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HHcmumym Aa3epHbiX U c8apouHblx mexHoAozull CIIBITY

Cpeam pabo4ynx UHCTPYMEHTOB, KOTOPbIMU OCHALLEHbI
NasepHble TeXHOIornyeckue KOMIJIEKCbl, BaXKHas posb
OTBeA,EeHa J1a3epHbIM TEXHO/I0rMYEeCKUM roI0BKaMm —

OHM o6ecneymBaloT TpebyemMble NPOCTPAHCTBEHHbIE
XapaKTepUCTUKMU /Ia3epHOro ussiy4eHuns B paboyein 30He.
B 0630pHOW CTaTbe pacCMOTPEeHbl TEXHOIOrnyeckue
ro/I0BKU BeAyLMX MUPOBbIX NPOU3BOAUTENEN,
npeaHasHaveHHble A5 peanvsauum TeXHONorum
Nla3epHoOW U 1a3epHO-AYroBOM CBAPKW, J1a3epHOM pe3Kku,
TepMoo6paboTKu U Han1aBKW.

BBEAEHUE
C MomeHTa 1306peTeHHMsI [IepBOro Jla3epa IIpolo boree
55 net [1]. 3a 3T0 BpeMsi 6bLIIH CO3aHEI JIa3ePHBIE HCTOY-
HUKH pa3sJIMYHBIX THUIIOB: Ia30Bble, TBepHOTe/IbHEIe,
I10JIyIIPOBOJHMKOBbBIE, NTHOMHBIE, BOJIOKOHHBIE, XMMHM-
YecKkHe U T.J. Ha cerogHANIHUI AeHb JIa3epHas UHIY-
CTpHUS SIB/ISIETCS OMHOM M3 OBICTPO PACTYLIUX OTpac/er
MHPOBOM 3KOHOMUKH. Ee mpupocT c 1970 mo 2015 rog,
COCTaBU OKonMo 12,5% [2]. O6beM MHPOBOTO PBIHKA
JIa3epHBIX HCTOYHHUKOB B 2015 rogy MCUMCIAJICS IIpH-
mepHo 10 mipa. mosa. CIIA mpu Joje phIHKA ITPOMBIII-
JIeHHBIX JIa3epOB OKOJI0 4 MJIpA. mKosl. (3] (puc.l).
Haubonee KpyHHBIM CerMeHT PbIHKA JIa3epHOM
UHAYCTPUM BK/IIOYAET Jia3epHble UCTOYHMHKH, IIPH-
MeHsIeMble /IS JIA3€PHOr0 PacKpos MeTajlia, jas3ep-
HOM (71a3epHO-AYrOBOM) CBapKH, J1a3epHOTO0 TepMoO-
YIPOYHEHHS, Ja3epHOM HAaIlJIaBKH, MapKHPOBKH
U IPaBHUPOBKU. AHA/IM3 PBIHKA JIa3ePHBIX HCTOYHH-
KOB IT0Kasaj, 4To Ha 2015 ropg CO,J1a3epsl U BOJIOKOH-
HBIe j1a3epbl 3aHMMaJIU IIpuMepHo 40 u 39% phIHKa
cooTBeTCTBeHHO. Ilo cpaBHeHuio ¢ 2014 romom Ipu
CHHUKeHUHU [onu pelHKa CO,J1a3epoB OTMeYeH pOCT
[IPOA’K BOJIOKOHHBIX JIa3€pPOB II0 BCeM BHJAM TeX-
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E.V.Zemlyakov, Candidate of Engineering,
K.D.Babkin, Institute of Laser and Welding
Technologies (SPbPU)

Depending on the tasks, which must be solved, the
laser technological complexes are equipped with
different operating tools. One of them includes
the laser technological heads, which provide
required spatial characteristics of laser radiation
in working area. Technological heads of leading
world manufacturers, which are intended for the
implementation of technologies of laser and arc
augmented laser welding, laser cutting, thermal
treatment and cladding, are considered in the review
article.

INTRODUCTION

More than 55 years have passed since the moment of
first laser invention [1]. During this period of time
the laser sources of different types have been cre-
ated: gas, solid-state, semiconductor, diode, fiber,
chemical lasers etc. As of today, the laser industry is
one of fast growing sectors of world economy, with
the average increase of about 12.5% from 1970 to
2015 [2]. The volume of world market of laser sources
was about 10 billion US dollars in 2015 with the mar-
ket share of industrial lasers of about 4 billion US
dollars [3] (Fig. 1).

The largest market segment includes the laser
sources, which are applied for laser cutting of metal,
laser (arc augmented laser) welding, laser thermal
hardening, laser cladding, labeling and engraving.
Analysis of laser source market showed that in 2015
CO,-lasers and fiber lasers approximately had 40% and
39% market share, respectively. In comparison with
2014 with the decrease of market share of CO,-lasers,
the growth of sales of fiber lasers used in all types of
technologies (labeling - by 6%, moderate power lasers

DOI:10.22184/1993-7296.2016.60.6.14.33
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HOJOTHYeCKHUX  INpHUMeHeHUH:
MapKHpOBKa Ha 6%, 7a3epsl Cpef-
Hel MOIIHOCTH, HCIOIb3yeMble
B MUKp0o0obpaboTke Ha 10%, 1a3epel
BBICOKOM MOIIIHOCTH Ha 22%. Jong
TBepAOTE/NIbHBIX JIa3€POB II0 CPaB-
HeHHI0O ¢ 2014 rogom He H3Me-
HHJach, HO BHYTPH CerMeHTa
OTMedeH POCT IMPOAAX [JHUCKO-
BBIX J1a3epoB. TaKk>Ke OTMedeHO
MOBBIIIEHHE CIPOCa Ha AHOLHBIE Medicine
7asepsl, IIpHMeHseMble CerofHs
He TOJBKO [JISI IIOBEPXHOCTHOIO
TepMOYIIpOYHEeHHSs], HaIlIaBKHU
U CBAapKH, HO U AJIS1 pe3KH MeTas-
70B. PacumiupeHHe TexHOJIOrHYe-
CKHX BO3MOXHOCTEH OHOMIHBIX
7a3epoB, BeAyIIUM IIPOHM3BOLU-
TejleM KOTOPBIX SIBJIsSeTCS KOMIIa-
Hus LaserLine, cTajo BO3MOKHBIM
Onaromapsi yBeIMYeHHI0 MaKCH-

npuMeHeHus, 9%
applications 9%

MeaumumHa

KOHTPO/IbHO-M3MepPUTESIbHbIE MPUBOPLI M CEHCOPbI, 7% Pa3BiedyeHuns, Aucnaen, nevatb, 3%
Instrumentation and measuring devices and sensors 7%  Entertainment, displays, printing 3%

Hay4Hble nccnefoBaHUa Y BOEHHbIE

Scientific studies and military

(BK/IIOYAZA 3CTETMYECKYIO), 8%

(including esthetic medicine) 8%

Puc.1. O6sembl Npo0ask Ad3epHbIX UCMOYHUKO8 N0 cezameHmam pbiHka 3a 2015 200
Fig. 1. Volumes of sales of laser sources by market segments in 2015

CBsI3b M ONTUYecKas
namathb, 33%

Communication and
optical memory 33%

O6paboTka MaTepnanos
(Bkntoyas nutorpaduio), 40%
Material treatment
(including lithography), 40%

MaJIPHOM BBIXOOHON MOIIHOCTH
M Ka4deCTBa JIa3epHOr0 HU3/Iy4YeHHs
¢ 20 XBT mpu AuaMeTpe ISTHA B POKAIBHOM IJIOCKO-
cTy 3 MM (2013 rox) mo 25-40-100 KBT mpu AxaMeTpe
ngatHa 0,6-2 mm (2015 rox) (2, 3].

ITokasaTesieH TaKkke TeMII POCTa PBIHKA TeXHOJIOI'H-
YeCKHX JIa3epPHBIX CUCTeM, KOTOPBIM 3a IepHof ¢ 1993
o 2013 roxsl B cpegHeM 6l paBeH 10%. s cpaBHe-
HM4 CJlefiyeT YKa3aTh, YTO CPeJHHUH TeMII POCTa PhIHKA
MeTaju1006pabaThIBAIONIHNX CTAHKOB 32 TOT K€ IIEePHOL,
COCTaBMJI 0K0J10 1,3% (pHc.Z).

B 3aBHMCHMMOCTH OT pelllaeMBbIX 3aJay ja3epHble
TeXHOJIOTUYeCKHe KOMIIJIEKCHl OCHALIAIOTCSI TeM HIIH
HMHBIM pabourM HHCTPYMEHTOM — JIa3epHOM TEeXHOJIO-
THYEeCKOM TOIOBKOM, OITTHYECKasl CUCTeMa KOTOPOH obe-
crieunBaeT TpebyeMble IPOCTPAHCTBEHHbIE XapaKTepH-
CTHUKH JIa3epHOr'0 K3/1y4eHus B pabouel 30He (puc.3).

Kpome $OKYCHPOBKM JIa3epHOIO H3JyUeHHUS TeX-
HOJIOTMYeCKHe TOJIOBKK 00eCredrBaIOT I10ady COIYT-
CTBYIOIIMX Ta30B M MAaTepPHUAJIOB B 30HY 0OpabOTKH:
3aIIUTHBIX Ta30B IPH CBapKe, pabodyux ras3oB IpHU
pe3Ke, IOPOIIKOB IIPKU HaIlJaBKe, MEKTPOSHOM IIPO-
BOJIOKM IIPH J1a3epHO-AYLOBOI CBapke MWIH JIa3epHOM
CBapKe C IIpHUCcafikoM. Takske TeXHONIOTHUYeCKHe TOJIOBKH
MOTYT 6BITh OCHAIIIEHbI CHCTeMaMU BUIeOHAOTIONEeH
M MOHHUTOPHHTA TeXHOJIOTMYECKOIo IIpoliecca, B TOM
YHCJIe CHCTeMaMH KOHTPO/IS IIOJNIOKEHHSI TeXHOJO-
TUYeCKOH TOJOBKM OTHOCHUTENIBHO ob6pabaThiBaeMOro
H37enus.

PaccMOTpPUM TexHOJMOTHYecKHe TOJIOBKH BeAy-
IIUX MHPOBBIX NPOM3BOAHTEsIEH, IpefAHa3HaueHHBIe
O/ peaJiM3allMd TeXHOJIIOTHH JIa3epHOM M JIa3epHOo-

used in microworking - by 10%, high power lasers - by
22%) is observed. In comparison with 2014, the share
of solid-state lasers has not changed but inside the
segment the growth of sales of disk lasers is noticed.
Also, the increase of demand with regard to the diode
lasers, which are now used not only for surface ther-
mal hardening, cladding and welding but also for
metal cutting, is observed. The expansion of techno-
logical capabilities of diode lasers, which are produced
by the leading company LaserLine, became possible
due to the increase of maximum output power and

— JlazepHble cucteMbl / Laser systems
— CraHkn / Machines

_—  —  \

Ob6bem Npofax, MApA. 4O,
Volume of sales, billion US dollars
HO H N W & U1 OO0 N

993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013

Puc.2. Obvem pbIHKa Aa3epHbIX MexHOA02UHecKUX cucmem

U Memanao06pabampl8aroLLUX CMAHKo8 3a nepuod ¢ 1993

1o 2013 200bl

Fig. 2. Volume of the market of laser technological systems
and metal-working machines for the period from 1993 to 2013
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IyTOBOM CBapKH, JIa3epHOM pe3KH, TepMoobpaboTku
Y HaIUIaBKH.

