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Novel Integrated Optimization to Enhance Output
Stability and Power Capability in EV Dynamic
Wireless Charging Under Lateral Misalignment
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Jincheng Jiang , Jun Wang , Jie Hou , Member, IEEE, and Shuaiyong Li , Senior Member, IEEE

Abstract—This article proposes a method to address the critical
challenges of output fluctuation in electric vehicle dynamic wire-
less charging systems caused by transmitting coil switching under
lateral misalignment. The main contributions include the bilateral
reverse integrated magnetic coupler and the quasi-resonant LCC
topology parameter optimization. Using the mutual inductance
fluctuation ratio as a key indicator, the bilateral reverse coil is
integrated and optimized to ensure stable output power during the
transmitting coil switching under various lateral misalignments.
An equivalent circuit model featuring a variable resistive load is
developed to enhance output power capability while maintaining
optimal weak inductive zero-voltage switching conditions. The in-
tegrated inductor broadens the selection of circuit parameters cor-
responding to the quasi-resonant range and reduces the parameter
sensitivity. The method effectively maintains stable power output
during transmitting coil switching under lateral misalignments,
addressing cost, heat dissipation, and parameter deviation issues.
A 4.5-kW prototype system is presented, and the simulation and
experimental results demonstrate that it maintains stable power
output within a 10-cm lateral misalignment range. Under y= 0 cm,
5 cm, and 10 cm, the output power fluctuation rates are ±4%, ±5%,
and ±6%, respectively. The efficiency is above 91.5% .

Index Terms—Electric vehicles dynamic wireless charging
(EVDWC), lateral misalignment, LCC–LCC topology, magnetic
integrated coupler, output stability, quasi-resonant parameters.
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NOMENCLATURE

h, hs, he, h’ Detuning ratio coefficient.
λ Power regulation coefficient.
f(h)max Maximum resonant angle tangent value.
α, β Resonant angle.
q Expected maximum resonant offset.
p Expected power regulation coefficient.
ks Coupling coefficient.
d Air gap.
s Gap distance.
y Lateral misalignment distance.
g Lower limit of the detuning ratio coeffi-

cient.
γ Expected standard deviation of output.
δ Standard deviation of output.
Lp1, Lp2, Ls Transmitting coils and receiving coil.
Lr1, Lr2 Integrated bilateral reverse coils.
Lv Secondary-side integrated inductor coil.
ω Operating angular frequency.
Udc, Ud DC input voltage and battery voltage.
Ui, Uo Equivalent input voltage and output volt-

age.
R Equivalent variable resistance.
Zin Input impedance.
l1, l2, l5 Sizes of the main coils.
l3, l4 Size of the integrated bilateral reverse

coil.
l6 Side length of the integrated inductor coil.
nw1, nw2 Turns of the main coils.
nw3 Turns of the integrated bilateral reverse

coil.
nw4 Turns of the integrated inductor coil.
Δl Step size for length optimization.
C1, Cf1, Cp1, C2,
Cf2, Cp2, Cs, Cv

Compensation capacitors.

Mpirj(i=1,2,j=1,2),
Mp1s,Mp2s,Mp1v,
Mp2v,Mr1s,Mr2s,
Mr1v,Mr2v,Msv

Mutual inductances between the coils.

Ip1, Ip2, I1, I2,
I3, Is, I in

Currents in circuit.
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La, Lb, Lse, Lses,
Lf1, Lf2

Equivalent self-inductance value.

Ms1,Ms2,Ms,
Mv1,Mv2,Mv

Equivalent mutual inductance.

Mvmax Maximum value of cross mutual induc-
tance.

Ms˙0 Mutual inductance at the transition center.
Ms˙1 Mutual inductance at center of a coil.
Ms˙2 Mutual inductance at one-quarter of a

coil.
Rm(m = 1, . . . , 9) Internal resistances.
Pouth1 Output power under the detuning ratio

coefficient parameter configuration.
Pout1 Output power under complete resonance.

I. INTRODUCTION

With the rapid growth of electric vehicles (EVs), the conven-
tional wired charging method is encountering significant issues,
such as cumbersome operations, exposed wires, and potential
leakage risks. Wireless charging technology has emerged as a
crucial solution. This technology uses spatial electromagnetic
fields from high-frequency currents for power transmission. It
has been preliminarily implemented for static power supply in
fixed parking spaces. However, issues, such as range anxiety,
charging queues, and high land occupancy rates, still persist.
Electric vehicle dynamic wireless charging (EVDWC) tech-
nology allows a seamless, real-time power supply to moving
vehicles via embedded transmitting coils in the road [1], [2],
[3]. This significantly reduces battery capacity requirements and
extends driving range.

In the EVDWC system, the layout of the segmented rail
reduces no-load losses and electromagnetic radiation while im-
proving coupling coefficients [4], as illustrated in Fig. 1. During
vehicle operation, the relative movement between the receiving
coil and the segmented transmitting arrays inevitably leads to
disturbances from electromagnetic coupling. These disturbances
appear as variations in mutual inductance, which can destabilize
the power transmission characteristics and result in output fluc-
tuation [5]. The instability poses potential risks to the lifespan
of the power battery and may compromise driving safety [6].

Recent research on the power stability of EVDWC systems
primarily investigated fluctuation caused by transmitting coil
switching. These studies mainly focused on four key aspects:
magnetic coupler design, control strategies, topology parameters
optimization, and magnetic integrated method. The magnetic
coupler design method emphasizes the design, arrangement,
magnetic core configuration, and winding technique of coupled
coils to enhance the distribution of excitation magnetic fields
[7], [8], [9], [10]. Although these methods have good effects,
their universality and compatibility in design are insufficient.
The use of control strategies [11], [12], [13], [14] or multiphase
excitation [15], [16], [17] is also a common method to address
output power fluctuation. Although the feasibility of the con-
trol strategy discussed in the aforementioned papers has been
established, the rapid movement of the pickup poses challenges
for implementing and applying the control strategy effectively.

