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Abstract

The planetary gear transmission mechanism is a core component of the automatic transmission in
special-purpose vehicles. Under complex and variable working conditions, various faults often oc-
cur in this mechanism. These faults not only affect the normal operation of the vehicle but can also
lead to serious safety hazards. Therefore, clarifying the failure mechanisms is of paramount im-
portance for the fault diagnosis of gear transmission systems. In this study, the automatic transmission
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of a specific special-purpose vehicle was selected as the research object. The third row of planet
gears was chosen as a typical element, and a meshing stiffness model incorporating gear pitting
faults was established. Through this model, the impact of pitting faults of different degrees on the
time-varying meshing stiffness was thoroughly analyzed. The research results show that compared
with the meshing stiffness of healthy gears, the meshing stiffness of gears with faults exhibits a sig-
nificant decrease in the fault region. Moreover, pitting faults at the root of the tooth have a more
pronounced effect on stiffness. This finding provides important theoretical support for the early
detection and diagnosis of gear faults and also offers strong backing for the maintenance and relia-
bility improvement of automatic transmissions in special-purpose vehicles.
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Figure 1. Power flow diagram of the planetary gear transmission mechanism
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Figure 2. Schematic diagram of gear fault scenarios
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Table 2. Parameters of planetary gear pitting faults
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3 SRR u 0.4
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Table 3. Parameters of pitting faults in planetary gears
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Figure 3. Schematic diagram of gear fault scenarios
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Table 4. Parameters of pitting faults in planetary gears
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Figure 4. Schematic diagram of gear fault scenarios
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Figure 5. Schematic diagram of cantilever beam model
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Figure 6. Simplified model of a single pitting fault cantilever beam
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Figure 7. Schematic diagram of pitting fault model
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Figure 8. Mesh stiffness results with and without faults
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Figure 9. Mesh stiffness results under different fault conditions
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Figure 10. Mean values of time-varying mesh stiffness under different fault scenarios
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Figure 11. Meshing process from engagement to disengagement
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