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Abstract— In today world the need for an optimized 

technique which can easily join two dissimilar materials in 

increasing day rapidly. Dissimilar joints are important 

because of both economic and technical aspects, because a 

satisfactory service can be provided in cost reduction and 

performance by these joints. The demand for such joints in 

industry is huge. So, the study of dissimilar material welding 

is of a great interest for many of the researchers. The most 

challenging problem in various scenarios is real-time laser 

welding process of dissimilar materials. Various robust 

methods are being implemented time to time which can help 

in joining multiple materials simultaneously in different 

environments and conditions. Many efforts are being made 

for speeding up the process for the system to run faster and 

integrate into the system so that the process could be 

optimized for large scale. This paper focused on in depth 

literature review of the laser welding techniques used today. 
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I. INTRODUCTION 

Laser beam welding is a welding process used to join two 

metals by the use of a laser source. The laser source 

provides a intense and high density heat source, allowing for 

narrow, deep weld bead with high welding scan speed. The 

process is frequently used in high volume production 

industries, such as in the automotive industry. But now-a-

days it has wide applications in various metal working 

industries due to its advantageous effects over other 

machining operations. Laser beam welding has high power 

density and a small heat affected zone due to high heating 

and cooling rates. Laser beam welding is a versatile process, 

which can weld almost all materials including aluminum, 

titanium, carbon steels, HSLA steels and stainless steel.[1] 

The laser beam is an efficient technique to join 

different metals. This can join metals at the surface level and 

also at depth and produce very strong welding. It can be 

coupled with conventional welding processes to give 

required weld quality. The weld quality is high and this can 

be used for soldering. Materials with high heat conductivity 

and high melting point such as aluminum can be welded 

using a laser source with significant power. Joining and 

welding of two materials are totally different. Some material 

can be joined due to the small amount of molten material 

and the controllable melting period, but could not be 

welded. Also due to high heating and cooling rates the weld 

zone is supposed to be micro-cracked. 

Laser source is characterized by coherent, 

collimated source of light. So the supply of energy can be 

regulated, well monitored and maintained properly in laser 

welding. Continuous or pulsed laser beam may be used 

depending upon the various applications in metal industries. 

Thin materials are welded by millisecond-long pulses while 

continuous laser systems are used for deep welds. The laser 

welding process operates at very high scan speeds with low 

deformation as intense energy beam of light is used as heat 

source. Since it requires no filler material, laser welding 

reduces costs. Laser welding can be automated for a stable, 

repeatable weld process.[3] 

II. LITERATURE SURVEY 

A detailed Literature survey revealed that, several 

researches have attempted to investigate the effect of 

various process variables on the output characteristics by 

various techniques. Some of the prior works are as under: 

Acherjee et al. displayed and dissected concurrent 

laser transmission welding of polycarbonates utilizing FEM 

and RSM joined together approach. The destination of the 

examination is to study the impacts of process parameters on 

the temperature field and weld bead measurements. By 

ANSYS the thermal field is simulated by solving a diffusion 

equation and accepted with exploratory results. The second 

order Equation developed by RSM determines both 

relationship between response and input parameters and also 

levels of significant factors. It was found that all the 

response parameters taken increase with laser power and 

welding time. 

Akio Hirose et al. have investigated on 

quantitatively evaluating hardness distributions and softened 

regions in the weld HAZ of 6061-T6 aluminum alloy for 

laser beam welding and Tungsten inert gas (TIG) welding. It 

was observed that the widths of FZ and HAZ were 

decreased in laser welding due to its concentrated energy 

density in small area. He has described the softening 

behavior in HAZ that in turn decreases hardness based on 

the process model of kinetic equation for 6061-T6 

aluminum alloy. Width of softened region in the HAZ has 

calculated with varying net power input and welding speeds 

and it was found from the results that a high energy density 

and high welding speed in laser beam welding results in 

significantly narrower softened regions but the width is 

insensitive to welding parameters in comparison with TIG 

welding. [2] 

Anawa E.M. et al. investigated the tensile strength 

of ferrite/austenitic laser welded components. It was 

observed that Tensile strength increasing with increasing the 

power density and decreasing the speed When increasing the 

speed with or without changing the focus position tensile 

strength decreases. Changing the focus point position, the 

response will not be affected. [3] 

Khan et al. investigated on laser welding of 

martens tic stainless steels in a constrained overlap 

configuration. Experimental studies were concentrated on 

the effects of scan speed, laser diameter and laser power. 

