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Abstract. Bimetal joints are often used in various industries, such as 

automotive, power generation, electronics, and manufacturing. This is because 

bimetal joints allow the joining of two types of metal with different properties. 

Welding two different types of metal can pose its own challenges, such as the 

difficulty of controlling welding parameters so that the results are optimal for 

both types of metal, as well as differences in the thermal and mechanical 

properties of the two metals. This has led to extensive research on bimetal plate 

connections. Based on this background, this research aims to determine the 

effect of variations in flow rate and current strength on the tensile strength of 

robotic welding bimetal welded joints, as well as determine the results of macro 

photos of fractures resulting from tensile tests for each variation. The research 

was carried out experimentally where each variation was repeated with data 3 

times. Based on the results and discussion, it is known that the optimal gas flow 

rate in general is 20 l/min, where the tensile strength reaches 353.1442 MPa–

455.5458 MPa. At this flow rate, the dominant fracture occurs in the base metal 

and is ductile, which indicates good plastic deformation. On the other hand, gas 

flow that is too low or too high causes joint defects and reduces the tensile 

strength. Meanwhile, other welding parameters, namely variations in welding 

current, affect tensile strength. At a gas flow of 10 l/min, increasing the current 

to 180 A produces the highest tensile strength of 449.4357 MPa with ductile 

fracture characteristics. However, at a current of 120 A there is a significant 

decrease due to overheating, especially at higher gas flows such as 20 l/min and 

30 l/min, which results in brittle fracture in the heat-affected zone (HAZ). The 

results of this research contribute to the understanding of the influence of 

welding parameters on the tensile strength and fracture characteristics of 

bimetallic joints. In addition, this research can be a reference for the 

development of more efficient and reliable welding processes in various 

industries, such as automotive, power generation and manufacturing, which 

require bimetallic joints with optimal quality. 
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1. INTRODUCTION 

The modern manufacturing industry continues to develop rapidly along with increasing demand for high quality 

products and efficient production processes. Welding is one of the most commonly used methods of joining 

materials in the manufacturing industry [1]. One important application of this technology is bimetal welding, which 

involves wcombining two types of metal with different physical properties into one unit [2]. 
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Bimetal welding between steel plates and stainless steel has important uses in various industries because it 

combines high mechanical strength and corrosion resistance [3][4]. In the construction, energy and military 

industries, bimetallic welding is applied to bridges, power plants, armored vehicles and warships, where it can 

provide the combination of heat resistance, strength and corrosion resistance required in harsh and extreme 

environments [5][6]. Apart from that, bimetal is also used to make pipes and other components that require 

corrosion resistance on one side and high mechanical strength on the other side, such as in oil and gas piping 

systems, heat exchangers, pressure vessels, and so on [7]. 

 

The bimetal welding process has its own challenges, especially in terms of the strength of the resulting joint. 

Differences in the thermal and physical properties of the two metals being welded can cause discrepancies in the 

connection, such as cracking or freezing. To overcome this problem, various welding parameters need to be 

carefully controlled, including the gas flow rate and the electric current used during the welding process. 

 

Shielding gas in MIG welding functions as a protector against dangerous contamination that can cause defects. In 

addition to these main functions, shielding gases significantly influence the weld shape, weld geometry, layer 

appearance, metallurgical and mechanical properties, welding speed, metal displacement, arc stability or light and 

smoke emissions [8].  Setting the gas flow rate affects the environment around the welding arc and the weld results 

[8]. Bintarto, et al [9] have analyzed the effect of Tungsten Inert Gas (TIG) protective gas flow rate on tensile 

strength and toughness (shock) in welded joints between galvanized steel and aluminum 5052, using Al-Si 4043 

filler. This welding process involves two metals that have different characteristics. Control of the inert gas flow 

rate is essential to prevent oxidation and produce strong joints. Cai, et al, [10] analyzed the effect of a mixture of 

argon (Ar) and helium (He) shielding gases on the welding characteristics of the fiber laser-MIG (Metal Inert Gas) 

hybrid welding method for aluminum alloys. This research focuses on how variations in the proportions of Ar and 

He in the shielding gas mixture affect welding results, including joint strength, surface quality, as well as the 

stability and efficiency of the welding process on aluminum alloys. X. Yang, H., et al, [11] and Campana [12] 

studied the effect of shielding gas flow rate on the welding process in hybrid laser-arc welding and MIG welding 

methods. 

 

Several studies have been carried out to determine the factors that influence the quality of MIG welded joints, 

including research conducted by Sarjiyana [13] and Kurniawan [14] in their research on tensile strength in welding. 