Fig. 1. EVDWC system with a segmented rail layout.

Improving the tolerance of compensation network parameters
or impedance matching has been shown to optimize the stable
output power [18], [19]. These methods have high feasibility, but
the power fluctuation suppression effect is still limited. The mag-
netic integrated method is a novel solution that addresses power
stability issues in EVDWC systems. Methods for suppressing
power fluctuation using a magnetic integrated coupler have been
proposed, achieving stable output power performance without
additional control during normal system operation [20], [21].

In summary, a series of studies have been conducted on
suppressing output power fluctuation caused by transmitting coil
switching. However, traditional methods fail to address output
power fluctuation in EVDWC systems caused by simultaneous
lateral misalignment and transmitting coil switching. Therefore,
the issue of output power fluctuation in EVDWC systems under
lateral misalignment still needs to be urgently addressed.

This article proposes a novel magnetic integrated method and
quasi-resonant parameter optimization to address the issue. A
bilateral reverse integrated (BRI) magnetic coupler is presented,
and the optimization of bilateral reverse coils is explored to
achieve stable power output during the transmitting coil switch-
ing process under varying lateral misalignments. Furthermore, a
quasi-resonant parameter optimization method for the EVDWC
system with LCC–LCC topology is proposed based on the equiv-
alent circuit model of a variable resistive load. The mechanism
of the variable resistive model for LCC–LCC topology under a
nonresonant parameter configuration is revealed. Detailed quasi-
resonant parameters and coupler optimization design process
have been provided. And the detuning circuit parameter selec-
tion corresponding to the quasi-resonant range is broadened by
the secondary-side magnetic integration. The effect of enhancing
output power capability through a single parameter while main-
taining zero-voltage switching (ZVS) operation is achieved.
By minimizing output power fluctuation during transmitting
coil switching under lateral misalignment and compensating for
power drops caused by lateral misalignment, the power stability
is achieved while accommodating various lateral misalignments.
The main contributions of this article are summarized as follows:

1) Propose a new magnetic coupler: A BRI magnetic coupler
is proposed, and stable output power along the EV moving
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direction under lateral misalignment is achieved through
detailed optimization.

2) Propose novel quasi-resonant optimization: The param-
eter optimization method for quasi-resonant LCC–LCC
topology is proposed using a variable resistance load
model under the battery voltage constraint condition,
achieving its output power capability improvement while
maintaining an optimal weak inductive ZVS condition.

3) Present detailed design process: The flowchart for opti-
mizing the parameters of the EVDWC system is presented,
facilitating the step-by-step customization of resonance
conditions, output performance, and parameter robustness
to meet practical requirements.

II. SYSTEM CONFIGURATION AND FEATURE ANALYSIS

A. BRI Magnetic Coupler

The short rail structure is a layout where the size of the trans-
mitting coil and the receiving coil is similar, which comprehen-
sively considers the length of the EV and the energy utilization
rate. When the receiving coil moves along the transmitting coils,
the transmitting coils below the EV are activated and turned OFF

in turn. In the working area accompanied by the EV, only the
two transmitting coils are activated, while the outer coils on both
sides are not activated. This feature corresponds to its less energy
waste and lower electromagnetic leakage characteristics. From a
structural point of view, the analysis of two adjacent transmitting
coils is sufficient for all working conditions and can verify the
working principle of the proposed method.

The power fluctuation and reduced output capability of the
EVDWC system under lateral misalignment are mainly caused
by changes in mutual inductance between the transmitting and
receiving coils. This article proposes a BRI magnetic coupler,
achieving output stability and power enhancement under lat-
eral misalignment from two aspects: intrinsic magnetic field
adaptation and magnetic coupling parameter regulation. By
integrating a bilateral reverse coil at the transmitter, the original
single coupling is replaced by the equivalent mutual inductance
difference, altering the dynamic coupling characteristics without
changing the original magnetic coupler. For magnetic coupling
parameter regulation, a quasi-resonant parameter optimization
method using variable resistance for battery load modeling in
LCC topology is proposed. A compensation inductor in the
secondary-side LCC network is also integrated into the coupler,
which expands the selection of circuit parameters corresponding
to the quasi-resonant range. Based on the composite parameter
optimization with the novel magnetic coupler, a wide range
of output power regulation capabilities can be achieved while
maintaining ZVS operation. The integrated optimization can
effectively suppress output power fluctuation under lateral mis-
alignment to ensure the power output required by the system and
also make the system more compact.

The proposed BRI magnetic coupler is presented in Fig. 2.
It comprises three modules, including two identical transmitters
and one receiver. The transmitter consists of a magnetic core
plate and two coils, and the receiver consists of a magnetic core
plate, a shielding plate, and two coils. Within the coils of the

Fig. 2. Proposed BRI magnetic coupler.

Fig. 3. Connection sequence between the main coils and the integrated bilat-
eral reverse coils and their winding directions.

Fig. 4. Comparison of magnetic flux density distribution. (a) With the conven-
tional single-pole coil structure. (b) With the proposed BRI magnetic coupler.

coupler, Lp1 and Lp2 are the two adjacent transmitting coils,
while Lr1 and Lr2 are the corresponding integrated bilateral
reverse coils. Ls is the receiving coil, and Lv is the secondary-side
integrated inductor coil. The connection sequence between the
main coils and the integrated coils and their winding directions
are shown in Fig. 3.