TEXHOJTOIM'MYECKUE JIA3EPHbIE TOJIOBKU
ANA NA3EPHOM (JIASEPHO-AYTOBOW)
CBAPKUA

Y3kUH KU I1yOOKKMH CBapHOM IIOB, XapaKTepHBIH
OJ71s J1a3ePHOM CBapKH, IIONy4aeMBIH 33 CYeT BBICO-
KOH IIOTHOCTH MOUIHOCTH JIa3€PHOrO H3JIy4eHHUs
(106-107 Br/cM?) Ha MOBEPXHOCTH CBAPHUBAEMBIX H3[e-
JIHUH, HapsAdy C BBICOKOM CKOPOCTBIO CBapKu (mo 20
M/MHH), obecredHBalOT 3HAUYHTe]bHOE CHUKeHHe
CBAapO4YHBEIX AePOpMalHUi, IOBBIIIEHHEe TeXHOJOIH-
YeCKOM IIPOYHOCTH CBAapPHBIX COeNHHEHHUH K IIPOH3-
BOJUTEIBHOCTH CBApO4YHOIO Ipolecca. IIpenmyme-
CTBa JIa3epHOM CBapKU [eal0T JaHHYIO TeXHOIOTHIO
[IPaKTU4YeCKH He3aMeHHMOM IIPH CePHHHOM BBIITYy-
CKe OTBeTCTBEeHHBIX CBAapHBIX KOHCTPYKLHH. [ab-
Helilllee Pa3BUTHE TeXHOJOTUM JIa3epPHOM CBapKHU
CBA3aHO C YyBeJMYeHHEM MaKCHMaJbHOM MOII-
HOCTH H3/7ydeHHs (PUC.4) MCIONb3yeMBIX Jiase-
poB. IlosiBJleHHe MOIIHBIX BOJIOKOHHBIX U JHOLHBIX
7a3epoB CHesajio BO3MOXKHBIM pPeajIM3allUI0 1IeJI0oro
psiia HOBBIX TEXHOJIOTHH JIa3epHOM WU THO6pHUIHOM
Jla3epHO-IyTOBOM CBapKHU. Hambonee MHTepecHOM
M3 HUX SB/SIeTCS CBapKa MeTasIoB OOJBIIMX TOJ-
IIHH, B YaCTHOCTH COBPEMEHHBIX CJIO’KHOJIETHPOBAH-
HBIX ABYX- U TpexdasHbIX CTajel, IIpHMeHseMBIX
IJISI CTPOUTE/IBCTBA TPYOOIIPOBOAOB, KOPITYCOB CYAOB,
COCYZIOB BBICOKOTO [aBJeHHSI U JPYIUX OTBETCTBEH-
HBIX KOHCTPYKLIUH (4, 5].

Hcronp3oBaHHEe MOLIHBIX Ja3epHBIX HCTOYHHKOB
B COCTaBe CBAPOYHBIX TeXHOJOTMYeCKHX KOMILTIEKCOB
HaKJIaJ(bIBAET PSJl TpebOBAaHUI K OIITHYECKOH CHCTeMe
JIa3epHBIX TOTOBOK. B IepByio odepenb — 3T0 obecrie-
YeHHe TepMHYeCcKOM CTOMKOCTH 3epKaJl U (GOKYCH-
PYIOIIKX JIMH3. BO-BTOpBIX, obecrieueHHe HaJesKHOM
3aIIMTEl ONTHYeCKOM CHCTeMBl OT KOHJEHCHPOBaH-
HBIX YaCTHUI] U [1apOB, BBUIETAIOIIMX H3 [1apOra3oBOro
KaHaJIa C OKOJIO3BYKOBBIMH CKOPOCTSIMH. TaKk>Ke MaJIbIk
IUaMeTp IMsATHa HarpeBa (<600 MKM) omperensieT
TpebOBaHUS K TOYHOCTH HaBe[EHMUS Ja3epHOro jIyda
Ha CTBIK M OTPaHUYHBaeT AOIYCTHMBIN 3a30p MEXIY
H3e/THIMU.

Ha peIHKe J1Ia3epHOM TeXHUKHU KoMIaHUsMU IPG [6],
HighYAG [7], ScanSonic [8] u Precitec [9] mpencTaBieHs!
TOJIOBKH, IIpefiHA3HaYueHHBbIe /151 CBAPKU C MOIIIHOCTBIO
u3nydeHus ot 0,25 kBT (ronoska p (HighYAC)) mo 50 kBT
(FLW-D50HP (IPG)) ¢ ay1rHOE BonHbI 900-1080 HM. Jlasep-
Hble CBApOUHbIe TOJIOBKH, COCTOSIIKE K3 KO/ITMMAaTopa,
boKyCHpyOLe! TMH3BI, 3aIUTHOIO CTeK/IA U CHCTeMBI
IOJlauM CKATOrO BO3/yXa, OMIIMOHAJIBHO MOTYT OBITH
ocHameHel CCD-kaMepoM, [Jisi TOUHOIO HaBeJeHHS
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Paszbem
OMTOKOHHeKTopa
Socket of optical
connector

KonnumaTtop
Collimator

3awmTHoe
CTeKno
Camera

CeeTogenntenbHas
niacTuHa
Beam splitter

dokycmpytoLas
NWH3a
Focusing lens

3awmTHoe
CTeKno
Protective glass

Puc.3. MNpuHuunuanbHas onmu4eckas cxema mexHoAozu4e-
cKol nasepHol 20/08KU
Fig. 3. Schematic optical layout of technological laser head

enhancement of laser radiation quality from 20 kW
with the spot diameter in focal plane of 3 mm (2013)
to 25-40-100 kW with the spot diameter of 0.6-2 mm
(2015) [2, 31.

The increase rate of the market of technological
laser systems is also significant; it is equal to 10% at
average for the period from 1993 to 2013. For compari-
son it should be noted that the average increase rate
of the market of metalworking machines is about 1.3%
for the same period (Fig. 2).

Depending on the tasks, which must be solved, the
laser technological complexes are equipped with dif-
ferent operating tools - laser technological head, opti-
cal system of which provides required spatial charac-
teristics of laser radiation in working area (Fig. 3).

— Solid-State Laser

—Co,
— Fiber Laser
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Puc.4. Pocm mousHoCmMU Ad3epHbIX UCMOYHUKO8
Fig. 4 Growth of power of laser sources

Ha CTBIK U CJIeKeHH s 32 IIPOLIeCCOM CBAapKU B peXKHMe
peanpHOro BpeMeHH, CHCTeMOH II0flauM CBapOYHOM
nipoBonioku (romoBku PDT m PDT-B (HighYAG); ALO1
1 ALO3 (ScanSonic)), koHTaKTHbIM (ALOL 1 ALO3) wiu
orntudeckuM (FSO (ScanSonic)) JaTuMKOM, MIPHUKUM-
HBIM YCTPOMCTBOM B BHJe '"TIa/blieB" MIH AUCKOB (FSO
1 RSK (HighYAQ)), obecnieynBaronym He TOIBKO ILIOT-
Hoe ITpH/IeraHHe CBApHBaeMbIX 00pasIioB, HO U KOH-
TPO/Ib PAaCCTOSHHUS OT JIa3epHOM TOJIOBKH [0 IIOBEPX-
HOCTU H3JeNuM. MHTepeceH BapHaHT HCIIOIHEHUS
cBapouHor cucteMbl FormWelder Plus (Precitec) [10],
M3TOTOBJIEHHOM Ha 6ase ya3zepHOM ronoBKU YW30 wiu
YW52, mpenHasHa4YeHHOM [/ CBAapKH H3Jly4YeHHeM
MHUKPOHHOH [JHMHBI BOMHBL C MOIIHOCTBIO A0 6 KBT
U 10 20 KBT COOTBETCTBEHHO U IlepeMellaeMbIX BIOJb
ocert X 1 Y Ha 50 MM (puc.5).

B nuHelKe IPOAYKIMH ScanSonic Takxke IIpen:-
CTaBleH Hauboree MPOCTOM BAPUAHT HCIIOTHEHUS
7a3epHOM ronoBKU (BO), cocTosimmer U3 Ko/UIMMaTopa
U oKkycupyIOIler JHH3bl, PACCYUTAHHBIX Ha MOII-
HOCTb M3JIy4YyeHHsI 0 6 KBT. T0/10BKa OIIIMOHAIBHO
MokeT OBITh YyKOMILIeKToBaHa CCD-KamepoH, Kap-
TPUIKeM C 3alJUTHBIM CTEKJIOM, MOAY/IeM LITOPHOH
ra3ofMHAMMYECKON 3aIMUTHI, CHUCTEMOM aBTOMAaTH-
YeCcKOro HM3MeHeHMsl QOKYCHOTO PacCTOSIHMS, a TakKe
NPOTUBOYAAPHBIM [JAaTYMKOM M HMeTb KaK IIpSMOoe,
Tak W [-0bpa3Hoe wucronHeHKe., MHTepeceH BapHaHT
HCIIONHEHH S 1a3epHOM roioBKU BO-SF, pegHa3HavyeH-
HOM 71 CBapKH C MOIIHOCTBIO JIa3epPHOI0 M3/yUeHHs
10 30 KBT 1 U3roToB/IeHHOM Ha 6a3e ronosku BO. Jlazep-
HOe H3JlyueHHe MHKPOHHOM JJIMHBI BOMTHBI GOPMUPY-
eTCsI IIPaKTUYeCKH C PaBHOMEPHBIM paclipefiesieHHeM
B IioriepeyHoM ceueHUH 1pu KIIJ| 6oree 98%. T'onoBka,
OMIIMOHAIBHO OCHAIlleHHasg GOKYCHUPYIOUIUM 3ePKajioM
U KOJIJIMMATOPOM C Pa3sTUYHBIMH QOKYCHBIMHU PacCTOsI-
HUSMH, IIpefHA3HAUYeHa /Il JIa3ePHOM CBAPKU MeTaJl-
JIOKOHCTPYKIIUM OONBIIKX TOMIIMH B TPy6OCTPOEHUH,
CyOOCTPOEHUH U OPYTHX OTPAC/IsiX IIPOMBIIUIEHHOCTH
(puc.6) [11].

Kommnanus IPG BeIIIyCKaeT jia3epHble TOIOBKU FLW-
D30 (mo 6 KBT) 1 FLW-D50 B MmoguduKanuax L (mo 10 KBT),
S (mo 30 kB1) u HP (mo 50kBT) B [-06pa3HOM, IpsIMOM
U cragAaptHoMm (6e3 CCD-Kamepsl) HCIOTHEHHH.
KpoMe 3aIMTHOIO COIlIa, MOZAY/S Cross-jet, AaTUMKa
TeMIIePaTyphl U 3arpssHeHUs] OKYCHPYIOLIeH THUH3EL,
OITUYECKOr0 JAaTUHKa CIeKeHMS 33 CTBIKOM M YCTPOH-
CTBa 151 TIOAQ4YU IIPOBOJIOKH, TOJIOBKH OIILIMOHAJIEHO
MOTyT OBITH OCHAINEHBI MOAYISMH CKaHHPOBAHHS
JIa3€PHOT0 H3/1y4eHH s 10 TPaeKTOPUSIM B BUe IUHUH,
KpyTra u "BocbMepku’ (Wobble), menutenem usnydeHus
Ha JIBa Jly4a C OJHMHAKoBOHM MoInHoCTh0 (Dual Spot
Module) u monynem, obecrieqnBalONIMM PaBHOMEPHOE
pacmpezeneHye ja3epHoro usnydeHus: (Beam Shaper

Puc.5. Ceapou-
Has cucmema
FormWelder
Plus Ha 6a3e
AdasepHol
20N08KU YW52
Fig. 5. Welding
system
FormWelder
Plus based on
laser head YW52

q BRI

In addition to focusing of laser radiation, the
technological heads supply associated gases and
materials to the treatment area: shielding gases - in
case of welding, operating gases - in case of cutting,
powders - in case of cladding, electrode wire - in
case of arc augmented laser welding or laser welding
with additive. Also, the technological heads can be
equipped with the systems of video surveillance and
monitoring of technological process, including the
systems of control of technological head position in
relation to workpiece.

