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Abstract: This investigation systematically analyzes resistance spot welding parameters optimization for AISI 316L
austenitic stainless steel sheet joints utilizing an Lo orthogonal array-based Taguchi design methodology. The experimental
matrix encompassed three critical process variables: welding current (6-10 kA), electrode pressure (2-6 Bar), and weld time
(4-8 cycles). Metallurgical characterization was conducted through optical microscopy, facilitating comprehensive analysis
of fusion zone morphology, heat-affected zone (HAZ) characteristics, and base material transformation. Signal-to-noise
(S/N) ratio analysis revealed that welding current exhibited the highest statistical significance in determining joint shear
strength, followed by weld time and electrode pressure. The main effects analysis revealed that the optimal parameter
combination, which had a maximum tensile shear strength of 306.22 MPa, was 10 kA welding current, 2 Bar electrode
pressure, and 4 cycles of weld time. In the fusion zone, microstructural analysis showed characteristic dendritic
solidification patterns with secondary dendritic arm spacing that correlated negatively with mechanical characteristics and
cooling rate. The study provides a strong basis for process optimization in RSW of AISI 316L stainless steel by
establishing quantifiable correlations between process parameters and joint tensile shear strength.
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1. INTRODUCTION

Resistance spot welding (RSW) has established itself as a paramount joining technique in industrial
applications, particularly in the automotive, aerospace, and manufacturing sectors, owing to its superior
efficiency and cost-effectiveness [1—4]. Among various materials, AISI 316L stainless steel has gained
significant attention due to its exceptional corrosion resistance and mechanical properties, making it
indispensable for critical applications [2, 5—6]. The mechanical integrity and performance of RSW joints in
AISI 316L steel are governed by multiple process parameters, including welding current, welding time,
pressure, and electrode configuration [6—8]. Despite RSW's widespread industrial adoption, there exists a
substantial knowledge gap regarding the comprehensive understanding of parameter-property relationships
specific to AISI 316L joints [9—11]. While existing literature has explored parametric effects on mechanical
characteristics across various materials [12—14], a detailed investigation focusing on AISI 316L steel joints
remains crucial [15]. The optimization of RSW process parameters for AISI 316L joints is fundamental for
achieving desired mechanical properties, including tensile shear strength, hardness, and fatigue behavior
[16—18]. Furthermore, understanding the microstructural evolution under varying welding conditions is critical
for enhancing joint mechanical effectiveness [19—21]. Given AISI 316L's extensive applications in corrosive
environments such as maritime and chemical processing industries, a comprehensive investigation of welding
conditions' impact on mechanical properties is imperative [2, 22, 23]. Understanding the intricate relationships
between process parameters, microstructure and mechanical properties will significantly contribute to process
optimization across diverse industrial applications [24—26].

The influence of welding current on microstructural development is particularly significant, as it directly affects
heat generation during the RSW process [5]. Elevated welding currents result in increased heat input,
influencing nugget development, potentially leading to grain growth, and coarsening within the nugget region
[14, 15]. The thermal energy variations affect grain size and morphology, consequently impacting mechanical
properties such as hardness and tensile shear strength [6, 27]. Excessive current can promote the formation of
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undesirable phases and large grains, leading to brittleness and potential cracking in the nugget or HAZ [6, 28].
Additionally, liquid metal embrittlement can occur at elevated welding currents, particularly in dissimilar
material joints, where liquid phase diffusion into the base material results in embrittlement [14, 29]. Electrode
force plays an equally crucial role, influencing nugget geometry by determining contact area and pressure
distribution [30]. Higher forces typically result in enlarged nugget sizes due to enhanced material deformation
and heat concentration at the joint interface [7, 31]. Proper force application ensures uniform pressure
distribution, promoting homogeneous microstructural development within the nugget zone [1, 32]. Insufficient
electrode force can result in incomplete fusion or inadequate penetration, leading to weak bonding and potential
joint failure through nugget pullout or shear mechanisms [9, 33, 10, 34].

