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Abstract 

There is a developing for electric vehicle (EV) because of their lower fuel and greenhouse gas. Wireless power 

transfer (WPT) is easy to use ways to recharge, but the problem with the current wireless charging technology for 

electric vehicle are low efficiency and slow charging time. This paper presents the design parameters of permeability 

and conductivity in various material of the transmitter and the receiver which performs in the partial differential 

equation. The paper simulation using 3-D finite element method that all the coded developed by MATLAB program 

and show the graphical representation for the magnetic field of the WPT. 
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1. Introduction 

Electric vehicles (EVs) have been projected as one of the next-generation methods of transportation. 

Designed to manage the environmental and energy but the demand is still relatively low. However, it is 

widely known that EVs have several disadvantages. First, the current plug-in charging method prevents 

an EVs from operating while the battery is being charged, A considerable amount of recharging 

downtime. Wireless charging EVs have been introduced to solve the problems above [1].  

The wireless power transfer technology has obtained increasing attention recently [2], [3]. It is a 

method for contactless power transmission. It is based on the transmission of energy from a transmission 

coil to a receiver coil through a magnetic field. The wireless power transfer has been used in a variety of 

applications, such as biomedical devices, automotive systems, industrial manufacturing, and test systems, 

and in some consumer electronics [4]–[7]. Also, the wireless charging system can be to dispose of above-

ground electric wire. The main problem to this technology is the large air gap between the transmission 

coil and the receiver coil, resulting from a leakage magnetic flux, designing high- power high-efficiency 

capacitive WPT systems for EV charging is very challenging.   

The remainder of this paper is organized as follows: Section 2, the mathematical model of the wireless 

power transfer (WPT) system. The 3-D finite element method (3-D FEM) by using Galerkin approach 

applied from WPT to obtain magnetic field distribution and specifies the WPT dimensions. Section 3 

presents the design parameter in various material of the WPT and simulation results. Finally, Section 4 

the conclusion of the study. 

2. Mathematical Modeling for Magnetic Field of WPT and Simulation Parameters  

Finite element method is the most efficient numerical technique [8] for solving the partial differential 

equations (PDE) such as electromagnetic problem, temperature rise, and heat transfer problem [9]. 
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Regarding wireless power transfer (WPT) magnetic problems, the magnetic field intensity (H) is 

associated with the magnetic field (B), B = µH. Which can be shown the PDE as follow (1) [10]. 
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where, 

H is the magnetic field intensity (A/m) 

v is propagation velocity of the magnetic field (m/s) 

µ is permeability of material (H/m) while permeability of free space (µ0) is 4π x 10
-7

 H/m 

σ is electrical conductivity of the material (S/m) 

t  is time (s) 

The magnetic field propagation velocity can be explained by the relation between electric permittivity 

(ɛ) and magnetic permeability (µ), which can be shown in (2) 
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Where, ɛ = ɛ0ɛr is permittivity of material (F/m) while permittivity of free space (ɛ0) is 8.854x10
-12

 F/m. 

Therefore, the PDE as follow (3)  

0
2

2

2

2

2

2

2

2










































t

H

t

H

z

H

y

H

x

H


       (3) 

This paper has considered the system by using time-harmonic mode and representing the magnetic 

field intensity in complex form therefor [11], 
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where, ω is the angular frequency (rad/s).  

From (3), we have considered the problem in three dimensions, therefore, the magnetic field intensity 

equation in x, y and z-direction, which can be shown in (6). 
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This paper refers to the modelling of WPT scaling of dimension, which is as follows Fig. 1 and Fig. 2. 

The air gap between transmitter and receiver is set as 76.2 mm. The coil has a 290 mm radius with a 2 

mm thickness, with the operating frequency of 50 kHz [12]. 

 

Fig. 1.  The material  of WPT  
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Finite element method for solving the PDE in (6) follow these steps.  

The first step, the division of the problem into the nodes and elements. The general of an element in 

three dimensions is linear tetrahedral. This can be accomplished by using Solid Works for 3-D grid 

generation. Which has a number of nodes is 3,638 and the number of elements is 15,818 can be shown in 

Fig. 3. 

  

(a) (b) 

Fig. 2.    The dimension  of modeling WPT (a)  front view (b) top view  

 
Fig. 3.  Mesh of the WPT  

The second step, formulating the shape function of each element in three dimensions. According to 

this method, the magnetic field intensity is shown in (7) [13]. 

llkkjjii NHNHNHNHzyxH ),,(       (7) 

where, Nn, n = i,j,k,l are the shape functions, and Hn,  n = i,j,k,l are the magnetic field intensity at node for 

each element. The shape function can be written as (8). 
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where, V is the volume of each tetrahedral element, which defined as (9) 
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And the positional coefficient defined by 
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The third step, from (6) is Galerkin approach equation as referring to the differential equation was then 

adapted by using the weighted residual method, in which element domain V as in (9) was done by using 

the integrations as in (10) [14]. 
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where R is the residual function.  The method of the weighted residual with Galerkin approach applied to 

the PDE. Therefore, the residual function expresses as (11). 
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From (11) can be divided into two parts as follows. 
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Or in the compact matrix form 

   0 HMK                         (12) 

where [K] is the permeability matrix of the problem and element equation can be written in term of the 

matrix with 4x4 size, which shown in (13). 

