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Abstract: In producing custom-made systems, using a robotic welding line that can fine-tune welding
parameters is not economical, and laser welding is usually done manually. The most common
operator error in manual welding operations is the angular positioning error between the laser beam
and the plate surface. This study introduces a smart handheld welding torch device that assists the
welding operator with visual warnings. It measures the sheet surface angle to eliminate angular
positioning errors, calculates the appropriate torch holding angles accordingly, and helps the laser
welding process with the right angle. For this purpose, this study focused on micro-laser spot welding
applications of stainless (inox) kitchen and hotel equipment, and the effect of angular positioning
errors on the welding quality was investigated experimentally. Experiments show that when the
angle between the surface normal and the welding torch is smaller than the critical welding angle,
heat-induced traces or micro-deformations occur on the visible surface of the thin stainless material.
In addition, there is a significant decrease in the weld quality, since a large enough weld area cannot
be created at large values of this angle. The optimum torch angle range was determined using
experimental results for the available laser welding parameters. With a standard welding torch and
the smart torch, the welding operator was allowed to repeat the same task, and the payloads of the
samples prepared in this way were measured. Test results show that using a smart welding torch
with an angular positioning assist system significantly improves welding quality. Breaking force
values vary in a wide range of welds made with a standard welding torch, and visual problems such
as burning, puncture, and swelling are encountered on the visible surfaces of many samples with
high strength values. When the developed smart torch was used, the breaking force remained within
the desired reference range, and no visual defects were found in any sample.

Keywords: stainless; sheet metal; laser welding; smart torch; visual welding; spot welding

1. Introduction

High-energy laser welding is frequently used for joining thin-walled stainless surfaces
due to the heat exposure of a narrow region, low residual stresses, uniform grain structure,
high efficiency, and low operating costs compared to conventional welding processes.
It is a complex process to determine the welding parameters for joining thin stainless
materials in a way that does not create visual defects. This is because, although it is desired
that the welding process is delicate enough not to have visible defects, the connection
is also expected to be strong enough to last for the life of the device. Laser welding has
advantages such as minimum thermal degradation, good mechanical properties, and
excellent reproducibility due to precise temperature control [1,2]. Although it can be used
successfully for thin sheet metal welding, it also has deep penetration capability [3]. As
a result of these advantages, laser welding offers higher welding speed and efficiency
than conventional arc welding. In addition to these criteria in the production of inox
kitchen and hotel equipment, where visuality is at the forefront, the welding process
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must be done so delicately that it does not leave a heat trace on the visible surface of the
thin plate. However, unique welding methods are required to laser thin bond sheets of
stainless metal with no heat marks on their visible surfaces. Otherwise, small thicknesses
of thin metal sheets with the effect of excessive heat can cause visible heat traces, even in
micro-welding. Therefore, the minimum heat input to the light sheet is technically and
economically practical. Technically, micro-laser welding is applied so that a melting volume
in the form of a pyramid is formed from the invisible surface to the visible surface. In this
way, the visible thin stainless sheet is less affected by heat. This application economically
requires lower laser power associated with less heat input, less equipment investment, and
lower operating costs. In industries, welding of modern engineering materials, including
stainless steel and titanium alloys, finds various applications due to the need to tailor the
location of materials where a transition in mechanical properties, temperature, pressure,
and/or performance in service is required. Due to the numerous advantages and wide
range of uses of laser welding, it is important to update, understand, and model industrial
application processes [4].

