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Forming Process and M or phology Control of M echanical Clinch Joint of
Steel/Aluminum Sheet

ZHANG Shan-yin®, YANG Jun-feng", LU Yue-feng?, YU Chao', XIAO Hong", QIU Ping"

(1. College of Mechanical Engineering, Yanshan University, Hebei Qinhuangdao 066004, Chinga;
2. China National Heavy Machinery Research Institute Co., Ltd., Xi‘an 710018, China)

ABSTRACT: The work aimsto study the affecting factors on morphology of joint of steel/aluminum sheet in mechanical clinch.
The forming process of joint morphology of steel/aluminum sheet in flat bottom die was simulated by finite element method.
The formation mechanism of interlocking structure was explained based on the metal flow in each region, and the effect of dif-
ferent process parameters on morphology of joint was analyzed. The interlocking structure of the joint was mainly formed by
filling the concave part of the steel sheet inside the joint with aluminum sheet. Inhibiting the metal flow on the side of the steel
sheet in contact with the die was conductive to thinning the steel sheet at the bottom and the side wall of the joint, thus forming
the internal concave and promoting the formation of the interlocking structure. The friction coefficient had a great effect on the
morphology parameters of joint, and increasing the friction coefficient could significantly improve the interlocking quantity of
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joint. The punch radius, punch fillet, die depth and friction coefficient all have a significant effect on the neck thickness and the
interlocking quantity. By controlling these affecting factors, a good joint can be obtained. In addition, the failure mode of the
joint is mainly the shear failure at the thinner neck of the aluminum sheet. Therefore, for the mechanical clinch with the alumi-
num sheet at top and the steel sheet at bottom, it is more important to ensure the neck thickness than the interlocking quantity.
KEY WORDS: mechanical clinch; forming control; stress analysis; interlocking structure
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Fig.1 Cross section of mechanical clinch joint of
flat bottom die
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Fig.2 Structure and dimension parameters of geometric model
in mechanical clinch
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Fig.3 Equivalent strain in joint forming process: a) early forming stage; b) shear deformation; c) extrusion deformation;

d) forming pressure holding
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Fig.8 Effect of punch radius on morphology of joint: a) effect of punch radius on interlocking quantity and neck thickness;

b) simulation results
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Fig.9 Effect of punch fillet radius on morphology of joint: a) effect of punch fillet radius on interlocking quantity and

neck thickness; b) simulation results
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b) simulation results
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