
International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-3, Mar.-2018, http://iraj.in 

Study on Measurement of Electromagnetic Physical Quantity by using Fiber Optic Sensors 
 

16 

STUDY ON MEASUREMENT OF ELECTROMAGNETIC PHYSICAL 
QUANTITY BY USING FIBER OPTIC SENSORS 

 
DAE-HYUN KIM 

 
Department of Mechanical and Automotive Engineering, SeoulTech, Seoul, South Korea 

E-mail:dkim@seoultech.ac.kr 
 

 
Abstract - In this paper, we try to measure electromagnetic physical quantities with optical fiber sensors. A magnetic force 
was measured by placing the electromagnet at the tip of a simple cantilever beam with magnetic and increasing the bending 
load of the cantilever according to the magnitude of the magnetic force induced by the electromagnet. Fiber Bragg grating 
(FBG) sensors were used to measure the strain induced from the bending load, and the relationship between the strain 
measured from the sensor and the magnitude of the current applied to the electromagnet was investigated through 
experiments. Finally, we confirmed that the magnitude of the current can be measured using the measured strain and the 
proportional relation through the optical fiber sensor. 
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I. INTRODUCTION 
 
The optical fiber sensor has characteristics that are 
insensitive to electromagnetic force due to its 
physical characteristics, and can be applied to various 
fields based on this characteristic. Through various 
researchers, there have been attempts to measure 
various physical quantities using a fiber optic sensor, 
and the development of integrated measurement 
monitoring system has been actively carried out[1-6]. 
However, in this paper, we try to measure 
electromagnetic physical quantities with optical fiber 
sensors, which have not been widely tried in previous 
studies. This study is a meaningful attempt to 
overcome the physical characteristics of the optical 
fiber sensor insensitive to electromagnetic force and 
to measure the electric basis physical quantity. 
Previous studies to measure electrical physical 
quantities using a fiber optic sensor have shown that a 
magnetic field generated by an electric current in a 
coil of a special structure induces internal 
deformation of a magnetostrictive material and the 
strain is detected using a fiber Bragg grating (FBG) 
sensor. And attempts have been made to measure the 
magnitude of the voltage by attaching an optical fiber 
sensor to the piezoelectric material and deriving the 
strain through the wavelength change of the sensor 
according to the change of the electric force [7]. In 
this study, the measurement system is constructed in 
a simpler form than the existing research case to 
measure the electric current. As mentioned above, 
fiber optic sensors are insensitive to electromagnetic 
force, so it is very difficult to directly measure the 
magnitude of the current flowing through an electric 
wire. Therefore, the magnitude of the current should 
be measured indirectly and the electromagnet was 
used in this study. That is, the magnitude of the 
induced magnetic force changes according to the 
magnitude of the current applied to the 
electromagnet. At this time, if the magnitude of the 
induced magnetic force can be measured, the 

magnitude of the applied current can be indirectly 
measured. Therefore, we proposed a device that 
responds to magnetic force. In this paper, we tried to 
measure the magnetic force by placing the 
electromagnet at the tip of a simple cantilever beam 
with magnetic and increasing the bending load of the 
cantilever according to the magnitude of the magnetic 
force induced by the electromagnet. Finally, it is 
possible to measure the magnitude of the bending 
load by measuring the strain of the material occurring 
at the end of the supporting part of the cantilever 
beam. Fiber Bragg grating sensors were used to 
measure the strain, and the relationship between the 
strain measured from the sensor and the magnitude of 
the current applied to the electromagnet was 
investigated through experiments. In order to 
minimize errors due to external temperature changes, 
the difference method was used. It is confirmed that 
the change of the electric current amount can be 
measured by the optical fiber sensor. 
 
II. PRINCIPLE OF CURRENT 
MEASUREMENT 
 
Physically, the number of optical fiber optics is very 
little affected by the electromagnetic force. Therefore, 
it is very difficult to directly measure the amount of 
current using an optical fiber. Therefore, it is 
necessary to use a device capable of generating other 
measurable physical quantity changes in accordance 
with the change of electric current amount. In this 
paper, a solenoid electromagnet was used to induce 
electromagnetic force. A relatively uniform magnetic 
field is formed inside the cylinder when a current is 
passed through a tightly and uniformly wound wire in 
a cylindrical spiral. The magnitude of the induced 
magnetic field is proportional to the magnitude of the 
current. As a result, the magnitude of the current 
flowing through the wire can be measured by 
measuring the magnitude of the magnetic field. As 
shown in Fig. 2.1, the magnitude of the magnetic 
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force generated at the end of the solenoid 
electromagnet changes with the change of the current 
magnitude, and the change of the bending amount of 
the cantilever with the magnetic body attached to the 
end due to the changed magnetic force occurs. And 
the bending amount of the cantilever support end 
portion increases with the bending of the cantilever 
beam. Finally, the deformation amount of the 
structure induced by the bending of the cantilever 
becomes proportional to the magnitude of the current, 
so that the magnitude of the current can be predicted 
by measuring the deformation amount of the 
structure. [8] 
 

