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Abstract 

The application of optical current transformers in the power system will be affected by 

the interference of the external environment and the accuracy will be affected. One of 

the important methods to improve the accuracy of the optical current sensor is to 

increase the magnetic field strength where the magneto-optic glass is located. In this 

paper, the magnetic field distribution of the optical current sensor with iron core is 

calculated by simulation, the influence of its structural parameters on the magnetic 

field distribution is studied, and compared with the magnetic field distribution of the 

optical current transformer of the commonly used magnetic ring structure. It is found 

that under the same current, the magnetic field strength of the magneto-optical material 

with iron core optical current sensor is much greater than that of the commonly used 

optical current transformer with magnetic ring structure. The geometric structure 

parameters of the optical current sensor with iron core have a great influence on its 

magnetic field distribution, and the magnetic field strength in the magneto-optical 

material can be improved by optimizing the structure parameters, thereby improving 

the measurement accuracy. This article can provide a basis for the design optimization 

of optical current transformers. 

Keywords: Optical current sensor, iron core, structure parameters, magnetic field 

distribution 

 

1.INTRODUCTION 

Traditional electromagnetic current transformers 

have matured and are widely used in power systems. 

However, as the scale of the power system continues 

to increase, it gradually exposes some shortcomings, 

such as low safety, poor environmental friendliness, 

difficulty in installation, and the presence of magnetic 

saturation to reduce the accuracy of the 

measurementError! Reference source not found.-

Error! Reference source not found.. Optical current 

transformers theoretically have the function of 

electromagnetic current transformers, and do not have 

the disadvantages of electromagnetic current 

transformers. However, optical current transformers 

have other problems, such as the low sensitivity of 

magneto-optical sensing materials to the current 

magnetic field, which requires a larger magnetic field 

strength to improve accuracy. This becomes the main 

reason restricting the optical current transformer 

Error! Reference source not found.-Error! 

Reference source not found.. Magneto-optical 

materials, as sensing materials for optical current 

transformers, are affected by magnetic fields. In the 

harsh electromagnetic environment, the magneto-
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optic medium will make the magnetic field unevenly 

distributed along the optical path of the medium 

Error! Reference source not found.. The problem 

of non-uniform magnetic field complicates the optical 

medium model and will inevitably affect the 

measurement accuracy of the optical current 

transformer. Therefore, generating a large and 

uniform magnetic field becomes a necessary 

condition for the optical current transformer to 

improve the measurement accuracy. There are many 

literatures that study the magnetic field distribution of 

commonly used magnetic ring type optical current 

transformers Error! Reference source not found.-

Error! Reference source not found., and some 

literatures analyze the influencing factors of magnetic 

field distributionError! Reference source not 

found.-Error! Reference source not found.. But 

there is almost no analysis of the magnetic field 

distribution and influencing factors of the optical 

current transformer with iron core. 

In this paper, the magnetic field distribution of the 

optical current transformer with iron core is studied, 

and compared with the commonly used magnetic ring 

type optical current transformer. Finally, the 

influence of the structural parameters of the optical 

current transformer with iron core on the magnetic 

field distribution is studied. 

 

2.FARADAY EFFECT MAGNETO-OPTIC 

SENSING MECHANISM MODEL 

The Faraday Effect is mainly due to the external 

magnetic field magnetizing the optical material, 

which makes the material itself  have a magnetic 

moment. The effect, which affects the electric field 

distribution of the light wave, is reflected in the 

macroscopic rotation of the polarization state of the 

light wave. Considering that the sensing material is 

only affected by the modulation of the magnetic field, 

and the effect of the magnetic field on the sensing 

material is uniform everywhere, the Faraday rotation 

angle is proportional to the magnitude of the magnetic 

field in the optical path direction. 

 c VHL =  (1) 

In the formula, V is the field constant of the magneto-

optical material (rad/A); H is the magnetic field 

strength parallel to the direction of the optical path 

(A/m); L is the length of the optical path of polarized 

light through the magneto-optical medium (m). 

Faraday magneto-optical rotation effect is shown in 

Figure 1. 

