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Abstract 

Dissimilar welding of copper (Cu) and Stainless Steel 316L 

(SS316L) presents significant challenges due to their large 

differences in thermal conductivity and melting temperature, which 

lead to asymmetric heat distribution and non-uniform penetration. 

This study aims to evaluate the effect of welding current on 

temperature distribution and macrostructural characteristics of TIG-

welded Cu/SS316L joints using ERCuSi-A filler through an 
integrated experimental and numerical approach. Welding 

experiments were conducted at three current levels: 120 A, 135 A, 

and 150 A on 2.7 mm thick plates. Macrostructural examinations 

were performed to assess weld bead geometry and penetration 

behavior. Transient thermal simulations were carried out using 

ANSYS Workbench to predict temperature fields and thermal 

gradients. The results indicate that welding current significantly 

influences weld morphology and thermal behavior. At 120 A, the 

weld bead was relatively narrow with limited penetration on the Cu 

side due to rapid heat dissipation. At 135 A, a more uniform fusion 

profile was achieved, with simulated peak temperatures exceeding 

1000°C and an improved penetration balance between Cu and 
SS316L. At 150 A, deeper penetration into SS316L was observed; 

however, the heating cycle became shorter and the temperature 

distribution more localized. Numerical results consistently showed 

asymmetric temperature fields, where heat diffused rapidly into Cu 

and concentrated in SS316L. The strong correlation between 

simulation and macrostructural observations confirms that thermal 

distribution governs weld geometry and penetration behavior. The 

135 A current provides the most balanced fusion characteristics, 

making it suitable for Cu/SS316L dissimilar joints in heat-transfer 

applications. 
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1 Introduction 
Welding is one of the most widely applied joining technologies 

in modern manufacturing industries. The process is based on the 

partial melting of base metals with or without the addition of filler 

metal, followed by solidification to form a metallurgical bond [1]. 

Compared to other joining methods, such as brazing or mechanical 

fastening, welding offers efficiency, high joint strength, and the 

ability to fabricate complex components on an industrial scale. For 

this reason, welding technology has become a fundamental pillar in 

the fabrication of steel structures, shipbuilding, power plants, 
petrochemical facilities, and nuclear energy systems [2]. 

The properties of welded joints are strongly influenced by the 

characteristics of the materials being welded, process parameters, 

and the mechanism of heat transfer during welding [3][4]. In 

similar metal welding, parameter control is relatively 

straightforward because the physical and metallurgical properties of 

the materials are compatible. However, in dissimilar metal welding, 

significant differences in thermal conductivity, melting 

temperature, and coefficient of thermal expansion often result in 

non-uniform heat distribution, asymmetric penetration, and a higher 

tendency for metallurgical defects such as cracks, porosity, and 

lack of fusion [5][6]. 
Among the various combinations of dissimilar metals, copper 

(Cu) and austenitic Stainless Steel 316L (SS316L) are frequently 

considered for applications in cooling systems. Copper exhibits 

very high thermal conductivity (~390 W/m·K), a relatively low 

melting point (1085°C), and a high thermal expansion coefficient, 

which causes heat from the arc to dissipate rapidly and makes it 

difficult to maintain a stable molten pool during welding [7][8]. In 

contrast, SS316L possesses much lower thermal conductivity (~16 

W/m·K), excellent corrosion resistance, and stable mechanical 

strength at medium to high temperatures [9]. These contrasting 

properties make the Cu–SS316L joint highly attractive to weld 
because it can provide a unique combination of copper’s high 

thermal conductivity and stainless steel’s corrosion resistance. 

However, these differences also lead to the formation of brittle 

phases, non-uniform fusion, and residual stresses, which inherently 

make the welding process more challenging [6][10]. 

Among the various welding processes, Tungsten Inert Gas 

(TIG) welding, also known as Gas Tungsten Arc Welding (GTAW) 

[11], is considered the most suitable for Cu–SS316L joining 

[11][12]. TIG welding employs a non-consumable tungsten 

electrode to generate an electric arc, while the filler rod is added 

separately. The process is renowned for producing high-quality 

joints due to its arc stability and effective inert gas protection. The 
shielding gas, commonly pure argon, prevents oxidation of both the 

molten pool and tungsten electrode, while backing gas is supplied 

to the reverse side of the joint to protect the root from atmospheric 

contamination [13][14]. Direct Current with the Electrode Negative 

(DCEN) is generally preferred, as it promotes deeper penetration 

and greater electrode stability. However, welding current must be 

carefully selected, since it governs the heat input, which in turn 

controls penetration and thermal distribution [15].  

