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Performance Study of 7075 Aluminum Alloy MIG/FSW
Composite Welding Joint
HUA Gao, LIU Xiao, LI Xiaoping, ZHU Bin

X E S ; 1001-3814(2026)04-0069-06

(Jiangsu Key Laboratory of Advanced Materials Design and Additive Manufacturing, Jiangsu University of Technology,
Changzhou 213000, China)

Abstract; ER5356 welding wire was utilized for MIG/FSW composite welding to butt weld 3 mm-thick 7075 aluminum
aloy plates, followed by T6 heat treatment (480 °C /1 h+water quenching+120 C /24 h) for the welding joint. The
microstructure and mechanical properties of the welding joint were analyzed using optical microscopy(OM), scanning electron
microscope (SEM), energy dispersive spectrometer(EDS), room temperature tensile tests, and microhardness tests. The results
show that after MIG/FSW composite welding, the weld microstructure exhibits small equiaxed crystals. The large,
continuoudly distributed grain boundary precipitates transform into small, dispersed distributions due to stirring, resulting in
increased microhardness. However, after FSW, a new heat-affected zone is generated in the region, which corresponds to the
base materia during MIG welding. Consequently, the overall strength of the composite welding joint does not exhibit
significant improvement compared to the MIG-welded joint. After heat treatment, the majority of precipitates in the
heat-affected zone dissolve into the matrix, achieving solid solution strengthening and aging strengthening. The problem of
regional softening is improved, the tensile strength of the welding joint can reach 345 MPa and elongation after fracture is
11.5%.
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Fig.1 MIG/ FSW composite welding diagram
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Tab.1 Chemical composition of base metal
and welding wire (wt%o)

ME | S| Fe|Cu|Mn|Mg| Cr|zn| Ti [HfthocZ| Al

7075-T6 |0.08|0.20| 1.41|0.06|2.55| 0.20|5.60|0.02| <0.05 |4%

FEmn

m

ER5356 | 0.04|0.09/0.001 0.15| 4.8 |0.12/0.002 0.09| <0.05 |&i:

i

JETAR TR N TFIE 1, RRAE 0 B o B
Tl BUE s SRR MIG SELERT, Bl FEEE IR AE S5 ,MIG
FEH 5 BEFE S AR IS 200 mm BEAT R AB HE 8, o
MIG S H LR 2 SR T 22803 3, 17
Ja Bz R AARIEAT T6 AL FE S 4R . 480 C [ Lh
— K120 C A T3k 24h,

x2 MIGIRIZSH
Tab.2 MIG welding process parameters

H I FE | Wl | PR R B TR
Bk (WU A HR JAAEGR (%) /(L-min?) [/(m-min?)| /mm

ALK 95 102 | 99.99 20 05 12

®3 BHEREIZSH
Tab.3 Friction stir welding process parameters

BEPEET B | U BAR | BERESKEEE | RE | BERESK | BET

% Imm /mm I(r-min?) | /(m-min®) | {5 /(°) | & /mm

6 20 1000 0.5 3 15

MIG/IFSW & & J 823k WIE B an il 2 s
MIG #5185 iE 280 (B/H) i 1.93, Jo% WMLBRLIE
Bk iE R MIGIFSW B &8I, N T 584y K45
PERESL e T IR MIG SR i3l . THERVER,
0 v T AL N 5 R R SR BUE MIG KR E R
4B AR RS B R L R TR R

X Sk AT T6 HAAhBES 28 ) EI R 40mmx8
mm FEEREE , S T LURER S 0T, SRR
B A A AIRES T Keller Ik, {fi1] Leica-DMi8
4 M S M 3k A 4, fdi ] Sigma’500
RIFT4H FL 5% (SEM) 145 & BE 1% (X (EDS) W5 4 A 422
SLHT AR {8 LECOAMMHA3 S iR i 43 % B2 3k
T A T 4R FC S R B i, 2k A7 2009, I 125,

Xof ARk BT F AR R Sk 4 R A GB6397—
86, & VI EITI AR e h il il FEAREE 23.97 mm,
PR A R ST A 3 s, i wDwW3200 714
HL 7 REPL A LA T B P SE s, gk
2mm/min, B 6 A~ AR T TR,
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Fig.4 Microstructure of weld center

PG X (HAZ) S AR 2L 5 s,
5(a)>h MIG JEk g X2t TG X (FZ)
FRRCHA X G ¥ B R, R I FCRR Ty 1) A A
[ TR T 20/ N AR . S AR BRI, T e
X(HAZ) RAEH S i, T A8 R 54mTE
PG DT A X R ™, BHLE T AR A Rtk
BELAS SRk A, S B0 3 K AT, AR A /)N | 77
I B IR AR B RO K, B 5(b) i MIGIFSW &

BRI X, AL X (TMAZ) TSR0+
B, 20 2R 52 BN 5 R A E T FEHL
BT AR FH T o] LA 2 B 500 8 1 i sh IR A , 7
PAEFRRAE T &AL Sh A R 2, 5, B
HHHEAR ST R A AN AR A L MIGIFSW 78 T
BERA AT B 7= BT A FAGE R X (HAZ ) 32 G FR 520 i
R PR, R 5 R MIG R HARE I [X 2 21
FHEL A W X 5, # 5(c)h MIGIFSW & & 1%

http://lwww.riggy.net  riggy@vip.163.com -71-



http://www.rjggy.net
mailto:rjggy@vip.163.com

#INTTZ
Hot Working Technology

Kl 5 kB X G AR L2

Fig.5 Microstructure of welding joint of HAZ
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Fig.6 Distribution of precipitates of different zone in the joint
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Fig.7 XRD pattern of welding joints
4 Kl 6 th LRI i AH EDS SE BB 4
T A a o AR 2, EE A
AT, B SRR & A TT R 1 3R A2 1542
PAGIRZ T H 050 AR RO HaESs , il
HUREHN W EAT BIPLE A Bl AFEASAH D 3207, #iddE EDS
SyHTas AT LA, b B RT MIG 5 MIGIFSW &2
A REE LT AR (A B.C.D) FE L) MgZn, Al-
CuMg M@,S 5t I =35 fIR A A 8 3, MIG 45
S0 BKE AR A AL BE A T ) Zn TR AR 4E

x4 M1 EDS EENMER(EFHE, %)
Tab.4 EDS quantitative analysis results
of precipitated phases (at%o)

AH Al Zn Cu Mg Fe Mn Si
A 789 | 43 36 13 01 01 0
B 858 | 21 1.2 9.1 0 01 01
c 88 30 0.7 7.6 01 05 01
D 945 | 15 03 32 03 0.1 0
E 804 | 1.0 02 | 115 | o1 0 6.7
F 729 | 114 | 61 8.2 12 05 0.2
G 498 | 213 15 | 127 1 0.2 0
H 89.4 | 08 0.9 39 46 0.4 01
I 886 | 45 17 39 1 0.2 0
J 781 | 19 24 23 | 141 | 12 0
K 763 | 20 31 35 | 133 | 16 03
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Fig.8 Tensile results of joint at room temperature and SEM images of fracture
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Fig.9 Vickers micro-hardness distribution of joints
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