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for pressure sensing system application. Several types of periodical corrugated
plates were fabricated, namely cylindrical-structured surface (Plate A) and
rectangular-structured surface (Plate B) with thicknesses of corrugated parts
were varied at 0.1 cm, 0.2 cm and 0.3 cm. Laser sources with excitation
wavelengths of 11= 1310 nm and A2= 1550 nm were launched at the first end
of the fiber. The values of losses were recorded by using an optical power
meter. It was clearly seen that the microbending losses were polynomially
increased with the increment of applied pressure and the thicknesses of
corrugated parts of Plate A and Plate B. The maximum microbending losses of
1.5185 dBm/kPa was resulted as SMF was coupled with corrugated plates B
with thicknesses of 0.3cm by using excitation wavelength of 1550nm. These
values reduced to 0.7628 dBm/kPa and 0.4014 dBm/kPa as the thicknesses
were decreased to 0.2cm and 0.1cm respectively. In comparison with a plain
plate which acted as a reference indicator, the maximum percentage of
microbending losses was obtained as 74.29 % for Plate A and 95.02 % for Plate
B. In conclusions, we successfully proved the ability of SMF as a pressure sensor
by manipulating the microbending losses experienced by the fiber. The
employment of 1550nm of laser wavelength results better sensitivity sensor
where the system able to detect large losses as the pressure applied on the
corrugated surfaces.

Copyright © 2017 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction

Quality constructions in structural engineering affect many aspects such as human and
economical of our societies [1]. Due to the lifetime factors, most of structures such as building, tunnel
and bridge are potential to be exposed to the damage which induce by environmental degradation
such as cracking and aging [2]. Daily overload also results the deterioration of structural design. The
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structural failure will consequence the society’ safety. To overcome this issue, sensors for health
monitoring system have been introduced [3-5].

There are many types of sensors such as mechanical sensors [6-7], electronic sensors [8-9] and
optical sensors [10-13] which have been used to detect building cracks. However, the disadvantages
of mechanical and electronic sensors are due to their low sensitivity, delicate properties and
complicated design structures [14]. Recently, the application of optical sensors growth rapidly by
considering its simplicity, high sensitivity, robust, easy-handling and safety [15-18]. Applications of
optical fibers in sensing field were highlighted in many different areas such as in electrical power
industry, medicine and in the field of oil and gas industry for monitoring of pipe line [19-23]. In health
monitoring system, optical fibers have been appointed as an important medium to detect cracking
issue by monitoring the bending losses of optical fiber [24-28].

Bending loss can be classified into two types such as microbending loss and macrobending loss.
Macrobending loss happens when the fiber bends in a large radius of curvature compare to fiber
diameter. Light will be absorbed by the cladding because the light strike core/cladding at radius less
than critical angle. Microbending loss is repetitive small-scale fluctuations in the radius of curvature
of the fiber axis. An increase in attenuation results from microbending because of the fiber curvature
causes repetitive coupling of energy between the guided modes and the leaky modes in the fiber
[29]. One of the challenge in structural health monitoring is to detect minor or small cracking area.
The development of microbending loss based-fiber optics sensor that able to locate the existence of
problematic area is expected can solve this issue.

In this study, we developed a pressure sensing system by employing two corrugated plates which
were sandwiched between single mode fiber. The microbending losses were manipulated as main
indicator in detecting the presence of applied pressure on the periodical corrugated surfaces.

2. Materials and Methods

Figure 1 displays an experimental setup of this work. A single mode optical fiber (SMF) with length
of 200cm was connected in between laser source (Model: CS51-SM (Noyes)) and optical power meter
(Model: CSM1 (Noyes)). At a distance of di= 93.75cm from the laser source, an optical fiber was
sandwiched with two types of corrugated plates structures namely Plate A and Plate B. Those plates
consisted of cylindrical and rectangular corrugated structures respectively. The width of each
rectangular corrugated part on Plate B was set at 0.01cm. Both plates have the same dimension of
plate area which was width x length x thickness =12.5cm x 7.9 cm x 1.2 cm (Figure 2). The thicknesses
for both corrugated parts were varied at 0.1 cm, 0.2 cm and 0.3 cm as listed in Table 1.
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Fig. 1. (a) Experimental setup which consists of laser (excitation wavelength 1310nm and
1550nm), single mode fiber as light medium propagation, sandwiched corrugated plates which
consists two type of plates and optical power meter to measure the optical losses due to the
microbending factors; (b) Zoom-in the the sandwiched corrugated plates for Plate A (cylindrical
structures) (i) before two surfaces were bring in contact (ii) after the surfaces were bring in
contact; (c) Zoom-in the the sandwiched corrugated plates for Plate B (rectangular structures)
(i) before two surfaces were bring in contact (ii) after the surfaces were bring in contact
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Plate A Plate B