Heat input represents the total thermal energy delivered to the 

material during welding and is primarily influenced by welding 

current, arc voltage, and welding speed. In dissimilar metal welding 
such as Cu–SS316L, the control of heat input becomes particularly 

critical due to the significant mismatch in thermophysical 

properties between the two materials. 

The welded Cu/SS316L configuration combines the superior 

thermal conductivity of copper with the corrosion resistance and 

structural strength of stainless steel, creating a material system that 

is highly suitable for applications demanding efficient heat transfer 

along with electrochemical stability. Despite these advantages, 

joining these two dissimilar materials introduces significant 

thermo-metallurgical complexities due to the pronounced 

differences in their physical properties [16]. The substantial gap in 

melting temperature [17], thermal conductivity [18], and coefficient 
of linear expansion [19] promotes the formation of sharp thermal 

gradients during the welding process, which significantly influence 

heat flow and solidification behavior. 

These differences significantly affect heat flow behavior, 

molten pool stability, and solidification dynamics. Excessive heat 

input may result in excessive melting on the stainless steel side, 

enlargement of the Heat-Affected Zone (HAZ), and increased 
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distortion, whereas insufficient heat input may cause shallow 

penetration on the copper side and potential lack of fusion at the 

interface. Therefore, optimizing welding current through controlled 
heat input is essential to achieve balanced thermal distribution, 

stable fusion geometry, and reliable joint integrity in Cu/SS316L 

dissimilar welding. 

In addition to process parameters, the choice of filler rod plays a 

decisive role in the success of Cu–SS316L welding [20][21]. The 

filler not only acts as the bridging medium but also controls the 

chemical composition of the fusion zone to stabilize the transition 

between Cu and SS316L. Direct interaction between copper and 

iron often leads to the formation of brittle intermetallic compounds, 

so the presence of certain alloying elements in the filler becomes 

critical to improve metallurgical compatibility. Elements such as 

silicon, nickel, and deoxidizers can enhance fluidity, reduce 
oxidation, and improve the homogeneity of the mixed zone. Hence, 

the synergy between filler chemistry and the thermal characteristics 

of Cu and SS316L is one of the key factors determining the 

integrity of the joint. 

From a metallurgical perspective, macrostructural analysis of 

weld cross-sections is a fundamental characterization method to 

evaluate joint quality. Macro examination reveals fusion geometry, 

penetration depth, weld bead width, and the extent of the HAZ, 

providing essential information on weld homogeneity and the 

presence of macroscopic defects. Without macrostructural analysis, 

numerical modeling of thermal distribution remains predictive only 
and cannot be experimentally validated. 

Alongside experimental approaches, numerical simulation has 

become an indispensable tool for understanding the welding 

process [22]. Finite Element Analysis (FEA) using software such as 

ANSYS enables the prediction of thermal distribution, temperature 

gradients, and heat flow during welding [23], [24]. The present 

transient thermal model adopts similar Finite Element Method 

(FEM) based approaches reported in previous welding simulation 

studies [22], [23], [24], [25], including Gaussian heat source 

representation and refined meshing near the weld path, to ensure 

methodological consistency and validation reliability. 

In this context, the present study integrates numerical and 
experimental approaches to investigate TIG welding of Cu–SS316L 

joints with a filler metal that is chemically compatible with both 

materials. Thermal distribution is analyzed using ANSYS 

simulation, while weld macrostructure is evaluated experimentally 

through macrostructural examination. The novelty of this work lies 

in the systematic correlation between numerically predicted thermal 

fields and experimentally validated macrostructural features, which 

has rarely been reported for Cu–SS316L dissimilar joints. This 

approach is expected to strengthen the understanding of the 

interrelationship between thermal phenomena, filler role, and 

macrostructural morphology, thereby contributing to the 
development of optimized dissimilar welding strategies for energy 

systems and high-performance cooling applications. 

