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AABBSSTTRRAACCTT  

MMaannuuffaaccttuurriinngg  eeccoonnoommyy  ttoo  aa  llaarrggee  eexxtteenntt  iiss  bbaasseedd  oonn  ffaabbrriiccaattiioonn  ccoosstt  &&  iittss  ssttrreennggtthh  ooff  eeffffiicciieennccyy  ooff  wweellddiinngg..  WWeellddiinngg  TTeecchhnnoollooggyy  iiss  

oonnee  ooff  tthhee  mmeeaassuurreess  ooff  iinndduussttrriiaall  &&  tthhuuss  gglloobbaall  vvaalluuee  ooff  aannyy  ccoouunnttrryy..  OOuurr  pprreesseenntt  wwoorrkk  iiss  aabboouutt  hhyybbrriidd--llaasseerr  wweellddiinngg  &&  ssppoott  wweellddiinngg  

iinn  ssttrruuccttuurraall  &&  mmaacchhiinnee  ppaarrttss  ccoonnssttrruuccttiioonn  uussiinngg  sstteeeellss..  HHyybbrriidd  LLaasseerr  WWeellddiinngg  iiss  aa  tteecchhnniiqquuee  tthhaatt  ccoommbbiinneess  aa  llaasseerr  aanndd  eelleeccttrriiccaall  AArrcc  

WWeellddiinngg..  IInn  oorrddeerr  ttoo  iinnvveessttiiggaattee,,  tthhee  bbeehhaavviioorr  ooff  tthhiiss  wweellddiinngg  pprroocceessss,,  ssppeecciimmeennss  wweerree  ccaarrrriieedd  oouutt  wwiitthh  ddiiffffeerreenntt  ppaarraammeetteerrss..  TThhrreeee--

FFoouurr  TTeessttss  ddeessttrruuccttiivvee  aanndd  nnoott  ddeessttrruuccttiivvee,,  wweerree  mmaaddee  aanndd  hheennccee  ttoo  ggaaiinn  kknnoowwlleeddggee  aabboouutt  tthhee  rreellaattiioonnss  bbeettwweeeenn  jjooiinntt  ggeeoommeettrryy  aanndd  

wweellddiinngg  pprrooppeerrttiieess..  FFuurrtthheerrmmoorree,,  hhyybbrriidd  wweellddiinngg  jjooiinnttss  iinn  oorrddeerr  ttoo  uunnddeerrssttaanndd  tthhee  mmeecchhaanniiccaall  pprrooppeerrttiieess  ..ssoommee  nneeww  aaddvvaannttaaggeess  ooff  

hhyybbrriidd  llaasseerr  wweellddiinngg..  TThhee  mmooddeell  ooff  ccoommbbiinneedd  aaccttiioonn  ooff  llaasseerr  bbeeaamm  aanndd  aaddddiittiioonnaall  hheeaatt  ssoouurrccee,,  ssuucchh  aass  eelleeccttrriicc  aarrcc,,  ppllaassmmaa  jjeett  oorr  hhiigghh  

ppoowweerr  aarrcc  llaammpp  rraaddiiaattiioonn  hhaass  bbeeeenn  ddeevveellooppeedd..  TThhee  llaasseerr  bbeeaamm  --  aarrcc  ppllaassmmaa  iinntteerraaccttiioonn  aass  wweellll  aass  ppeeccuulliiaarriittyy  ooff  hhyybbrriidd  tthheerrmmoo  ccyycclleess  

iinnfflluueennccee  oonn  mmaatteerriiaall  mmiiccrroossttrruuccttuurree  aarree  ddiissccuusssseedd  ttoo  ddeetteerrmmiinnee  aa  ddeessiiggnn  ooff  tteecchhnnoollooggiiccaall  eeqquuiippmmeenntt..  
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1.1Introduction  

There is a tendency of modern industry to decrease of constructions weight that is connected to necessity of increase of fuel efficiency 

during constant increase of oil cost. For this purpose new high-strength two- and three-phase steels are applied, their properties are 

defined by parameters of ensembles of nano-dimension inclusions. In particular, modern technologies of car bodies are based on use 

