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Some Studies on Temperature Distribution

Modeling of Laser Butt Welding of AISI 304
Stainless Steel Sheets
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Abstract—In this research work, investigations are carried out on
Continuous Wave (CW) Nd:YAG laser welding system after
preliminary experimentation to understand the influencing parameters
associated with laser welding of AISI 304. The experimental
procedure involves a series of laser welding trials on AISI 304
stainless steel sheets with various combinations of process parameters
like beam power, beam incident angle and beam incident angle. An
industrial 2 kW CW Nd:YAG laser system, available at Welding
Research Institute (WRI), BHEL Tiruchirappalli, is used for
conducting the welding trials for this research. After proper tuning of
laser beam, laser welding experiments are conducted on AISI 304
grade sheets to evaluate the influence of various input parameters on
weld bead geometry i.e. bead width (BW) and depth of penetration
(DOP). From the laser welding results, it is noticed that the beam
power and welding speed are the two influencing parameters on
depth and width of the bead. Three dimensional finite element
simulation of high density heat source have been performed for laser
welding technique using finite element code ANSYS for predicting
the temperature profile of laser beam heat source on AISI 304
stainless steel sheets. The temperature dependent material properties
for AISI 304 stainless steel are taken into account in the simulation,
which has a great influence in computing the temperature profiles.
The latent heat of fusion is considered by the thermal enthalpy of
material for calculation of phase transition problem. A Gaussian
distribution of heat flux using a moving heat source with a conical
shape is used for analyzing the temperature profiles. Experimental
and simulated values for weld bead profiles are analyzed for stainless
steel material for different beam power, welding speed and beam
incident angle. The results obtained from the simulation are
compared with those from the experimental data and it is observed
that the results of numerical analysis (FEM) are in good agreement
with experimental results, with an overall percentage of error
estimated to be within £6%.
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1. INTRODUCTION

ASER beam welding (LBW) is one of the most important
manufacturing processes used for joining of materials.
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It is also a remarkably complicated process involves nonlinear
operation with extremely high temperatures. Since its
invention more than two decades ago, laser beam welding has
been more of an art than a science. Laser beam welding is a
high-power density welding process having a focus diameter
of 0.2 to 1.0mm, resulting in a narrow Heat Affected Zone
(HAZ). Hence the process results in lower distortion, residual
stress and strain compared to the conventional welding [1]. It
offers a number of attractive features such as weld bead with
high depth-to-width ratio, reliability, repeatability and ability
to automate with high throughput. During the laser welding
process, a high energy beam (10° — 10° W/cm?) quickly melts
the surface of a workpiece material. The beam then resulting
in evaporation of the same and creates the keyhole with a
plasma plume or cloud covering the keyhole area. The plasma
plume expands to a variable extent, depending on the laser
beam features, process input parameters and the surrounding
atmosphere [2].

Over the last decade or so, a number of researchers have
been working in the area of analytical as well as finite element
based numerical simulation techniques to predict the
temperature fields during laser beam welding process using
the moving heat source model. Reference [3] considered a
point source incident on, and moving relative to, an infinite
material to simulate surface melt runs relating to conduction
welding. He also derived the solution for an infinite line
source extending through the depth of the materials, its axis
perpendicular to the top and bottom surfaces. Reference [4]
approximated Rosenthal’s solution and predicted that the
proportion of power needed to cause melting as a function of
the incident power. Reference [5] evaluated numerically the
spatial distribution of the temperature rise induced by a laser
beam absorbed in a solid medium by reducing into a one
dimensional model and provided a solution for a general laser
intensity distribution for the case of a Gaussian beam. Further,
he proposed a closed-form expression in terms of tabulated
functions for the maximum temperature rise. Reference [6]
proposed several two dimensional, numerical and analytical
models of temperature profiles in the horizontal plane of laser
welding with fluid flow. They assumed that the heat transfer
and fluid flow are two dimensional and the keyhole is circular
and isothermal. Reference [7] developed a simple algorithm
for the calculation of the laser induced temperature field in a
thin moving sheet. They also formed an asymptotic formula
for predicting the temperature at large distance from heating
point. However, the melting and/or evaporation were not
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considered in the above works. A mathematical model for the
simulation of weld pool during deep penetration laser beam
welding based on a numerical solution was presented by [8].
They developed a three dimensional simulation model in order
to investigate the influence of the fluid dynamics in the fusion
zone on the local temperature distribution. There are several
research articles dealing with the temperature fields and shape
of the fusion zone of laser beam welds related to different
process parameters by using analytical solution, numerical
models and experimental work. However, the effect of all
influencing factors of laser welding on weld bead geometry
has not been extensively studied. Still, more work is required
in terms of conducting experimental trials and doing finite
element simulation for understanding the combined effect of
laser parameters on the temperature profiles and molten pool
shape of austenitic stainless steel sheet.