2 Materials and experimental methods 

2.1 Materials 

The base materials used in this study were commercially 

available copper (Cu) plates and austenitic SS316L plates, each 

with a thickness of 2.7 mm. The plates were cut into rectangular 

specimens and arranged in a butt joint configuration for welding. 
The primary focus of the experimental characterization was on the 

welded joints formed between copper (Cu) and SS316L. Before 

welding, the plate surfaces were mechanically ground and cleaned 

with acetone to remove oxides and surface contaminants, ensuring 

good metallurgical bonding. 
 

2.2 Welding procedure 

Welding was performed using the TIG process, also known as 

GTAW. This process was selected because of its ability to produce 

high-quality joints, stable arc control, and effective inert gas 

shielding. A non-consumable tungsten electrode was used to 

generate the arc, while filler rods of type ERCuSi-A were manually 

added into the molten pool. The ERCuSi-A filler was chosen 

because its silicon content improves wetting on copper surfaces, 
reduces oxidation, and enhances metallurgical compatibility at the 

Cu–SS316L interface, thereby reducing the tendency for brittle 

intermetallic formation and promoting a more homogeneous fusion 

zone. 

Pure argon (99.99%) was used as the shielding gas at a 

controlled flow rate to protect both the molten pool and tungsten 

electrode from oxidation. Additionally, argon was supplied as a 

backing gas on the root side of the joint, primarily to protect the 

stainless steel region from oxidation during welding. The welding 

polarity was DCEN. 

Welds were produced at three different current levels: 120 A, 

135 A, and 150 A. These current variations were intentionally 
selected to generate different levels of heat input during the 

welding process. Since welding current directly determines the 

amount of thermal energy delivered to the arc, an increase in 

current results in higher heat input to the material when other 

parameters remain constant. 

The corresponding heat input values for each current level are 

presented in Table 1. Variations in heat input significantly 

influence penetration depth, fusion zone geometry, thermal 

gradients, and the width of the HAZ. Therefore, controlling 

welding current is essential for achieving balanced thermal 

distribution and stable weld morphology in Cu/SS316L dissimilar 
joints. 

 

Table 1. Welding parameter 

Sample 

(No.) 

Welding 

current (A) 

Volt 

(V) 

Welding speed 

(mm/min) 

Welding heat Input 

(kJ/mm) 

1# 120 12 42.79 2.02 

2# 135 12 47.61 2.04 

3# 150 12 76.69 1.41 

 

2.3 Sample preparation for macrostructural examination 

After welding, the joints were sectioned perpendicular to the 

weld bead to obtain transverse cross-sections. The specimens were 

prepared for macrostructural analysis by successive grinding using 
silicon carbide abrasive papers of 240, 400, 600, and 1200 grit, 

followed by polishing with velvet cloth and alumina suspension. 

The polished surfaces were etched with suitable chemical reagents 

to clearly reveal the weld morphology, including the fusion zone, 

HAZ, and base metals. 

Macrostructural examination was carried out using an optical 

digital microscope. The features analyzed included fusion 

geometry, penetration depth, weld bead width, and the extent of the 

HAZ. These results were used to assess weld quality and to validate 

the numerical predictions of thermal distribution. 

 

2.4 Numerical simulation 

Numerical simulations of the welding process were conducted 

using the FEM in ANSYS Workbench. A three-dimensional model 

of the Cu–SS316L butt joint was developed, and the thermal 

properties of each base metal were assigned according to literature 

values. The heat source was modeled using a Gaussian distribution 

to represent the TIG arc, with parameters corresponding to the three 

current levels.  

The simulations were performed under transient thermal 

conditions to replicate the heating and cooling cycles of welding. 

Boundary conditions included convective and radiative heat losses 

to the surroundings, while the initial plate temperature was set to 
match experimental conditions. The mesh was refined in the weld 

region to capture steep temperature gradients. 

The simulation results, including temperature distribution maps, 

isothermal profiles, and thermal gradients, were compared with 

experimental macrographs to evaluate the consistency between 

numerical predictions and actual weld morphology. This integrative 
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approach enabled a systematic understanding of the relationship 

between heat distribution and macrostructural features in TIG-

welded Cu/SS316L joints.  

