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welding results for several types of materials. This can cause the strength of the welding connection
to not be maximized. Therefore, this study aims to optimize the use of three types of wire welding and
three current welding on the strength of the welding connection in two types of material testing using

Hardness the response surface methodology. Box-Behnken, coupled with the RSM and the desirability function,
Optimization was used to optimize the strength of the welding connection of the wire types (RD-46, LB-52, and
RSM RB-26), and current welding (100, 130, and 160 A) against two types of material testing (IWF-150
Tensile strength and ASTM-A517-G70). The strength of the welding connection observed in response included the
Welding tensile strength, Charpy impact-absorbed energy, hardness values in the welding metal and the

hardness values in the main metal. Optimization of the strength of the welding connection in this study
recommends the application of wire types RB-26, current welding of 100 A, and ASTM-A517-G70
material testing with the highest desirability value of 71.6%. Optimization of tensile strength, Charpy
impact-absorbed energy, hardness values in welding metal, and hardness values in main metal by
applying this parameter are 575.64 MPa, 110.69 J, 216.75 (HV10) and 126.6 (HV10), respectively.
The results proved that an appropriate welding connection strength could be achieved using wire
welding types and current welding in material testing.

© 2022 Growing Science Ltd. All rights reserved.

1. Introduction

We often encounter steel-welding processes in everyday life, ranging from manual and automatic welding techniques.
Welding has become a common thing and is often used, for example, in bridge construction, building construction, port
construction, pipe manufacturing industry, automotive, transportation, and in children's toys. With the rapid and worldwide
development, this welding is slowly being standardized to create good and safe welding results during manufacture and use
(Wang et al., 2020; Aris et al., 2019; Chen et al., 2021). Therefore, with various applications and welding methods, proper
welding management is needed in planning and calculating so that, at the time of its implementation, it produces a good
product and has the expected strength.

To create good and safe welding results, careful and structured preparation is needed for material selection, consumables,
welding techniques, and safety procedures. Factors that affect the strength of a welded joint lie in the material to be joined,
the filler material for the connection or welding wire, and the connection technique. Weld wire is used as a filler for welded
metal to form the strength of the steel joint. The strength of the standard steel area depends heavily on the material to be
joined, the welding wire, and the welding process (Kashaev et al., 2018; Zhang et al., 2020; Sathish et al., 2021). Therefore,
the proper selection of these parameters must be carefully planned and calculated (Cebro & Sitorus, 2019; Sitrus et al., 2017).
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Several research results related to the effect of the welding wire material and the adjustment of the welding machine to the
material being welded have been reported. Tusek (2000) reported modeling the melting rate in twin-wire welding. In his
paper, he stated that his developed model had already been tested in practice. The results show that they are accurate, simple,
and applicable to practice. Furthermore, Sudjadi, et al. (2020) have also reported a study related to the effect of the strength
of the electric current in the weld on the tensile strength, where the highest maximum tensile strength is the sample that was
achieved with a current of 100 A. The most recent was done by Moi, et al. (2019), which optimizes welding parameters for
multiresponse optimization in TIG welding using the response surface methodology (RSM). However, in addition to response
surface methodology, optimization can also use artificial neural networks, as done by Familiana et al. (2018). Unfortunately,
none of the above studies has studied the strength of welding connections of materials, including IWF-150 and ASTM-A517-
G70, which are very common materials, especially in Indonesia.

Unfortunately, until now, no one has reported optimizing the types of wire and current welding on the strength of the welding
connection using testing materials, especially IWF-150 and ASTM-A517-G70. Therefore, this study aims to optimize the use
of three types of wire and three current welding on the strength of the welding connection in two types of material testing
using the response surface methodology. The strength of the welding connection is distinguished by its tensile strength (Ts),
Charpy impact absorbed energy (Ecia), hardness values in welding metals (Hwm), and hardness values in main metals (Hmm).

