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Abstract: In this study, electric vehicle charging gun and radio energy transmission technology are integrated to overcome the problem of unstable efficiency of electric 
vehicle wireless power transmission (WPT) due to misalignment of the coupling coil of the charging gun. It introduces a novel dual-coupled LCC compensation circuit structure 
combined with a spiral-inserted magnetic core coupling coil. Using simulations in ANSYS and MATLAB, the design demonstrates stable output efficiency with deviations 
below 0.4% for displacements up to 30mm. This work advances WPT systems by enhancing stability and efficiency, offering a practical solution for real-world applications 
in electric vehicle charging. 
 
Keywords: coupling coil; electric vehicle charging; LCC circuit; spiral-inserted; wireless power transmission 

 
 

1 INTRODUCTION 
 
In the context of the pursuit of high efficiency and 

energy saving in the 21st century, electric vehicles have 
been widely welcomed by governments and people around 
the world because of their higher energy efficiency ratio, 
lower carbon emissions and more economical and 
convenient use of renewable energy [1]. WPT (Wireless 
Power Transfer), as a new energy transmission mode, has 
been widely studied in the field of electric vehicles because 
of its safety, portability and flexibility [2]. Since WPT 
technology has the problem of unstable transmission 
efficiency, it not only increases the burden of the grid, but 
also may cause damage to the battery life [3]. Unstable 
output power will also interfere with other devices or 
systems connected to it, affecting the collaborative work of 
the entire system, so it has not been widely used. 

Currently, contact charging guns [4, 5] are usually 
used for the power transmission of electric vehicles. If the 
problem of unstable transmission efficiency of Wireless 
Power Transfer (WPT) can be solved and WPT can be 
applied to the charging of electric vehicles, then power 
transmission without physical connection can be achieved, 
which can not only improve the security of power 
transmission but also greatly enhance its reliability, and 
inject strong impetus into the popularization and further 
development of electric vehicles. In the field of radio 
energy transmission, many researches focus on the 
problem of anti-migration, most of which are based on 
planar coupled coils [6]. However, as the most commonly 
used transmission tool for electric vehicle radio energy 
transmission at this stage, the working characteristics of the 
charging gun are not compatible with the planar coupling 
coil. This mismatch phenomenon makes it difficult for 
relevant research results to be successfully implemented in 
the charging gun scene, thus restricting the further 
popularization and expansion of radio energy transmission 
technology in the field of electric vehicle charging. 

Therefore, in-depth exploration of the coupling coil 
structure compatible with the charging gun, and research 
on and working out effective methods to reduce the 
instability of transmission efficiency, is of critical 
significance for promoting technological innovation and 
industrial upgrading in related fields. 

2 LITERATURE REVIEW 
 
In the field of power transmission, WPT research 

focuses on three key aspects, namely power transmission 
mode, compensation circuit topology design, and coupling 
coil offset and its effects [7]. Next, these three research 
directions will be sorted out in detail, and the existing 
efficiency optimization situation will be discussed in 
depth. 