Let us consider the technological heads of lead-
ing world manufacturers, which are intended for the
implementation of technologies of laser and arc aug-
mented laser welding, laser cutting, thermal treat-
ment and cladding.

TECHNOLOGICAL LASER HEADS FOR LASER
(ARC AUGMENTED LASER) WELDING

Narrow and deep welding joint, which is typical for
laser welding and can be obtained at the expense of
high density of laser radiation power (10°-10’7 W/cm?)
on the surface of welded workpieces, together with
high welding speed (up to 20 m/min) provide the
significant reduction of welding deformations,
increase of technological efficiency of welded joints
and productivity of welding process. Advantages
of laser welding make this technology practically
irreplaceable in case of mass production of critical
welded structures. The further development of laser
welding technologies is associated with the increase of
maximum radiation power (Fig. 4) of used lasers. The
occurrence of high-power fiber and diode lasers made
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a) b)

Puc.6. J/lazepHasi mexHono2uYe-
cKkas 20n08Kka BO-SF e pasznuu-
HbIX UCNOAHEHUSIX: ¢ d8yms (a)

u mpems (b) 3epkanamu u pac-
npedeAeHue U3Ay4eHUSs 8 none-
peyHom ceyeHuu 8 poKanbHoU
naockocmu (c)

Fig. 6. Laser technological

head BO-SF with different
configurations: with two (a) and
three (b) mirrors and radiation
distribution in cross-section in
0 focal plane (c)

Module), mpenHa3HaueHHBIMHU [JIs II€peaud H3JIyde-
HHS MOIITHOCTBIO 10 10 KBT [6].

JlazepHble CBapOYHBIE TOJIOBKHM, BBHIITYCKaeMble KOM-
maHuen LaserLine [y MCIOJB30BAHUSA C OHOIHBIM
J1a3epoM, OTIHYAIOTCS PaBHOMEPHBIM paclpejesie-
HHeM MOIIHOCTH JIa3epHOTO0 M3/1y4YeHHs B IIOepey-
HOM CeueHHH B popMe Kpyra U/IH IIPSIMOYTOIbHHKa [12].
JIOTIONHKTE/IBHO TOMIOBKM KOMIIAHMH LaserLine ocHa-
I[AOTCS CXOKMMHU C TooBKaMu ScanSonic u HighYAG
KOMIIOHeHTaMH.

KomnaHus Kugler u3roraBiuBaeT CBapO4HEIe
rosoBky LK190W, LK390F m LK390W, mocinenHss
113 KOTOPBIX ITpe/IHa3Ha4YeHa 115 paboThl € U3/TyueHHeM
MOIIHOCTBIO Oostee 40 KBT. T0I0OBKM MOTYT OBITbH YKOM-
IUIEKTOBAHBI (HOKYCUPYIOIIMMH 3epKajaMH C ¢(OKyc-
HBIM PaccCTOgHHeM OT 150 MM mo 600 MM, CHCTeMOM
HM3MeHeHHs QOKYCHOIO PAaCCTOSHHS B aBTOMaTHM3MPO-
BaHHOM peXXHMe, a TAKKe 3epKaJIoM-e/IuTeIeM H3J1y-
yeHMsI Ha IBa 1y4a. Ha 6a3e 1a3epHoi romoBku LK390W
M3TOTOB/IeHA TOJIOBKA [JIS1 JIa3epHO-AYTOBOM CBAapKH
LK390H. Takske KOMIIAHMS H3rOTaBIMBAET JIa3ep-
HBIE TOJIOBKM JJIS MHKPOCBApKM C IHAMETPOM IISTHA
JIa3epHOro H3/1y4yeHHs B GOKAIBHOM IJIOCKOCTH MeHee
10 mxM [13].

it possible to implement a number of new technologies
of laser and hybrid arc augmented laser welding. The
most interesting of them is the welding of metals
with large thickness, in particular modern complex
alloyed dual - and three-phase steel used for the
construction of pipelines, ship hulls, high-pressure
vessels and other critical structures [4].

Use of such high-power laser sources in the struc-
ture of welding technological complexes poses a num-
ber of requirements to the optical system of laser
heads. First of all, these requirements include the
provision of thermal resistance of mirrors and lenses.
Secondly, they include provision of reliable protec-
tion of the optical system against condensed particles
and vapors emerging from steam-gas channel with
near-sonic speed. Also, small diameter of heating spot
(=600 pm) determines the requirements to accuracy of
laser beam pointing on joint and limits the allowable
gap between workpieces.

The companies IPG [6], HighYAG [7], ScanSonic (8]
and Precitec [9] offer the heads, which are intended for
welding with the radiation power from 0.25 kW (head
p (HighYAQ)) up to 50 kW (FLW-D50HP (IPG)) with the

JlazepHble CBapoO4YHble T'OJIOBKH
AP44 1 AP54 (puc.7), U3roTaB/IMBa-
eMble KOMIIaHMeH Reis u obnamaro-
IIHe 6BICTPOCHEMHBIM KpeIUIeHHeM
st QuUKcauMU K PpoboTy-MaHU-
Iy/I1sTOPy, IpeAHA3HAuYeHbl /s
PaboThl € MOLIHOCTBIO JIA3€PHOIO
M3IydeHHs [0 6 KBT U 1o 12 kBt
COOTBETCTBEHHO.

OCHOBHBIE OT/JIMYHS HAaHHBIX
TOJOBOK OT MPeACTaBIeHHBIX
BBIIIE - HaJWU4YHe OUOLHOM IIOA-
CBETKM MU OBICTPOCBREMHBIX Mar-
HUTHBIX KpeIlJIeHUIH HeKOTOPBIX

Puc.7. /lazepHvbie caapoyHble 20n08Ku AP44 (a) u AP54 (b)
Fig. 7. Laser welding heads AP44 (a) and AP54 (b)

H3 MO/:[YJIEI;II KOHTAaKTHO-M3M€pHU-
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TeJIBHOTO MOAY/IS, OITHYEeCKOro JaT4dHKa CJIesKeHHS
3a CTBIKOM M MOAY/Sl JTHOMHOrO OCBelleHHUs. OILHo-
HaJIBHO TOJIOBKM TaK>Ke MOTYT OBITH OCHAILEHBI CHCTe-
MOM IOAQYH ITPOBOJIOKH, COILIAMH [I/IsSi HEeKOaKCHaIb-
HOM M KOaKCHAJIBbHOM 3aIIMUTHI IIBa. KoMmaHuel Reis
IIpefiCTaB/IeHa TOJIOBKA [Is1 JIA3€PHO-IYTOBOK CBAapKHU
(14], BeIimonTHeHHAsI Ha 6a3e a3epHOM rooBKU AP54,

[Ipy H3rOTOBJIEHUM H3[e/NHN MaIlHHOCTPOeHHUS
(TerI006MEHHBIX aIlllapaToB, IePMETHYHBIX Y3/I0B
HAaCcocoB K IIP.) BO3HUKAIOT 3af[auM IO IIPOBEAEHUIO
06paboTKy B TPYLHOAOCTYIIHBIX MeCTaxX. [ 3TOro
psmom kommanum (Nutech, GTV,

wavelength of 900-1080 nm at the market of laser
equipment. Laser welding heads consisting of col-
limator, focusing lens, protective glass and system of
feed of compressed air can be optionally equipped with
CCD camera for the accurate pointing on joint and
tracking the welding process on a real-time basis, sys-
tem of supply of welding wire (heads PDT and PDT-B
(HighYAQ); ALO1 and ALO3 (ScanSonic)), contact (ALO1
and ALO3) or optical (FSO (ScanSonic)) sensor, holding
down device in the form of "fingers’ or disks (FSO and
RSK (HighYAG)) providing not only tight adjoining

IWS, RPM u zip.) pa3pabaTbiBaeTcst
CIleLiMajIbHBIF TeXHOJIOTHUYeCKUH
HMHCTPYMeHT [15].

IoBOPOTHOE 3epKano
Rotating mirror

[IpyMepoM TaKOIO TEeXHOJIOTH- g f,f’ oy =
_ I Moaynb GOKYyCMPOBKM h Konnnmatop (QBH)
YeCKOr0 HMHCTPYMeHTa MOXKeT CI1y III,-/ Focusing module \t Collimator (QBH)
SKHTb JIa3epHas TOJI0BKa C JOIYCTH- f J I
MOH JIy4eBOIK HAarpy3KoH [0 3 KBT | | 5 ||
¢ InybHHOM [ocsSIraeMocTH B 6aso- '| M anwvrens -
- 3 T |
BOM KOMIUIEKTalMy Ao 1000 MM, f W /i Extender
aspaboranHas B UHCTHTyTe \ Jauyroecrekio N\
pasp y N Protective glass A

Ja3epHBIX KM CBAPOYHBIX TEXHOJIO-
run [16]. TomoBKa KMMeeT Kperje-
HUSI )1 YCTAaHOBKU Ha JIMHEHHbIe

MaHHUIYIATOPbl,  IIPOMBIIIIEH-
Hble pobGOTHI U Ipyrve CpencTBa
JOCTaBKH.

Ha puc.8 mpencraBiieHbl CXeMBbl
TOJIOBOK [/ISI CBApKH ITIOBOPOTHBIX
U HEIIOBOPOTHBIX CTBIKOB (U ITOBEPX-
HOCTHOHM TepM00oOpaboTKy) U IpH-

dPokycHoe paccTosiHme oT 200 o 500 MM

MWHWUMANbHbIV AUAMETP BHYTPeHHe 06pabaTbiBaeMOn MOBEPXHOCTM 150 MM
Focal distance from 200 to 500 mm

Minimum diameter of treated internal surface 150 mm

e
S

a)

Mepbl ee KCIIONIb30BaHUS IIPU IIPU-
Bapke TOHKOCTEHHOH 00edalKku
K KOPIIyCy Hacoca.

Ha puc.9 mpuBeseH 06U BUL
TFOJIOBKKM C BpalllaIOIIMMCS II0BO-
POTHBIM 3epKajioM [Jig CBapKHU
BHYTPeHHMX HEIIOBOPOTHBIX CThI-
KOB, YCTAaHOBJIEHHOHM Ha POOOTH-
3UPOBAHHOM MOAYy/ie [JOCTaBKH.
Takasg KOHLEIIMS ITPAKTHYECKHU
He HMeeT OrpaHHYeHHH IO INy-
buHe NoCATaeMOCTH.

OOHMM M3 MaJO4YKC/IeHHBIX
OTeueCTBEHHBIX IIPOM3BOJMTENEeH
JIa3epHBIX TOJOBOK sBjsseTcss HTIL]
"JnexTpopecypc’,  COTPYEZHHUKH
KOTOpPOr0 M3rOTaBJIMBAIOT Jla3ep-
HYI0 rojioBky VFOOLMA 117151 paboTsl
C BOJIOKOHHBIMH JIa3epaMH MOIITHO-
cThi0 10 3 KBT. TonmoBka obiamaer

308aHus (¢)

Puc.8. Cxema 201080k 8451 ra3epHoli c8apKu U mepmoobpabomku nosopomHsix (a)
U HenogopomHbix (b) cmeikos 8 MpydHOAOCMYNHbIX MeCcmax u npumep ux UCnoAb-

Fig. 8. Scheme of heads for laser welding and thermal treatment of roll (a) and non-
roll (b) joints in hard-to-reach places and example of their use (c)

9]

BO3MO>KHOCTBIO HM3MEHEeHHU S Cl)OKYC‘

PHOTONICS N2G/60/2016 19



i1

HOTO PACCTOSHHUSI B aBTOMATH3MPOBAHHOM peXXKHMe
1 MOKeT OBITh OCHAIlleHAa MOAYISIMH Ha MarHUTHOM
KpeIlIeHUH C JaTYHMKOM KOHTPOJISI PACCTOSTHUS A0 obpa-
6aTeIBaemMoro usmenus [17].

