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Abstract: This paper describes the study on a method for improving the structural durability of bolted joints applied to
a composite bogie frame. In this study, three bolted joints with and without inserts and screw threads were selected for
determining the effect of the inserts, using experiment and analysis. The structural performances of the proposed bolted
joints were compared and evaluated using the test method prescribed by the ASTM D5961 standard. The results
revealed that the bolted joint having an insert shape without the screw thread offered improved durability for
application to a composite bogie frame. Furthermore, the structural integrity of the frame comprising the bolted joints
was evaluated using finite element analysis according to the JIS E 4207 standard. The Tasi-Wu and Von-Mises failure
criteria were used for determining the failure of the composite structure and bolted joints, respectively. A sub-modeling
technique was introduced for investigating the performance of the bolted joints in greater detail. The analysis results
demonstrated that the Tasi-Wu failure index of the composite structure near the bolted joints was reduced by
approximately one-half after applying an insert without the screw thread. This implies that the structural durability of
the bolted joints of a composite bogie frame could be improved by using a metal insert without the screw thread.
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Fig. 1 The configurations of a composite bogie
frame and bolt joint part
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Fig. 2 The test cases and dimensions of insert
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Fig. 3 The test fixtures and specimens
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Fig. 4 Failure modes of specimens
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Fig. 5 The load-displacement curves
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6 Boundary and load conditions of a

composite bogie frame
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Table 1 The mechanical properties of materials

. Glass/Epoxy Foam
Properties . Bolt
composite core
Ey 34.42
Elastic modulus 5
E, 13.19 45x10 205
(GPa)
E, 10.66
Guy 7.05
Shear modulus
Gy, 1.40 - -
(GPa)
G 1.40
Viy 0.24
Poisson’s ratio Vyz 0.24 0.32 0.3
Vxz 0.24

1
Sub-model

Cut-boundary interpolation

/

Steel plate

Fig. 7 Finite element sub-model of bolted joints
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Tsai-Wu index : 0.011
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(a) Bolted joints without insert

Von-Mises stress : 10.8MPa
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(b) Bolted joint with insert

Fig. 8 The results of structural analysis for
bolted joints
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