The present study employs the Taguchi approach for systematic parameter optimization, offering an efficient
methodology for identifying optimal conditions while minimizing experimental iterations. AISI 316L, being
particularly challenging to weld due to its heat sensitivity and susceptibility to distortion, requires careful
parameter control to prevent undesirable microstructural transformations. This investigation aims to address
these challenges by optimizing weld quality, tensile strength of AISI 316L stainless steel RSW joints through
comprehensive parameter analysis and microstructural characterization.

2. MATERIAL AND METHODS

SS 316L are austenitic stainless steels that contain molybdenum, it offers greater resistance to general corrosion
and pitting/crevice corrosion than ordinary chromium-nickel austenitic stainless steel [25-26]. Additionally,
these alloys have superior resistance to deformation under constant load, increased resistance to fracture under
stress, and enhanced ability to withstand stretching forces at high temperatures. Both types of 316 and 316L
alloys exhibit exceptional weldability and formability, which are characteristic of austenitic stainless steels [25].
Stainless steel 316L exhibits superior properties in terms of creep resistance, stress rupture resistance, and
tensile shear strength at high temperatures when compared to chromium-nickel austenite stainless steel. The
chemical composition of AISI 316L, utilized for the current experiments, is presented in Table 1. The
composition was determined using a spectromaxx chemical composition testing machine.

Table 1. Chemical Composition of 316L stainless steel
Element C% Mn% P% S% Si% Cr% Ni% Mo%
316L 0.022 1.25 0.045 0.004 0.42 16.16 10.03 2.06

Experiments were conducted using electrical resistance spot-welding, regulated by both current and time, with a
capacity of 120 kVA machine, employing a pneumatic application mechanism. The experimental setup is shown
in Figure 1, while Figure 2 illustrates the machine's control panel.

Pneumatic pressure

meter

Cooling water pipe

Fig. 1. Photograph.of RSW machine used to make the joints
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Fig. 2. Digital display of the control panel

2.1. Taguchi technique for experimentation

The present investigation is carried out using a Taguchi technique which is a robust design of experiments
strategy, to examine the impact of process parameters on the tensile shear strength of AISI 316L welded joints.
The variables considered included welding current (measured in kilo-amperes, kA), pressure (measured in bars),
and weld time (measured in cycles). Each factor was evaluated at three specific levels: 6, 8, and 10 for welding
current; 2, 4, and 6 for pressure; and 4, 6, and 8 for weld time. Welding trials were performed on AISI 316L
steel samples using various combinations of these parameters according to the Taguchi Lo orthogonal array.
Every welded joint's tensile shear strength was measured and noted in MPa. The Signal-to-Noise (S/N) Ratio for
each combination of welding parameters was calculated using the Taguchi approach. To evaluate the efficacy of
various combinations, the average tensile shear strength values for each parameter setting were computed. To
determine the best parameter configurations for optimizing the tensile shear strength of AISI 316L welded
joints, the S/N ratio and mean were analyzed.

2.2. Preparation of the specimen

For the specimen preparation, a 0.4 mm thick sheet of SS 316L was used. Each specimen was prepared with
dimensions of 100 mm x 25 mm, using wire cut electrical discharge machine for precise cutting. Two sheet
specimens of 100 mm x 25 mm (length x width) were then joined together using a lap joint configuration,
adhering to the AWS C1.1M/C1.1:2012 standard, as illustrated in Figure 3. Total nine samples were prepared as
per the plan DOE and further investigated.

Spot
100

"
[ ] 25 mm

30 mm

Overlap

Fig. 3. (a) Layout of sample preparation weld location is centered

Fig. 3. (b) Photograph of tensile shear strength specimen
Fig. 3 (a, b) Details of specimen preparation
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3. EXPERIMENTATION

The Lg OA is selected for the experimentations as per the Taguchi approach, based on trial experiments, the
levels of welding current were set at 6, 8, and 10 kA, for electrode force levels were selected at 2, 4, and 6 bars,
and the duration of the welding process was considered at 4, 6, and 8 cycles. Throughout all experiments, the
squeeze time was kept constant at 35 seconds. The RSW experiments were conducted on SS316L as per
planned OA, the Figure 4 shows the prepared specimen for tensile shear strength testing and microstructural
analysis.