Takke Heo6XOOMMO OTMETHUTh CKaHHUpYIOLIHe
CHCTEMBI, HCIIOJIb30BaHKE KOTOPBIX II03BOJISIET IIOBBI-
CUTb IIPOM3BOJUTENIBHOCTh CBAPKU IIPUMepPHO Ha 25%.
M3 mpefcTaB/eHHBIX Ha PhIHKE CKAaHUPYIOIIUX CUCTEM
MoxkHO BblenuTh IntelliWeld PR u Intelliweld I FT
(c F-theta nuu30m) (Scanlab), mpenHa3sHaYeHHBIE /IS
PaboTHI C 1a3epHBIM H3/Ty4YeHHeM MOIIHOCTHIO 10 8 KBT.
Kommanus ScanLab Takske ITPOU3BOAUT CKAaHUPYIOIIHe
cucremsl IntelliScan III 10 u IntelliScan III 20, npenHa-
3Ha4YeHHBIe )11 PabOThI C Pa3TMYHBIMU THUIIAMH Jia3e-
POB (IMOOHBIM, BOJIOKOHHBIH, TBepHOTeNbHBIN U CO,)
¢ MomHocThI0 150 BT 1 1000 BT 1 pa6quM1/1 30HAMH
120x120 mm? (f=163 MM, d=32 MKM) U 60x60 MMm?
(f=160 MM u d=16 MKM) COOTBETCTBeHHO. KOMIIaHUS
Trumpf M3roTaBIKMBaeT CKAaHUPYIOLIHe CUCTeMbl PFO,
IpefHa3HauYeHHble [/ JIa3epHOM CBapKH, pe3KHU
U MI/IKPOO6pa6OTKI/I. Cucrembl PFO mopudukauuu 14,
20 u 33 ucnonp3yoT 11 2D 06paboTKYU K3enni 1a3ep-
HBIM H3JIy4eHHEM MOINHOCTBIO OT 2 10 8 KBT (mmon-
HBIM, BOJIOKOHHBIM, TBepPAOTeNbHBII JIa3ephl) CO CKO-
POCTBIO OT 22 10 78 M/c mpu paboderi 30He 286x230 MM
(=420 mmMm; PFO 14, PFO 20) u 320x190 mMm (f=450 MM,
PFO 33). B nuHerike PFO Takke IIpefcTaBleHa CKaHU-
pyromas cuctema aius 3D obpaborku (PFO 3D), KoTo-
PYIO MOSKHO HCIIONBb30BaTh B COCTaBe KOMILTIEeKCA Ha 6ase
JUOMHOrO ja3epa C MaKCHMMAJIbHOM BBIXOJHON MOIIHO-
cThio 8 KBT. B mporiecce 06paborku PFO 3D mepemernaeT
Ja3epHBIN JIyd B GoKanbHOM IUIockocTH (f=1200 Mm)
CO CKOPOCTBIO JI0 22 M/C € pa3mepaMu pabouer 30HBI
780x530 MM IIpU BO3MOKHOCTH U3MEHEHU S II0JIO’KeHU ST
$OoKanbHOM IUIOCKOCTH II0 BEPTHUKAJIBHOM OCH Ha pac-
cTostHHe +475 MM [18].

CkaHHUpyIOIIAsl CHCTeMa, HW3TOTaB/IHBaeMasi KOM-
naHyer Reis, IpenHa3HadeHa JJIsI CBApKHU C MaKCH-
MaJIbHOM MOILIHOCTBIO JIa3epHOro M3aydeHus 1o 15 kBT
Y BBIIIYCKaeTCsd ¢ POKYCHBIM paccTosHueM oT 300 MM
01000 MM B 3aBUCHMOCTH OT KOMIUIEKTALIUHU.

s a3epHOr0 H3Ay4YeHHsI C MOIIHOCTBIO 8 KBT
U JUIMHOM BOMHBEI 1020-1080 HM IpefHa3HadeHa CKa-
Hupytomas cuctema RLSK (HighYAC), ocHameHHas
OBICTPOCMEHHBIMHM CTeKJIaMM [JIsS 3aIIUTHl 3epKaj
M KOJUIMMAaTopa, CHCTeMOM Cross-jet, CHCTeMOI KOH-
TPOJISL LIeJIOCTHOCTH CTeK/IA U CKAHUPYIOIIeH CUCTeMOM
ronoBky RLSK, CCD-KaMepor M CHCTeMOK OTBEPCTHH
ot dukcanuu. CKaHUPYOOLAS CUCTEMa HCIIONb3Y-
eTcst 1uist 3D cBapKU ¢ pabodert 30HOH 200x300x200 MM
(IlIx 1xB). [lepeMelieHHe 1a3epHOr0 U31y4eHHUs B pabo-
4ell 30He peaan3yeTcsl IPHU CKOPOCTH M TOYHOCTH I103H-
LIMOHUPOBAHUSL: 10 5 M/c (1 M/c B mporiecce 06paboTKw)
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Puc.9. NosopomHas mexHono2u4eckas 20A08Ka Ha pobomusu-
posaHHom modyne 0ocmasku

Fig. 9. Rotating technological head on robotized delivery
module

of welded samples but also control of the distance of
laser head to workpiece surface. The variant of weld-
ing system FormWelder Plus (Precitec) [10] made on the
basis of laser head YW30 or YW52, which are intended
for the welding by radiation with micron wavelength
and power up to 6 kW and 20 kW, respectively, and
moved along the axes X and Y by 50 mm, is of interest
(Fig. 5).

ScanSonic product range also contains the sim-
plest variant of laser head (VO) consisting of collima-
tor and focusing lens, which are rated at the radia-
tion power up to 6 kW. The head can be optionally
completed with CCD camera, cartridge with protec-
tive glass, module of curtain gas-dynamic protec-
tion, system of automatic variation of focal distance
and shock-proof sensor; it has straight and L-shaped
execution. The variant of laser head BO-SF, which is
intended for the welding with laser radiation power
up to 30 kW and made on the basis of VO head, is of
interest. Laser radiation with micron wavelength is
formed practically with homogeneous distribution
in cross-section with the efficiency factor of more
than 98%. The head, which is optionally equipped
with focusing mirror and collimator with differ-
ent focal distances, is intended for laser welding of
metal structures with large thickness in pipe build-
ing, ship building and other branches of industry
(Fig. 6) [111.

IPG company produces the laser heads FLW-D30
(up to 6 kW) and FLW-D50 with the modifications L
(up to 10 kW), S (up to 30 kW) and HP (up to 50 kW) in
L-shaped, straight and standard (without CCD cam-
era) configuration. In addition to protective shield
cup, cross-jet module, temperature sensor and focus-
ing lens contamination sensor, optical sensor of joint
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A +0,2 MM (BOoib oceri X U Y) ¥ +0,5 MM (BIoJib ocu Z)
COOTBETCTBEHHO.

TEXHOJTOIM'MYECKUE JIA3SEPHbIE TOJIOBKUA
AN1S1 NA3EPHOM PE3KU

TexXHOJOrHs JIa3epHOr0 PACcKposi 61aromapst BBICOKOK
IIJIOTHOCTH MOIIHOCTH JIa3€pHOrO H3/1yYeHHs], IIPeBbI-
matomert 107 Br/cm?, UMeeT psifi IPeMMYIIeCTB Iepes
OPYTUMHU TepMHUYeCKUMHU CI10c06aMH pe3KU. ITO BBICO-
Kasl IIPOM3BOJUTE/NIBHOCTb, HH3Kasi IIOTOHHAs 3Hep-
rus, y3Kas IIMPHHA pe3a U y3Kasi 30Ha TepMHYeCKOro
B/IMSIHUS, BBICOKOE KauecTBO 06paboTaHHOM IIOBepx-
HOCTH M Hap44y C 3THM BO3MOXKHOCTb aBTOMAaTH3a-
LMK Ipolecca. TeXHOMOTHs HCIIONb3YeTCS B 3aTOTOBH-
Te/IbHOM ITPOM3BOJCTBE IIPH M3TOTOBIIEHHUH 3/IeMeHTOB
M3 MeTa/UIMYecKOro JTHUCTOBOIO U IIPOPHIIBHOTO COpTa-
MeHTa (CO,-, BOJIOKOHHBIe, TBepAOTe/bHBEIE JIa3ephl),
a TakXe M3 IUIacTUKOB (CO,7Iaseprl) B Pa3JIHYHBIX
OTPaC/IsIX IPOMBIIIEHHOCTH.

Hcronp30BaHHe B COCTaBe TeXHOJIOTMYECKHX KOM-
IIJIEKCOB COBPeMEHHEIX JIa3epHBIX MCTOYHHKOB HaKJIa-
IBIBaeT ollpe/e/ieHHble TPebOBAaHMS K JIa3ePHBIM I'0JI0B-
KaM: obecrieueHHe BBICOKOM TEPMHUUECKOM CTOMKOCTH
KOMIIOHEHTOB OITHYeCKOH CHCTeMbl, BO3MOXKHOCTb
$OKYCHPOBKHU JIa3epHOI0 U3/1y4YeHHs C MUHHUMaIbHbIM
OHaMeTPOM ISITHA, KOHTPOJIb aB/leHHsI pabourx ra3os,
LIe/IOCTHOCTH 3/IeMeHTOB OITHYeCKOM CHCTEeMBI M pac-
CTOSIHUS 10 06pabaTeIBaeMOI IIOBEPXHOCTH.

1. peanmu3allMK JIa3ePHOM Pe3KU KOMIIaHMS
Precitec HM3roTaBlIMBaeT [OJIOBKH, IIpefJHa3HaueHHEIE
1711 paboThl B cOCTaBe KOMILIEKCOB Ha 6ase CO,-, AHoA-
HBIX, TBEPIOTe/IbHBIX U BOJIOKOHHBIX J1a3epoB [19].

JlazepHble TOJNIOBKH, paboTaoIye B COCTaBe KOM-
miekcoB Ha 6a3ze CO,71a3epOB C MAaKCHMMAJIbHOM MOII-
HOCTBIO OT 3 10 8 KBT B 3aBHCHMOCTHY OT KOMILJIEKTALIU
MOryT 6BITb OCHAIleHBl AATYUKAMU KOHTPOJIS JaBje-
HHUS PabovHX ra3oB, TeMIIepaTypsl, 3arpsi3HeHUS MK
IoOBpeskAeHUsT QOKyCHpYIoller TUH3b (Momenu HPL,5"
u HP2"), a Tak>Ke IIOCTAB/ISIFOTCS B CTAHZAPTHOM HCIION-
HeHUH 6e3 gaTuukos (CM2" u M1,5"). Bce ronoBku obja-
JOAIOT BO3MOYKHOCTBIO PeryaHpOBKH (QOKYCHOrO Ppac-
cTosHUS. [0/1I0BKH, IIpefHa3HaueHHBbIe /I Jla3epHOM
Pe3KH IHOOHBIMHU, TBEPAOTEIbHBIMU K BOTOKOHHBIMH
7Ma3epaMM C MaKCHMMaJbHOM MOIIHOCTBIO OT 500 BT
1o 8 KBT, ocHallleHbl KaPTPUAKEM C OBICTPOCMEHHBIM
3aIIUTHBIM CTEKJIOM K BO3MOXKHOCTBIO PeryIHPOBKHU
(bOKYCHOr0 pacCTOSHUSI. B 3aBUCIMOCTH OT KOMILIEeKTa-
LIMH TOJI0BKH MOTI'YT KUMeTb JaTYKK KOHTPOJISI TeMIlepa-
Typsl GoKycHpyomen TuH3b (MiniCutter, SpeedCutter
u LightCutter) u CCD-kaMepy [yisl CJIEKEHHUs 3a IIpo-
meccom pe3ku (FineCutter). OTHe/NBHO CTOUT OTMe-
TUTh YHHBepCAJIbHYIO Ja3epHyIo ronoBKy FineCutter,
IpeAHA3HAYeHHYIO [JIs IepefiauM JIa3epHOTO H3/y-

i g

tracking and device for wire supply, the heads can
be optionally equipped with the modules of laser
radiation scanning by trajectories in the form of line,
circle and figure-eight (Wobble), radiation splitter into
two beams with the same power (Dual Spot Module)
and module providing the homogeneous distribution
of laser radiation (Beam Shaper Module), which are
intended for the transmission of radiation with the
power up to 10 kW [6].