 
2.1 Power Transmission Methods 

 
WPT technology can be divided into three types 

according to the differences in the working principle of its 
power transmission mode: electromagnetic induction 
coupling type [8], microwave radiation coupling type [9] 
and magnetic resonance coupling type [10]. Among them, 
electromagnetic induction coupling has the advantage of 
lower cost [11], but the transmission distance of induction 
charging mode is shorter than that of resonant charging 
mode. And the efficiency is low [12], the transmission 
efficiency is usually 30%-60%. The microwave radiation 
type transmits high-frequency microwave in the direction 
of the receiving end to make the receiving end obtain 
energy. It has the characteristics of long transmission 
distance and strong directivity, but it needs to constantly 
guide the direction of the microwave [13], and will cause 
harmful effects on the organism, so the application 
scenario is limited. When transmitting at a short distance 
(several millimeters to several centimeters), the efficiency 
can reach 70%-80%. However, when the distance is more 
than 5 centimeters, the efficiency can be reduced to less 
than 50%. By virtue of the energy storage field 
characteristics of non-radiating electromagnetic near-field 
and the principle of photon tunnel effect, magnetic 
resonance coupling "captures" the evanescent waves 
emitted by high-frequency power sources through 
resonance, thus achieving wireless transmission of electric 
energy [14]. It has the characteristics of large transmission 
power, high transmission efficiency and far transmission 
efficiency. When the transmission distance is within tens 
of centimeters, the efficiency can be stabilized at about 
80%, and it is harmless to human body, making it the most 
popular development direction in radio energy 
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transmission technology [15]. Based on the above 
characteristics, this paper adopts the magnetic resonance 
coupling WPT technology, which has no harm to human 
body, high efficiency and greater transmission power, as 
the power transmission mode. 

 
2.2 WPT Circuit Topology Analysis 

 
The WPT (Wireless Power Transfer) circuit topology 

can be divided into four basic ones based on the differences 
in the compensation structures of the transmitting and 
receiving ends: series-series (SS), series-parallel (SP), 
parallel-series (PS), and parallel-parallel (PP) [16]. Other 
topologies are developed from these. 

The SS-type is easy to understand and implement with 
stable output characteristics, but has low transmission 
efficiency. The SP-type has high transmission efficiency 
and strong adaptability to load changes, yet its resonant 
compensation capacitor varies with load resistance and 
needs dynamic adjustment according to the load, making it 
difficult to implement. The PS-type is similar to the SP-
type, both having high transmission efficiency and 
complex dynamic adjustment and compensation. The PP-
type has high transmission efficiency and certain 
adaptability, but its components need to withstand high 
voltages, so it has high requirements for components. 

In conclusion, the SS-type has stable output 
characteristics, simple adjustment strategy when the load 
changes, and lower cost compared to others. Thus, it has 
broader applicability and research value in the WPT field. 

However, the SS compensation structure has the defect 
of poor transmission efficiency and does not have strong 
anti-drift ability of coupling coil. In view of this, many 
studies have focused on improving its structure. In the 
process of improvement, the SS compensation structure 
has the characteristics of low cost and convenient dynamic 
adjustment, and is committed to improving its transmission 
efficiency and enhancing the output stability, so as to 
achieve performance optimization and improvement, so 
that it can better meet the needs of practical applications 
[17]. 

In view of the low transmission efficiency and 
insufficient anti-migration capability of SS compensation 
topology, DLCC compensation network structure emerged 
as an improved topology based on SS type. This structure 
forms a more complex resonant network by adding 
additional inductors and capacitors at the sending end [18]. 
This topology provides multiple resonant frequency points, 
and to a certain extent is less sensitive to changes in load 
and coupling coefficient, and can effectively transfer more 
power to the secondary side when the coil is offset, 
significantly improving the stability of the system 
transmission. DLCC not only inherits the advantages of SS 
type, such as low cost and easy dynamic adjustment, but 
also realizes the decoupling of system resonance frequency 
from coil coupling coefficient and load, and has the ability 
of constant current output, so it has become a hot topology 
structure in current research [19]. 

Although DLCC compensation network structure has 
obvious advantages in improving the transmission stability 
of the system, it has not been widely used. This is mainly 
because its structural characteristics determine the need to 
use a large and small coupling coil structure at the sending 

end and the receiving end, and a single size coil cannot be 
used only at one end. And in the high-power transmission 
scenario, a larger flat coil must be used, and the charging 
gun as a very suitable scenario for the application of WPT 
technology, because of its narrow and slender internal 
space, this large flat coil cannot be used at all. Therefore, 
the DLCC compensation network structure can only stay at 
the theoretical level, and it is difficult to promote and apply 
on a large scale in practice, which also limits further 
expansion of this technology in the field of electric vehicle 
charging to a large extent. 