Studies in the literature focusing on laser micro-welding of austenitic stainless steels
have analyzed the effect of laser welding parameters on weld width and weld penetration
depth. Porosity, which deteriorates the strength of the welded part, is often observed in
deep-penetration laser welds [5–8]. In order to optimize the laser welding process and
ensure high weld quality and strength, it is necessary to understand how porosity occurs
in the welding process and to find methods to reduce or eliminate pore defects. Zhou and
Tsai used mathematical models to investigate transport events leading to pore formation
and explored possible solutions to reduce or eliminate pore formation in laser welding [9].
The results show that pore formation in pulsed laser welding is due to two competing
factors: the solidification rate of molten metal and the molten metal’s backfilling during
precipitation. Sun et al. investigated the effect of different shielding gases on forming pores
in laser seam welds of 20 mm thick AISI 304 plates [10]. The results showed that shielding
gas had a significant effect on the pore formation, and few pores were present in the seam
welds when Ar was used, but almost no pores were present in the seam welds when N2
or gas was not used. Kumar et al. compared laser seam welding of AISI 304 and AISI
316 stainless steel alloys [11]. The results showed that higher linear heat input is required
for the AISI 304 alloy compared to the AISI 316 alloy to achieve the maximum ultimate
strength of the seam weld. Few studies have been conducted on laser micro-spot welding of
stainless-steel alloys [12,13]. Siva Shanmugam et al. presented a finite element model (FEM)
comparing simulation with experimental tests for laser micro-spot welding of 2.5 mm thick
austenitic AISI 304 stainless steel sheets in a bead-on-plate configuration [12]. Cedeno-
Viveros et al. investigated the effect of laser power and focal distances in laser micro-spot
welds on 0.254 mm thick austenitic AISI 302 stainless steel sheets in an overlapping joint
configuration [13]. Kumar et al. investigated various aspects of replacing existing micro-
resistance spot welding (micro-RSW) with micro-laser spot welding to join Inconel 718 thin
foils to a thick 410 steel stack. They evaluated the results based on weld quality, mechanical
strength, microstructural properties, and high-temperature weld strength [14].

Especially for micro-laser spot welding of ultra-thin foils, pulsed laser welding is the
preferred method over continuous wave laser welding because the former method offers
precise temperature control, reducing the heat-affected zone, residual stresses, and heat
input [15]. Pulsed laser welding is used in various micro-welding applications, including
medical device manufacturing, sensors with thin membranes, welding of markers to stents,
and fabrication of microturbines using ultra-thin foils [16–19]. In general, pulsed laser
welding involves an intermittent supply of a high-intensity energy beam that periodically
focuses on melting and solidifying the material in succession. Process parameters in pulsed
laser welding include pulse energy/laser power, pulse width, pulse frequency, laser spot
size, and welding speed used to achieve satisfactory weld quality [20,21]. After the first
study that successfully welded Inconel 600 tubular components (1.0 to 1.2 mm Inconel stack)
for nuclear power plants using a pulsed laser, joining materials with high-temperature
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resistance, such as Inconel to stainless steel, by the micro-laser welding method has been a
popular research topic of recent years [22–25].

As a result of the laser-based additive manufacturing technology, the ability to manu-
facture the metal has dramatically increased. In this way, products that cannot be obtained
with conventional methods can be produced, and more economical and simple solutions
can be produced by combining different materials with desired properties, as in the pro-
duction of composite materials [26]. Recycled nickel alloy powder was applied to the 3D
printing obtained by selective laser melting by Sukhov et al. They investigated the effects
of the chemical composition of the alloy’s main elements on the products’ mechanical prop-
erties. They proved they could be used in other selective laser melting methods without
side effects [27]. Although the product obtained by additive manufacturing in the laser
sintering method is the same, Sezer et al. examined the effects of the production method
(with differences in the laser scanning direction) on the material structure [28]. Ullah et al.
investigated the causes of various structural part defects frequently encountered in additive
manufacturing products created by selective laser melting at different laser powers and
scanning speeds [29]. Khorasani et al. investigated the effect of the absorption rate of
IN718, one of the most widely used nickel alloys, at different laser powers and scanning
speeds, on the melt pool properties [30]. These studies show that additive manufacturing
technology can offer a wide range of solutions for very different materials due to the laser
welding method.

Similarly, there are studies on combining Inconel alloys with different steels [14,31–34].
Ventrella et al. investigated the effect of laser energy in micro-laser welding of 100 m thick
AISI 316L stainless steel foil. They concluded that microstructural and mechanical reliability
could be achieved by precise control of laser pulse energy [15]. In contrast, Lertora et al.
investigated the CO2 laser lap joints between 0.4 to 1.6 mm Inconel 718 sheets. They
reported that the lap welds’ fatigue behavior suits aircraft engines’ requirements despite
microcracks [35]. High-irradiance lasers hitting metal surfaces create a complex, dynamic
process in which metal can change rapidly from being highly reflective to a strong absorber.
This effect was found by Simonds et al. It was discussed in an experimental study by [36].
Duplex stainless steels (DSSs) are a category of stainless steels used in any application
where both high strength and excellent corrosion resistance are required. This favorable
combination of properties is provided by their biphasic microstructure, consisting of ferrite
and austenite in approximately equal volume fractions. DSSs, just like thin materials, are
sensitive to heat treatments, welding processes, or thermal cycles. Therefore, micro-laser
welding applications are also widely used in DSSs [37].

