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Numerical Analysis of Elastic-Plastic Deformation Evolution and Fracture
Behavior in Tensile Process of Laser Lap Welded 301L Joints
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School of Mechanical , Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China

Abstract The elastic-plastic deformation evolution, stress distribution and tensile {racture behavior during the
tensile process of laser non-penetrating lap welded joints of the 301L stainless steel plates with different thicknesses
are studied by the numerical analysis methods. The finite element model of laser welded joints is established and the
simulated tensile curves of welded joints are in a relatively good agreement with the experimental results. With the
increase of tensile load, the plastic deformation of welded specimens extends from the base metal near the weld
interface to both of the weld interface and the base metal. In contrast, with the increase of the ratio of weld width to
plate thickness, the plastic strain zone of welded specimens extends gradually from the vicinity of weld interface to
the base metal. The tensile fracture displacement increases with the increase of plastic deformation zone. Moreover,
when the ratio of weld width to plate thickness is higher than 0. 75 and the fracture displacement of welded
specimens is larger than 5 mm, the fracture strength is relatively high and the shear fracture strength of laser weld
is about 794 MPa.
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Table 1 The chemical composition and mechanical property of 3011L.-DLT sheet

Mass fraction /%

Sheet o.,/MPa  o,/MPa 8 /%
C Si Mn P S Ni Cr
301L-DLT  <<0.03 <1.0 2.0  <<0.045 <<0.03 6-8 16-18 <0.2 =>350 =>700 >40

@ 160
* inner sheet tlt
p | 1
{ !
outer sheet * L, =40 —1

B RO R MR . (O RS () 5ed)

Fig. 1 Laser lap welded tensile specimen. (a) Dimension; (b) real map
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(a) 0.84+2.05(b) 2.0+2.0

Fig. 2 Microstructures of laser-welded joints. (a) 0.8+2.0; (b) 2.0+2.0
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Fig. 3 Microhardness distribution of laser welded joints
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Table 2 Geometric size of laser lap welded specimen

Penetrating plate

Facade plate

Interfacial weld Weld depth of facade

Specimen thickness ¢, /mm thickness ¢, /mm width b, /mm plate ~ /mm
0.8+2.0 0.8 2.0 0.85 0.30
2.0+2.0 2.0 2.0 0.90 0.30
800
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Fig. 4 Tensile curves of welded specimens
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Table 3 Tensile experimental results

Weld width Fracture Fracture
Specimen b/t . Fracture position
b./mm displacement /mm load /(Nemm ")
0.8+2.0 0.85 1.06 15.72 571.98 Weld
2.0+2.0 0.90 0.45 1.29 660.98 Weld

2 mm

5 AR, (2) 0.8+2.05(b) 2.0+2.0
Fig. 5 Fracture modes of tensile specimens. (a) 0.8+2.0; (b) 2.0+2.0
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Table 4 Material properties of weld and base material in model

Material Elastic modulus /GPa Poisson ratio Yield strength /MPa
Sheet 206 0.3 380
Weld 200 0.3 360
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Fig. 6 Mesh of laser welded 2.0+2.0 specimen
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Fig. 7 Equivalent plastic strain analysis of 0.8+ 2.0 specimen. (a) Comparison of experimental and simulated tensile

curves; (b) equivalent plastic strain distribution at point A; (c) equivalent plastic strain distribution at point B;

(d) equivalent plastic strain distribution at point C; (e) equivalent plastic strain distribution at point D
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Fig. 8 Equivalent plastic strain analysis of 2.0+ 2.0 specimen. (a) Comparison of experimental and simulated tensile

curves; (b) equivalent plastic strain distribution at point E; (c) equivalent plastic strain distribution at point F;

(d) equivalent plastic strain distribution at point G; (e) equivalent plastic strain distribution at point H
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Fig. 9 Mises stress distribution within weld when
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Table 5 Comparison of simulated and experimental tensile fracture displacements of 1.5+1.5 specimen

Experimental tensile fracture

Specimen b/t

displacement /mm

Simulated fracture
Error /%
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Fig. 12 Equivalent plastic strain distributions of 2.0+2.0 tensile fracture specimens under
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