 





























444444

434343333333

424242323232222222

414141313131212121111111

44 36

1

ddccbbSym

ddccbbddccbb

ddccbbddccbbddccbb

ddccbbddccbbddccbbddccbb

V
K

  (13) 

where [M] is the constant matrix depends on the constant of electrical conductivity, permeability, 

permittivity, and angular frequency as follows equation (14). 
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Fourth step, applying the boundary conditions in term of Dirichet, at surface of the transmitter 

boundary conditions is 400 A/m [15].  

Fifth step, solving the linear equation for calculation a result of the magnetic field intensity. Then 

magnetic field calculation, B = µH. 
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For the simulation parameters, the finite element method was used for solving the PDE in this paper. 

The parameters for simulation depends on (13) – (14). However, All of the parameter simulation shown 

in the Table 1 [12], [15]. 

Table 1. Parameters of WPT simulation 

Material Permeability (µr) Conductivity (σ) permittivity (ɛr) 

Ground 0 0 1 

Cement 150 0.1 S/m 1 

Air 1.00000037 0 1.00058986 

Magnetic field receptor 1 1 S/m 1 

3. Designing Parameters in Various Material of the WPT and Simulation Results 

This paper has considered the magnetic field in the magnetic field receptor of the wireless power 

transfer (WPT). From the mathematical modeling, we see that there are three parameters: relative 

permeability (µr), conductivity (σ) and relative permittivity (ɛr). From the testing found that relative 

permittivity (ɛr) has a very small effect on the system. It is not considered to affect the system. In this case, 

the permittivity of the transmitter and the receiver is 1. In this paper, we are proposed compare between 

the relative permeability (µr) and conductivity (σ) of the transmitter and the receiver.  

To analyze which parameters of the coil has affected to a magnetic field receptor of WPT.  

For the simulation, this paper has considered the magnetic field receptor of WPT using finite element 

method, which a new created material all 4 type: A, B, C and D. The new design parameters of the 

transmitter and receiver shown in Table 2. For the simulation results, A magnetic field of the WPT and 

the magnetic field receptor which supplied from material Type A, Type B, Type C and Type D shown as 

Fig. 4 – 7, respectively. 

Table 2. The parameters in various of the transmitter and the receiver 

Material Type  Relative Permeability (µr) Conductivity (σ) 

A 4,000 1.0000 S/m 

B 4,000 0.2000 S/m 
C 9,000 1.0000 S/m 

D 9,000 0.2000 S/m 

 

 
 

(a) (b) 

Fig. 4.  A magnetic field  (T) in Type A (a) wireless power transfer (b) magnetic field receptor  
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(a) (b) 

Fig. 5.  A  magnetic field (T) in Type B  (a) wireless power transfer (b) magnetic field receptor  

Table 3. Maximum, minimum and average of the magnetic in the transmitter 

Results Maximum (T) Minimum (T) Average (T) 

A 2.0116 1.8464 2.0045 

B 2.0116 1.8464 2.0046 

C 4.5261 4.1544 4.5101 

D 4.5260 4.1545 4.5102 

 

  
(a) (b) 

Fig. 6.  A magnetic field (T) in Type C (a) wireless power transfer (b) magnetic field receptor 

  
(a) (b) 

Fig. 7. A magnetic field (T) in Type D (a) wireless power transfer (b) magnetic field receptor 
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Table 4. Maximum, minimum and average of the magnetic in the magnetic field receptor 

Results Maximum (T) Minimum (T) Average (T) Transfer 

efficiency (%) 

A 1.7760 1.4198 1.6237 81.00 

B 1.8739 1.5405 1.7168 85.64 

C 3.8073 3.0436 3.4913 77.41 

D 4.1527 3.3713 3.8676 85.75 

 

From Fig. 4 – 7 shows the 3-D a magnetic field, we will see that the magnetic field appears to be 

symmetric around the coil and the core. From the Table 3 and Table 4 show a maximum, minimum and 

average comparison of the magnetic field in the transmitter and magnetic field receptor, to see that 

average of the transmitter and magnetic field receptor have a magnetic field loss.  Two ideas are proposed 

in this paper to enhance the magnetic mutuality between the transmitter and the receiver and reduces 

magnetic field loss: 1) we be changing the conductivity and be unchanged the permeability of the 

transmitter and the receiver. 2) we be changing the permeability and be unchanged the conductivity of the 

transmitter and the receiver. Two ideas have an effect to the magnetic field of the magnetic field receptor 

will be increased. 

From the Table 4 which is an average of the magnetic field in the magnetic field receptor, to see that 

Type D has a 3.8676 T. It is a higher magnetic field, 85.75% magnetic field transfer efficiency was 

achieved in terms of the transmitter and the magnetic field receptor. We will see that the magnetic field 

transfer efficiency in Type B and D have a similar value, although two type have the permeability 

unequal.  Therefore, this simulation result can be helped to the guideline for designing the transmitter and 

the receiver of wireless power transfer that has a higher the magnetic field transfer efficiency. The 

property of the material for the transmitter and the receiver must be low conductivity. Because increase 

the permeability has a very small effect on the magnetic field transfer efficiency. 

4. Conclusion 

This paper simulation via the 3-D finite element method for solving the partial differential equation of 

the magnetic field to design the transmitter and the receiver of wireless power transfer. The wireless 

power transfer that has a higher the magnetic field transfer efficiency. The property of the material for the 

transmitter and the receiver must be low conductivity. Improved magnetic field transfer efficiency 

decreases charging time and will lead to more robust and reliable EV charging mechanisms. A resonant 

frequency of wireless power transfer for loss reduction will analyze as the future research. On the other 

hand, In terms of manufacturing there are many factors to determine. 
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