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Effects of welding direction and residual stress on the Laser welds
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Abstract

Finite element analysis and experiment were performed to estimate the fatigue strength for the lap joint
of laser weld. To consider quantitatively residual stress which effects on the fatigue strength of the lap
joint of laser weld, after three dimensional modeling for the longitudinal and transverse direction, residual
stress fields in the weldment were calculated using thermo-elastic-plastic finite element analysis, then the
equivalent fatigue stress considering the residual stress was obtained. To ensure reliability of calculated
fatigue strength, fatigue tests were performed. The calculated and experimental results showed a good
agreement. The fatigue strength considering a residual stress was lower than that of without considering a
residual stress in the lap joint of laser welding. The fatigue strength in the transverse direction was higher
than that of longitudinal direction.

Key word : Fatigue strength, Laser welding, Residual stress, Sine's method, Finite element analysis(FEA),
Plastic deformation
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(b) Boundary condition of longitudinal direction

Fig. 1 Boundary condition for finite element

analysis
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(b) Mechanical properties

Fig. 2 Temperature dependent material
properties
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(b) Finite element mesh for transverse direction

Fig. 3 Finite element mesh for three-dimensional

analysis
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(b) Longitudinal direction welding

Fig. 4 Schematic diagrams of fatigue test
specimens (all dimensions, mm)
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Table. 1 Welding conditions and size of fusion
and heat affected zone (HAZ) of

specimens
—
Specimen type| Laser power |Welding speed
Trgnsvgrse 2 Kw 2 m/min
direction
Longitudinal 2 Kw 2 m/min
direction
Fusion Zone | Fusion Zone HAZ
(Upper) (Rear) (Upper)
Experiment, | Experiment, | Experiment,
FEM FEM FEM
2.0mm, 0.8mm, 2.3mm,
2.14mm 0.75mm 2.43mm
2.1mm, 0.9mm,
2.2mm 0.84mm
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Table. 2 Fatigue test conditions for Tensile-
shear specimen

Control Specimen Tensile-shear test
Control method Load control
Load ratio 0(0/tension)
Frequency 15Hz
Wave form Sine curve
Fatigue life 1.0x(10°Cycles)
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(d) Von mises stress

Fig. 5 Residual stress distribution after lap
laser welding of transverse direction
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(d) Von mises stress

Fig. 6 Residual stress distribution after lap
laser welding of longitudinal direction
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(a) Von Mises stress (tensile shear)

(b) Von Mises stress (tensile shear + residual stress)
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(C) Von Mises stress (tensile shear)
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(d) Von Mises stress (tensile shear + residual stress)

Fig. 7 Stress distribution for tensile shear
loading (2940N) of lap laser welding

2 ug 927
Jw} gl 7

S50 (DAS o183

o 57} a%miﬁa% ARR F ()49 =

Aol RSt vl BAS o] Sahel,
=

Ej
UQ
(0]
s
i
©
=
30
9

Journal of KSLP, Vol. 5, No. 3, December 2002

F8H B O AFSAL D29 |23 W=
w0l AFAL RN B A5E W2
FyEn o ge A2EUe e ¢ 4 9
ok mep] ARl dold gdRel W=y
= AU 9%S vNE IAYS S & 9

ot dA3E I25E JINE AFE] s
o, Fig. 84 92 A4d ZAAAE JYehiyEy)
d&d 29 Addxrt 393 A
& 4 vk 2Elx Fig. 9& Fig. 89 A#E
23] BE o2y gzsdon A Az

& Asolch, FUFEAl PPEHLY BY
FsRod o e Azede e ¢ 4
Ak ol SAT B wEaF Had
PIE §49 ASE %o Pun Ay
AFAFEY P y&FH F2& o721 e
W, T §49 AL 9veE wa
4o QAT BIA x5 sYsne 5
Z482 do AzFde o W) AdYtn
20€ *’
S Calculated without 1
& - Residual Stress Effecy
=
‘; 15C - J
¢ N
;i 100 Calculated with
g Residual Stress F[fect/ \
é 50 Experimental data
0 L
1.0E+04 1.0E+05 1.OE+06 1.0E+07

Number of Cycles

(a) Transverse direction welding

20
fé Calculated without Residul
= Stress effect
DRt e /
3 %,
= .,
wv *
= 100 O
= . N e ]
o Experimental data *
i . .
& 50
Calculated with residual stress
effect
0
1.E+04 1.E+05 1.E+06 1.E+07

Number of cycles

(b) Longitudinal direction welding

Fig. 8 Experimental and calculated fatigue lives
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Fig. 9 Calculated fatigue lives Comparison of
longitudinal direction and transverse
direction
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