In this research, it was found that there was an influence of voltage and current strength on the tensile strength of 

welded joints. In their research, Wenny [15] and Roymons [16] also examined the effect of variations in welding 

electric current on the strength of MIG welding joints. In this research, it was also found that there was a significant 

influence. Other research related to the influence of gas flow rate has also been studied by Swami [17]. In his 

research, it was found that the optimum value of tensile strength of 356 N/mm2 was observed at a welding current 

of 190 A, a gas flow rate of 15 l/minute, & a gas combination of 50% CO2+50 % Argon. Of the several studies 

that have been carried out, not many have conducted research on bimetal plate connections. Most joints are made 

in the same material. Apart from that, the welding carried out still uses manual welding, so the quality of the 

welding is also determined by operator factors. Bahar et al., 2018 in their research Sukhbir, 2022 [18] observed 

the impact of MIG welding input variables on hardness and UTS of dissimilar metals mild steel and stainless-steel 

welded joints. The contribution of gas flow rate was greater than other parameters. Improved UTS of the weldment 

was achieved at lower welding voltage and higher weld speed. The maximum UTS value was approximately 235 

MPa. Zhu et al., 2018 analyzed the influence of preheating on the microstructural behavior of MIG welded 5083 

aluminum alloy joints. A large number of equiaxed grains were noticed in the HAZ [19]. 

 

On the other hand, research on the strength of bimetallic steel welded joints was carried out by Kris Witono in his 

research [20] on variations in travel speed and stickout length on the tensile strength of bimetallic steel. In this 

research, the connection used was a low carbon steel bimetallic connection with stainless steel. It's just that other 

factors such as current strength and gas flow rate have not been studied further in this research. In bimetallic 

joining, setting this parameter becomes more critical due to the differences in the thermal characteristics of the 

two metals being joined. Errors in parameter setting can cause cracks, distortion, or other defects in the joint that 

can reduce the strength of the joint. Therefore, this study aims to understand how variations in gas flow rate in the 

MIG welding process affect the strength of bimetal joints and the form of fracture that occurs, as well as to find 

optimal parameters that can produce joints with the best strength. 

 

 

 

2. METHODS  

Research methods and stages include: 1) material preparation. The materials used are low carbon steel plates and 

304 series stainless steel plates with a thickness of 3 mm. 2) Welding process. After the material is cut, the joining 
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process is carried out using MIG welding which is operated with varying gas flow rates of 10 l/minute, 20 l/minute, 

and 30 l/minute. The travel speed was controlled, and currents of 100 A, 120 A, 140 A, 160 A, and 180 A were 

used. The filler wire used in the welding process is type ER308L with a diameter of 0.8 mm. 3) Tensile testing. 

Tensile testing is carried out using the ASTM E8M tensile test standard. Each sample was pulled using a tensile 

testing machine to measure ultimate tensile strength (UTS) and elongation. This test is carried out for each 

variation of welding speed to obtain data on the effect of travel speed on tensile strength. Each variation was tested 

three times. 4) Observation of macro photos involves identifying ductile fracture patterns (presence of necking, 

cup and cone pattern) or brittle fracture. 5) Analysis and discussion. The results of data analysis are prepared in a 

clear and structured research report. 

 

Figure 1. ASTM E8M standard test specimen 

The tensile test results in the form of a stress-strain curve were observed and the test results were compared 

between sample groups. From this curve, various important parameters such as yield strength, ultimate tensile 

strength, and fracture strain can be identified. Apart from that, macro and micro photos of the joint results were 

also observed to understand the fracture characteristics and crack morphology in the joint or material being tested. 

Data obtained from these observations include the type and pattern of cracks, the location of the initial crack, and 

the type of failure that occurred (e.g., ductile failure or brittle failure). 

 

3. RESULTS AND DISCUSSION 

3.1. Results 

a. Effect of varying gas flow rate on welding current 100A 

The relationship between variations in gas flow rate and tensile strength at a welding current of 100 A is shown in 

Figure 2. Based on this graph, the effect of variations in gas flow rate on the tensile strength of bimetal joints can 

be seen from the trend shown which is linear and tends to increase. The higher the flow rate of the shielding gas, 

the greater the maximum tensile stress produced in the bimetallic joint. 

