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Abstract: Subminiature joining bolts are required for the electronic parts of gadgets such as mobile phones and watch
phones. During the miniaturization of bolt heads, it is difficult to obtain sufficient joining force owing to the risk of
shear fracture of the bolt head or severe plastic deformation on the bit region. In this study, the maximum joining torque
for the bit depth was predicted using finite element analysis. A shear fracture test was conducted on a wire used in bolt
forming. The results of this test were subjected to finite element analysis and a fracture criterion was obtained by
comparing the experimental and analysis results. The shear fracture of the bolt head during joining was predicted based
on the obtained criterion. Furthermore, the maximum joining torque was predicted for various bit depths. Fracture on
the boundary between the bolt head and thread was found to occur in lower joining torque as bit depth increases.
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Table 1 Material properties of SUS 304

Young's Tensile Yield Poisson
modulus strength stress ratio
200 GPa 890 MPa | 650 MPa 0.3

Fig. 1 Punch (left) and die (right) used in experiment

Fig. 2 (a) Experimental setup and (b) analysis model
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Fig. 3 Comparison of deformed shapes obtained by FEA
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Fig. 5 (a) Schematic illustration of analysis model and
(b) element discretization for Bolt
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(a) Bit depth=0.30 mm

(d) Bit depth=0.45 mm

Fig. 6 Von-mises stress distributions for various bit
depths when imposed torque is 68 N.mm
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(d) Bit depth=0.45 mm

Fig. 7 Von-mises stress distributions for various bit
depths just after fracture
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