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By the high resolution synchrotron radiation X-ray three-dimensional micro-tomography technology, the
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porosity in laser-arc hybrid welds is characterized, which is taken as the initial void volume fraction in the GTN
Key words

mesoscopic damage model. The finite element models of mesoscopic damage mechanics for hybrid welded joints
=]

with and without reinforcement are developed, and the principal stress and the void volume fraction distribution of
geometrical and material discontinuity is the important reason for joint failure.
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tensile joints are obtained. Via the metallographic structure analysis of tensile fractures, it is shown that the
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Fig. 1 Schematic diagram of synchrotron radiation X-ray tomography
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Fig. 2 3D pores distribution inside hybrid welded joints
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Table 1 Initial void volume fraction at each area of joints with and without reinforcement

WM with HAZ with BM with WM without HAZ without BM without
reinforcement reinforcement reinforcement reinforcement reinforcement reinforcement
fol% 0.26 0.25 0.24 0.32 0.28 0.24
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Fig. 3 Stress-strain curves at WM, HAZ and BM
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Table 2 Tensile properties at WM, HAZ and BM of welded joints

Young modulus /(10" MPa) Tensile strength /(10*> MPa)
WM 7.3399 2.6171
HAZ 7.1038 3.0784
BM 6.8678 3.6278
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Fig. 4 Microstructure of hybrid welded joints
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Fig. 5 All kinds of finite element models of hybrid welded joints of 7020 aluminum alloy.
(a) 3D model of joint without reinforcement; (b) 3D model of joint with reinforcement; (c¢) 2D mesh model of joint

without reinforcement; (d) 2D mesh model of joint with reinforcement
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Fig. 6 Cloud pictures of principal stress distributions in joints with and without reinforcement.

(a) Without reinforcement; (b) with reinforcement
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Fig. 7 Metallography of weld root
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Fig. 8 Cloud pictures of 3D void volume fraction distributions in joints with and without reinforcement.
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Fig. 9 Microstructure of pores inside tensile fracture
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