Although welding technology has matured, defects may occur due to improper manual
operation, unstable environments, and welding equipment problems [38]. In manual micro-
spot laser welding, the gap between the mating surfaces of sheet materials and the torch–
surface angle (the angle between the laser beam and the weld surface) are critical variables
to achieving sufficient weld strength without creating heat marks on the visible surface.
While the effects on weld bead geometry in laser welding are already well understood, the
detailed characteristics of visual micro-laser welding have not been adequately clarified.
In examinations, it has been seen that the variable most prone to error in manual micro-
laser applications is the torch–surface angle. Therefore, this study investigated the effect
of angular positioning errors between the laser beam and the weld surface on the weld
quality. The torch–surface angle is considered the most error-prone variable in manual
micro-laser applications. Experimental results show that the laser welding angle is one of
the most critical parameters affecting the formation of the desired weld cross section on
thin stainless sheet surfaces. It would not be appropriate to perform visual micro-welding
without providing angular positioning precision. The processes applied to the surface to
eliminate these visual defects in production increase the costs by reducing the production
speed. The high temperature and methods used to remove traces on the surface reduce the
corrosion resistance of the stainless surface.
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Welding test samples were prepared by combining stainless steel sheets, frequently
used in the production of inox kitchen equipment, with different laser welding angles (laser
beam-surface angle). Test sample production was carried out on a welding stand equipped
with a digital protractor (UNI-T LM320B), keeping all other parameters constant only by
changing the angular position of the welding torch. The weld strength of the test specimens
obtained was determined by tensile tests; thus, the best weld angle range that would not
create a heat trace on the visible surface was determined. The device, which guides the
welding operator with visual signals and ensures welding occurs in the correct angular
position, was programmed according to these angle values. With the smart and standard
welding torch, the operator was asked to prepare test samples manually by welding sheets
in random angular directions. In this paper, the effect of the smart welding torch on the
manual welding quality is discussed by comparing the tensile test results of the prepared
samples and the microscope images.

With the discovery of micro-laser application, it has been possible to weld thin inox
sheet surfaces without creating defects on the surfaces where the main structures can be
seen. In this way, thin inox sheets began to be used as an aesthetic element on the visible
surfaces of machines and devices. However, micro-laser welding applications are a very
sensitive process that is affected by many variables, such as the gap between the sheet
metal sheets, laser–surface angle, and surface light reflection, in addition to the laser signal
parameters. It has been observed that in industrial areas where welding is done manually,
even the same operator cannot weld to the same standard, and the most obvious error in
manual welding is the grip angle of the welding torch. The smart welding torch introduced
in the study is a design that emerged as a result of these observations. In searches of the
market, literature, and patents, no similar device was found equipped with any system
that assists in the angular positioning of the manual welding torch.

2. Materials and Methods

A Turcwel LP300 series, Nd: Yag type laser welding machine was used together
with the manual hand torch shown in Figure 1a for individual micro-laser welding of
stainless test specimens. In this system, the graphite inserts were specially designed for the
weld piece, and the operation is very economical as it does not require fixtures. With its
ergonomic design, it facilitates welding in hard-to-reach areas. The standard laser welding
torch shown in Figure 1d was developed with the angular positioning assistant device
as shown in Figure 1c. The circuit diagram of the device created using an Arduino pro
micro-board and MPU6050 angular position sensor is given in Figure 1d. The angular
position of the welding torch is continuously measured with the help of the angle sensor
placed on the top of the torch. It warns the operator at specified intervals with the use of
an RGB LED.

Stainless steel sheets (304 series) are widely used in the production of industrial kitchen
equipment due to their beautiful appearance, corrosion resistance, and anti-fingerprint
properties. Manual micro-point laser welding is frequently used for fixing the visible
surfaces of industrial kitchen equipment. An industrial application example of visual
micro-laser spot welding is shown in Figure 2a,b. This application provides sufficient
welding area on the invisible surface of the 0.8 mm thick, thin sheet. This welding process
is expected to be performed with a sensitivity that will not create a heat trace on the visible
front surface of the sheet, due to a very short-term temperature increase.

