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Abstract—In the research on wireless power transmission, 

coupler with the advantages of high transmission power, high 

charging gap and anti-offset are the hot topics in the current 

research. Based on Biot-Savart Law, this paper studies the 

spatial magnetic field distribution characteristics of circular 

coils and DD coils, and establishes a magnetic field model of 

coils to achieve a visual analysis of magnetic fields. 
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I. INTRODUCTION  

WPT(Wireless Power Transmission) has the advantages 
of safe operation, flexibility

[1]
, convenience and low 

maintenance cost, and has important application value in the 
field of consumer electronics and some coal mines

[2]
, in 

addition, WPT solves the interface restrictions, charging 
safety and other problems faced by traditional conductive 
charging. and become one of the future trends in the 
development of power transmission technology

[3]
 

As a key component of WPT, the shape and size 
parameters of coils have a great influence on the 
performance of the system. Traditional coil design methods 
rely on engineers' design experience and often require 
experimental platform and continuous experimentation. In 
this paper, the magnetic field distribution model of coils is 
derived from  Biot-Savart Law, and the magnetic field 
distribution characteristics of different coils are analyzed 
according to the model. 

The law of Biot-Savart is the basic theorem for the 
magnetic field that is excited by current elements at any 
point in space. It expounds the mathematical relationship 
between the linear current and the magnetic field strength it 
produces, and its mathematical expression is as follows

[4]
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In the formula: 

I —Current value of flowing through the coil； 

dl —The unit length of the linear current； 

R —Distance from the line current of the unit length to the 

target point； 
0R —The unit vector of the unit length of the linear current 

pointing to the target point； 

dB —Magnetic induction intensity generated at the target 

point by a linear current of a unit length。 

Based on the law of Biot-Savart, the Magnetic induction 

intensity of each point in the rectangular coordinate system 

can be obtained by mathematical derivation according to the 

geometric model of the coil. In this paper, the magnetic field 

distribution of the circular coil is analyzed, and then the 

magnetic field distribution of the DD coil in space is given. 

 

II. MAGNETIC INDUCTION INTENSITY DISTRIBUTION OF 

CIRCULAR COILS 

When solving the magnetic field of the space in which 

the coil is located, the meshing of the space in which the coil 

is located is first meshed in the coordinate system, and the 

magnetic field distribution of the coil in each mesh is 

analyzed. Theoretically, when the grid edge long value is 

close to 0, the result of the calculation will be infinitely close 

to the actual value. However, to avoid excessive calculations 

that make it difficult to get results, the grid cannot be taken 

too small. the center of the coil geometry coincides with the 

coordinate system origin and divides the circumpolarity of 

the circular coil into N equal parts, each with a length 

of  2nl N R   and the length of the entire coil 2 R . Set 

nR to target point P to each cell length 
nl  distance, 0

nR  is 

the unit length of each unit point to target point P unit vector. 

The relationships between the variables are shown in Figure 

1. 
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Figure 1.  Magnetic induction intensity analysis of circular coils 

The coordinates of the observation point are ( , , )P x y z  

and the distance between observation point P  and 
nl  is 

nR . 

For ease of calculation, take the end point of each 
nl  to 

calculate the distance, and set the unit vector for each
nl  to 

P  to 0

nR . For illustration purposes, place observation point 

P  on a parallel plane with a distance of H from the coil, and 

project P  point onto the coil plane, with a projection of P at 

'P . Since 'PP  and the coil plane are vertical, these 3 points 

of P , 'P , T  constitute a right triangle, and PT  is an 

oblique. 

The distance from point P  to 
nl  is 

nR : 
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According to Formula,  
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The magnetic induction intensity of point P  is 
PB , 
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Using matlab  to calculate the magnetic sensing intensity 

of the coil at each point in space, the magnetic field 
distribution of the circular coil at each point in space can be 
obtained by a bit of matrix operation in the space in which 
the entire coil is located. For observation, the ( , , )hsurf x y B  

function is used to obtain magnetic induction strength 
perpendicular to the Plane of the Z  axis. Figure 2 is a 
magnetic induction intensity map of the plane where the coil 
is located using this method 

 
Figure 2.  Magnetic induction intensity distribution of circular coils in 

X0Y-plane 

As can be seen from the figure above, the magnetic 
induction strength of the circular coil is highly concentrated 
on the axis of the coil, and the high magnetic induction 
strength is also distributed in the area near the wire, and the 
magnetic induction strength is rapidly attenuated outside the 
circular coil. 