3 Results and discussion 

3.1 Experimental weld morphology 

The results of the welding experiments are presented in Fig. 1, 

which shows the macrostructural appearance of the Cu/SS316L 

joints produced by the TIG welding process. The Fig. 1 illustrates 

the overall fusion profile, weld bead geometry, and penetration 

behavior at the interface between copper and stainless steel. These 

features provide the first indication of how thermal distribution 

during welding influences the formation of the weld joint. A 

detailed examination of the macrographs allows the identification 
of fusion characteristics, the extent of the HAZ, and possible 

asymmetry in penetration, which are directly correlated with the 

thermal gradients predicted by the numerical simulations. 

 

 
Fig. 1. Welding experiments. 

 
Fig. 1 presents the macrostructural appearance of the 

Cu/SS316L welds produced using TIG welding with welding 

currents of 120 A, 135 A, and 150 A. At 120 A, the weld bead 

appears relatively narrow, reflecting the lower heat input that 

produces a smaller molten pool and shallower penetration, 

particularly on the copper side where heat is rapidly dissipated due 

to its high thermal conductivity. At 135 A, the bead becomes wider, 
and the fusion zone appears more uniform, indicating that the 

higher heat input promotes a more stable molten pool and improved 

penetration toward the SS316L side. At 150 A, the weld bead is 

visibly larger and the penetration deeper, especially into the 

stainless steel region, where the lower thermal conductivity allows 

heat to concentrate. However, this condition is also associated with 

the formation of a wider heat-affected zone, which may increase 

the risk of distortion or thermal defects. 

The bottom part of Fig. 1 shows the results of liquid penetrant 

testing carried out to evaluate the surface integrity of the welds. 

The application of the red penetrant highlights possible surface-
breaking defects such as cracks or open porosity. After cleaning, no 

significant defect indications were observed along the weld surface, 

confirming that the welds produced under these conditions were 

free from detectable surface cracks. 

Overall, the variation in welding current strongly influences the 

morphology of the Cu/SS316L welds. Lower current produces 

insufficient penetration due to rapid heat dissipation in copper. In 

comparison, higher current provides deeper penetration and wider 

beads but increases the thermal impact on the stainless steel side. 

The penetrant test results further demonstrate that all welds 

exhibited acceptable surface quality, thereby validating the integrity 

of the joints at the macroscopic level.  
 

3.2 Macrostructural observation 

To obtain a more comprehensive understanding of the fusion 

profile and penetration characteristics of the dissimilar joint, 
macrostructural examinations were performed [26]. The 

corresponding results are presented in Fig. 2.  
 

 
Fig. 2. Macro test. 

 

In Fig. 2, the weld region highlighted by the dashed boundaries 

shows distinct morphological and color variations for the three 

current levels (120 A, 135 A, and 150 A) in the TIG welding of 

Cu–SS316L using ERCuSi-A filler metal. 

Fig. 2(a), the weld bead appears relatively wider with a 

smoother contour and good continuity with both base metals. 

Within the weld zone, two dominant color tones can be observed: a 
reddish region and a darker grayish region. The reddish tone is 

likely associated with the dominance of Cu, originating from both 

the ERCuSi-A filler and the Cu base metal. The darker region may 

indicate areas enriched with Fe, Cr, and Ni, resulting from dilution 

of SS316L into the molten pool. The relatively smooth transition 

between these color regions suggests a fairly uniform metallurgical 

mixing in the weld center. 

Fig. 2(b), the weld becomes more concentrated in the central 

region, and the darker zone appears more pronounced compared to 

120 A. The increased contrast indicates a stronger local interaction 

between the filler metal and the SS316L base metal. The darker 
central region likely corresponds to a higher fraction of Fe-rich 

material due to increased melting and dilution from the stainless 

steel side. Meanwhile, the lighter reddish regions remain associated 

with Cu-dominant areas. The sharper compositional contrast 

suggests a more heterogeneous distribution within the weld metal. 

Fig. 2(c), the weld bead appears more localized and narrower, 

with a more clearly defined central dark region. The darker 

elongated area in the center likely represents regions with higher 

Fe–Cr–Ni content resulting from intensified melting of the SS316L 

and localized mixing in the molten pool. The surrounding lighter 

regions remain Cu-rich. The stronger color contrast at this current 

level indicates a more significant compositional gradient within the 
weld metal, which may be associated with faster solidification and 

concentrated mixing behavior. 

