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#* 1 6061-T6 F7075-T6 BEELEMS (wt.% )
Table 1 Chemical compositions of 6061-T6 and 7075-T6 aluminum alloys (wt.% )

g Si Fe Cu Mn Mg Cr Zn Ti Al
6061-T6 0.599 0.547 0.225 0.115 1.022 0.11 0.135 0.025 S
7075-T6 0.11 0.19 15 0.08 25 0.21 5.7 0.03 P

#* 2 6061-T6F7075-TE5EA S B SF EEE
Table 2 Mechanical properties of 6061-T6 and 7075-T6 aluminum alloy base materials

BURimRE (MPa) JENRGREE (MPa) FEARFE (%) i (HV)
6061-T6 328 114 120
7075-T6 519 17.1 170

MESTEESPE A, RN — 2
PSRRI, XA A R, St 4
JRERBh SR, RS FUMMAE EEEN, K
PEA AT T PG R R AL B . SR, SR AR T
T, RBREAULEE, TR NIRRT

22 BERERSEH

SR AR A SR ORI AR 422, 70750 B e wir k)
(AS) , 6061 ETESGRM (RS) o FHiliE 1 Fi BE 45
TGRS AR 10 mm, 4125 mm, FHEREH0.25
mm, SRR TR I B35 R R Y RSN
30 mm/min, FEFHEE K50 mm/min, G S KRRk EE
KRN3R

=3 BHBREEZEIZSHE

Table 3 Process parameters of static shoulder friction stir

welding
ke~ JiEte L (rpm) JREBE mm/min
1# 400 200
24 800 200
3# 1200 200
44 1600 200
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1 AEETHSSFSWIRLER R :

(a) 400rpm; (b) 800rpm; (c) 1200rpm; (d) 1600rpm

Figure 1 Macromorphology of SSFSW welds at different rotating speeds: (a) 400 rpm; (b) 800 rpm;
(c) 1200 rpm; (d) 1600 rpm

E 2 FEHEE THSSFSWHELIEEEMSR: (a) 400rpom; (b) 800rpm; (c) 1200rpm; (d) 1600rpm
Figure 2 Cross-sectional morphology of SSFSW joints at different rotating speeds: (a) 400 rpm; (b) 800 rpm; (c) 1200 rpm;
(d) 1600 rpm
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5 3 SSFSWiEHianiAMISEME R REDSEAL R
Figure 3 SEM images and EDS mapping results of the advancing side of SSFSW welded joints

%] 4 9 S [R) JHE 25 3 B T SSIFS W32 3k iy 740 4 e 4 4
TEH . WS HREFFELTr R, SR ERIE IR VE R SR $2 T,
TMAZARRI RSB, At B, [,
HAZX I8 AY Sk R K FTMAZIK S,

7075584 4 VB N LRI T b FESR AL AL RE, Howr o
BE IR FARR AT SR AL AL o X FRAl-Zn-Mg-CuFR
BEFENTHEGEERS, S@HZ B, X8
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4  SSFSWA R EE T7075M BHRHLE: (a) 400AS-TMAZ; (b ) 400AS-HAZ; (c) 800AS-TMAZ;
(d) 800AS-HAZ; (e) 1200AS-TMAZ; (f) 1200AS-HAZ; (g) 1600AS-TMAZ; (h) 1600AS-HAZ
Figure 4 Microstructure of the 7075 side under different rotation speeds in SSFSW: (a)400AS-TMAZ; (b)400AS-HAZ;
(c) 800AS-TMAZ; (d) 800AS-HAZ; (e) 1200AS-TMAZ; (f) 1200AS-HAZ; (g) 1600AS-TMAZ; (h) 1600AS-HAZ
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5 SSFSWAREMEERE TNZEMALR: (a) 400NZ (b) 800NZ; (c) 1200NZ; (d) 1600NZ
Figure 5 Microstructure of NZ under different rotation speeds in SSFSW: (a) 400NZ; (b) 800NZ; (c) 1200NZ; (d) 1600NZ

E 6 SSFSWi#IE#ZXFSEME R EDSHHLER
Figure 6 SEM images and EDS mapping results of the NZ in SSFSW welded joints
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(e) 1200RS-TMAZ; ( f) 1200RS-HAZ; ( g ) 1600RS-TMAZ; ( h ) 1600RS-HAZ
Figure 7 Microstructure of 6061 side under different rotation speeds in SSFSW: (a) 400RS-TMAZ; (b) 400RS-HAZ; (c)
800RS-TMAZ; (d) 800RS-HAZ; (e) 1200RS-TMAZ; (f) 1200RS-HAZ; (g) 1600RS-TMAZ; (h) 1600RS-HAZ
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Figure 8 SEM images and EDS mapping results of the retreating side of SSFSW joints
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Figure 9 Hardness distribution of SSFSW joints at
different rotation speeds