 

Figure 2. Graph of changes in tensile strength at a current of 100 A 
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Figure 3. Macrofracture of tensile strength at a current of 100 A 

At a gas flow rate of 10 l/minute, the tensile strength is quite high, namely 441.0269 MPa. Then it increased to a 

variation of 20 l/minute, namely 448.3745 MPa. When the gas flow rate was increased again to 30 l/min, there 

was still an increase in the tensile strength to 453.6147 MPa. The increase that occurred was not very significant 

from each variation. At a gas flow rate variation of 10 l/min, the welded joint was well protected, but increasing 

the gas flow rate to 20 and 30 l/min showed that a larger shielding gas had a better effect on the joint quality. This 

is because the higher the gas flow rate, the greater the gas's ability to remove oxygen, nitrogen and other elements 

that can reduce the quality of the welded joint. Better protection results in stronger connections and higher 

maximum tensile stress. Based on the macro photo of the tensile test results in Figure 3, for all variations in gas 

flow rate from 10 l/min to 30 l/min, the fracture occurred in the basemetal area and the fracture was ductile. This 

happens because it is characterized by necking, which is an indication of plastic deformation before fracture. 

 

b. Effect of varying gas flow rate on welding current 120A 

Based on the graph in Figure 4, the tensile strength of the bimetallic connection of low carbon steel plate and 

stainless steel 304 at a current of 120 A has a different trend. At a gas flow rate of 10 l/min, the tensile strength is 

relatively low, namely 297.9797 MPa. Then there was a significant increase in the variation of 20 l/minute, namely 

431.8566 MPa. This value is the highest tensile strength of the other variations. However, when the gas flow rate 

was increased again to 30 l/min, the tensile strength decreased to 318.4333 MPa. Based on the macro photo of the 

tensile test fracture results in Figure 5, it shows that at gas flow rates of 10 and 30 L/minute, the fracture is brittle 

and occurs in the HAZ area. When compared with the decrease in tensile strength that occurs in this variation, this 

is possible because there is an inappropriate gas flow at the 120A current, resulting in rapid cooling and creating 

a more brittle structure. A gas flow rate of 20 L/min is the optimal condition for this flow. The highest tensile 

strength occurs at a gas flow rate of 20 l/minute, where the fracture results from the tensile test occur in the 

basemetal area and the fracture nature is ductile. 

 

 

Figure 4. Graph of changes in tensile strength at a current of 120 A 
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Figure 5. Macrofracture of tensile strength at a current of 120 A 

 

c. Effect of varying gas flow rate on welding current 140A 

Based on the graph in Figure 6, which is a graph of changes in tensile strength at a welding current of 140 A. In 

the picture, it can be seen that there is a trend of increasing maximum tensile stress along with increasing gas flow 

rate. This graph pattern is similar to the 100A current graph pattern, where increasing the gas flow rate increases 

the maximum tensile stress. At a gas flow rate of 10 l/minute, the tensile strength is quite high, namely 441.0058 

MPa. Then it increased to a variation of 20 l/minute, namely 455.3382 MPa. When the gas flow rate was increased 

again to 30 l/min, there was still an increase in the tensile strength to 466.3382 MPa. Increasing the gas flow rate 

from 10 L/min to 30 L/min resulted in an increase in the maximum tensile stress of approximately 25.33 MPa. 

In this current, the fracture form from the tensile test results is shown in Figure 7. Fractures at varying gas flow 

rates of 10 l/minute and 30 l/minute occurred in the basemetal with ductile fracture character. At a gas flow rate 

of 20 l/min, fracture occurred in the basemetal which was close to the HAZ, but the fracture character was still 

ductile, because there was a reduction in the dimensions of the fracture. Even though the gas flow rate was 

increased by welding at a current of 140 A, the welding results are more stable and produce a strong joint. 

 

 

Figure 6. Graph of changes in tensile strength at a current of 140 A 
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Figure 7. Macrofracture of tensile strength at a current of 140 A 

 

d. Effect of varying gas flow rate on welding current 160A 

Based on data on variations in gas flow rate towards the maximum tensile stress of the bimetal joint in Figure 8, 

the graphic trend shown tends to form a non-linear trend where at a gas flow rate of 10 L/minute, the maximum 

tensile stress is at a high point, namely 448.4457 MPa. When the gas flow rate was increased to 20 L/minute, the 

tensile stress actually decreased to 420.5255 MPa. Then, when the gas flow rate was increased to 30 l/min, the 

tensile stress increased again with a result of 448.4173 MPa, this tensile stress was almost the same as the variation 

of 10 l/min. Under these conditions, the optimal gas flow rate is around 10 L/min and 30 L/min, while 20 L/min 

may not provide ideal conditions for the formation of a strong joint. Based on the fracture shape of the tensile test 

results shown in Figure 9, at a flow of 160 L/min it was found that there was a significant difference between gas 

flow rates of 10 l/minute and 30 l/minute, both of which produced fractures in the HAZ with a brittle character. 