In this research article, investigations are carried out to
analyze the temperature profiles and molten pool shape in
laser welding of 1.6 and 2.5mm thick AISI 304 stainless steel
sheets using finite element transient heat transfer analysis. The
results showed that the above said input process parameters
have strong influence on the resulting temperature profiles
during laser welding of austenitic stainless steel sheet.
Experimental validations are also done to define these
parameters correctly in order to establish quantitative as well
as qualitative correlations between finite element simulations
and experiments.

II. EXPERIMENTAL WORK

The experimental procedure involves a series of trials to
develop and evaluate the knowledge base for laser welding of
AISI 304 stainless steel sheets. Based on the weld bead
geometry i.e. depth of penetration and bead width (observed
through optical microscopy), the appropriate ranges of various
input process parameters are selected for conducting future
experimental trials.

A. Experimental Setup

An industrial 2kW CW Nd:YAG laser system available at
Welding Research Institute (WRI), BHEL, Trichy, Tamil
Nadu, India is used commercially for welding on a wide range
of carbon manganese steels, coated steels, stainless steels,
aluminium alloys and titanium.

Fig. 1 Laser welding trials carried out at WRI

This laser system generates a continuous or high speed
modulated output which can produce a continuous molten
pool for high speed welding and deep penetration welding. It
can be set to produce conduction-mode, penetration-mode and
also keyhole-mode welding regimes similar to electron-beam
welding. The welding system consists of a power source, laser
head and the cooling unit. Fig. 1 shows the laser welding trials
carried out on AISI 304 stainless steel sheet for predicting the
weld bead geometry.

B. Butt- Joint Welds

Laser seam experiments are carried out on AISI 304
stainless steel sheets of 1.6 and 2.5mm thicknesses using the
parameters given in Table 1. The selection of welding
parameters is based on the results attained from the bead-on
plate welding trials. The specimens are cut into small coupons
of size of 100 x 100mm and the experiments are conducted for
two different sheet thicknesses. Further, the specimens are
prepared with due care to get the required alignment for the
joint. Then, they are cleaned using sandblasting on the top and
bottom surfaces to maximize the energy absorbed. From the
previous published results of laser spot welding and bead-on
plate trials, it is observed that the beam incident angle has
shown a significant effect on weld bead geometry,
particularly, a high depth of penetration is achieved for narrow
beam incident angle of 85° irrespective of the beam power,
beam exposure time and welding speed. Hence, it is decided to
conduct all the welding trials by keeping the beam incident
angle as 85°. To protect the laser head and weld pool an
industrial pure Argon gas (99.99%) with flow rate of
Slitres/min is used as a shielding medium during the
experimental trials.

