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BEHAVIOURAL ANALYSIS OF FIBER OPTICAL
SENSOR BEAM TARGETED TO A FLAT SURFACE
WITH VARIOUS TEXTURE

Frumence E Utou and Bohua Sun’

ABSTRACT

The application of fiber optica sensor (FOS) in displacement measurement has advantagethat contact isnot required
for measurement. There are applications however, in which surfacereflectivity can change due to contamination
and other environmental effect and therefore a closed system is required for better results for detection and
measurement For example, using an optical version of alinear voltage displacement, thetransformation contact of
the part to be measured requires mechanical plunger, of which the FOS doesn’t require physical contact. The
optical sensing occursin aclosed environment in which the sensor through reflectionsat mirror tracksthe movement
of theplunger. Thereflectivity has relationship to the surface has been targeted. Asthe surface becomes rougher,
the reflected light intensity drops substantially. The sensor is also sensitive to movement of rotational aswell as
angularity. However, there are some difficulties with refl ective optic measurement sensors. asthey integratedistance
datawith changesin reflectivity of thetarget and angularity of thetarget. |n an effort to characterize the behavior a
micro finish of surface (lapped) in various coarseness, it has been observed the existing correlation between the
effectiveness of the displacement due to thetransformation of incident and reflective angle of the beam light.
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1. INTRODUCTION

The Fiber Optical Sensor (FOS) beam is a light energy supplied from the light source with different wavelength.
The light can then be extended to various applications depending on the desired parameter measured or controlled.
The laser differs drastically from other sources, man- made, or natural in one basic way, which leads to several
startling characteristics. Laser light must be coherent light. This means the light emitted by the laser is of the same
wavelength and is in phase. Beam also can be transformed from the light energy to the dectrical potential.

The high sensitivity of the emitted beam gives much attention during the transmission and reflection to the
various targeted surface objects. For example the FOS for the displacement measurement has close correlation
between the accuracy measurements of the displacement and that of surface quality to be reflected. The value of
minimum accuracy can be obtained if surface is not reflective enough or the incident and the reflected light is not
normal to the surface.

This has been a noted problem to in many experimental cases. Other affecting factors such as fiber microbends,
fiber size type, cladding material have been noted. For some cases due to the end termination of fibers during
splicing, it has aso referred as loss in transmission/reflection process.

Here, for the better result, the relationship between the efficiency of the transmitting leg of the sensing to the
reference leg must approaching one

Theinvestigation through experiment is enabling to comparethe effect of the surface roughness and thereflective
effect due to irregularities of various surfaces. Other close factors pertaining to loss of the transmitting such as tip
angular and material thickness will be also discussed.
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2. SURFACE QUALITY AND MATERIALS

According to various surface qualities, available for the materials, the acceptable characteristic of the surface such
as shinning, smoothness and ability to reflect should be linked to the whole process of the beam light transmission.
Materials of metal, silicate glass and foil papers are exhibiting good reflectance.

3. TRANSMISSIONAND REFLECTION THEORY OF BEAM
Basic transmittance of a beam light through a glass plate for example, one the reflectance takes place at upper and
lower surfaces and absorption within the plate.

The amount of incident light transmitted through the glass plate is determined by the amount of light reflected
both from upper and lower surface as well as the amount absorbed within the plate

I =[@-R)(,e“)]-[(RE-R(l,e“)]=1+R(.e“)1-R =(1-R’(I.e*), (1)
Where | and | R are reflection beam and Incident beam respectively
The emitted beam from the laser source has similar principles of light transmitted through various media of
materials. Reflection occurs when the light passes from one homogeneous isotropic medium to another; the light
ray will bend at theinterference between thetwo media. The expression transmission theory governed by mathematical
expression of Snell’'s Law of
n,sing,=n sin¢,, 2
where n_ is the index of refraction of the medium in which beam light is initially traveling
n, is the index refraction of the second medium
¢, Is the angle between the incident ray and normal to the interface
¢, is the angle between the refracted ray and the normal to the interface

4. REFLECTIONDUE TO THE SURFACE IRREGULARITIESWITH DEPTH T

Reflection with the lamina thickness of ({t as in @) is assumed to have thei ~ o since there is no internal reflection
through the thickness (t). Unlike in the case (b), there is total internal reflection at a distance t to cause scattering
due to angular reflections which does not give normal reflection with receiving leg o

5. SENSOR SENSITIVITY

If the reflectivity of the mirror isless than the 50% the sensor can betreated as a double pass interferometer and the
value of E field can be related to the E- fidd launched into the optical fiber by a laser diode through the following
expression.

