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The Prediction of the Dynamic Transmission Error for the Helical

Gear System
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Abstract

The purpose of this study is to predict the dynamic transmission error of the helical gear system.
To do so, the equations of motion in the helical gear system which consists of motor, coupling, gear,
torque sensor, and brake are derived. As the input parameters, the mass moment of inertia by a 3D
CAD software and the equivalent stiffness of the bearings and shaft are calculated and the coupling
stiffness is measured. The static transmission error as an excitation is calculated by in-house program.
Dynamic transmission error is predicted by solving the equations of motion. Mode shape, the
dynamic mesh force and the bearing force are also calculated. In this analysis, the relationship

between the
checked. As

mode shape.

system. The
equation of

dynamic mesh force and the bearing force and mode shape behavior in gear mesh are
a result, the magnitude of mesh force is highly related with the gear mesh behavior in
The finite element analysis is conducted to find out the natural frequency of gear
natural frequencies by finite element analysis have a good agreement with the results by
motion. Finally, dynamic transmission error is measured by the specially designed

experiment and the results by equation of motion are validated.
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Fig. 1 Schematic of the helical gear system

Table 1 Gear data

driving driven
Number of teeth 19 89
Face width 50mm 48mm
Addendum mod. coeff. 0.3372 0.0893
Normal module 2.5mm
Whole depth 5.6025mm
Normal pressure angle 20°
Helix angle 25°
Center distance 150mm

Fig. 2 Dynamic model of the helical gear system
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Fig. 3 Fourier spectrum of static transmission error
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Fig. 4 Relative motion between gears in dynamic

model
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Fig. 5 Predicted dynamic transmission error
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Fig. 7 Predicted dynamic bearing force in driving
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Fig. 10 Finite element modeling
Fig. 11 Mode shapes at 878.5Hz
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Table 2 Frequency comparison of gear model with
shaft stiffness

Equation of motion FEM error
516.25Hz 547.4776Hz -5.70%
932.16Hz 878.4604Hz 6.11%
2549 4Hz 2421.1820Hz 5.30%

Table 3 Frequency comparison of gear model with

rigid shaft
Equation of motion FEM error
778.62Hz 809.7818Hz -3.85%
1277.00Hz 1330.733Hz -4.04%
2711.10Hz 2771.336Hz 2.17%
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