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Abstract: Optical fiber reflection sensors for the displacement measurement are described. We tested different optical fiber reflection sensors configu-
rations. The displacements are measured by approaching the optical fiber tip toward reflective surface and by moving it parallel to the surface. Various
sensor responses are detected by using an optical power meter and analyzed with the computer.

Merjenje pomika z uporabo odbojnostnih senzorjev z
opticnimi vliakni

Kijuéne besede: svetlobni senzorji, opti¢na viakna, senzoriji z opti¢nimi viakni, merjenje pomikov, intenzitetni sensor, odbojnostni senzor

lzvieéek: Opisani so odbojnostni senzorji z optiénimi viakni za merjenje pomikov. Preizkusilismo razli¢ne konfiguracije odbojnostnih senzorjev z opti¢nimi
vlakni. Princip delovanja sloni na priblizevanju ali vzporednemu gibanju senzorske konice glede na povrsino, ki svetlobo odbija. Signale smo izmerili s
pomodjo opticnega merilnika moci in analizirali z uporabo racunalnika.

1. Introduction where NA is numerical aperture of the optical fiber.

Several optical fiber sensors for the displacement meas-
urement have been designed /1/. Most of them are based Incoming
on the optical intensity variation. An optical fiber micro- ) )
banding sensor was developed for measuring  the dis- optical fiber
placement /2/. The optical fiber interferometers measure

small displacements and vibrations with high precision /3/.

The reflective type optical fiber sensors are also described . @)
/4/. They can be used for the sound detection as a mi- Mirror
crophone /5/. We measured refractive indexes of fluids #
using this kind of the fiber optic sensor /6/. They are sim-

ple in construction and could be used in explosive envi-
ronments. In this paper we shortly describe an intensity
displacement fiber optic sensor with two parallel fibers. In

addition we describe the optical fiber sensor with a circu-

lar input optical fiber and a ring type output optical fiber.

The displacement measurements were performed by ap-
proaching the fiber tip toward the reflective surface and by

moving the sensor parallel to the surface where we used a Fig.1.  Schematic of the sensor
surface with two different reflexive layers.
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If P¢ denotes the total optical power transmitted through
the incoming fiber and Py(2h) the captured power by the

2. Principles of operation outgoing fiber, then the efficiency factor n(2h) at the dis-
The optical fiber reflection sensor in general consists of tanoeié"l between the fiber tip and the reflective surface is
two multimode optical fibers. Both fibers are bound together equatto
in a sensor tip. The first fiber is the incoming one and the 20 =P (2h)/ P 2)
second is the outgoing (Fig.1). A maximum angle ®p4 within N ( ) "( ) v
which the light leaves the output fiber at the sensor tip is If we assume that the far field optical intensity distribution
equal to at the incoming optical fiber tip /(r,2h) is parabolic,

©,, = arcsin(/NA), (1)
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2
I(r,2h) = 22P" 1- : (3)
R (k)| R*(h) |’
then we can write
s ](r 2h)
n(2h) = 2”RTT( 2 =25 dedr

l I

where Rs is surface reflectivity, T;and T, the Fresnel trans-
mittance coefficients of the incoming and outgoing optical
fibers /6/. In this equation R is the radius of the light cone
at the distance 2h and h is the distance between the mir-
ror and the sensor tip

R=a+2h Z‘g(QNA)- (5)
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Fig.2.  Theoretical and experimental sensor response
in moving the sensor tip outward the mirror.

The maximum azimuth angle ¢ is equal to

o, =arccos(( s*+r*—a’)/(2rs))y,  (6)

where s is the distance between the fiber core axes and a
the optical fiber core radius.

The first integration limit R1 inthe integral (4)is R1=s-alif
R >s-a otherwise Ry = 0. The second limit R, is equal to
Ro=staif R=s+aand Ry = Rifs-a <R <s+a otherwise
Ry = 0.

In Fig. 2 the theoretical efficiency and the experimental
curves are shown. The sensor consists of two identical
optical fibers. The optical fibers used had a core radius
a=0.5mm, s =2.2 mm and NA=0.47.

3. Ringtype sensor

In this section a ring type sensor is described. The sche-
matic of this sensor is shown in fig.3.
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Fig.3.  Ring type optical fiber reflection sensor

The ring type sensor has one incoming optical fiber and
several small fiber fragments arranged in a ring around the
incoming optical fiber. The ring shaped fiber fragments are
gathered in the outgoing optical fiber. This type of the sen-
sor tip is capable of collecting more light than the reflec-
tion sensor with the two circular optical fibers. We used
the red LED as the light source and optical power meter as
the detector. The measured results were transferred to the
computer for further analysis.
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Fig.4.  Sensor response for the ring type optical fiber
reflection sensor

The sensor response by moving the sensor outward the
reflective surface is shown in Fig.4. The ring type optical
fiber sensor consists of the same type of the optical fibers
as in the previous configuration. In addition we measured
the sensor characteristics by moving the sensor tip paral-
lel to the reflective surface. One part of the reflective sur-
face was covered with the black color type. The reflect-
ance upon the colored part of the surface is much smaller.
In Fig. 5 the sensor response is shown.
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Fig.5.  Sensor responses by moving the sensor tip
parallel to the surface.

The sensor tip is close to the surface where the sensor
response is near the maximum. The sensor characteristic
decrease rapidly when the sensor tip passes over the color
border. it can be seen from Fig. 5 that the sensor response
is linear within 1 mm. We used this sensor for monitoring
an electro welding head displacement.

4. Conclusions

This paper describes two types of optical fiber reflection
sensors. The first one consists of two fibers and the sec-
ond one is a ring type optical fiber sensor. The sensors
working principles are evaluated as well as the sensors
characteristic responses. Those sensors are capable of
measuring a position of a few millimeters and detecting
the displacement of the objects with the different surface
reflectivity.
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