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Influence of welding thermal cycle on grain structure of 5083 aluminum
alloy weld by friction stir welding

XU Nan, XU Yuzhui, GAO Tianxu, SONG Qining, BAO Yefeng

(College of Materials Science and Engineering, Hohai University, Changzhou, 213022, China)

Abstract: 2 mm thick 5083 aluminum alloy was butt welded by FSW, and defect-free welded joints were obtained. The effect of
the welding thermal cycle on the grain structure of the weld was studied by OM and EBSD. The results show that with the increase
in the friction stir tool rotation speed, the strain rate rises, and the initial recrystallized grains caused by dynamic recrystallization
decrease. The peak welding temperature exhibits a significant increase from 285 °C to 421 °C, accompanied by a corresponding
reduction in cooling rate from 32. 3 to 20.2 °C/s. This change results in significant grain growth, increasing the average grain size at
the weld center from 1.4 to 8.2 um. Under the high heat input condition, the grains with Goss type {110}<001> recrystallized
texture grow rapidly, resulting in the shear texture changing to recrystallized texture. The change in the welding thermal cycle does
not significantly affect the grain structure and textural type of the weld, and it just affects the final grain size and the proportion of
large-angle grain boundaries. This microstructural stability of the weld is attributed to the fact that the grain refinement is dominated

by continuous dynamic recrystallization throughout a wide range of heat inputs.

Highlights: (1) The quantitative relationship between FSW-induced welding thermal cycle and weld grain structure of 5083
aluminum alloy was presented.
(2) The grain refinement of the FSW-induced weld of 5083 aluminum alloy was dominated by continuous

recrystallization.
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Table 1 Welding parameters and corresponding weld
forming conditions
B @?ﬁﬁfg 1 %E B RP{H B OB

v/(mm-min ) w/(r-min ) vio(mmr )

1 200 200 1 x

2 200 300 0.67 x

3 200 400 0.5 o

4 200 500 0.4 o

5 200 600 0.33 o

6 200 700 0.28 o

7 200 800 0.25 o

8 200 900 0.22 o

9 200 1000 0.2 x

T % ABREE; o: JOBEE

KB AN 1 um, MRS SR AN, LR EN
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Fig. 2 Coordinate systems of FSW sample and shear
deformation
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Fig. 3 Surface appearance of selective FSW 5083
aluminum alloy joints. (a) 1; (b) 5; (c) 9
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Table 2 RP Values, peak temperatures, cooling rates,
and corresponding average grain sizes under
different welding parameters

prg  WUHRIE RHEE A
1/°C v/(°C's ) d/pm
3 285 32.3 1.4
4 298 30.8 2.2
5 324 31.5 3.8
6 348 28.9 5.1
7 387 25.7 7.5
8 421 20.2 8.2
500
— 300 r/min
400 + [ 800 r/min
300

6 1‘0 2‘0 3.0 4‘0 5.0
FF 1] #/s
B4 SHRENFIRBENZG T HIEEMEIN %

Fig. 4 Thermal cycle curves of the FSW welds obtained
by high and low heat input conditions
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Fig. 8 Relationship between grain size and cooling time
under different welding conditions
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