Fig. 4. Photograph of specimens prepared
3.1. Tensile shear strength testing

The mechanical integrity of resistance spot welded AISI 316L specimens were thoroughly evaluated through
tensile shear strength testing using a Universal Testing Machine (UTM) with a capacity range of 0 to 40 tons.
Special care was taken to ensure proper specimen alignment, particularly for samples with a thickness of 0.4
mm, by utilizing custom-designed grip assemblies equipped with compensatory offset mechanisms to eliminate
misalignment effects. Testing was conducted in a controlled environment at 23°C + 2°C with a crosshead speed
of 2 mm/min to ensure quasi-static loading conditions, enabling accurate mechanical property measurements.
Table 2 shows the detailed plan of experimentation (OA) with measured responses. Minitab software was then
used for data analysis, where the signal to noise ratio (S/N) is calculated using a criterion aimed at maximizing
the "better" characteristics using the equation 1, where Y is the measured mean value of tensile shear strength of

specimen.
(S N):—lOlog v
nyy; 0

Table 2. Plan of experiments with testing results

Sr. No. Welding Pressure (Bar) - Weld time Tensile shear S/N Ratio
current (kA) — B (Cycles) - C strength (MPa)
A
1 6 2 4 272.12 48.69
2 6 4 6 199.21 45.98
3 6 6 8 131.82 42.39
4 8 2 6 231.05 47.27
S 8 4 8 269.40 48.60
6 8 6 4 248.90 47.92
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7 10 2 8 254.20 48.10
8 10 4 4 271.64 48.67
9 10 6 6 285.12 49.10

The experimental results revealed substantial variations in tensile shear strength across the parameter matrix,
ranging from 131.82 MPa to 285.12 MPa, representing a 117% increase from minimum to maximum strength.
This variation highlights the critical influence of process parameters on joint integrity. The mean tensile shear
strength was 240.50 MPa, with a standard deviation of £48.76 MPa, reflecting the sensitivity of the process to
parameter variations. Welding current was identified as the most influential parameter, with strength values
increasing consistently from 201.05 MPa at 6 kA to 270.32 MPa at 10 kA, attributed to increased heat
generation and enhanced metallurgical bonding at higher current levels.

The joints revealed significant variations in tensile shear strength based on different combinations of process
parameters. The highest tensile shear strength of 285.12 MPa was achieved in experiment 9, with welding
parameters of 10 kA current, 6 Bar pressure, and 6 cycles weld time. Conversely, the lowest strength of 131.82
MPa was observed in experiment 3, where parameters were set at 6 kA current, 6 Bar pressure, and 8 cycles
weld time. The welding current shows a generally positive correlation with tensile strength, with higher currents
(10 kA) typically producing stronger joints. Intermediate pressure values (4 Bar) tend to produce favourable
results when combined with appropriate current and weld time settings. The effect of weld time appears to be
more complex, suggesting significant interaction effects with other parameters.

3.2. Microstructural analysis

For the determination of the weld nugget size and to identify various welding zones, the welded samples were
sectioned across the welded junction. These cross-sectional specimens were meticulously prepared using
metallurgical polishing techniques and subsequently etched with an aqua regia etchant solution. The preparation
and etching processes adhered to ASTM E407 standards, ensuring consistent and accurate specimen evaluation.
The weld zone was analysed using a metallurgical microscope and an image analyzer, as shown in Figure 5. The
etching revealed critical internal features of the weld, including penetration depth, insufficient fusion areas, root
penetration issues, internal porosity, and any cracking at the fusion line. The microstructural analysis indicated
that a fully austenitic structure exhibits a higher susceptibility to cracking compared to a microstructure
containing a small proportion of ferrite. In AISI 316L stainless steel base metal, the microstructure is
predominantly composed of austenitic polygonal grains with a minor proportion of delta ferrite. The grain size
corresponds to ASTM grain size 7, and delta ferrite is observed as elongated stringers aligned with the rolling
direction.