 

Figure 1. Faraday magneto-optical effect 

Considering that the sensing material is only 

modulated by the magnetic field, When the effect of 

the magnetic field on the magneto-optical material is 

not the same everywhere, the Faraday rotation angle 

is proportional to the integral of the magnetic field in 

the direction of the optical path. 

 

( )c

L

V H L dL = 
 

(2) 

Faraday's magneto-optical effect connects light and 

magnetic field. In the power system, magnetic field 

and current are closely related, that is, the conductor 

current generates a magnetic field, so the principle of 

magneto-optical rotation can be used to measure 

current. The current is proportional to the strength of 

the magnetic field it generates. The relationship 

between the two can be expressed as: 

 

1
( )

L

i H L dL
k

= 
 

(3) 

In the formula, k represents the ratio coefficient of the 

magnetic field strength integral to the current along 

the optical path. It can be seen from the combination 
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of formulas  (2) and  (3) that the Faraday 

rotation angle is constantly proportional to the 

measured current and is expressed as: 

 c Vki =  (4) 

The magnetic field environment of the optical current 

transformer is complex and changeable, and the 

magnetic field on the sensing optical path is almost 

impossible to be the same everywhere. For the sensor 

shown in Figure 2. The magneto-optic glass material 

is rectangular, and the magnetic field distribution 

generated by the conductor is circular, the shape of 

the magneto-optic glass and the shape of the magnetic 

field distribution are different, so that the magnetic 

field is unevenly distributed along the optical path. 

The uneven distribution of the magnetic field along 

the optical path is an objective physical fact, and the 

problem of uneven magnetic fields will adversely 

affect current sensing. 

 

Figure 2. Schematic diagram of the magnetic field 

distribution of the optical current sensor 

3.MAGNETIC FIELD SIMULATION OF THE 

SENSING PART OF THE OPTICAL 

CURRENT TRANSFORMER WITH IRON 

CORE 

The schematic diagram of the sensing part of the 

common magnetic ring optical current transformer is 

shown in Figure 3, and the optical sensing unit is 

placed in the solenoid. The core of the magnetron 

technology is to strengthen the magnetic field of this 

phase, and the multi-turn solenoid is used to greatly 

increase the magnetic field generated by the current, 

and the purpose of anti-magnetic field interference of 

the optical current transformer is better achieved. 

 

Figure 3. Schematic diagram of common magnetic 

ring optical current sensor 

The schematic diagram of the sensing part of the 

optical current transformer with iron core is shown in 

Figure. 4. One end of the coil is the input end of the 

current, and the other end of the coil is the output end 

of the current. A fiber is connected to both ends of the 

magneto-optic glass, so that through the Faraday 

Effect, different magnetic field strengths can be 

measured. 

 

Figure. 4 Schematic diagram of optical current 

sensor with iron core 

The surrounded iron core is a ferrite magnetic ring, 

and the coil surrounds the ferrite wall. A ferrite 

magnetic ring is selected, which is shaped into a 

rectangular parallelepiped, and a coil surrounded by a 

single wire is wound on its arm. Compared with the 

traditional common structure, there are more ferrite 

magnetic rings. The specific material values are 

shown in Error! Reference source not found.. 

Table 1. Material properties of each part of optical current transformer with iron core 

H1

ɵ H1cosɵ P1 P2 H2

R1

R2

l
Current-carrying conductor

magnetic field

Lightwave
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Component Material 
Relative 

permeability 
Conductivity/(S/m) Relative permittivity 

Space air 1 1 1 

Current-carrying 

conductor 
copper 1 59980000 12400000 

Magnetic material 
Manganese 

zinc ferrite 
5000 0.004 12400000 

Magneto-optical material ZF-3 glass 1 0 3.8 

 

In order to make the magnetic field distribution of the 

sensors of the two structures comparable, the 

geometric parameters of the two sensor coils are 

exactly the same, and the passing current is 1A. The 

geometric parameters of the coil are shown in Table 

1. 

Table 1. Geometric parameters of coil structure 

Axial 

pitch/

mm 

Radial 

pitch/

mm 

Number of 

turns 

Large 

radius 

/mm 

Small 

radius 

/mm 

2 0 20 5 0.9 

 

The calculation results of the sensor magnetic field 

distribution of two different structures of optical 

current transformers are shown in Error! Reference 

source not found., in which the width, radius and 

length of the iron core are 30mm, 2mm and 45mm, 

the length of the magneto-optical glass is 5mm and 

the radius is 2mm. 