2. Material and methodologies
2.1 Experimental setup

Box-Behnken was used in the design of a series of experiments in this study. In eighteen runs, experimental runs were
generated using the Box-Behnken response surface approach, including replication. This number of runs accurately captures
the optimal settings and provides significant experimental results (Bakkiyaraj et al., 2022). The design had three independent
parameters, including material testing (A), wire welding type (B), and current welding (C). The testing materials used in this
study consisted of IWF-150 (1) and ASTM-A517-G70 (2). The type of wire welding used in this study consisted of RD-46
(1), LB-52 (2), and RB-26 (3). The current welding used in this study consisted of 100, 130, and 160 A. Responses correspond
to the strength of the welding connection, including tensile strength (MPa), Charpy impact absorbed energy (J), hardness
values in the welding metal (HV10), and hardness values in the main metal (HV10).

The IWF-150 testing material used in this study is a wide flange with dimensions of length, width, height, and thickness
of 150, 7, 5, and 7 mm, respectively. Furthermore, the ASTM-A517-G70 test material used in this investigation is a steel plate
with length, width, and thickness dimensions of 150, 150, and 16 mm, respectively. The voltage used in this study was 28
volts with welding speeds in IWF-150 and ASTM-A517-G70 materials of 125 and 80 mm/minute, respectively. Each test

material uses a connection angle of 35°. The process of obtaining samples for testing of the materials tested in this study is
presented in Fig. 1.
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Fig. 1. Material type of sample for testing
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The sample is then tested for the strength of the welded joint after welding with three types of wire welding and three types
of current welding. Samples were prepared as in Fig. 2 to test the strength of the welded joints. Tensile strength was tested
using UTM with a capacity of 200 tons. The impact-absorbed energy of Charpy was measured using the JIS Z 2202 1980
standard (Arifin et al., 2020) with a Charpy impact tester and a hardness value using a Vickers test machine (Nasir et al.,
2021) at a predetermined point .
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Fig. 2. Welded joint strength test sample

2.2 Optimization via RSM

The response surface methodology (RSM) predicted the influence of material testing, wire type, and current welding as
independent factors on the response strength of welding connections. It addressed the optimization element by determining
the optimal welding connection strength. It is possible to apply RSM analysis to estimate the linear interaction and quadratic
influence of independent variables on the strength of the welding connection characteristics. The research optimized the
combined impact of these factors to minimize or enhance the intended outcomes.

3. Result and discussions
3.1 Regression and establishment

A mathematical function was established to optimize the connection of the welding strength, including tensile strength
(MPa), energy absorbed by the charpy impact (Joule at —40 °C), hardness values in the welding metals (HV10) and hardness
values in the main metals (HV10). The regression model coefficients were calculated at a confidence level of 95%. The linear
statistical model is recommended to predict the response from the evaluation of the type of wire and current welding.
Regression models for tensile strength (Ts), charpy impact absorbed energy (Ecia), hardness values in welding metals (Hwm)
and hardness values in main metals (Hmm) are given in Equations 1 to 4. Developing the mathematical model for optimization
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related to this scope is also in line with that generated by Mehdi and Mishra (2020). For the response to tensile strength, the
beneficial parameter indicates that the impact of material testing (A) will be a negative effect, the type of wire welding (B),
and the applied current welding (C) will be an increased response to it. However, the combined effect of each parameter was
not seen for this response. In addition to that, the Charpy impact-absorbed energy response was positively influenced by all
parameters (A and B) except the welding current (C), and no combination effect was found between the parameters. On the
one hand, the hardness values in the response of the welding metals were positively influenced by all parameters (A, B and
C) and a combination effect was found between all parameters (AB, AC, and BC). On the other hand, the hardness values in
the response of the main metals were positively influenced by the material testing (A), a combination of the parameter material
testing with a type of wire welding (AB) and a combination of the parameter type of wire welding with the welding current
(BC). The other parameters have a negative effect on the response to the hardness values in the main metals, including the
type of wire welding (B), the welding current (C) and the combination of material testing parameters with the welding current
(AC).

