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Development of Gear Stiffness Module for Multi-Body Dynamic Analysis on Gears

Jin-Seop Song*, Geun-Ho Lee’, Young-Jun Park’, Dae-Sung Bae ', Chul-Ho Lee™

Abstract

Dynamic as well as static and geometric design parameters such as inertia, tooth profile, backlash and clearance can be
directly considered via multi-body dynamic analysis along with contact analysis. However, it is time consuming to use
finite elements for the consideration of the tooth flexibility in the multi-body dynamic analysis of gears. A computationally
efficient procedure, so called, Gear Stiffness Module, is suggested to resolve this calculation time issue. The characteristics
of gear tooth compliance are discussed and rotational stiffness element concept for the Gear Stiffness Module is presented.
Transmission error analyses for a spur gear system are carried out to validate the reliability and efficiency of the module.

Compared with the finite element model, the Gear Stiffness Module yields considerably similar results and takes only 3%

of calculation time.

Key Words : Multi-body dynamic analysis(CHEA] 5%} 3l|4), Contact analysis(Z 3}|4]), Calculation time(A|XF A|7h), Gear
stiffness module(7]0] 744 ®5), Gears(7]©]), Transmission error analysis(ZE 2%} 34])
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Fig. 1 Finite element model for flexible gear tooth
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Fig. 4 The rotational deformation(¢) corresponding to a linear
deformation(Q,) (The line ‘AE’ is tangent to the tooth
profile at the contact point‘A’ and extended to the
baseline where the rotation center ‘C’ is located.)
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Table 1 Spur gear specifications

Design parameters Dimensions
Tooth form Spur
Normal module 4.5mm
Pressure angle 20°
No. of teeth 23
Face width 47mm
Center distance 104.373mm
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Fig. 6 Multi-Body Dynamic models for the transmission error
analysis of a spur gear
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Fig. 7 Total linear tooth compliance except contact deformation
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Table 2 Comparison of computation time

Gear tooth model Rigid Finite Gear stiffness
model element module
Computation time 2.0min 140.0min 4.5min
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