 
2.3 Analysis of the Influence of Coil Offset on Radio 

Energy Transmission 
 
At present, ABB's new Terra HP charging pile offers a 

high-power 350 kW charge. Unstable charging at this level 
can disrupt the grid and harm batteries. For the grid, it may 
cause load fluctuations, voltage instability, and harmonic 
interference. This impacts the overall grid stability and 
other equipment. For batteries, unstable power can lead to 
overcharging or undercharging, reducing lifespan and 
increasing failure risks like overheating or fire, 
jeopardizing electric vehicle safety and performance. 
Therefore, studying the fluctuation of transmission power 
is meaningful for promoting WPT. 

In radio energy transmission, stability is affected by 
factors like coil dislocation, load power fluctuation, 
electromagnetic interference, and obstacles. The obstacle 
factor can be mitigated with foreign body detection. 
Electromagnetic interference is negligible due to its minor 
impact. Electric vehicles, being slow and predictable in 
their charging process, have limited effects on the grid and 
batteries. Based on the above situation, this paper will 
focus on coil dislocation, exploring its influence 
mechanism and characteristics on radio energy 
transmission. 

During the actual operation of the charging gun, the 
coupling coil may be mislocated due to factors such as 
insertion link, vibration and human operation [20]. 
Specifically, when the charging gun is inserted, if it is not 
accurately aligned and fixed, or when the vehicle is 
charged and swayed by the behavior of people getting on 
and off the vehicle, or because of artificial careless touch 
during charging, the position of the coil may be offset. 

Coil misalignment can be divided into two categories: 
distance misalignment and angle misalignment. According 
to the analysis of the two cases [21], with the gradual 
increase of the dislocation distance, the transmission 
efficiency will first show a downward trend and then rise 
until it finally approaches zero. Correspondingly, the 
output power will first increase when the dislocation 
distance increases and then gradually decrease. However, 
whether it is transmission efficiency or output power, it 
produces relatively small changes in the face of angular 
offset. 

In view of this, this paper will focus on how to 
effectively reduce the impact of distance dislocation on 
output efficiency to carry out in-depth research. 
 
2.4 Latest Progress in Efficiency Optimization 

 
SS topology of the planar spiral coil is used to conduct 
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research, and the results show that within the range of 0 to 
15 cm, the maximum transmission efficiency between the 
sending coil and the receiving coil can only reach 90%, and 
the efficiency will fluctuate greatly with the change in the 
distance between them, and the fluctuation range can reach 
5% [22]. 

Anti-offset experiments were carried out using the 
planar helical coil DLCC compensation circuit, and an 
output power of 3.4 kW was obtained in an air gap of 
150mm, with a DC-DC efficiency of 95.5%. With a gap of 
150mm, the transmission power is twice that of a single-
coupled WPT system with only main-coil coupling [23]. 
Moreover, when the distance between the sending coil and 
the receiving coil is within 0-15cm, the efficiency changes 
by only 2%. Through comparison, it can be seen that the 
DLCC topology is superior to the SS topology in terms of 
transmission efficiency and stability, which is consistent 
with the previous analysis. 

Exploring circuit topology reveals that its 
characteristics and limitations are significantly influenced 
by the coupling coil. Space constraints make spiral-
coupled coils suitable for charging guns, but their three-
dimensional magnetic fields are complex, making direct 
analysis difficult. Spiral coupling coils can be 
approximated as planar ones for further study. Comparison 
of circular and square coils under offset conditions shows 
circular coils maintain about 70% transmission efficiency 
with a 10 cm lateral offset and higher output power than 
square coils. Optimizing circular coil parameters and 
adding an E-type ferrite core can achieve 85% efficiency 
at a 20 cm offset. Thus, this paper applies a spiral circular 
coupling coil with a magnetic core to the WPT coupling 

coil of the charging gun for related research [24]. 
 