Ts =577.72—5.834 + 28.58B + 24.83C €))
Ecia = 86.61 + 0.16674 + 5.92B— 18C 2)
Hwm = 194.33 + 12.674 + 12.58B + 9.58C + 8.424B + 0.9167AC + 0.75BC 3)
Hmm = 124.83 + 0.38894 - 0.4167B - 0.75C + 0.4167AB - 1.25AC + 0.625BC “4)

Eighteen experimental tests were performed to optimize the strength of the welding connection from three parameters,
including material testing (A), wire welding type (B) and applied current welding (C). The results show that the maximum
tensile strength obtained was 641 MPa on the IWF-150 material test using LB-52 wire welding and 160 A of welding current.
The maximum tensile strength obtained in this study was more significant than that obtained by Mehdi and Mishra (2020) in
the optimization of process parameters of AA6061 and AA7075 welded joints by TIG+FSP welding using RSM. The
maximum energy absorbed by Charpy impact was 127 J in IWF-150 material testing using RB-26 wire welding and 100 A of
welding current. Also, the maximum hardness values in the welding metals were 242 (HV10) in ASTM-A517-G70 material
tests using RB-26 type of wire welding and 160 A of welding current. The last maximum hardness value in main metals was
128 (HV10) in ASTM-A517-G70 material testing using LB-52 wire welding and 100 A of welding current.

3.2 Effect of current welding and type of welding wire on tensile strength

The effect of current welding on the material's mechanical properties is important to investigate to determine the level of
strength, especially for tensile strength (Balasubramanian et al., 2008; Rose et al., 2012). Regression models for the response
to tensile strength at low R? values (0.3517) indicate a weak fit of the data to the models. The value of R? should be close to
unity for an ideal model. The results of the statistical analysis for the response to tensile strength are shown in Table 1. Low
p-values and high F-values show that the model was not statistically significant. This shows that the combination of parameters
does not significantly affect the response to tensile strength of the welding results. However, if we pay close attention to each
parameter, we will find that the type of welding wire and the welding current have a significant effect on the tensile strength
of the welding results, except for the test material.

Table 1. Statistical data on the tensile strength response

Source Sum of squares df Mean squares F-value p-value
Model 17816.92 3 5938.97 2.53 0.0992
A-Material of testing 612.50 1 612.50 0.2611 0.6173
B-Type of welding wire 9804.08 1 9804.08 4.18 0.0602
C- Current welding 7400.33 1 7400.33 3.15 0.0975
Residual 32844.69 14 2346.05

Total correlation 50661.61 17
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Fig. 3. Response of the surface to tensile strength
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The 3D response of surface tensile strength under current welding and the type of welding wire is shown in Fig. 3. It can
be seen that increasing the current welding from 100 A to 160 A can significantly increase the tensile strength. Additionally,
the use of the welding wire type of RD-46 (1), LB-52 (2), and RB-26 (3) can also significantly increase the tensile strength.
It is clear from the graph that the maximum current welding parameters at 160 A and the use of the RB-26 welding wire will
produce the maximum tensile strength. Current welding is in line with Razal Rose, et al. (2012) , which state that if the peak
current was less than 140 A, there was incomplete penetration and lack of fusion. For peak current greater than 180 A, then
weld dropout occurred.

3.3 Effect of current welding and type of welding wire on Charpy impact absorbed energy

The regression models for the response to the energy absorbed by the Charpy impact in the R? values (0.6556) indicate a
moderate fit of the data to the models. The value of R? should be close to unity for an ideal model. The results of the statistical
analysis for the response to the energy absorbed by the Charpy impact are shown in Table 2. High p-values and low F-values
indicate that the model was statistically significant. This shows that the combination of parameters significantly affects the
Charpy impact-absorbed energy response of the welding results. That's because larger Charpy energy is associated with
acicular ferrite and ductile failure as a consequence of higher heat (Arista et al., 2021). Furthermore, if we pay attention to
each parameter, we will find that the type of welding wire and the welding current significantly affect the Charpy impact
absorbed energy of the welding results. However, it is not significant for the testing material used in this study.

