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Abstract

In the 5xxx series Al-Mg alloy, magnesium addition can increase the strength of aluminum alloy by
solid solution strengthening but it has a relatively low melting and boiling temperature. During full
-penetration laser welding of the Al-Mg alloys, its low boiling point and high vapor pressure brings about
the spiky humping bead on the bottom side. Under back-side shielding, the spiking of back bead can be
reduced but it restraints the process flexibility. In this study, a square pulse waveform modulation was
employed to stabilize keyhole and back bead surface without back-side shielding. By using an experimental
design, the bead shapes were evaluated for various process parameters such as the focal position, welding
velocity and waveform parameters and the smooth back bead shape could be achieved.
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Fig. 2 Definition of parameters for laser power
modulation

Table 2 Control factors and their levels for the
screening experiment

(b) No back side shielding Level
Factor

Fig. 1 Back bead shapes for various Al alloys 0 1 2
A. Frequency (Hz) 30 50 70

B. Duty (%) 30 50 70

Table 1 Chemical composition of Al 5J32 alloy
. C.B kW 0.2 0.4 0.6
used in the study (wt. %) ase power (kW)

D. Peak power (kW) 2.0 3.0 4.0

Si Fe | Cu | Mn | Mg | Cr | Zn Ti Al E. Focal position (mm) 0 5 10
0.03]10.0710.31| O 5.6 0 0 ]0.02 | Bal. F. Welding speed (m/min) 3 4 5
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Table 3 Qualitative evaluation of back side spiking

Table 6 Central composite experimental design

Level Bead shape Natural Coded
variables variables
0 Partial penetration No Focal
’ L Dut;
1 Spiky humping back bead position (;)y X1 X2
(mm) 7
2 Stable back bead
1 0.7 60 -1 -1
2 4.2 60 1 -1
Table 4 ANOVA results for the screening ex- 3 0.7 80 -1 1
periment 4 4.2 80 1 1
N 5 2.5 70 0 0
Source Sum of | Degree of FO F(0.05)
squares freedom 6 2.5 70 0 0
A 0.666 2 1.75 3.74 7 2.5 70 0 0
B 2.888 2 7.583 3.74 8 0 70 -1.4 0
C 0.222 2 0.583 3.74 9 5.0 70 1.4 0
D 0.888 2 2.333 3.74 10 2.5 56 0 -1.4
E 2 2 5.25 3.74 11 2.5 84 0 1.4
F 0.666 2 1.75 3.74 12 2.5 70 0 0
Error 2.666 14 13 2.5 70 0 0
Total 10 26 14 2.5 70 0 0
2 BEAGT. PRI F5F 0.059048] 717}
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Table 5 Factors and their levels for central
composite experimental design

Focal . Base | Peak
L. Duty | Frequency | Velocit
level | position Y q Y Y power | power

(%) (hz) (m/min)

(mm) (kW) | (kW)
-1 0.7 60
0 2.5 70 30 3 0.6 4.0

1 4.2 80
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Fig. 3 Bead shapes for the selected cases

Zol(Up), 8% 24 #H7HSp), #¥ vl= F3} oy
Hl=Fo] Apolo] HAhgk(Fy) S H7HIA= F7ksksid.
oluf, ¥ WA A APo] LA AL 1. &
Fol] WAE 255 27 A7kt

ARATRRY Y Wk n=gd vtk B
£ 27 FH4em yehid A (D)~@)e 2ew,
ZF Aol gt 28As= 47 0.91, 0.94, 0.90 2
0.82% ds] FUg dSe] 7hssiitt.

M, (x)= 0.6514+0.2201z, — 0.0395z, +
0.0043z% + 0.858z3 — 0.2092z, 2,
Uy (z)= 2.890+0.0585z, — 6.522x,

2
—0.00582% + 4.937525 — 0.0852z, @
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S, ()= —4.336 — 1.282z, +20.9155z,
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Table 7 Estimated and measured data for optimal

condition
M, U Sp £,
(mm) (mm) (mm)
Estimated 1.36 0.82 1.9 0.23
Measured 1.40 0.79 2.0 0.26
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Fig. 4 Comparison of tensile-shear strength per
unit weld length
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