TABLE I
LASER WELDING PARAMETERS FOR BUTT WELDING OF AISI 304 STAINLESS
STEEL SHEETS

sl Beam Welding Beam Focal Gas flow
N(; Power Speed (WS), Angle Length rate (GF),
" (BP), watts mm/min (BA),deg.  (F), mm 1/min
1. 1000 400
2. 1400 800 85 160 5
3. 1800 1200

C. Butt-Joint Results

An image analyzer is used to analyze the top and bottom
surface and to measure the weld bead geometry of each weld.
Fig. 2 shows the comparison of weld bead geometries for
bead-on plate welding and butt welding of 2.5mm thick AISI
204 stainless steel sheet for the beam power of 1400 W and
welding speed of 400mm/min. It is noted that the depth and
width of the welding seam for both the process is almost
similar to each other with the aspect ratio of around 1.5. Hence
it is appropriate that the results of bead-on plate welding
(which is fairly easy to experiment) can be used for selecting
laser process parameters for butt welding.

Fig. 3 shows the effects of beam power on laser-weld bead
geometry of 2.5mm thick AISI 304 stainless steel sheet. It is
noted that the weld dimensions, i.e. depth to width ratio have a
significant change as the beam power is increased from 1000
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to 1,800 W for the constant welding speed of 800mm/min. In
addition to that, an increase in beam power from 1000 to 1,800
W shows a marked increase in depth of penetration from
approximately 0.86 (at 1000 W) to 1.66mm (at 1,800 W).
Similarly, there is also a slight increase in bead width from
0.98 (at 1000 W) to 1.38mm (at 1,800 W). The possible reason
may be that the power density distribution of the laser beam
increases as the beam power increases, and it covers a wider
effective area on the top surface of the sheet. Therefore, there
is a slight increase in the bead width of the laser weld.

- r

Fig. 2 Comparison of weld bead geometry for bead-on plate welding
and butt welding
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Fig. 3 Weld bead geometries for welding speed of 800mm/min, beam
angle of 85° and beam power of (a) 1000W, (b) 1400W and (c)
1800W — Partial Penetration

Fig. 4 depicts the complete penetration for the 2.5mm thick

base metal obtained for beam power equal to 1800 W at
welding speed of 400mm/min and beam incident angle of 85°.
The energy input for the beam power of 1800 W and welding
speed of 400mm/min is high compared to other combinations
of beam power and welding speed considered for this study.
The weld bead observed through optical microscopy shows
the characteristic of laser welding with depth/width ratio
closer to 2. From the real color images of top and bottom
surfaces of the weld shown in Fig. 5, a smooth weld bead
profile on both sides of the specimen (top and root) with full
penetration and without any discontinuity is observed.
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Dimension, mm

Fig. 4 Weld bead profile for beam power of 1800 W, welding speed
of 400 mm/min and beam angle of 85° — Full Penetration

(@ (b)

Fig. 5 Smooth finish of Butt weld bead surfaces (a) Top side and (b)
Root side

The results from Table II show that the dimensions of weld
bead (depth to width ratio) as a function of beam power and
welding speed. It can be seen that as the welding speed
increases the depth-to-width ratio decreases irrespective of the
beam power. This is due to the fact that the energy input to the
base metal is decreased as the welding speed increases at
constant beam power. If the energy input is low, conduction
mode welding is the main mechanism involved which results
in high conduction loses and produces low depth of
penetration (low depth to width ratio). Once the energy input
attains a high level (270 J/mm), a stable keyhole is formed,
which enables the laser beam to penetrate deeply (high depth
to width ratio) and deep penetration mode mechanism
becomes predominant. Using the data presented in Table II,
the input process parameter is selected for butt welding of 1.6
mm thick sheet. Fig. 6 shows the weld bead profile (top
surface and shape of the bead) for butt welding of 1.6 mm
thick AISI 304 stainless steel sheet using beam power of 1800
W and welding speed of 800mm/min. A smooth and uniform
welded surface with sound face and root bead is observed in
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the weld for the selected beam power and welding speed. This
is possible due to the reason that the selected beam power and
welding speed for this trial attains a linear energy input of
135J/mm which has the tendency to penetrate the 1.6mm thick
sheet.

