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CO; Laser Beam Welding and Formability
of Steel Plates with Different Thicknesses
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Abstract

The maximum butt-joint gap size in CO, laser beam welding of SAPH steel plates with different
thicknesses and its bending formability were studied. In the range of the gap size=0. lmm, the

optimal butt welding speed was faster than that of no gap (air gap) condition. This behaviour was

independent on the difference of thickness at any combination. Also, the allowable gap size in

steel plates with different thicknesses was larger than with same thicknesses. In the range of T/T
o(bead shape) = 0.8, good bending formability was obtained at any combination of thickness. The
formability was improved by reducing the hardness in weld bead using pre-heating process. Finally,

FEM result of the laser beam welded underframe with different thicknesses was compared to that

of the conventional spot welded underframe.
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Table 1. Chemical composition of specimen (wt%)

mponent ™
Materia C Mn P N Ti Fe
the

SAPH 0.145 | 0.828 | 0.0131 {<0.0108) 0.009 rest
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Table 2. Joint gap size and combination of steel
plates with different thicknesses
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Fig. 2(@ Bending press (5 ton) and bending jig
aperatus.
(b) Schematic illustration of Bending test.
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Fig. 3 Micrographs of bead cross section obtained form SAPH specimens
(a) Base Material, (b} Heat Affected Zone, (c) Welded Material
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Fig. 4(a) Macrographs of cross-sectioned weld
beads with different welding speed in
case of Zmm+2mm combination

Fig. 4(b) Macrographs of cross-sectioned weld
beads with different welding speed in
case of 3. 2mm+2mm combination
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Fig. 4{c) Macrographs of cross-sectioned weld
beads with different welding speed in
case of 4dmm+2mm combination

3mm W7t &3 A#r) e, 7o)

0. 4mmel A= &3] =X gsich,

Fig. 4(@)-(0 9 A3 & ¥, T4 zlo]o] B3

A A e] gl& W B} 1FHo] 0. ImmY W7t

|4 49 AE B o, FEF &

s;@‘t:‘ wmeem | 3ommedm gmmedrmn
25memin - e i
i -
ks ~u$«.&u-—-
A0mymint i el

s W -

Fig. 5 Macrographs of cross sectioned weld beads
as a function of thickness combination and
welding speed at gap size = 0. 2mm
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Fig. 7(c) Excellent condition (symbol, 1) of butt-
welded SAPH specimen as a function of
gap size and welding speed in case of
4mm+2mm combination
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Fig. 8 Schematic diagram of weld bead in different
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Fig. 10 Geometry and dimensions of the reinforced
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Fig. 11 Geometry and dimensions of the laser
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Table 3. Maximum stress, strain, weight and
displacement of the reinforced spot

welded underframe

thickness * | MAXIMUM | giacement | strain | weight
sfress

fom) | py) | (o) o (ke

Pt 3 g | 113 | 3.06 | 69 | 16.18
welding

Method

* thickness = rear side frame (l.8mm) + reinforcing
frame (2. Omm)

Table 4. Maximum stress, displacement, strain and
weight of the laser welded underframe
with different thicknesses

|1hickness. t,| MAXIMUM | Gocoment | strain | weight
stress
(mm) | (Mpy | () ® (kef)

1.9 136 3.59 840 13.48
Laser 2.3 109 3.24 673 14.22
welding 2.5 98.9 3.10 607 14.60

3.8 73 2.55 452 17.00

Method
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