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ACOUSTIC VIBRATION CHARACTERISTIC ANALYSIS
OF TAPERED ROLLER BEARING

ABSTRACT

Tapered roller bearings were widely employed in automotive
manufacturing, precision machine tools, and rail transportation due to their
superior load-bearing capacity, operational stability, and ability to
accommodate both radial and axial loads. However, during prolonged
operation, these bearings were subjected to friction, impact forces, and
fatigue-induced damage, making them susceptible to failures that led to
abnormal vibrations and noise, thereby compromising the overall
performance of the equipment. To gain a profound understanding of the
internal motion mechanisms of defective bearings, this study
systematically investigated the dynamic behavior, vibrational
characteristics, and noise properties of tapered roller bearings. The specific
research contents were as follows:

Regarding the dynamic characteristics of bearings, a comprehensive
six-degree-of-freedom dynamic model was established by incorporating
the Newton-Euler equations, taking into account the interactions among

the rollers, raceways, and cage. By analyzing the spatial positional
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relationships of bearing components and applying kinematic theories, the
internal dynamic behavior of the bearing was systematically examined
from multiple perspectives, including force distribution and displacement
characteristics. Furthermore, the effects of varying operating conditions
and structural parameters on the roller swing angle were explored. The
findings provided a theoretical foundation for the analysis of abnormal
vibrations and noise in tapered roller bearings.

A dynamic analysis model for localized defects in tapered roller
bearings was established to investigate the vibration characteristics of
faulty bearings. The effects of localized defects on the raceway and
rolling elements on the internal dynamic behavior of the bearing were
examined, along with the influence of rotational speed and defect width on
vibration characteristics. The results indicated that the interaction between
bearing components and the trailing edge of the defect induced impact
loads, intensifying the vibration of the outer ring. An increase in
rotational speed amplified the roller-raceway interaction forces, leading to
enhanced impact loads and more severe fluctuations in the outer ring
acceleration. The trajectory of the cage centroid exhibited complex and
irregular motion as the rotational speed increased, gradually transitioning
into a chaotic state before stabilizing into a vortex motion at high speeds.
Additionally, an increase in defect width further exacerbated vibrations,

causing the cage centroid trajectory to evolve from a regular circular path
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into a chaotic pattern.

The vibration and noise mechanisms of bearings were highly
complex, and existing simulation methods struggled to comprehensively
replicate their acoustic characteristics. Therefore, an experimental
approach was adopted to investigate the vibro-acoustic properties of
tapered roller bearings, including the distribution characteristics of the
sound field and the influence of rotational speed on sound pressure levels.
Experimental results demonstrated that the vibration characteristics of the
bearing directly affected its acoustic performance. Normal bearings
exhibited stable signals, with spectra primarily dominated by shaft
frequency and its harmonics, whereas an outer ring spalling defect induced
periodic impacts, making the fault frequency dominant along with its
harmonics. Noise exhibited significant directivity in the circumferential
direction, with certain angles presenting higher sound pressure levels.
While radial and axial sound pressure levels attenuated with increasing
distance, their directivity remained stable. The noise levels of defective
bearings were significantly higher than those of normal bearings,
displaying stronger directivity. Moreover, rotational speed and noise sound
pressure levels showed a positive correlation, where higher speeds resulted
in increased noise levels.

Based on the attenuation characteristics of noise signals during

propagation, a bearing outer ring spalling fault localization model was
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established by analyzing the mathematical relationship between the
synchronous root mean square difference of fault noise signals and the fault
position. Comparative studies between simulations and experiments were
conducted to verify the model high localization accuracy. Furthermore,
fault localization experiments on multiple predefined positions
demonstrated a high degree of consistency between the measured data and
theoretical simulation results, confirming the applicability and reliability
of the proposed method.

In summary, this study systematically investigated the dynamic
characteristics and vibro-acoustic properties of tapered roller bearings by
establishing both a dynamic model and a localized fault dynamic analysis
model. The research unveiled the interaction mechanisms among bearing
components and their kinematic behaviors, while also analyzing the impact
of bearing faults on vibration and noise characteristics. On this basis, a
fault localization method for outer ring spalling was proposed, leveraging
the attenuation characteristics of noise signals, and its accuracy was
validated through experimental studies. This work provides theoretical and
technical support for bearing fault detection, design optimization, and
vibro-acoustic research, contributing to the enhancement of bearing
operational reliability and service life.

KEY WORDS: tapered roller bearing, acoustic and vibration

characteristics, dynamic modeling, stripping fault, location identification
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