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Abstract. Light transmission in the reflection fiber system, locateéin
ternal optical media, has been investigated for applioadi® sensors. The
system was simulated by different models, including extkcavity param-
eters such as the distance between light emitting and iiegeiibers and
mirror positioning distance. The sensitivity to a lineasmlacement of the
sensors was studied as a function of the distance betweé&pshut the light
emitting fiber and the center of the pair reflected light ailhg fibers, by
positioning a mirror. Physical fundamentals and operapirigciples of the
advanced fiber optical sensors were revealed.
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1 Introduction

Investigation of the reflection fiber system arrangement and influengkyef
sical and optical parameters of a cavity on light transmission promises the
creation of a lot of devices for measuring physical properties of theredte
optical media and cavity dimension changes.

In recent years W.H.Ko et al [1] have proposed a new innovativtereal
influence compensated method — a fiber optical reflective displacement mi-
crometer, which consisted of the light transmitting fiber and a pair of light
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receiving fibers on a plane. The tips of the pair of the receiving fibetsct

the light reflected from a mirror and form an angle with the light emitting
fiber. The experimental dependence of the output signal of the micrometer
after fixing not commented parameters of the fibers and construction of the
micrometer have been obtained.

The aim of this paper is to investigate the influence of the arrangement of
the reflection fiber system on light transmission: (i) the influence of phlysica
properties of a cavity, (ii), to show the sensitivity of the fiber optical system
dependence on the fiber tips distribution distance b1l. We demonstrate a pos-
sibility: (i) to use fibers with a defined angle between the tips of fibers at the
mirror in a measuring head and the same light source as a sensor fosettrea
sensitivity measuring of the linear displacement, (ii) to show that the light
source degradation and temperature fluctuations can be compensated.

2 Principle of operation (main equations)

The arrangement of the fiber tips in Fig. 1 was applied to explain the main

physical principle of operation of the reflection fiber system. If the réfigc

surface is a perfect mirror, the reflected light is equivalent to that imatesd

with the sourcel, at the mirrored positio.’ a distance: away. According

to [2], the intensity distribution function of the souréér, z) at the position

Q(r, z) on the planez(h) away from the source andaway from the light

beam axis is [2]

exp {r?/R*(2)}
R?(2)

Iy is the intensity of the light sourcé is the loss of the intensity of the input

fiber;n = 1. R(z) is the effective radius of the output optical field, defined as

I(r,z) = [H Ky 1)

R(z) = ap + kztan(6,.), 2

2ay is the radius of the fiber coréd, is the aperture angle of the fibér,s a
constant of the light source. Contrary to [1, 2], we consiflér) to be a linear
function, because of the well-known linear spreading of light.

If the reflecting surface is not perfect and has the reflection coeffifigy,
the reflected light will be reduced by the factor
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Fig. 1. Fiber tips arrangement of the reflection fiber systén A, B are
light receiving fibers;L is a light emitting fiber;f is an angle;2q is the
fiber core diameter2a is the fiber diameter with claddingi is the distance
between light receiving fibers; andd] are the distance between the centers
of light emitting and a pair of the receiving fibers with = hy and hqg
(h1o > ho); h is a distance]y is the intensity of a light sourcd;y, Ig are
the intensity of received lightR is the reflection coefficient of the mirror;
LZD is the mirrored position of the fibel at hg; hg is the distancé when
signals(A — B) = 0; L/, is the mirrored position dt = ho +7'; £X isa
displacement of mirrored position ferh'; Z is the distance of the mirrored
position atho; Z is the distance of.”_,, at the mirror positiorh = ho + 1/

The transmitted light intensity at the end of the receiving fiber is [3]:

N KoRpy KIyexp ( — TQ/RQ(Z))
I(r,z) ~ é/ TR () ds, (3)

K is the loss in the intensity of the receiving fiber, ahik the receiving fiber
core area.

If the intensity at the receiving fiber center is used to represent thagerer
intensity received and the reflection coefficient of the mirror is includesh th
the intensity received by the and B fibers can be simplified as follows
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(Fig. 1):
T KoRy K11y ex;;l{q;(z(;c + d)2/R2(z)}’ @
Bely—5, KoRy Kol ex;;i;(z(;r — d)Q/RQ(z)}, 5)

where2d is the distance between the centers of the light receiving fiberis,
the diameter of the fiber with cladding. In particular c@gecan be equal to
2a.

When the two receiving fibers are identical; = K5, S = S5 and

(A - B) _ exp{ — (z+ d)Q/RQ(z)} — exp{ — (z — d)Q/R2(z)} ©)
(A+ B) exp{ —(z+ d)Q/RQ(z)} + exp{ — (z— d)2/R2(z)} '
According to Fig. 1,X = x = 2h/sinf. Equation (6) is a function not

only of z, but also ofz.

z = (20 £ Az)n, (7)
where
o b1 L 20
07 Sing’ ~ cosf’
Then
b1 2h
°T <Sin0icosﬂ>n' ®

Here zy and hy are the initial reference values wheh= B, (U4 = Ug),
Ua — Up = 0 is the crossover point of the signalgh), andB(h) is the main
principle of the system operation. Refractive index 1.

h=ho+h. 9

Function (6) can be expressed only as a functionn, 6, 6.,b; (Fig. 1).
(A — B)/(A + B) does not depend of;, K1, Ry, Ko, Ip, in contrast
to (A — B) that depends on them.