TABLE II
MEASURED WELD BEAD DIMENSIONS FOR BUTT WELDING
Beam
S BP, WS,  Energy DOP, BW, Remarks
. (Welding of 2.5mm
No. Watts mm/min (BE), mm mm .
thick sheet)
J/mm
1. 1000 400 150 1.78 1.42 Partial Penetration
2. 1000 800 75 086  0.98 Partial Penetration
3. 1000 1200 50 0.5 0.87 Partial Penetration
4. 1400 400 210 2.1 1.4 Partial Penetration
5. 1400 800 105 1.26 1.16 Partial Penetration
6. 1400 1200 70 0.83 0.95 Partial Penetration
7. 1800 400 270 2.5 1.45 Full Penetration
8. 1800 800 135 1.66 1.38 Partial Penetration
9. 1800 1200 90 1.33 1.2 Partial Penetration

@ ®)

Fig. 6 Weld bead profile of 1.6mm thick stainless steel sheet (a) Top
surface and (b) Weld bead shape

The experimental results reveal that the beam power and
welding speed are the two process input parameters having a
significant effect on weld bead geometry of butt weld of AISI
304 stainless steel sheets. Low welding speed and high beam
power provides high linear energy input on the base metal and
the formation of keyhole is stable resulting in deep penetration
welds. The results indicate that penetration depth increases
and decreases significantly with increase in beam power and
welding speed, respectively. The increasing beam power leads
to increased energy input causing more metal to melt and
consequently, more penetration is achieved. However, the
opposite phenomenon is observed for welding speed, as
increased welding speed lessens the interaction time and
hence, provides less time for the heat energy to flow deep into
the material. Moreover, it is evident that various combinations
of these parameters are possible to obtain the desired
penetration depth. Therefore, it is concluded that the
combination of higher beam power and lower welding speed
needs to be selected within the specified range to obtain a
good quality weld with deeper penetration.

III. FINITE ELEMENT SIMULATION OF LASER WELDING
PROCESS

Finite Element Simulation models of the welding process,
which have been validated through experimental results, are of

major importance for number of reasons: the deep
understanding of the laser welding physics, the efficient
definition of the laser welding process parameters and the
reliable extension of the process applicability to modern
demanding industrial requirements [9]. When developing the
welding procedure for a given application, the laser
parameters must be characterized and fully specified [10].
This is usually done by trial and error where the knowledge
and experience of engineers play a major role.

To simulate the laser welding process, a three dimensional
nonlinear transient thermal analysis is used. The commercial
nonlinear finite element code, ANSYS is employed to solve
the transient thermal analysis [11]. ANSYS is a general
purpose finite element modeling package for numerically
solving a wide variety of mechanical problems, used widely in
industry to simulate the response of a physical system to
structural loading, thermal and electromagnetic effects.
ANSYS wuses the finite-element method to solve the
underlying governing equations and the associated problem-
specific boundary conditions. It enables to simulate test in
virtual environment before manufacturing prototypes of
products.

A. Mathematical Model of Heat Transmission during Laser
Welding Process

In the view of present study, the laser beam is considered to
be normally impinging onto the workpiece surface, along the z
axis and it is translated with a constant welding speed, v, along
the x axis. The heat exchange takes place between the base
metal and its surroundings during welding and subsequently
cooling takes place by both convection and radiation. This can
be modelled by defining the convection coefficient h and
surface emissivity € in the FE simulation. In this model, the
dependence of the local temperature change in the temperature
field in its surrounding is considered. Locally supplied heat
increases the local temperature according to the local volume-
specific heat capacity cp [J/mm3K]. More the unevenness of
temperature distribution at a specific time more is the rapid
change in material temperature [12]. For the homogeneous and
isotropic continuum with temperature-dependent material
characteristic (specific heat and thermal conductivity (k)
change with temperature), the following field equation of heat
conduction applies [13]:

