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Abstract: Corona discharge causes a change in temperature on a material surface because of the
change in heat coefficient. Visual inspection is the common technique for corona discharge
inspection, which costs time and energy. Therefore, developing a remote sensing system is necessary
to monitor the phenomenon. This study considers fiber Bragg grating as an optical sensor to sense
temperature changes using OptiSystem simulation software. The response spectrum of the reflected
signal changes its center wavelength as the simulated temperature changes produce a linear equation
0f 0.014294 times its temperature change for the initial model, and temperature changes decreasingly
by considering heat transfer experiment data. The proposed results show its prospective for further

development and implementation.
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1. Introduction

Corona discharge has been one of the major problems
in high voltage transmission lines. It may cause a problem
for the intended uninterrupted energy supply, which is
essential for sustainable economic growth"??. The
common detection method relies on visual inspection by
eye or ultraviolet thermal camera®. Those techniques
consume a lot of time and need solutions to detect and
monitor effectively and efficiently.

A sensor is needed to sense corona’s physical quantities
and then convert it into electrical signals®. One sensor
based on the optical principle that has found itself in a
wide range of applications is fiber Bragg grating (FBG),
which in particular has been used in rotor hotspot
detection®, structural health monitoring (SHM)”, and
transformer oil degradation®. It has two main sensing
abilities, which are temperature and strain sensing. Both
can be modified into sensing other things like water
pollution levels, humidity, ultraviolet radiation, and more.
On the other hand, optical ground wire (OPGW) is an
integral part of any power company’s transmission
network used for grounding and data transmission through
fiber optic. Hence, FBG can be implemented by utilizing
the OPGW to monitor the possibility of corona occurrence
in the transmission line.

Corona discharge causes heat transfer enhancement,
providing a temperature change on the surface of the
electrodes or conductors”. This study performs a
simulation to detect the temperature change on the surface

of the electrodes or conductors by using an FBG. The
simulation is carried out using OptiSystem and varying
the temperature. The concept of the FBG is explained in
Section II, the simulation setup and the parameters used in
the simulation are provided in Section III, the results are
presented in Section IV, and lastly, Section V concludes
this research. Researchers or transmission line engineers
may use the methodology explained to conduct more
advanced research on FBG sensors.

2. Fiber Bragg Grating

2.1 Basic Principle

According to IEEE Std 2067-2021, FBG is a phase
diffraction grating integrated with optical single-mode
silica fiber to selectively reflect a very narrow range of
wavelengths while transmitting others. To achieve that
characteristic, periodically spaced zones in the fiber optic
core need slightly higher refractive indexes than the core.
Equations 1 and 2 indicate that the difference between
refractive indexes causes path and phase differences. 47°
and A¢ is path difference and phase difference
respectively, 4 is the distance between grating, 6 is the
angle measured from the normal boundary in the grating,
and # is the grating’s refractive index.

A'= (2 A tanb) (sin@) = 2nd cos8@ (1)

Ap = 2m 2% cos 6 ©)
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Reflected light from the grating’s surface and bottom
interfere with each other. In FBG, constructive
interference is desired; therefore, phase shift needs to
happen in multiples of 2n. So, suppose we substitute the
2n/A with wavenumber and 8 = 0 because fiber-optic light
comes perpendicular to the grating’s surface. In that case,
the variables affecting the characteristic of the reflected
light of FBG can be simplified into 2n4, representing its
center wavelength (43) as shown in Equation 3'9. nis the
average refractive index of the gratings. In principle, FBG
will receive a light signal, then reflect a signal with AB as
center wavelength, and let other wavelengths through or
transmitted.