Table 2. Statistical data of the Charpy impact-absorbed energy response

Source Sum of squares df Mean squares F-value p-value
Model 4308.58 3 1436.19 8.88 0.0015
A-Material of testing 0.5000 1 0.5000 0.0031 0.9564
B-Type of welding wire 420.08 1 420.08 2.60 0.1293
C- Current welding 3888.00 1 3888.00 24.05 0.0002
Residual 2263.69 14 161.69

Total correlation 6572.28 17

The 3D response of the surface Charpy impact energy absorbed under current welding and the type of welding wire is
presented in Fig. 4. It can be seen that increasing the current welding from 100 A to 160 A can significantly decrease the
energy absorbed by Charpy impact. Additionally, using the type of welding wire of RD-46 (1), LB-52 (2) and RB-26 (3) can
also significantly increase the energy absorbed by Charpy impact. It is clear from the graph that the minimum current welding
parameters at 100 A and the use of RB-26 welding wire will produce the maximum energy absorbed by Charpy impact. This
is in line with the research results of K Yasari, et al. (2018), who reported that the electrode RB 26 has the highest tensile
strength at 110 A at 184.7 MPa.

Charpy impact absorbed energy (Joule)

100 1

Fig. 4. Response of the surface to Charpy impact-absorbed energy

3.4 Effect of current welding and type of welding wire on hardness values

3.4.1 For welding metal samples

Regression models for the response to the hardness values in welding metal samples in the R? values (0.9195) indicate a
high fit of the data to the models. The value of R? should be close to unity for an ideal model. High p-values and low F-values
indicate that the model was statistically significant. The results of the statistical analysis for the response to the hardness
values in the welding metal samples are shown in Table 3. This indicates that each parameter (material of testing, type, and
welding current) significantly affects the response of the hardness values in the welding metal samples of the welding results.
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In addition, the combination of testing material with a type of welding wire has a significant effect on the response of hardness
values on welding metals samples. Unfortunately, the combination of testing material with current welding and a type of
welding wire with current welding did not significantly affect the response of the hardness values in welding metals samples.

Table 3. Statistical data on the response to hardness values on welding metal samples

Source Sum of squares df Mean squares F-value p-value
Model 675483 6 1125.81 20.95 0.0001
A-Material of Testing 2888.00 1 2888.00 53.74 0.0001
B-Type of welding wire 1900.08 1 1900.08 35.36 0.0001
C- Current welding 1102.08 1 1102.08 20.51 0.0009
AB 850.08 1 850.08 15.82 0.0022
AC 10.08 1 10.08 0.1876 0.6733
BC 4.50 1 4.50 0.0837 0.7777
Residual 591.17 11 53.74

Total correlation 7346.00 17

The 3D response of the surface hardness values in the welding of metal samples under current welding and the type of
welding wire is presented in Fig. 5. It can be seen that increasing the current welding from 100 A to 160 A can significantly
increase the hardness values on welding metal samples. Additionally, using the welding wire type of RD-46 (1), LB-52 (2),
and RB-26 (3) can also significantly increase the hardness values in the welding metal samples. It is clear from the graph that
the maximum current welding parameters at 160 A and the use of RB-26 welding wire will produce the maximum hardness
values in welding metal samples.

Hardness values in welding metals (HV10)

Fig. 5. Response of the surface to hardness values in welding metal samples

3.4.2 For main metal samples

The regression models for the response to the hardness values in the main metal samples in the R? values (0. 5037) indicate
a moderate fit of the data to the models. The value of R? should be close to unity for an ideal model. Low p-values and high
F-values indicate that the model was not statistically significant. The results of the statistical analysis for the response to
hardness values on the main metal samples are shown in Table 4. This indicates that each parameter (material of testing, type
of welding wire, and welding current) and combination of both each parameter (combination material of testing with a type
of welding wire, combination material of testing with welding current, combination type of welding wire with welding current)
have significantly affected the response to hardness values in the main metal samples of the welding results. Unfortunately,
the combination of all parameters did not substantially affect the response of the hardness values in the main metal samples.