The compensation mechanism, sighdl— B)/(A + B), does not depend
on the reflection coefficient of mirror, intensity of the light source, and ins
the fibers. Equations (4), (5) and (6) were used as functicios simulating
the output signald/,,; of sensors in order to compare the sensitivity=
dU,.+/dh of our fiber sensor constructions with those known in literature.
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3 Results
The signal characteristics of the system are

A(h), B(h),C(h) = A(h) — B(h), V() =C(h)/[A(h) + B(h)],

_dA dB dC v

SA:G(h) dh’ SB:F(h):Ea Ssub:%a Sdiv:%-

For calculating applied such paramebewaluesl, 2, 3,4 mm. The last value

is as in [3] for comparison of thé&,,;, and Sy, results. The diameter of the

fiber core isag = 0.2 mm, with claddinge = 0.4 mm, the fiber aperture angle

6. = 19.5° and the anglé = 25°. The distance between fibeAsand B is

d = 0.3mm. The output signal for all pictures is in the same arbitrary units.
The output signalgl(h) andB(h) in Fig. 2 rise from zero to the maximum

value and then drop off. The portion in affinity of the points, A, and By,

-
A(h)

0 0.5 1 15 2
h

Fig. 2. Dependence of signals and B on the mirror positiorh. 6 = 30°,
b1 = 1 mm.

B, for these characteristics is linear. The maximum amplitddg,. of signal
A(h) is always higher tham, ., for signal B(h). SensitivityG(h) andF'(h)
(Fig. 3) on the near side of this characteristics is higher than that as inrthe fa
side. Moreover the sensitivity of the curih) is lower than that ofA(%) on
both sides. The characteristid$h) and B(h) naturally cross each other at an
appropriate value of.

The calculation results of the characteristitis:) and B(h) with different
values of the system parametgrare represented in Fig. 4.
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Fig. 3. Sensitivity dependence to the signdlsand B on the mirror posi-
tion h: G(h) = d[A(h)]/dh, F(h) = d[B(h)]/dh.

A(h, 1)

B(h, 1)
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Ah,3)
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Fig. 4. Dependence of signald and B on the mirror positionh as
by =1,2,3mm.

The maximum values of the characteristit§:) and B(h) decrease aly
increases. The maximum points of all characteristics and their crossintg poin
are at the higher values afwith increasingy;. As theoretical equations (4)
and (5) show the decrease 4f,..., B Will be exponential.

The characteristic§'(h) = A(h) — B(h) Fig. 5 rise from zero to the posi-
tive maximum value, then drop to zero, and rise to the negative maximum value
and afterwards decrease to zero. For application in practical measussme
the linear part of the characteristic at the value= hg is more important.
Measuring value€’(h) everyone can determine the value of the mirror or body
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displacement from positiohy & 4’. The amplitude of signal’(k) decreases
asb; increases, the distanég increases as well. The characteristits,(h)
in Fig. 6 reveal the sensitivity to displacement to be very low;as 4 mm.

C(h, 1)
C(h,2)
C(h,3)

.C(-h, 4)

=

Fig. 5. Dependence of signal§h) = A(h) — B(h) on the mirror positiork
asb; = 1,2,3,4mm.

Squp(hs D)

Ssub(h’z)

Squp(hs3)

Squp(h>4)

Fig. 6. Dependence of signal§,,,(h) on the mirror positionh as
b1 =1,2,3,4mm.

This is the main reason why the valuesXaf,; (1) are so low as the distanée
is not properly chosen for the system. Moreover, the greater the sigial
the better the resolution of the system is.

Very important for compensated measurements is system signal (Fig. 7)

V =(A-B)/(A+ B).
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This figure shows the signal to kel and zero at definité = h values.

05T
V(h, 1)

V(h,2)

-V(h‘3) 0

V(h,4)

Fig. 7. Dependence of signals(h) = A(h) — B(h)/A(h) + B(h) on the
mirror positionh asb; = 1,2,3,4 mm.

Those values af increase aé; increase. The characteristizg/) have linear

parts in the affinity of zero. Therefore each of them is proper for nreasent

not only the mirror displacemerit’, but also its direction.S,;, decreases
exponentially a$, increases (Fig. 8).

Sgiv(h. 1)

Siv(hs2)

Saiv(h.3)
Sgiv(h.4)

-3+

-4+

Fig. 8. Dependence of signal§;,(h) on the mirror positionh as
b1 =1,2,3,4mm.

4 Conclusion

Light transmission modelling in the reflection fiber-optical system revealed
that the sensitivity could increase as the parameter of the syistamde-
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creased as much as possible. All the modelling results are coincidental with
the experimental data [3].

References

1. Ko W.H., Chang K.-M., Hwang G.-J. “A Fiber-Optic RefleaiDisplacement
Micrometer”, Sensors & Actuators, A49, p. 51-55, 1995

2. Libo Y., Jian P., Tao Y., Guochen H. “Analysis of the Comgeion Mecha-
nism of Fiber-Optic Displacement Sensdgnsors & Actuators, A36, p. 177—
182, 1993

3. \Verkelis J., Jankedius R., Sarmaitis R. “Light Transmission in Reflection
Fiber System”Lithuanian Journal of Physics, 42, p. 99-109, 2002

63