AB = ZnEffA (3)

2.2 Temperature Effect on FBG

Fiber Bragg grating can be used as sensors because their
signal parameters change when certain physical changes
occur. Some of the physical parameters that can be
measured changes include temperature, mechanical strain,
humidity, chemical concentration, light intensity,
refractive index, etc!®172D The parameter list will
continue to grow as research utilizes Bragg lattice fibers.
Equation 4 shows the physical changes based on Bragg
wavelength shift (Adg). L represents the strain, the
wavelength, and T represents the temperature. In addition,
Equation 5 is an equation based on the thermal coefficient
that can be used to determine the change in the refractive
index. { represents the thermo-optic coefficient and the
change in the grating period. n represents the thermo-optic
expansion coefficient!?,

42y =22 ‘”fo + Megr ) AL +2 (/1—5’;‘;” +

SA Snefr SA
neffa)A/H 2(/1 Cell neffE)AT 4)
An = {nAT %)
An = AT = Trop) ©)

3. Simulation Setup

This study considers OptiSystem to simulate an FBG
sensor and the temperature changes from a determined
model. Another consideration is the heat transfer
experiment from the other research to represent the corona
discharge data experiment”. The last data is considered
the basis for the corona discharge phenomenon.

Figure 1 shows a schematic of the FBG sensor setup.
One considered FBG is under one measurement point. An

optical source with a 1550 nm center wavelength with -20
dBm spectral density is paired with an optical circulator
to direct the light to the sensor. The reflected light is
directed to Optical Spectrum Analyzer (OSA) via a
circulator. Optical Power Meter is necessary to check the
power level in each component.

White
Light
Source

FBG Sensor

Optical
Spectrum

Optical
Analyzer

Null

Fig. 1: Schematic of FBG sensor setup

3.1 Simulation Parameter

Modulation Index and Modal Index: The modulation
index value (Ano) represents the change in the modulation
index due to the fabrication of Bragg lattice fibers. The
determined modulation index value is 0.0005 so that the
index change (A) is much smaller relative to the optical
fiber refractive index (no) (A << n,). These requirements
ensure that the average modulation index of the Bragg
lattice fiber is uniform. However, the refractive index
value also affects the change in the average refractive
index. It is because of the shape of the lattice fiber, the
chirp function, and the apodization function'”. The
smaller the value of the modulation index, chirp,
apodization, and others, the weaker the effect will change
the average refractive index. The modal index represents
the refractive index of the fiber optic core. Typical values
are in the range of 1.44 to 1.46.

1) Overlap Integral: The overlap integral value is the
confinement factor of the optical fiber used. In the
simulation, the default value of the simulator is 0.8, which
states that 80% of the energy confined to the optical fiber
core is relative to the total energy.

2) Apodization Functions and Parameter: The index
change factor is important to get the desired reflected
signal result. In the simulator, apodization can only be
selected without apodization or Gaussian apodization.
Gaussian apodization clarifies the difference between the
center of the reflected signal wave to be read and the side
lobe. Gaussian apodization in the physical Bragg lattice
fibers seems to darken the top and bottom edges of the
grating to produce a suppressed side lobe. Changes in the
side lobes occur due to changes in the aperture in the fiber.
In the simulation, the value of the G parameter is also still
using the simulator default value of 0.5. If fabrication is
carried out, the value of parameter G can be adjusted again
according to the specifications of the fabricator’s tools and
techniques.
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3) Grating Length: Grating length represents the
distance between the first and last grating in fiber or the
length of the measuring point. This study considers a
value of 7 mm. It was neither too long nor too short
relative to the aluminum’s length and width in the
literature’s corona discharge test (70 mm x 50 mm)®.

4) Strain Sensor Parameters: The simulator can also
simulate the strain felt by the sensor. The Poisson ratio
values represent the mechanical parameters of the lattice
fibers for the longitudinal strain. In contrast, the P11 and
P12 values represent the photo-elastic coefficients for the
strains in the defined planes P11 and P12.

