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In modern times (but as always) there are problems of building even larger structures, using even stronger and even
thicker materials. Main customers of such requirements are corporations specializing in manufacturing of the large marine
vessels, drilling platforms, marine wind turbines, pipelines, chemical reactors. In these structures metals and alloys of large
thicknesses are used.

With the new generation of lasers, high-energy laser welding (more than 10 kW, up to 100 kW) is the leading
technology in modern research and production. One of the main disadvantages of laser welding is the need for precise
connection of welding components. Many studies have been carried out to solve this problem.

One of the latest researches is using of hybrid high-energy laser welding together with the arc welding methods
(welding in shielding gases) [1].

Fig. 1. Experimental setup: hybrid high-energy laser and arc welding of T-butt joint, flat welding position

The main advantage of this method is the possibility of one pass melting of the metal with a relatively large thickness
(up to 20 mm), the lack of large thermal investments in the structure and, consequently, the absence of significant welding
deformations. Using the secondary arc welding method allows you to get a guaranteed filling of the partition of the edges
and to form a beautiful appearance of the welded joint. The use of electromagnetic support systems guarantees the formation
of a back roller seam.

For a more complete understanding of hybrid high-energy laser welding, there is the high-speed video shooting of
the welding zone in X-rays [2].
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Fig. 2. (a) Typical form of the probe beam transmission signal during welding;,
(b) video observation of the condensed particle cloud during the welding process.
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In addition to experimental methods, there is mathematical models had been developed, that work very well for
austenitic, ferrite, clad steels. The main problem is the simulation / reconstruction of the welding temperature field. Another
important issue is the effect of a steam jet from a weld bath. With increasing laser power, the power of the jet is also
increasing, which leads to loss of welding power. Impact of the wire feed rate, power of laser beam and speed of welding
on quality of the welded connection was studied.
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Fig. 3 Schemas of the inductive weld pool support

A large part of the research is the research of the influence of the electromagnetic support system (use of Lorentz
forces) on the process of forming the reverse part of the welded joint. The limiting factor in most welding positions for the
full melting of thick plates is the gravitational force acting on the molten material. This results in high values of hydrostatic
pressure in the molten material, which may be higher than the surface tension forces. Such an effect may provoke an
unacceptable decrease of the cross-sectional area of the weld, breakthrough, or even the loss of a liquid metal [2, 3].

Article considers the possibility of using non-contact external magnetic fields. When they applied below the weld
compound to form root of the seam and above - for electro-magnetic stirring of the molten weld bath results in positive
affect on formation of the metal seam. Investigated positive influence of vacuum or reduced atmosphere pressure in the
welding zone on the depth of melting. In this case, the overall interaction of the laser beam and the steam plume becomes
smaller, power of the laser beam increases, which increases depth of melting.

The widespread use of hybrid high-energy welding, gave impetus to the development of new mobile welding
equipment. Presented mobile device for laser welding with low pressure. Device uses a pressure of 200 mbar around zone
of interaction in the welding zone. Due to low pressure, formation of a sludge decreases, and welding depth is about 50%
higher than in case of welding under ambient pressure. That design is compact and does not depend on size of the welded
component. Only a vacuum pump and a compressed air supply are required to use the vacuum cap.
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Fig. 4. (a) Mobile vacuum device for laser welding at low pressure;
(b) Macrosegmentation of steel surface 5 mm, laser beam power 7 kW, welding speed 0,75 m / min
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YepHiciecobKull HAYIOHANbHUL MEXHOA02IYHULL YHIBepCUumem

B Ham gac 3aiiMaTicsl CIIOPTOM Ta MIKITyBaTUCS MPO CBiH (i3WYHUHA CTaH BIIIrpae IyXe BaXIIMBY POJb Y
KHUTTI KOXKHOT mroquHu. OJTHI€I0 3 IepIIOPAIHNX TPOoOIIeM Haloro OyTTs € mpobiiema 310poB’s Hanii. BUHATKOBY
ponb y ii posB's3aHHI Bimirpae Qi3sMyHEe BUXOBaHHS, SIKE BOJHOYAC € BAKIMBUM 3ac000M (QoOpMyBaHHS
0cOo0HCTOCTI.

Iligxin mo TpOeKTyBaHHS i BHPOOHWIITBA CIIOPTUBHHUX 3HAPSAAP Mae 3a0e3medyBaTH IMPaKTHUIHICTS,
HaMIHICTB, O0e3MeKy Ta KoMOPT s criopTcMena. Uepes 1e icHye 0e3mid Bapialliii CHopTHBHOTO 00JIaTHAHHS Ta
Croco0iB Horo BUKkopucTaHHs. [Ipodeciiinuii iHBeHTap MOXKHA BUKOPUCTOBYBATH SIK 1 B IOMAIIHIX YMOBaX, TaK i
B CIELIali30BaHUX TPEHAKEPHHUX 3ajax. B apceHanl cydyacHOi JIIOJMHU 3HAXOAWTHCS BEIMYE3HA KUIbKICTH
arperariB, 3aTHUX TPUBECTH 11 TIJIO B HAJISKHUH BUTIISI.

B misomy BapTO ckazatu, IO inei, 3akiajaeHi 6araTto pokiB Tomy (puc. 1), MIHNLIM B MEPBO3TAHHOMY
BUTJISAI 1 IO Cy4acHHX TpeHa)kepiB, oJHaK (opMa i 3MICT 3MIHHMJIMCS, IPHUOMY HE B TipIlry cTopoHy. Peaiii
CHOTO/IHIITHBOTO JHS MMPAKTUYHO 10 HEBITI3HAHHS 3MIHUIIM BUTJISII TPEHAKEPIB 1 B CyYaCHUX TPEHAKEPHHX 3ajax
MU 3BHKJIM OauuTH 30BCIM iHIII, BXXE TaK 3BUYHI HaM BHIH TpeHaxepiB [1].
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