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The effect of heat input on the microstructure and mechanical properties
of 7075-T6 ultra-high strength aluminum alloy weld by
laser wire filling welding

GAO Wengiang, XU Fei, MA Xuyi, GUO Luyun, LU Yiting
(Key Laboratory of High-Power Beam Processing Technology, AVIC Manufacturing Technology Institute, Beijing, 100024, China)

Abstract: High quality connection of 2.0 mm thick 7075-T6 ultra-high strength aluminum alloy was achieved using laser wire
filling welding, and the effect of heat input on the microstructure and mechanical properties of ultra-high strength aluminum alloy
welds was studied. The microstructure of the 7075-T6 aluminum alloy weld by laser wire filling welding was a typical cast
structure. The central area of the weld was a relatively large equiaxed dendritic structure with no obvious texture, and the
strengthening phase particles in the weld could not be fully precipitated, resulting in a certain degree of decrease in joint strength.
With the increase of heat input, the melting zone and melting width of the weld cross-section gradually increased, while the
microstructure and texture characteristics of equiaxed dendrites at the center of the weld did not show significant changes. The grain
size of the central area of the weld first rapidly increased and then slowly increased. The microhardness distribution of joints under
different heat input conditions was basically the same, and the areas with the most severe softening were all in the weld zone. With
the increase of heat input, the tensile strength of joints firstly increased and then decreased. By regulating the heat input of laser

wire filling welding, the strength coefficient of 7075 aluminum alloy joints could reach 74. 9%.

Highlights: (1) The evolution law of the microstructure and mechanical properties of 7075 aluminum alloy welds with increasing
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heat input was revealed.

(2) The influence mechanism of heat input on the microstructure and mechanical properties of ultra-high strength

aluminum alloy welds was analyzed.

(3) Regulating heat input could increase the strength coefficient of 7075 aluminum alloy joint to 74. 9%, the application

of'its welded structural components was promoted.

Key words: heat input; 7075 aluminum alloy; laser wire filling welding; weld microstructure; mechanical property
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Table 1 The main chemical compositions of welding wire
hup s Zn Mg Cu Si Mn Al
7075-T6 5.67 2.66 1.52 0.11 0.14 N
ER5356 0.01 5.00 0.01 0.07 0.13 AR
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Schematic of laser wire filling welding equipment

Fig. 1
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Table 2 Process parameters of laser wire filling welding
for 7075-T6 aluminum alloy

- elRRIES XET%EIE ?Z&iﬁ/\_l
PIW v/(m's ) O/(kJ-cm )
1 2000 0.025 0.8
2 1800 0.020 0.9
3 2000 0.020 1.0
4 2000 0.015 1.3
5 2200 0.015 1.5
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Fig.2 Weld of aluminum alloy by laser wire filling
welding. (a) weld front; (b) weld back; (c) X-ray
testing results
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Fig. 3 Microstructure of aluminum alloy base metal.
(a)metallographic structure; (b)orientation map;
(c)TEM (d)inverse pole figure
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Fig. 4 Macro-morphology and microstructure of joints.
(a) macro-morphology; (b) partial enlarged; (c)
enlarged of fusion zone; (d) orientation map
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Fig. 5 Center area of the aluminum alloy weld. (a)
metallographic structure; (b) TEM; (c) orientation
map; (d) inverse pole figure
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(a) 0.8 kJ/em (b) 0.9kJ/cm (c) 1.0 kJ/em

(d) 1.3 kJ/em

(e) 1.5 kl/em
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Macro-morphology of aluminum alloy welds
under different heat inputs. (a) 0.8 kdJ/cm; (b) 0.9
KJ/em; (c) 1.0 kd/cm; (d) 1.3 kd/cm; (e) 1.5 kd/cm
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Fig. 7 Evolution of welds width with increasing heat
inputs
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Fig. 8 Microstructure of the center zone of the aluminum alloy welds under different heat inputs. (a) 0.8 kd/cm; (b) 0.9

kd/cm; (c) 1.0 kd/cm; (d) 1.3 kd/cm; (e) 1.5 kd/cm
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Fig. 9 Evolution of grain size in the central area of the
aluminum alloy welds
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Fig. 10 Microhardness distribution curves of the cross-
section of joints
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Table 3 Tensile properties of 7075 aluminum alloy base metal and joints

A bR R, /MPa JE ARS8 BE Ro/MPa SRR ZR AN (%) Wi AR 3 4(%) Wi
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avEa| 381.7 327.6 68.2 1.7 EaX
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Fig. 11 Changes in the tensile properties of joints under

different heat inputs
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Fig. 12 Macro-morphology of specimen 4 after fracture
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Fig. 13 Morphology of fracture of base metal and wel-
ding specimen. (a) base metal; (b) specimen 4
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