8T 8T 5 8T 5 8T
p(Me(T) S+ vp(Me(M o = = (k) + z (ky 6_y) +
8

5 (kz {;—D + heat source (1)

where T is the body temperature (°C), which is a function of x,
y, z and time t in seconds (s), p is the density of the material
(kg/mm3), ky, ky and k, are the thermal conductivity in the x, y
and z directions, respectively, (W/mm°C) and c is the specific
heat capacity (J/kg’C). The above said physical properties are
temperature dependent. The heat source is expressed as heat
generation per unit volume (J/mm®). In modeling of heat
transmission during welding, the effects of weld pool stirring
are ignored.
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B. Material Model

As discussed earlier, the materials to be joined are
commercial AISI 304 stainless steel sheets of various
thicknesses like 1, 1.6, 2.5 and 3.16mm. AISI 304 is a general-
purpose austenitic stainless steel with a face centred cubic
structure. The melting point of stainless steel ranges from
1400 to 1455°C. The solidified microstructure of AISI 304
comprises austenite and a dual phase austenite-ferrite mixture.
Thermo-physical properties (temperature dependent) of the
material are assumed to be isotropic and homogeneous and are
taken according to [14]. The latent heat of fusion is 247 kJ/kg,
to be released or absorbed over the range of temperature
between Tg = 1400°C and T, = 1500°C and the latent heat of
vaporization is 7600 kJ/kg (above 2467°C) [15]. The chemical
composition of selected AISI 304 stainless steel is listed in
Table III.

TABLE III
AISI 304 STAINLESS STEEL CHEMICAL COMPOSITION
Component C Cr Fe Mn Ni P S Si
Wt. % 0.055 1828 6634 1.00 848 0.029 0.005 0.6

C. Heat Source Model

The key problem in performing the finite element analysis
of laser welding is the modelling of welding heat source
Qv(x, y,z)‘ Literature review reveals that researches are in

progress aiming at defining a reliable heat source for the laser
welding process.

In laser welding process, a part of the energy generated by
the laser source is lost before absorbed by the weld specimen.
The energy loss is due to the reflection from the specimen
surface while rest of the energy is absorbed by the specimen
[16]. The energy loss for AISI304 stainless steel material
determined experimentally by the past researchers [17] is
30.7% of the nominal power of the laser source [18].
Therefore, the absorbed energy considered for this present
investigation is 69.3% of the beam power.

Laser Beam

'l'

B4 Tdd

Fig. 7 Schematic of 3D Conical Heat source model

During simulation, consideration is given to the fact that the
heat comprises a plane heat source on the top surface and a

conical heat source along the thickness direction. In that
69.3% of the beam power, the power absorbed on the surface

of the specimen is 17.3% (QW/. )and the remaining 52.7% by

the keyhole wall (leyhole ) Assuming that the laser beam

maintains a constant Transverse Electromagnetic mode
(TEMyp), the Gaussian heat flux distribution Q(x,y) can be
expressed as:

_ 3Qsurf 3(x2+y?)
Qxy) = Zofexp (- 2027) 2)
where Qg is heat power of the plane heat source (17.3%) and
R is the heat source radius. The radius of the heat source is
calculated from the focal length of the focusing lens, which
can be computed according to the relation found in [19]

2M3AF

R= TI:—DQ (3)
where M? is the value of beam quality (Nd:YAG laser with a
wavelength (A) of 1.060pum, beam quality is 1.04), F is the
focal length of the focusing lens and Dy is the minimum
diameter of the laser beam (0.3mm). Assuming the simulation
of keyhole is a cone, the Gaussian distribution of heat flux is
written as [2]

Q@) = Mot 1~ (1 - 2) 4)

2
mrgH

where Qieyhole 1S the absorbed laser beam power (52%), 1y is
the initial radius (at the top of the keyhole - 0.3 mm), H is the
sheet thickness, r is the current radius, i.e. the distance from
the cone axis and z is the current depth. The total heat input to
the model is computed from the summation of surface and
volume heat source models.

