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Abstract : The orthogonal design test was used to invesitgate the process of adding zinc or tin foil, and the compos-
ite addition of zinc foil and tin foil to carry out the friction stir lap test of interfacial alloying magnesium/alumi-
num dissimilar alloy. The orthogonal experiment results show that the feed speed has the greatest influence on the
mechanical properties of the joint, and the thickness of the zinc foil has a greater influence on the mechanical
properties of the joint than that of tin foil. When the thickness of tin foil and zinc foil are both 0.05 mm, the weld-
ing speed is 110 mm/min, and the rotation speed is 750 r/min, the welded joint presents the maximum tensile
shear strength. Compared with adding zinc foil or tin foil alone, the content of brittle magnesium-aluminum inter-
metallic compound in the joint added by composite is decreased. The joint is mainly composed of magnesium-zinc-
aluminum ternary phase and magnesium-zinc intermetallic compound. The mechanical properties of the joint are
about 35% higher than those of ones with zinc or tin alone.
Key Words: Magnesium Alloy/Aluminum Alloy, Zn Foil/Sn Foil, Friction Stir Lap Welding, Microstructure, Me-

chanical Properties
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Tab.2 Factor level table

KF Sn {HIEE  Zn{HRE ﬁ}f%iﬁ&{(?)/ ifféﬁiﬁ)}i'ﬂz)/
(A)/mm (B)/mm (remm 1) (mm * min~ 1)
1 0 0 750 50
2 0.05 0.05 1 050 80
3 0.1 0.1 1 350 110

aluminum alloy %
wp
o
+ Si Fe Cu Mn Cr Ni Zn Al Mg
5052H32 0.25 0.40 0.10 0.10 0.15 — 0.10 & 2.20
AZ31B  0.10 0.005 0.05 0.2 - 0.005 1.00 2.50 Axhar

S 50 UG - 38 2oL 2 D) B AR 4 AR R RE N BT 1) 3
B BTULAREM R R WK 2. 4l T2 T B 3 A5y
YA . I CMT 55 g i i 536 x5 81 1R i 47 )
SRR, L 3 AU 1T BB AR i 2T ik
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3000 F M RPACHEATHT BE -0, SR J 47 I ok Ak 2,
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mL ZEE7K +10 mL 2 +100 mL Z, 8, 45000 Ji5 i it )
LR ] R 10 s, SR GX51 B4 A
B LI AR 1 SO 2 20, R ] D/ max-2500pe D8 Advance
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Fig.2 Schematic diagram of shear specimen
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Tab.3 Orthogonal test results

4% A B (AXB) (AXB), € (AXO) (AXC: (BXC) D %A% (BXC Zf3] 2 sl 914;]/]]1?”’
1 1 1 1 1 1 1 1 1 1 1 1 1 1 185.18
2 1 1 1 1 2 2 2 2 2 2 2 2 2 421.53
3 1 1 1 1 3 3 3 3 3 3 3 3 3 1734.14
4 1 2 2 2 1 1 1 2 2 2 3 3 3 1119.54
5 1 2 2 2 2 2 2 3 3 3 1 1 1 1 894.78
6 1 2 2 2 3 3 3 1 1 1 2 2 2 614.84
7 1 3 3 3 1 1 1 3 3 3 2 2 2 1 920.88
8 1 3 3 3 2 2 2 1 1 1 3 3 3 1 969.66
9 1 3 3 3 3 3 3 2 2 2 1 1 1 1 508.67
10 2 1 2 3 1 2 3 1 2 3 1 2 3 2 200.09
11 2 1 2 3 2 3 1 2 3 1 2 3 1 1 106.35
12 2 1 2 3 3 1 2 3 1 2 3 1 2 1067.12
13 2 2 3 1 1 2 3 2 3 1 3 1 2 2 551.73
14 2 2 3 1 2 3 1 3 1 2 1 2 3 537.36
15 2 2 3 1 3 1 2 1 2 3 2 3 1 6 68.51
16 2 3 1 2 1 2 3 3 1 2 2 3 1 2 223.36
17 2 3 1 2 2 3 1 1 2 3 3 1 2 1 337.33
18 2 3 1 2 3 1 2 2 3 1 1 2 3 1377.28
19 3 1 3 2 1 3 2 1 3 2 1 3 2 1 840.54
20 3 1 3 2 2 1 3 2 1 3 2 1 3 1672.91
21 3 1 3 2 3 2 1 3 2 1 3 2 1 1026.87
22 3 2 1 3 1 3 2 2 1 3 3 2 1 2 098.91
23 3 2 1 3 2 1 3 3 2 1 1 3 2 1311.18
24 3 2 1 3 3 2 1 1 3 2 2 1 3 2 046.79
25 3 3 2 1 1 3 2 3 2 1 2 1 3 1547.94
26 3 3 2 1 2 1 3 1 3 2 3 2 1 2077.78
27 3 3 2 1 3 2 1 2 1 3 1 3 2 1220.11

Ky 11 369.22 11 254.73 12 735.70 10 944.28 15 688.17 11 400.38 10 500.41 12 940.72 11 589.45 11 691.03 12 075.19 13 812.45 12 790.41
K, 13 069.13 15 843.64 12 848.55 13 107.45 12 328.88 15 554.92 12 886.27 13 077.03 11 141.66 12 842.69 12 223.11 12 275.54 12 285.26
K; 14 843.03 12 183.01 13 697.13 15 229.65 11 264.33 12 326.08 15 894.70 13 263.63 16 550.27 14 747.66 14 983.08 13 193.39 14 205.71

M2z R 3473.81 3928.28 961.43 4 285.37 4 423.84 4 154.54

5 394.29

322.91 5408.61 3056.63 2907.89 1536.91 1 920.45

x4 EXRBAESFE

Tab.4 Table of variance analysis for orthogonal experiment
ZRWT SS df MS F M
A’B 1081 652.00  4.00 270 413.00 1.61  AEFE
D 2 002 344.93 2.00 1001 172.46 5.96 B3

C 1184 757.64 2.00 592 378.82 3.53 N E
A’C 2 680 884.24 4.00 670 221.06 3.99 B
A 670 510.04 2.00 335 255.02 2.00 NTE
B’C 601 955.92 4.00 150 488.98 0.90 NTE S
B 867 728.55 2.00 433 864.27 2.58 NTE
R e 882 680.50 6.00 147 113.42 0.88
TR2E e? 2 352 364.96 14.00 168 026.07
syl 26
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Fig.3 Macro morphology of magnesium-aluminum friction stir welding lap joints under different alloy sandwiches
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Fig.4 Micro-morphology of specimen 7 with 0.1 mm Zn foil addition
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Tab.5 EDS results of m and n points of specimen 7 %

. B
e Mg Al 7n AHZH g

1 58.13 6.52 35.35 Mg-Zn

2 80.61 3.98 15.41 Mg+ Mg-Zn

3 59.54 7.29 33.17 Mg-Zn

4 55.89 25.81 18.30 Ali; Mgi7+Mg-Zn

5 56.73 17.04 26.23 Mg-Zn+ Al-Mg-Zn

6 56 14.07 29.93 Mg-Zn+ Al-Mg-Zn
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Fig.5 Energy spectrum of specimen 13 with composite addition of 0.05 mm Sn foil and 0.05 mm Zn foil
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