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Abstract –This study aims to eliminate magnetic field leakage at 100 kHz with active shielding in Magnetic 

Fluid Hyperthermia (MFH) system. First of all, the structural and operational features of the MFH system 

were analyzed. Then, the active regions of the coils were determined, graphical results were obtained and 

the designs were compared with each other. We first simulated the magnetic field distribution of a circular 

coil  active shielding system by the commercial software tool COMSOL Multiphysics. Secondly, a single 

D-shape shielding was configured in the MFH system and the size and location of the shielding were 

examined. The magnetic field attenuation percentages of the methods in the x, y, z axes and the target 

region selected as the representative tumor region were compared. The simulation results show that the 

shielding ability of the double D-shape shielding type is better in the x and y axes than the other coil types 

(51.43% for the x-axis and 95.77% for the y-axis). The fact that the attenuation percentage of this shielding 

type in the target region is 0.0287% is a secondary advantage. It has been observed that the attenuation in 

the z-axis is higher in other shielding types, but the attenuation percentage in the target region also increases. 
 

Keywords – Active Shielding, Magnetic Hyperthermia, High Frequency Magnetic Field, Electromagnetic Compatibility, 

Magnetic Area, Near Field; 

 

I. INTRODUCTION 

Magnetic fields have recently been widely used 

for both diagnostic and therapeutic purposes in 

various bioengineering and biomedical applications. 

In more detail, one of the most relevant advantages 

over existing technologies is the lower invasiveness 

on patients, especially with regard to non-ionizing 

radiations. In addition, due to the non-magnetic 

nature of human tissues, the tissue-air interface does 

not interfere with the penetrating magnetic field, 

unlike its electric field counterpart. Various 

diagnostic and treatment methodologies such as 

Magnetic Resonance Imaging (MRI) [1], 

hyperthermia and thermo-ablation with magnetic 

nanoparticles (also called Magnetic Fluid 

Hyperthermia, MFH) [2], and Transcranial 

Magnetic Stimulation (TMS) [3] use this physical 

entity. In these biomedical applications, the desired 

magnetic field distribution of Radio Frequency (RF) 

plays a relevant role to increase the effectiveness of 

the procedure, and its distribution is relevant to the 

purpose of the particular technologies.  

The biology of many cancer types are significantly 

influenced by exposure to risk factors, making 

cancer the second most common cause of death in 

the world [4]. Chemotherapy, surgery, and radiation 

therapy are common treatments. However, 

significant side effects in healthy tissues have been 

observed during or after these therapies [5]. 

Furthermore, in some circumstances, the tumor 

location is inaccessible for surgery, or the tumor 

may not respond properly to chemo or radiation 

therapy. In such circumstances, an alternate 

technique is to use hyperthermia, which exposes the 

tumor to temperatures higher than normal body 

temperature. 

http://as-proceeding.com/
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Magnetic fluid hyperthermia (MFH) therapy is a 

type of thermotherapy that uses MNPs deposited in 

tumor tissues and creates a friction resulting from 

magnetic moment rotation (Ne´el relaxation) and 

nanoparticle rotation induced by alternating 

magnetic field (Brownian relaxation) [6] to 

surrounding tissues or to provide local heat to 

organs [7]. This heat can raise the local tissue 

temperature above 43˚C and cause cancer cells to 

undergo apoptosis or necrosis without significant 

damage to normal cells (see Figure 1). It has also 

been proven that thermal effects can prevent tumor 

cells from recovering from DNA damage [8]. 

Conversely, normal cells may remain intact during 

thermotherapy; side effects in hyperthermia 

treatments are therefore less than in chemotherapy 

or radiotherapy [9]. 

 

Fig. 1 Magnetic fluid hyperthermia 

 

In the MH treatment method, cancerous cells and 

healthy cells are exposed to a magnetic field. The 

magnetic field frequency (f) and amplitude (H) to 

which humans are exposed is limited. This limit is 

as shown in the equation (1). 

 

84.85 10
A

H f
ms

    
(1) 

 

This safety conditions established by the H × f 

product was proposed by Atkinson–Brezovich [10],  

as a limit for MH therapies. Defining an appropriate 

safety limit became critical in order to maintain 

patient safety while optimizing MNP heating. 

Various safety restrictions have been proposed over 

the previous few decades, however there is still 

debate on the subject [11]. 