Base metal

P

HAZ

Weld nugget

W

Fig. 5. Microstructure of welded joint

The macrostructure of the weld nugget is depicted in Figure 6. The fusion zone (FZ), highlighted within the
yellow circle, represents the area where the base metals have completely melted and subsequently solidified
during welding. In contrast to the basic metal, this area displays a cast or solidified microstructure. The parent
material that is unaffected and situated outside of the weld zone, the base metal (BM), maintains its original
microstructure. The heat-affected zone (HAZ), which was exposed to high temperatures during welding, is
located next to the fusion zone. Although not completely melted, the HAZ experienced thermal cycles sufficient

160



to induce microstructural changes, resulting in a region with characteristics distinct from both the fusion zone
and the base metal. The HAZ is visible in the macrostructural image as an instinct boundary surrounding the
fusion zone.

Fig. 6. Micrograph showing different regions in the RSW joint of 316L steel

The microstructural changes in the HAZ can potentially impact the mechanical properties and performance of
the welded joint, making it an important region to consider when evaluating weld quality and integrity. The
scale bar at the bottom indicates that the image is at a magnification of 1 mm, allowing for a detailed
examination of the microstructural features in the different regions. The metallographic image shows the weld
attributes in Figure 6. Welding forms three separate regions in the microstructure of the material. The FZ
experiences both melting and solidification, resulting in a cast structure characterized by elongated grains. HAZ
undergoes substantial heat exposure without reaching its melting point, resulting in alterations to its
microstructure. The base BM is located farthest from the heat source, therefore maintaining its original
microstructure.

The HAZ is the area adjacent to the weld nugget that has experienced elevated temperatures during the welding
process, causing microstructural changes but not complete melting. The FZ was observed to exhibit a coarse,
dendritic microstructure, typical of cast or rapidly solidified structures in welded materials. The coarse grains
and dendritic morphology in this zone indicate that the cooling rate was relatively slow, allowing for significant
grain growth and solidification segregation. The HAZ presented a markedly different microstructure compared
to both the fusion zone and the base metal. The microstructure in the HAZ was finer and more homogeneous,
attributed to the lower peak temperatures and slower thermal cycles experienced in this region. The extent and
evolution of the microstructure in the HAZ have a substantial impact on the mechanical properties of the welded
joint, including its strength, toughness, and creep resistance. The base metal (BM) showed a typical wrought or
recrystallized microstructure, characterized by equiaxed grains and a more uniform distribution of phases or
constituents. The distinct microstructural regions observed in the fusion welding process are indicative of
localized melting and subsequent solidification.

The coarse dendritic structure in the fusion zone results from high cooling rates and non-equilibrium
solidification conditions during welding. Conversely, the finer, more homogeneous microstructure in the HAZ
suggests that the thermal cycles were less severe, leading to partial recrystallization or recovery processes.
Figure 7 illustrates the changes in microstructure brought on by the thermal cycles encountered during welding
by showing a clear separation between the base metal and the heat-affected zone. Because the high temperatures
promote grain growth and recrystallization, the HAZ usually exhibits a coarser grain structure than the base
metal. This can potentially affect the mechanical properties, such as toughness and hardness, within the HAZ
region. The image, magnified at 50X, provides a clear view of the microstructural features in the HAZ and its
boundary with the unaffected base metal. Understanding the characteristics of the heat-affected zone is crucial
for evaluating the overall quality and performance of resistance spot welded joints, as the HAZ can be a
potential site for failure or degradation in service.

The fusion zone exhibited complex dendritic solidification patterns with distinctive morphological variations
across the parameter spectrum. At 6 kA (Samples 1-3), the primary dendrites displayed a predominantly
columnar morphology with aspect ratios ranging from 3:1 to 5:1. The primary dendrite arm spacing (PDAS)
averaged 5-7 um, while secondary dendrite arm spacing (SDAS) measured 2-3 pm.
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Fig. 10 Microstructure of weld zone for sample 3
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Fig. 11 Microstructure of weld zone for sample 4 Fig. 12 Microstructure of weld zone for sample 5