The contour plots and energy density plots were drawn for 

determining relationships within various factors. They 

concluded that laser power and scan speed were two most 

significant factors affecting weld bead geometry and sheer 

force of the weld zone. Pulse diameter had least effect on 

weld geometry and shear force on weld zone. But its 
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interaction effect beard a good value in case of weld bead 

and sheer force of laser weld. It was clear that welding 

resistance input increased with welding density up to certain 

limit. But as the welding density crossed the limit the 

density was utilized to increase penetration only. In SEM it 

was observed that the HAZ microstructures obtained in 

inner and outer shells of AISI 416 and AISI 440FSe were 

different from each other. In inner shell zone, microstructure 

possessed both primary and secondary Cr-rich carbides in 

tempered martens tic matrix but in outer shell the softening 

of HAZ took place due to presence of ferrite structure. [8] 

Katyama et al. have studied the penetration 

characteristics and defects formation conditions of several 

aluminum alloys with two different lasers (ND-YAG and 

CO2). The study was mainly focused on explaining keyhole 

phenomenon and porosity formation. Katayama has reported 

that welding speed plays a major role in formation of 

porosity. As the welding speed was increased, keyhole 

become narrower and shallower bubbles became smaller and 

consequently both the size and number of pores decreased. 

The amount of porosity was similar in YAG and CO2 laser 

welding but the amount depends on type of nozzle used for 

shielding gas purging. [7] 

Anawa E.M. et al. investigated the tensile shear 

strength of Titanium/ Aluminum dissimilar Welded 

component using CO2 Laser. It was observed that the 

dissimilar joint between Aluminum and titanium alloys were 

effectively welded by CO2 laser welding with a single pass 

and without filler material uses the overlap joint design. 

Tensile shear strength was almost same as the Al base metal 

values.[4] 

Jose Rabrto Berretta et al. observed that element 

distribution in the weld zone is homogeneous for all LASER 

beam position. Maximum hardness value in the HAZ of 

AISI 420. Tensile strength of AISI 420 is lower than AISI 

304. Maximum welding efficiency get when position on the 

of the both specimen. [6] 

Khan et al. studied laser beam welding of 

dissimilar ferrite and martens tic stainless steels in a butt 

joint configuration. Here they took AISI 430F and 440C 

stainless steel for laser welding. Here the main objective of 

the paper was to avoid micro crack formation in the laser 

welding by following pre and post weld heat treatment and 

it was found that the heat treatment successfully avoided 

micro crack formation. Again laser power, scan speed and 

line energy input were optimized by generalized full 

factorial design using design export software. It was found 

that laser power and scan speed were the most significant 

factors in determining the weld crack. Formation of keyhole 

resulted in change in weld geometry within a certain range 

of energy input. After the upper limiting value, generation of 

upper keyhole plasma plume only contributed to the change 

in shape of the weld bead. [9] 

III. TYPES OF LASERS WELDING 

The light amplifier in laser is a rod-shape crystal of 

neodymium-doped yttrium aluminum garnet, which is 

stimulated by a light pulse from an external rod-shaped flash 

lamp. A high-performance reflector ensures that the light 

from the lamp is used and coupled into the laser crystal 

efficiently. To enable the laser light to be emitted in 

amplified directional from, two mirrors (forming the 

resonator) are arranged outside the crystal so that the light 

from it is reflected back into itself and the crystal.  

One of the mirrors is partly translucent, thus 

enabling highly directional laser radiation to drawn from 

resonator. The radiation has narrow wavelength range of 

about 1064 nm. The high directionality and narrow 

wavelength range are the very factors that enable the 

extreme concentration of laser energy onto the work piece 

(with focusing by means of a suitable lens). The 

concentration is many times greater than that possible with 

normal light sources. 

