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Study of Microstructure and Mechanical Properties of 7075 Aluminum
Alloy FSW Joints

LI Zhiqiang, FEI Shangcai

Qinghai Higher Vocational & Technical Institute, Haidong 810799, China

Abstract: Friction stir welding (FSW) experiments were conducted on 6 mm thick 7075-T6 aluminum alloy plates, with the
rotational speed (7) and welding speed (v) as variables, to investigate the effects of welding parameters on weld morphology,
microstructure, and mechanical properties. The results indicate that sound welds can be achieved within a rotational speed
range of 600-1400 r/min at a constant welding speed of 100 mm/min, and within a welding speed range of 60-120 mm/min
at a constant rotational speed of 800 r/min. The base material (BM) exhibits a rolled structure comprising recrystallized
grains and deformed elongated grains. In the weld nugget zone (WNZ), fine and uniformly distributed grains and strengthen-
ing phases form a typical “onion ring” structure. The thermo-mechanically affected zone (TMAZ) shows recovered grain
structures within the elongated grains, with a distinct boundary on the advancing side (AS). The grain sizes in both the WNZ
and TMAZ are positively correlated with the rotational speed (n) and negatively correlated with the welding speed (v). The
microhardness profile across the joint exhibits a characteristic "inverted M" shape, with the weld zone being softer than the
BM. The lowest hardness value is located at the transition between the TMAZ and the heat-affected zone (HAZ) on the re-
treating side (RS). The average hardness in the WNZ first increases and then decreases with increasing » and v. The tensile
strength and elongation of the joints generally follow a "sickle-shaped" distribution trend, showing a positive correlation
with n and a negative correlation with v. To produce defect-free joints with good formation and excellent mechanical proper-
ties, a higher rotational speed combined with a lower welding speed is recommended, with an n/v ratio preferably above 10.
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Table 1 Chemical composition of 7075-T6 base material (wt. %)

JLHE Si Fe Cu Mn Mg
FRUE(E <0.4 <0.5 1.2~2.0 <0.3 2.1~2.9
S 0.12 0.25 1.5 0.14 26

A Cr Zn Ti Al
FRfEE 0.18~0.28 5.1~6.1 <0.2 At
SEE 0.21 5.6 0.03 Aht

K2 7075-T6 B4t hZF1E8E

Table 2 Mechanical properties of 7075-T6 base material

PERESEAR R /MPa R, /MPa A%
LAR(HIER >540 >460 >8
SEE 562 490 12

I FSW LR I BR-VMC-L53 37 48K
ORI, B Y Sk B KA P I8 6 000 r/min, e AR
P B A 1 200 mm/min, i R I T 2. Rk
FHH13 AEBLELA 645, FlE AR 16 mm, 200 A,
PEFEE M HEIE A5 AER H AR 6.5 mm, £14< 5.7 mm.
PR AT , FH 7 BRI AN T ARG 2 e T, 42 U
ZBRAAA I E 5 B ), FEE Ve R T 5 VR
RS . T FSW I A (n/v(E) 5188 O |
I A 2 K T 2 M R VDA G, 1 R A A
B, 55— N R 0.1 mm, K 1G w7
20+ 50— 21 5 T P [ 2 S 100 mmy/min, 3PSk §%
43524 400,600,800, 1 0001 200, 1 400 r/min; %
T2 [ R Sk 5 800 r/min, K42 58 FE 43 i N
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TRFTIEPE SR L A AR B X 7075-T6 505 4 FSW
FEIRLE B O Z R 124 P RS MR R
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WIS, h R AR A R T 4 s 2 s 1
FEEDL RS Cih AR a2 R B 3 HEPE ki
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400 r/min B}, KEAESMILBOE ¥ 7T, FEZE/DTF 6l
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FEL LG RSO BLAIR K. 256K E . Y
PEFEL L AE 800 r/min I, ME4% B85S

(£)1 400 r/min, 100 mm/min
Bl REI R T R LE S B T
Fig. 1 Weld appearance under different tool rotational speeds
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(£)800 r/min, 160 mm/min
B2 RENEEEE TIREESM R
Fig.2 Weld appearance under different welding speeds
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Fig.3 Microstructure of different zones in the welded joint (800 r/min,80 mm/min)
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(d)1 000 r/min, WNZ (e)1 200 r/min, WNZ

e

(h)600 r/min, TMAZ

(a)400 r/min, WNZ (b)600 1/min, WNZ (¢)800 r/min, WNZ

(f)1 400 r/min, WNZ

(j)1 000 r/min, TMAZ (k)1 200 r/min, TMAZ (1)1 400 r/min, TMAZ
B4 REHEFELEEE WNZF1AS Il TMAZ 4247
Fig. 4 Microstructure of WNZ and TMAZ (AS side) under different tool rotational speeds
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(a)400 r/min, 100 mm/min
E5 BREFFLEHRERNER

Fig.5 Microstructure showing tunnel and cavity defects
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El6 REIEEEHEE WNZASHM TMAZHL
Fig. 6 Microstructure of WNZ and TMAZ (AS side) under different welding speeds
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Fig. 7 Microhardness distribution of the joints under different weld-

ing parameters
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Fig. 8 Tensile strength and elongation of the joints under different

welding parameters
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