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Abstract

Laser welding is considered as a sophisticated, high precision and high speed joining process. In this process, laser beam is used
as a heat source to join variety of materials such as aluminum, titanium, carbon steels, HSLA steels and stainless steels etc. Laser
welding is currently being utilized in joining of miniature electronic components, steel structures, engine parts, transmission
parts, alternators, solenoids, fuel injectors, fuel filters, air conditioning equipment and air bags etc. The present research paper
discusses the recent research developments, process parameters, optimization techniques and applications of laser welding.
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I. INTRODUCTION

Welding is the principal industrial process used for joining metals. Nowadays, laser is finding growing acceptance in field of
manufacturing as cost of lasers has decreased and capabilities are having increased. Laser beam is utilized in myriad of
applications due to its inherent characteristics such as high mono chromaticity, coherence, directionality and intensity.
Nowadays, laser beam is applied for the various processes like heat treatment, material removal, alloying, cladding, cutting,
drilling and welding. Among all these processes, laser welding is considered as widely recommended process for the joining of
similar/dissimilar metals. 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.

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.

The laser welding offers many features which make it an attractive alternative to conventional processes. 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. With well-defined beams of high power density, lasers are excellent source for welding thin materials, operating in
close proximity to heat-induced components. If a line-of-sight exists even complicated contour portions can be welded by laser.
For laser welding the material can be any material which is welded conventionally but the material should be thin. However,
lasers can also join materials which are very difficult to weld such as titanium, high carbon stainless steel and aluminum as well
as welding dissimilar materials which are mostly incompatible. Laser welding has high power density, large production rate and
high degree of automation which makes it extremely advantageous in industrial applications. Joints between dissimilar metals
are used in many industrial applications which are particularly common in components used in the automotive, power
generation, chemical, petrochemical, nuclear and electronics industries. Table 1 shows the main characteristics of laser welding.
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Table -1
The main Characteristics of Laser Welding [1]

CHARACTERISTICS

COMMENT

High energy density — keyhole type welding

Less distortion

High processing speed

Cost-effective (if fully employed)

Rapid start/stop

Unlike arc processes

Welds at atmosphenc pressure

Unlike electron beam welding

No X-rays generated

Unlike electron beam

No filler required (autogenous weld)

No flux cleaning

Narrow weld

Less distortion

Relatively little HAZ

Can weld near heat-sensitive matenalks

Very accurate welding possible

Can weld thun to thuick matenals

Good weld bead profile

No clean-up necessary

No beam wander in magnetic ficld

Unlike electron beam

Lattle or no contanunation
Relatively little evaporation loss of volatile
components
Difficult matenials can sometines be welded
Relatively easy to automate

_ Laser can be tune-shared

Depends only on gas shrouding
Advantages with Mg and Li alloys

General advantage
Generl feature of laser processing

Il. RESEARCH DEVELOPMENTS IN LASER WELDING

Analysis of the comprehensive literature survey revealed that the several researchers have focused on investigating the effect of
input process parameters on the output characteristics by various optimization techniques. Some of the prior works are as under:

Acherjee et al. [2] displayed and dissected concurrent laser transmission welding of polycarbonates by integrating Finite
element method (FEM) and response surface methodology (RSM). They studied the effect of various process parameters on the
temperature field and weld bead measurements. It has been concluded that the all the response parameters increases with the
increase in laser power and welding time. Thereafter, Akio Hirose et al. [3] have studied the hardness distributions and softened
regions in the weld HAZ of 6061-T6 aluminium 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.
The tensile strength of ferritic/austenitic laser welded components have been investigated by Anawa E.M. et al. [4]. It has been
observed that the increase in power density and decrease in speed leads to increase in tensile strength. Katyama et al.[5] studied
the penetration characteristics and defects formation conditions of several aluminium alloys with two different lasers (Nd-YAG
and CO2). The study was mainly focused on explaining keyhole phenomenon and porosity formation. The authors have 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. The laser
beam welding of dissimilar ferritic and martensitic stainless

Steels in a butt joint configuration were studied by Khan et al. [6]. AISI 430F and 440C stainless steel was employed as the
workpiece material for laser welding. The main objective 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. Thereafter Khan et al. [7] investigated on laser
welding of martensitic 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. The Scanning electron microscopic images reveals 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 martensitic matrix but in outer shell the
softening of HAZ took place due to presence of ferritic structure.

