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The Effect of Welding Current and Welding Speed
on Hardness and Structure of Lap Joint Between SS400
Steel and SUS304 Stainless Steel in Robotic Gas Metal

Arc Welding Process
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ABSTRACT

The objective of this research was to investigate the influence of welding current and
welding speed on the hardness, macrostructure, and microstructure of lap joints between
SUS304 stainless steel and SS400 carbon steel. Using a robotic Gas Metal Arc Welding process
in a vertical-down position, the research utilized an ER309L filler wire with 100% argon shielding
gas. Welding parameters included three current levels (120, 140, and 160 A) and three welding
speeds (200, 250, and 300 mm/min). The results indicated that increasing the welding current
increased the weld bead's width, height, and penetration. Conversely, these properties decreased
with an increase in welding speed. A maximum weld bead hardness was achieved at a current
of 140 A and a speed of 250 mm/min. Macro and microstructural analysis showed no surface
discontinuities. The changes in welding current and speed influenced the microstructure, which

correlated with the hardness results.

Keywords: Gas metal arc welding; Welding robot arm; Macrostructure; Microstructure; Lap joint
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Table 1 Chemical compositions of materials and electrodes used on this study.

Chemical compositions Materials and electrodes
(Wt.%) SS400 SUS304 ER309L

Cr - 18.0 24.5
Ni - 8.8 13.0
C 0.15 0.08 0.025
Mn 0.203 2.0 1.88
0.007 - 0.02

0.008 - 0.01

Si - - 0.40
Mo - - 0.35
N - - 0.10
Cu - - 0.35
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Table 2 Mechanical properties of materials and electrodes used on this study [13].

Mechanical properties Materials and electrodes
SS400 SUS304 ER309L
Yield Strength (MPa) 205-245 205 Min 205 Min
Tensile Strength (MPa) 400 - 510 520 Min 510 Min
Elongation (%) 40 Min 25 Min
Reduction of area (%) 60 Min 60 Min
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yuadusuguinaaadeninty 1.2 fadwnas Mufaensnou (99.99% An) Tunsunaquuin
\Foudisnsnislva 12 dns/unil szeyuvesannidonnsiiie 10 faduns

direction

Travel angle
Figurel Characteristics of lab joints and welding directions.
Table 3 uanssudsfildlunismaass Ioun Anszualiidon 3 sedu fie 120, 140 way 160
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Table 3 Factors of experimental.

Factor Low Medium High
Current (A) 120 140 160
Welding speed(mm/min) 200 250 300
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Figure 7 Effects of welding current and speed on width and height of weld.
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Figure 8 Effects of welding current and speed on penetration depth of weld.
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Figure 9 Effect of hardness testingof 140 A current with various welding speeds.
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Figure 10 Effect of hardness testing with a welding speed of 250 mm/min at varied currents
of 120, 140, and 160 A.
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