro a3epa
Y pa3Mepsl IISITeH JIy4uel Ha IIOBEePXHOCTH 06paboTKU
M IIPOMCXOAUT OJHOBPeMeHHas 3aKajlKka Iepen-
HelM YacTH 2 U TOPLIeBOM YacTH 3 BXOIHOM KPOMKH
nomnaTku 1. YIJIOBOe IIOJIOKEHHe KasKAOro U3 JIyder
(yrnsl o u ) BeIOMparoTcs TakUM o06pa3oM, 4UTOOBI
obecrieqnTs Harbornee OIU3KUE K HOPMAJIBPHOMY YIOJ
MaJieHusl H3JyueHHs Ha 3aKajlHBaeMble IIOBEPXHO-
CTH 2 ¥ 3 110 BCeMy IIpOQUIII0 HarpeBaeMoro ydacrka
1 paBHOMEPHYIO 3KCIIO3UITHIO I10 BCell 30He 06paboTKU.
YIasl o U [ yCTAHOBKU ONTHYECKHUX T[OJIOBOK 5 M 8
BBIOMPAIOTCSL TaKoKe C y4eTOM HeMIOMyIleHHs IIoma-
OAHHS IPSIMOTO0 M OTPaKeHHOIo OT JeTalH H3/yde-
HHUSl B OKHA ONTHYECKUX TOJ0BOK. IIpu IlepeMelie-
HUM JIa3epHBIX J1y4del 6 U 9 BIOIb 06pabaTsiBaeMOro
ydacTKa UX YITI0BOe IIOJI0’KeHHe JOJIKHO IIPOrPaMMHO
M3MeHSIThCS [IPH M3MeHeHUH I0IIepeyHOro Mpodus
KPOMKH U YCTaHaBIMBATBCS, KaK OIKCAHO BbIIe. [Ij1s
obecriedeHHs 3aKaJIKH MaTepHasia Ha TpebyeMyro Iiy-
6rHy HeobxomrMo obecrieurBaeTCs BHIIIOTHEHUE ABYX
YCIOBHI: TeMIlepaTypa MaTepHaja B CJI0e Ha BCIO ITIy-
6rHYy B IIpollecce Harpepa JO/DKHA AOCTUYb KK IIpe-
BBICUTB 3HaueHHe Ac3+50 °C unu 1050 °C (mig cranu),
B IIpollecce OX/IKIeHHS MaTepHhal Ha BCIO INyOHHY
1 MaTepHaJl IOJKeH OCThIBAaTh C MaKCHMaJIbHOM CKOPO-
CTBIO /151 ITPeIOTBPAIleHHs 00pa30BaHMS TPOCTHUTA.
Ox/1ak[eHHe OCYIIeCTB/ISeTCS B OCHOBHOM 3a CYeT
yXOfla TeIl/la B HEHArpeThll o6beM AeTasld, U B Cylle-
CTBEHHO MeHbIIel CTelleHH - 3a CYeT yXofa TeIlla
B BHUJE 3/eKTPOMAarHUTHOIO H3Jy4eHUsI B OKpYysKalo-
Illee IPOCTPAHCTBO M B MAaCChl Fa3a, KOHTaKTHPYIOIILe
C TIOBEpXHOCTBI0. JIj1s1 obecrieueHHUs MOCTOSIHHBIX 3Ha-
YeHHN ITOTOKOB TeIlIa, YXOASILIero K3 obJacTH MaTe-
pHasIa B ITpoliecce 3aKIKHM, UCIIOIb3YIOTCS [Ba IIOTOKA
OXJI&KAEeHHBIX ra3oB. IlepBblil IOTOK Il HaNpaB/IsIOT
COIIJIOM 12 pacCpefoTOYeHHOM CTPyeHr Ha IIOBEPXHOCThb
IeTall Ha HeKOTOPOM Hebo/IbIIIOM PAacCTOSIHUU OT Kpast
30HBI 3aKJIKK CO CTOPOHBI 30HBI BO3/I€KCTBUS 1a3epa 7.
ITOT MOTOK [IO/DKEH OTBOAUTH TEIUIO OT HeTali, KOM-
IIeHCHUPYSI HaTpeB ee 3a C4YeT IIPUTOKA TeIlla U3 30HBI
3aKaJIKU CO CTOPOHBI ITPOTHBOIIONIOKHOM 30HBI BO3-
DeNCTBUS M3/TydeHus asepa 4. BTopou MOTOK, cofep-
KAl MHEePTHBIM a3, HAIPaB/sIOT COIIOM 14 pac-
CPemoTOYeHHOM CTpyell 13 Ha pebpo BXOAHOM KPOMKHU
TaKUM 006pa3oM, UTOOBI IIOTOK CHOPMHPOBAIL 30HY
C aTMocdepoll HHEPTHOIO rasa K BBITECHSI BO3MyX
U JIeTy4He IIPOAYKTHI ITpoLiecca 3aKalKu oT obpabatel-
BaeMOI [I0BEPXHOCTH U OJHOBPeMEHHO OTBOZIMII TEILIO
OT [TOBEPXHOCTH 3aKa/IMBaeMOTO CJI0s. PeryJIupoBaHHe
MOITHOCTH JIa3ePOB 4 M 7 OCYILEeCTB/SETCS] CUCTeMOK
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Puc. 4. Cxema peanusayuu pobomom M3J1 - 3.0 3akanku
paboueli KpomKu myp6uHHOU AONAMKU C UCN0Ab308AHUEM
08yX OUOOHbIX Aa3epos