162



! Thickness of HAZ

200 ym

Base Material

%
Heat affected zone @50X
Fig. 15 Microstructure of weld zone for sample 7

bl
Heat af;ec.ted zone @50X i Heat affected zone 50X
Fig. 17 Microstructure of weld zone for sample 8 Fig. 18 Microstructure of HAZ for sample 8

163



N

L Thickness of HAZ
! < 4. : ¥

. . Heat affected zone 50X
Fig. 19 Microstructure of weld zone for sample 9 Fig. 20 Microstructure of HAZ for sample 9

In specimens welded at 8 kA (Samples 4-6), the dendritic structure evolved towards a more complex
morphology. The PDAS increased to 8-10 um with SDAS ranging from 3-4 um. Notably, these specimens
displayed a transition from columnar to equiaxed dendrites (CET) at approximately 60% of the fusion zone
radius. The equiaxed zone exhibited dendrite arm spacing uniformity within +1.2 pm, indicating stable
solidification conditions. Microsegregation patterns revealed enhanced partitioning of alloying elements, with
segregation ratios (Cs/Co) of 1.4 for Cr and 1.6 for Mo. The 10 kA specimens (Samples 7-9) demonstrated the
most well-developed dendritic structure. PDAS measurements ranged from 10-12 um with SDAS of 3-5 pm.

3.3. Taguchi analysis

Taguchi method is used for present analysis with the recorded tensile shear strength of each specimen as shown
in Table 2. The S/N ratios measure the sensitivity of the quality characteristic, where ‘signal’ represents the
desired effect or mean of tensile shear strength [MPa] value, and 'moise' denotes the disruptions caused by
external factors and it is computed using equation 1. The objective is to maximize the S/N ratio, indicating that
the signal significantly surpasses random noise. The S/N ratios for each experiment in the Lo orthogonal array
(OA) are summarized in Table 2, with Table 3 showing the response for S/N ratio maximization and Table 4 is
the response table for means maximum is the better.

Table 3. Response table for signal to noise ratios

Level Welding current (A) Pressure (B) Weld time (C)
(kA) (Bar) (Cycles)
1 45.69 48.02 48.43
2 47.93 47.76 47.45
3 48.63 46.47 46.37
Delta 2.93 1.55 2.06
Rank 1 3 2
Table 4. Response table for mean of tensile shear strength [MPa]
Level Welding current (A) Pressure (B) Weld time (C)
(kA) (Bar) (Cycles)
1 201.1 252.5 264.2
2 249.8 246.8 238.5
3 270.3 221.9 218.5
Delta 69.3 30.5 45.7
Rank 1 3 2

Figure 21 illustrates the main effects plot for means, Figure 22 presents a graph of the signal-to-noise (S/N) ratio
with a horizontal line denoting the mean value. A higher S/N ratio signifies improved quality for tensile shear
strength. The S/N ratio analysis reveals that the optimal parameter settings for maximizing tensile-shear strength
are A3B1CI. The first graph in Figure 22 indicates that increasing the welding current from 6 kA to 10 kA
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enhances the response variable, likely due to the greater heat input improving fusion and weld penetration. The
middle graph shows that the response variable increases as pressure rises from 2 bar to 4 bar but decreases as
pressure continues to 6 bar, suggesting an optimal pressure range. Excessive pressure may lead to defects like
material expulsion, compromising weld quality. The third graph reveals that as weld time increases from 4
cycles to 8 cycles, the response variable declines, which could be due to excessive heat input causing issues
such as melting or porosity.
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Fig. 21. Main effects plot for means

The three line graphs in Figure 22 show how welding current, pressure, and weld duration relate to the S/N
ratio. Better weld quality is shown by an improved S/N ratio when the welding current is increased from 6 kA to
10 kA. Up to 4 bar, pressure raises the S/N ratio; after that, it falls, indicating an ideal pressure range. The S/N
ratio decreases with increasing weld time, suggesting that shorter weld periods are better for maximum quality.
Thus, the optimal welding settings are higher current, intermediate pressure, and shorter weld time for achieving
the best S/N ratio.
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Fig. 22. Main effects plot for SN ratios

