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Clearance design of taper roller bearings for reducing

drive axle whine
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Abstract: A proposed analytical process aims to reduce vibration and noise by adjusting the clearance of the taper
bearings for the systematic issue of whine in the drive axle. This process is based on a simulation model of the
dynamics of the mid—axle assembly, which includes the gear, axle, bearings, and housing. The accuracy of the
model is verified by the transmission error test of the bevel gears. By considering the clearances of five taper
bearings that support the input shaft, pinion shaft, and differential as design variables, the response surface
method was employed to establish a surrogate model for the vibration response of the axle case and the fatigue life
of the pinion shaft ball bearings. Through multi-objective optimization, an improvement plan for addressing the
drive axle whistling issue was obtained, considering the bearing life. The results show that this process yields
better outcomes and demonstrates high adaptability.
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Table 1 Macro parameters for helical gears
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Fig. 1 Simulation model of gear—shaft system in

drive axle assembly
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Fig.2 Power flow diagram of the simulation model
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Fig. 3 Condensation node unit for bearing

mounting points
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Fig. 4 Dynamic model of the middle axle assembly
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Fig. 6 Simulation result of loaded transmission error for hypoid gear
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Fig. 10 Comparison of test and simulation of the first—

order components of hypoid gear LTE

— 0, B EA B B0 EOR 05 5 I A — 2
PEBCL . UL BT ST 04 2l g o 0 FOAR R RE 65 S ik
5 W e R A S92 4 2 5 RS IR, T Lk Ay i i
HE— 28 WF 5 UK B A7 B 4R Bl 8 75 R) RS
RIHEREBREMEBENRIE
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Fatigue life of bearings before and after optimization
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