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Finite Element Modeling and Dynamic Characteristics Analysis with

Plastic Deformation at Rolling Bearing Failure Considered

TU Wenbing, YANG Benmeng, YANG Jinwen, LIANG Jie, LIANG Caixue

(School of Mechatronic Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: In view that it is hard in traditional dynamical models to consider the effect of plastic
deformation at the rolling bearing failure on the dynamic characteristics of the bearing, a finite
element model with such plastic deformation considered is proposed, and the dynamic
characteristics are analyzed. Firstly, the linear elastic constitutive model is used to create in
ANSYS LS-DYNA environment the elastic/elastic model for the case in which no plastic
deformation occurs at the rolling body and the outer ring raceway. Secondly, in view of the
plastic deformation generated in case of any failure in the rolling body, the plastic kinematic
hardening constitutive model is used to create the plastic/plastic model for the case in which
plastic deformation may occur at the failure of both the rolling body and the outer ring raceway.

Finally, in view that plastic deformation is the most likely at the failure, the linear elastic
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constitutive model and the plastic kinematic hardening constitutive model are used together to
create the elastic/plastic model for elastic deformation at the rolling body and plastic deformation
at the failure. The above models have uniformly refined the mesh in the contact part of the
bearing element, which improves the computational accuracy of the models while reducing the
amount of penetration. The simulation results show that compared with elastic/elastic models not
considering plastic deformation at the failure, the peak-to-peak value, root mean square value and
acceleration signal amplitude of the plastic/plastic model and elastic/plastic model with such
deformation considered are reduced by about 1/2, and the waveform and amplitude are more
consistent with the test results. Moreover, compared with the elastic/plastic model, the contact
force between the rolling body and the inner and outer ring and the rolling body strain value of the
plastic/plastic model show no significant change. It is concluded that the rolling body almost does
not produce plastic deformation, and therefore, only the elastic/plastic model with the plastic
deformation at the failure taken into account is required to be created in modeling.

Keywords: rolling bearing; failure; plastic deformation; finite element; dynamic characteristics
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Table 1 Parameters of NU306 roller bearing
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Fig. 1 Finite element model of rolling bearings with faults
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Table 2 Parameters of NU306 roller bearing and bearing
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Fig. 4 Strain curves of roller and fault edges
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Fig. 5 The contact force change curve of the roller over

the out ring failure
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Fig. 6 The contact force curve between the roller and the

cage pocket when the roller over the failure
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Table 6 Statistics of the contact force between the roller and the cage under different model
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