The experimental results indicate that the optimal parameter combination for achieving maximum tensile shear
strength includes a welding current of 10 kA, a pressure of 2 bar, and a weld time of 4 cycles. Using the
optimum setting of process parameters another specimen is prepared using RSW and tested for the tensile shear
strength on same machine. This optimum combination showed tensile shear strength of 306 MPa, along with
favourable microstructural characteristics and a balanced HAZ.
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4. RESULTS AND DISCUSSION

This study employed the Taguchi method to optimize the RSW parameters for AISI 316L stainless steel sheets.
The experimental results provided critical insights into the interplay between process parameters and their
effects on nugget formation and tensile shear strength. The base material microstructure, as shown in Fig. 8,
exhibits the characteristic features of austenitic stainless steel, with equiaxed grains and prominent annealing
twins that are typical of SS316L. This serves as the foundation for analysing the weld zone and HAZ
microstructural changes resulting from varying process parameters. The microstructures of the weld zone
displayed significant variations across different samples, influenced by welding current and other parameters.
Sample 1 exhibited a relatively fine dendritic structure, indicative of rapid solidification. In contrast, Samples 2
and 3 displayed progressively coarser dendritic structures, suggesting the effects of increased pressure and weld
time. The HAZ in these samples showed noticeable grain growth compared to the base material. Sample 4
demonstrated a more refined structure compared to the lower current samples, while Sample 5 exhibited optimal
dendrite formation with superior fusion characteristics. Sample 6 featured distinctive HAZ characteristics,
including clearly demarcated transition zones. The highest current samples exhibited the most pronounced heat
effects, with well-developed dendritic structures. Samples 8 and 9 showed significant grain coarsening in the
HAZ. Sample 9, which achieved the highest tensile strength (285.12 MPa), displayed acceptable fusion zone
characteristics, with uniformly distributed dendrites.

The HAZ microstructures, particularly in samples 6-9, revealed a gradual transition from the fusion zone to the
base material. Grain growth was evident due to thermal cycles, with partially melted zones forming in the high-
current samples. The grain boundary characteristics varied with heat input, showing increased grain boundary
liquation and distinct precipitate formation in the inner HAZ. The mechanical performance of the joints,
particularly tensile shear strength, showed a clear correlation with microstructural features. Superior strength
was associated with well-developed dendritic structures, optimal fusion zone dimensions, and balanced HAZ
characteristics. Sample 9, with a dendrite arm spacing (SDAS) of 3—4 um, epitaxial growth at fusion boundaries,
and minimal microsegregation, exemplified these attributes. Reduced strength was linked to incomplete fusion,
excessive grain growth, and suboptimal dendritic morphology. These specimens often showed irregular nugget
boundaries, higher porosity, and grain boundary liquation.

With reference to the process parameters, the welding time directly influences the heat generated at the faying
surfaces, which determines the formation and growth of the weld nugget. Initially, as the welding time
increases, the electrical resistance at the interface converts the input energy into heat, rapidly raising the
temperature. This rise continues until the melting point of AISI 316L is reached, leading to localized melting
and the formation of a weld nugget. After the nugget forms, the thermal gradient between the molten zone and
the surrounding material causes a slowdown in the rate of temperature increase, as heat dissipation occurs more
effectively. The absence of material expulsion during welding times up to 8 cycles suggests that the heat input
was within the threshold that prevents excessive thermal expansion and subsequent ejection of molten material.
This indicates that optimal welding times can be achieved by balancing the energy input and thermal dissipation
to ensure integrity without defects.