 

(a) Magnetic field distribution of magnetic ring type 

optical current sensor 

 

(b)  Magnetic field distribution of optical current 

sensor with iron core 

Figure. 5 Magnetic field distribution of two optical 

current trans-formers with different structures 

It can be seen from the above figure that the magnetic 

field intensity distribution of both structures is very 

uniform. However, the magnetic field distribution 

intensity of the sensing part of the optical current 

transformer with the iron core structure is obviously 

stronger than that of the common structure. The 

magnetic field strength of the optical current 

transformer with the iron core structure can reach 6 

times that of the common structure transformer. This 

is because the iron core is a paramagnetic material, 

and the magnetic permeability is very large, so that 

the magnetic induction intensity inside the iron core 

is greatly increased, thereby greatly increasing the 

strength of the magnetic field in the magneto-optic 

glass. 

4.INFLUENCE OF GEOMETRIC 

STRUCTURE PARAMETERS OF OPTICAL 
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CURRENT SENSOR WITH IRON CORE ON 

MAGNETIC FIELD DISTRIBUTION 

Because the optical current transformer with iron core 

is essentially a magnetic ring sensor, but the structure 

becomes complicated due to the existence of the iron 

core. The geometric parameters of the structure have 

a great influence on the distribution of the magnetic 

field strength. It can be seen that both the geometric 

parameters of the coil and the core have an effect on 

the magnetic field distribution. Assuming that the 

geometric parameters of the coil are exactly the same 

as those of the magnetic collector structure, we 

analyze the influence of the width, radius and length 

of the iron core on the magnetic field distribution, 

When the length of the iron core is changed, the 

length of the magneto-optical glass is kept unchanged, 

and the length of the magneto-optical glass is kept at 

15mm. The calculation case is shown in Error! 

Reference source not found.. 

Table 3. Iron core structure parameters with iron core 

optical current sensor 

 Width / mm 
Length / 

mm 

Radius / 

mm 

1 30 45 2 

2 40 55 2 

3 30 55 2 

4 30 55 1 

 

After calculation, the simulation results of the 

magnetic field distribution in the 1 to 4 cases are 

shown in Figure 5. 

 

  

(a) 1                                   (b)  2 

  

(c)  3                                   (d)   4 

Figure 5. Magnetic field distribution of optical current transformers with different geometric parameters 

It can be seen from Figure 5 that if the length of the 

magneto-optical glass is kept constant, when the 

length of the iron core increases, the magnetic field 

strength is almost unchanged. When the radius of the 

iron core becomes smaller, the magnetic field 

strength becomes smaller. When the width of the iron 

core increases, the magnetic field strength becomes 

larger. It can also be seen from the figure that 

changing the radius of the iron core has the greatest 

effect on the strength of the magnetic field 
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distribution, while changing the length and width has 

a small effect, which can be ignored. Therefore, the 

radius parameter of the iron core can be optimized to 

increase the magnetic field strength. 

The geometric parameters of magneto-optic glass 

also have an influence on the distribution of the 

magnetic field. In order to study the influence of 

magneto-optic glass on the distribution of the 

magnetic field, the geometric parameters of the 

magneto-optic glass shown in Error! Reference 

source not found. were used for simulation 

calculation. 

Table 4. Geometric parameters of magneto-optic glass 

 Width / mm Length / mm 

1 5 2 

2 10 2 

3 15 2 

4 15 1 

 

After calculation, the magnetic field simulation 

results in the 2 and 4 cases are shown in Figure 6, and 

the calculation results in the first and third cases are 

shown in Error! Reference source not found.(b) 

and Figure 5 (a). 

 

 

(a)2                                              (b)  4 

Figure 6. Magnetic field distribution of optical current transformer under different geometric parameters of 

magneto-optic glass 

It can be seen from Figure 6 that changing the length 

of the magneto-optical glass greatly changes the 

magnetic field strength. When the length becomes 

smaller, the magnetic field strength becomes larger. 