Weld test samples of 2 mm and 0.8 mm 304 series stainless steel sheets, the mechanical
and chemical properties of which are given in Table 1, were fixed on top of each other from
two points (Figure 3a) with the laser signal and parameters shown in Figure 3b. The size
of each of the samples, which are joined at a single point to each other, is 80 mm long and
14 mm wide. The length of the welded pieces to be subjected to the tensile test after joining
is 110 mm. Each weld sample was fixed with the same compressive force for gap-free
contact of the weld surfaces of the two sheets. In order to measure the weld strength of the
lap weld samples, the samples were subjected to tensile tests using a 0.4 N precision micro-
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tensile device produced in Bursa Uludağ University Laboratories (Figure 3c). Weld joints
are torn under shear stress. During the tests, the head speed was set to 10 mm/min, and the
tensile-shear force was slowly increased until the specimen broke from the welding points.
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Figure 2. Visual micro-laser spot welding application on thin inox material. (a) Visible surface
(0.8 mm thick 304 stainless steel sheet on “Cold well with fan”). It is expected that there will be no
heat trace or deformation due to welding on this inox surface of the device. (b) Invisible surface
(2 mm thick 304 stainless steel sheet “well support, hook sheet”). Laser marks on this surface, located
on the hidden interior of the device, are an acceptable error.

Table 1. Material properties of test sample stainless steel sheets. (Guangdong Yongjin Metal Technol-
ogy Co., Ltd. Test Certificate, Certificate No: YJ2021122336, Date of Survey: 12 December 2021).

Grade
Chemical Composition (%) Shear Stress

(N/mm2)
Yield Stress

(N/mm2)
Hardness

(HV)C Si Mn P S Ni Cr N

304/304L/1.4301/1.4307 0.022 0.34 1.38 0.028 0.002 8.01 18.15 0.065 632 274 164
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Figure 3. (a) Dimensions of test specimens and welding of 2 mm and 0.8 mm 304 series stainless steel
test specimens from two points. (b) Laser welding parameters and signal form. (c) Photograph of the
custom-made benchtop tensile test device with a test specimen.

3. Results
3.1. Determination of the Effect of Torch-Surface Angle on Weld Quality in Manual Laser
Spot Welding

The first step of the study was to determine the welding angle required to weld
stainless materials so delicately that they do not create visual defects and, at the same
time, overcome the loads that will arise over time under working conditions. The primary
motivation of this study was to develop an auxiliary system in which the welding operator
can perform the welding process in this specified angular range within a specific tolerance
range. In manual micro-spot laser welding, the gap between the mating surfaces of sheet
materials and the torch grip angle (the angle between the laser beam and the weld surface)
are critical variables to achieving sufficient weld strength without creating heat marks on
the visible surface. While the absence of weld marks on the visible surface is the essential
requirement of laser welding, joint strength is often the critical quality criterion. Therefore,
the heat traces on the visible surfaces of the test specimens and the weld cross-section size
were examined under a microscope (Celestron Pro, Celestron, LLC., Torrance, CA, USA).
The surfaces named with the capital letters A, B, C, and D in Figure 4 represent the invisible
outer surface of the 2 mm thick sheet, the joining surface of the 2 mm thick sheet (after
breaking it), and the joining surface of the 0.8 mm thick sheet (after breaking it). The latter
refers to the visible outer surface of the 0.8 mm sheet metal. Since the melting zone could
not reach the outside of the 2 mm sheet at larger angles of 30◦, welding was impossible,
and tests could not be performed for 30◦ angles. There is sufficient weld area for testing in
the range of 10◦–30◦, and no heat trace is formed on the visible sheet surface. Micro-blisters
appear on the 7.5◦ visible surface. The images of these surface traces, which are evident
due to the light reflection at certain angles, could not be taken because the illumination
angle of the microscope was not at the angle to create these light reflections. By comparison,
at less than 5◦, evident heat traces occur on the visible surface. Microstructure microscope
(Nikon Eclipse MA100, Nikon Instruments Inc., Melville, NY, USA) photographs obtained
by the metallurgical cutting and etching method at the welding point of the 2 mm thick top
sheet are given on the right of Figure 4. As the angle between the torch and the welding
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surface changes, it is understood from the microscope images of the welding section that
the angular position of the melting zone changes parallel to this.
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(extremely tilted holding angle). (b) θ = 15◦ (appropriate holding angle). (c) θ = 5◦ (extremely steep
holding angle).
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In Figure 5, the effect of the torch holding angle approaching the 0◦ perpendicular
holding angle in increments from 30◦ to 2.5◦ on the weld cross-section, and thus on the
weld cross-sectional area, is shown with the microscope photographs of the joining surface
of the 0.8 mm sheet metal. The tests were cut at 5◦ at a 0◦ vertical angle so that the laser
beam does not reflect and damage the optical system. The microscope photographs show
that the welding cross-section increases smoothly as the torch grip angle approaches the
surface perpendicular to the surface.
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Figure 5. Welding traces the C surface (welding surface of 0.8 mm thick sheet) for different welding
torch angles, θ (70.43 Joules).

