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Study of Weld Metal Solidification Characteristics and Relationship
between Microstructure and Microhardness in Pulsed Laser Welding
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Abstract The welding test of DP500 dual-phase steel sheet of 0.65 mm is implemented by the Nd: YAG solid pulsed
laser welder. The pulsed laser weld surface and cross-section morphology are analyzed, and the paper focuses on the
weld solidification characteristics under different pulse laser frequencies and the relationship between microstructure
grain and microhardness. The result shows that each of the welding spots forming the weld seam can be divided into
two parts: welding spot overlap region and unoverlap region. With the change of the pulse laser frequency, the
morphology of weld and the welding spot overlapping ratio both change, and the microstructure grain exhibits
heterogeneity. Meanwhile, microhardness distribution appears to be fluctuant, the minimum microhardness value
appears in the welding spot overlap region, while the maximum microhardness value appears in the unoverlap region.
With the pulse laser frequency increasing, the difference of microstructure grain decreases and the fluctuation of the
microhardness distribution along the longitudinal section of the weld center is also gradually reduced.

Key words laser technique; pulsed laser welding; weld solidification characteristics; microstructure; dual-phase
steel; microhardness
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Table 1 Chemical composition of DP500 steel

(mass fraction, %)

C Si Mn Cr P S Al
0.046 0.31 1.47 0.23 0.013 0.0013 0.047

2.2 RWHE
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Table 2 Process parameters of pulsed laser welding

Pulse Pulse Pulse Welding Laser
Number
frequency /Hz voltage /V duration /ms speed /(mm * min ') power /W
1 12 250 4 300 60
2 20 250 4 300 108
3 28 250 4 300 165
4 32 250 4 300 189

3 IR 50
3.1 Bk Bt AR 48 5E B AE
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Table 3 Overlapping ratios for various pulse frequencies

Pulse frequency /Hz 12 20 28 32
Overlapping ratio O, /% 48.5 72.9 81.8 85.5

(0) f=20 Hz

welding direction

[ ——

(c)f=32 Hz

BT AN Tl Jk b 03 3 o 4 2 T 0 3 14 0 A R 2

Fig. 1 Weld surfaces and corresponding cross-sections morphology with various pulse frequencies
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Fig. 2 Contrast of microstructures of the welds with various pulse frequencies as viewed from top direction
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Fig. 3 Contrast of microhardness distribution along the
weld center as viewed from top direction under

various pulse frequencies
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