The comparison of magnetic flux density distribution between
the BRI magnetic coupler and conventional single-pole coil
structure is shown in Fig. 4. It indicates that the integrated
bilateral reverse coils effectively shape the excited magnetic
field, ensuring that the magnetic field lines passing through the
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Fig. 5. Circuit of the EVDWC system with magnetic integrated design.

receiving coil remain stable during vehicle movement. Under a
certain lateral misalignment condition, this optimization effect
is still effective along the direction of EV movement.

B. Circuit Modeling of the Quasi-Resonant LCC Topology

To reveal the output characteristics through mathematical
expressions, a fundamental harmonic approximation analysis
method is employed, neglecting the power losses of the compo-
nents. The circuit diagram of the EVDWC system with BRI
magnetic coupler is shown in Fig. 5. The two transmitters
are identical and connected in parallel, sharing a full-bridge
inverter. S1–S4 are the primary-side power MOSFETs, forming
a full-bridge inverter, and D1–D4 are the secondary-side diodes,
forming the rectification circuit. Coils Lp1 and Lr1 are connected
in reverse series as the first transmitter, while coils Lp2 and
Lr2 are connected in series as the second transmitter. Coils
Ls and Lv form the receiver. L1 and L2 are the compensated
inductors in the LCC resonant network on the primary side.
C1, C2, Cf1, Cf2, Cp1, Cp2, Cs, and Cv are the compensated
capacitors. Co is the filtering capacitor. Mp1r2, Mp1p2, Mr1r2,
Mp1r1, Mp2r1, and Mp2r2 are the mutual inductances among
the primary-side coils, which are typically fixed constants; thus,
approximate decoupling can be achieved through the parameter
design of compensation capacitors. Mp1v, Mr1v, Mp2v, Mr2v,
Mp1s, Mr1s, Mp2s, and Mr2s are the cross couplings among
the secondary-side coils and the primary-side coils. Msv is the
mutual inductance between the receiving coil and the integrated
inductor coil. Rm(m = 1, 2,, . . ., 9) indicates the internal resis-
tances of the components. Udc and Ud are the dc input voltage
and the load output voltage, respectively. Ui and Uo are the
equivalent ac input voltage and load output voltage, respectively.
Ip1 and Ip2 are the currents of the transmitting coils, and Is
is the current of the reception coil. Iin is the total inverter
output current. I1 and I2 are the inverter output branch currents
corresponding to the two transmitters, and I3 is the equivalent
load output current. The system operates at a frequency f, with
angular frequency ω = 2πf.

Internal resistances are ignored in the analysis process to
obtain more meaningful expressions by solving mathematical
models. In Section IV, the impact of internal resistances on

Fig. 6. Equivalent topology with equivalent variable resistance load.

the system is verified through simulation and experiments. The
equivalent circuit topology of the EVDWC system with a vari-
able resistive load model is presented in Fig. 6. To simplify the
expression of the equation, the following mutual inductances
are defined:

Mv1 = Mp1v −Mr1v, Ms1 = Mp1s −Mr1s

Mv2 = Mp2v −Mr2v, Ms2 = Mp2s −Mr2s

Mpr = Mp1p2 +Mr1r2 −Mp1r2 −Mp2r1. (1)

Mv1 and Mv2 represent the mutual inductance differences
between the secondary-side integrated inductor coil and the
primary coils. The facing area between the secondary-side in-
ductor coil and the bilateral integrated reverse coil can be much
smaller compared with the receiving coil. And the turns of
the secondary-side inductor coil can be settled much smaller
than that of the receiving coil. Based on the mutual inductance
calculation formula, Mv1 and Mv2 can be easily designed to
be much smaller than Ms1 and Ms2. Therefore, to obtain a more
meaningful expression, Mv1 and Mv2 are neglected in theoretical
analysis. Mp1r1 and Mp2r2 are the internal mutual inductances
directly connected in series within the circuit and are typically
fixed values. Therefore, they can be equivalently considered as
a part of the circuit elements as follows:

La = Lp1 + Lr1 − 1/(ω2Cp1)− 2Mp1r1

Lb = Lp2 + Lr2 − 1/(ω2Cp2)− 2Mp2r2

Lse = Ls − 1/(ω2Cs). (2)

At the receiver, the internal mutual inductance between the
receiving coil and the integrated inductor coil can be decou-
pled through an equivalent T-type network. The T-type net-
work introduced by Msv is expected to alter the impedance
of the secondary-side circuit without affecting the resonant
state, thereby providing a means to enhance the output power.
Lf1 and Lf2 represent the inductors in the series branch as
follows:

Lf1 = L1 − 1/(ω2C1), Lf2 = L2 − 1/(ω2C2). (3)

The compensate capacitor Cv is set as the detuning factor,
and the detuning ratio coefficient is defined as h. The resonant



SHI et al.: NOVEL INTEGRATED OPTIMIZATION TO ENHANCE OUTPUT STABILITY AND POWER CAPABILITY IN EVDWC 15963

network parameters are configured as follows:

Lses = Lse +Msv, Lsv = Lv +Msv

ω2Lf1Cf1 = ω2Lf2Cf2 = 1

ω2(La +Mpr)Cf1 = ω2(Lb +Mpr)Cf2 = 1

hω2LsesCv = hω2LsvCv = 1 + ω2MsvCv. (4)

Furthermore, according to (2), La = Lf1 and Lb = Lf2 can
be achieved by configuring Cp1 and Cp2. Considering the
consistency of parameters between adjacent transmitters, the
equivalent inductor parameters are configured as follows:

Lf1 = Lf2 = Lf . (5)

The cross coupling is simplified to be described as follows:

Ms = Ms1 +Ms2. (6)

The voltage across the battery load has a certain range and
does not change abruptly during the charging process. For
high-frequency EVDWC systems, this can be considered as a
constant voltage value. Due to the characteristics of the rectifier,
its voltage and current are approximately in phase. Therefore,
the battery load can be equivalently represented as a variable
resistor that satisfies the following constraints:∣∣∣U̇o

∣∣∣ = ∣∣∣İ3∣∣∣R. (7)

The KCL equations for the system are given, as shown in (8)
shown at the bottom of this page. The values of the currents
in the transmitting coils and the output current are calculated as
follows: ⎧⎪⎪⎨

⎪⎪⎩
İp1 = − jU̇i

ωLf

İp2 = − jU̇i

ωLf

İ3 = hMsU̇i

(h−1)LfR+j(2h−1)ωLfLses
.

