38 7 1979985 2016 7
Chinese Journal of Engineering Vol.38 No.7: 979-985 July 2016
DOI: 10.13374/j. issn2095—9389.2016.07.013; http: //journals. ustb. edu. cn

/ TG —

X
400045
X E-mail: xinjianyuan@ cqu. edu. cn
TIG —
/
70 A AZ31B 88.7% .
;o5 TIG ; ; ;
TGA457

Effect of heat input on the microstructure and mechanical properties of TIG

welded—brazed magnesium/steel joints
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ABSTRACT A tungsten inert gas ( TIG) welding—brazing technology using an Mg-based filler was developed for joining Mg alloys to
steel. The effects of heat input on the microstructure and mechanical properties of Mg/steel joints were investigated. The results indi—
cate that the joining strength of the joints is poor with low heat input owing to insufficient metallurgical reaction between the Mg alloy
and steel. But with excessive heat input the growth of the brittle second phase in the seam occurs resulting in the decrease of me—
chanical properties. The joining strength of the joints increases first and then decreases with the increase of welding current and weld-
ing speed. An acceptable joint is obtained with a welding current of 70 A representing 88. 7% joint efficiency relative to AZ31B base
material. With this parameter fracture occurs at the fusion zone and the fracture surface is characterized by equiaxed dimple patterns
accompanied with lamellar tearing. The fracture surface embodies the characteristics of plastic fracture.
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Table 1 Chemical compositions of the AZ31B magnesium alloy and dual-phase steel ( wt-%)
Al Zn Mn Fe Mg C Ca P Mo Si Cr Ni
AZ31B 2.5~3.5 0.6~1.4 0.2~1.0 0. 003 — 0.04 — — 0.10 — 0. 001
HSLA350 — — 0. 62 — 0.05 — 0.03 0. 005 0.05 0.04 0.010
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Fig.1 Schematic diagram of TIG welding—brazing: ( a) joining process; (b) tensile-shear test
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Fig.3 Cross—section macrostructure of the joint with a current of 70 A
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Fig.2 Surface appearances of Mg/steel lap joints: ( a) current of 50 A; (b) current of 70 A; (¢) current of 90 A
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Fig.4 Microstructures of the joint with a current of 70 A: ('a) Zone A in Fig.3; (b) Zone B in Fig.3; (¢) Zone C in Fig.3
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Fig.5 Interface microstructures of the joints: (a) current of 50 A; ('b) current of 90 A
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Table 2 EDS analysis results of the joint with a current of 70 A %
Mg Al Fe Zn
I 15. 69 9.08 71.05 4.18 Fe + a—Mg + Al, Mg
I 68. 33 18.94 — 12.37 a—Mg + Mgy, ( Zn Al) 4
m 63.78 15.37 4.43 16. 42 a—Mg + Mgy, ( Zn Al) 4 + AlFe,
I\ 71.63 20. 14 — 8.24 a—Mg + Al Mg + Mg, ( Zn Al) 4
v 37.94 14.27 — 47.79 Mg, (Zn Al
VI 97.35 2.65 — — a—Mg
2.3
7 7( a)
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Fig.6 XRD pattern of the joint profile with a current of 70 A
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Fig.7 Grain morphology of the joint. (a) Mg base metal; (b) heat affected zone with a current of 70 A; (¢) columnar crystal zone with a current

of 70 A; (d) columnar crystal zone with a current of 50 A; (e) columnar crystal zone with a current of 90 A
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Fig.9 Strength of joints with different welding speeds

/ . 5



984 - 38 7

70 A
(2) . 10
50 A . . 90 A
50A / 70 A
/
( A B ) 7
7(e)
3.3
3
10 S0A (1 _
Fig.10 Fracture location and fracture morphology of the joint with a
current of 50 A
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Fig.11  Fracture location and fracture morphology of the joints: (a «¢) current of 70A; (b d) current of 90 A
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