The magnitude of the magnetic field under different 

magneto-optical glass lengths is shown in Figure 7. 
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Figure 7. Magnetic field distribution under different 

magneto-optical glass lengths 

It can be seen from Figure 7 that changing the radius 

of the magneto-optical glass will also change the 

magnetic field strength. When the radius becomes 

smaller, the magnetic field becomes larger, but the 

change is smaller and can be ignored. The length of 

magneto-optical glass is affected by the number of 

turns of the coil and the axial pitch. The more the 

number of turns of the coil, the greater the magnetic 

field strength and the greater the axial pitch. At the 

same number of turns, the length of the coil will 

become larger, and the length of the corresponding 

magneto-optical glass will also change. Therefore, 
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the geometric parameters of the coil need to be 

combined for further analysis. 

Changing the geometric parameters of the coil may 

have a greater impact on the magnetic field 

distribution, because the length of the iron core is 

closely related to the geometric parameters of the coil. 

It changes the geometric parameters of the coil for 

simulation. Since the axial pitch and the number of 

turns of the coil are the main factors affecting the 

length, the main influence of the changes of these two 

parameters on the magnetic field distribution of the 

transformer is considered. The width, radius and 

length of the iron core are 30mm, 2mm and 55mm, 

the length of the magneto-optical glass is 15mm and 

the radius is 2mm. The geometric parameters of the 

coil structure are shown in Table 2. 

Table 2. Geometric parameters of coil structure 

 Axial pitch/mm 
Number of 

turns 

1 2 20 

2 2 10 

3 2.5 20 

4 2.5 10 

 

After calculation, the magnetic field simulation 

results in the 1 to 4 cases are shown in Figure 8. 

 

 

(a) 1                                   (b)  2 

 

(c)  3                                            (d)  4 

Figure 8. Magnetic field distribution of optical current sensor under different coil structure geometric 

parameters 

It can be seen from Figure 8 that since the number of 

turns is reduced by 1/2, the second case is 1/2 of the 

first case, but the length of the coil is also reduced by 

half. If the length of the magneto-optical glass is also 

reduced. Therefore, the magnetic field strength will 

not be reduced to 1/2, so this provides the possibility 

of miniaturization of the iron core type optical current 

transformer. Changing the axial pitch does not change 

the strength of the magnetic field, but it will change 

the length of the coil, so the length of the iron core 

needs to be changed appropriately. If the axial pitch 

becomes 3mm, the length of those coils will be 

greater than the length of the core, so the core length 

must be increased, but this does not necessarily affect 

the length of the magneto-optic glass. The optimal 

parameter of the coil should be the minimum axial 

pitch. The minimum axial pitch is related to the small 

radius of the coil. The smaller the radius, the smaller 

the length of the coil, but the greater the loss. 

Therefore, it can be seen that the magnetic field 
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distribution of the sensing part of the iron core type 

optical current transformer will be affected by various 

factors. The main factors affected are the length of the 

magneto-optical glass and the number of turns and 

radius of the coil. 

 

5.CONCLUSIONS 

Through the above analysis and calculation, this 

article can draw the following conclusions: 

(1) The optical current transformer with iron core can 

make full use of the parameters of the coil, iron core 

and magneto-optic glass to adjust the intensity of the 

generated magnetic field. Compared with the 

commonly used magnetic ring type optical current 

transformer, the generated magnetic field strength is 

greater; 

(2) The magnetic field distribution of the sensing part 

of the optical current transformer with iron core is 

mainly affected by the length of the magneto-optical 

glass. The larger the length, the smaller the magnetic 

field strength, and the smaller the length, the greater 

the magnetic field strength, which is conducive to 

miniaturization design; 

(3) The magnetic field distribution of the sensing part 

of the optical current transformer with iron core will 

also be affected by the number of turns and radius of 

the coil. When the number of turns of the coil 

becomes larger, the magnetic field strength also 

becomes larger. However, the length of the 

corresponding iron core should also become larger, 

and the radius affects the minimum axial pitch, 

thereby affecting the length of the coil, which is not 

conducive to miniaturization design; 

(4) For the above analysis, the structural parameters 

of the sensing part of the optical current transformer 

with iron core can be optimized based on the 

magnetic field distribution. 
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