III. MAGNETIC INDUCTION INTENSITY ANALYSIS OF DD 

COILS 

A. DD coil magnetic field distribution model 

DD-type coils can meet the current demand for high 

power, high charging spacing and anti-offset of charging 

coils, and DD coils combine the advantages of circular and 

flux coil designs to achieve the goal of increasing coupling 

efficiency by generating series flux located in the central 

area of the coil. The DD coil structure is based on the 

rectangular coil structure, so for the convenience of 

calculation, a model of a DD-type coil within the xoy -plane 

is established, as shown in Figure 3. Within the xoy -plane, 

the coordinates of the ends of the rectangular coil on the left 

side of the first side are: 
1( , )LA a b , 

1( , ')LB a b , 
1( ', )LC a b , and 

1( ', ')LD a b . 
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Figure 3.  DD coil structure 

According to the magnetic field distribution model of 
the DD coil, each wire in the DD coil is divided into N  

equivalents, and in solving, the magnetic field induction 
strength of each edge at each point in space is solved from 
the innermost point, and the magnetic field distribution of 
the entire DD coil is determined by the superposition 
principle. Magnetic induction strength 

1LB on observation 

point ( , , )P x y z  on the first side of the left rectangular coil is 
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 1 1 2 3 4( , , ) ( , , ) ( , , ) ( , , )l P P P PB B x y z B x y z B x y z B x y z    

Similarly, using the same solution, the magnetic 
induction intensity 

1rB  of the first coil in the right rectan-

gular coil at the observation point P can be obtained, the 
magnetic induction intensity of each coil is solved according 
to the above method, and the magnetic induction intensity of 
the entire DD coil at the P  point B can be obtained by 
using the superposition principle. 
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The magnetic field distribution of the DD coil at each 
point in the space is obtained by a bit of matrix operation in 
the space in which the entire coil is located. Figure 4 is a 
magnetic induction intensity map of the plane where the P -
point is based, with the innermost length of the coil is 30mm, 
the width is 40mm, and the number of turns is 3, and the P -
point to  xoy plane is 50mm. 

 

Figure 4.  DD coil magnetic induction intensity map 

According to the figure above, the DD coil has a larger 
magnetic field concentration area than the circular coil 
directly above the coil, which makes the receiving coil have 
a greater offset, which improves the reliability of the coil in 
practical applications, while ensuring the power transmit-
ssion performance . 

B. Analysis of magnetic field characteristics of DD coils 

By comparison, several important design parameters in 
DD coil design are selected in this paper, and their influence 
on the transmission performance of coils is studied. The 
parameter distribution is shown in Figure 5 

L

W

Gap-DD
The area of 
the winding 

line  

Figure 5.  DD coil structure diagram 

The area of the receiving coil is 
s s sS L W  , 

sL  and 
sW  

are the length and width of the receiving coil, and the 
transmit coil is p p pS L W  . The overlay of the magnetic 

induction strength of all the grids in the face where 
sS  is 

located is sumB , and the average value of the magnetic 

induction strength of all grids in the sS face is EB  The effect 

son of the above parameters on sumB  and EB  is analyzed. 

1) S : Area of DD coils 

It can be seen by the superposition theorem that the 
number of turns is proportional to the magnetic induction 
strength in space, therefore, under the requirement of 
optimal transmission performance, the coil should be tightly 
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wound, and when wrapped, the area of the coil is mainly 
determined by the diameter, spacing and number of turns. 
When the emission coil size is 0.98 0.54m m , and the wide 

Ws  of the receiving coil is taken 0.45m , 0.55m , 0.65m , 

respectively, the relationship between 
sumB  and 

EB  varies 

with 
sL  as shown in Figure 6 

 

 

Figure 6.  A-B diagram(With the emission coil size constant to A, the wide 

B of the receiving coil is taken C, D, E) 

