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Abstract: To study the clinching joint quality and strength of three-layer aluminum and steel dissimilar materials, or-
dinary SPCC steel and aluminum Al6061-T6 with different thicknesses were selected as the research object. The
clinching process under different combinations of three-layer aluminum and steel dissimilar materials was simulated
through DEFORM software, and the quality of joint was studied. Then, the influence of the die depth, the groove
depth, the groove width and the bottom of the groove fillet radius on joint strength was studied based on the orthog-
onal experiment. The primary and secondary factors affecting joint strength were studied by means of range and va-
riance analysis. It can be seen from the results that when a thin sheet is in the middle of two thick sheets, for alumi-
num, steel and steel combination, the clinching joint is best when the aluminum alloy is in the middle; for alumi-
num, aluminum and steel combination, the clinching joint is best when the steel sheet is at the bottom. The influ-
ence of the change of the groove depth on joint strength is the most significant while the influence of the groove
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width is the next, and the influence of die depth and the bottom of the groove fillet radius is the least significant.

Key words: clinching joint; dissimilar sheet metal; combination; orthogonal experiment; joint strength
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Tab.1 Mechanical properties of materials parameters

. FEPER s i R 56 S P 5 S fift 4<%
E/GPa o/ (kg » m™%) 00.2/MPa o1/ MPa 8/ %
SPCC 207.0 7 850 247 382 32

Al6061-T6 71.9 2 700 208 334 13
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Tab.2 Type of sheets combination

e BB 5 25 ) R LT T

1 A4 -4M 1.5 mm Al6061-T6 1 mm SPCC 1.5 mm SPCC

2 -58-40 1.5 mm SPCC 1 mm Al6061-T6 1.5 mm SPCC

3 -4 1.5 mm SPCC 1 mm SPCC 1.5 mm Al6061-T6

4 HR-Hh-1 1.5 mm Al6061-T6 1 mm Al6061-T6 1.5 mm SPCC

5 B4 1.5 mm Al6061-T6 1 mm SPCC 1.5 mm Al6061-T6

6 A-5R-45 1.5 mm SPCC 1 mm Al6061-T6 1.5 mm Al6061-T6
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Tab. 3 Main parameters of die
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Fig. 2 Forming process of sheet clinched joint
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Tab. 4 Numerical simulation results mm
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aN| tul N2 tuz X
1 -4 -4 0.22 0. 27 0.22 0.23 1.04
2 B-58-40 0.27 0. 25 0.23 0.24 1.03
3 -0 0. 30 0.21 0.29 0.19 1.03
4 -4 -4 0. 24 0. 27 0.23 0.24 1. 04
5 FR-A-48 0.25 0.23 0.25 0. 20 1.03
6 W-5a-5R 0. 30 0.24 0.26 0.22 1.04
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Tab.5 Orthogonal experiment factors-level table mm
] H#E A H% B #%C %D
o MR EL ho MU BREE D [ 58 B O (ULt 8 IR £ 2 A e
1 1.8 1.4 1.8 0.7
2 2.0 1.6 2.0 0.8
3 2.2 1.8 2.2 0.9
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Tab. 6 Orthogonal experiment design

. A s c b R A R 5 A JE B TR RA
JEBE (i /mm tur/mm N2 /mm tuz/mm JE£E X/mm i Fx/N
1 1 1 1 1 0. 30 0.13 0.23 0.11 1.61 2 940
2 1 2 2 2 0. 30 0.24 0.24 0.23 1.12 3 860
3 1 3 3 3 0. 31 0.28 0.23 0.23 0.74 4 940
4 2 1 2 3 0. 26 0.16 0.23 0.17 1. 30 3 160
5 2 2 3 1 0. 27 0. 28 0.23 0.21 0. 64 4 040
6 2 3 1 2 0. 25 0. 26 0.21 0. 24 1. 20 3760
7 3 1 3 2 0. 27 0.18 0. 24 0. 20 0. 84 3 440
8 3 2 1 3 0.23 0. 20 0. 20 0.21 1.41 3 490
9 3 3 2 1 0.24 0. 26 0.21 0.28 1.02 3 880
xRT WMEMFENW
Tab. 7 Range and variance analysis
E it Befd A B C D

X, 3 913.33 3 180 3 396. 67 3620

X; 3 653.33 3 796.67 3 633.33 3 686.67

X 3 603. 33 4193.33 4 140 3 863.33

R 310 1013.33 743. 33 243. 33

TR R
A Fry/N SS 166 200 1 564 466.67 865 266.67 94 866. 67

SS. 0.01

SSt 2 690 800

F 0. 20 4.17 1.42 0.11
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