(9)

According to (9), the current of the transmitting coil is in-
dependent of the load, thus achieving a constant current output
characteristic. The magnitude of the output current is expressed

as follows:

∣∣∣İ3∣∣∣ = hMs

∣∣∣U̇i

∣∣∣
Lf

√
(1− h)2R2 + (1− 2h)2ω2Lses

2
. (10)

Combining (7) and (10), the load equivalent variable resis-
tance can be expressed as follows:

R =
(−1 + 2h)ωLfLses

∣∣∣U̇o

∣∣∣√∣∣∣∣−h2Ms
2
∣∣∣U̇i

∣∣∣2 + (h2 − 2h+ 1)Lf
2
∣∣∣U̇o

∣∣∣2∣∣∣∣
. (11)

From (10) and (11), the output current is re-expressed as
follows:

∣∣∣İ3∣∣∣ = hM
∣∣∣U̇i

∣∣∣
|2h− 1|ωLfLses

√
1 + 1

∣
∣
∣
∣
1− h2

(h−1)2

Ms2|U̇i|2
L2

f |U̇o|2
∣
∣
∣
∣

. (12)

The total input equivalent impedance of the system is given
as follows:

Zin =
U̇i

İ1 + İ2
. (13)

Combining (8), (11), and (13), the tangent of the resonant
angle is solved, as shown in the following equation: (14) shown at
the bottom of this page,f(h) passes through the fixed point (1, 0).
And there are two boundary lines k1 = Lf|Uo|/(Lf|Uo| + Ms|Ui|)
and k2 = Lf|Uo||/(Lf|Uo|−Ms|Ui|), which cause the function
to segment at h = k1 and h = k2. By optimizing the system
parameter Lf, a small function value close to 0 can be achieved
within the range (k1,1).

The positive and negative values of f(h) represent the inductive
and capacitive operating states, respectively. Therefore, based on
the maximum offset requirement relative to the resonant state, a
weakly inductive ZVS operating state can be achieved within
the range (h1,1). Furthermore, the maximum resonant angle
tangent value of the total equivalent impedance within this range

⎡
⎢⎢⎢⎢⎢⎢⎣

0 jωLf1 0 0 0 0
jωLf 0 0 0 −jωMs1 0
0 0 0 jωLf 0 0
0 0 jωLf 0 −jωMs2 0
0 −jωMs1 0 −jωMs2 jω(1− h)Lses jωhLses

0 0 0 0 jωhLses jω(1− h)Lses +R

⎤
⎥⎥⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎢⎢⎣

İ1
İp1
İ2
İp2
İs
İ3

⎤
⎥⎥⎥⎥⎥⎥⎦
=

⎡
⎢⎢⎢⎢⎢⎢⎣

U̇i

0

U̇i

0
0
0

⎤
⎥⎥⎥⎥⎥⎥⎦
. (8)

tanα =
Im[Zin]

Re[Zin]
= f(h) =

(h− 1)

(
(1− 2h)Lf

2
∣∣∣U̇o

∣∣∣2 + ∣∣∣∣h2Ms
2
∣∣∣U̇i

∣∣∣2 − (h− 1)2Lf
2
∣∣∣U̇o

∣∣∣2∣∣∣∣
)

h2Lf

∣∣∣U̇o

∣∣∣
√∣∣∣∣h2Ms

2
∣∣∣U̇i

∣∣∣2 − (h− 1)2Lf
2
∣∣∣U̇o

∣∣∣2∣∣∣∣
. (14)
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is calculated as follows:

f(h)max =

(h1 − 1)

(
Ms

2
∣∣∣U̇i

∣∣∣2 − Lf
2
∣∣∣U̇o

∣∣∣2)

Lf

∣∣∣U̇o

∣∣∣
√
h1

2Ms
2
∣∣∣U̇i

∣∣∣2 − (h1 − 1)2Lf
2
∣∣∣U̇o

∣∣∣2
.

(15)

According to (15), after the standard input and output voltages
are determined, f(h)max is a functional expression under the
joint action of variables h1, Lf, and Ms. The output power
calculated from (11) and (12) is expressed as in (16) shown
at the bottom of this page. The output power under resonance
is denoted as Pout1, and the output power under the detuning
ratio coefficient parameter configuration is denoted as Pouth1.
The power regulation coefficient is defined as λ

λ =
Pouth1 − Pout1

Pout1
× 100%. (17)

C. Output Performance Analysis

Based on the predetermined mutual inductance Ms, the
lower limit h1 of the detuning ratio coefficient range can be
determined by targeting the maximum resonant angle tangent
value f(h)max and the power regulation coefficient λ based on
(15) and (17). The range (h1, 1) is defined as the quasi-resonant
parameter range. Based on the mathematical analysis of (12),
the sensitivity of output current to h is relatively small. And
it is possible to achieve an approximately constant current
output characteristic through appropriate parameter settings.
By designing a small f(h)max close to zero, as indicated by (15),
the entire quasi-resonant range can be ensured to operate in a
weakly inductive ZVS state. Within this range, different values
of h correspond to different output powers, providing a novel
approach to power regulation. Furthermore, based on (14), it
is known that changes in output voltage can affect the resonant
state. Considering the limitations of the battery charging voltage
range, the impact of different output voltages on the tangent of
the resonant angle within a specific range is relatively minor,
which can be mitigated through parameter adjustments.