2.5 Purpose 
 
This paper aims to advance the use of radio energy 

transmission for electric vehicle charging by innovatively 
integrating this technology with charging guns. To address 
the issue of coupling coil displacement, which can increase 
grid load and reduce battery life, we propose a new 
structure using magnetic resonance coupling. We also 
introduce an enhanced DLCC compensation circuit with a 
spiral insert circular coupling coil and magnetic core, 
improving and stabilizing transmission efficiency. The 
sending and receiving coils are of the same size, making 
them ideal for charging gun applications. 

In this paper, the topology structure of the double-
coupled LCC circuit is derived in detail. Then, using 
ANSYS finite element analysis software, a simulation 
model is made for the placement of magnetic cores in 
different positions of the spiral insert coupling coil. Finally, 
in order to quantify the anti-migration performance of the 
coupling mechanism, the proposed structure is modeled, 
verified and optimized by Matlab to enhance its output 
stability. The simulation results show that by using the new 
two-sided LCC compensation circuit structure proposed in 
this paper and placing the magnetic core outside the helical 
plug-in coupling coil, the transmission efficiency offset 
can be effectively controlled within 0.4% when the coil 
offset ranges from 0 to 30mm, which verifies the 
effectiveness of the design scheme in the study of anti-
offset. 
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Figure 2 Equivalent circuit 
 

3 RESEARCH METHODOLOGY 
3.1 Circuit Topology 

 
The circuit topology of the double-coupled LCCWPT 

system is shown in Fig. 1. The inductors Lp and Ls 

constitute the main coupler, and the mutual inductance 
value is defined as M1. Inductors L1 and L2 constitute the 
main coupler, whose mutual inductance value is defined as 
M2. 

The circuit topology can be divided into the sending 
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end and the receiving end. The sending end: Udc is the DC 
power supply, and the switching tube Q1~Q4 is the high-
frequency inverter circuit. ir/ip, and ic are the currents on L1, 
Lp, L2 and Ls, respectively. The primary side L1 and C1, C2 

constitute the resonator, and Lp, and C2, C3 constitute the 
resonator. The secondary Ls and C4, C5 form a resonator, 
L2 and capacitors C5 and C6 form a resonator. When the 
charging gun input and output are only using the same size 
coupling coil, it can meet the practical use needs, so L1 = Lp, 
L2 = Ls, which leads to the conclusion C1 = C2 = C3, C4 = C5 

= C6. Output terminal: VD1~VD4 constitutes a rectifier 
circuit; Co is the filter capacitor, Ro is the load resistance. 

 
3.2 Principle Analysis 

 
Considering the energy transmission characteristics of 

the coupling coil, the magnetic resonance coupling circuit 
can be simplified by using the mutual inductance 
equivalent model, as shown in Fig. 2. Vin is the square wave 
voltage output by the inverter, which can be regarded as 
sine wave after LC filtering. When the circuit is running, 
the current will generate induced electromotive force jωMir 
and jωMip respectively on the secondary side after passing 
through the sending coils L1 and Lp. R1, Rp, Rs and R2 are 
the equivalent internal resistance of the primary side coil 
L1 and Lp and the secondary side coil Ls and L2, 
respectively. When the secondary side coil is coupled with 
the primary side coil, a reflection impedance is generated 
in the primary side coil. Z1 and Zp are the reflected 
impedance of the primary side coil L1 and Lp respectively, 
and Zc is the output impedance.  

L1 resonates with C1 and C2 on the primary side, and 
Lp resonates with C2 and C3. The secondary Ls resonates 
with C4 and C5, and L2 resonates with C5 and C6. The 

transmitters L1 and Lp use the same coupling coil, C1 = C2 

= C3, so R1 = Rp. The receivers Ls and L2 use the same 
coupling coil, C4 = C5 = C6, so R2 = Rs.  

Due to the resonant cavity acting as a low-pass filter 
during circuit operation, high-order harmonic currents can 
be ignored. Further analyze the working principle of the 
circuit using the superposition theorem, considering the 
effects of couplers L1-L2 and Lp-Ls respectively, as shown 
in Figs. 3 and 4. 

