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Investigation of Modeling technique for Laser Welds in Crash Analyses
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Abstract : Recently, interest in the laser welding to assemble components of the auto-body has increased in the automotive
industry due to its productivity, efficiency and reliability. When car crash occurs, crash performance and deformation mode of
the auto-body are changed according to the location and shape of laser welds. In order to understand the crash behavior of auto-
body through the FE analysis, the laser welded parts should be modeled physically compatibly and simply. This paper
evaluates the compatible FE modeling technique for laser welds in crash analyses. A single laser welded part in a stich shape is
modeled by a group of numerous beam elements or hexahedron elements. FE analyses of cross tension test and lap-shear test
under the quasi-static condition were carried out according to the number of elements, panel mesh size, and the relative
position of the laser weld to the panel mesh. From the comparison between experiment and analysis results which are load and
displacement curve, suitable modeling technique, which has hardly influence on analysis results, for laser welds in crash
analyses is suggested.

Key words : Laser welding(2l]©]# &7), Stich laser weld(&@ A} #1°]#] &%), Beam element(}.2.4), Hexahedron
element(= A 2 4~), Cross tension test(A A} 217 A]8)), Lap-shear test(A &+ <18 A1¢)
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Fig. 1 Load characteristics acted by combined external forces on
the laser welded parts: (a) top view; (b) cross-section of the bead
under the general combined external forces.
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Fig. 2 Failure mode 1 and II: (a) Failure mode I by normal
force acting on the bead surface; (b) Failure mode II by shear
force acting on the bead surface.
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Fig. 3 Failure mode III by pure moment acting on the bead
surface: (a) schematic diagram of pure moment acting on the bead
surface; (b) decomposed normal force; (c) decomposed shear force.
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Fig. 4 SlmpI|f|ed modellng concept for the laser welded part.
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Fig. 5 FE modeling method of the laser welded part: (a)
simplified laser welding model with a number of beam
elements; (b) simplified laser welding model with a number
of hexahedron elements.
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Fig. 6 FE modeling method of the laser welded part using
precise solid elements.
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Fig. 7 Deformed shape of the specimen for the cross-tension test with different modeling of the laser welded part: (a) precise
solid elements; (b) simplified laser welding model with a number of beam elements; (c) simplified laser welding model with a

number of hexahedron elements.
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Fig. 8 Deformed shape of the specimen for the lap-shear test with different modeling of the laser welded part: (a) precise solid
elements; (b) simplified laser welding model with a number of beam elements; (c) simplified laser welding model with a
number of hexahedron elements.
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Fig. 9 Comparison of load-displacement curves with different
modeling of the laser welded part: (a) cross-tension test; (b)
lap-shear test.
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Fig. 10 Comparison of load-displacement curves with different number of elements to model the laser welded part in the cross-

tension test: (a) beam elements; (b) hexahedron elements.
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Fig. 11 Comparison of load-displacement curves with different number of elements to model the laser welded part in the lap-

shear test: (a) beam elements; (b) hexahedron elements.

N AREete] ARRRIGAIE B IGHTAIE ] <
Al AS AT} Fig. 103} Fig. 11258 o]
A SHTE EARH] 9lshe] *}%5& H&d\_ L
HA 949

7 e

Ho
4 f
¢

s 1l

2 ko

oft
S
)

-

_,d
i

oo
o
1
fru
[l

dot ¥0,
fo
[N
)
>
o

o r&ﬂ
i)
ra
(7
2
ofo
i)
s
o,
fit
|
2

o 7
)
td
>
e
Bl
bocd
dlo
o
o
=k
rot
io)

of MY A
2 r"r?i ﬂ 245 oA
oAl &4
1% A #lo] A
A5 skl skARk
3l A of| A= 5mm°ﬂ*ﬂ

34 Bo|ld 8H8EY AL
Ok D}*Q E&* T

—4 Beam Element | Solid Element —
1T T 1T
@)
-t Beam Element Solid Element —
1
(b)
Beam Element
eeooepo090QQ
(©
| IS
Beam Element Solid Element
ecpsepecposeD
(d)

Fig. 12 Positional cases evaluating mesh dependence for
simplified laser weld assemblies: (2) Node & On line; (b) Edge
& On line; (c) Edge; (d) Center.



12-
Cross-tension (13 Beam elements)
—o— Experiment
10+ —o— Fine mesh model (ABAQUS/Standard)
—o— Case 1 (Node & on line)
84—~—Case 2 (Edge & on line)
— —— Case 3 (Edge)
é 6. —o— Case 4 (Center)
kel
[
o 44
-
24
0 T T T T T ]

0 3 6 9 12 15 18
Displacement [mm]

(a)

12+

Cross-tension (13 Solid elements)
—o— Experiment
10+ —o— Fine mesh model (ABAQUS/Standard)
—o— Case 1 (Node & on line) £
84—~—Case 2 (Edge & on line)
— —v— Case 3 (Edge)
é 6. —o— Case 4 (Center)
kel
[
o 44
-
24

0 3 6 9 12 15 18
Displacement [mm]

(b)

Fig. 13 Comparison of load-displacement curves with different positional cases between the simplified laser weld and shell
element in the cross-tension test: (a) beam elements; (b) hexahedron elements.
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Fig. 14 Comparison of load-displacement curves with different positional cases between the simplified laser weld and shell
element in the lap-shear test: (a) beam elements; (b) hexahedron elements.
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