As can be seen from Figure 6, the emission coil size is 
certain, and as the receiving coil increases, 

sumB will stabilize 

after increasing to a certain value. The average 
EB  of the 

magnetic induction strength in the receiving coil will 
gradually decay. 

sumB  and 
EB  reach the highest point when 

the coil parameters are optimal, which is the goal of 
optimizing the design 

2) 
L

W
:DD coil aspect ratio 

Because of the existence of the intermediate series flux 
path of the DD coil, the aspect ratio of the DD coil has a 
stronger and more complex effect on the spatial magnetic 
field strength distribution of the coil. At a certain size of the 
receiving coil, the area of the transmit coil is fixed, and the 

relationship between sumB  and EB  varies with the 
L

W
 of the 

transmit coil as shown in Figure 7 

 

Figure 7.  Relationship between 
L

W
 and sumB , EB  

As can be seen from Figure 7, the emission coil area is 

somewhat timed, and as L

W
 increases, the coil becomes mo-

re and more "narrow", and both 
sumB  and 

EB  are gradually 

increasing. The enhanced effect of the series magnetic 
circuit in the middle of the DD coil on the magnetic field is 
described, but under the premise of considering the 
practicality of the coil, the charging coil "too narrow" will 
make the anti-offset characteristic of the charging coil worse 
and require more accurate position of the receiving coil. In 
the coil's magnetic induction strength improvement and to 
ensure its practicability, further parameter optimization is 
required to scientifically trade-off 

3) ap-G DD :Gap between two subcoils 

According to the flux management theory, the length of 
the flux tube that forms the series flux circuit is proportional 
to the height of the basic flux path, and when ap-G DD  is too 

large, the magnetic induction strength of the magnetic field 
directly above the gap will decrease, and it is very likely 
that the coupling zero point will appear in the receiving coil. 
In the receiving coil size certain, the emission coil size is 
timely, sumB  and EB  with Gap-DD  change relationship as 

shown in Figure 8 
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Figure 8.  Relationship between ap-G DD  and sumB , EB  

As can be seen from Figure 8, 
sumB  and 

EB  show a 

decreasing trend as the ap-G DD  of the launch coil increases. 

From the analysis, it can be seen that ap-G DD over the 

General Assembly weakens the magnetic induction strength 

above it, and even appears "coupling zero point", but based 

on flux management theory ap-G DD  has an enhanced effect 

on the basic flux path height. In cases where the degree of 

influence of the two to the magnetic field cannot be 

quantified, other means need to be used to determine the 

parameters 

In addition, in order to improve the efficiency of the 

transmission of electrical energy from the transmit coil, a 

high magnetic conductivity ferrite material can be added 

below the coil to produce a unipolar magnetic field, which 

increases the charging gap of the wireless charging system 

under the condition that the basic flux path height of the 

original coil is increased. 

IV. SUMMARY AND OUTLOOK 

In this paper, a magnetic field model of the coil is 

established for the circular and DD-type wireless charging 

coils, and the magnetic field distribution characteristics of 

the two coils are analyzed. The circular coil is simple in 

structure, the magnetic field is distributed in concentric 

circle in the horizontal plane, in the vertical direction, the 

magnetic field presents the axis high concentration trend, 

suitable for the scene of receiving coil is smaller than the 

transmit coil, the magnetic flux path of the DD coil is 

relatively high, can produce a larger effective coupling area 

with the receiving coil at the same height, and it is found 

through analysis that after the area of the receiving coil is 

larger than the transmit coil, the continued increase of the 

receiving coil area has little effect on transmission 

efficiency, increase the L W of the transmit coil under the 

right position of the receiving coil, and can obtain a higher 

charging height under the same conditions, in addition, in 

order to avoid coupling zero points, the ap-G DD  of the 

transmit coil should be as low as possible 

Through the above results, the wireless charging coil 

design can provide a basic theoretical analysis method, the 

magnetic field distribution trend of the coil is pre-

determined. But more precise design parameters, you need 

to quantify the impact of each parameter on coil 

performance, through the intelligent optimization algorithm 

to obtain. 
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