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Abstract: Stainless steel is used in a plenitude of domains from
low end applications, like surgical products to high-end
applications like aerospace sector. Stainless steels are iron-carbon
based alloys with more than 10.5% chromium. The chromium
present in stainless steel has greater affinity towards oxygen atom
and will result in the formation of chromium oxide film over the
surface at molecular level. Stainless steel grades SS321 and SS316
are considered in this work due to its better flexural rigidity,
corrosion resistance and maximum temperature withstanding
capacity. The laser beam welding was preferred due to high local
energy concentration of the laser beam, which makes it more
suitable method for stainless steel welding. Chromium
precipitation on the grain boundaries is avoided by using a high
laser welding speed that diminishes the exposure of the weld to
high temperatures. The microstructure of the welded joints are
examined using metallurgical microscope to find out the flaws
over the weld joint. Three-point bend test was conducted to
quantify the mechanical strength of the welded joints.

Keywords: Laser Welding, Stainless Steel, Three-Point Bend
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I. INTRODUCTION

Stainless steel has long been around. Since the 1990s, many
manufacturers have been using stainless steel to build
skyscrapers, memorials, and even cooking utensils [1-2].
Perhaps we are surrounded by items of stainless steel like
saucepans, handrails, pen springs, or watches. The welding
process is regulated through laser process parameters such as
laser power, and welding speed. The first experiment on
austenitic 304L stainless steel sheet is performed by varying
the welding speed from 2-10 mm/s and the second experiment
is conducted with varying laser power from 300-3500 W
[3-6]. Significance of welding parameters over the geometry
of the weld bead, bead diameter, and service cycle were
studied from the experimental and analytical approach [7-8].
The optimum parameters of the process associated with
hybrid welding method was evaluated using Taguchi tool
[9-13]. Ultimate tensile strength (UTS) is chosen to compare
the weld strength of each experimental group. All the welding
experiment is repeated three times. Although the procedure
was conducted identically, due to the similarity of each
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parameter and environmental factor, the outcome of the
strength test could be different. The influence of various
parameters such as welding speed, laser power, beam
diameter, focusing distance, power density, and type of
shielding gas over welding properties of dissimilar welding
combinations such as Al/Cu, Al/SS, and Al/Ti [14-16]. In the
present work, significance of laser welding parameters such
as Power Density (W/mm?), Welding Speed (mm/s), Laser
Power (KW) for SS321 and SS316 steel has been reported.

Il. EXPERIMENTAL WORK

A. Specimen Preparation

The 10 sets of specimens are prepared using laser welding
process by varying the major power parameters and it is listed
in table 1.

Table 1 Laser welding — major parameters

Track
Speed Power | Width PD ED
Specimen | (mm/s) (W) (mm) | (W/mm?) | 3/mm?)
LW1 5.0 2700 1.79 859.87 301.33
LW2 6.7 2800 2.02 891.72 207.92
LW3 11.7 3000 2.26 955.41 113.78
LwW4 13.3 3000 2.00 955.41 112.50
LW5 15.0 3000 1.88 955.41 106.38
LW6 10.0 3300 2.50 1050.96 132.00
LW7 11.7 3300 2.20 1050.96 128.57
LW8 13.3 3300 2.10 1050.96 117.85
LW9 11.7 3400 2.30 1082.80 126.71
LW10 13.3 3400 2.50 1082.80 102.00
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After welding process is completed, the microscopic study is
conducted on the specimen using metallurgical microscope.
The specimens are prepared for the microscopic study by wire
cutting machine. The prepared specimen dimensions is shown
in figure 1.
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Fig.1: Specimen Preparation: (a) Metallurgical
Microscope and (b) Scanning Electron Microscope
(SEM)

B. Microstructural Characterization

The as-cast 316 and 321 steel exhibits a fully austenitic
microstructure  with a homogeneous distribution of
intermetallic phases. Laser welding achieved total penetration
of joints. Figure 2 demonstrates the macrostructure of weld
joints. No cracks and porosities were observed visually,
which indicates that the selected laser parameters delivers
optimum weld quality. The area of width and fusion is
different because of varying laser raster scan speed and power
density.

}‘ s
Fig 2: Macrograph of Laser Welded Sample
I11. RESULT AND DISCUSSION

A. Structural Analysis

Figure 3 gives the cross-section of 3000 W laser welded
samples treated with differing energy densities of 131, 128
and 117 J/mm?. For different laser parameters, significant
difference in grain morphology is observed across the weld
range. A fully refined and columnar dendrites characterize the
cross-section. Induced thermal gradient and rate of cooling,
regulated through welding speed and laser power, greatly
influences the formation of refined grains.

