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Table 1 Chemical compositions of base metal and filler wire (mass fraction, %)

Material C Si Mn P Cr Ni Mo Cu Al Fe
Base metal 0.23 0.5 1.05 - 0.17 - - - 0.05 Bal.
Welding wire 0.0740 0.6300 1.7800 0.0070 0.0010 0.4400 2.1800 0.5700 0.2100 - Bal.
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Fig. 1 Microstructures of coating and 22MnB5 steel™. (a) Before hot stamping; (b) after hot stamping
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Fig. 2 Schematics of oscillation laser filler wire welding of Al-Si coated 22MmBS5 steel. (a) Schematic of welding; (b) schematic of

oscillation path™”
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#2 HRESH
Table 2 Welding parameters

Serial number Laser power /W

Welding speed /(m/min)

Oscillation frequency /Hz ~ Oscillation amplitude /mm

LW 1500 3
OLFW1 5500 3
OLFW2 5500 3
OLFW3 5500 3
OLFW4 5500 3

0 0
140 0.5
200 0.5
260 0.5
320 0.5
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Fig. 3 Metallographic and tensile sampling locations and tensile sample size. (a) Sampling locations”™; (b) size of tensile sample™”
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P4 #5330 % R IR 4 B 47 () 05 (b) 140 Hz; (¢) 200 Hz; (d) 260 Hz; (e) 320 Hz
Fig. 4 Weld section morphologies under different oscillation frequencies after hot stamping. (a) 0; (b) 140 Hz; (¢) 200 Hz; (d) 260 Hz;
(e) 320 Hz
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Table 3 Dimensions of weld and area proportion of melted coating in weld

Oscillation frequency /Hz ~ Upper weld width /pm  Lower weld width /pm ~ Melting area /pm” Area ratio of coating / %

0 1257 786 962076 6.37
140 1868 1392 2144698 4.56
200 1620 1458 2079540 4.44
260 1844 1521 2320400 4.35
320 1682 1417 2137743 4.35
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PSR b G AN R 42 30 R T A KR 4 O 21 . () (b) 0
(c)(d) 140 Hz; (e) (f) 200 Hz; (g) (h) 260 Hz;
(1)(j) 320 Hz
Fig. 5 Microstructures of welds under different oscillation
frequencies after hot stamping. (a)(b) 0; (¢c)(d) 140 Hz;
(e)(f) 200 Hz; (g)(h) 260 Hz; (1)(j) 320 Hz
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Fig. 8 Hardness distributions of LW and OLFW2 welded

joints after hot stamping
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Fig. 9 Fracture locations of welded joints after hot stamping. (a)(b) LW welded joint; (c)(d) OLFW2 welded joint
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Fig. 10  Fracture morphologies of welded joints after hot stamping. (a)-(c) LW welded joint; (d)-(f) OLFW2 welded joint
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Fig. 11 Microstructures of welds before hot stamping. (a)(b) LW weld; (¢)(d) OLFW2 weld

Xk P Rl AR T2 A ) R ) 2 B R AT D
ORI ME, SR IR A Frs o i TR 22 19 51 AR

Bl IOE IR TR b R B, OLFW 2 12 4% 1 g Al
JUF 5 B0 B, ALY I o B Y E B BT LW,

1602106-7



2505 £ 16 H1/2023 £ 8 H/HEH*¢
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Table 4 Chemical compositions of LW and OLFW2 welds

(mass fraction, %)

Weld Al Si Cr Mn Fe Ni

LW weld 2.16 048 0.17 1.23 95.96 -

OLFW2weld 1.38 0.57 0.17 1.39 96.13 0.36
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Abstract

Objective Al-Si-coated press-hardened steel is a type of ultra-high-strength steel having both lightweight and safety properties.
Owing to the presence of the Al-Si coating, Al segregation and ferrite formation occur in the weld during conventional laser welding,
which significantly deteriorates the mechanical properties of the welded joints. The inhibition of Al segregation and ferrite formation is
key to improving the mechanical properties of welded joints. In this study, based on the stirred melt pool characteristics of an
oscillating laser beam and dilution effect of the welding wire, oscillating laser welding with a filler wire was used to improve the
overall weld formation and reduce the ferrite formation in the weld. Compared with conventional laser welding, after hot stamping,
the average hardness, tensile strength, and elongation of the welded joints assembled with oscillating laser filler wire welding were
increased to 471 HV, 1561 MPa and 3.1%, respectively, which were increased by 20.2%, 8.4%, and 61.5% compared with those

of conventional laser-welded joints.