Overall, the reddish zones within the weld are predominantly 

associated with Cu-rich regions, while the darker gray regions are 

likely enriched with Fe, Cr, and Ni originating from SS316L 

dilution. As the welding current increases from 120 A to 150 A, the 

central darker region becomes more concentrated and distinct, 

suggesting increased localized mixing and compositional variation 

within the weld metal. These differences may influence the 

resulting microstructure and mechanical properties of the dissimilar 

Cu–SS316L joint. 
 

3.3 Numerical modeling and thermal simulation 
Understanding the temperature distribution is crucial, as it 

forms the basis for predicting the behavior of the joint during 
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welding. The temperature not only determines the penetration depth 

and fusion zone geometry but also influences the cooling rate, the 

potential formation of brittle Fe–Cu intermetallics, and the 
magnitude of residual stresses and distortion. Without knowledge 

of the underlying thermal distribution, optimization of welding 

parameters would rely solely on trial-and-error and risk producing 

unreliable joints. Therefore, the integration of macrostructural 

analysis with numerical predictions provides a strong scientific 

foundation for designing more reliable welding parameters for Cu–

SS316L dissimilar joints. 

Fig. 3(a) illustrates the geometric model used to represent the 

butt joint between Cu and SS316L plates with a weld length of 

approximately 100 mm, consistent with the simulated TIG welding 

configuration. The color difference in the model indicates two 

materials with distinct thermal properties, where Cu possesses 
significantly higher thermal conductivity than SS316L. Physically, 

this difference leads to a non-symmetric temperature distribution 

during the heating process. In the cross-sectional view, a groove is 

observed at the joint region, which serves as the path for the 

moving heat source. 

Fig. 3(b) presents the finite element mesh configuration, 

showing significant mesh refinement along the weld line and 

around the fusion zone, while the regions farther from the heat 

source are modeled with a coarser mesh. This strategy is 

appropriate because the highest thermal gradients occur near the 

moving heat source; therefore, a finer mesh is required to improve 
the accuracy of maximum temperature prediction and thermal 

distribution during transient analysis. 

To evaluate the temperature distribution during the welding 

process for sample 1# at a welding current of 120 A, a numerical 

simulation was performed as shown in Fig. 4 and Fig. 5. In Fig. 

4(a), the temperature distribution at t = 100 s—representing the 

system temperature at the 100th second of the transient 

simulation—shows that the maximum temperature zone remains 

concentrated along the weld path. The red contour indicates the 
region with the highest temperature, corresponding to the position 

of the moving heat source at that moment. At a welding current of 

120 A, the supplied energy is sufficient to generate a relatively 

wide heated region around the joint, suggesting that the fusion zone 

and HAZ develop significantly. The difference in thermal 

properties between Cu and SS316L results in a non-symmetric 

temperature distribution, where the SS316L side exhibits a steeper 

thermal gradient compared to the Cu side. 

Meanwhile, the temperature distribution shown in Fig. 4(b) 

represents the thermal condition at the end of welding (200 s), 

corresponding to the final stage of the transient simulation. At this 

stage, heat has spread over a wider area of the plate, and the 
maximum temperature intensity has decreased due to natural 

cooling. The thermal trace along the weld line remains clearly 

visible, indicating that this region previously experienced 

significant high-temperature exposure. The temperature spread 

appears more pronounced on the Cu side than on the SS316L side, 

which is associated with the higher thermal conductivity of Cu, 

allowing heat to diffuse more rapidly into this material. 

Fig. 5 illustrates the temperature response at three different 

locations: weld metal, HAZ Cu, and HAZ SS316L. The weld metal 

curve exhibits the highest temperature among the three regions, 

with a peak approaching approximately ±1050°C. This is expected, 
as the weld metal receives heat energy directly from the heat 

source. The HAZ Cu curve lies slightly below that of the weld 

metal but tends to be higher than the HAZ SS316L during the 

initial temperature rise. This indicates that the Cu side responds 

more rapidly to heating, which is consistent with its higher thermal 

conductivity, allowing heat to be distributed more quickly. 