Fig. 2. Dimensions of corrugated plate A and plate B

Table 1
Structures of Plate A and Plate B

Thickness of
Type of corrugated plate
corrugated, y (cm)

0.1

Plate A 0.2
03

0.1

— T 4
Plate B 0.2
0.3

The excitation wavelengths were varied at 1310nm and 1550nm to observe the influence of
wavelength on the losses. A reference reading was recorded by measuring the optical power loss of
SMF on a plain plate. To investigate the effect of applied pressure on the output of optical signal, the
SMF was sandwiched between the plain plates to obtain reference values. The effect of pressure on
the optical losses were studied by varies the load of masses on top of the plates from 1kg until 4kg
with an increment of 1kg for each reading. The fiber’s end was connected to the optical power meter
to detect optical power losses which represents the microbending losses experienced by the stressed
optical fiber. Next, the same procedure was repeated by using corrugated plate A and plate B to study
the influence of corrugated plates structures with various applied pressure on the SMF microbending
losses.

3. Results and Discussion

Figure 3 indicates the relationship between microbending losses, Mioss and applied pressure, P by
using excitation wavelength of A1=1310nm (Figure 3(a)) and A\2=1550nm (Figure 3(b)) as the SMF was
sandwiched between two cylindrical corrugated plates. The circle-dotted lines represent references
values where the SMF was located on the plain plate. The data was analyzed by performing a curve
fitting method. It was clearly seen that the microbending losses were polynomially increased with
the increment of applied pressure applied as shown by the dashed-lines. The greater the thicknesses
of corrugated plates, the larger the losses resulted. The relationship between both parameters for
excitation wavelength of A=1310nm (Figure 3(a)) can be interpreted as follows:
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M, =0.0064P> +0.0144P+1.3568 o\ 0 (1)
M, =00125P% +0.0487P+1.3435 o g0 (2)
M, =0.0424P* +0.0639P +1.3568 ¢ o3 (3)

where Moss = microbending loss and P = applied pressure. The range of microbending losses for the
three thicknesses of corrugated plates were between 1.36 dBm and 2.32 dBm. The graph’s gradients
were determined by calculated the tangential for each polynomial curve. The gradients became
larger as the thicknesses of corrugated surfaces increased. At y=0.1cm, the gradient was obtained as
0.0381 dBm/kPa. As the thickness of corrugated plate A was increased to y=0.2 cm, the gradient of
the graph increased to 0.0927 dBm/kPa. The employment of sandwiched corrugated plate A with
y=0.3cm between the SMF exhibits large losses where the graph’s gradient was obtained as 0.2267
dBm/kPa. In comparison between y=0.1cm and y=0.3 cm, the microbending losses per applied
pressure were increased up to 83.19 % with the increment of corrugated part’s thicknesses.
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Fig. 3. Microbending losses experienced by SMF which were sandwiched between various thicknesses of
corrugated plates A,y by using laser with excitation wavelength, (a) A=1310nm (b) A=1550nm

Similar pattern was observed as the laser excitation was replaced with 1550nm as portrays in
Figure 3(b). The relationship between losses and applied pressure were obtained as follows:

M, =0.0026P* +0.0215P +0.3057 . y=0.1cm ()
M, =0.0143P* +0.0395P +0.2944 . y=0.2cm (5)
M, =0.0362P* +0.0789P +0.3560 . y=0.3cm (6)

The range of microbending losses were between 0.300 dBm and 1.280 dBm. The employment of
corrugated plate with y=0.1 cm indicated the smallest value of graph’s gradient which is 0.0339 dBm/
kPa. As y was increased to 0.2 cm, the microbending loss was resulted as 0.0935 dBm/kPa.
Meanwhile, the gradient of 0.2181 dBm/kPa was obtained with the appointment of corrugated plate
with thickness of y=0.3 cm. Obviously, the excitation wavelength gives significant impact on the
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microbending losses where greater losses were resulted with an increment of 1.56% as the laser’s
wavelength was tuned into 1550nm.