Therefore, in the treatment of hyperthermia, it is 

necessary to limit or reduce the magnetic field value 

that people will be exposed to. A shielding system 

has been considered to solve this situation.  

Passive shielding is the optimization of the 

magnetic channel by exploiting magnetic materials' 

magnetic conductivity or the generation of reverse 

MF by eddy current produced by conductive metal 

materials in high frequency MF to reduce MF 

leakage [12], [13], [14].  The Al-plate passive 

shielding [15], [16], [17] is extensively utilized for 

stationary electric vehicle (EV) wireless charging 

applications, regardless of whether the coil structure 

is a simple circular pad  [18], DD pad [19], [20], 

DDQ pad [21], or even bipolar pad [22]. 

Active shielding is a relatively new concept, yet it 

can provide effective shielding in the WPT system. 

In some circumstances with a significant air gap, the 

horizontal leakage magnetic field cannot be ignored. 

To remove or lessen the leaking MF, the 

suppression coil with excitation source generates 

the offset magnetic field opposite to the original 

magnetic field [23], [24]. The shielding effect is 

visible in a dynamic wireless charging system, 

however this way is detrimental to the overall 

efficiency of the system, so a proper shielding plan 

must be designed [25], [26]. 

The aim of this study is to design shielding 

systems in simulation environment to reduce or 

limit the high frequency magnetic field values 

produced for MFH, which is one of the biomedical 

applications. The attenuation effects of the shielding 

designs created in the simulation environment were 

measured and the effects in the study area were 

compared.  

II. MATERIALS AND METHOD 

In this section, shielding designs for magnetic 

field generator are simulated using the Comsol 

Multiphysics 5.6 simulation software. An overview 

of the components in the workspace is shown in 

Figure 2. Tumor measurement points determined as 

target points are in the Z-axis and 45 mm from the 

source coil center. 
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Fig. 2 An overview of the components in the workspace. 

A representative living tissue consisting of 

epidermis, dermis, fat, healthy tissue and tumor was 

placed on this system. In the materials section, the 

coils are assigned as copper. The values in Table 1 

were used for representative living tissue [27]. 

 

Table 1. Living tissue material values. 

Layers 
Density 

(kg⁄m^3 ) 

Specific Heat 

(J/kg-K) 

Conductivity 

(W/m-K) 

 

Healthy 

Tissue 
1000 2540 0.642 

Tumor 1660 3720 0.788 

Fat 2000 6500 0.69 

Dermis 1200 3300 0.45 
Epider

mis 
1200 

3590 0.24 
 

 

The measurement points in red color in Figure 3 

are placed on the X-axis starting from the origin 

point up to 500 mm at 10 mm intervals. In addition, 

a 1D plot group measurement line has been added, 

extending along the x-axis from the origin to 700 

mm. 
 

 

Fig. 3 Measuring points positioned on the X-axis. 

 

Similarly, the measurement points shown in red in 

Figure 4 are spaced 10 mm apart on the Y axis 

starting from the origin point up to 500 mm. In 

addition, a 1D plot group measurement line has been 

added, extending from the origin to 1000 mm along 

the x-axis. 
 

 

Fig. 4 Measuring points positioned on the Y-axis. 

A. Active Shielding with the Circular Coil 

In this type of shielding made by using a circular 

coil, pancake shaped coil winding is used as the 

magnetic field source. The inner radius of the coil is 

10 mm, the outer radius is 50 mm, and the coil 

consists of 15 turns. For active shielding, a circular 

shaped coil consisting of 4 turns with an inner radius 

of 60 mm and an outer radius of 70 mm was 

designed as shown in Figure 5. 

 

 

Fig. 5 Active shielding with the circular coil 

The current value is 55.1 amperes (A) for the 

source coil producing high frequency alternating 

magnetic field, and 50 A is used for the shielding 

coil. The operating frequency of the system is 100 

kHz. Measurements were taken on the X, Y, Z axis, 

and on the tumor, with and without shielding in the 

simulation. 

Equation (2) and (3) were used for the 

measurements [28]. The shielding effect was 

observed and the shielding effect value (SEV) was 

measured in all axes. 

 

total source shieldB B B= +  (2) 

 

(1 ) 100total

source

B
SEV

B
= −   

(3) 
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B. Active Shielding with Single D-Shaped Coil 

A different active shielding coil design was 

applied for the high frequency alternating magnetic 

field source created earlier. The inner radius value 

of the coil in Figure 6 is 70 mm, and the outer radius 

value is 90 mm. 
 