To address the issue of output power fluctuation in EVDWC
system considering lateral misalignment, the total equivalent
mutual inductance Ms is first optimized based on the bilateral
reverse coil magnetic integration. This optimization enhances
the stability during the EV movement process under lateral
misalignments. Then, taking the mutual inductance Ms0, Ms1,
… under different lateral misalignments as inputs and targeting
the maximum resonant offset angle and the power regulation
coefficient, the quasi-resonant parameters are optimized.

D. Detuning Circuit Parameter Range Analysis

Integrating the secondary-side compensation inductor into
the receiver can improve the coupler compactness [22], the
output power capacity [23], and the heat dissipation ability [24].
In this article, an integrated inductor coil also contributes to
broadening the selection of circuit parameters corresponding to
the quasi-resonant range, thereby reducing the quasi-resonant
circuit parameter sensitivity and improving the fault tolerance.

The core function of integrating Lv is to introduce the internal
mutual inductance Msv into the secondary-side LCC resonant
network. Without the effect of Msv, the parameter h′ is repre-
sented as follows:

h′ =
1

Cv
· 1

ω2Lv
. (18)

With the effect of Msv, the parameter h is represented as

h =
Msv

Lv +Msv
+

1

Cv
· 1

ω2(Lv +Msv)
. (19)

Cv is the circuit parameter used to configure the quasi-
resonant state. According to (18) and (19), two characteristics
from Msv can be obtained as follows: First, the selection of
circuit parameters Cv corresponding to the quasi-resonant range
is broadened. Parameters h and h′ are both proportional functions
of 1/Cv. In (19), the proportionality coefficient is 1/[ω2(Lv +
Msv)], which is smaller than 1/(ω2Lv) in (18). Therefore, h
has a smaller change rate along with the change of Cv. The
parameter sensitivity is greatly reduced and the fault tolerance
rate is improved. Second, a fixed lower limit of detuning ratio
coefficient is introduced, which can be used as a design index
to configure the range of the detuning circuit parameter. In
both (18) and (19), the detuning ratio coefficients are negatively
correlated with Cv. Within the concerned h′ range of (0, 1), as Cv

increases, the lower limit of h′ is zero. In contrast, the lower limit
of h is Msv/(Lv + Msv), a positive value that can be configured
through system parameters. The magnetic integration brings a
detuning ratio coefficient lower limit, and the setting of the lower
limit decides the degree of circuit parameters broadening.

In addition, the comparison between the circuit parameter
Cv corresponding to the quasi-resonant range with and without
magnetic integration is shown in Fig. 7. The capacitor under
resonance is different because the total equivalent inductance
in the two cases is configured equally to ensure the rationality
of the comparison. The result shows that, within the same
quasi-resonant detuning ratio coefficient range, the range of the
corresponding detuning circuit parameter Cv is larger, which
means that the parameter sensitivity is greatly reduced and
the fault tolerance rate is improved. According to Fig. 7, the
secondary-side integrated coil introduces a lower limit of the
detuning ratio coefficient, which can be configured according to

Pout =
∣∣∣İ3∣∣∣2R =

h2Ms
2
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2
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Fig. 7. Comparison of the circuit parameters corresponding to the quasi-
resonant range with and without magnetic integration.

different practical needs. The lower limit can be used as a design
index to configure the range of the detuning circuit parameter.

III. QUASI-RESONANT PARAMETERS OPTIMIZATION AND BRI
MAGNETIC COUPLER DESIGN

A. Optimization and Design Process of the EVDWC System

The primary objective is to suppress the output power fluc-
tuation during transmitting coil switching under lateral mis-
alignment. The optimization and design process are primarily
reflected in two aspects: First, smooth the total equivalent mutual
inductance between the receiving and primary coils, ensuring
stability as the receiving coil moves along the transmitting
coils under various lateral misalignments. Second, optimize the
circuit parameters based on the mutual inductance values at
different lateral misalignments to enhance the robustness of the
ZVS operating state and the power transfer capability.

In this article, the analysis method based on MAXWELL
finite-element simulation software is used to optimize and design
the EVDWC system, which is widely used in electromagnetic
simulation research [25], [26]. The simulation adopts the mag-
netostatic solution type. The current modeling of the coil is
based on the assumption of a continuous medium with equiva-
lent body current density to achieve efficient simulation. The
BRI magnetic coupler modeled using MAXWELL is shown
in Fig. 8, and the parameters describing the dimensions of the
coupler are defined in Table I. This article establishes a typical
EVDWC system at a 4.5-kW power level to validate the design
methodology.

The design process for the integrated bilateral reverse coil
and quasi-resonant parameters is shown in Fig. 9. First, the
initial parameters of the EVDWC system are selected, and the
main coils are designed considering the coupling coefficient and
practical application scenarios. Under the condition of no lateral
misalignment and in the well-aligned state, the turns nw2 of

Fig. 8. Structure of the BRI magnetic coupler.

