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Large wind turbines have been the most compatible
measure for the green energy. Still, a remarkable
enhancement of operation reliability is urgently
demanded. Among which, an agreement is that their
weakest point is the speed-increase gearbox. The
objective of this study is further the investigation
on the single stage planetary gearing using the three
dimensional nonlinear and time varying discrete model
under fluctuating loading. The dynamic analysis and
design knowledge are pursued . At first, the
equivalent meshing stiffness of helical gear pairs is
calculated. The derived nonlinear time varying
discrete model is established for dynamics for the
planetary gearing by which the dynamic
characteristics of the gearbox are obtained under
various design and operation conditions. The dynamic
contact forces of the contact pairs among the gears
or bearings are resulted which can be served for life
calculation of the gears and bearings in gearbox
design. For verification, a steady state dynamic
response of a gearbox 1s compared with a published
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experimental result. Besides, the transient meshing
force in meshing pair under various operations of
speed and torque change are analyzed. The dynamic
force of kinds of acceleration and deceleration are
obtained. The results also show more of torque change
induces server dynamic effect. The effect of inertial
1s also discussed. The inertial moment imposing on
the input shaft also significantly affects the
dynamic force. Finally, a dynamic analysis using the
approach to the multi-stage planetary gear system is
also included. This study establishes an ability of
the gear transmission system. The results expect to
be applied in the design and application of the
gearboxes in the scale of wind turbines. The research
assistants are well trained in the gearing and
transmission knowledge.

Planetary helical gearing, Fluctuating loading,
Dynamic response, Discrete model,
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Abstract

Large wind turbines have been the most compatible measure for the green energy. Still, a
remarkable enhancement of operation reliability is urgently demanded. Among which, an agreement
is that their weakest point is the speed-increase gearbox. The objective of this study is further the
investigation on the single stage planetary gearing using the three dimensional nonlinear and time
varying discrete model under fluctuating loading. The dynamic analysis and design knowledge are
pursued . At first, the equivalent meshing stiffness of helical gear pairs is calculated. The derived
nonlinear time varying discrete model is established for dynamics for the planetary gearing by
which the dynamic characteristics of the gearbox are obtained under various design and operation
conditions. The dynamic contact forces of the contact pairs among the gears or bearings are resulted
which can be served for life calculation of the gears and bearings in gearbox design. For verification,
a steady state dynamic response of a gearbox is compared with a published experimental result.
Besides, the transient meshing force in meshing pair under various operations of speed and torque
change are analyzed. The dynamic force of kinds of acceleration and deceleration are obtained. The
results also show more of torque change induces server dynamic effect. The effect of inertial is also
discussed. The inertial moment imposing on the input shaft also significantly affects the dynamic
force. Finally, a dynamic analysis using the approach to the multi-stage planetary gear system is
also included. This study establishes an ability of the gear transmission system. The results expect
to be applied in the design and application of the gearboxes in the scale of wind turbines. The
research assistants are well trained in the gearing and transmission knowledge.

Keywords: Planetary helical gearing, Fluctuating loading, Dynamic response, Discrete model,
Nonlinear stiffness, Mesh phase
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