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Effect of Mechanical Vibration on Microstructure and Fatigue
Properties of Laser Filler Wire Welding Joints

REN Xinhuai, LU Qinghua, BAI Yongzhen
(School of Materials Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract ; Aiming at the shortcomings such as pores, splashes, slag inclusions and poor fatigue performance in laser filler
wire welding of the ship and automobile industry, a laser filler wire welding method based on mechanical vibration
technology was proposed by the research group. The effect of mechanical vibration on weld morphology, microstructure,
mechanical properties and fracture mechanism was studied in test by the method of coupling mechanical vibration and
laser filler wire welding. The results show that the mechanical vibration can improve the welded joint of 316 stainless
steel, reduce the columnar crystal in the weld, increase the dendrites and equiaxed crystals, and improve the hardness
of the weld. The residual stress of the welded joints is higher at the three vibration frequencies, compared with the
vibration frequencies of 0 and 524 Hz, the residual stress of the weld at 1 055 Hz vibration frequency is the lowest. The
fatigue fractures are all cleavage fractures, but the fracture at 1 055 Hz vibration frequency has narrower fatigue
striations, lower crack growth rate and better fatigue performance than the 524 Hz vibration frequency.
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Table 1

Chemical composition of 316 stainless

steel and ER3161. welding wire %
ks c Si Mn P
316 <0. 080 <1.000 <2.000 <0.035
ER316L  0.030 0.600 1.800 0.015
B S Ni Cr Mo
316 <0.030 10.000 ~14.000 16.000 ~18.500 2.000 ~3.000

ER316L  0.008 12.000 18. 000 2.300
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Table 2 Vibration welding parameters

BER RSV IRSDIEIE/ || RN SRS SRS/
Erhe) H/He  (m-s7?) || ST H/Hz  (m-s7?)
1 0 0 4 524 17.7
2 0 0 5 1055 65.4
3 524 17.6 6 1055 65.6
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Figure 2 Effect of different vibration frequencies on
back surface morphology of weld
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Figure 3  Effect of different vibration frequencies on

width of upper surface of weld
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Figure 4  Effect of different vibration frequencies on microstructure of longitudinal section of weld
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Figure 5 Effect of different vibration frequencies on

residual stress in weld center
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Figure 6 Effect of different vibration frequencies on

micro-hardness of weld cross section
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Figure 7 Fracture morphology at different vibration frequencies
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