E... = [KI[TI[K]E , Where E_ and E_, are input and output fields described by the K matrix 3
11 i
[K]= 7l 1l and for the transudation matrix T gives (4)
exp(io,) 0
T|= _
M5 ot

The above describes the phase change impressed on the light propagating down from the optic al fiber to the
reflective surface and back to the detector.

¢, and ¢, are representing the phase shift induced in the sensing and reference optical fiber, respectively. The
resulting interference leads to a cosine modulation in the intensity of light arriving the detector

1+coso
Ly =1 > where ¢ =¢,—9, (6)
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Equipments: Displacement sensor (Philtech Modd D 100 -Q), optical table ,Multimeter, oscilloscope. X-y z
axis motion control.

Materials: Reflective materials of polished metal, mirror and a foil paper.

Experimental discussion: The objective of the experiment is to measure the effect of refractive incident of the
beam light from the displacement FOS to various surface qualities and its response to the accuracy of displacement
measurement.

After successfully calibration, some experiments were conducted to verify the effect of the incidence/reflective
angle for displacement measurement. Some of the results are shown on diagram 5, 6 and 9.

The governing sensing length L is assumed to be shorter than the distance over which the strain changes
appreciably
For the light that is linear polarized in the o direction the optical theory allow us to write
n,
Ana = 7 POWSY f (7)

Where P, is the strain-optic tensor, syf is the strain tensor for optical fiber, comprising three principle and three
shear strain component

=

N
U U

~0 -0 O
N

V) EU U
o

~U

U

Il
N
N
B

where, ¢ = ¢, — §, (8)

o o
o Y o
s o o

Where P, =(R,-R,) %

6. REFLECTIONAT THE SURFACE OF HOMOGENEOUSISOTROPIC MEDIUM
The reflection at surface of homogeneous isotropic medium is governed by the Fresnel equation written as

_(ql_qZ). __(Ql_QZ)
= ¢ + 0, o= (Q1+Q2) ©)

Where g, and g, are the normal components of the wave vector in the incidence medium labeled 1 for the reflecting
medium and 2. r locus as function of the angle of incidence, ¢ dielectric constant

This reduces to

W
6= /e €0S0.Q =% ec (10)
1

value for the displacement as a result of variation of the angle of incidents

This can be applied for different relative didectric constant of media in terms of refractive index as shown on
table 1.

This eguation (2) can be also represented by the equation for the reflection on the observation plane that varies
from —90° to 90° of which is experimented to give the relationship between the beam angles to the surface of the
observation plane and its corresponding distance on table 2 and on figure 6.
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Table1
No Material Average refractive index
Silica glass 1.458
Lapped metal 23
3 Foil paper 15
Table2
No Incidence angle Observed displacement y
o° )
30 0.89 %
45 0.7 6
60 053
90 0
-90 0
\ vl R
TTe
(1-R)lo YPEEL
I=(1-R?*ie™
Figure 1. Basic Reflection Concept
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Figure 2: Reflection of Beam from FOS for Displacement Detection (a) Reflection on a Surface with a Lamina Thickness
(b) Reflection through the Surface with a Thicknesst of a M aterial
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Figure 3: Experimental Setup for Reflection at an Figure 4: Philtech Standard Chart Calibrated from the
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Figure 5: Displacement Graph Obtained from the Figure 6: Relationship between y(e) and “€’, when
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Figure 7: Displacement Relations for Two Different Figure 8: Result of Displacement Response Due to M ulti
Material Surface Vibration on the Foil Material Surface
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Model results shows maximum
fred part) and minimum (blue part)
displacement variation results in the three
directions, showing pelarization.

Figure 9: Simulation of Displacement using the ABAQUS

B AN
~ cosp+cosh (11)
d __ M = 0 12
an Y= T cosp OYTC0S (12

7. RESULT AND DISCUSSION
As discussed before the effect of the incident and reflective of the beam light targeting to the value due to the

variations of surface quality as well as the angle of inclination can be obtained experimentally as well as using the
Fresnel’s equation to give the radius locus for determining the displacement at any give limit of angle range.

The figure 7 shows the similar result obtained by measuring the reflective effect versus the distance locus r for
the surface quality of silicon and gold diagram .For this reason the figure 6 and 7 prove the correlation of accurately
determining the effect to the application of the FOS for distance measurement basing on the reflectivity mechanism
of thelight beam. Similar tendency of resultsfor displacement measurement was obtained after the sensor calibration
of which various displacements measurement was successfully conducted.

Simulation by ABAQUS with different reflective materials across the span shows variation of displacement as
shown on figure 9 above.
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