Laser welding heads produced by LaserLine com-
pany for the use with diode laser differ in homoge-
neous distribution of laser radiation power in cross-
section in the form of circle or rectangle [12]. The
heads are additionally equipped with the components,
which are similar to ScanSonic and HighYAG.

Kugler company makes the welding heads (LK190W,
LK390F and LK390W), last-mentioned head is intended
for the work with radiation with the power of more
than 40 kwW. The heads can be completed with focus-
ing mirrors with the focal distance of 150 mm to 600
mm, system of variation of focal distance in auto-
mated mode and mirror-radiation splitter into two
beams. The head for arc augmented laser welding
LK390H is made on the basis of the head LK390W. Also,
the company produces laser heads for microwelding
with the diameter of laser radiation spot in focal plane
less than 10 pm [13].

Laser welding heads AP44 and AP54 (Fig. 7) pro-
duced by Reis company, which have quick-detachable
fastener for the fixation to manipulating robot, are
intended for the operation with laser radiation power
up to 6 kW and up to 12 kW, respectively.

The main differences of these heads from above-
mentioned heads consist in the presence of diode illu-
mination and quick-detachable magnetic fasteners
of some modules: contact-measuring module, optical
sensor of joint tracking and module of diode illumina-
tion. Also, the heads can be optionally equipped with
the system of wire feed, nozzles for non-coaxial and
coaxial joint protection. The head for arc augmented
laser welding based on the laser head AP54 is offered
by Reis company [14].

When making the products for mechanical engi-
neering (heat exchangers, air-tight units of pumps
etc.), the tasks associated with the treatment in hard-
to-reach places occur. For this reason, several compa-
nies (Nutech, GTV, IWS, RPM etc.) develop the special
technological tool [15].

The laser head with allowable radiation dose up to
3 kW and accessibility depth in basic configuration
up to 1000 mm developed at the Institute of Laser and
Welding Technologies serves as the instance of such
technological tool [16]. The head has fasteners for the
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YyeHUS C JJIMHOM BOJHBI 255, 355, 515 Hm; 1,064, 1,552
1 10,6 MKM.

HHTepeceH BapHaHT CHUCTeMBl JIa3epHOM pe3KH
FormCutter Plus, OCHaIIeHHOM HAIPaBISIOIINMHU
¢ pabounm monem BAoib ocer X 1 Y 50x50 Mm? U obecrie-
YMBaloLeH BbICOKYIO TOUYHOCTD Pe3KH Aaske P UCIIONb-
30BAaHHMHU B COCTaBe POOOTH3HMPOBAHHOIO KOMILJIEKCA.
CucTema s1a3epHOM pe3KH BbIIIOIHEHA Ha 6a3e roloBKU
SolidCutter, mcrop3yeMoil IIPH MaKCHMaTbHOM MOII-
HOCTH M3/Iy4eHHs C JJIMHOM BOIHBI 900-1080 HM
10 4 XKBT, U MOKET ObITh M3rOTOBJIEHA C $OKYCHBIM pac-
CTOSTHHEM KOJUTMMAaTopa 75 MM H 100 MM U QOKYCHPYIO-
Ier IUH3BL 75 MM, 100 MM 1 125 MM (prc.10).

Haubosnbllero BHUMAaHHS [JOCTOMHA TOJOBKA
ProCutter, mpegHa3Ha4YeHHas [/ JIa3eDHOH pe3KH
MEeTaJIOB U CIIJIABOB IIPY MOLIHOCTH JIa3€pHOIO H3JIy-
YyeHH 00 8 KBT v myiuHoM BoaHBI 1030-1090 HM. ['o/1oBKa
obrnagaer QyHKIMeH aBTOMAaTHYECKOM MM Py4YHOM
(B 3aBHCHMOCTH OT UCIIOJIHEHHSI, pHC.11) peryIupoBKU
¢dorycHOro paccrossHus, LED-muCITIeeM [IJIs1 BH3Yyallb-
HOT'0 KOHTPOJIS AAB/IEHU I, TEeMIIEPATYPhl, 3arpA3HEHUS
OIITHYeCKOM CUCTEMBI U ABHKEHUS B ITpoLiecce paboTsl,
a TaK’Ke BO3MOSKHOCTBIO Ilepefayr JaHHBIX C JAaTYHMKOB
KOHTPOJISL Ha COTOBBIM TeledOH WIM IUIAHIIET yepe3
Bluetooth [20].

MHTepecHa s1a3epHas ronoBKa Bimo FSC (HighYAQ),
npenHasHadyeHHas OJjIs Pe3KH C MOIIHOCTBIO jIa3ep-
HOTO H37y4eHHUs [0 8 KBT (BOJIOKOHHBIH, TBEPAOTENIb-
HBI 71a3ep) npu KIIJI nepenaun usnydeHus 6omee 97%
(1064 um). TonoBka obmazmaeT BO3SMOKHOCTBHIO HU3MeEHe-
HHS (POKYCHOTO PACCTOSHMSA U AHUaMeTpa Ja3epHOro
n3nyueHus (pyc.12).

Taxke kKommnaHuen HighYAG n3rotosieHa roinoBka
IJ151 JIa3epHOU pe3KHU IIPH MaKCHMaJIbBHOH MOLTHOCTH
Io 0,25 kBT ¢ mauHOM BoaHBE 900-1080 HM. TonmoBka

Puc.10. Cucmema
AasepHol pe3ku
FormCutter Plus
Fig. 10. System
of laser cutting
FormCutter Plus
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installation on linear manipulators, industrial robots
and other delivery systems.

Layouts of the heads for welding of roll and non-roll
joints (and surface thermal treatment) and examples
of their use during welding of thin-wall shell ring to
pump casing are given in Fig. 8.

The general view of the head with rotating deflect-
ing mirror for welding of internal non-roll joints
installed on robotized delivery module is given in Fig.
9. Such concept practically does not have restrictions
by accessibility depth.

Scientific and Technical Center "Electroresurs’ is
one of few domestic manufacturers of laser heads; its
workers produce the laser head VF001MA for the opera-
tion with fiber lasers with the power up to 3 kW. The
head has capability of variation of focal distance in
automatic mode and it can be equipped with the mod-
ules based on magnetic fastening with the sensor of
control of distance to treated workpiece [17].

Also, we should mention the scanning systems,
use of which allows enhancing the productivity of
welding approximately by 25%. The following scan-
ning systems which are offered at the market can be
marked out: IntelliWeld PR and IntelliWeld II FT (with
F-theta lens) (ScanLab) intended for the operation with
laser radiation with the power up to 8 kW. The com-
pany Scanlab also produces scanning systems Intel-
liScan III 10 and IntelliScan III 20, which are intended
for the operation with different types of lasers (diode,
fiber, solid-state and CO,-lasers) with the power of
150 W and 1000 W and working areas 120x120 mm?
(f=163 mm, d=32 pm) and 60x60 mm? (f=160 mm and
d=16 pm), respectively. The company Trumpf produces
the scanning systems PFO, which are intended for
laser welding, cutting and micro-working. The sys-
tems PFO of modifications 14, 20 and 33 are used for
2D treatment of workpieces by laser radiation with the
power of 2 to 8 kW (diode, fiber, solid-state laser) with
the speed of 22 to 78 m/s in working area 286x230 mm?
(f=420 mm; PFO 14, PFO 20) and 320x190 mm? (f=450
mm, PFO 33). The scanning system for 3D treatment
(PFO 3D) is also offered in PFO product range; it can be
used in the structure of the complex based on diode
laser with maximum output power of 8 kW. In the
process of treatment, PFO 3D moves the laser beam in
focal plane (f=1200 mm) with the speed up to 22 m/sec
and dimensions of working area 780x530 mm?, with
the capability of variation of focal plane position along
vertical axis at the distance +475 mm [18].

The scanning system made by Reis company is
intended for welding with maximum power of laser
radiation up to 15 kW and produced with focal distance
of 300 mm to 1000 mm depending on configuration.

a) b)

Puc.T1. TexHonozuyeckas nazepHas 2onoeka ProCutter
(Precitec) ¢ pyHKUUell asBmomamu3uposaHHozo (a) u py4-
Ho20 (b) u3meHeHUs POKYCHO20 paCCMOSHUS

Fig. 1. Technological laser head ProCutter (Precitec) with
function of automatic (a) and manual (b) variation of focal
distance

ocHameHa CCD-KaMepoll M BO3MOXKHOCTBIO H3Me-
HeHUS IONOKeHUs GOKAIBPHOM IIJIOCKOCTH OTHOCH-
TEJIBHO COIL/IA I10 OCH Z Ha BeJIMYMHY +5 MM. ['0/I0OBKU
[JIS JIa3€pHOr0 PacKposi IIPHU MOIIHOCTH HU3Ty4YeHUS
no 1 kBt (D30 Compact) u mo 12 kBt (FLC-D30) BBIIIY-
ckaeT KommaHus IPG. JlasepHas rosoBka FLC-D30
OCHallleHa 3aIIUTHBIM CTEKJIOM C CHCTEMOM KOH-
TPO/Is, COIIOM C LATYHMKOM KOHTPOJIS BBICOTBHI, BO3-
MOKHOCTbBIO PyYHOI0 U aBTOMaTHU3HUPOBAHHOIO Ilepe-
MemleHUSI QOKYCHOM JIHH3Bl BAOAb BepPTHKaJIbHOU
ocu, Ethernet coeqnHeHNeM K KOJIJIMMATOpPOM C JTHa-
bparmon M CHCTEeMOH OXJaKAEHHS KU IIpelHa3Ha-
4YeHa I J1a3epPHOrO PaCcKposl CTalH, aJTIOMHUHHEBHIX,
MeIHBIX CIIJIAaBOB M JaTyHH. OILKMOHAJIBHO J1a3ep-
Hasl TOJIOBKa MOXKeT OBITh OCHAIlleHa KOAKCHAJIBHOM
KaMepOH.

KomnaHnuen LaserLine Ha phIHKe IIpefCcTaBjeHa
7a3epHasi roIoBKa [/I5 pacKposl Hep>KaBelollled CTaIH
Y TaJIbBaHUYeCKHU 06paboTaHHBIX JIKCTOB TOJIIKHOMN
[0 3 MM C JMaMeTPOM IIITHa U3/IyUYeHU s, TeHepupye-
MOI0 JHOJHBIM JIa3epoM, PaBHBIM 150 MKM. TonoBKa
OCHaIlleHa 3aIMMTHBIM CTEK/JIOM, €MKOCTHBIM MU
KOHTAKTHBIM JAaTYHMKOM M HaTUYMKOM KOHTPOJISL pas-
pyleHHs GOKyCHPYIOIeH THH3HI.

The scanning system RLSK (HighYAG) equipped
with quick-change glasses for the protection of mir-
rors and collimator, cross-jet system, system of integ-
rity control of glass and RLSK head scanning system,
CCD camera and system of apertures for fixation is
intended for laser radiation with the power of 8 kW
and wavelength of 1020-1080 nm. The scanning sys-
tem is used for 3D welding with the working area
200x300x200 mm (WxLxH). The movement of laser
radiation in working area is implemented at the speed
and positioning accuracy: up to 5 m/sec (1 m/sec in the
process of treatment) and +0.2 mm (along the axes X
and Y) and +0.5 mm (along the axis Z), respectively.