Figure 6 shows the variation in the force (F) carried by a single spot weld with
elongation for different torch angles. It is understood that the maximum force held by
the weld from 5◦ to 30◦ decreases from 320 to 100 N. In this paper, the 10◦ angle with the
highest welding strength without heat traces or blisters on the visible surface is referred
to as the critical torch angle. This value is used in the following to obtain the normalized
yield strength of each weld.
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Figure 6. Force–elongation curves of test specimens welded at different torch angles (70.43 Joules).

Figure 7 shows the normalized yield strength of the weld versus laser torch holding
angle and welding quality mapping. The normalized yield strength of the weld expresses
the ratio of the maximum force carried by each weld until it is broken to the maximum
weld load at the critical torch angle. As can be seen in Figure 6, the critical torch angle for
the current laser signal parameters is 10◦ and the critical weld load (Fcrt) is 277 N, which
does not produce a heat trace on the visible surface. By dividing the weld loads obtained
for each weld sample by this value, Figure 7 is obtained, which shows how much the weld
weakens with the angular positional error and how much it becomes stronger despite the
heat trace on the visible face. Suitable and unsuitable torch angles for welding are shown in
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the chart with different colors and descriptions. Red zone: Extremely steep torch holding
angle with risk of laser reflection on lenses or heat mark on visible inox surface. Green zone:
Appropriate welding angle (the steepest torch-holding angle that does not cause a heat
trace mark on the visible inox surface). Blue zone: Average or weak weld (torch holding
angle is more horizontal than the limit value, leaving no heat trace on the visible inox
surface, resulting in relatively weak weld bond formation). Angles greater than 30 degrees
and less than −30 degrees, where the torch is too horizontal to form a weld, are outside the
graphic area.
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3.2. Design, Programming, and Welding with the Angular Positioning Assistant Device (Welding
with the Smart Manual Welding Torch)

As a result of the preliminary studies in the previous section, the use of the smart
welding torch device is introduced in Figure 8. Initial experiments revealed the following
risk situations depending on the weld holding angle. In cases where the laser angle is close
to 90 degrees, the laser beam partially reflects from the shiny stainless sheet surface and
may damage the optical system in the torch. Therefore, welding should not be done at
angles close to 90 degrees. The second risk situation is the risk that the laser will create
a melting zone that is deep enough to make a heat trace on the visible sheet surface at
vertical angles that vary depending on the welding intensity. These two risks are shown as a
three-dimensional zone in Figure 8a. The angular positions that do not create heat traces on
the visible surface and give the highest acceptable welding load due to the deepest melting
area are shown with the three-dimensional green zone. This region can be narrowed and
expanded with software to the extent of the operator’s ability to use the smart welding
torch. The angular range indicated by the three-dimensional blue zone in the figure shows
the angular positions that result in relatively weak welds. Since the melting area cannot
reach the junction of the two sheets at more horizontal angles than the border of the blue
zone, there is no fusion. These angle values depend on many factors, such as laser intensity,
application time, and beam cross-section. However, these values are kept constant, and
only the change in torch holding angle is examined.
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Figure 8. Using the smart welding torch. (a) Representation of the critical laser holding angles.
(b) Measurement of the normal of the welding surface by the operator. (c) Excessively vertical
holding angle, 0 < θ < θA. (d) Appropriate holding angle, θA < θ < θB. (e) Excessively inclined
holding angle, θB < θ < θC.