«tailored blanks» - the welded blanks subjected next punching. Weight decrease without strength decreasing is achieved by using high-

strength biphase steels in the blanks production instead of low-carbon ones; however there is a problem to provide of necessary 

plasticity of welded seams. For the problem to be solved, a welding technology is necessary, which provides sufficient metal plasticity 

of the welded seams and welding quality, not yielding to quality of the laser welding used now. The use of high-speed heat cycling is 

most perspective to obtain set microstructure and mechanical properties [1]. It can be achieved in using for welding two heat sources 

following one after another, for example, tandem laser welding [2]. But from the economic point of view it is expedient to use cheap 

local sources of heating as the second source, such as an electric arc or a powerful lamp. The choice of the processing mode providing 

set microstructure and metal properties demands detailed understanding of phase and structural transformations processes in the 

material. Modern concepts about phase transformations mechanisms at laser action on steels [3], which formed on the basis of phase 

transitions thermodynamics, do not allow taking into account shifts of transformations points depending on heating and cooling rate, 

mutual influence of processes of a new phase growth and non-stationary diffusion, an initial state of the material. The quantitative 

description of microstructures is impossible without considering these factors and can be formulated only on the basis of the kinetic 

theory of phase transformations in steels [4]. For this purpose the exact calculation of a thermal cycle is necessary for the hybrid 

welding that is initial parameter for processes of phase transformations. Thus, it is necessary to pass consecutive steps of development 

of physical and mathematical models of welding processes, development of a material microstructure formation model in a processing 

zone, creation of the experimental stand and experimental researches of welding process. The present work also is devoted to the 

description of the solution of this complex problem. Interaction of pulse laser radiation with hybrid discharge plasma Spatial 

distribution of the additional heating source at hybrid influence on a material is one of determining factors for estimating its influence 

on metal microstructure formation. If intensity distribution of a "lamp" heat source at laser-light action depends only on characteristics 

of the light radiator, then the factor of the electric arc concentration at laser-arc action is determined by processes in a plasma plum of 

the hybrid discharge, arising above a work piece surface. As against laser welding when plasma formation results only in absorption 

and refraction of laser radiation when it passes through the plum [5], at laser-arc welding the plasma plum is an area determining 

mutual influence of laser and arc heating sources which presence explains [6] increase of heating efficiency for metal at combined 

action of the laser beam and electric arc. Structure and properties of the plasma plum in this case depend not only on laser radiation 

parameters [7], combination and consumption of protective gas [8], but also on the electric arc parameters. To describe processes in 

plasma of hybrid discharge at laser-arc welding with deep penetration in approximation of axially-symmetrical boundary layer there 

has been solved a problem about run-out of a hot metal vapor jet into the cold shielding gas in view of compressibility of a gas mix 

and volumetric heat generation due to laser radiation absorption in plasma. The plasma ionicity has been determined from the solution 

of a kinetic problem in approximation of constant collision frequencies for the helium - iron mix without assuming local thermal 

balance. To confirm the obtained results a series of experiments on the plasma plum interferometry has been carried out at pulse laser 

action on metal targets. The created mathematical model has allowed calculating dependence of plasma conductivity (fig. 1) on its 

composition, and distribution of the metal vapor concentration in the mix with shielding and environmental gases at hybrid laser-arc 

welding. Spatial distribution of the hybrid laser-arc heat source has been calculated too. 

 

 



International Journal Of advance research in Science and Engineering                         http://www.ijarse.com      

(IJARSE) 2012, Vol. No.1, Issue No. I, September                                                                ISSN-2319-8354 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Model of a welding bath and processing zone at hybrid influence the mathematical model of the welding bath at the hybrid welding, 

allowing to calculate thermal cycles of metal of the welded seam and heat affected zone for various distances between action zones of 

laser and additional heat sources, both for welding with deep penetration, and for the surface melting case [9], has been formulated on 

the basis of solution of the connected problems about radiation absorption, convective heat transfer, melt hydrodynamics, gas-

dynamics of evaporation products and laser-induced plasma kinetics. The numerical scheme with explicit allocation of the welding 

bath border has been used in solving. The laser heating source in case of deep penetration has been described according to [10]. 

Essential difference in this case is presence of the second heat source distributed on the welding bath surface therefore use of 

assumption about two-dimensional heat transfer as it was made for laser welding becomes impossible. And so for hybrid welding there 

have been obtained a three-dimensional solution of thermal and hydrodynamic problems for the welding bath, taking into account 

influence of thermo capillary flow in the welding bath on the temperature distribution [11]. The target heating by the focused radiation 

of arc lamp lead to formation of the distributed moving heat source on the work piece surface. The source energy distribution is 

determined by local values of radiation intensity and radiation absorption factor depending on the surface temperature. Thus, the 

problem about heating a material by the lamp heat source is nonlinear since the heat source power depends on the surface temperature. 

