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Abstract; Microstructure and properties of friction stir welded joints of spray formed 7055 aluminum alloy under different pre-welding
states were studied using optical microscope, scanning electron microscopy, microhardness tester and electronic universal testing machine.
The results show that the hardness of the welded joint of the hot extruded plate gradually increases from the base metal zone( BMZ) to the
nugget zone( NZ) , with an average hardness of 167 HV20 in the nugget zone ( NZ) , the maximum tensile strength of the welded joint is
291 MPa, and the elongation is 4. 3% , with the fracture location located in the base metal zone. The hardness of the welded joint of the
peak aged plate first decreases and then increases from the base metal zone to the nugget zone, the average hardness of the base metal zone
is 200 HV20, the hardness of the nugget zone 1s 162 HV20, the maximum tensile strength of the welded joint reaches 361 MPa, and the
elongation is 3. 8%. The fracture location is located at the boundary between the heat affected zone ( HAZ ) and the thermal mechanical

affected zone ( TMAZ ). The nugget zone and thermal mechanical affected zone of both types of plates exhibit a strong dynamic
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recrystallization behavior. The heat affected zones of the welded joints of hot extruded and peak aged plates exhibit sub-micron second

phase dissolution behavior and coarsening behavior of nano precipitated phases, respectively. The strengthening effects of the nugget zone

and thermal mechanical affected zone of both types of plates include fine grain strengthening, solid solution strengthening, and

substructure strengthening. The coarse second phase at grain boundaries in the heat affected zone is not affected by deformation heat, and

its strengthening mechanism is manifested as solid solution strengthening and substructure strengthening.

Keywords: 7055 aluminum alloy; pre-welding state; spray forming; friction stir welding; welded joint
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Table 1 Chemical composition of spray 7055 aluminum

alloy ( mass fraction, %)
Zn Mg Cu Lr Fe Si Al
8.3 2. 04 2.38 0.12 0.041 0. 031 Bal.
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Fig. 1  Microstructure of nugget zone of A plate welded joint

(a,b) upper of nugget zone; (c¢) middle of nugget zone; (d) bottom of nugget zone
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Fig. 2  Microstructure of thermal mechanical affected zone( TMAZ) of A plate welded joint
(a) forward side of TMAZ; (b) backward side of TMAZ
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Fig. 3 Microstructure of thermal affected zone (a, b) and base metal zone(c, d) of A plate welded joint
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Fig.4 SEM microstructure of nugget zone of A plate welded joint

(a,b) upper of nugget zone ;

(¢,d) middle of nugget zone; (e,f) bottom of nugget zone
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Table 2 EDS analysis of the second phase in nugget zone of A plate welded joint ( at%)

Point Al /n Mg Cu Fe Phase
1 46. 56 = 25. 37 28. 07 = Al, CuMg
2 70. 18 = = 21, 32 8. 50 Al;Cu, Fe
3 23. 28 3215 32. 48 12.09 = AlZnMgCu ( MgZn, )
4 34. 32 29. 08 20. 59 16. 01 - AlZnMgCu ( MgZn, )
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Fig. 5 SEM microstructure of TMAZ (a, b) and TAZ (¢, d) of A plate welded joint
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Fig. 6 Microstructure of nugget zone of B plate welded joint

(a,b) upper of nugget zone; (c¢,d) middle of nugget zone; (e,f) bottom of nugget zone
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Fig. 7 Microstructure of thermal mechanical affected zone( TMAZ) of B plate welded joint
(a,b) forward side of TMAZ: (c,d) backward side of TMAZ
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Fig. 8 Microstructure of thermal affected zone (a,b) and base metal zone (c¢,d) of B plate welded joint
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(a,b) upper of nugget zone ; (c¢,d) middle of nugget zone ; (e,f) bottom of nugget zone
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Fig. 10  SEM microstructure of TMAZ (a,b) and TAZ (c¢,d) of B plate welded joint
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Fig. 11  Microhardness distribution curves of welded joints
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Table 3 Room temperature tensile properties of A

and B plates
Tensile strength/MPa  Yield strength/MPa Elongation/ %

A plate 291 262 4.3
B plate 361 336 3.8
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