 

 
Fig. 3. (a) Geometric model of the Cu–SS316L butt joint for transient thermal simulation. (b) Finite element mesh distribution with 

refinement along the weld path. 
 

 
Fig. 4. (a) Temperature distribution at t = 100 s. (b) Temperature distribution at the end of welding (200 s).
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Fig. 5. Temperature distribution at the weld metal, Cu HAZ, and SS316L HAZ (120 A). 

 

In contrast, the HAZ SS316L curve shows slightly lower 

temperatures and a slower thermal response compared to the Cu 

side. This reflects the lower thermal conductivity of SS316L, 
resulting in more localized heat concentration near the joint region. 

After reaching their peak values, all three curves exhibit a 

decreasing or stabilizing trend, representing the cooling phase as 

the moving heat source travels away from the observation point. 

The temperature distribution during the welding process for 

sample 2# at a welding current of 135 A was simulated as shown in 

Fig. 6 and Fig. 7. 

Fig. 6(a) presents the temperature distribution at t = 100 s for 

sample 2#, where the high-temperature zone remains concentrated 

along the weld path, with the temperature peak located near the 

position of the moving heat source. Compared to sample 1#, the 

temperature distribution at a welding current of 135 A appears 

slightly more localized and less extensive than at 120 A. The red 

contour indicates that the maximum temperature remains above 

1000°C; however, the thermal gradient around the weld line 
appears somewhat steeper. 

This difference suggests that although the welding current 

increases to 135 A, the heat spread is not wider than in case 1. 

Instead, the heat distribution becomes more concentrated along the 

weld path, resulting in a relatively narrower high-temperature 

region. 

Fig. 6(b) shows the temperature distribution at 200 s, 

representing the end of the transient simulation. At this stage, heat 

has spread across the entire plate and decreased in magnitude due 

to cooling. Compared to sample 1#, the region that previously 

experienced high temperatures at 135 A appears more limited, and 

the cooling process seems to occur more rapidly. 
 

 
Fig. 6. (a) Temperature distribution at t = 100 s. (b) Temperature distribution at the end of welding (200 s). 

 

The thermal trace along the weld line remains visible; however, 

the area corresponding to intermediate temperatures (yellow–green 

region) is smaller than in sample 1#. This indicates that the 

exposure to high temperatures occurs over a relatively shorter 

duration. 

Fig. 7 shows that the weld metal reaches the highest 

temperature, with a peak of approximately ±2200°C occurring 
around 80–90 s, followed by a decrease and then a gradual 

increase. This indicates that the highest energy concentration 

occurs within the fusion zone. The HAZ Cu reaches a maximum 

temperature of approximately ±1500°C, exhibiting a rapid heating 

response but remaining lower than that of the weld metal. This 

behavior reflects the high thermal conductivity of Cu, which allows 

heat to be dissipated quickly. In contrast, the HAZ SS316L shows 

the lowest maximum temperature, around ±650–700°C, with a 

slower temperature increase. 

The significant differences among the three curves indicate the 

presence of a steep thermal gradient in the joint region at a welding 

current of 135 A. This confirms the dominant heat concentration in 

the weld metal and the distinct thermal responses between the Cu 

and SS316L sides during dissimilar metal welding. 

To evaluate the temperature distribution during the welding 

process for sample 3# at a welding current of 150 A, numerical 

simulations were conducted as shown in Fig. 8 and Fig. 9.  

Fig. 8(a) presents the temperature distribution at t = 50 s, where 
the maximum temperature reaches 791.41°C and the minimum 

temperature is approximately 25.477°C. At this stage, the red–

orange region remains relatively narrow and concentrated along the 

weld path. The lateral heat spread is still limited, and a sharp 

thermal gradient is observed from the weld line toward the SS316L 

side, which appears in blue. This indicates that at 50 s the system is 

still in the active heating phase, where the heat source moves 

rapidly and the supplied energy has not yet diffused extensively 

across the plate. 