Table 4. Statistical data of the hardness value response on main metal samples

Source Sum of squares df Mean squares F-value p-value
Model 3551 6 5.92 1.86 0.1761
A-Material of testing 2.72 1 2.72 0.8559 0.3747
B-Type of welding wire 2.08 1 2.08 0.6550 0.4355
C- Current welding 6.75 1 6.75 2.12 0.1731
AB 208 1 2.08 0.6550 0.4355
AC 18.75 1 18.75 5.90 0.0335
BC 312 1 3.12 0.9825 0.3429
Residual 3499 11 3.18

Total correlation 70.50 17




H. Riyanto et al. / Engineering Solid Mechanics 10 (2022) 347

The 3D response of surface hardness values in main metal samples under current welding and the type of welding wire is
presented in Fig. 6. It can be seen that increasing the current welding from 100 A to 160 A can significantly decrease the
hardness values on main metals samples significantly. Additionally, the use of the welding wire type of RD-46 (1), LB-52
(2), and RB-26 (3) can also significantly decrease the hardness values on main metals samples significantly. It is clear from
the graph that the minimum current welding parameters at 100 A and the use of the RD-46 welding wire will produce
maximum hardness values in the main metal samples.

Hardness values in main metals (HV10)
S

Cumrent of welding (A) . : Type of welding wire
Fig. 6. Response of the surface to hardness values in the main metal samples

3.5 Optimum parameter values

The model's desirability value close to one is the most desirable because it increasingly indicates the importance of
optimization accuracy. The desirability value indicates the level of satisfaction of the specified criteria. Based on optimization
through RSM, this method shows that the prediction of the most optimal conditions is in a RB-26 wire type, current weldings
of 100 A, and ASTM-A517-G70 material testing is recommended as the most optimal formula solution because under this
process condition it has the highest desirability value (71.6%). Therefore, it can be concluded that the process conditions with
these parameters will produce tensile strength, Charpy impact energy, hardness values in welding metal and hardness values
in main metal are 575.64 MPa, 110.69 J, 216.75 (HV10) and 126.6 (HV10), respectively. The results of this study indicate
that optimization using RSM can lead to more optimum weld joint strength optimization (Kavitha et al., 2021; Sugito et al.,
2022).

Desirability

Tensile strength (MPa) 3 Charpy impact absorbed energy (Joule)

C Cument of welding (&)
C:Current of welding (4)
C: Current of welding (&)

[ [Prediction 110694]

T T

12 14 1 18 2
A Material of testing (n/a) A Material of testing (n/a) A Material of testing (n/a)

Hardness values in welding metals (HV10) Hardness values in main metals (HV10)

C: Cument of welding (4)
C: Cumrent of welding ()

16

Fig. 7. Optimization of the strength of weld connectivity by desirability function
4. Conclusions

Optimization through response surface methodology using three types of wire (RD-46, LB-52 and RB-26) and three
current weldings (100, 130, and 160 A) on the strength of welding connection in two types of material testing (IWF-150 and
ASTM-A517-G70) has been extensively investigated. The combination of parameters does not significantly affect the tensile
strength response of the welding results. However, each parameter significantly affects the tensile strength of the welding
results, except for the test material. The combination of parameters significantly affects the Charpy impact absorbed energy
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response of the welding results. Furthermore, each parameter has considerably affected the tensile strength of the welding
results, excluding the testing material. The test material, type, and welding current significantly affect the response of the
hardness values in the welding metal samples to the welding results. Additionally, a combination of testing material with a
welding wire has a significant effect on the response of hardness values in welding metal samples except for the combination
of testing material with current welding and a type of welding wire with current welding. The test material, the type of welding
wire, the welding current, and the combination of both parameters have significantly affected the response of the hardness
values in the main metal samples of the welding results except for the combination of all parameters. The response surface
methodology combined with the desirability function in this research recommends a formula for wire types RB-26, current
weldings of 100 A and ASTM-A517-G70 material testing with the highest desirability value of 71.6%. By applying this
formula, the optimization of tensile strength, Charpy impact-absorbed energy, hardness values in welding metal and hardness
values in main metal are 575.64 MPa, 110.69 J, 216.75 (HV10) and 126.6 (HV10), respectively. RSM has accumulated a
substantial amount of knowledge in a short period of time and with the fewest feasible experiments.
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