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ABSTRACT

Although gear mesh stiffness plays a critical role in predicting the dynamic behavior of gear systems,
conventional analytical methods do not adequately reflect the load-dependent physical deformation of
the teeth, which tends to appear more prominently in plastic gears. In this study, an improved
approach based on potential energy is proposed, which incorporates elastic tooth deformation and
nonlinear contact behavior to compute realistic, load-sensitive meshing stiffness. The magnitude of the
contact stiffness is updated iteratively based on the applied load while maintaining the computational
efficiency of the original potential energy method. Values for meshing stiffness obtained using the
proposed approach closely matched the results of a finite element analysis, whereas conventional
methods failed to reproduce the nonlinear variation under increasing load. The proposed stiffness
function was implemented in a time-domain dynamic model of a gear system to evaluate its
performance, and the results show that it was able to predict the dynamic transmission error and
meshing force accurately. The predictions also agreed closely with values obtained using the finite
element method. These findings demonstrate that the proposed method effectively captured the
load-dependent behavior of gear mesh stiffness and can thus be applied as a reliable tool in the
dynamic analysis and design of plastic gear systems.
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Table 1 Comparison with other methods

PEM | ISO 6336 | FEM Proposed
Computation | Low | High Low
cost
Assumed state | Static Static Static | Quasi-static
Deformation X X (¢} (0]
Force X X o 0
dependence
Accuracy Middle Low High High
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Table 2 Values of the coefficients of Eq. (8)
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Fig. 3 Calculation flowchart
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Table 4 Average mesh stiffness and error

State | FEM | IPEM | 1SO | PEM
Mosh stiffnoss | Single | 1346 | 1367 | 2132 | 1.503
6
(X10°Nm) | pouple | 2.620 | 2.670 | 3.022 | 2.744
Single | - | 1.56 | 5843 | 11.68
Error [%]
Dowble | - | 191 | 1533 | 4.73
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