 

Fig. 6 Active shielding with the single D-shaped coil 

A current supply of 55.1 A for the coil that is the 

source of the magnetic field and 50 A for the 

shielding coil is applied. The system created in the 

simulation environment was operated at 100 kHz. 

Measurements were taken on the system without 

using shielding and with using shielding. 

C. Active Shielding with Double D-Shaped Coil 

The previous shielding work was applied to the 

high frequency alternating magnetic field source 

with two coils as shown in Figure 7. The magnetic 

field source coil was fed with the same current 

values. Both shielding coils have an inner radius of 

70 mm and an outer radius of 90 mm.  

 

 

Fig. 7 Active Shielding with Double D-Shaped Coil 

 

A current supply of 55.1 A for the coil that is the 

source of the magnetic field and 50 A for the 

shielding coil is applied. The system created in the 

simulation environment was operated at 100 kHz. 

Measurements were taken on the system without 

using shielding and with using shielding. 

 

III. RESULTS  

Flux density maps for active shielding for the 

circular coil with and without shielding effect  are 

shown in Figure 8a-f, and 1D plot group drawings 

are shown in Figure 9a-f.   

For the circular coil, the highest shielding effect 

value in the X-axis was found to be 99.0267% at a 

distance of 500 mm from the center. The shielding 

effect in the X-axis started at a distance of 20 mm 

from the active shielding coil. The shielding effect 

value at the starting point of the shielding effect was 

found to be 17.6641%. The highest shielding effect 

value in the Y axis was found to be 98.835% at a 

distance of 500 mm from the active shielding coil. 

The shielding effect started at a distance of 20 mm 

from the active shielding coil and the shielding 

effect value was found to be 14.8708%. The highest 

shielding effect value in the Z axis was found to be 

91.4373% at a distance of 220 mm from the center 

of the system. The shielding effect started from the 

center of the system and the shielding effect value 

was found to be 9.6008%. 

The 2D plot groups of the flux density maps for 

active shielding with single D-shaped coil are 

shown in Figure 10a-f, and 1D plot group drawings 

for magnetic flux density distance graphs are shown 

in Figure 11a-f.  

For the single D-shaped coil, the magnetic field to 

which the target point is exposed has decreased. The 

highest shielding effect value in the X-axis was 

found to be 80.3535% at a distance of 10 mm from 

the active shielding coil. The shielding effect started 

at a distance of 90 mm from the center and the 

shielding effect value was found to be 22.4816%. 

The highest shielding effect value in the Y axis was 

found to be 88.114% at a distance of 20 mm from 

the active shielding coil. The shielding effect value 

in the Y-axis started at a distance of 20 mm from the 

active shielding coil. The shielding effect in the Z 

axis started at a distance of 40 mm from the center 

and the shielding effect value was found to be 

7.2370%. The highest shielding effect value was 

found as 19.8581% at a distance of 240 mm from 

the center.  

The 2D plot groups of the flux density maps for 

active shielding with double D-shaped coil are 

shown in Figure 12a-f, and 1D plot group drawings 
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for magnetic flux density distance graphs are shown 

in Figure 13a-f.  

For the double D-shaped coil, the highest 

shielding effect value in the X axis was measured as 

71.0652% at a distance of 20 mm from the active 

shielding coil. The shielding effect started at a 

distance of 10 mm from the active shielding coil and 

the shielding effect value was found to be 51.4277. 

The highest shielding effect value in the Y-axis was 

measured as 95.7713% at a distance of 20 mm from 

the active shielding coil. The shielding effect value 

started at a distance of 20 mm from the active 

shielding coil. The shielding effect in the Z axis 

started at a distance of 40 mm from the center of the 

system. The highest shielding effect value in the Z 

axis was measured as 4.6072% at 110 mm distance 

from the center of the system. The shielding effect 

in the Z axis started at a distance of 40 mm from the 

center of the system and the shielding effect value 

was found to be 0.9746%. 

 

Fig. 8 Flux density maps for active shielding with the circular 

coil  a) without shielding b) with shielding on the X-axis, c) 

without shielding d) with shielding on the Y-axis, e) without 

shielding f) with shielding on the Z-axis. 
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Fig. 9 Magnetic flux density distance graphs for active 

shielding with the circular coil a) without shielding b) with 

shielding on the X-axis, c) without shielding d) with 

shielding on the Y-axis, e) without shielding f) with shielding 

on the Z-axis. 

