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Abstract

Experimental setup for force sensing using an optical fibre was developed. The plastic optical fibre (POF) and
stainless spring sheet, which is a material for beam, were used to evaluate the performance of the force sensor during
macro-bending. The sensor consists of a POF bonded on the surface of a flexible metal beam in the form of a
cantilever configuration. The POF assembled beam was placed on the table with the side with opened ends of cable
(connected to the source and the detector) fixed to supports while the detecting end of the beam is to hang with
various masses for the equivalent to the applied downward forces. Macro-bending of the detecting beam as the result
of applying different forces cause differences in power loss in the POF and therefore in the output optical power. The
relation between applied force and output optical power was revealed. This study highlights the potential use of POF
sensors for various force sensing applications.
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1. Introduction

Optical fibres are widely used in fibre-optic communications, which permits transmission over longer
distances and at higher bandwidths than other forms of communication. Fibres are also used for
illumination and are wrapped in bundles. Specially designed fibres are used for a variety of other
applications, including sensors and fibre lasers. In last two decades, optical fibre sensors have attracted
much attention because of their many potential applications [1]. Various ideas have been proposed and
various techniques have been developed for a variety of measurands and applications. Some types of
optical fibre sensors have been commercialized, but it is also true that, among the various techniques that
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have been studied, only a limited number of techniques and applications have been commercially
successful [2]. Optical fibres can be utilized as sensors to measure a large number of chemical and
physical quantities such as strain, temperature, pressure, flow, liquid level, position, displacement, electric
and magnetic fields, vibration, rotation and pH. Nowadays, force sensors play an increasing larger role in
a broad range of industrial, engineering, military and medical applications [3-7].

Recently, fibre Bragg grating (FBG) sensors have been developed for strain or force measurements [5,
7-8]. FBGs are periodical modifications in the core refractive index that act as selective reflectors. The

wavelength of the maximum reflection (called Bragg wavelength A,) shifts when the fibre dilates or

shrinks [1]. The FBGs devices are intrinsic sensing elements and have all the advantages normally
attributed to fibre sensors, such as electrically passive operation, EMI immunity, and high sensitivity.
These advantages improve some performance of other fibre-optic sensors, however, FBGs are sensitive to
both strain and temperature, and in real engineering applications this cross-sensitivity effect must be
discriminated. Furthermore, the cost of implementing an FBG sensing system frequently limits its
applications [7, 9].

Therefore, this paper has been reported the use of an inexpensive and very efficient device for force
sensing. Plastic optical fibre (POF) or polymer optical fibre, which is an extrinsic fibre optic sensor, was
proposed. The POF has high refractive index difference maintained between core and cladding, high
numerical aperture, high mechanical flexibility, and low cost. Additionally, POF sensors that vary the
intensity of light are the simplest, since only a simple source and detector are required. The system relies
on monitoring the alteration of optical power from POF bonded on the beam material during macro-
bending when the sensor is subjected to transverse loading conditions.

2. Materials and method

2.1. Experimental setup
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Fig. 1. Photograph of experimental setup

The photograph representation of the experimental set-up for the fibre optic force sensor is shown in
Fig. 1. The device consists of a fibre optic transmitter (He-Ne laser, A= 632.8 nm), picowatt digital
optical power meter (Newport, Model 1830-C), a power detector, optical fibre beam, weighing slot, and a
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personal computer. The mass of weighing slot itself is 69.203 g. The optical fibre beam comprises
plastic PMMA (polymethyl methacrylate) fibre of length 1 m, core approximately 980 pym thick with 20
um thick cladding, core refractive index 1.492 and cladding refractive index 1.41 attached on a beam
material as shown in Fig. 2. The stainless spring sheet with the value of Young’s modulus (£) 31.99 x
10° N/m?* was used as a beam material.

stainless spring sheet plastic optical fibre

?
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Fig. 2. Schematic of plastic optical fibre with the curving radius of 1.75 cm mounted on a stainless spring specimen with length 25
cm, width 4 cm, and thickness 0.5 mm

To study the effect of applied force on macro-bending of sensor, the POF assembled beam was
horizontally clamped at the end using fixed supports and the various masses were hanged at the other end
of the beam for downward force as illustrated in Fig. 1. The both ends of POF were aligned to a
transmitter and a detector. Newport’s 818-SL/CM low-power silicon was used as power detector with
applicable wavelength range of 400 to 1100 nm, display resolution of 0.1 pW, and accuracy of + 2%. The
output power of a detector was measured using optical power meter which is a high resolution
autoranging picoammeter. The data were automatically recorded by the personal computer via RS-232C
interface.

2.2. Determination of the relation between optical power loss and applied force

To maximize the bending sensitivity of the POF, polishing of the fibre ends with 600-grain sandpaper
was done before experiments start. For practical application to obtain the power loss versus applied force
relation, the various standard masses of 10 g, 20 g and 50 g were placed in slot, and the relative output
powers were measured. Each experiment was completed five times and average values were taken. Here,
the normalized detector output (an ambient power relative to initial power) was presented instead of
actual detector output. The calibration and linearity were checked using calibrated standard masses.

3. Results and discussion

The normalized measured optical power versus applied force for stainless spring beam is shown in Fig.
3. It shows that the output power exhibits decreasing behavior with applied forces in the downward
direction. When the force is applied, the reduction in the cross section of fibre at the end brings about a
loss of intensity with reference to initial condition of this presented system. The amount of optical
radiation from bent fibre depends on the field strength at the critical distance and on the radius of
curvature. Since higher-order modes in the fibre are bounded less tightly to the fibre core than lower
modes, higher-order modes will radiate out of the fibre first. Thus the total number of modes that can be
supported by a curved fiber is less than in straight fiber. Hence there is change in intensity [9].

In Fig. 3, it is clearly seen that this sensor system can be used to provide a direct measurement of the
applied force. The repeatability of the POF sensor under loading was found to be very encouraging, no
damage was found in the optical fibre after repeated tests with the maximum force 3.622 N. However,
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the applied force should not be higher than around 4 N because the POF might be cracked. Additionally,
if the weighing slot is changed to the slighter dimension, the applied force below 0.675 N approximately
can be detected.

Apart from evaluation of the applied force, this system can be performed as a digital balance as well.
Fig. 4 shows the variation of normalized optical power with measured mass (excluding mass of weighing
slot). The relation between normalized optical power and mass shows linearity of R* (coefficient of
determination) = 0.997, and low variability of each repetitive.
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Fig. 3. Experimental result for the variation of normalized optical power when the applied force is in downward direction. When
Py and F are normalized optical power and applied force, respectively. The coefficient of determination is 0.998
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Fig. 4. Experimental result for the variation of normalized optical power with hanged mass. When Py and M are normalized optical
power and measured mass, respectively
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4. Conclusion

An extrinsic fibre optic force sensor has been proposed in this work.  The linear correlation between
detector output and applied force/mass was found. Low variability between each procedure was
performed. Considering this technique advantages of simplicity, long term stability, fast, linearity and
inexpensive, the use of an optical fibre cantilever beam to measure force in downward direction is a
promising alternative to other well-established methods. Furthermore, this allows device made of
stainless spring to return to their original shape despite significant bending or twisting. This enhances the
properties of the force sensor such as repeatability and long life of the sensor probe due to elastic nature
of a beam material. However, the effect of Young’s modulus and dimension variation of a beam material
on the capability of POF beam sensor should be investigated further. Analysis to discover the
dependence of output power on upward direction of applied force would also be carried out. The proper
designing and arrangement will help to develop a sensor with enhanced sensitivity.
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