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Fig.6 Grain orientation and average grain size of aluminum layer NZ at different welding speeds: (a, d) v=50 mm/min;
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#E3H B gEEE = EE OIS S FSW Sk W H R S b prom fE 1051 -

iE AlsMa, & & 8L G )= o -k FZ 88 £ 100
mm/min B GEIEZRAR R X7 R, FFBAT R AR AR
T, XAy AR Y 50 mmimin i,
NEER, IS EIR B, AEAR IR 2E T el S (L

—AlsMg,+AD TR IR BB AR, R S ML AE 4
MG X 9540 17 . thA s (S22 8 O R — A S
B, BIOWM EDS SR &M R ZUKE, R
AR T4 BUZ R U A2 FLBGE Y

Grain boundary Misorientation angle distribution Grain morphology

30 40 50 60

30 40 50 60

Friacss=89.4%
3t
E ©
= =
1S 5]
E g
g S
i L
>
= N oy 10 20
o
RIS N DL Francs:=84.2%
RZCRD ) ) HAGBs
A S LN 3t
.q" RN
£ @3’ §
£ % ©
~ o
€ =
E S
= 3]
g g
I L
>
10 20
Fraces=79.6%
£
S S
c IS
e
3 S
N [
>

10 20

Misorientation Angle/(°)

WD

‘Ava——
30 40 50 60 . .
- Recrystallized grains (RG)

Substructured grains

- Deformed grains

K7 )2 NZ @R At e oA B ok e 2

Fig.7 Grain boundaries, misorientation angle distributions and grain morphologies of NZ

K8 MREZX(HZ)MOWH LS K& EDS ST & AH (v=50 mm/min)
Fig.8 Morphology (a) and EDS element mappings (b, ¢) of NZ at the welding speed of 50 mm/min: (b) Al and (c) Mg



+ 1052 » WA & EMES T 51 %

‘fr( = Mg v Al
*Al;Mg,
® Al,Mg,

*

Intensity/a.u.

30 40 50 60 70 80 90
26/(°)
9  #:3LK XRD A%
Fig.9 XRD pattern of the joint

10 P 8aH A XIUBCKAIRAZ (BS) M F

Fig.10 BS microstructure of area A enlarged in Fig.8a

*1 10 H#RiE R B EDS #7455
Table 1 EDS analysis results of marked points in Fig.10

(/%)
Point Al Mg Phase
1 60.5 225 AlsMgy+Al
2 40.5 46.8 Al;,Mg17
3 4.0 78.5 Mg

3 WMFEEERELNFHESHN

AR B R B AVAZILAL ZEHAEELH] 5 1]
SEEIPUR RN 172 MPa, RRIZBHT AIJAZ31/AL JZ
B WA R AR e Sk i R At 2Rt 18] 12 PR .

B 12 R, 8RB kb R, WA
PIsREE, el ERE, X5k NZ Sk KN iEA
IEBFH . 243 A 100 mm/min B 43 Sk 470 4 4 1 B
A, 15 87.3 MPa, ANEBEM ) 50.8%. IR [EA
50 mm/min B, WRFEPLH RN 62.3 MPa, ZS 4T,
A N =, 7R AR T TH XOR R HEE BT BRI
HUZ AR 2R, H o AdE AlsMg, AT Alj,Mgg7, 31X
2 PGl MR, MOKR ST AR LS 2
FAE L R TR — AR BN SEREE
HEAM L, PR AR OCE] 200 mm/min B, 4R
X & JE A& P Rk b, B Sk g B BRI OK, 4R
ML HAM S, SRR E L 47.1 MPa. 1X 52 B i
PESATHE B R, PSR, SREEEHAE
PR BN RE 1A 22, EBEEMITE R T FLIREL G, Wik 13
B o FLAR S B %o 42 Sk 5 BE (1) 52 i iz KT & g (A &
W, WOREESKEREEKHE TP MAMEAT — NS T R
ARVE S X NS L (5N A D= BE
BEAK, KR NFHERMBYEZE, EhkidE
HR TR T A ST Bl AR R, T R ()R 2 YR
L/g/s S SICR ST (R

MEE N 100 mm/min B Sk i R RE B T
SEM Wi 14 fin. K 14a RBH, BEW O 22
Wofi, EMEAEE, MTMNEE, BEMKEAR
[, X550 M L RAE AR B, fEBEEMIR I T K&
(I fR3E & B RO ARRE, X R SR LR B E
RAT Mtk Wiz, I 14b R JZE W7 D RO 4 20O,
RSP R T KREMPE, XRHEARELTERSE
kA T Pk krEe, e AIVAZ3LIAl E 4k FSW 23k
b 2R A58 XA W M B I R

K11 SRS R B4R SB35 & EDS A H
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Microstructure and Tensile Strength of Aluminum/Magnesium Alloy/Aluminum FSW
Joint of Three-Layer Composites

Zhao Fei, Wang Kang, Ma Lifeng

(School of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: The friction stir welding (FSW) process tests of three-layer composite plate AI/AZ31/Al at different welding speeds were carried
out, and the joint forming, microstructure and tensile properties were observed and analyzed. The results show that under the optimized
process parameters, the welded joint is well formed, and its internal distribution is layered, and no defects are found. The grain refinement
in nugget zone (NZ) is obvious, and the large angle grain boundaries (HAGBs) and recrystallized grains account for 80%. There is
intermetallic compound (IMC) in the banded structure area (BS) on the forward side of the weld and the interface between magnesium and
aluminum, which is mainly composed of AlsMg, and Al;2Mgi7. With the increase of welding speed, the tensile strength of welded joint first
increases and then decreases. When v=100 mm/min, the average grain size of the aluminum layer in the weld nugget area is 1.75 pm, and
the tensile strength of the welded joint reaches the maximum 87.3 MPa, which is 50.8% of the base metal.

Key words: three-layer composites AI/AZ31/Al; friction stir welded joint; microstructure; tensile strength
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