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The Effect of residual stress on fracture behavior in the laser weldment

Cho, Sung Kyu', Yang, Young Soo

Noh, Young Jin™"

'Hyundai Steel
“Chonnam National University, School of Mechanical Systems Engineering
""Chonnam National University Graduate School, Mechanical Engineering

ABSTRACT

The integrity of laser welded structures is decided in fracture strength and fatigue strength. This
study made an effort to understand the fracture behavior considering residual stress. Experiments are
conducted and analyses are performed to explore the influence of residual stress on fracture behavior
of bead-on laser welded compact specimen. Fracture experiments are performed using ASTM 1820.

The performed analyses included thermo-elasto-plastic analyses for residual stress and subsequent

J-integral calculation. A modified J integral is calculated in the presence of residual stresses. The

J-integral is path-independent for combination of residual stress field and stress due to mechanical

loading. The results indicates that the tensile residual stress near crack front bring the low fracture
load while the compressive residual stress bring the high fracture load compared to no residual stress
specimen. These results quantitatively understand the influence of residual stress on fracture behavior.
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Table 1. Chemical composition of SS400

Material Chemical composition (wt, %)
C Si Mn P S
S$S400
0.142 0.171 0.85 0.015 0.004

Table 2. Mechanical properties of SS400

Material Mechanical properties
Yield | Ultimate | Young’s | Poisson’s | Hardening | Hardening
5400 strength | strength | modulus { ratio | exponent | constant
256
441MPa | 200GPa | 03 437 79
MPa

Table 3. Laser welding processing parameter

Material Laser welding processing parameter

CT specimen Power  |Welding speed| Shield gas

(S5400)

12 kW 1 m/min

He, 12 I/min

Fig. 1 The bead-on laser welded compact specimen.
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Fig. 2 Schematic of experiment apparatus.
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Fig. 3 The flowchart of J-integral calculation.
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Fig. 5 Finite element mesh of welding line overlapped
from crack front.
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Fig. 9 Longitudinal residual stress distribution of x-direction.
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Fig. 11 Comparison of J-integral when specimen fractures.
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