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Development of Oil Film Thickness Sensor Based on Buoy
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Abstract According to the measurement of oil film thickness on the sea, an oil film thickness sensor based on buoy
is developed using vertical incidence differential laser trigonometry. The composition and principle of sensor is
introduced and the process of the system integration and debugging is presented. Ceramic grade 0 gauge block is
measured as a standard thickness and high order curve is fitted based on least square method for the calibration of the

sensor. 1.4~9.4 mm gauge blocks are measured to verify the precision. The results show that the measurement
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relative error is less than 1% .
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Fig. 1 Schematic of oil film thickness sensor based on buoy
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Fig. 2 Schematic of vertical incidence lower optical system
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Fig. 3 (a) Schematic of buoy mechanical structure; (b) schematic of sample pool mechanical structure
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Fig. 4 Photos of system integration and debugging experiment
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Fig.5 (a) System calibration experiment;

(b) fixture for ceramic gauge block
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Table 1

Calibration original data of upper and lower optical system (unit; mm)

di/d, 1.0000 2.0000 3.0000 4.0000 5.0000 6.0000

7.0000 8.0000 9.0000 10.0000 11.0000 12.0000

hy 1.5704  3.2047 4.9271
h, 2.2017 4.4262

6.7023 8.5242 10.4756 12.4400 14.4330 16.4544 18.5265 20.6666 23.1537
6.5749 8.5967 10.5957 12.5948 14.1436 16.3379 18.1748 20.0157 — -
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Fig. 6 Calibration curves of upper and lower optical system
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Table 2 1.4~9.4 mm gauge block measurement result (unit: mm)

Nominal value 1. 4000 2. 4000 3. 4000 4. 4000 5. 4000 6. 4000 7.4000 8. 4000 9.4000
Average thickness 1.4099 2.4072 3.3953 4.3935 5.3873 6.4100 7.4257 8.4096 9.4344
Absolute error 0. 0099 0.0072 —0.0047 —0.0065 —0.0127 0.0100 —0.0257 0. 0096 0. 0344
Standard deviation 0. 0084 0. 0069 0.0079 0. 0061 0.0190 0.0160 0.0100 0.0525 0. 1505
Relative error /%  0.7071 0. 3000 0.1382 —0.1477 —0.2352 0.1563 —0.3473 0.1143 0. 3660
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