However, at a gas flow rate of 20 l/min, fracture occurred in the base metal with ductile character. This indicates 

that at higher flows, control of the gas flow rate becomes more critical, as too high or too low a rate can result in 

brittle fracture and lower tensile strength. 

 

 

Figure 8. Graph of changes in tensile strength at a current of 160 A 
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Figure 9. Macrofracture of tensile strength at a current of 160 A 

 

e. Effect of varying gas flow rate on welding current 180A 

 

Figure 10. Graph of changes in tensile strength at a current of 180 A 

 

Based on data on variations in gas flow rate towards the maximum tensile stress of the bimetal joint in Figure 10, 

the graphic trend shown tends to decrease. At a rate of 10 l/min, the maximum tensile stress is 449.4356 MPa with 

fracture occurring in the basemetal and its ductile nature, and there is necking. At a rate of 20 l/min, the tensile 

stress dropped drastically to 353.1441 MPa, with ductile fracture occurring in the base metal. The fracture form is 

shown in Figure 11. At a rate of 30 l/min, the tensile stress slightly increases to 355.8598 MPa with ductile fracture 

and remains in the base metal. This shows that at very high currents, despite ductile deformation, the maximum 

tensile strength decreases. This decrease in tensile strength is likely due to overheating which can cause 

degradation of the mechanical properties of the material. 
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Figure 11. Macrofracture of tensile strength at a current of 180 A 

 

3.2. Discussion 

Based on the all graphs of the effect of gas flow rate on the tensile strength of the weld, and and the fracture shape, 

it can be concluded that variations in gas flow rate parameters in the welding process have a significant influence 

on the tensile strength and shape of the fracture in the weld. The gas flow rate functions to protect the molten metal 

from oxidation and contamination from external air (such as oxygen and nitrogen). In this research, varying gas 

flow rates influence the results of the tensile strength of the welded joint and its fracture characteristics, both in 

terms of the location of the fracture and the type of fracture that occurs. 

 

If the gas flow rate is too low, the shielding gas may not be sufficient to protect the weld area from air 

contamination. This can cause oxidation or other contamination that results in weld defects, such as porosity and 

slag inclusion [9] [19]. As a result, the tensile strength of the weld will decrease due to the presence of weak points 

in the weld joint structure. For example, at a gas flow rate of 10 l/min with a current of 120A and 160A, a fracture 

occurred in the HAZ with brittle fracture characteristics, indicating that the low gas flow rate was not sufficient to 

protect the weld from atmospheric influences. 

 

If the gas flow rate is at an optimal level, namely at a current of 100A and a gas flow rate of 20 l/minute, the 

protective gas will be effective in protecting the welding area from contamination. This allows the formation of a 

cleaner weld joint, free from weld defects, thereby increasing the tensile strength of the weld. Apart from that, the 

gas flow rate is too high, namely at a current of 180A with a gas flow rate of 30 l/minute, the tensile strength 

decreases to 355.8598 MPa. High gas flow rates can cause turbulence effects in the welding area, which actually 

causes atmospheric air to be drawn into the welding area. In addition, too heavy a gas flow can disrupt the stability 

of the welding arc, resulting in poor weld quality. 

 

Effect of gas flow in the welding process According to Swami (2018), the flow of protective gas such as argon or 

CO2 functions to protect the welding area from air contamination, which can reduce the quality of the joint [17]. 

In this study, the effect of gas flow rate is clearly visible, especially at currents of 100A to 140A, where increasing 

the gas flow rate causes a significant increase in the maximum tensile strength. For example, at a current of 140A, 

the tensile strength increases from 441.0058 MPa (10 L/min) to 466.3382 MPa (30 L/min). This indicates that 

sufficient shielding gas helps prevent porosity and other defects 

 

4.  CONCLUSION  

Overall, variations in the optimal gas flow rate produce different maximum tensile strengths, depending on the 

welding current. Optimal conditions are generally found at a moderate gas flow rate of 20 l/minute. At this gas 

flow rate the tensile strength is 353.1442 MPa– 455.5458 MPa. The fractures that occur are almost all in the base 

metal and are ductile in nature, even though at a current of 160 A the fractures occur in the HAZ area, but the 

tensile strength is still high. A gas flow rate that is too low or too high can cause defects in the joint and reduce the 

tensile strength of the weld. 
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