TABLE I
PARAMETERS OF THE BRI MAGNETIC COUPLER

the integrated bilateral reverse coil are determined based on the
output power level and the initial turns nw1 of the transmitting
coil. Second, the size parameters of the integrated bilateral
reverse coil are optimized under lateral misalignments y= 0 cm,
5 cm, and 10 cm, respectively, to achieve a stable equivalent mu-
tual inductance compatible with different lateral misalignments’
states as the receiving coil moves along the transmitting coils.
Three equivalent mutual inductances are analyzed to describe
the fluctuation characteristics of power transmission: Ms˙0 at
the transition center position between the two transmitting coils,
Ms˙1 at the center of a single transmitting coil, and Ms˙2 at the
one-quarter of a single transmitting coil. The mutual inductance
fluctuation ratio δ is defined as the standard deviation δi =
σ(Ms˙0, Ms˙1, Ms˙2). Finally, based on the optimized mutual
inductance derived from (15) and (17), the value of Lf is op-
timized, which further determines the quasi-resonant operating
range (h1, 1).

In the design process, γ represents the expected standard devi-
ation of power fluctuation and is the target input used to optimize
Ms. q and p represent the expected maximum resonant offset an-
gle and power regulation coefficient, respectively. These are the
target inputs used to optimize and determine the quasi-resonant
parameter range. In practical applications, the air gap distance,
magnetic coupler size, magnetic core configuration, parameter
sensitivity capability, and system design requirements may need
different suitable detuning ratio coefficient configurations. To
verify the feasibility of the proposed method, this article sets
the power adjustment coefficient p = 0.6 and the maximum
resonant angle tangent value offset q = 0.2. The target value for
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Fig. 9. Design process of the integrated bilateral reverse coil and quasi-
resonant parameters.

the mutual inductance standard deviation is γ = 0.5. The step
sizes for the length and width of the BRI coil are Δl = 10 mm,
and the diameter of the Litz wire used is a = 5 mm.

Following the completion of the integrated bilateral reverse
coil and the quasi-resonant range design, further research is
conducted on the secondary-side integrated inductor optimiza-
tion to broaden the range of circuit parameters corresponding
to the detuning ratio coefficient. The design process for the
secondary-side integrated inductor coil is depicted in Fig. 10.
First, Lses0 is solved based on the standard output power under
resonance state. Second, with the value of Lses0 as the objective,
the size of the integrated inductor coil is optimized under the
joint constraints of the lower limit of the expected detuning

Fig. 10. Design process of secondary-side integrated inductor coil.

ratio coefficient and the Mvmax range. Finally, the detuning
factor parameter Cv corresponding to the quasi-resonant range
is solved based on (19). The lower limit of the detuning ratio
coefficient is set to g = 1/3, and the step size for the integrated
coil edge length is Δl = 10 mm.

B. Tested Initial Magnetic Coupler Configuration

In the verification system of this article, the size of the
receiving coil is selected as “400 mm ∗ 400 mm ∗ 5 mm,”
and the turns nw3 is 10. Ferrite plates and aluminum shielding
plates are used for magnetic field enhancement and electro-
magnetic shielding, respectively. The size of the secondary-side
ferrite plate is “400 mm ∗ 400 mm ∗ 10 mm,” the size of the
aluminum shield is “420 mm ∗ 420 mm ∗ 5 mm,” and the
air gap is d = 150 mm. The size of the transmitting coil is
designed as “900 mm ∗ 450 mm ∗ 5 mm,” and the turns nw1 is
designed as 6.

In the EVDWC system, the cross coupling between two adja-
cent transmitting coils causes the activated coil to be affected by
nearby inactive coils. Excessive cross coupling makes it difficult
to configure compensation capacitors in practical applications.
Therefore, the gap distance s between two adjacent transmitting
coils is optimized to avoid excessive cross coupling. The rela-
tionship between coupling coefficient ks and gap distance s is
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Fig. 11. Relationship between coupling coefficient ks and gap distance s.

obtained, as shown in Fig. 11. The result shows that, after the
gap distance reaches 30 mm, the value of ks is negligible and
decreases slowly. Therefore, setting the gap distance s to 30 mm
is a reasonable choice, allowing for effective compensation of
mutual coupling without significantly impacting the system.

C. Optimization of the Integrated Bilateral Reverse Coils and
Quasi-Resonant Parameters

The integration of the bilateral reverse coil at the transmitter
aims to optimize the coupling for power transmission. The
challenge of mitigating output power fluctuation under lateral
misalignment is transferred to stabilizing the mutual inductance
difference between the receiving coil and the transmitting coils
on the road. Consequently, it is imperative that the coupling
characteristics of the integrated bilateral reverse coil and the
receiving coil closely approximate those of the conventional
transmitting coil and receiving coil. This similarity ensures that
the superposition of the two mutual inductances results in a more
stable configuration, optimizing the overall system performance
during transmitting coil switching under lateral misalignment.
The design parameters of the integrated bilateral reverse coil
include the length l3, width l4, and the turns nw2. The turns nw2

is set to 3 to ensure compatibility with a power level of 4.5 kW
in the verification prototype.

Due to the size limitation of the outer transmitting coil, the
length range of the integrated bilateral reverse coil located inside
is set between 500 and 800 mm, while the width range is from
50 to 150 mm. Fig. 12 shows the optimization results of length
and width dimensions with the objective of the expected mu-
tual inductance difference ratio at different lateral displacement
distances. A common value region of less than 0.5 is obtained
from the three traversal results, as shown in Fig. 12, which
minimizes the difference in mutual inductance among different
lateral misalignment situations. The optimized results obtained
within this area are a length of 600 mm and a width of 110 mm.