From the outcome of the literature review it has been concluded that the it is very much essential to carefully study the process
parameters of laser welding to enhance the performance measures and to achieve better mechanical properties.

I11. PROCESS PARAMETERS IN LASER WELDING

The quality of a weld joint is directly influenced by the welding input parameters, therefore, welding can be considered as a
multi input, multi output process. Figure 1 shows the various input process parameters in laser welding. The process parameters
are mainly divided into five categories viz. laser beam parameters, material used, shielding gas used, transport or travel speed
and focusing lens parameters. The quality of weld is mainly affected by these parameters. Thecommon problem that has faced by
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the manufactures is the control of the process input parameters to obtain a good welded joint with minimal detrimental. To
overcome this issue, various optimization techniques can be preferred to obtain set of most influential input variables for welding

through mathematical models.
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Fig. 1: Process Parameters in Laser Welding

The characteristic variables involving in the process of welding have been classified in to three main categories as presented in

table 2.
Table -2
Many possible input parameters and its influences on laser welding [8]
Operating Factor Phenomenologic Product Factors
Absolute Factors Relative Factors al Factors
Power Source:
Wavelength, Power, Power | Relative Position Of The Molten Pool Weld Bead :
Distribution (Pulse/Continnous), | Beam, Matenal, Filler | Size, Geometry,
Spot Size, Focal Point, Pulse | Matenal Shiclding Gas. Solidification Penctration Depth, Bead
Shape, Divergence, Pulse Speed. Shape. Bead Height. Bead
Duration, Focal Position, Pulse | Relative Angle And Chemueal Width, Width To
Frequency Operating Mode. Distance Between The | Composition. Penetration Ratio. Haz
Material: Weld Matenals. Surface Tension, | And  Percentage  Of
Chemical Composition, Fluid Flow Dynanucs, | Dilution
Thermo - Physical Property, | Welding Speed: Shielding Gas, Mechanical And
Microstructuregeometry. Movement Between The Pool Shape, Metallurgical Properties:
Shuelding Gas: Beam And Matenial. Cooling Rate Hardness, ‘ield
Nature, Chemical And Strength, Residual Stress,
Composition, Flow Rate, Position | Movement Between The Temperature Joint  Strength, [Impact
And Angle. Filler Matenal And Beam | Distnbution Strength, Elastic  Linut,
Filler Matenial: (Feed Rate Of The Added Tensile - Shear Strength,
Chemical Composition, | Matenal) Fatigue  Life, Creep
Thermo Physical Property, Strength, Thermal
Microstructure Geometry, Distortion And Distortion
Position And Movement;
Position Of The Beam, Weld
Direction. Gap Between The
Weld Joints.

A.  Optimization in welding:

1) The ability to control a process does not guarantee optimal control. Optimal process control can be a difficult task due to

several reasons: [9]

Complex correlations between process parameters
Several process levels must exist, all with different optimal variable settings.
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— Several quality parameters might need to be optimized simultaneously.

Researchers have focused on optimization of process parameters by applying various optimization techniques. The most
commonly used optimization techniques are Taguchi and RSM. Taguchi Method is a process/product optimization method that is
based on 8-steps of planning, conducting and evaluating results of matrix experiments to determine the best levels of control
factors. The primary goal is to keep the variance in the output very low even in the presence of noise inputs. Thus, the
processes/products are made ROBUST against all variations.

7) RSM is a statistical method used for the analysis of relationships between several explanatory variables and one or more
response variables [10].

