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Microstructure and properties of bionic TIG welded joint

Ig

of AZ31B magnesium alloy

SHI Hai-fang, = ZHANG Zheng-qiang, JIANG Yong-heng, = MENG Chao
(College of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000, China)
Abstract: The microstructure of magnesium alloy welded joints has a significant effect on its mechanical properties, which affects its
application range. Inspired by the excellent mechanical properties of natural biological structures, a “soft-hard” alternating structure
similar to the biological surface was prepared on the surface of magnesium alloy tungsten inert gas (TIG) welding joint by laser remelting
technology to improve its mechanical properties. The microstructure and mechanical properties of different samples were studied by means
of laser confocal microscope, scanning electron microscopy, energy dispersive spectrometer, hardness tester, universal tensile testing
machine and finite element analysis. The results show that after laser bionic treatment, fine equiaxed grains are formed in the treatment
area, the microhardness is significantly increased, and the strength and ductility of the bionic sample are simultaneously improved.
Combined with the results of finite element analysis, it can be seen that the beneficial effect of the bionic structure on mechanical
properties can be attributed to the change of microstructure and the stress transfer and redistribution brought by the “soft-hard” alternating
structure.

Keywords : AZ31B magnesium alloy; TIG welding; laser bionic; microstructure; mechanical property
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Table 1 Chemical composition of the AZ31B magnesium

alloy (mass fraction, %)
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Fig. 1 Schematic diagram of sample processing (a) TIG welding process; (b) welding groove size; (¢) bionic prototype;

(d) laser processing; (e) Bionic sample model; (f) cross-sectional shape of the model of laser processing zone and weld
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(e) RZ MIZEWIESL; () RZ THHS; (g) RZ H#K; (h) RZ JEHR
Fig. 2 Microstructure characteristics of the samples after laser bionic treatment (a) macroscopic morphology of MZ;
(b) top of MZ; (c¢) middle of MZ; (d) bottom of MZ; () macroscopic morphology of RZ; (f) top of RZ;
(g) middle of RZ; (h) bottom of RZ
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(a) BEMEZWIES; (b) BM;(c) HAZ;(d) %74%;(e) RZ; () RZ F4R4E T SEM JE5
Fig.3  Microstructure in different zones of cross-section of laser bionic welded joint (a) cross-section macroscopic

morphology; (b) BM; (¢) HAZ; (d) weld; (e) RZ; (f) SEM morphology of interface of RZ and weld
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Fig. 4  Analysis of second phase particles in the weld of the welded joint

(a) SEM image of particles;

(b) EDS point analysis results; (c¢) EDS line analysis results
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Fig.5 Schematic diagram of microhardness test area (a) and microhardness distribution diagram (b) of laser bionic welded joint
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Fig. 6 Mechanical properties of different samples

(a) engineering stress-strain curves and fracture locations;

(b) average R, ,, R, and A

K17 ARS8 7 (e I R AR A B L oy 38 s oK (%]
(a) BM i#; (b) Weld 34 ; (¢) Bionic ik ; (d) Bionic {19 RZ; (e) Bionic ifFf A EE

Fig.7 Tensile fracture characteristics of different samples and their partial magnification images

(a) BM sample; (b) Weld sample; (c¢) Bionic sample; (d) RZ of the Bionic sample; (e) weld of the Bionic sample
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Table 2 Performance parameters of different zones

Elasticity . . Yield Tensile
Density/  Poisson
Zone modulus/ 3 At strength/ strength/
GPa (grem ™) ratio MPa MPa
BM 44. 8 1.78 0.35 175.5 249. 1
Weld 44.8 1.78 0.35 173.2 228.2
RZ 48.7 1.78 0.35 180 270
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Fig. 8 Finite element simulation results of tensile experiment

(a) PLARERY RN F) 5341 5 (b) T AR A 3000 7 {8

(a) equivalent stress distributions of tensile samples;

(b) equivalent stress value along the path

*3 AERIEHEREERTEER
Table 3 Finite element simulation results of yield stress

in different zones

Weld of Weld  Weld of Bionic  RZ of Bionic
Zone
sample sample sample
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