The appointment of different corrugated pattern consisted of rectangular structures witnessed
an obvious increment of microbending losses up to 80.60%. Figure 4(a) displays the characteristics of
microbending losses as laser excitation wavelength was fixed at 1310nm where the SMF was
sandwiched between plate B. Similar losses characteristics between corrugated plate A and B were
obtained where the losses were increased with the increment of the corrugated part’s thicknesses.
At A=1310nm (Figure 4(a)), the SMF which was sandwiched between the corrugated plate B with
thickness of 0.1cm; experienced small microbending loss presented by the slope of graph as 0.1186
dBm/kPa. The gradient of the graph reduced to 0.2233 dBm/kPa as the thickness of corrugated was
increased to 0.2 cm. Maximum microbending loss about 3.25 dBm as the corrugated thickness was
changed to y=0.3cm in which resulted 0.4778 dBm/kPa of the value of graph’s gradient. The minimum
and maximum microbending losses using 1310nm of excitation wavelength were obtained as 1.36
dBm and 3.25 dBm respectively with percentage average losses were increased about 75.18% as
thicknesses of the corrugated part increased. The relationship between applied pressure and
microbending losses are expressed as follows:

M, =-0.01P° +0.0571P* +0.0472P +1.3504 for y=0.1cm (7)
M, =-0.0158P° +0.0919P> +0.1039P +1.3524 for y=0.2cm (8)
M

=-0.0392P* +0.2661P +0.0311P+1.3632 ¢\ 0 3¢

loss

(9)

The microbending losses increased almost double (up to 6.62 dBm) as the laser excitation
wavelength was tuned at 1550 nm as illustrated in Figure 4(b). The maximum microbending losses of
1.5185 dBm/kPa was resulted as the SMF was coupled with corrugated plates B with thicknesses of
0.3 cm. Anincrease in attenuation results from microbending due to fiber curvature causes repetitive
coupling of energy between the guided modes and the leaky modes in the fiber [29]. The losses
became smaller, where the data obtained were recorded as 0.7628 dBm/kPa and 0.4014 dBm/kPa
when the thicknesses were decreased to 0.2cm and 0.1lcm respectively. The mathematical
expressions of the relationship between microbending losses and applied pressure are shown as
below:

M, =-0.0175P° +0.1444P> +0.0847 P +0.4038 for y=0.1cm (10)
M, =-0.0483P° +0.3837P* +0.004P +0.3796 y=0.2cm (11)
M, =-0.0942P° +0.7933P*> +0.1398 P + 0.3821 for y=0.3cm (12)

Figure 5 depicts the normalized values of microbending losses by considering the differences
between reference loss value and actual losses. The solid fill bars represent the usage of 1310nm as
laser excitation wavelength. Meanwhile, 1550nm wavelength was indicated by the pattern fill bars.
Both figures (Figure 5(a) and 5(b)) display similar characteristics where 1550nm results higher losses
in comparison with 1310nm excitation wavelength. This phenomenon happens due to the
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attenuation occur in the SMF as a result of light scattering and absorption and the presence of
hydroxyl ion impurities [29]. The employment of Plate A obviously depicts minimum losses in
comparison with Plate B due to its cylindrical structures which results smaller microbending. The SMF
experienced strong microbending once it was coupled with the corrugated Plate B that consists of
sharp rectangular shapes with width of 0.01cm. Microbending loss happens due to the external force
that exert on the optical fiber that changes the propagation of light in optical fiber which resulted
the optical power losses [30].
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Fig. 4. Microbending losses experienced by SMF which were sandwiched between various
thicknesses of corrugated plates B, y by using laser with excitation wavelength, (a) A=1310nm (b)
A=1550nm
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Fig. 5. Normalized microbending losses with various thicknesses of corrugated parts (a) Corrugated
plate A (b) Corrugated plate B

4, Conclusion

This work proves the capability of fiber optic to be used as part of the pressure-sensing system.
The microbending losses experience by the optical fiber can be manipulated to detect the surface
roughness based on stress applied. High sensitivity sensor can be developed by controlling the laser
excited wavelength. In comparison with 1310nm, the employment of 1550nm laser wavelength
results better sensitivity sensor where the system able to detect large losses as the pressure applied
on the corrugated surfaces. The interesting features of this sensor which are simple, low cost and
high sensitivity demonstrates the versatility of fiber optic to be applied in structural monitoring
system.
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