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Factors affecting tensile-shear strength properties of lap joints between SS400 carbon
steel and SUS304 stainless steel using gas metal arc welding process
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Abstract

This research aims to study the factors affecting the tensile-shear strength of lap joints between SS400 carbon steel
and SUS304 stainless steel welded using the gas metal arc welding process (GMAW) in the vertical down position
with a welding robot arm. The experimental variables include three welding parameters, each with three levels: welding
current (120, 140, and 160 amperes) and welding speed (200, 250, and 300 millimeters per minute). A full factorial
design was employed to analyze the data variance, main effect, and interaction effects on shear-tensile strength. The
results demonstrate that welding current and welding speed had a significant influence on the shear-tensile strength
of the lap joints. When welding at a constant speed, increasing the welding current resulted in higher tensile-shear
strength and a wider weld bead size. However, increasing the welding speed led to a decrease in tensile-shear strength
and narrower weld beads. The trend of the average bent angle was consistent with that of the tensile-shear strength.
When welding at a constant welding speed, a higher welding current resulted in a higher bend angle average, while
increasing the welding speed lowered the bend angle average. A welding current of 160 A and 200 mm/min speed

yielded the highest tensile-shear strength.

Keywords: Lab joints, tensile-shear strength, gas metal arc welding process, SS400 carbon steel, SUS304 stainless

steel.
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Chemical compositions of materials and electrodes used in the study.

materials and

Chemical compositions (%)

electrodes

Cr Ni C Mn P S Si Mo Ni Cu
SS8400 0.051 0.047 0.116 0.542 0.012 0.014 - 0.009 0.047 0.179
SUS304 18.513 7.983 0.078 1.763 0.021 0.008 - 0.235 7.983 0.306
ER309L 24.5 13.0 0.025 1.88 0.02 0.01 0.40 0.35 0.10 0.35
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Figure 1 The characteristics of the lap joint
and the welding direction.
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Figure 3 Preparation specimen of a tensile-shear strength
test according to the ASTM D1002 — 99 standards.
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Figure 4 (a) tensile-shear strength test on universal testing machine (b) Bent angle measurement.
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Figure 5 Surface characteristics of the weld seam at a welding current of 140 A
and the welding speeds of (a) 200 mm/min, (b) 250 mm/min, and (c) 300 mm/min.
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Figure 7 Surface characteristics of the weld seam on a welding speed of 250 mm/min
and the welding current of (a) 120 A, (b) 140 A, and (c) 160 A.
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Figure 8 Width of weld seam when using a welding speed
of 250 mm/min on the welding currents of 120, 140 and
160 A.
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Table 2  Tensile-shear strength results on different welding currents and speeds.
Tensile shear strength (N/mm?)
Average
Current Speed Average TSS
) Sample ) bent angle
(A) (mm/min) (N/mm°®)
(Degree)
1 2 3 4 5

200 283.6 2191 303.9 343.9 337.0 297.5+50.3 13.2#1.3

120 250 299.4 416.5 2449 255.0 228.5 288.8+76.0 11.4£1.5

300 345.2 274.2 310.9 211.5 253.2 279.0+51.6 8.2+1.5

200 466.4 503.8 510.1 425.7 502.2 481.6+35.7 29.4+1.7
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Figure 9 The result of tensile-shear strength on (a) welding speed and (b) welding current.
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Figure 10 The result of bent angle on (a) welding speed and (b) welding current.
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Main Effects Plot for Tensile-shear strength
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Figure 12 (a) Main effect and (b) Interaction plot of tensile-shear strength.
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