To simplify the analysis, use the zero point of the C2 
voltage as the boundary. When the voltage of C2 is greater 
than zero, the transmitting terminals L1, C1 and C2 form a 
resonant cavity circuit with a resonant angular frequency 

of 1 1 1 2 1 21 / L C C / ( C C )   , the receiver L2, C5 and 

C6 form a resonator, and the resonant angular frequency is 

4 2 5 6 5 61 / L C C / ( C C )   . Due to the impedance of 

the parallel resonant circuit approaching infinity, it can be 
considered that Lp and Ls are open circuits.  

When C2 voltage is greater than zero, the sending end 
Lp, C2, C3 form the resonator circuit, the resonant angular 

frequency is 2 2 3 2 31 +p/ L C C / ( C C )  , the receiving 

end Ls, C4, C5 form the resonator cavity, the resonant 

angular frequency is 3 4 5 4 51 S/ L C C / ( C C )    

Since the impedance of the parallel resonant circuit is close 
to infinity, Lp and L2 can be considered open circuit.  

By analyzing the responses generated by L1 and Lp in 
the secondary side circuit separately, and then 
superimposing their effects, the overall response of the 
secondary side receiving circuit can be obtained [25]. This 
method helps to better understand and analyze the roles of 
various power sources in complex circuits and their impact 
on the entire circuit.
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Figure 3 Power driven resonant circuit 
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Figure 4 Independent resonant circuit 
 

3.3 System Efficiency Analysis 
 

The overall impedance of the LCC compensation 
topology from its input end is Zin. Using Kirchhoff's 
voltage law to analyze the circuit, the impedance 
expression can be obtained as: 
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The overall impedance of the LCC compensation 
topology on the secondary side when viewed from LS is Zis, 
and its impedance expression is: 
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The overall impedance of the LCC compensation 

topology on the secondary side when viewed from L2 is Zir, 
and its impedance expression is: 
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When both the primary and secondary sides of the 

system are in a resonant state, the resonant frequency is 
equal to the operating frequency, the input impedance is 
purely resistive, and the same type of coupling coil is used 
for both the transmitting and receiving ends [26]. So, Eqs. 
(1), (2), and (3) can be simplified to obtain: 
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The expressions for reflected impedance Z1 and ZP are 

as follows: 
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Further derive output efficiency η: 
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By analyzing Eq. (9), it can be found that mutual 

inductance, resonant frequency, coil internal resistance, 
and output load are the main factors affecting output 
efficiency. In the case of fixed circuit parameters, the 
output efficiency is mainly affected by the mutual 
inductance value, and there is a proportional relationship 
between the output efficiency and the mutual inductance 
value. 

 
 

3.4 WPT without Magnetic Core Simulation 
 

The coupling of two spiral coils can be simplified and 
analyzed as the coupling of two planar circles [27], as 
shown in Fig. 4. Taking the coupling between the primary 
coil Lp and the secondary coil Ls as an example, there is a 
current ip flowing through the primary circuit l1, and a 
current is flowing through the secondary circuit l2. After the 
primary circuit l1 is powered on, a magnetic flux l2 will be 
generated on the secondary circuit ψ. 
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Figure 5 Lateral offset with parallel axis and two circular coil structures 

 
According to the Newman integral formula, the mutual 

inductance between any two closed coils can be calculated 
as follows: 

 
2π 2π0 r1 r2 1 2 1 2

0 04π

R R cos( )d d
M

R

    
     (10) 

 
Eq. (10) is the Newman integral formula, where 

7
0 4π 10 H/m    is the magnetic permeability in 

vacuum; R is the distance between source point Q and field 
point P; Rr1 and Rr2 are the radii of the main coil and sub 
coil, respectively; D is the distance between the two coil 
axes; C is the distance between the planes where the two 
coils are located [28]. When the coil radius parameter is 
determined, the mutual inductance between the two coils is 
inversely correlated with the distance, and as the distance 
increases, the mutual inductance decreases [29].  