D. Discrete Model

A numerical analysis of the transient temperature
distribution during the laser welding process is performed
using a finite element method. The model uses eight-node
quadratic three dimensional solid elements. Since modeling of
welding process involves temperatures above the boiling point
of the material, the phase change is to be considered. This will
be taken care by considering the enthalpy or latent heat of
fusion of the material. The enthalpy E (heat energy per unit
volume) is calculated from the equation proposed in [20]:

E= j pCdT (5)

The geometry and finite element mesh used in the models
for simulating laser spot and seam welding to predict the
temperature distribution and weld bead geometry are given in
Fig. 8. Total number of nodes and elements are 49140 and
40000, respectively.
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All the analyses are performed incorporating temperature
dependent thermal properties of the base metal. The following
assumptions are made in the formulation of the FE model:

1. The initial temperature of the workpiece is 30°C. Both the
laser beam and mesh coordinates are fixed.

2. Thermal properties of the material like density, specific
heat and conductivity are temperature-dependent.

3. The radiation and convection loads are taken into account
by considering lumped heat transfer coefficient as
proposed by [21].

4. The absorbed laser energy is considered as 69.3% of the
beam power as proposed by [17].

5. The physical phenomena such as Maragoni effects,
convective melt flow, buoyancy force and viscous force
are neglected.

Fig. 8 Finite element mesh

E. Butt Joint Simulation

Laser butt welds are welds where two pieces of metal are
joined at surfaces that are at 90° angles to the surface of at
least one of the other pieces. The weld bead geometry
describes how the metal pieces are fit together. In order to
study the effect of the laser welding parameters on the weld
bead geometry and the temperature field, a series of
simulations over a range of welding conditions are performed.

792 .352 1771

3239 4218

(c)

282 3239 4218
T92.352 1771 27350 3728 4707

(d)

Fig. 9 Temperature distribution during welding process at four different times (a) 0.28 s, (b) 0.84 s, (c) 1.32 s and (d) 1.74 s

Fig. 9 shows the temperature distribution at four different
times of the welding process for the 1800 W beam power, 800
mm/min welding speed and 85° beam incident angle. Fig. 10
shows temperature histories for selected nodes along the
transverse plane to the weld direction. From this figure the
severe temperature gradient during the heating analysis can be

clearly noted. The figure clearly shows the presence of severe
temperature gradient at the weld pool.
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Fig. 10 Calculated temperatures for nodes A, B, C and D at various
time steps

While the contour for the vaporization temperature
(=2467°C) of the stainless steel defines the keyhole boundary,
the region above the melting temperature (=1450°C) indicates
the weld pool geometry (refer Fig. 11). Fig. 11 shows the
temperature distribution around the keyhole on the top surface
of the workpiece and along the cross section. It is observed
that the weld pool is enlarged in the opposite direction of the
welding speed.

This is due to the fact that there is a relative speed between
the workpiece and the laser beam, the temperature gradient
near the front wall of the keyhole is much greater than that
near the rear wall of the keyhole. Hence, the part of the weld
pool in front of the keyhole is very thin, while most part of the
weld pool is located behind the keyhole. Moreover, the weld
pool shape varies through the thickness due to the three

dimensional character of the transient thermal field
calculation.
/
E-
E ~_ k7 3
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Fig. 11 Weld pool geometry (a) Weld pool isotherms, (b) Top view
and (c) Weld cross section

Fig. 12 (a)-(f) show the effect of beam power on laser-weld
bead geometry. It is noted that the dimensions of the bead
have a significant change as the beam power is increased from
800 to 1,800 W for a constant welding speed of 800mm/min.
In addition to that, an increase in beam power from 800 to
1,800 W shows a marked increase in penetration from
approximately 0.86 (at 800 W) to 1.96mm (at 1,800 W).
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®

Fig. 12 (a)-(f) The effect of beam power on the bead geometry for the
laser parameters: 800mm/min WS and 85° BA
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Welding
direction

()
Fig. 13 Temperature profiles for three different welding speeds (a)

400mm/min, (b) 800mm/min and (c) 1200mm/min at 1800 W beam
power and 85° beam incident angle — Load step no. 800

Similarly, there is also a slight increase in bead width from
0.9 (at 800 W) to 1.38mm (at 1,800 W). The possible reason
may be that the power density distribution of the laser beam
increases as the beam power increases, and it covers a wide
area on the top surface of the sheet. Therefore, there is a slight
increase in the bead width of the laser weld.

