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Development of Gear Train Behavioral Analysis Technology of Considering Non-Linear Elements
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During modeling of a behavior calculation for gear
train system of motorcycle engine, it was confirmed that
a distortion and a radial clearance of gear bearing and
elastic deformation of a tooth influenced the rotation
behavior. They were converted into the rigidity element
of rotation direction, they were put in to the behavior
calculation, and analytical accuracy has been improved.
In addition, both behavior calculation models for the gear
train and the crankshaft were combined. Transient
response was calculated by using the time history
numerical integration for various rotative speed regions.
A jump phenomenon specific to non-linear response was
confirmed on the response behavior of driven gear.
Developed simulation technology will be useful for the
development of motorcycle engines because the
correlation between test result of actual engine and
simulation result is higher.
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Fig. 1 Example of gear train system for
a motorcycle engine
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Fig. 2 Forced torsional vibration model of
single degree of freedom system with
clearance and friction
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Fig. 3 Continuous friction torque
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Fig. 4 Structure of gear stiffness calculation model
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Fig. 5 Difference of gear train total stiffness between
simulation results and physically measured
values
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Fig. 6 Spring and friction damper characteristics
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Fig. 7 Correlation between simulation and test about
the gear train system torsional stiffness
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Fig. 9 Model of V4-type crankshaft behavior
simulation
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Fig. 10 Calculated damper stroke angle operating
by WOT scanning mode
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Fig. 11 Calculated results of damper torque
operationg by WOT, scanning mode
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Fig. 12 Measured results of damper torque
operationg by WOT, scanning mode
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Fig. 13 Calculated damper response, in case
of V4-type engine operating WOT,
scanning mode
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Fig. 14 Physically measured damper response,
in case of V4-type engine operating WOT,
scanning mode
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Fig. 15 Model of F6-type crankshaft behavior
simulation
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