In Maxwell electromagnetic simulations, we construct 
the environment using a global coordinate system. Areas 
without specified materials are filled with air to mimic real-
world conditions. Boundary conditions are set with a 20% 
offset in the X and Y directions and a 1000% offset in the Z 
direction to accommodate limited internal space within the 
charging gun. This setup ensures accurate simulation and 
analysis of coupling coil characteristics and changes. 

When the number of turns of the coupling coil is fixed, 
the smaller the coil interval is, the higher the transmission 
efficiency will be [30]. Due to the limitations of the coil 
processing process, an interval of 1 mm is already a 
relatively small distance for the coils to be close to each 
other. In addition, when designing the coupling coil, the 
internal space and heat dissipation requirements of the 
charging gun must be taken into consideration because the 
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greater the power is, the more heat will be generated by the 
coupling coil. Therefore, the use of a multi-coupling coil 
structure with a small size can greatly reduce the difficulty 
of heat dissipation. 

At the same time, considering that the actual charging 
pile generally uses high-frequency power supplies, in this 
case, the diameter of the coupling coil should be reduced 
as much as possible on the basis of ensuring that it can 
carry a certain current. The specific parameters of the 
transmitting coil and the receiving coil for radio energy 
transmission are shown in Tab. 1. 

 

 
Figure 6 Maxwell simulation diagram without magnetic core: a) Coil simulation; 

b) Magnetic field distribution cloud; c) Magnetic field vector 
 

Table 1 Parameter values of magnetic resonance coupled wireless charging 
system 

 
 

Turns 

Wire 
diameter 

/ cm 

Diameter 
/ mm 

Turn 
spacing / 

mm 

 
Material 

Large size 
coil W1 

30 0.5 85 1 Copper 

Small size 
coil W2 

30 0.5 150 1 copper 

 
The transmitting coil uses large-sized coils W1, and the 

receiving coil uses small-sized coils W2. The transmitting 
coil and the receiving coil are arranged in concentric circles 
on the same plane. Simulate the coil using Maxwell, and 
the simulated coil structure is shown in Fig. 6a. The 
magnetic field distribution cloud map is shown in Fig. 6b. 
The magnetic field vector diagram is shown in Fig. 6c. 
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Figure 7 The variation curve of mutual inductance value with coil offset under 

the condition of no magnetic core 
 

Due to the limited space inside the charging gun, the 
mismatch distance of the coupling coil has more influence 
on the performance than the offset Angle in practice. In 
addition, compared with the offset Angle, the dislocation 
distance of the coupling coil has a more prominent 
influence on its performance [31]. Therefore, in this study, 
the misalignment distance of coupling coils is set to vary 
within the range of 0~30 mm. On the premise of keeping 
the position of W1 fixed, make W2 move horizontally with 

a step length of 5 mm, starting from the relative distance of 
0 mm between them, and gradually moving to the position 
of 30 mm. In this process, the change data of mutual 
inductance value is recorded in detail, and the result is 
shown in Fig. 7. 

As shown in Fig. 7, the mutual inductance value 
reaches its peak when the relative distance between the 
receiving coil and the transmitting coil is 0 mm, which is 
consistent with the analysis in the previous text. Although 
the mutual inductance value has a smaller impact on the 
relative distance between the two coils compared to a 
planar spiral coil, there is still room for optimization. This 
is because in the practical application scenario, Eq. (9) 
shows that even if the change of mutual inductance value 
is relatively small, such subtle changes will directly affect 
the transmission efficiency, grid fluctuations and short 
battery life under the cumulative effect. 