 

Fig. 10 Flux density map for active shielding with a single D-

shaped coil a) without shielding b) with shielding on the X-

axis, c) without shielding d) with shielding on the Y-axis, e) 

without shielding f) with shielding on the Z-axis. 
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Fig. 11 Magnetic flux density distance graphs for active 

shielding with a single D-shaped coil a) without shielding b) 

with shielding on the X-axis, c) without shielding d) with 

shielding on the Y-axis, e) without shielding f) with shielding 

on the Z-axis. 

 

Fig. 12 Flux density map for active shielding with double D-

shaped coil a) without shielding b) with shielding on the X-

axis, c) without shielding d) with shielding on the Y-axis, e) 

without shielding f) with shielding on the Z-axis. 
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Fig. 13 Magnetic flux density distance graphs for active 

shielding with a single D-shaped coil a) without shielding b) 

with shielding on the X-axis, c) without shielding d) with 

shielding on the Y-axis, e) without shielding f) with shielding 

on the Z-axis. 

IV. DISCUSSION  

For active shielding with the circular coil, the 

magnetic field performance of the source coil in the 

target region has decreased due to the opposite 

magnetic field produced by the active shielding coil. 

The effective shielding value in the tumor region, 

which is 45 mm from the center of the system, was 

calculated as 37.3157%. This difference can be 

considered as a disadvantage of the circular coil 

shielding method. 

When active shielding with a single D-shaped coil 

is used, it is seen that the performance loss at the 

target point is reduced compared to active shielding 

with circular coils.  The target point, the tumor, is 

located on the Z-axis at a distance of 45 mm from 

the center and the shielding effect value was found 

as 1.3051%. 

For the double D-shaped coil, the shielding effect 

value measured on the tumor, which is 45 mm from 

the center of the system, was calculated as 0.9746%. 

 

V. CONCLUSION 

As seen in Table 2, circular coil reduces the 

performance of high frequency alternating magnetic 

field source by applying an attenuation of  

37.3157% in the tumor region with the circular 

active shielding coil. It attenuates the magnetic field 

by 17.6641% in the X-axis. This ratio was 

calculated as 14.8708% in the Y-axis and 9.6008% 

in the Z-axis. 

 

Table 2. Comparison of shielding effect according to coil 

types. 

Active 

shielding 

coil type 

 

 

X-axis  

 

 

Y-axis  

 

 

Z-axis 

 

 

Tumor 

area 

Circular 

coil 
17.6641%  14.8708% 9.6008% 37.3157% 

Single D 

shaped 

coil 

22.4816% 88.1104% 7.2370% 1.3051% 

Double D 

shaped 

coil 

51.4277% 95.7713% 0.9746% 0.0287% 

 

 

The single D-shaped active shielding coil applied 

a shielding of 1.3051% at the tumor site, resulting in 

a lower impact on the performance of the system 

compared to the circular coil. While the magnetic 

field began to attenuate by 22.4816% in the X-axis, 
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this rate was calculated as 88.114% in the Y-axis 

and 7.2370% in the Z-axis. This proves that the s 

ingle D-shaped active shielding coil will provide 

protection in areas that are 20 mm away from the 

active shielding coil in the X axis and 20 mm from 

the active shielding coil in the Y axis. 

The double D-shaped active shielding coil 

affected the high frequency alternating magnetic 

performance at the tumor site by 0.0287%. Among 

these designs, the double D-shaped active shielding 

coil has the least effect on the high frequency 

alternating magnetic field performance. This 

shielding tack has proven to provide protection in 

areas 10 mm away from the active shielding coil in 

the X axis by attenuating 51.4277 percent of the 

magnetic field. It has proven that it will provide 

protection at a distance of 20 mm from the active 

shielding coil by performing an attenuation of 

95.7713% in the Y axis. 

As a result, considering the high frequency 

alternating magnetic field performance and 

shielding, it is seen that the double D-shaped active 

shielding design is the most suitable design for 

shielding magnetic field generators among shielding 

designs. 

Magnetic hyperthermia experimental designs may 

differ according to the intended use. For test tubes, 

guinea pigs and humans, the shielding types set 

forth in this study can be preferred according to the 

intended use. These designs created in the 

simulation environment can be produced in the 

physical environment. 
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