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Influence of Tool Size on the Microstructure and Mechanical Properties of
Friction Stir Lap Welded Dissimilar Aluminum-steel Joint
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(1. Shenyang National Laboratory for Materials Science, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016;
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Abstract: Dissimilar joining of Al alloy and steel is a key issue in the lightweight manufacture of the automotive industry,
however achieving good weld is very difficult for the traditional fusion welding methods. In this study, 5182 Al alloy and DP1180
high strength steel plates with 1.2 mm in thickness are friction stir lap welded using different tool sizes. Microstructure analysis
indicates that defect-free joints are obtained with both tool sizes under a rotation rate of 800 r/min and a welding speed of 50
mm/min. Obvious “Hook” defect forms in the joint with small tool, however it is significantly inhibited while using the big tool,
and the stacking layered structure is more obvious due to the sufficient reaction between Al and steel in this case. Hardness values
sharply fluctuates near the interface, due to the formation of the intermetallic compounds in the stacking layered structure, and the
highest hardness value is 641 HV which is higher than that of the steel base metal. When using the small tool, weak tensile shear
properties are obtained with the joints failed along the interface due to the small lap area; however, sound tensile shear properties
are obtained with the joints failed at the Al side using the big tool when the Al alloy plate is located at the advancing side, and the
shear force is as high as 3.42 kN. This indicates that high quality Al-steel dissimilar lap joint can be successfully obtained by
friction stir lap welding.
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MEME RTINS, RAPIRN RS I R T R, 7
FHIFR RS B IR ILEAT FSLW BT, 22
PRUFAN )R e TR R 40 T e Sk F i 41 2305
AN )RR A

1.1 iResR

AR A R 1.2 mm JE 1 5182 8544
H1 DP1180 XUAH i ni N, I A A 9 B2 4 80 mm,
KJEHR 200 mm, HALZERS L 1 . M
FiA AN E e pE TR, /N RSE B T BRI
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1.2 mm. KRGFR T ER A il G ek, Jle A
2 24 mm, PEEEE D HEIR RS S50, R EAR
K12 mm, K24 1.3 mm.

x1 BMELFERS (R %

kL Al Fe Mg Mn Cu Si

5182 S 0.23 434 034 009 007
DP1180 0.05 i — 2.4 0.02 060

kL Cr S P c Mo

5182 0.05 — — — —

DP1180 0.02 0.005 0.01 0.18 0.01
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PRSI T TOUL A P i v TR T ) ik
AT HLRAEDIRIN T, 9K J5 21k 400-2000##5 ACHT B 5
HEATHIBI . R MEFAA Y627 B A 45 G
W M4 (Energy dispersive spectroscopy, EDS)H]
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FEI Quanta 600 $74 Hi%%(Scanning electron microscopy,
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3 800-50-12S F i1 SEM JESR

x2 zRELSVMLERS(LT2E) %

FE fr ' Al Fe Bt
800-50-12S AR 75.79 24.21 100
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800-50-24S
C i 80.13 19.87 100
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ATCUE Y, BARBEREE A NEIRR — M, {5 5T b A
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