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Table 1 Chemical composition of DP980 (/%)
C Mn Si Al Cr Mo Cu Fe
015 15 031 0.05 0.02 0.05 0.02 Balance

Kl 1 DP980 XUAH ¥ i) falt Wi 41 21
Fig.1 Microstructure of DP980 (F: Ferrite; M: Martensite):
(a) OM and (b) SEM
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Table 2 Thermo-physical properties of DP980 steel
Temperature/’C 25 125 325 525 725 925 1225

Specific heat

capacity, t/ 449 491 572 675 961 607 651
J{kg K)*
Thermal
conductivity/  69.5 66.5 55.1 44.3 405 36.6 36.6
W {m K)™

#* 3 DP980 HAIEETIZSH
Table 3 Welding parameters used for DP980

Laser Welding Defocusing Spot
power/kW  speed/mmin®  amount/mm  diameter/mm
4 1 0 0.6

Laser beam

DP980 Weld

L
r Clamping system -
SR S e

B2 R R s B A

Fig.2 Schematic illustration of the welded blank
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Fig.3 Temperature field (a) and cross-section (b) of welded joint
(A: supercritical zone; B: intercritical zone; C: softened

zone)
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Fig.4 Simulated thermal cycles
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Fig.5 Microstructures of the weld zone (M: Martensite): (a) OM
and (b) SEM
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Fig.6 Microstructures of heat affected zone (M: Martensite; F: Ferrite; TM: Tempered martensite): (a) supercritical zone (OM);

(b) supercritical zone (SEM); (c) intercritical zone (OM); (d) intercritical zone (SEM); (e) softened zone (OM); (f) softened

zone (SEM)
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Fig.7 Microhardness profile of the DP980 weld joint
(A: supercritical zone; B: intercritical zone;

C: softened zone)
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Fig.9 Deformation of tensile sample: (a) failed sample of welded
joint; (b) deformation in width direction; (c) SEM image
near the fractural; (d) SEM image of softened zone and

intercritical zone
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Fig.10 Microstructures of fracture surface: (a) base metal and
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(b) welded joint
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Fig.11 Deformed samples of welded joint after Erichsen test
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Fig.12 Major strain distribution of welded joint and base metal
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Temperature Field Simulation and Mechanical
Properties of Laser Welded DP980 Steel Joints

Jia Qiang®, Guo Wei*, Peng Peng’, Zhu Ying®, Zou Guisheng?
(1. Beihang University, Beijing 100191, China)
(2. Tsinghua University, Beijing 100084, China)

Abstract: High strength steel DP980 was welded using fiber laser, and the temperature field was evaluated via numerical simulation. The
results reveal that the peak temperature of weld center reached 3204 <C and then martensite microstructure forms after rapid cooling. The
fusion zone mainly contains martensitic microstructure with hardness 30% higher than that of the base metal. The ultimate tensile strength
of the fusion zone reaches 1115.7 MPa, while the elongation is decreased by 49.1% compared with that of the base metal. The stress-strain
curve of the softened zone exhibits obvious yield platform, and the ultimate tensile strength (850.7 MPa) is significantly lower than that of
the base metal (986.9 MPa). The ultimate tensile strength of the welded joint reaches 87.1% of that of the base metal, while the elongation
reaches 32.7% of that of the base metal. All the tensile and Erichsen test samples fail at the softened zone. The major strain of the base
metal is higher than that of the welded joint.

Key words: high-strength steel; laser welding; finite element modeling; microstructure; mechanical property
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