Several researchers have applied these techniques for the modeling and optimization of laser welding process parameters. In this
conext, Muhammad et al. [11] optimized and modeled spot welding parameters with simultaneous multiple response
consideration using multi-objective Taguchi method and RSM in plate thickness of 1.5 mm under different welding current, weld
time and hold time. The optimization method considered the multiple quality characteristics namely weld nugget and heat
affected zone, using multi-objective Taguchi method. These parameters were optimized using Taguchi design with L9
orthogonal array. The order in which the input factors affected the response was weld current followed by weld time and hold
time. Na et al. [12] studied nonlinear identification of laser welding process. Here a standard diode laser welding system was
established and a series of experiments were performed to investigate correlations between welding parameters and the weld
pool geometry. Pan et al. [13] optimized process parameters of Nd:YAG laser welding onto magnesium alloy via Taguchi
analysis. The optimized welding parameters were determined by evaluating ultimate tensile stress. Six welding parameters such
as shielding gas, laser energy, convey speed of work piece, point at which the laser was focused, pulse frequency and pulse shape
were taken at L18 orthogonal array combination to follow Taguchi methodology. The optimal result was found to be 2.5 times
than original set for laser welding. The optimization of Mg alloy butt welding was studied using Taguchi methodology. It was
found that the pulse shape and the energy of the laser contributed the most to thin plate butt welding. It was concluded that Ar as
the shielding gas, laser power of 360 W, scan speed of 25 mm/s, laser focus distance of 0.05 mm, pulse frequency of 160 Hz, and
type 111 pulse shape bears optimized results. The ultimate tension stress was the maximum at an overlap of the welding zone of
approximately 75%. Furthermore, Taguchi technique based grey analysis was applied by Pan et al. [14] to improve the different
quality attributes. Padmanaban and Balasubramanian [15] optimized laser beam welding process parameters to attain maximum
tensile strength in AZ31B magnesium alloy. The process parameters considered were laser power, scan speed and pulse
diameter. It has been found that laser scan speed has greatest influence in determining tensile strength of AZ31B magnesium
alloy and the influence decreases to laser power and focal position respectively. Pastor M. et al. [16] have investigated pore
formation during laser welding in two aluminium alloys with an Nd-YAG laser. He has discussed that the pore formation would
be due to keyhole instability, the instabilities are caused due to surface tension exceeds vapour pressure, as these projections
occurs inside the keyhole. As this projection size increases and it affects the gravitational force on the liquid projection, the
collapse of the keyhole and pore formation takes place. Thereafter, Xiu-Bo Liu et al. [17] studied the characteristics of deep
penetration laser welding of dissimilar Metal Ni-based cast super alloy. He found that the weld depth increases with increasing
laser power but not much in the weld depth. If velocity increases both depth and width decreases.

From the outcome of the literature survey it has been revealed that there is an ample scope in the joining of dissimilar metal by
laser welding.

IV. APPLICATIONS OF LASER WELDING

Laser beam welding is a versatile process, which can weld almost all materials including aluminum, titanium, carbon steels,
HSLA steels and stainless steel. Laser welding is currently being utilized in joining of miniature electronic components, steel
structures, engine parts, transmission parts, alternators, solenoids, fuel injectors, fuel filters, air conditioning equipment and air
bags etc. CO; and Nd:YAG lasers are being most commonly used in automotive components such as gears and transmission
components. An example of a laser welded solenoid is shown in Fig. 2 (a). and gear component is shown in Fig. 2 (b).

N/

Fig. 2: (b) CO2 laser welding of gear_component.

Fig. 2: (a). CO2 laser welded solenoid.
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Laser welding is also being applied in the production of partial penetration welds, for example, in hem flanges often used in
doors, bonnets, boot lids and other closures.

V. CONCLUSIONS AND FUTURE SCOPE

From the outcome of the literature survey and research developments in laser welding, it has been concluded that the laser
welding input parameters play a very significant role in determining the quality of a weld joint. The joint quality can be defined
in terms of properties such as weld bead geometry, mechanical properties and distortion. It has also been observed that the
welding speed is the most effective parameter followed by depth of penetration and focal position. Although, the development of
laser welding has come a long way in the past decade, still laser welding process is at the experimental stage. The applicability of
laser welding process for industrial purposes is constrained by several key technical issues that need to be further investigated.
Research is mainly focused on laser welding of conventional materials. Only few researches have worked on laser welding of
Steels, Niickel Alloys, Titanium, Aluminium Alloys and Copper. Extensive research is presently being conducted on parametric
optimization for improving the performance measures of laser welding. Still, more studieson the effect of process parameters
need to be addressed to gain a better understanding of the process.
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