First we consider the problem as linear one. In this case, having used the known expression for the Green function of the three-

dimensional problem about heat conductivity in moving coordinate system, for the lamp source heat field one can write: 

 

where integration is fulfilled with respect of the target surface illuminated by lamp light. Considering the temperature dependence of 

absorption factor this expression is an integral equation for which solution the following algorithm has been developed: at the first 

stage the surface temperature is determined only. Calculating the integral by summation over two-dimensional grid we have got an 

algebraic nonlinear equation in each cell, and then it has been solved by the simpleiteration method. At that the local temperature in 

each cell of the surface grid has been determined and the local value of absorbed energy of the lamp radiation has been found with its 

help. Then, the heat field of the additional heat source is calculated with the known value of the absorbed energy distribution. This 

field without deep penetration has been summarized with a temperature field of the laser source. In deep penetration case the 

temperature distribution of the additional source has been considered in calculating of the cavity sizes and shape as a distributed 

heating temperature. The model realized as a computer program allows calculating size and shape of the welding bath, the temperature 

field and thermal cycles in the seam and heat affected zone. Comparison of the calculated results with experimental ones (fig. 2) 

confirms high accuracy of the developed model. 

 

 

 

 

 

 

 

Simulation of metal microstructure formation in hybrid welding Phase transformations in steels at the beam treatment defining the 

metal structure consist of two components. The first one is connected to decay (or formation) a solid solution of carbon in iron and 
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formation (decay) of ferric carbide, and the second one is connected with crystal lattice transformation FCL-BCL at cooling and back 

at heating. To calculate parameters of carbide inclusions the kinetic model of formation and growth of the second phase inclusions for 

the solid solution decay has been developed. The kinetic model of the crystal lattice transformation (Į- Ȗtransformation) has been 

formulated on the same principles, as the model of origin and growth of inclusions. Since the interphase border movement rate in this 

case is so that the diffusion Peclet number is not small, the diffusion equation, as against a problem about carbides growth, has been 

solved with considering a convective term. On the other hand, as the grain sizes in growing considerably exceeds a diffusion layer 

thickness the diffusion problem has been considered as one-dimensional. The joint solution of the connected problems about kinetics 

of growth of new phase grains and about carbon diffusion before its front allows calculating quantity of a new phase at any moment of 

a thermal cycle. Thus there has been obtained the self-consistent equations system describing completely material microstructure 

formation at high-speed heating and cooling. As parameters of initial metal structure there are taken into account both the initial 

carbides sizes, and the initial grains sizes influencing on the diffusion factor. An in parameter of model is the thermal cycle which 

parameters are defined by a technological mode of processing. The obtained solution allows calculating evolution of the metal phase 

composition in the processing zone. At the set degree of transformation completeness the model equations describe a full thermo 

kinetic diagram of austenite decomposition. It allows using existent methods of quantitative forecasting of phase composition and 

microstructure on the basis of such diagrams for the beam processing case [12]. 

Experimental set-up for pulse-periodic laser-arc welding the experimental stand shown on fig. 3, has been assembled on the basis of 

the pulse-periodic Nd:YAG - laser SCAT and plasmatron with direct arc developed by E.O. Paton Electric Welding Institute. 

 

 

 

 

 

 

 

 

The main heating of the work material here is provided by rather inexpensive energy of arc. Presence of laser radiation in the field of 

processing allows improving considerably quality of the arc heating source (fig. 3.). The experiments show, that addition of pulse laser 

radiation has allowed stabilizing considerably burning of the arc and as consequence to raise rate and quality of processing.  

Experimental installation for research of laser-light welding process The experimental stand shown on fig. 4, has been assembled on 

the basis of the pulse-periodic Nd:YAG - laser QUANT 15 and an arc light radiator manufactured by SWAR firm. To feed laser 

radiation there has been used a specially developed mirror beam guide. The radiator design allows changing combination and pressure 

of working gas, and the welding head allows changing positional relationship of "laser" and "light" spots on the welded samples 

surfaces. 

 

 

 

 

 

  

 

To optimize lamp parameters there has been fulfilled a calculation to define its power, heating spot diameter, and distance centre to 

centre of heating spots of light and laser beams, on which the highest efficiency of welding process with using the ɋɈ2-laser is reached. 

