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Abstract

In our research, we investigated the effects of laser power and travel speed on the weld geometry in case of
manual laser welding. Our experiments revealed that a characteristic two-part weld geometry is obtained
under our experimental parameters. It was also found that increasing the laser power leads to a nearly linear
increase in the weld width, while increasing the travel speed leads to a decrease in the weld width. The pen-
etration depth does not increase further above a certain power level. A decrease in travel speed results in an
increase in penetration depth. At the travel speeds tested, a narrow and deep weld geometry was obtained at
the 70-80 % power level and a wider but shallower weld at the 90-100 % laser power level.
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1. Introduction

Laser beam welding, after laser beam cutting,
is the most widely used laser material processing
technology, and its mechanised version is widely
used in industry due to its many advantages [1].
The advantages of laser welding are the very low
heat-affected zone created by the highly concen-
trated laser beam focused over a small area and
the much lower heat input compared to conven-
tional fusion welding processes, which minimises
deformation of the workpiece by internal stresses
[2, 3]. Its cost-effectiveness also makes it popular
in industrial applications, as the high initial in-
vestment cost is quickly recovered due to its high
processing speed and thus high productivity [4].
In recent years, hand-held laser welding equip-
ment has also appeared on the market, offering
user-friendly operation with a lightweight weld-
ing gun and working cable, and a small, easily
movable beam source [5]. A growing number of
companies are selling and using such equipment
in Hungary, but due to its novelty, there is cur-
rently very little experience with this process.

In the present study, we investigated the effects
of laser power and travel speed on the weld ge-
ometry in the case of manual laser beam welding
of austenitic stainless steel.

2. Welding and evaluation procedure

In our research, two series of experiments,
each consisting of 10 welds, were carried out on
2.7mm wall thickness, 42 mm outer diameter,
1.4301 grade austenitic stainless steel tubes by
manual laser beam welding without the addition
of any welding filler metal.

In general, the chemical composition of the steel
used is shown in Table 1.

Table 1. The chemical composition of the 1.4301
grade austenitic stainless steel [6]

C Si Mn P S
<0.07 <1.00 <2.00 <0.045 <0.03
N Cr Ni Fe
<0.10 17.5-19.5 | 8.0-10.5 rest.
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It should be highlighted that, in order to ensure
the reproducibility of the welds during the exper-
iments, the hand-held laser beam welding gun
was enclosed in a device to ensure its stability,
thus eliminating errors due to the unproven hu-
man hand. To ensure a uniform travel speed, the
tube material was rotated by means of a rotating
device.

Welding of the experimental series was carried
out using an XTW-1000 type optical fibre hand-
held laser beam welding machine manufactured
by Jinan Xintian Technology Co. of China. The ma-
chine produces a laser beam with a wavelength
of 1080 nm and can deliver a maximum power
of 1000 W. The machine’s control panel allows
the laser power output to be set in percentage
form. The first set of experiments was welded at
24 cm/min and the second set of experiments
at 40 cm/min, with the laser power varied from
100% to 20% in 10% steps. Based on the experi-
ences of our preliminary experiments, no weld is
formed at 10% laser power, so the 10% power lev-
el was skipped from the present study. In addition
to the power delivered, it is possible to select the
wobbling mode of the laser beam within the gun
and to adjust the frequency and amplitude of this
movement. The laser beam is swung inside the
welding gun by optically guiding the laser beam
[7]. Our welds were made without swinging the
laser beam. The shielding gas used was nitrogen
of 4.6 purity at 2.5 bar.

To ensure that the position of the cross-sections
tested was the same for all bead-on-plate welds,
the specimens were cut in the same position
along their longitudinal axis using a Struers Dis-
cotom-10 water-cooled disc cutter. The specimens

were then embedded and metallographic grind-
ings were made. Starting with P600 sandpaper
and moving to progressively finer grain-size pa-
per, we arrived at P2500 sandpaper. To remove
the fine scratches, the samples were polished
using a suspension of 3 pm diamond grains.
The seam geometry was developed by etching.
The etching of the grindings was performed using
Adler etchant with the following composition:

- 9 g copper ammonium chloride;

— 150 ml hydrochloric acid;

- 45 g ferric chloride 6-hydrate;

- 75 ml distilled water.

Using the etchant, the geometry of the welds was
developed by etching the samples for 2-3 seconds
at room temperature and then examining them
under an Olympus SZX 16 stereo-microscope. Fi-
nally, photographs of the welds were taken using
Stream Essentials software to measure the seam
width and fusion depth values required for the
evaluation. From these values, diagrams were
drawn, with some microscopic images plotted as
examples to illustrate the resulting weld geome-
tries.

3. Results and evaluation

By observing the microscopic images shown in
figures 1-2, it can be observed that the pointwise
wobbling mode results in an interesting seam ge-
ometry consisting of two parts, a wider and shal-
lower heat conducting part and a narrower and
deeper deep seam part.

Figure 1. shows the resulting seam width
as a function of laser power and travel speed.
The graph shows that the seam width increases
with increasing power at both speeds, but to dif-

Fig. 1. Weld width as a function of laser power and travel speed.



46 Simon V, Varbai B., Abaffy K., Gyura L. — Acta Materialia Transylvanica 7/1. (2024)

Fig.2. Fusion depth as a function of laser power and travel speed.

ferent extents, with a steeper - almost linear - curve
at 24 cm/min and a flatter curve at 40 cm/min.

It can be concluded that both increasing the la-
ser power and decreasing the travel speed will
result in an increase of the seam width.

The inset micrographs clearly show that at the
same power level, a higher travel speed leads to a
smaller weld width.

Figure 2. plots the fusion depth as a function of
laser power and travel speed. It can be said that
the fusion depth is maximum at power levels of
70-80%, increases gradually at lower power levels
and decreases again above 80%. It is interesting
to observe that in the 70-80% power range, the
welds with a much greater fusion depth were
produced at 40 cm/min than at 24 cm/min, the for-
mer achieving a fusion depth of 5.91 mm, while
the latter only achieved a fusion depth of 3.14
mm. Looking at the inset microscopic images and
the data from the diagrams, it can be concluded
that the weld geometries are slender and deep at
70-80% laser power and wider and shallower at
90-100%.

4. Conclusions

In the present study, bead-on-plate welds were
welded by manual laser beam welding on auste-
nitic stainless steel tubes to investigate the effects
of laser power and travel speed on the weld ge-
ometry. Based on our results, the following con-
clusions can be drawn:

— by using a pointwise wobbling mode, two
parts of the weld shape - a wider and shallow-
er heat conducting part, and a narrower and
deeper deep seam part - are formed;

— asthelaser poweris increased, the weld width
increases almost linearly;

— increasing the travel speed leads to a decrease
in the seam width;

— in the 70-80% power range, the fusion depth
of a weld made at a travel speed of 40 cm/min
exceeded that welded at a travel speed of
24 cm/min;

— at the test speeds, a slender and deep weld ge-
ometry was obtained at the 70-80% power lev-
el and a wider and shallower weld geometry
at the 90-100% power level.
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