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ABSTRACT 
The precise and in-situ measurement of film thickness and 

the rotational speed of rolling elements within bearings is 

critical for understanding their tribological characteristics. 

Instances such as lubricating film breakdown or excessive slip 

can induce wear and eventual failure of the bearings. [1] This 

paper introduces a novel approach for concurrently assessing 

lubricant film thickness and rolling element rotational speed in 

rolling element bearings using ultrasonic reflectance. [2] 

The methodology outlined demonstrates the feasibility of 

reconstructing grease film thickness profiles in small-sized 

rolling element bearings operating at high rotational speeds. 

This is achieved by synchronizing the pulsation of piezoelectric 

transducers with the rotational speed of the bearing cage, 

facilitated by an innovative synchronization algorithm 

exemplified in detail and validated through experimentation on 

a standard grease shearing machine. 

Within this experimental setup, the film thickness of three 

commercially available Lithium-based greases is measured 

under various loads and rotational speeds. Comparative 

analyses are conducted between the ultrasonically measured 

thickness, the Hamrock-Dawson equation, literature findings, 

and torque measurements. [3] Furthermore, alongside film 

thickness measurements, non-invasive and in-situ assessments 

of rolling element rotational speed are performed with an 

accuracy of ±2 rpm. This enables the identification of critical 

transitions to slip conditions, dependent on journal rotational 

speed and applied load. 
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Fig. 1 illustrates the measurement setup of a rolling 

element test rig, equipped with various sensors and 

actuators including an ultrasonic reflectance sensor, 

temperature sensor, torque sensor, load actuator, and load 

sensor. 
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