TECHNOLOGICAL LASER HEADS FOR LASER
CUTTING

Due to high density of laser radiation power, which
exceeds 107 W/cm?, the technology of laser cutting
has following advantages in comparison with other
thermal methods of cutting: high efficiency, low
rate of energy input, narrow cutting width and heat-
affected area, high quality of treated surface and
capability of process automation; it is used in blank
production when making the elements of metal sheets
and sections (CO,, fiber, solid-state lasers) and plastics
(CO,-lasers) in various sectors of industry.

The use of modern laser sources in the structure of
technological complexes poses certain requirements
to laser heads: provision of high thermal resistance of
optical system components, capability of focusing of
laser radiation with minimum spot diameter, control
of working gas pressure, integrity of optical system
elements and distance to treated surface.

For the purpose of implementation of laser cut-
ting, the company Precitec makes the heads, which
are intended for the operation in the structure of com-
plexes based on CO,, diode, solid-state and fiber lasers
(19].

The laser heads operating in the structure of com-
plexes based on CO,-lasers with the maximum power
of 3 to 8 kW depending on configuration can be
equipped with the sensors of control of working gas
pressure, temperature, contamination or damage of
focusing lens (models HP1,5" and HP2"); they are sup-
plied in standard configuration without sensors (CM2"
and M1,5"). All heads have the capability of adjust-
ment of focal distance. The heads intended for laser
cutting by diode, solid-state and fiber lasers with the
maximum power of 500 W to 8 kW are equipped with
the cartridge with quick-change protective glass and
they have the capability of adjustment of focal dis-
tance. Depending on arrangement, the heads can be
equipped with the sensor of control of focusing lens
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a)

Puc.12. /lazepHas mexHonozuyeckas 20n08ka Bimo FSC ¢ pyHKUUSMU u3meHeHUs GoKycHO20 paccmosHus (a) u duamempa ayya (b)
Fig. 12. Laser technological head Bimo FSC with functions of variation of focal distance (a) and beam diameter (b)

b)

TakKe HHTEpPeCHBbl TeXHOJIOTMYeCKHe Jia3epHble
rogoBkd LKI90C um LK390C, mpencTaB/ieHHbIe KOMIIA-
Huel Kugler, paboraromue ¢ MOIHOCTBIO HU3JTy4YeHUS
o 8 KBT. T0/I0BKHM OCHAILleHbl €eMKOCTHBIM JaTYHKOM
KOHTPOJISI PacCTOSIHUS [0 0bpabaThiBaeMoro m3genust
U MeIOT BO3MOYKHOCTb FOCTUPOBKH COIT/Ia BAOMb Ocet X,
Y ¥ Z B py4YHOM HJIK aBTOMAaTU3HPOBAHHOM pesKHMe,

TEXHOJIOI' NYECKUE JTIASEPHbIE TOJIOBKU
ANnda HANJIABKA

BBICOKOKOHIIeHTPHPOBAHHOE JIa3epHOe H3/ydeHHe,
reHepUpyeMoe COBpEMeHHBIMH JIa3epHBIMH HCTOY-
HHUKaMH, IIPH JIa3epHOM HaIUIaBKe obrafaeT criemy-
IONMMU IIPeHMYyIecTBAMU Ilepe], UHBIMH HCTOY-
HHUKaMH HarpeBa: BBICOKOIM ITPOM3BOJUTETBHOCTHIO,
HHU3KHUM KO3QPUIIMEHTOM IlepeMelIMBaHUS OCHOB-
HOrO MeTa/sla C HaIlJIaBlsieMbIM, MHHHMaJbHOM

temperature (MiniCutter, SpeedCutter and LightCut-
ter) and CCD camera for the monitoring of cutting pro-
cess (FineCutter). The universal laser head FineCutter
intended for the transmission of laser radiation with
the wavelength of 255, 355, 515 nm; 1.064, 1.552 and
10.6 pm should be mentioned separately.

The variant of laser cutting system FormCutter
Plus is of interest; it is equipped with the guide ways
with working field along the axes X and Y 50x50
mm? and it provides high accuracy of cutting even
in case of use in the structure of robotized complex.
The system of laser cutting is based on the head
SolidCutter used at the maximum radiation power
with the wavelength 900-1080 nm up to 4 kW; it
can be made with the focal distance of collimator
of 75 mm and 100 mm and focusing lens of 75 mm,
100 mm and 125 mm (Fig. 10).

a)

Puc.13. TexHonozu4ecKuUe Ad3epHble HanAasouHble 20A08kU YC30 (a) u YC52 (b) ¢ pa3AuyHbIM UCNOAHeHUeM nodd4u NOpoLUIKa
Fig. 13 Technological laser cladding heads YC30 (a) and YC52 (b) with different configuration of powder feed

b)
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30HOM TepMHYEeCKOT0o BIHSHHUS,
HU3KOM IIOTOHHOMSHEpPryueM, HU3-
KHM yPOBHEM OCTaTOYHBIX HAedop-
MaLlMH U JIOKaJIBHOCThIO 06pa-
60TKHU U3IeNH.

JlazepHble TOIOBKH, HM3TOTaBIH-
BaeMble JJI51 peanr3aliii TeXHOIO0-
THU JIa3ePHOM HaIlJIaBKU JOTKHBI
06/1amaTh OIITUYECKOM CHUCTeMOU
C BBICOKOM TepMHYECKOH CTOMKO-
CThIO, CHCTEMOM TOYHOM IIOJAYH
HaIlIaB/IsleMOro MaTepHasia B 30HY
BO3/IEHCTBHUS JIa3epHOIO M3Jlyde-
HUS, obecrieyuBaIOIeN BBICOKUH
KO3QOQUILIMEeHT MCIIOJIb30BaAHHS
MaTepHana, a TaK>Ke BO3MOKHO-
CTBIO BapbHPOBAHUS [HAMETPOB
IISITHA HarpeBa U CTPYH IIOPOLIKA

a)

Puc.14. JlazepHbie 20/108KU € KOdKCUAAbHOU KoAblesoli (a) u HekoakcuanbHoli (b)
nodayeli nopowika
Fig. 14 Laser heads with coaxial ring (a) and non-coaxial (b) powder feed

b)

B (QOKaBHOI IJIOCKOCTH B IIHPO-
KOM J[uamnasoHe s obecrieve-
HHS KaK MPeLM3HOHHOM, TaK U IIPOU3BOAUTEIBHON
HaIlJIaBKH.

KomnaHuen Precitec mpencTaBieHbl BapUaHTEHI
HCIIOJIHEHH I TOJIOBOK /IS JIa3€PHOM HAIIaBKH C KOAK-
CHAJIBHOHM Iofladyel IIOpOIIKAa 4depe3 4YeThblpe COIIA

The head ProCutter deserves the special attention;
it is intended for laser cutting of metals and alloys
at the power of laser radiation up to 8 kW and wave-
length 1030-1090 nm. The head has the function of
automatic or manual (depending on configuration,
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a)

and nozzle with coaxial powder feed through nozzles (c)

Puc.15. ['ono8ku 845 uHMezpauuu 8 Ad3epHble KOMNAEKChI: Ad3epHAs HANAGBOYHAS 20A08Kd (), HANAABOYHOE CONAD C KOAKCUANb-
Holi KoAblesoli nodayell nopowka (b) u conao ¢ koakcuaabHoli nodayell nopowika 4epes conad (c)
Fig. 15 Heads for integration into laser complexes: laser cladding head (a), cladding nozzle with coaxial ring powder supply (b)

b) Q)

K KonbleBoe corio (YC30 m YC52) (pmc.13) u Heko-
akcuasbHOM (pHc.14) momaderd IIOpoOIIKA. [OJOBKHU
OT/IMYAIOTCd MaKCHMaJIBHOM MOIIHOCTBIO TPaHC-
IIOPTHPYeMOro JIa3epHOro u3jaydyeHus: 2 KBT u 6 KBT
COOTBETCTBEHHO JJIMHE BOJIHBI,

MUHHMaNBHBIHN AHaMEeTpP CTPyH IOPOLIKA B 0bna-
CTH IepeTsKKU B Cjlydae ero IoJadu 4epes3 4YeThIpe
COIlJIa Y IIpH HeKOaKCHaJIbHOU Iomave (rosoBku YC30
1 YC52) paBeH 2 MM, IIPH CTPYHHOM KOJIBLIEBOL II0fAe
rnopomka - 0,7 MM.

JlazepHBle TOJOBKHM C KOAaKCHAJIPHOM IIOfa4yen
IIOpOIlIKa, IIpefcTaB/ieHHBble KOMIIaHHeM LaserLine,

Puc.16. /lazepHas zonoska CoaxTl 0As HANAABKU C Wienesoll
nodayeli NopowKa
Fig. 16. Laser heads Coax1 for cladding with slot powder

supply
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Fig. 11) adjustment of focal distance, LED display for
visual control of pressure, temperature, contamina-
tion of optical system and movement in the working
process, and it has capability of data transmission
from control sensors to cell phone or tablet through
Bluetooth [20].

The laser head Bimo FSC (HighYAG) intended for
cutting with the power of laser radiation up to 8 kW
(fiber, solid-state laser) with the efficiency factor of
radiation transmission of more than 97% (1064 nm)
is of interest. The head has the capability of varia-
tion of focal distance and diameter of laser radiation
(Fig. 12).

Also, HighYAG company produces the head for laser
cutting at maximum power up to 0.25 kW and wave-
length 900-1080 nm. The head is equipped with CCD
camera and it has capability of variation of focal plane
position relative to nozzle along the axis Z at +5 mm.
The heads for laser cutting with the radiation power
up to 1 kW (D30 Compact) and up to 12 kW (FLC-D30) are
produced by the company IPG. The laser head FLC-D30
is equipped with protective glass with control system,
nozzle with the sensor of height control, it has capa-
bility of manual and automatic movement of focusing
lens along the vertical axis, Ethernet connection and
collimator with diaphragm and cooling system; this
head is intended for laser cutting of steel, aluminum,
copper alloys and brass. The laser head can be option-
ally equipped with coaxial camera.

LaserLine company offers the laser head for cutting
of stainless steel and galvanically treated sheets with
the thickness up to 3 mm with the diameter of radia-
tion spot generated by diode laser, which is equal to
150 pm at the market. The head is equipped with pro-
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IIpefHa3HaueHbl O paboThl
C AUOOHBIMH J1a3epaMU U HUMeIOT
paBHOMepHOe  pacIpefeneHHe
7a3epHOro H3/1y4YeHHs B IIONeped-
HOM ce4eHUH B GopMe Kpyra HUIH
IIPSIMOYTOJIBHHUKA.

JlazepHEIe HaIlJlaBOYHBbIE
TOJIOBKH, IIPOHM3BOJMMBIE KOM-
maHuer Reis, B 3aBHCUMOCTH
OT KOMIUIEKTAIlUHM MOTYT OBITH
OCHAIIIeHBI COIIJIAMM C KOaKCHAJIb-
HOM KOJBLIEBOM MU CTPYHHOU
(uepe3 Tpu coma) rofader, M3ro-
TaBJIHBaeMBIMU KoMIlaHued ILT
(Fraunhofer). TonoBku mpegHa3Ha-
YeHBl A7 UHTerpallid B ja3ep-
HBIe KOMIIJIEKCHI Ha 6a3e JHUOIHBIX,
BOJIOKOHHBIX M TBepPIOTEIbHBIX
71a3epoB C MaKCHMAJIBHOM BBIXOJ-
HOM MOIIHOCTBIO 5 KBT, obecreuu-
Bas MIMPHHY HAIlJIaBJIEHHOIO CJIOS

b) - CoaxWire

Puc.17. /lazepHble 20/08KU € KoakcuaAbHoll nodaueli nposooku: a) — CoaxBraser;

Fig. 17 Laser heads with coaxial wire supply: a) - CoaxBraser; b) - CoaxWire

a) b)

ot 0,2 MM 110 4 MM B 3aBUCHUMOCTH
OT CXeMBI ITOJa4yH U MCIIO/IB3YeMOro JIa3€PHOI0 MCTOY-
HHKa (puc.15).