(@) (b)
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Fig 3: Optical Microscope (OM) image of (a) LW3, (b)
LW4 and (c) LWS8 across the weldment.
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The microstructure of LW6 shown in figure 4 exhibit a
resolidified layer. The cross-section is distinguished through
the weld depth by fine equiaxed grains. Uniform grain
morphologies
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Fig 4: OM image of (a) LW9, and (b) LW10 across the
weldment.

Higher contact time is observed to impart minimal thermal
gradient across the molten surface and this induce fine
equiaxed grains across the treated depth. A significant
variance in grain morphology is observed, while laser power
is kept constant. Up to specific depth, fine equiaxed grains
were found and coarse grains were observed towards the
internal bulk. The reduced contact time gives the treated
depth a higher thermal gradient and facilitates the fine
equiaxed grains formation. The surface treated with LW9 and
LW10 is characterized by finely polished equiaxed grains to a
certain d

epth with much reduced grain size, and columnar grains are
observed with much reduced primary arm spacing. Higher
rate of cooling and thermal gradient was induced due to
higher laser power, and lower contact time. This greatly
influences the rate of formation of columnar dendrites and
promotes the occurrence of graded structure. The temperature
and heat gradient increases during the laser scan. This favours
the formation of columnar grain formation close to the
boundary between treated and untreated area. The thermal
gradient angle assumes an inclined orientation with respect to
the scan direction. Figure 4(b) shows the growth of column
grains inclined towards the scan direction. The results are
inline with the image taken using scanning electron
microscope which is shown in figure 5.

Fig 5: SEM Image of (a) LW8 and (b) LW7

B. Three Point Bend Test

In order to study the weld strength and failure mechanism,
three-point bend test was performed over laser welded joints.
At the weld layer, some interesting features have been found.
These include cracks along the weld bead-base material
interface, and an oxide surface layer that contains
micro-cracks. The source of the micro-cracks may be due to
the strains associated with the effect of thermal gradient and
rapid cooling that favor thermal stress formation.
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With specimens welded with higher laser power and weld
speed, a higher magnification image of the surface shows
small holes or voids along the weld. SEM analyzes showed
that these cracks are consistent in surface length, form and
depth and are aligned perpendicular to the direction of
bending as shown in Figure 6.

Fig. 6 SEM image along‘zhe base material-weld bead
interface

As observed from figure 6, the propagation of cracks are
attributed through: (i) solidification defect; (ii) Bulk porosity
created by trapping the gas or oxygen covering; or (iii) the
bending test object. Lower views of magnification showed as
dimpled the surface of the voids. The surface micrographs
showed that, due to shrinking voids, the holes were created
during solidification. Since the surface is stressed, however,
cracks have developed along the ground pores periphery. The
crack grows perpendicular to the direction of bending and
stressed surface which is shown in micrograph. The
micrographs are consistent with a crack propagation failure
mechanism along the refined grain boundaries as observed in
brittle materials when they are stressed beyond the plastic
deformation point. The compressive strength results obtained
through three-point bend test is given in figure 7. Comparing
the test results of LW4, LW5 and LW, it was observed that,
compressive strength increases with energy density. The
refinement of cracks resists the propagation of cracks in case
of compressive loading. The same was observed for LW8,
LW?7 and LW8. However, higher laser power and weld speed
induce higher thermal gradient, this attributed to the
formation of columnar grains having lower columnar spacing.
It was observed that higher volume fraction of columnar
grains favour the propagation of laminar cracks along the
grain boundaries in case of compressive loading.

Three Point Bend Test
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Fig. 7: Compressive strength of laser welded specimens

IV. CONCLUSION

The following results are drawn from our work.

e Higher scanning speed attribute to the formation of
columnar grains through thermal gradient effect.
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e For different laser parameters, an apparent difference
in grain morphology is noticeable across the weld
length.

e Refined equiaxed grains and columnar dendrites were
observed across the weld cross-section. Rate of
cooling and induced thermal gradient greatly
influences the degree of refinement.

e Itis possible to observe columnar dendrites extending
along the fusion boundary to the center of the
weldment.

e Higher contact time is observed to impart lower
thermal gradient across the molten surface, thereby
facilitating the formation of fine equiaxed grains.
There is a noticeable difference in the grain
morphology, although the laser energy is maintained
continuously.

e Fine equiaxed grains were observed up to certain
micrometre depth and coarse equiaxed grains were
detected along the inner depth. The reduced contact
time gives the treated depth a higher thermal gradient
and facilitates the fine equiaxed grains formation.

e LW9 and LW10 weldment is characterized by refined
equiaxed grains with fine grain size up to particular
depth, below that columnar grains with lower arm
spacing were observed.

Formation of columnar dendrites is attributed through higher
thermal gradient and rate of cooling due to higher laser power
and lower interaction time. It favours the formation of graded
structure.
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