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Abstract

This paper proposes a new temperature-compensative displacement sensor with a pair of fiber Bragg gratings (FBG) attached to the

inner and outer surfaces of an elastic metal band. The sensor can be also used as a temperature sensor with high sensitivity. The FBG

pair shifted Bragg wavelengths in the same direction according to changes in the temperature. However, because the pressure of the

metal band shifted a pair of Bragg wavelengths in the opposite direction, the displacement sensor could compensate for the effect of

the temperature change in the proposed FBG pair. Results of the experiments showed that the two FBG displacement sensors responded

linearly and symmetrically with respect to the displacement, and the displacement could be obtained using the difference between the

two Bragg wavelengths. 
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1. INTRODUCTION 

A periodic change in the refractive index of the fiber core, and

in turn produce the highest reflectivity at a certain wavelength.

The ambient temperature change and strain upon the optical fibers

cause a change in the grating period and refractive index. Various

sensors are used based on Bragg wavelength shift, which is

caused by the changes in the grating period and refractive index

due to the temperature change and strain on the fiber [1]. Of the

various applications of fiber gratings, sensors using high-elastic

cantilevers with the capability of temperature compensation have

been largely reported [2-5]. The arc-shaped temperature-

independent load sensor using a pair of FBGs has been also

reported [6].

However, we experimentally demonstrated that an elastic

circular band with grated fiber firmly attached can be used as a

bending or displacement sensor instead of a cantilever. The

proposed sensor and cantilever sensors are almost the same in

terms of the principles of operation; however, the structural

variation of our system could provide other useful applications.

Because the structure of the cantilever and circular band are

different, the investigation of the behavior of FBG sensors based

on the circular band is essentially necessary for various sensor

applications, including displacement sensors, weight gauge,

accelerometers, and force sensors. For the evaluation of the

sensor, the characteristics of our sensor, specifically, the linear

relation between the response and displacement of the circular

band and the sensitivity of the Bragg wavelength due to the

position on the band at which the grated fiber is attached, should

be determined. As fiber gratings are affected by both the

temperature and strain experienced by the fiber, the displacement

obtained should be compensated to reject the effects of

temperature. 

To remove the temperature effects, we proposed a method using

two different fiber gratings as a pair, and demonstrated the

feasibility of the method. The schematics and operational

mechanism of our system are as follows: Two different grated

fibers are firmly attached to the inner and outer surfaces of the

elastic circular band. When the band is pressed, the grating

periods of the gratings are changed and the Bragg wavelength

shifts [7]. 

In this research, we are concerned with whether the Bragg

wavelength shifts at the inner fiber gratings and whether the outer

fiber gratings show symmetrical behaviors. Both Bragg

wavelengths show the same temperature characteristics. If both

the Bragg wavelengths shift at the same rate with respect to the
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change in ambient temperature, the displacement of the band can

be measured absolutely using only the two Bragg wavelength

shifts without any further work. 

2. Device Structure and Operational Principle 

The Bragg wavelength shift due to bending of the fiber is

known to be almost zero, but the grated fiber firmly attached to

the elastic body can be used as various sensors. Fig. 1 shows the

proposed sensor system. The sensor consists of grated fiber

attached firmly on an elastic band made of a long, narrow, and

thin elastic metal plate. The grating period of the fiber gratings

attached to the band can decrease or increase according to the

relation between the direction of displacement and position of the

grated fiber on the band. As depicted in Fig. 1, the grating period

of the fiber grating on the outer surface may increase, and the

Bragg wavelength is expected to increase. The grating period on

the inner surface may decrease, and the Bragg wavelength is

expected to decrease in turn. 

Generally, the grating period increases with increasing

temperature and the Bragg wavelength, in turn, increases with

increasing grating period. In the proposed sensor, because the

grated fibers are firmly attached to the bent surfaces, the behaviors

of these grated fibers can be different from the grated fiber

without any constraint. To form a temperature-compensated

sensor, both grated fibers on the inner and outer surfaces of the

band should have the same temperature profiles. 

Fig. 2 shows the fabricated sensor. The elastic band was made

of a stainless-steel plate, which was 0.1 mm thick and 10.0 mm

wide. The stainless-steel plate is utilized as a spring. First, we

fixed the fibers on either side of the plate using epoxy. We then

connected both ends of the plate using epoxy. The radius of the

elastic circular band was 52 mm. 