Methods The effects of the oscillation frequency on the weld formation, microstructure, and mechanical properties of joints were
investigated using oscillating laser welding with Al-Si-coated 22MnB5 steel filler wire. Oscillation laser welding process with filler
wire was compared with conventional laser welding to investigate the suppression of ferrite in the weld. Optical microscopy and
scanning electron microscopy were used to analyze the weld formation, microstructure, chemical composition, and fracture
morphology of the joints. The weld hardness was measured using a hardness tester, and the mechanical properties of the joint after
hot stamping were measured using a universal stretching machine and extensometer. The equilibrium phase diagram of the laser

welding process was calculated using the Pandat software.

Results and Discussions The absence of filler material during conventional laser welding resulted in a concave weld surface.
Oscillating laser welding with filler wire improved the weld formation; subsequently, the weld seam was fuller (Fig. 4). Compared
with conventional laser welding, oscillating laser welding process with filler wire significantly reduced the area ratio of coating in the
weld and diluted the Al content in the weld. The Al mass fraction in the weld decreased from 2.16% to 1.38% (Table 4), and the
primary 8 -ferrite volume fraction in the weld pool decreased from 82% to 71% (Fig. 12). The formation of & -ferrite could be
significantly inhibited by the oscillating laser welding process with filler wire. After hot stamping, the content of a-ferrites in the weld
decreased significantly with an increase in the oscillation frequency from 0 Hz to 200 Hz (Fig. 6). Compared with conventional laser-
welded joints, the hardness, tensile strength, and elongation of the welded joint assembled with oscillating laser filler wire welding
increased by 20.2%, 8.4%, and 61.5%, respectively.

Conclusions In this study, 1.5 mm thick Al-Si coated 22MnB5 steel was welded using the oscillating laser with filler wire, and the
resulting characteristics were compared to those obtained with conventional laser welding. The cross-sectional shape of the
conventional laser welded seam was “Y” shaped, and the upper and lower surfaces were concave. The volume fraction of a-ferrite in
the weld after hot stamping reached 36.73% , and the hardness, tensile strength, and elongation of the welded joint were 392 HV,
1440 MPa, and 1.92%, respectively. The shape of the weld was improved by using oscillating laser welding with filler wire. The
content of Al in weld was diluted and content of 3-ferrite was reduced. When the oscillation frequency increased from 140 Hz to 200 Hz,
the volume fraction of a-ferrite in the weld decreased from 30.14% to 11.51%. As the oscillation frequency continued to increase to
320 Hz, the fluctuation of a-ferrite content in the weld became not significant. After optimizing the parameters, the hardness, tensile
strength, and elongation of the joint increased to 471 HV, 1561 MPa, and 3.1% , respectively. Because a-ferrite formed in the weld
under both welding processes after hot stamping, the joints all fractured at the weld. The brittle zone of the fracture that occurred in
the conventional laser-welded joint was the cleavage plane with the river pattern, and the ductile zone was small and shallow. The
area ratio of the brittle zone was greater than 80% , which was typical of brittle fractures. Compared with that in the conventional laser
welding, the area ratio of the ductility zone in the fracture of the welded joint in oscillating laser filler wire welding was more than
90%; accordingly, the ductility of the welded joint was improved.

Key words laser technique; oscillating laser welding; hot stamping steel; Al-Si coating; welding wire; microstructure; mechanical
properties
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