During the laser pulse, a work piece within the 

focus range is heated to above the melting point of the 

materials to be joined, and the materials liquefy and diffuse 

into diffuse in to each other. The laser takes effect within a 

relatively short time (0.5 ms to 20 ms). The fused materials 

then harden again to form a compact compound. The high, 

short-term concentration of laser energy onto a limited 

volume means that heat is only produced where it is 

required. This property makes the laser an excellent tool for 

the laboratory and industrial applications.  

A. Gas Laser 

Helium-neon laser, Argon laser, Krypton laser, Xenon ion 

laser, Nitrogen laser, Carbon dioxide laser, Exciter laser, 

Helium-neon laser. [5] 

B. Chemical Laser 

Hydrogen fluoride laser, Deuterium fluoride laser, COIL 

(Chemical oxygen-iodine laser), AGIL (All gas-phase iodine 

lasers) 

 
Fig. 1: Basic Schematic view of Laser Welding 

C. Metal- Vapor Laser 

Helium-cadmium (HeCd), Helium-mercury (HeHg), 

Helium-selenium (HeSe), Helium-silver (HeAg), Strontium 

Vapor Laser, Neon-copper (NeCu), Copper vapor laser, 

Gold vapor laser. 

D. Solid -State Laser 

Ruby laser, Nd:YAG laser, Er:YAG laser, Neodymium YLF 

(Nd:YLF), Neodymium doped yttriumorthovanadate 

(Nd:YVO4) laser, Neodymium doped yttrium calcium 

oxoborateNd:YCa4O(BO3)3or simply Nd:YCOB, 

Neodymium glass (Nd:Glass) laser, Titanium sapphire 

(Ti:sapphire) laser, Thulium YAG (Tm:YAG) laser, 

E. Semi-Conductor 

GaN, AlGaInP, AlGaAs, InGaAsP, lead salt, Vertical cavity 

surface emitting laser (VCSEL), Quantum cascade laser. 
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F. Other Type of Laser 

Free electron laser, Gas dynamic laser, "Nickel-like" 

Samarium laser, Raman laser, uses inelastic stimulated 

Raman scattering in a nonlinear media, mostly fiber, for 

amplification, nuclear pumped laser. 

G. ND: YAG Laser 

The ND: YAG (Neodymium Yttrium Aluminum Garnet) 

laser is commonly used type of solid-state laser in many 

fields at present because of its good thermal properties and 

easy repairing. It consists of a host material which is 

crystalline solid doped with an active material whose atoms 

provide the lasing action. ND: YAG laser consists of a 

single Neodymium. The do pant Neodymium which is triply 

ionized substitutes a small fraction of the yttrium ions in the 

host crystal structure of the yttrium aluminum garnet as both 

are of similar size. Neodymium ion provides the lasing 

action. [10] 

 
Fig. 2: Schematic set up of solid state ND-YAG Laser 

ND: YAG is chosen for most materials processing 

applications because of the high pulse repetition rates 

available. It can be used for direct energy conduction 

welding of metals and alloys; the absorptive of metals 

increases as wavelength decreases. Since conduction 

welding is normally used with relatively small components, 

the beam is delivered to the work piece via a small number 

of optics. Basic Schematic diagram for ND: YAG laser is 

shown in figure 3. These lasers are optically pumped 

utilizing a flashtube. These are a standout amongst the most 

widely recognized sorts of laser, and are utilized for some 

distinctive provisions. 

These lasers regularly radiate light in infrared 

region with a wavelength of 1.064 ΜM. It works in both 

pulsed and continuous mode. Generally, pulsed ND: YAG 

lasers are regulated by Q-switching mode. For highest 

population inversion in the neodymium ions, an optical 

switch is embedded in the laser cavity. The light wave can 

pass through the cavity, diminishing the population 

inversion in energized laser medium at maximum population 

inversion. In this Q-switching mode, output power of 250 

MW and pulse duration of 10-25 ns could be accomplished. 

IV. CONCLUSION 

This paper has tried to review a noteworthy number of 

papers to cover the recent development in the field of laser 

welding. Present study reveals that for improved laser 

welding process has to grow using hybrid methods of 

optimized tools and new types of high performance lasers 

etc may yields better performance. The list of references to 

offer more detailed understanding of the methods described 

is enlisted. We express regret to researchers whose 

significant contributions may have been overlooked. 
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