Fig.4. Implementation scheme of the MEL - 3.0 robot for
hardening of the working edge of a turbine blade using two
diode lasers

(for steel), during the cooling process, the material
shall be cooled down at a maximum speed to prevent
the troostite development.

Cooling is performed mainly due to the heat trans-
fer to the unheated part area, and to a much lesser
extent, due to the heat transfer in the form of elec-
tromagnetic radiation into the external environment
and into the gas masses being in contact with the
surface. To ensure constant values of heat fluxes leav-
ing the material area during the hardening procedure,
two flows of cooled gases are used. The first flow 11 is
directed by a nozzle 12 with a dispersed jet to the part
surface o at some small distance from the edge of
the hardening area from the side of the laser impact
zone 7. This flow shall remove heat from the part,
while compensating for its heating due to the heat
influx from the hardening area from the side oppo-
site to the laser radiation impact zone 4. The second
flow containing an inert gas is directed by a nozzle 14
with a dispersed jet 13 to the rib of the leading edge,
so that the flow generates an area with an inert gas
atmosphere, displaces air and volatile products of the
hardening process from the surface being treated and
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yIpaBleHHUs 10 HHPOPMALMK C JAaTYHKa TeMIlepa-
Typsl 10 HarpeBa 3aKa/JIMBaeMOM I10BePXHOCTH.

Ha puc. 5 npuBefeH pe3ynbpTaT 3aKaJku paboden
KPOMKH JIOIIaTKH B OJHOM M3 IIOIEPeuyHBIX cede-
HUH. TBepIOCTb BepLUIKMHBI B CeueHUH (30Ha 1 puc. 5) -
48,15 HRC. TBepmocTb Ha pacCTOSHUU 14 MM oOT
BEPLIMHEI (30Ha 2 puc. 5) - 49,5 HRC. I'mybrHa yripoy-
HeHHOI'O CJ104 IIPY BeplirHe - 3,0 MM, Ha PaCCTOSHUHU
14 MM OT BepUIMHEIL ~ 1,6 MM.

Komnanuein OO0 «TepmoJlazep» paspaboTaH Tex-
HUYeCKUU IPOeKT MOOMJIBHOrO na3zep-poboTta mis
06paboTku KpymHOrabapUTHBIX 06BEKTOB C HCIIONIB30-
BaHMEM [HOMHOIO Jla3epa KM OPUTHMHaIBbHOro pobora
C COBOKYITHOM [JHMHOH 3BeHbeB 0 15 MeTpoB. Pas-
paboTaHHEIM J1a3ep-pobOT MOXKET HCIIOTb30BATHCS
IJIT MOHTKa MJIM 06paboTKM, HAIlpuMep, KOPITYCOB
CyZOB, KPYITHBIX Ha3eMHBIX U BO3AYIIHBIX TPAHCIIOPT-
HBIX CPe[ICTB HU/IU KPYIIHEIX pe3epByapoB.
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Puc. 5. Peayabmam 3akanku paboyel KpomKu Aonamku
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Fig. 5. Hardening results of the working edge of the blade in
one of the cross sections

simultaneously removes heat from the hardened layer
surface. The power of the lasers 4 and 7 is regulated by
the control system according to the information from
the temperature sensor 10 of the hardened surface.

Fig. 5 shows the hardening results of the blade
working edge in one of the cross sections. The hard-
ness of the top in the section (area 1 on Fig. 5) is 48.15
HRC. The hardness at a distance of 14 mm from the top
(area 2 on Fig. 5) is 49.5 HRC. The depth of the hard-
ened layer at the top is 3.0 mm, at a distance of 14 mm
from the top - 1.6 mm.

TermoLaser LLC has developed an engineering
design of a mobile robotic laser for processing the
large-dimensioned items using a diode laser and an
original robot with a total link length of up to 15
meters. The developed robotic laser can be used for
mounting or processing, for example, for the ship
hulls, large land and air transport vehicles or large
tanks.
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