3. RESULTS AND DISCUSSIONS 

We fabricated the device and measured its transmission

spectrum for various displacements using an optical spectrum

analyzer. A pair of FBGs are designed such that the Bragg

wavelength of the inner FBG is 4 nm longer than that of the outer

one. The inscribed gratings span 10 mm along the fiber. 

Fig. 3 shows the experimental results. FBG1 was attached to the

Fig. 1. Structure of displacement sensor using elastic metal band

with a pair of FBGs attached. 

Fig. 2. Image of fabricated displacement sensor using two FBGs

attached on a metal band: (a) overall view: (b) view of a FBG

attached on a metal band.

Fig. 3. Transmission spectrum of the two FBGs in accordance with

displacement.
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outer surface and FBG2 was attached to the inner surface of the

band, as depicted in Fig. 1. The Bragg wavelengths of FBG1 and

FBG2 shifted to the opposite directions at approximately the same

rate with respect to the displacement. When the displacement was

40 mm, the Bragg wavelength of FBG1 shifted 2.2 nm to the

longer wavelength and the Bragg wavelength of FBG2 shifts 2.1

nm to the shorter wavelength. Fig. 3 shows that the sharpness of

the transmission spectrum remained constant during the bending

of the metal band, unlike that in the cantilever-based FBG sensor

[2-4]. This phenomenon results in uniform bending of the FBG.

Fig. 4 shows that both wavelength shifts are almost linearly

proportional to the displacement. The displacement sensitivity of

the Bragg wavelength was 0.055 nm/mm for FBG1 and 0.0525

nm/mm for FBG2. A thicker elastic metal meant greater

sensitivity [8]. Because the proposed sensor uses the difference

between the two Bragg wavelengths of the two FBGs, the

sensitivity is actually 0.1075 nm/mm.

Research on sensitivity improvement was not performed in this

study. The characteristics of the proposed sensor could depend on

parameters such as thickness and properties of the metal plate and

diameter of the band. The temperature change creates a change in

the grating period, which results in a shift in the Bragg

wavelength. Therefore, sensor applications of FBGs, aside from

temperature sensing, require temperature compensation. We

measured the response of the sensor for various temperatures

under the same displacement. The ambient temperature rise may

cause thermal expansion of the elastic band, and the expansion of

the band, in turn, causes the expansion of the fiber gratings. The

fiber expansion may cause Bragg wavelength shift. 

Fig. 5 shows the transmission spectra from 40°C to 100°C with

the same displacement condition. A hotplate was used as the

heater of the band. Fig. 5 shows the 1.18-nm and 1.12-nm shifts

in both Bragg wavelengths between 40°C and 100°C. The

temperature sensitivity of the Bragg wavelength shift was

measured to 0.018 nm/°C. This is 1.67 times of the sensitivity of

the conventional FBG of 0.011 nm/°C [9,10], which is a typical

value for common fibers. This is because the expansion rate of the

band metal is much greater than that of the fiber. When the fiber

gratings are attached to metal with a high thermal expansion rate,

the Bragg wavelength shift is more sensitive to temperature

changes [1]. Because both the FBGs have the same temperature

sensitivity, it is also possible to simply measure the temperature of

one of the FBGs. Although the structure and operational principle

of the sensor is simple and easily understood, it is worthwhile to

illustrate the advantages of the sensor through experiment. The

proposed sensor revealed distinguished features, including a wide

range of displacement, high sensitivity, and a linear response. In

addition, the sensor was able to simultaneously measure the

displacement and temperature. 

4. CONCLUSIONS

We implemented a displacement sensor that consists of elastic

metal band and two fiber gratings, and demonstrated the

measurement results for the sensor. In case of displacement, the

measurement results show that both Bragg wavelengths shift in

the opposite directions at almost the same rate. For a change in

temperature, both wavelengths shift in the same directions at the

same rate. We experimentally demonstrated that the displacement

can be measured accurately at temperatures between 40°C and

Fig. 4. Bragg wavelength shift of two FBGs with respect to dis-

placement.

Fig. 5. Transmission spectrum of two FBGs with change of envi-

ronmental temperature.
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100°C. Several applications could be implemented by changing

the structure, shape, and elasticity of the metal band.
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