Corpynuukamu IWS (Fraunhofer) usroroBnenst
comna cepur Coax [IJisi KOAKCHAJNBHOM KOJIbIEBOH
[IOAYH IIOPOIIKa [IPHM HaIlJIaBKe C MOIIHOCTBIO jIa3ep-
HOro H3Jy4eHHs 3-8 KBT M IIPOM3BOSUTEIBHOCTHIO
10-150 r/MHH B 3aBHCHMOCTH OT HCIIOJIHeHU . TakKe
IWS npou3BoAMT coIlia A1 HeKOAKCHaIbHOM II0fauu
U [/ Ie/eBOM CUMMETPHUUYHOM IIofa4yM IIOpOIIKa
Coax 11 ¢ BO3SMOKHOCTBIO M3MEHEHHUS IIMPUHEI IIeIH
(puc.16). Coruto obecriedrBaeT HAIJIABKY BaJIMKA
C IMIHMPHHOMU 8-22 MM. [0/IOBKM IIpefHa3Ha4eHbl [
HUCIIONb30BAHHSI B COCTABe TEeXHOJIOTUYECKHX KOM-
[IJICKCOB, M3TOTOBJIEHHBIX Ha Oase CO,, muopHoroO,
BOJIOKOHHOI'O, TBepPAOTEe/IbHOIO j1a3ePOB MOIIHOCTLIO
0o 10kBT.

Taxkke HMHTepeceH BapHaHT MKCIIOJIHEHHUS Jja3ep-
HOI TOJIOBKH [JIS JIa3epHOM HaIlZIABKU C KOAKCHaslb-
HOI mopader IpoBosoku CoaxBrazer (Precitec) [21]
u CoaxWire (IWS, Fraunhofer). B ciydae ucrons3osa-
HHUS ronoBKK CoaxBrazer HamlaBKa OCYIIECTBIISETCS
IIpHU KOJBLIEBOM pacIlipefie/leHMH MOIIHOCTH Jia3ep-
HOTO H3JIy4YeHHUs, obeclleYHBAIONIEM IIpeABapUTENb
HBIM IIOAOIPeB IOAJIOKKH C Liebl0 YIY4YIIeHHS ee
CLeIUIEHUS C HAIUIABIsieMBIM MaTepHaioM. [0/IoBKa
CoaxWire ocHallleHa [de/lHTesleM JIa3epHOIO y4da
Ha TPU CXONSIIUXCS B 30He 00paboTKU Iy4YKa U MpHU
KCIIO/Ib30BAHHH IIPOBOJIOKK AHaMeTpoM 0,4-1,6 MM
M MaKCHMaJbHOM MOIIHOCTH H31y4eHHUs 4 KBT obna-
JaeT IIPOM3BOAUTENBHOCTBIO 3 KI/4. OIIJMOHAJBHO
rOJIOBKA MOKeT ObITh ocHameHa CCD-KamMepot U ITHUPO-

tective glass, capacitance or contact sensor and sensor
of control of focusing lens damage.

Also, the technological laser heads LK190C and
LK390C presented by Kugler, which operate with the
radiation power up to 8 kW, are of interest. The heads
are equipped with capacitance sensor of control of the

b) 9]

Puc.18. l'onosxa 045 Hannasku 8 mpyoHo00CMynHbIX Mecmax:
a) - o6uuli 8ud; b) — npouecc BoccmaHoseneHus 8HympeHHel
UUAUHApUYeCcKol NosepxHOCMU; ) = no8epxHOCMb nocae
0bpabomku

Fig. 18. Head for cladding in hard-to-reach places: a) - general
view; b) - process of restoration of internal cylindrical surface;
¢) - surface after treatment
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MeTpoM. TexHONOTHS JIa3epHOH
HAIlUIABKH C HCIIO0/Ib30BAHUEM IIPO-
BOJIOKM 00/1aflaeT pSiIOM IIPeHUMYy-
IeCTB IIepefi TeXHOJIOTHEH JIa3ep-
HOM HAIUIaBKHM MeTaJUIM4YeCKHUM
[IOPOIIKOM M3-3a JOCTYIIHOCTH CBa-
POYHOL [IPOBOJIOKH Ha OTe4eCTBeH-
HOM PBIHKe U IPUOIHIKaIoIerocs
K 100% ko3pduLIeHTa HCII0/1b30-
BaHMS IIPOBOJIOKH. [0/I0BKa IIpen-
HasHayeHa [/ HCIOJb30BAHU S
C BOJIOKOHHBIMH, TBEPAOTE/Ib-
HBIMH M [UONHBIMHU JIa3epHBIMU
HCTOYHUKaMHu (puc.l7). Ha puc.18.
IIpe/CTaB/ieHa jia3epHas TroJIOBKa
[UUIs1 BOCCTAHOBJIEHU I BHYTPeHHHUX,
TPYAHOILOCTYIIHEIX ITOBEPXHOCTEM
oT KoMIaHuu Nutech.
CorpynHukamu CLA u IWS

-

il
il

s

LESS

a)

uecc Hanaasku

Puc.19. JlazepHas 20n08ka dns Hannasku CoaxPowerlLine: a) — o6wuli 8ud; b) - npo-

Fig. 19. Laser head for cladding CoaxPowerLine

“

(Fraunhofer) u3rorosieHbI ro10BKU

ID, ID-2 1 Coaxid Aj1g HallaBKU BHYTPEHHHUX LIH/IHH-
OpUYeCKUX II0BEPXHOCTeH C MHHHMAJBHBIM [OHa-
meTpoMm 127 mM, 88,9 MM u 100 MM COOTBETCTBEHHO
U pabouyuM XOZOM B CTAHAAPTHOM HCIIOMHEHUH 1 M
IIPU MCIIO/Ib30BAHUM MOIIHOCTH JIA3€PHOI0 H3jIyde-
HUA 10 6 KBT (MUOOHBIHA nasep; ronoska ID) u 1o 3 KBT
(OMCKOBBIF, BOJIOKOHHBIF, TBEPHOTENbHBIN Ja3ep;
ronoBku ID-2 u Coaxid). To/l0OBKHM 06ecCIIedyruBaIoT
HaIIJIaBKy C IPOM3BOSUTE/IBHOCTBIO 75 I/MUH, 60 I/MHH
“ 50 I/MUH IIpY IIHPHHEe HAIlIaB-

distance to treated workpiece and they have capabil-
ity of nozzle alignment along the axes X, Y and Z in
manual or automatic mode.

TECHNOLOGICAL LASER HEADS FOR O
CLADDING

In case of laser cladding, high-concentration laser
radiation generated by modern laser sources has
the following advantages in comparison with other

JIEHHOTO CJ10S1 10 8 MM, 6 MM U 4 MM
COOTBETCTBEHHO.

OTHeNbHO XOTeaoCh ObI OTMe-
TUTh ronoBKy CoaxPowerline,
IIpefHa3sHAYeHHYIO [JIsg Jiasep-
HOM HAIIJIaBKKM [OHOOHBIM JIase-
POM C MOIIHOCTBIO H3JIyYeHHUS
mo 15 KBT C COIyTCTBYIOIIHM
MHAYKIMUOHHBIM  IIOLOTPEeBOM
MOIIIHOCTBIO HMHIAYKTOpa 0T 20
o 50 kBT. Mcronp3oBaHHe HHIOYK-
LMOHHOIO IIOLOrpeBa IIOBBIIIAET
IIPOM3BOAUTENBHOCTh HAaIlJIABKU
no 18 xr/4. Ilo olleHKam IIPOU3BO-
OUTeNeH, IpUMeHeHHe UHAYKIIU-
OHHOr0 Harpesa obpabaTeiBaeMoro
U3Lenns I103BOJISIeT IIPU MOIIHO-
CTH JIA3€pHOTO0 H31y4yeHHus 4 KBT
[10J1y4aTh IIPOH3BOAHTEIBHOCTD,
CPaBHHMYIO C IIPOH3BOSUTEIBHO-
CThI0O HAIUJIABKU IIPU MOIIHOCTHU
nmasepHoro usaydeHus 8-10 kBT
(puc.19).

Puc.20. JlazepHas 20n08ka RLH-A: a) - 8ud csepxy; b) — eud cHu3y
Fig. 20. Laser head RLH-A

a) b)
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TEXHOJOI' NYECKUE JIASEPHDbIE

ro10BKu AJi1 NOBEPXHOCTHOIO
TEPMOYTNPOYHEHUA

TeXHOJIOTHSI JIA3€PHOTO TEPMOYIIPOYHEHMSI peaH3y-
eTCs 3a CUeT HarpeBaHMUS IOBEPXHOCTHOIO CJIOSL M3Jle-
NMUS NpPHU ero KPaTKOBPeMEeHHOM B3aHMOAEHCTBUU
C BBICOKOKOHIIEHTPHPOBAHHBIM JIa3epHBIM H3/Iyde-
HUeM JI0 TeMIIepaTyp, He3HAUUTe/IbHO ITPeBBIIIAOIINX
TeMIIepaTyphl IIOTMMOPQHOTro IIpeBpalieHHUs, U I10CTIe-
AYIOIIEro OX/IaskAeHHs C BBICOKOK CKOPOCTHIO, 6aro-
Iapsi OTBOAY TeIl/la BHYTPb M3[eHs. BbICOKHe CKOpo-
CTH OXJIAXKAE€HU S IIOZIABISIOT TUGPY3HIO YITIepoaa IIpU
IOTUMOPGHOM IIpeBpallleHUH, obpasysi B ITOBEPXHOCT-
HOM CJI0e HU3[e/Hsl MapTeHCUTHYIO Ga30BYyI0 COCTABIIS-
IOIIyI0, 06/1aJaoIly0 BEICOKUMH TPHUOO0IOrHYeCKUMU
XapaKTepPUCTHKAMHU.

Jl1s peanu3allyd TeXHOJOTHHU JIAa3€PHOIO TepMO-
YIIpOUHEHHUs B OOJIBIIEl CTeIIeHU IOAXOAST BOJIOKOH-
Hble, TBepJOTe/IbHbIE 1 JUOJHBIE Ta3ePHble HICTOYHHKH,
TeHepHUpYIOIIHe Ja3epHOe H3TydeHHe, IOINIOIaeMoe
MaTepHaoM H3JeNHs C IOBBIIIEHHBIM KO3QOHUIIHeH-
TOM TIOIJIOIIEHHS [10 CPABHEHHIO C U3/TyueHHeM, TeHe-
pupyeMmbIM CO,masepom [22]. C menpio obecriedeHus
BBICOKOH IIPOM3BOAMTENBHOCTH IIpoOLlecca, a TaKkKe
CO3/IaHMSI PAaBHOMEPHO 3aKaJIEHHOIO II0 IIybHHe CyIosl
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heating sources: high efficiency, low coefficient
of diffusion of the basic metal with cladded metal,
minimum heat-affected area, low rate of energy
input, residual deformations and locality of workpiece
treatment.

The laser heads produced for the implementation
of technology of laser cladding must have the optical
system with high thermal resistance, system of pre-
cise supply of cladded material into the zone of laser
radiation impact, which provides high material utili-
zation rate, and capability of variation of heating spot
diameters and powder jet in focal plane within wide
range in order to ensure high-precision and effective
cladding.

Precitec company presents the variants of heads for
laser cladding with coaxial powder feed through four
nozzles and ring nozzle (YC30 and YC52) (Fig. 13) and
non-coaxial (Fig. 14) powder feed. The heads differ in
maximum power of transmitted laser radiation: 2 kW
and 6 kW, respectively, with micron wavelength.