 
3.5 WPT with Magnetic Core Simulation 

 
The high permeability of the magnetic core allows 

system optimization by adding a core that constrains the 
magnetic field direction, increases inductance, reduces 
leakage, and enhances effective field lines. Tab. 2 lists 
common cores; MPP is chosen for its high conductivity and 
moderate flux density, minimizing eddy current loss in 
high-frequency applications. The relatively small eddy 
current loss is often negligible in actual scenarios, not 
significantly impacting overall performance. 

It is worth mentioning that Maxwell software is pre-set 
with a variety of magnetic core parameters. When using the 
software, you only need to select the corresponding 
magnetic core in the software according to actual 
requirements, and Maxwell can accurately calculate the 
mutual inductance according to the characteristics of the 
selected magnetic core material. This provides great 
convenience and strong technical support for our research 
and analysis. 

 
Table 2 Common core types and electromagnetic parameters 

 
Conductivity 
σ / S/m 

Relative 
permeability 

/ μr 

Relative 
permeability 

/ μr 

Applicable 
frequency 

Manganese 
zinc ferrite 

1 × 10⁻⁶ 2000 0.3~0.5 1~500 kHz 

Molybdenum 
Permo alloy 
powder core 

1 × 10⁶ 550 0.7 
Below 300 

kHz 

Silicon steel 
sheet 

6.666666 7000 1.5~2 50~400 Hz 

Ferrosialum 9.3 × 10⁶ 60 1 
Max. 20 

MHz 

 

 
Figure 8 Coil simulation: a) Built in magnetic core; b) External magnetic core; 

c) Dual magnetic core 
 

 
Figure 9 Magnetic field distribution cloud: a) Built in magnetic core; b) External 

magnetic core; c) Dual magnetic core 
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Figure 10 Magnetic field vector: a) Built in magnetic core; b) External magnetic 

core; c) Dual magnetic core 
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Figure 11 Curve graph of mutual inductance value changing with offset 

Table 3 Magnetic core parameters 

 

Inner 
diameter of 

magnetic core 
/mm 

Outer 
diameter of 

magnetic core 
/mm 

Length of 
magnetic core 

/mm 

Magnetic core 
material 

Inner 
magnetic core 
of receiving 

coil 

65 75 50 MPP 

Send the outer 
magnetic core 

of the coil 
155 165 50 MPP 

 
By observing the chart, it can be seen that after adding 

the magnetic core, the mutual inductance value reaches its 
maximum when the relative distance between the coupled 
coils is zero, consistent with the analysis above. When the 
coupling coil has an external magnetic core and a dual 
magnetic core, the mutual inductance value shows a large 
value, but it is impossible to determine which structure can 
make the output efficiency the most stable solely based on 
the mutual inductance value.  

 

 
Figure 12 Circuit simulation diagram 

 
This is because after adding a magnetic core, the 

inductance value of the coil is not fixed, but changes with 
the magnetic permeability and placement of the core [32]. 
The analysis process of calculating output efficiency 
through mutual inductance is quite complex. So, this article 
uses Matlab to analyze which structure is more conducive 
to outputting stable power. 

 
4 RESULTS AND DISCUSSION 

 
Based on the double-coupled LCC topology studied 

above, the model is built in Matlab to carry out simulation 
analysis of the transmission coil structure. When selecting 
the magnetic core mentioned above, a low eddy current 
loss has been selected, so when introducing the magnetic 
core, only the mutual inductance value needs to be brought 
into Matlab, and the circuit simulation diagram is shown in 
Fig. 12. L1 and Lp use large-sized coils W1, while L2 and Ls 
use small-sized coils W2. Le1, Lep, Le2, and Les represent 
the leakage inductance of L1, Lp, L2 and Ls, respectively. 
It can be seen from Eq. (10) that when the distance between 
the coupling coils is closest, the mutual inductance value is 
the largest, and it can be seen from equation 9 that the 
mutual inductance value will directly affect the 
transmission efficiency. Therefore, in order to reduce the 
fluctuation of transmission efficiency, the circuit 
parameters are calculated when the coil distance is 30 mm. 
Other circuit parameters are shown in Tab. 4. Combining 
the above parameters with the simulation results of 
Maxwell placing magnetic cores at different positions, and 

inputting them into the model established in Matlab for 
simulation analysis, the circuit simulation results are 
shown in Fig. 13.  

