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A Study on the High Efficiency and Low Noise Design of Electric
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Development and research on electric vehicles in power transmission system are increasing as the demand for eco-
friendly and autonomous vehicles increases across the industry. In order to reduce noise, research on high efficiency
and low noise due to electrification of the gearbox system is being actively conducted, such as applying design
technology to optimize the shape of the gear and increase rigidity. In particular, research on low noise is active
because the noise of the electric gearbox could be easily recognized in a vehicle, even with small noise due to its
frequency characteristics. Therefore, in this study, effects of main specifications of gears on noise and power loss
were studied and analyzed through a Parametric Study. Characteristics of the proportional relationship between noise
and power loss according to major specifications were analyzed. Based on study results, NVH analysis in the gear
system was performed. After that, actual data were secured through test measurements and a noise reduction effect
of 4.4 dB was confirmed.
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Table 1 Gear specification of helical gear train

Description Unit Gear Pinion
Module Mm 1.5-3.0
Pressure angle Deg. 16-24
Helix angle Deg. 0-20
Face width Mm 25
Profile shift coefficient - -0.6~1.0

Sound pressure level according to Masuda Normal module [mm]

67.0 [ P

-

1R
650 — m

I

-

63.0 —

61.0 —

59.0 —

57.0 T T T |
1.0 2.0 3.0 4.0

Total contact ratio

Fig. 2 Gear noise changes with gear teeth and module changes
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Fig. 3 Gear noise changes with sum of profile shift coefficients
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Fig. 4 Gear noise changes with gear helix angle
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Fig. 6 Gear noise changes with gear helix angle
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Fig. 7 Gear noise changes with gear helix angle
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Table 2 Gear specification of helical gear train

Description Unit Before After
Center distance mm Fix
No. of teeth - Change
Profile shift coefficient - Considering sliding velocity
Transverse contact ratio 1.304 1.451
PPTE pum 3.321 1.272

Fig. 8 Geartrain system modeling with RecurDyn
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Fig. 9 Post analysis checking point with RecurDyn
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Fig. 10 FFT-MAG graph at motor shaft
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