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Fig.l1 Cross-section morphologies of sine modulated FLW welding (PA=2000 W, Amplitude=500 W, welding speed=5 m/min)#):
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Fig.4 Appearances of “stainless steel+ Mg alloy” bimetallic spe-
cimen in various stages of FLW: (a) before bead welding,

(b) after track welding, and (c) after bead welding
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Table 1 Regression orthogonal test parameters and
results for 8 mm AZ31

AIW F/Hz PalW Arz/mm?
800 800 2800 5.73
800 800 1200 1.38
800 200 2800 6.24
800 200 1200 1.68
200 800 2800 6.30
200 800 1200 1.74
200 200 2800 6.72
200 200 1200 1.16
865 500 2000 2.99
136 500 2000 3.62
500 865 2000 3.66
500 136 2000 3.44
500 500 2972 5.57
500 500 1028 1.03
500 500 2000 3.37
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Fig.5 Weld cross-section morphologies obtained by regression orthogonal design based FLW test

[23]
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Table 2 Welding conditions corresponding to the lowest
thermal efficiency

Pa/W AW F/Hz
1028 461 435
1500 539 487
2000 642 539
2500 719 590
2972 823 642

L ™

~

|l m, ™

Measured Value
o P N W s o1 O N

0 1 2 3 4 5 6 7 8
Calculated Value
Kl 6 R A AL X T AR Bl S T B L iR
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Fig.9 F-A curve of the case with the lowest thermal efficiency
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Fig.10 Effects of Aand F on Agz in different Pa
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Fig.11 Cross-sectional morphology obtained by constant power
welding: (a) AZ31 and (b) 2205 stainless steel (P=2000 W,
V=5 m/min)
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Fig.12 Longitudinal section morphology of weld seam center:

(a) without modulation and (b) with modulation (Pa=
2000 W, F=8 Hz, A=1000 W, V=5 m/min)
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Energy Coupling Behavior in Modulated Fiber Laser Welding
of High Reflectivity AZ31 Mg Alloy

Ning Jie!, Zhang Linjie', Zhang Xingjun?
(1. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)
(2. Shaanxi HanDe Axle Ltd, Xi’an 710201, China)

Abstract: Previous researches show that appropriate power modulation methods can increase the weld penetration and decrease the
drawbacks of splatters and pores in laser welding for the high reflectivity materials such as magnesium alloy, aluminium alloy and copper
alloy. This paper conducted tentative explorations to the underlying physical mechanism of this phenomenon. The sine modulated laser
welding test of AZ31 was developed based on ternary quadratic regression design and the influence of average power (PA), modulation
amplitude (A) and frequency (F) on welding joint cross-sectional fusion zone area (Arz) were studied. The results show that power
modulation can obviously improve energy coupling in the lower Pa welding process, while this improvement will be weakened and even
disappear with P, increasing. Both “small amplitude + high frequency” and “large amplitude + low frequency” can increase the
cross-sectional Aez when welding in the case of low Pa. The longitudinal-sectional morphology of “stainless steel (reflectivity: 60%) + Mg
alloy (reflectivity: 80%)  bimetallic specimen welded joint obtained in the sine modulated welding of 8 Hz was compared. It is
demonstrated that when the power decreases from the peak value, the weld depth in lower reflectivity materials 2205 decreases
synchronously, but the decreasing moment of weld depth in high reflectivity materials AZ31 delays about 0.036 s (about 30% of a sine
period). The phenomenon may be attributed to that a deeper keyhole could be formed by the instantaneous peak power value, which
increases the number of reflection of laser beam in keyhole. Then, in spite of the declining of transient laser power, the high aspect ratio
keyhole will be maintained for about 1/3 of a sine period due to the enhanced energy coupling efficiency. It is the key point for power
modulation to improve the energy coupling efficiency of high reflectivity materials that the high aspect ratio keyhole can be formed and
maintained for a long time
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