Fig. 13 shows the simulated equivalent mutual inductance Ms

at different receiving coil positions under lateral misalignment.
Under y = 0 cm, 5 cm, and 10 cm, the fluctuation rates of
mutual inductance Ms are ±2%, ±3%, and ±4%, respectively.
The results show that the design of bilateral reverse coils re-
duces the fluctuation in mutual inductance as the receiving
coil moves along the transmitting coils under misalignment.
However, the overall output power still decreases when there
is a lateral misalignment compared with the standard output

Fig. 12. Optimization results of bilateral reverse coil length and width dimen-
sions. (a) Under y = 0 cm. (b) Under y = 5 cm. (c) Under y = 10 cm.

Fig. 13. Simulated equivalent mutual inductance at different receiving coil
positions under lateral misalignments.

power. Based on the simulation design, the standard equiva-
lent mutual inductance values under lateral misalignments y =
0 cm, 5 cm, and 10 cm are obtained as: Ms˙a = 10.8 μH,
Ms˙b = 10.0 μH, and Ms˙c = 8.6 μH. The optimization process
for the quasi-resonant parameters is performed, resulting in Lf =
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Fig. 14. Function curves of f(h) and g(h) with h under optimized parameters.

16.7 μH, Lses0 = 21.6 μH, and h1 = 0.75. Consequently, the
optimized quasi-resonant range is (0.75, 1).

To verify the superiority of the variable resistance modeling
method for nonresonant LCC–LCC topology, a comparative
analysis is conducted. Combine with (8) and (13), the resonant
angle tangent obtained from solving the conventional EVDWC
system with a constant resistance model is

tanβ = g(h) =
(1− h)[(1− 2h)ω2L2

ses +R2]

h2ωLsesR
. (20)

Based on the standard output power under resonant config-
uration, the equivalent resistance of the load R is set to 14 Ω.
The function curves of f(h) and g(h) with the detuning ratio
coefficient h under the optimized parameter configuration are
plotted in Fig. 14. The calculation results show that the parameter
optimization results obtained by using the modeling method
in this article can achieve a larger range of detuning ratio
coefficients under good ZVS conditions.

D. Optimization of the Secondary-Side Integrated Coil

To enhance the compactness of the receiver and broaden
the circuit parameter selection corresponding to quasi-resonant
range, further optimization of the secondary-side integrated in-
ductor coil is conducted. The result of the equivalent inductance
Lses with side length l6 and turns nw4 as variables is shown in
Fig. 15(a). After the first judgment, three optimization result
combinations will be obtained in sequence, namely: 160 mm
with 6, 180 mm with 5, and 200 mm with 4. The lower limit
of the corresponding detuning ratio coefficient and the maxi-
mum value of cross mutual inductance are calculated, as shown
in Fig. 15(b) and Fig. 15(c), respectively. The shaded ranges
are invalid regions, and the parameters within these ranges do
not meet the corresponding expected criteria. The first result
satisfies both constraints simultaneously. In the course of the
optimization process, the first outcome concurrently fulfills all
the stipulated optimization criteria and is, therefore, obtained as
the definitive solution for the integrated inductor coil. Therefore,
the size of the secondary-side integrated inductor coil is designed
as “160 mm ∗ 160 mm ∗ 5 mm.” The turns nw4 is designed as 6.

IV. VALIDATION

To validate the theoretical analysis presented in this article
about the integrated optimization method to suppress the power
fluctuation under lateral misalignment, a 4.5-kW power-level

Fig. 15. Results of the secondary-side integrated inductor parameters affected
by the turns nw4 and length l6. (a) Optimization results of equivalent inductance
Lses. (b) Optimization results of the lower limit of the detuning ratio coefficient
configuration. (c) Optimization results of the cross mutual inductance between
the integrated inductor and primary coils.

EVDWC system prototype has been constructed. Simulations
and experiments are performed to verify the feasibility of the
proposed method.

A. Simulation Analysis

The system simulation model corresponding to Fig. 5 is built
based on the simulation parameters in Table II. The inverter volt-
age and battery voltage are set to 400 V and 250 V, respectively.
The simulated inverter output waveforms under different receiv-
ing coil positions and lateral misalignments are shown in Fig. 16.
ui is the output voltage of the inverter, i1 and i2 are the inverter
output branch currents corresponding to the two transmitters,
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Fig. 16. Simulated inverter output waveforms under different receiving coil positions and lateral misalignments. (a) y = 0 cm, x = 0 cm, and hs =1(Cv = 243 nF).
(b) y = 0 cm, x = 15 cm, and hs =1(Cv = 243 nF). (c) y = 0 cm, x = 30 cm, and hs =1(Cv = 243 nF). (d) y = 0 cm, x = 45 cm, and hs =1(Cv = 243 nF).
(e) y = 5 cm, x = 0 cm, and hs =0.93(Cv = 272 nF). (f) y = 5 cm, x = 15 cm, and hs =0.93(Cv = 272 nF). (g) y = 5 cm, x = 30 cm, and hs =0.93(Cv = 272 nF).
(h) y = 5 cm, x = 45 cm, and hs =0.93(Cv = 272 nF). (i) y = 10 cm, x = 0 cm, and hs =0.83(Cv = 327 nF). (j) y = 10 cm, x = 15 cm, and hs =0.83(Cv =
327 nF). (k) y = 10 cm, x = 30 cm, and hs =0.83(Cv = 327 nF). (l) y = 10 cm, x = 45 cm, and hs =0.83(Cv = 327 nF).

TABLE II
SIMULATED COUPLER PARAMETERS AND RESONANCE PARAMETERS

and iin is the total superimposed current of i1 and i2. And hs is the
detuning ratio coefficient in simulation. The simulation results
indicate that the optimized BRI system operates under weakly
inductive ZVS conditions across various receiving coil positions,
utilizing three quasi-resonant parameters’ configurations.