5) Temperature Sensor Parameter: The thermo-
optical coefficient represents the change in refractive
index due to temperature. The thermal expansion
coefficient represents the shift in the center of the
wavelength due to temperature. Changes in the actual
index of refraction will also affect the center wavelength
of the Bragg lattice fiber. The value of the thermo-optical
coefficient and the coefficient of thermal expansion are
83 x 10%°C and 5.5 x 107/°C, respectively, were
obtained based on literature'D.

6) Simulation Parameters: The parameters for
simulating temperature changes are based on the reference
temperature for the values of the parameters that have
been previously set, and then the readings are set for each
temperature iteration. The temperature function can be
linear or follow certain equations. In the simulation, the
reference temperature is set at 0°C to make it easier to
read the graph so that the resulting graph is a shift in
wavelength based on temperature changes.

7) Optical Circulator Parameters: Generally, the
optical circulator parameter values are designed to have a
low insertion loss and high isolation and return loss. The
low insertion loss ensures that the signal entering the
circulator does not suffer as much loss as the optical fiber
is connected to the circulator port. The isolation value is
designed high so that the signal does not return to its input
port. For example, the signal enters the input port one to
not return to the output port 3. At the same time, the return
loss value is selected high so that the signal is transmitted
properly and inconsiderable is reflected. The selection of
insertion loss values of 0.5 dB, return loss of 50 dB, and
isolation of 45 dB in the simulation is based on the values
listed on optical circulators circulating in online stores.
This condition is expected to minimize the difference in
reading values when the experiment is carried out.

3.2 Auxiliary Simulation Components

As noticed in Figure 1, there are two components with
no parameter but are important in simulating the circuit:
optical delay and optical null. Both must be present so the
interrogator can read the reflected light. Before simulating,
it must be set that the iteration count is more than one.
Optical delay causes the reflected signal to be calculated
in the second iteration. This condition is essential because
OptiSystem treats reflected and transmitted signals into a

different calculation iteration. So, for an interrogator to
read the signal reflected by FBG, the signal must be
delayed, and the signal index in OSA changed to 1 from
default value 0. Optical null also causes the circulator to
multiplex the port3 input with null signal, so no signal is
coming out from portl output. Additionally, when
simulating the temperature, the sweep feature is
recommended so that the simulated temperature does not
have to be input manually for every simulation.

4. Simulation Result

The simulation results were obtained by the optical
spectrum analyzer as shown in Figure 2 at the reference
temperature (0°C). The reflected signal has a center
wavelength of 1550 nm according to the FBG parameter
setting. The signal has a power of 70 dBm, with the
sidelobe having a power difference above -20 dBm.

Figure 3 shows the simulation results of the center
wavelength versus temperature. The linear equation is
0.014294 * T + 1550 nm. It means, every one degree of
temperature increase will cause the center of the reflected
wavelength to change by 0.014294 nm.
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Fig. 2: Reflected signal at reference temperature (0°C).
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Fig. 3: Center wavelength versus temperature
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Fig. 4: Predicted wavelength and temperature versus corona
discharge voltage

After considering OptiSystem to simulate an FBG
sensor and the temperature changes from a determined
model, another consideration is the heat transfer
experiment from the other research to represent the corona
discharge data from the experiment”. Figure 4 shows the
center wavelength when the temperature sensor
calibration results are at 1550 nm at a temperature of 0°C,
and the thermo-optical coefficient value is 8.3 x 10-6/°C.
The thermal expansion coefficient is 5.5 x 10-7/°C.
Sensors with different wavelength centers will produce
different spectrum and center wavelength readings on an
optical spectrum analyzer.

5. Conclusion

A temperature sensor model has been designed using
Bragg lattice fibers. The response spectrum of the
reflected signal changes its center wavelength as the
simulated temperature changes produce a linear equation
of 0.014294 * T for the initial model and temperature
changes decreasingly by considering heat transfer
experiment data. The proposed results show its
prospective for further development and implementation.
Future work expects that the temperature sensing by FBG
through the OPGW can be extended to distinguish the
corona discharge in the transmission line.
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