Fig. 8(b) shows the temperature distribution at t = 100 s, 

representing the final stage of welding for this case. The maximum 
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temperature increases to 1048.1°C, while the minimum temperature 

rises to approximately 51.898°C. The high-temperature zone 

becomes more developed compared to t = 50 s; however, it remains 
localized around the weld path. The transition from red to green 

and blue occurs within a relatively short distance, indicating a high 

thermal gradient. Heat spread toward the Cu side remains more 

pronounced than toward the SS316L side, consistent with the 
higher thermal conductivity of Cu. 

 

 
Fig. 7. Temperature distribution at the weld metal, Cu HAZ, and SS316L HAZ (135 A). 

 

The difference in observation times (50 s and 100 s) between 

samples 1# and 2# compared to sample 3# is associated with the 

increased welding speed resulting from the higher current. With a 

faster moving heat source, the maximum heating phase occurs 

earlier, requiring representative thermal conditions to be evaluated 
at shorter time intervals. Overall, at 150 A, the temperature 

distribution exhibits a faster and more focused heating pattern, with 

a relatively narrow high-temperature zone despite the maximum 

temperature being sufficiently high to form a fusion zone. 

Fig. 9 presents the temperature evolution over time at three 

different locations: weld metal, HAZ Cu, and HAZ SS316L. In 

general, all curves exhibit a progressive temperature increase from 

the beginning of the simulation, reaching a peak around 85–95 s, 

followed by a decrease and subsequent stabilization. 

In the weld metal region (red curve), the temperature rises most 

rapidly and reaches a peak of approximately ±780°C at around 90 
s. After reaching the peak, the temperature decreases to about 

560°C and then gradually increases again toward the end of the 

observation period. This pattern indicates that the observation point 

experiences maximum heating when the heat source is located 

nearby, followed by a cooling phase as the heat source moves 

away. 

In the HAZ Cu region (green curve), the maximum temperature 

reaches approximately ±600°C. The temperature increase occurs 

relatively quickly and follows a similar trend to the weld metal 

curve, although with a lower peak value. This behavior reflects that 

the Cu side receives heat from the fusion zone but rapidly 
redistributes it due to its high thermal conductivity. 

Meanwhile, the HAZ SS316L region (blue curve) shows the 

lowest maximum temperature, around ±560°C, with a slower 

temperature rise compared to HAZ Cu. This difference indicates 

that the SS side experiences more limited heating, and the thermal 

gradient between the weld metal and the HAZ SS region is 

relatively significant. 

Overall, at a welding current of 150 A, the maximum 

temperature is lower than that observed at 135 A in the previous 

case; however, the curves exhibit a faster rise and fall pattern. This 

suggests that the heating process occurs over a shorter duration and 
that the heat distribution is more localized. The temperature 

gradient between the weld metal and both HAZ regions remains 

clearly visible, reflecting the characteristic behavior of dissimilar 

Cu–SS316L welding. 

 

 
Fig. 8. (a) Temperature distribution at t = 50 s. (b) Temperature distribution at the end of welding (100 s). 
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Fig. 9. Temperature distribution at the weld metal, Cu HAZ, and SS316L HAZ (150 A). 

 

4 Conclusions 

This study investigated the effect of welding current (120 A, 

135 A, and 150 A) on the thermal distribution and macrostructural 

characteristics of TIG-welded Cu/SS316L dissimilar joints using 
ERCuSi-A filler through an integrated experimental and finite 

element approach. The results demonstrate that welding current 

strongly governs weld bead geometry and penetration behavior due 

to asymmetric thermal distribution arising from the large thermal 

conductivity mismatch between Cu and SS316L. At 120 A, rapid 

heat dissipation in copper limited penetration, while at 150 A, 

deeper penetration into SS316L was achieved but with a more 

localized heating cycle and concentrated fusion region. The 135 A 

condition provided the most balanced thermal response, producing 

a uniform fusion profile and stable penetration on both materials. 

Numerical simulations confirmed that heat dissipates rapidly into 

the Cu side and concentrates in the SS316L region, directly 
influencing weld morphology and fusion characteristics. The strong 

agreement between simulated thermal fields and experimental 

macrographs confirms that weld geometry is fundamentally 

governed by thermal distribution behavior. Therefore, 135 A is 

identified as the optimal welding current for achieving balanced 

fusion and controlled penetration in Cu/SS316L dissimilar joints, 

making it suitable for heat-transfer and cooling system applications. 
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