Light radiation power, thickness of welded plates, heating spot diameter of the light source, welding speed, distancecentre to centre of 

the heating spots of laser and light sources, plasma formative gas have been varied.  

The mathematical model described above provides recalculation of the electric power input on electrodes of the polychromatic radiator 

into the power got in the focal spot on welded metal, therefore easily fixed power value on the radiator electrodes is used in calculated 

dependences for simplicity. Calculations have been carried out for steels type 30HGCA, type 347, aluminum and the titanium with 

thickness of 0.5 and 0.8 mm. The typical calculation example is shown on figure 5. The analysis shows, that in all the investigated 

range the effect of the greatest increase of melting efficiency is observed at light beam diameter of 0,3-0,5 cm in shifting the spot 

centers of laser and lamp beams on the target on -0,25 - +0,25 cm. 
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Also there has been investigated influence of light radiation heating on efficiency of laser melting of material at varying light source 

power used for heating. The calculated results, which examples are shown on fig.6, testify to essential increase of the welding speed 

providing through penetration for all investigated thickness and materials in using an additional heat source as a polychromatic 

radiator. From the data obtained it is seen, that in increasing thickness of welded plates effect of preheating decreases. The physical 

reason of this phenomenon is connected to that heating influence is limited by heating depth by heat transfer mechanism.The analysis 

of calculation results shows, that in the investigated range the greatest increase of melting efficiency is observed at the light beam 

diameter of 0,3-0,5 cm, shift of the radiation centers of the YAG:Nd-laser and the lamp within (-0,25 - +0,25) cm and electric power of 

the lamp 3000 - 5000 W. It is possible to conclude, that use of arc lamp allows increasing essentially welding speed for steels and 

aluminum alloys for the case of welding of small thickness. The fulfilled calculations have shown that Xe is the most effective as a 

lamp plasma gas. Comparison of calculation results at hybrid laser-light action on the thin sheet materials with experimental ones 

shows that the developed mathematical model provides sufficient accuracy of calculations, the relative error value do not exceed 10 % 

in calculating the melting area. Structure and properties of the weld metal at laser-light welding Taking into account tendencies of 

motor-car industry to manufacturing extra light car bodies due to use of the thin sheet high-strength low-carbon steels with breaking 

point up to 800-1000 ɆPa, with simultaneous decrease of their thickness to 0,5 mm, a high-strength low-carbon steel 30HGSA with 

breaking point 1080 ɆPa has been chosen for researches. Changing the form of a temperature cycle, it is possible to achieve both size 

reduction, and enlargement of the carbide inclusions in comparison with a temperature cycle, which is typical for laser action without 

an additional heat source (see fig. 7 - 8). 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

It is obvious that decrease of the time delay between peaks results in significant size reduction of the carbide inclusions as it is 

predicted by the developed theory. The analysis of distribution of micro hardness average values on researched welds has shown that 

the samples welded by hybrid welding are characterized by considerably smaller difference of the micro hardness values in 

comparison to the samples welded by laser welding. Decrease of marten site part in weld metal allows raising its plasticity. To 

research influence of pass from laser welding to the hybrid laser-light one on the technological plasticity, the welded samples have 
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been tested by the Ericson method. The carried out experiments have shown, that for steel 30HGSA pass from laser to hybrid welding 

increases technological plasticity more than by 40 %.  

1.2 Conclusions  

1.  Use of the hybrid laser-arc or laser-light welding instead of laser one allows to increase the melting efficiency and to provide 

stability of weld formation at welding metals of small thickness.  

2.  The laser-light welding variant with accompanying heat treatment in the investigated range of modes allows increasing deep 

drawing depth and, accordingly, improves punch ability of the welds. The maximum value of the deep drawing depth has been 

observed when the axis of the focal spot of the laser beam has displaced from the light spot axis on 1.0-1.5 mm.  

3.  The analysis of a microstructure allows concluding that improvement of punch ability after the laser-light welding results from 

decrease of the marten site part in the metal microstructure of the weld and heat-affected zone. It can be explained by influence of 

accompanying stress relieving due to action of the polychromatic heat source.  

4.  Character of micro hardness change in welds after the laser-light welding in comparison with laser one allows to note significant 

decrease of micro hardness variation on the heat affected zone and decrease of the maximum values of the metal micro hardness in the 

weld and heat affected zone.  
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