Fig. 13 shows the temperature distribution for three
different welding speeds at load step no. 800. Results show
that the temperature isotherms in front of the laser source are
closer than those behind the source because of the convection
effect of the welding speed movement. At very high welding
speeds, the absorptivity of laser beam by the base metal is
minimum (low interaction rate), which leads to low depth of
penetration. Also there is some considerable reduction in bead
width at high welding speed (1,200mm/min) compared to low
welding speed (400mm/min) operated at constant beam power
(1,800W) as shown in the Fig. 13.

Fig. 14 depicts the sizes of the molten pool as a function of
welding speed at load step no. 800. Since the laser source
moves, the molten pool shape is not circular as in the case of a
stationary heat source. The elliptic nature of the pool shape is
more prominent for the higher welding speed (1,400mm/min).
As the reduction in the welding speed leads to increase in
interaction time between the laser beam and base metal, which
results in the increase of the peak temperature value (5,500K)
and heat input along the thickness direction, causing a greater
volume to be melted. As a result, the “heating tail” is longer
and wider, leading to high depth of penetration. Under similar
conditions, the increase of welding speed reduces both the
peak temperature value (4,347K) and the heat conduction
along the thickness direction, with a reduction of the molten
pool volume [5]. This implies that a narrow fusion zone may
be obtained as the welding speed increases.

The comparison of simulated molten zone form and
dimension with those determined by metallurgical
investigations are presented in Figs. 15 and 16. Fig. 15 depicts
the complete penetration for the 2.5mm thick base metal

obtained for a beam power of 1800 W at welding speed of 400
mm/min and bead incident angle of 85°.

Similar solidification profiles on the weldment top surface
are noted comparing simulated temperature distribution near
heat source and molten zone morphology (refer Fig. 16).
There is a good correlation between the weld bead profile
obtained by the finite element simulation and experiment
result for the same welding parameters.
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Fig. 14 Molten pool shapes for three different welding speeds (a) 400
mm/min, (b) 800mm/min and (c¢) 1200mm/min at 1800 W beam
power and 85° beam incident angle — Load step no. 800
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Fig. 15 Weld bead profile from (a) FE simulation and (b)
Experimental investigation
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Fig. 16 Cooling isotherms from (a) FE simulation and (b)
Experimental investigation

The weld bead shows the characteristic of laser welding
with depth/width ratio close to 2. No welding cracks or
porosity are found in the weld; this may be partly due to good
crack resistance of the base metal and proper welding
conditions being provided. The molten pool shapes obtained
through simulation are similar to the experimentally measured

bead shapes for all the combinations of laser parameters
selected for the analysis and experimentation.

IV. CoONCLUSION

The present research article utilizes the finite element code
ANSYS to investigate the temperature profiles and molten
pool shape during the laser welding in butt-joint welds. The
temperature dependent material properties for AISI304
stainless steel are taken into account in the calculation, which
has a great influence in computing the temperature profiles.
Based on the results of this investigation, the following
conclusions are made:

e The distances between the center of the laser beam spot
and the location where the peak temperature occurs
increases slightly as the laser power is increased, but
decrease with increase of the welding speed. For all the
welding conditions, the temperature peaks are at the
“heel” of the center of the laser source.

e The elliptic nature of the molten pool shape is more
prominent in the case of higher welding speed
(1400mm/min). The increase of welding speed reduces
the peak temperature value and the heat conduction along
thickness direction, with a reduction of the molten pool
volume.

e A series of experiments have been conducted to validate
the finite element simulation results, the quality of laser
welds is good, since no phenomena such as warpage,
porosity, etc. are present

e The computed temperature profiles and molten pool
shapes are observed to be in correlation with the
experimental measurements.
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