Welding current plays a pivotal role in determining the tensile shear strength by directly controlling the heat
input required for nugget formation. Higher welding currents increase the Joule heating effect, ensuring
sufficient melting at the interface. However, excessive current may lead to overheating, causing expulsion of
molten material, weakening the weld, and introducing porosity or cracks. Conversely, low current may result in
insufficient heat generation, leading to incomplete fusion and suboptimal nugget formation. The experimental
results confirm that an optimal welding current of 10 kA strikes a balance by providing adequate heat for strong
fusion without compromising the structural integrity of the joint. This optimal heat input promotes the formation
of well-developed dendritic structures and a uniform nugget geometry, both critical for achieving maximum
tensile shear strength. Among the three process parameters studied, welding current demonstrated the highest
contribution to the overall quality of the weld, as indicated by the Taguchi analysis. This is attributed to its
direct influence on the energy input and subsequent heat generation, which governs the extent of melting and
the size of the weld nugget. Welding time played a moderate role by dictating the duration of heat application,
which affects the cooling rate and the solidification structure. The relatively lower influence of welding pressure
on weld quality can be explained by its primary role in maintaining consistent electrode contact and minimizing
electrical resistance at the interface. While excessive pressure can suppress nugget growth, insufficient pressure
may lead to localized overheating or inadequate fusion. These findings highlight the need to prioritize current
adjustments during process optimization while ensuring appropriate welding time and pressure.

The combination of a welding current of 10 kA, an electrode force of 2 bars, and a welding time of 4 cycles per
second was identified as the optimum parameter set for achieving superior tensile shear strength in AISI 316L
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sheet joints. This parameter combination ensures a balanced interaction between heat input and mechanical
force, promoting uniform nugget formation, controlled solidification, and minimal defect occurrence. The
optimal welding time allows sufficient melting without overexposure, while the electrode force ensures
consistent pressure for proper fusion. These conditions collectively lead to enhanced structural integrity, as
evidenced by the superior tensile shear strength (306 MPa) of the welded joints. The superior tensile shear
strength observed in the optimized parameters can be attributed to the formation of a refined microstructure in
the fusion zone and heat-affected zone (HAZ). The fusion zone exhibits well-developed dendritic structures,
which enhance mechanical interlocking and load-bearing capacity. Additionally, the HAZ demonstrates a
gradual transition in grain size, reducing the risk of stress concentrations and ensuring a balanced distribution of
mechanical properties. The absence of material expulsion and the formation of uniform nugget geometry further
confirm that the optimized parameters prevent overheating and maintain structural consistency.

These results provide a comprehensive understanding of the factors influencing weld quality and demonstrate
that careful control of RSW parameters is essential for achieving robust and reliable joints in AISI 316L
stainless steel. The findings also underscore the importance of welding current as the dominant parameter, with
welding time and pressure serving as complementary factors to fine-tune the process.

5. CONCLUSIONS

In this study, the Taguchi method was applied to optimize the RSW parameters for AISI 316L steel sheets.
Taguchi technique was employed to determine the significance of each process parameter, while the predicted
optimal parameters were experimentally validated by measuring tensile shear strength. Based on the findings,
the following conclusions have been drawn:

Effect of welding time on nugget formation and temperature distribution: It was observed that an increase in
welding time causes a rapid rise in the temperature at the faying surfaces of the sheets. This rise continues until
the melting point of the material is reached, leading to the formation of a weld nugget. Once the nugget is
formed, the rate of temperature increase diminishes abruptly. The absence of material expulsion during welding
times of up to 8 cycles indicates that the welding time has a minimal impact on expulsion within this range. This
finding underscores the importance of precise control over welding time to maintain weld integrity.

Impact of welding current on tensile shear strength: In resistance spot welding, welding current is a crucial
factor since it directly affects the joint's tensile shear strength and the amount of heat generated required for
nugget formation. Strong, flawless welds are guaranteed by current optimization, which balances heat input,
reduces expulsion, and improves overall process efficiency.

Contribution of individual process parameters: Among the three process parameters evaluated, welding current
exhibited the highest percentage contribution to the quality of the weld, while weld time played a moderate role.
In contrast, welding pressure had the least influence on the overall process. These results emphasize the need for
prioritizing welding current adjustments when optimizing the RSW process for AISI 316L steel sheets.

Optimal parameter: Both welding pressure and welding time were found to have a notable influence on the
tensile shear strength of SS 316L sheet joints. For optimal joint strength, the recommended parameters are a
welding current of 10 kA, an electrode force of 2 bars, and a welding time of 4 cycles per second.
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