 
Fig. 2.1 Cantilever beam structure 

 
III. TEMPERATURE COMPENSATION 
 
To measure the magnitude of the current imposed on 
the solenoid electromagnet, the fiber Bragg grating 
sensor is attached to the upper and lower ends of the 
supporting part of the cantilever beam, respectively. 
The bending occurs due to the magnetic force 
generated at the structural end of the cantilever beam, 
and the most structural strain occurs at the cantilever 
support. Due to the characteristics of the cantilever 
structure, the two fiber Bragg grating sensors attached 
to the top and bottom surfaces measure the same 
strain and opposite sign, respectively. However, the 
strains caused by environmental changes such as 
temperature are the same in both sensors. As a result, 
if the final strain of the cantilever beam is determined 
by the differential method using the two strains 
measured by the two fiber Bragg grating sensors as 
shown in Equation (3-1) by the differential method, 
the influence of the temperature can be automatically 
excluded. [8] 
 

ߝ = ห൫ఌೞାఌ൯ି൫ఌାఌ൯ห

ଶ
(3-1) 

 
IV. Experiments 
 
4.1. Stainless steel beam 
Fig. 4.1 shows the shape of the stainless steel beam 
(length: 225 mm, width: 6 mm, thickness: 0.5 mm) 
used in the actual experiment and the attachment 
position of the optical fiber Bragg grating sensor and 
magnet (neodymium circle, diameter 5 mm, thickness 
1 mm). As shown in the figure, two fiber Bragg 
grating sensors were attached to the top and bottom 
of the beam at the same position. The gauge length of 
the optical fiber Bragg grating sensor used here is 10 
mm, and the Bragg wavelength is 1557.2 nm. [8] 

 
Fig. 4.1 Stainless steel beam w/ FBGs 

 
4.2. Experimental Setup 
A DC ammeter for changing the current applied to an 
actual solenoid electromagnet (coil diameter 0.4 mm, 
wound number 300 times, iron core diameter 7 mm, 
iron core length 60 mm), an interrogator for use of a 
fiber Bragg wavelength sensor (model: Mironoptics 
SM130), a computer for signal processing, an OSA 
(Optical Spectrum Analyzer), and the cantilever beam 
were prepared as shown in Fig. 4.2. [8] 
 

Fig. 4.2 Experimental setup 
 
4.2. Experimental results 
As seen in Fig. 4.2, the current applied to the current 
applicator was increased from 0 mA to 140 mA by 10 
mA, and this experiment was repeated eight times. In 
order to prevent the cantilever beam and the solenoid 
electromagnet from joining together, the magnetic 
force direction of the solenoid electromagnet is 
adjusted so that the pushing force acts on the end of 
the cantilever rather than the pulling force. In this 
experiment, the bending of the cantilever increases 
with the applied current of the electromagnet, and the 
strain measured by two fiber Bragg grating sensors 
attached to the end of the cantilever support due to 
the amount of bending has occurred. The measured 
two strains are applied to Equation 3.1 and the final 
strain after temperature compensation has been 
performed. The calculated strain is plotted against the 
applied current as shown in Fig. 4.3. For reference, 
the results of 8 experiments were statistically 
processed with 95% confidence interval and 
expressed in a graph. 
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Fig. 4.3 Relationship with current and strain 

 
As shown in the figure, the relationship between the 
amount of electric current and the strain is somewhat 
proportional, although it includes nonlinearity. This is 
caused by the fact that as the distance between the 
cantilever tip and the solenoid electromagnet 
increases, the magnetic force decreases sharply. 
Therefore, it can be seen that the maximum value of 
the measurable current amount must be set in advance 
in order to assume a linear relationship between the 
electric current amount and the strain rate. As a 
result, it was confirmed that the electric current can 
be measured using the fiber Bragg grating sensor. 
 
CONCLUSIONS 
 
In this paper, we measured the electric current using a 
fiber optic sensor. Fiber optic sensors are difficult to 
directly measure electrical physical quantities 
because they are non-responsive to electromagnetic 
forces. Therefore, the electric physical quantity must 
be converted into a measurable physical quantity by 
the optical fiber sensor. In this study, the system was 
designed to produce the strain of the length according 
to the change of electric current. For this purpose, an 
electromagnet was used and a cantilever type 
structure was devised to change the magnitude of the 
magnetic force induced by the magnitude of the 
current in the electromagnet to the strain of the 
material. The system was designed so that the 
bending load of the cantilever beam was generated by 
the force generated by the magnetic force and the 
strain of the cantilever beam was measured by 
attaching the fiber Bragg grating sensor to the point 
where the bending load is greatest in the cantilever 
beam. In order to minimize errors caused by external 
temperature changes, the same fiber Bragg grating 
sensor was attached to the upper and lower surfaces 
of the cantilever beam to eliminate the effect of 
temperature at the same time. 

As a result of the test, the strain of the cantilever due 
to the magnetic force was measured while the 
influence of temperature was excluded, and the strain 
was proportional to the current applied to generate the 
magnetic force. Finally, we confirmed that the 
magnitude of the current can be measured using the 
measured strain and the proportional relation through 
the optical fiber sensor. In addition, the proportional 
relationship presented in this paper can be varied 
depending on the shape of the cantilever used, the 
type of magnet, and the type of solenoid 
electromagnet. Therefore, we plan to derive a general 
formula through further studies in the future 
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