Minimum diameter of powder jet in the area of
constriction in case of powder supply through four
nozzles and in case of non-coaxial supply (heads YC30
and YC52) is equal to 2 mm, in case of jet ring feed of
powder - 0.7 mm.
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IIpeJIOYTHUTe/IbHee MCII0Nb30BaTh JIa3epPHBIe T'OJIOBKHU
C PAaBHOMEpHBIM pacIIpe/ie/leHHeM H3J1y4eHUs B IIOIe-
pedHoM ceuyeHHH. K TAKKMM FOJIOBKAM B [IePBYIO O4epelb
HeoOXOIKIMO OTHECTH J1a3epHble CBApOYHbIe I'OJIOBKH
IPG moiHOoCThIO 0 10 KBT FLW-D50L ¢ JOIIOITHUTEIBHO
BCTPOEHHBIM MopyneM Beam Shape Module, romosku
Kugler ¢ 3epkanamuy, 0becrieYHBAIOIIUMU PaBHOMEP-
HOe pacIpefie/leHHe JIa3€pPHOT0 H3JIy4YeHHs, a TaKke
JIa3epHbIe CBAPOYHBIE TOJIOBKY KOMITAaHUHU LaserLine.

PaBHOMEepHBII HarpeB IOBEPXHOCTH MOXKHO pealu-
30BaTh TaKXKe IIPU OCLM/IIMPOBAHHUHU JIa3€PHBIM IIy4Y-
KOM IIOIIEPEYHO OTHOCHUTEIBHO HAITpaBJIeHHI0 06pa-
60TKU. 7151 peanr3aliiu JAaHHOM TeXHOIOTHH YCIIEITHO
[IPHMEHSIOTCS JIa3epHbIe TOJIOBKY KOMITaHUK IPG FLW-
D30 Wobble u FLW-D50 Wobble ¢ MakcHMaJIbHOM MOLL-
HOCTBIO M371y4eHHs 6 KBT u 10 KkBt. TonoBka RLH-A
(ScanSonic) kpome raJFBAaHOMETPHUYECKOTO CKAHATOPA,
obecrieurBaloONIero IepeMelleHHe Ja3epHOTO H3Jyde-
HUS B IIOIIepeYHOM HaIlpaBjieHHH, 0bpasys 3aKaJeH-
HBIH CJI0M MIMPHHOM 10 30 MM, TaKsKe OCHallleHa ITHPOo-
METPOM, PACIIOJIOKEeHHBIM KOAKCHAJIBHO JIa3€PHOMY
H3JIyuYeHHUI0 U H3MepsieMbIM TeMIlepaTypy obpabarer-
BaeMOH 30HBI B guariasoHe oT 800 mo 1600 °C. OnTuue-
CKasl CUCTeMa JIa3epHOH T'OJIOBKH CIIOCOOHA IIepeaBaTh
J1a3epHOe H3/Iy4YeHke, TeHepUPyeMoe BOJIOKOHHBIM HIIH
TBepAOTENIbHBIM, WKW AUOJHBIM Ja3epaMH C MaKCH-
MaJIBHOK MOIIHOCTBIO 10 6 KBT (pric.20).

KoMmaHuen Precitec misg peanu3anuM, B TOM YHCIIe
TeXHOJIOTHH JIa3€pPHOr0 TePMOYIIPOYHEHM s, H3TO0TOB-
neHa cuctema ScanTracker, criocobHast CKAaHHUPOBATh
n3jyyeHHe c yacToTo 1 kHz.

CoTpynHMKaMH KOMITaHHMM CLA M3roToB/IeHA a3ep-
Has roynioka ID-H a5 TepMOyIIpOYHEeHM I BHYTPeHHUX
LIMIHMHAPUYECKUX IOBEPXHOCTEH IUAMETPOM He MeHee
76 MM U pabodMM XOO0M 1 M ITPH MOITHOCTH JIa3€PHOTO
M3/1y4eHus 10 3 KBT.

BbIBO/Abl

Pe3ynpTaThl IIPOBEIEHHOTO aHa/IHM3a IIOKA3alH, YTO
TIOfIaBIsTIoNIee BOIBIIMHCTBO JIa3ePHBIX IOIOBOK IIpes-
Ha3HA4YeHO OJis pa6OTbI B COCTaBe TeXHOJIOTHYeCKHX
KOMIUIEKCOB Ha 6a3e THUOMHBIX, BOJIOKOHHBIX U TBEPIO-
Te/IbHBIX JIa3epoB. [0JIOBKHU H3TOTABIHBAIOT I10 MOLY/Ib-
HOMY IIPHHIIHUIY, obeCIIeYHBaIONeMy BO3MOXKHOCTb
nonbopa TpebyeMoil KOMIIIEKTALIMH B 3aBHCHMOCTHU
OT IIOCTABJIEHHBIX Ilepel HUMU 3aa4. OCHOBHEBIE ycu-
1IN KOMHaHHfYHPOH?»BO,E[HTeHefI JIa3epHBbIX T'0JIOBOK
HaIlpaBJIeHbl HAa H3TOTOBJIEHHE KOMIIOHEHTOB OIITH-
YeCKUX CHCTeM, 06IaJalolKUX BBICOKOM TePMHYECKOH
CTOMKOCTBIO, U MOIOJHUTENIBHBIX CHCTEM, IIOCTaBIIS-
eMBIX B COCTaBe JIa3ePHBIX TOJIOBOK M 0beCriedyHBaro-
IMX IIOJIHYIO ABTOMATH3AL[HI0 TEeXHOJOIHYeCKOro
Imporiecca.
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Laser heads with coaxial powder feed presented by
the company LaserLine are intended for the operation
with diode lasers; they have homogeneous distribu-
tion of laser radiation in cross-section in the form of
circle or rectangle.

Depending on arrangement, the laser cladding
heads produced by Reis can be equipped with the
nozzles with coaxial ring or jet (through three nozzles)
feed made by the company ILT (Fraunhofer). The heads
are intended for the integration into laser complexes
based on diode, fiber and solid-state lasers with maxi-
mum output power of 5 kW providing the width of
cladded layer of 0.2 mm to 4 mm depending on the
feed scheme and used laser source (Fig. 15).

The workers of IWS (Fraunhofer) produce the noz-
zles of Coax series for coaxial ring powder feed in case
of cladding with the power of laser radiation of 3-8 kW
and efficiency of 10-150 g/min depending on configu-
ration. Also, IWS produces the nozzles for non-coaxial
feed and slot symmetric powder feed Coax 11, with
the capability of variation of slot width (Fig. 16). The
nozzle provides cladding of the bead with the width of
8-22 mm. The heads are intended for use in the struc-
ture of technological complexes made on the basis of
CO,, diode, fiber, solid-state lasers with the power up
to 10 kW.

Also, the variant of the laser head for laser clad-
ding with coaxial wire feed CoaxBrazer (Precitec) [21]
and CoaxWire IWS, Fraunhofer) is of interest. In case
of use of CoaxBrazer head cladding is performed with
ring-type distribution of laser radiation power provid-
ing the prior heating of substrate for the purpose of
enhancement of its cohesion with cladded material.
CoaxWire head is equipped with the splitter of laser
beam into three beams, which converge in the area
of beam treatment, and in case of use of wire with
the diameter of 0.4-1.6 mm and maximum radiation
power of 4 kW it has the efficiency of 3 kg/h. The head
can be optionally equipped with CCD camera and
pyrometer. The technology of laser cladding with the
use of wire has a number of advantages in comparison
with the technology of laser cladding by metal powder
due to the availability of welding wire at domestic
market and wire utilization rate, which approximates
to 100%. The head is intended for the use with fiber,
solid-state and diode laser sources (Fig. 17). The laser
head for recovery of internal, hard-to-reach surfaces
produced by Nutech is shown in Fig. 18.

The workers of CLA and IWS (Fraunhofer) produce
the heads ID, ID-2 and Coaxid for cladding of internal
cylindrical surfaces with the minimum diameter of
127 mm, 88.9 mm and 100 mm, respectively, and oper-
ating stroke in standard configuration of 1 m using
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ABTOpBI BbIpaKaloT GrmaropapHocTs C.B.CMHPHOBY
(OO0 "IK CITA") u C.IImeneBy (HTO "HP3-Ilomroc”)
3a IpeJOCTaBIeHHYI0 HHPOPMALIMIO O TeXHHYECKUX
XapaKTepPUCTHKAX JIa3epHBIX T'OJIOBOK, HM3TOTABIHBae-
MBIX KOMIIAaHUSAMHU Precitec, ScanSonic, Nutech u IPG
Photonics.
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the power of laser radiation up to 6 kW (diode laser;
head ID) and up to 3 kW (disk, fiber, solid-state laser;
heads ID-2 and Coaxid). The heads provide cladding
with the productivity of 75 g/min, 60 g/min and 50 g/
min at the width of cladded layer up to 8 mm, 6 mm
and 4 mm, respectively.

The head CoaxPowerLine should be specifically
mentioned; it is intended for laser cladding by diode
laser with the radiation power up to 15 kW and con-
current induction heating with inductor power from
20 to 50 kW. Use of induction heating increases the
productivity of cladding up to 18 kg/hour. On the basis
of estimations of manufacturers the use of induction
heating of treated workpiece allows obtaining the
productivity, which is comparable with cladding effi-
ciency at the power of laser radiation of 8-10 kW, at the
power of laser radiation of 4 kW (Fig. 19).

TECHNOLOGICAL LASER HEADS FOR
SURFACE THERMAL HARDENING

Technology of laser thermal hardening is implemented
at the expense of heating of workpiece surface
layer upon its short-term interaction with high-
concentration laser radiation up to the temperatures,
which insignificantly exceed the temperatures of
polymorphous transformation, and further cooling
with high speed due to the heat transfer inside the
workpiece. Cooling with high speed suppresses carbon
diffusion upon polymorphous transformation forming
the martensitic phase component in surface layer,
which has high tribological characteristics.

Fiber, solid-state and diode laser sources, which
generate the laser radiation absorbed by workpiece
material with higher absorption coefficient, are more
suitable for the implementation of technology of laser
thermal hardening in comparison with the radiation
generated by CO,-laser [22]. For the purpose of provision
of high process efficiency and layer, which is homo-
geneously hardened by depth, it is more preferable to
use the laser heads with homogeneous distribution
of radiation in cross-section. Such type of heads pri-
marily includes the laser welding heads IPG with the
power up to 10 kW FLW-D50L with additionally built-in
Beam Shape Module, heads Kugler with mirrors pro-
viding the homogeneous distribution of laser radiation
and laser welding heads produced by LaserLine.

Also, the homogeneous heating of surface can be
implemented by oscillation of laser radiation in cross-
section relative to the treatment direction. The laser
heads of the company IPG FLW-D30 Wobble and FLW-
D50 Wobble with maximum radiation power of 6 kW
and 10 kW are successfully used for the implementa-
tion of such technology. In addition to galvanometric
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scanator providing the movement of laser radiation in
transverse direction and forming hardened layer with
the width up to 30 mm, the head RLH-A (ScanSonic) is
also equipped with pyrometer, which is located coaxi-
ally in relation to laser radiation and which measures
the temperature of treated area within the range from
800 to 1600 °C. The optical system of laser head is capa-
ble to transmit the laser radiation generated by fiber,
solid-state and diode laser with maximum power up
to 6 kW (Fig. 20).

In order to implement the technology of laser ther-
mal hardening, the company Precitec additionally
produces ScanTracker system, which is capable to scan
the radiation with frequency of 1 kHz.

Workers of CLA company produce the laser head
ID-H for thermal hardening of internal cylindrical
surfaces with the diameter of not less than 76 mm and
operating stroke of 1 m at the power of laser radiation
up to 3 kW.

CONCLUSION

The results of performed analysis showed that the vast
majority of laser heads is intended for the operation
in the structure of technological complexes based
on diode, fiber and solid-state lasers. The heads are
made on the basis of module principle, which provides
the capability of selection of required configuration
depending on set tasks. The main efforts of the
companies producing laser heads are aimed at the
fabrication of components of optical systems with
high thermal resistance and additional systems,
which are supplied in the structure of laser heads and
which provide the full automation of technological
process.
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