 

 
Figure 13 Circuit simulation result 

 
Under 50 V input, the transmission efficiency 

fluctuation from 0 mm to 30 mm for different coupling coil 
structures and different coil displacements is shown in Fig. 
13. It can be seen from the simulation results that for the 
structures with built-in magnetic core and without 
magnetic core, the transmission efficiency is relatively low 
and the fluctuation of the transmission efficiency is 
significant, with the fluctuation of both reaching 0.6%. 
After the addition of magnetic core, the transmission 
efficiency of both the external coil structure and the dual 
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magnetic core structure is improved. Specifically, the 
transmission efficiency of the external coil structure is 
0.4% and that of the dual magnetic core structure is 0.6%. 
It is worth noting that these structures can achieve their 
maximum transmission efficiency at relative distances of 0 
mm and 30 mm respectively. 

 
Table 4 Bilateral LCC type WPT system parameters 

Parameter Value 
Input voltage Udc / V 50 

Switching frequency f / kHz 50 
Primary side capacitor C1 / nF 40 
Primary side capacitor C2 / nF 40 
Primary side capacitor C3 / nF 40 

Secondary side capacitor C4 / nF 80 
Secondary side capacitor C5 / nF 80 
Secondary side capacitor C6 / nF 80 

Output capacitance Co / nF 100 
Equivalent load on output side Ro / Ω 100 

 
With the change of coil offset distance, the 

transmission power change is only 0.4%, which can greatly 
improve the anti-offset ability of WPT and the stability of 
power transmission. However, the internal space of the 
charging gun is narrow and slender, which is not suitable 
for the large flat coil. Therefore, DLCC is difficult to 
promote and apply on a large scale in practice, which also 
limits further expansion of this technology in the field of 
electric vehicle charging to a large extent. 

 
5 CONCLUSION 

 
Wireless power transmission (WPT) technology for 

electric vehicles (EVs) holds significant promise for 
improving charging convenience and efficiency. However, 
practical challenges, such as coil misalignment, lead to 
fluctuations in power transmission efficiency.  

In this paper, a double-coupled LCC compensation 
circuit with helical coupling coil with external magnetic 
core is used to improve the anti-migration ability of WPT, 
and enhance the transmission efficiency and stability of 
WPT. The simulation model is established by ANSYS, and 
the performance is verified by MATLAB. In the 
displacement range from 0 to 30 mm, the transmission 
efficiency deviation of the proposed structure can be 
controlled within 0.4%. These results prove that the 
proposed method is effective in improving the WPT 
reliability of EV applications, and provides a promising 
solution for its application in real-world scenarios. The 
following conclusions are drawn: 

1) The insertion type spiral coil structure, with the 
addition of a magnetic core on the outer side of the 
transmitting coil, not only enhances self-inductance while 
effectively reducing magnetic leakage, but also 
significantly improves the mutual inductance between the 
coils. 

2) After adding a magnetic core on the outer side of the 
transmitting coil, the insertion type spiral coil structure can 
stabilize the output efficiency by effectively constraining 
the magnetic field lines even if the small-sized coupling 
coil is displaced, thereby greatly improving the anti-
interference ability and stability of the system. 

3) By using the novel bilateral LCC compensation 
circuit structure proposed in this article and placing a 
magnetic core outside the spiral insertion coupling coil, the 

offset of output efficiency can be effectively controlled 
within 0.4% when the coil is offset within the range of 0-
30 mm. 

However, at present, it only stays in the simulation 
stage. In the future, real machine verification can be carried 
out on the basis of this research, and how to further 
improve the transmission efficiency can be discussed. 
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