The holding angle of the welding torch should be adjusted according to the angle of the
surfaces to be welded. Therefore, it is necessary to measure the sheet metal surface’s pitch
(surface normal) to be welded before starting the welding process. This measurement can
be measured without needing an external device by attaching a cap to the tip of the smart
welding torch, which allows it to be held vertically to the surface (Figure 8b). Due to the
head attached to the tip of the welding torch, it has the surface area to be kept perpendicular
to the surface. It calculates the surface normal with the angle values obtained from the
MPU50 sensor by recording the angles of this starting position with the help of a button on
the device. This calculation is carried out as follows: The MPU6050 angular position sensor
provides angle information in the range of 0–360 degrees from three axes. Only two of these
angle values (x,y) are sufficient to calculate the direction of the surface normal. While the
surface normal changes in the range of 0–180 degrees, it requires an angular transformation
for the sensor to measure in the range of 0–360 degrees. The direction of the surface
normal can be easily calculated with the help of the transformed two-angle information
and the cosine theorem. When the surface angle measurement button is pressed, the
measured initial values are continuously subtracted from the subsequent values, and
the angle between the device (laser direction) and the surface normal is calculated every
100 ms. According to the limit values of the angles (θA, θB, and θC) determined in the
program, the RGB LED at the tip of the welding torch warns the welding operator in red
(Figure 8c), green (Figure 8d), and blue (Figure 8e) colors depending on the relative angle
of the torch with the surface. In this way, the operator can perform the welding process in
the correct position.
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Thirty test specimens were prepared with constant laser intensity with and without
the aid of an angular positioning device. By determining the maximum loads of spot welds
of these samples, the distribution range is shown in Figure 9 as box curves. Samples made
with the aid of an angular positioning device collected in a narrow range show that the
standardization and weld strength increase in manual laser spot welds.
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4. Discussion

Product-based production processes are established in industrial areas where mass
production is not performed. In such custom-made systems, manual welding methods
are preferred instead of robotic automation. This type of manually welded joint may be
in the invisible parts of the product and in the visible positions that may contribute to
or damage the marketing of the product. In such cases, welding should be done more
meticulously than in everyday operations. Increasing the welding strength in terms of high
strength requirements can cause visual defects in the material. Reducing the weld strength
in order not to create visible defects will adversely affect the strength of the material. For
this reason, minimizing all the negativities by determining the optimum values is vital
in some industrial applications. In the manual welding process, the process is usually
under the initiative of the personnel. Although the product often looks the same, there
may be large-scale differences between the products when the necessary examinations are
made in the laboratory environment. In order to prevent human-induced errors, feasibility
studies based on experiments should be carried out, and additional features should be
added to the devices used to obtain the most suitable values for the work to be done in
different parameters.

Although the laser power, frequency, pulse time, laser beam diameter, and similar
parameters in manual laser welding devices may change in the long term, they can be kept
constant in the short term. However, in manual laser spot welding, the torch grip angle
is the most error-prone parameter at the operator’s discretion. Therefore, in this study, a
supporting device that can stabilize the welding angle was developed. The device helps
to keep the torch-welding surface angle at a fixed and appropriate value within specific
tolerances with visual warning signs. In this way, it was shown that the manual welding
process can be standardized in industrial areas where there is no mass production, due to
the welding process developed with the smart welding torch.

In order to eliminate operator initiative in manual laser spot welding applications,
an electronic link can be established between the electronic circuit measuring the angular
position of the torch and the laser shot trigger. In this way, even if the trigger is pressed for
shooting outside the appropriate angle range, the circuit cannot be completed, and faulty
welding can be prevented.
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In visual micro-laser welding of thin sheets, the suitable welding angle range may be
too narrow to be set manually. In the case of such a need, automatic laser firing can be
performed as soon as the appropriate angle is detected, with the help of communication
and software to be established between the laser ignition trigger and the angular position
sensor circuit.

In order to measure the weld surface normal, a cap should be attached to the torch tip,
and the measurement button should be pressed while the cap’s flat surface is held so that it
fits snugly to the welding surface. Errors may occur in this measurement process, such as if
the operator acts in a hurry or has low command of the torch. To prevent this, an electronic
system can be designed to activate the measurement button when the device is fully seated
on the surface and thus detect the surface normal.

5. Conclusions

• It was observed that in cases where laser spot welding must be done manually, stan-
dard welding cannot be performed.

• Experiments showed that the quality of the weld changes with the change in angle
between the weld surface and the laser beam in laser spot welding, even if all other
variables are kept constant.

• It was demonstrated in the study that this problem can be solved with a smart manual
torch equipped with a system that measures the surface angle and helps keep the
surface laser angle within a certain range.

6. Patents

The patent application process has been started for the device introduced in the study.
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