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The Study of Non-contact Thickness Measurement of Thin Transparent Object
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In this paper, we investigate a new method to measure the thickness of thin transparent objects
utilizing a step index multi-mode optical fiber sensor. The method mainly depends on the
refraction rate of transparent target, the diameter of optical fibers and the distance to reflector. We
confirmed the effects of these parameters through the experimental verification tests. The
comparison between the theoretical vs. analytical results shows good agreements with each
other. The proposed model also enables users to measure the thickness of thin transparent
objects without considering the reflection from the target. This approach provides simple, cost-
effective and non-contact solutions to measure the thickness.
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d = Distance to reflector
= Radius of optical fiber
r,= Radius of reflected diffusion light
S = Gap between transmitting end receiving fiber
t = Thickness of transparent target
a = Diffusion angle
B = Refracting angle
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Fig. 1 The schematic of fiber optic sensing for transparent

target
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Fig. 2 The model of the thickness measurement for the
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Table 1 Variables in analysis simulation

Variables Size | Unit
Core radius 0.5 mm
(r)
Limit dlf?(;s)lon angle 20 | degree
Optical
fiber
Gap between two fibers 001 | mm
&
Intensity of illumination| Ix
in radiation (E,)
Transparent Refraction angle
target ® 14 | degree
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Table 2 Specification of optical glass

Product | Refractive | Reflection | Transmission
name index loss Range
Calcium
Fluoride 1.399 5.4% 0.13~10 um
(CaF2)
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Fig. 5 Schematic of optical fiber probe
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Table 3 Specification of optical power meter

Spectra
range

Optical power
range

Resolution

Measurement
uncertainty

400~1100nm

20nW~10mW

3.5nW

+/-5%
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Transmitting 10 393 418 442
Probe opticalfiber Average | 352.50 374.15 398.30
Transparent
Target

Table 5 Experimental results on the translucent paper
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Fig. 6 Schematic of optical fiber sensing system > 231 263 273
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Fig. 8 Experiment results and curve fitting
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Table 6 The error of two average results

Thickness | Theoretical | Experiment Error
{mm) results(W)y | results(W) (%)
0.0 392 391.8 0.00
0.5 405.1 415.9 2.6}
( 1.0 418.3 4424 5.44ﬂ
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