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Comparative Study on the Microstructure and Properties of Joints of Zinc-Aluminum-Magnesium Coated

Steel Sheets Joints Welded by Laser Welding with Galvanometer Scanning and Tungsten Inert Gas Welding
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Abstract To address issues such as weld crater defects, coating burn-off and rupture, and cracking in tungsten inert gas
(TIG) welded galvanized aluminum-magnesium steel plates, as well as to enhance joint strength, galvanometer-scanned laser
welding (GSL.) was employed for welding zinc-aluminum-magnesium coated steel plates. The GSL joints were comparatively
analyzed against TIG joints. The macroscopic morphology, microstructure, and mechanical properties of the welded joints pro-
duced by the two different processes were examined using optical microscopy, scanning electron microscopy. and a tensile tes-
ting machine. The results indicate that the microstructure of the GSIL. weld zone consists of acicular and blocky polygonal ferrite
along with a small amount of granular bainite. In contrast, the TIG weld zone microstructure comprises irregular blocky ferrite
and granular bainite. Furthermore. the higher heat input of TIG welding led to the formation of a Widmanstétte structure in the
weld metal. Compared to TIG joints, GSL joints exhibit significantly finer grain size and a narrower heat-affected zone, which
are beneficial for improving joint performance. The tensile strengths of both GSL and TIG joints are similar to that of the base
material. However, the elongation of GSL joints is approximately 6% higher than that of TIG joints, demonstrating superior

ductility.
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Table 1 Chemical composition of zinc-aluminum-magnesium coating plate (SCS400)

Element (. Si

Mn P S Fe

Mass fraction/ % 0. 060 0. 030

0.260 0.009 0. 002 Bal.

R 2 HmFEEREM(SCS400) 1= HE6E

Table 2 Mechanical properties of zinc-aluminum-magnesium coating plate (SCS400)

Yield strength R, /MPa

Tensile strength R,,/MPa

Elongation A/ %

439. 0

526. 0 22,9
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Microstructure of the base material
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Fig. 2 Dimensions of the tensile test specimen
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Table 3 TIG welding process parameter table
Peak Base Frequency/ Initial Arc closing Welding Early gas Lagging
current/ A current/ A Hz current/ A current/A  speed/(mm ¢ min ') delivery time/s down time/s
110, 0 24.0 2, 0 20,0 80. 0 135, 0 0.5 10, 0

R B OR 8 HE B 50 o FH R 2L TF 4 1 4 0 o
a1l (full domain power modulation, FDPM) iz

REEERSG (LU IR FDPM &40) #47, 5 H
MESC 6 kWiEOtar Ik Ba A MiiR 2 R 4. LML
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Fig. 3 Schematic diagram of the full-field power modulation galvanometer laser welding system and its principle

(a) Power control of 36-phase point; (b)phase point distribution of circular scanning trajectory
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Table 4 Galvanometer laser welding process parameter table
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Number _
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Fig.4 Macroscopic appearance of joints under different welding processes
(a) TIG welding; (b)scanner laser 100 Hz; (c¢)scanner laser 150 Hz; (d)scanner laser 200 Hz
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Fig.5 Crosssection morphology of joints under different welding processes
(a) TIG welding; (b)scanner laser 100 Hz; (c¢)scanner laser 150 Hz; (d)scanner laser 200 Hz
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Table 5 Comparison of tensile properties of welded joints

Parameter Weld seam width/mm Heat-affected zone width/mm
TIG 5. 807 3. 554
Galvanometer laser 100 Hz 2. 580 0.621
Galvanometer laser 150 Hz 2. 450 0. 583
Galvanometer laser 200 Hz 2. 360 0.492
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Fig. 6  Microstructure of TIG and oscilloscope scanning laser welded joints (incomplete phase change zone)
(a) TIG welding; (b)scanner laser 150 Hz
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Fig. 7 Microstructure of the weld zone in joints welded by TIG and galvanometer laser welding

(a) TIG welding; (b)scanner laser 100 Hz; (c¢)scanner laser 150 Hz; (d)scanner laser 200 Hz
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Fig. 8 Microstructure of the heat-affected zone in joints welded by TIG and galvanometer laser welding
(a) TIG welding; (b)scanner laser 100 Hz; (c¢)scanner laser 150 Hz; (d)scanner laser 200 Hz
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Fig. 9 Tensile test fracture specimens under

different welding processes
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Fig. 10 Stress-strain curve of the tensile test specimen
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Table 6 Comparison of tensile properties of welded joints

Parameter Maximum force F/N  Tensile strength R,,/MPa Elongation A/ % Rupture part

TIG 9 660. 15 473.5 22 O Heat-affected zone
Galvanometer laser 100 Hz 0 ¥8h, 2b 477, 2 28.4 Base material
Galvanometer laser 150 Hz 9 746. 37 477.9 28.5 Base material
Galvanometer laser 200 Hz 9 874. 34 484, 1 28.0 Base material
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