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Measurement of Oil Film Thickness of Thin-coated Bearings
Based on Ultrasonic Pulse Reflection Method

Shi Shibo, Zhao Junsheng”
(School of Mechanical Engineering, North University of China, Taiyuan 030051, China)

Abstract: To address the issue of the technical challenge encountered in the ultrasonic measurement of
lubricant film thickness on thin-coated bearings, where overlapping echo signals make it difficult to sepa-
rate the incident wave and prevent accurate measurement, a measurement model for a four-layer lubricant
film was established under a focused acoustic field by introducing a pseudo-reflection coefficient. The film
thickness was determined by calculating amplitude and phase information from the ratio of the total
reflected wave to the reference wave, which circumvented the difficulties inherent in traditional methods.
A finite element model was constructed to analyse the influence of different oil films and coating thick-
nesses on the measurement results. Subsequently, a test bench was set up, and comparative experiments

using multiple methods were conducted. Experimental results indicate that the relative error of this model
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is less than 5% for oil film thicknesses ranging from 5 pm to 120 pm, and less than 2% for thicknesses

exceeding 60 pm. These findings demonstrate the model’ s excellent robustness and its ability to effec-

tively enhance the accuracy and stability of thin-film bearing thickness measurements.

Key words: ultrasonic wave; oil film thickness; reflection coefficient; four-layer structure; superimposed
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Fig.1 Schematic diagram of ultrasonic wave propagation in a

four-layer structure
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Fig. 2 Reference wave propagation diagram
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Fig. 3 Oil film thickness calculation flowchart
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Tab.2 Experimental set-up and its parameters
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Tab.3 Measurement values of different oil film thicknesses

A PRC LR/ MHz - JlBRJSEE /pum
1 0.990+-0.201j 9.659 10.182
2 0.895-+0.285j 9.694 10.947
3 0.975-+0.290; 9.820 9.382
4 0.888+4-0.212j 10.173 10.996
5 0.930+0.195j 9.632 10.819
6 0.965-+0.280; 10.088 10.757
7 0.910-+0.275j 10.291 10.587
8 0.980+4-0.220j 10.107 9.971
9 0.89240.250j 9.943 10.787
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11 0.920-+0.295j 10.235 10.893
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13 0.9134-0.236) 10.469 10.165
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15 0.925-+0.249j 10.418 10.359
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Tab. 4 Oil film thickness measurements and errors
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Tab.5 Comparison of performance of oil film thickness
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