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Process and Microstructure Analysis of the Variable Cross—sectional
Structure Friction Stir Welding of 2219 Aluminum Alloy

LI Chao' SONG Jianling' HU Shaoxiong' GAO Zefeng' HE Sha’
(1 Tianjin Long March Launch Vehicle Manufacturing Co. Ltd. , Tianjin 300462)

(2 Capital Space Machinery Co. Ltd. , Beijing  100076)

Abstract  Aiming at the product with variable cross—section structure, a friction stir welding method for
variable cross—section lap joint was proposed. By adding an auxiliary plate, the entire weld was compensated to
equal thickness in the welding direction. Welding adopts frist—position welding plus second—position welding plus
formal welding process. Frist—position welding was pre—positioned, second—position welding ensured an effective
connection between the auxiliary plate and the main structure of the test piece, and the formal welding ensured the
formation of a complete weld. The surface of the weld is well formed , and the ultrasonic phased array detection has no
defects beyond the standard. Through analysis of mechanical properties, the mechanical properties of the weld at the
variable cross—section and the non—variable cross—section are formed basically the same. The average tensile strength
reaches more than 70% of that of the base material,, and the average elongation is above 5. 8%. The morphology of the
grains at the weld nugget of the variable cross—section weld are fine and equiaxed grains. The grain size near the
shoulder impact zone is larger than that near the weld root. The lap interface of the auxiliary plate at the heat engine

affected area on both sides of the weld disappears because of recrystallization influence.

Key words 2219 aluminum alloy, Friction stir welding, Variable cross—sectional structure
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Fig. 1  Structure of stepped variable cross—section
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Fig. 2 Schematic diagram of variable cross—section structure
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Fig.3 Morphology of mixing head
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Fig. 4 Schematic diagram of welding process of variable section

weld
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Tab.1 15 mm thick 2219 aluminum alloy variable cross—
section welding test parameters

—UE LR 600~800 150~220 2.0
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Fig. 5 Welding process of variable section weld
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Tab.2 Comparison of mechanical properties

B2 - 440 1.5
AT ARG 15 314.6 5.8
SRR 4E 8 313.75 6.125
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Fig. 6 Ulirasonic phased array signal

2.3 EMARSH

P 7 S A AT P e S R 1 P PR SR AR S AR AN
A7 4 A N D 8 AT RO CAS) |, Ze 0 Oy 7422 )i 2R )
(RS) , A5 48 A A 45 kg b ] LAJA 730 4 Bl A [R] A IX
B SR IX R SE R X (SAZ) ARHLEE IR X (TMAZ)
PG X (HAZ)Y . AR RmEE S L VIE  1E
FREER WA ADEAL L, Al LI W b 78 21 4l B Al 5 4
Fr

15 mm J5L 3 X 345 4%

K7 AL i R A

Fig. 7 Variable cross—section structure weld
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Fig. 8 Schematic diagram of microstructure taken position
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Fig. 9 Microstructure of welding nuclei
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Fig. 10 Heat—affected zone of variable section weld forward side
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Fig. 11 Heat—affected zone of variable cross—section weld backside
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