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Evaluation of tensile strength according to welding variables in
GMA welding of SAPH440
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Abstract This study evaluated the tensile properties of SAPH440, a hot-rolled steel for automotive
structural applications, based on GMAW lap welding, the welding current, the welding voltage, and the
feed rate. Tensile tests were performed according to the joint parameters of the GMAW process, for
which specimens were fabricated according to KS B ISO 9018 by lap welding. The bead appearance was
observed in each condition, and the weldability was evaluated by the tensile test. Higher the welding
current resulted in a deeper weld, but the tensile strength was not significantly different from when the
parameter was fixed due to the fracture of the base material. When the current was higher than the
voltage, as in the case of a welding current of 200 A and welding voltage of 17 V, a large amount of
spatter is generated, the welding is unstable, and the welded part breaks. Higher the voltage resulted in
the bead not causing defects in general, and it also affected the weldability. If the current and voltage
were too low, the welding was not performed normally, and the tensile strength could not be measured.

However, as the current increased, the increase of the voltage and the feed rate did not affect the tensile strength.
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Table 1. Mechanical characteristics of base metal and filler metal

Yield strength Tensile strength Elongation
(MPa) (MPa) %)
SAPH440 (Base) 275~305 >440 29~35
SM-70 (Filler) 440 540 28
Table 2. Chemical compositions of base metal and filler metal [wt%]
C Si Mn P S Al
SAPH440 (Base) - - - 0.040 0.040 -
SM-70 (Filler) 0.07 0.83 147 0.017 0.020 -
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Table 4. Tensile strength in welding speed 300mm/min Unit:MPa
(Al ) 17 18 19 20 21 22 23 24
150 - 352.4 440.5 477.9 469.5 - - -
160 480.1 473.0 479.4 473.5 470.5 - - -
170 - 480.9 482.5 477.9 473.6 476.5 - -
180 - 445.4 475.7 469.8 473.3 480.1 - -
190 - - 479.9 472.1 469.3 478.1 477.0 -
200 - - 479.4 471.7 467.5 473.9 470.3 483.9
Table 5. Tensile strength in welding speed 420mm/min Unit:MPa
(Al ) 17 18 19 20 21 22 23 24
150 - 183.7 466.5 4554 473.4 - - B
160 457.4 468.9 453.2 4543 472.6 - - -
170 - 473.0 447.8 477.2 484.5 462.4 - -
180 - 464.7 476.3 478.0 480.4 479.5 - -
190 - - 441.0 469.8 473.7 478.6 484.1 -
200 - - 474.2 464.9 476.2 482.6 463.1 480.9
Table 6. Tensile strength in welding speed 540mm/min Unit:MPa
R N B 18 19 20 21 2 23 2
150 - - 468.7 467.9 463.5 - - -
160 321.4 459.4 474.0 479.6 463.3 - - -
170 - 195.3 462.5 452.6 463.2 480.5 - -
180 - 182.6 457.8 473.9 483.8 476.7 - -
190 - - 459.6 468.9 465.6 456.2 475.9 -
200 - - 464.0 457.4 451.1 477.2 463.8 476.9
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Fig. 2. Tensile shear strength with Voltage according
to welding speed 300mm/min
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Fig. 3. Tensile shear strength with Voltage according
to welding speed 420mm/min
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Fig. 4. Tensile shear strength with Voltage according
to welding speed 540mm/min
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Fig. 5. Tensile shear strength with welding current
according to welding speed 300mm/min
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Fig. 6. Tensile shear strength with welding current
according to welding speed 420mm/min
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