Y R 400rpmitf , HAZIRARAERE J 110HV,

250 (a) 24
34

200

150

stress ( MPa )

100

50

0
0 1 2 3 4 5 6 7

strain (% )

10 AREINEHIEE TSSFSWHESLHY:

Tensile Strength (MPa)

TEREARAS SERE25.5mm; %Y 22 800rpmb , HAZAZAIREE
BEARTE 2 125HY, AR SEEESE/N 2 4.8mm; 3 1200rpm
1600rpmiT, HAZIRAKAE B4 5] 115SHVAIT10HY,
RS TEEY RKE6.2mmA7.0mm . X 7 WIE A A0 ERS 3
J# (800rpm ) FIHMHIHAZARAK,, Tiid & #%EH (1200-
1600rpm ) FEPEGAI K, FE7075M5R AR B,
606 1M Atk B, RHEE TR

3.3.2 stk ge

RARINZE BB ([E10) , BLBWZLFHAZ,
38400 rpmBf, HLHSREE(L176 MPa ( 6061H:41 1Y
53.7% ) , FEAHRA2%; HEHIEZER00 rpmil, HRETHE
223 MPa (68% ) , $EfiIZR5.87%, Vhfefft; 4ksuf =
1200 rpmA1600 rpm, #RE5MIFEZFE213 MPafl208 MPa,
SEMERB TR, EERE, KA AR R,
HAZAL B ML S LS R TE 5, s i A
¥y, RACAHIRETIRAS R, AREREIBEAL 5 800 rpm
A3 B P AL HAZ TS A s A TS 5, TR R4/ 2
FRRL, IR S REL, SRRV E ARG N, SR
M7 K, T mssHE (1200/1600 rpm ) SEUR ZIHVE
W, HAZKBFR S, —Jr BT RGRALAE (707547
HahiyaH) SEREAA, REEREZERE T 5
— T SRR LA, AR SR TR, Bk
PEREREAR.

300 10
Tensile Strength 9
250 Elongation 3
7 ~
200 I
6 —
=
150 5 %
. 8
100 3 =
50 2
1
0 0

400 800 1200 1600

(a) ffFR S R4 E; (b) HHEESEME

Figure 10 The SSFSW connectors under different rotational speeds: (a) Tensile stress-strain curves; (b) Tensile strength

and elongation of SSFSW joints at different rotation speeds
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Figure 11 SEM morphology and EDS point scan results of the tensile fracture of SSFSW joints at welding parameters
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Study on Microstructure and Mechanical Properties of
6061/7075 Dissimilar Aluminum Alloys by Stationary
Shoulder Friction Stir Welding

Liu Ruijie'’ Pan Jialong' Wang Jingwei' Liu Jialin' Xiang Jiagang' Chai Fulun' Chai Sensen"*’

1. School of Mechanical and Intelligent Manufacturing, Chongqing University of Science and Technology, Chongqing;
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Abstract: In this study, stationary shoulder friction stir welding (SSFSW) was adopted to join dissimilar 6061-T6 and
7075-T6 aluminum alloys with a thickness of 3 mm. The effects of rotational speed (400~1600 rpm) on weld formation,
microstructure and mechanical properties were systematically investigated. The base materials were subjected to surface
pretreatment including acetone wiping and mechanical grinding before double-sided welding, with 7075 aluminum
alloy placed on the advancing side and a constant welding speed of 200 mm/min. The results show that at the rotational
speed of 800 rpm, the weld surface is smooth and defect-free, and the materials in the stirring zone are fully mixed. Fine
equiaxed grains with a size of 5-8 pm are formed in the nugget zone, and the Mg,Si strengthening phase is uniformly
distributed. Under this parameter, the tensile strength of the joint reaches 223 MPa (68% of the 6061 base metal) with an
elongation of 5.87%, and the fracture surface exhibits ductile fracture characteristics. Excessively high or low rotational
speed leads to insufficient heat input or overheating, resulting in incomplete interface fusion or grain coarsening. It is
verified that the SSFSW process can effectively improve the microstructure and properties of dissimilar aluminum alloy
joints by regulating the balance between heat input and mechanical stirring.

Key words: Dissimilar aluminum alloy; Stationary shoulder friction stir welding; Microstructure; Mechanical properties
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