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ABSTRACT

ARTICLE INFO

The high sensitivity and low power consumption of fiber Bragg grating
(FBG), has been widely applied in optical technology to measure
temperature and strain. Currently, the need for detection by the
industrial sector is increasingly being developed, one of which is the
detection of characteristics in honey solutions. The use of FBG as a
detector has a great opportunity to see the unique characteristics of the
honey solution. Therefore, this problem needs to be followed up by
analyzing the effect of honey temperature on the FBG output power,
changes in Bragg wavelength, and the rate of temperature change. The
research method was carried out by placing FBG in a heated honey
solution, then measuring the temperature between 30°C - 60°C with an
increase of 5°C. The FBG used consists of a wavelength of 1550 nm and
1310 nm which is fed with 1 mW of input power. The results showed that
the highest output power of FBG against honey solution B was in the
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range of 213.60 - 214.58 uW. Changes in Bragg wavelength were quite
significant for the increase in temperature of honey solution with a
difference of 0.58 - 0.76 nm.
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1. INTRODUCTION

Fiber Bragg gratings (FBG) have attracted much attention in optical sensing for the
measurement of strain, temperature, and refractive index [1-3]. The advantages of FBG are its small
size, high sensitivity, and resistance to electromagnetic interference [4, 5]. FBG is a transmission
medium that has a grid as an optical filter or reflector that works based on the resonance effect of the
grid. The FBG grid makes the light at certain wavelengths reflected and at others transmitted [6-8].

The characteristics of FBG are generally carried out by giving the effect of temperature
changes on the FBG directly using a heated bulb or plate [9, 10]. Research on the characteristics of the
FBG has been carried out and the output power of the FBG decreases with increasing temperature [11,
12]. In addition, a given temperature change also affects the Bragg wavelength [13-15].

In this study, the characteristics of FBG are carried out by giving the effect of temperature
changes by organic matter or fluids, namely honey. Measurements were made at a temperature range
of 30°C — 60°C for every 5°C change with variations in wavelengths of 1550 and 1310 nm. Laser
diode as input with -5 dBm power and optical power meter as output. Furthermore, the effect of honey
temperature on FBG was measured. The optical power obtained is then calculated and analyzed to
detect the relationship between the variation of honey temperature and the optical output power of the
FBG, the change in Bragg wavelength, and the rate of change in the temperature of the honey.

2. THEORY
FBG is a type of optical fiber that relies on electromagnetic wavelengths propagating in its
core. The spectrum determined by FBG depends on the lattice period and the effective refractive index
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of the fiber core. Bragg wavelength relationship (1) with lattice period (A) and its effective refractive
index (n.sr) [16] defined Equation (1) as follows:

AB = ZneffA (1)

Bragg wavelengths are affected by strain and temperature. Changes in temperature affect the
refractive index of the core and the lattice period of the FBG causing a change in the Bragg
wavelength [17]. Bragg wavelength shift (415) for temperature changes (4T) can be defined in
Equation (2) below:

Mg = Ag(a + E)AT )

where, a is the optical fiber expansion coefficient (for silica ~0.55 x 10° °C™) and £ is the thermo-
optical coefficient (~8.6 x 10 °C™) [18].

The wavelength shift can be determined by calculating the difference between the output
power displayed by the OPM when given a change in temperature and the reference output power [14]
which is expressed in Equation (3) as follows:

APy = 18.7 exp[—0,111(4254)?| — 18.7 exp[—0,111(4/1,3,1)]2 (3)

where, 44 is the Bragg wavelength at the reference state and AAp ; is the Bragg wavelength at a
given temperature variation [19].

OPM measures the average output power of the FBG in dBm. The mathematical relationship
between reading power in OPM in watts and a reference power of 1 milliwatt [20] is expressed in
Equation (4):

Po

P (dBm) = 10 logP y

(4)

3. MATERIALS AND METHOD
This research was conducted with optical experiments on the characteristics of FBG on
changes in honey temperature. The research steps are shown in Figure 1.

| FBG setup with laser source and OPM ‘

v
| FBG calibration with changing water temperature ‘

h 4
Measurement of FBG output power to changes in

temperature of honev A, B, and C in the range of
30-60°C

h 4

Calculation of changes in output power, Bragg
wavelength, and temperature

!

Data collection of the rate of change of
temperature and output power of honey A, B, and
C detected by OPM

h 4

Data analvsis on graphical display of FBG
characteristics of honey solution treatment

Figure 1. Research flowchart.
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The research started by preparing FBG with laser source and OPM. The output power and
reference temperature are measured before starting the measurement process. Furthermore, FBG
calibration is carried out by increasing and decreasing the water temperature to obtain optical output
power. The temperature range measured is 30°C — 60°C at every 5°C change. Then measured the
effect of changes in honey temperature on FBG as shown in Figure 2.
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Figure 2. Measurement of FBG output power to honey temperature changes.

Data processing using Microsoft Excel to get the Bragg wavelength changes that occur. The
materials and tools used in this study were FBG, mineral water, packaged honey (A, B, and C), diode
laser, optical power meter, thermometer, spirit lamp, and glass beaker.

4. RESULTS AND DISCUSSION

Before conducting the research, the FBG was first calibrated to conform to the standard.
Figure 3 shows the results of the 1550 nm measurement, the data is denser than 1310 nm which means
the 1310 nm measurement is more sensitive than 1550 nm [11]. This is caused by the attenuation
factor and power loss on the FBG [21]. The output power of the FBG when the temperature rises and
falls with 1550 nm has a range of 207.58 — 208.64 uW and 1310 nm has a range of 210.70 — 211.84
pW. Calibrations at the same wavelength have different measurement results when the temperature
changes. This is because the water used for the calibration process is mineral water (impure water).
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Figure 3. FBG output power to temperature changes with a wavelength of 1550 and 1310 nm.
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Figure 4. The characteristics of the FBG output power and temperature for the three types of honey with a
wavelength of 1550 nm (left) and 1310 nm (right).

Figure 4 show that the output power of the FBG is lower when the honey temperature is
increased. The arrangement of FBG and honey particles when the temperature rises stretch which
causes the FBG light guide to be imperfect because the light is diffracted so that the detected power
loss is greater and the FBG output power is getting smaller [22, 23]. The measurement results of 1550
nm and 1310 nm indicate that honey A, B, and C have different output power. This is due to
differences in the density of honey. The higher the density of honey, the more absorption is carried out
by the substances contained in honey [24].
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Figure 5. Changes in the Bragg wavelength in three types of honey with respect to temperature with a
wavelength of 1550 nm (left) and 1310 nm (right).

Figure 5 show the change in the Bragg wavelength at a certain temperature. Changes in the
Bragg wavelength are affected by the value of the refractive index of the FBG. The higher the density
of honey, the greater the refractive index. Changes in the refractive index will change the effective
refractive index so that the Bragg wavelength will change. The Bragg wavelength will shift to a lower
wavelength when the refractive index of honey increases [25]. Changes in the Bragg wavelength in
this study fluctuated. This is due to the uneven distribution of heat on the FBG and the effect of honey
composition.

5. CONCLUSION

Research has analyzed the correlation of FBG characteristics to changes in honey temperature.
The output power of the FBG is inversely proportional to the given temperature. This is influenced by
the arrangement of particles, density, and light absorption. Changes in the Bragg wavelength have
shifts and fluctuations that are influenced by heat distribution and honey composition. The rate of
change of temperature has different measurement results for each particular temperature which is
influenced by the area being heat-treated, the length of the medium being heated, and the difference in
heat between the two mediums.
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