The simulation results of the output power and efficiency at
different receiving coil positions with the internal resistances
are shown in Fig. 17. Under y = 0 cm, when the receiving coil
moves from −45 to 45 cm, the output power is between 4.41

and 4.58 kW, with an average output power of 4.51 kW and a
power fluctuation of less than ±3%. The maximum efficiency of
dc–dc reaches 92.8%. Under y = 5 cm, when the receiving coil
moves from −45 to 45 cm, the output power is between 4.41
and 4.65 kW, with an average output power of 4.5 kW and a
power fluctuation of less than ±4%. The maximum efficiency of
dc–dc reaches 92.6%. Under y = 10 cm, when the receiving coil
moves from −45 to 45 cm, the output power is between 4.36
and 4.66 kW, with an average output power of 4.52 kW and a
power fluctuation of less than ±5%. The maximum efficiency
of dc–dc reaches 92.0%. The results show that under different
lateral misalignments, the simulated output power during the
receiving coil moving along the transmitting coils is stable and
approximately reaches the standard value. The efficiency is high
and relatively stable. And the influence characteristics of internal
resistances on the output power and efficiency do not change the
overall law of the system.

B. Experimental Setup

To verify the correctness of the theoretical analysis and design
methods, the experimental coil wound according to the design
results in Section III is shown in Fig. 18, and the construction of
the entire experimental prototype is shown in Fig. 19. The mea-
sured coupler parameters and calculated resonant parameters are
shown in Table III.
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Fig. 17. Simulated output power and efficiency under different lateral mis-
alignments. (a) y = 0 cm and hs = 1(Cv = 243 nF). (b) y = 5 cm and hs =
0.93(Cv = 272 nF). (c) y = 10 cm and hs = 0.83(Cv = 327 nF).

Fig. 18. Prototype of the BRI magnetic coupler. (a) Transmitting coils Lp1

and Lp2 and integrated reverse coils Lr1 and Lr2. (b) Receiving coil Ls and the
secondary-side integrated inductor Lv.

Fig. 19. Prototype of the EVDWC system with BRI magnetic coupler and
quasi-resonant parameter configuration.

TABLE III
MEASURED COUPLER PARAMETERS AND RESONANCE PARAMETERS

At the input, a dc power supply and a high-power inverter
are used to provide 400-V dc power to the resonant circuit. The
inverter’s switching transistor utilizes a CREE silicon carbide
MOSFET (C2M0025120D) with an internal resistance of 25 mΩ
to minimize power loss. The pulsewidth modulation (PWM)
control signal for the MOSFET is generated by the control chip
TMS320F28335, operating at a fixed frequency of 85 kHz. Both
transmitters are identical and share a full-bridge inverter. At the
output, CREE C3D20060D diodes are used to form the rectifier
to deliver dc to the EA-CPS-8080 electronic load, which has
an output voltage set at 250 V. The coils are wound with 1000
strands of AWG 38 Litz wire, and the magnetic material PC95
is used to construct the magnetic core board. The capacitor
model is Mentronix MLC-R high-voltage resonant capacitor.
This capacitor features high-frequency low-loss characteristics,
excellent temperature stability, and precise resonant behavior,
making it suitable for high-frequency resonant circuit design.



SHI et al.: NOVEL INTEGRATED OPTIMIZATION TO ENHANCE OUTPUT STABILITY AND POWER CAPABILITY IN EVDWC 15971

TABLE IV
COMPARISON BETWEEN THE MEASURED AND SIMULATED PARAMETERS

Fig. 20. Equivalent mutual inductance calculated by measured parameters at
different receiving coil positions under lateral misalignments.

C. Comparison of Experimental and Simulated Parameters

The comparison between the measured and simulated results
of key optimization parameters is shown in Table IV. Differences
exist between the measured and simulated parameters due to
fabrication errors in the prototype’s manufacturing process. The
calculated error rate of key parameters shows that the differ-
ences in parameters are minimal and acceptable. Meanwhile,
the equivalent mutual inductance Ms is calculated using the
measured mutual inductance data at various positions of the
receiving coil under lateral misalignments, as plotted in Fig. 20.
Under y = 0 cm, 5 cm, and 10 cm, the fluctuation rates of
mutual inductance Ms are ±3%, ±4%, and ±5%, respectively.
Compared with the simulation results in Fig. 13, although there
are slight differences, the pattern of the total equivalent mutual
inductance Ms changes with the position of the receiving coil un-
der different lateral misalignments is approximately consistent.
Therefore, the experimental prototype meets the requirements
of the method proposed in this article for suppressing the power
fluctuation under lateral misalignments.

D. Experimental Results

The output waveforms of the inverter during the movement
of the receiving coil are measured under different lateral mis-
alignments, as shown in Fig. 21. Similarly, ui is the output
voltage of the inverter, i1 and i2 are the inverter output branch
currents corresponding to the two transmitters, and iin is the
total superimposed current of i1 and i2. And he is the detuning
ratio coefficient in the experiment. Under y = 0 cm, configure
he = 1 (Cv = 247 nF) to achieve standard power output without
lateral misalignment, with a resonant angle tangent value of 0.02.
Under y = 5 cm, configure he = 0.93 (Cv = 276 nF), and the
resonant angle tangent value is 0.06. Under y= 10 cm, configure

he = 0.83 (Cv = 330 nF), and the resonant angle tangent
value is 0.12. The experimental results indicate that the system
can achieve an efficient ZVS working state through parameter
configuration within the corresponding quasi-resonant range at
y = 0 cm, 5 cm, and 10 cm.

Fig. 22 demonstrates the output power and efficiency when the
receiving coil is above the transmitting coils under various lateral
misalignments. The results indicate that the proposed method
can effectively suppress output power fluctuation even with
10-cm lateral misalignment. Through parameter configuration
within the quasi-resonant range, the average output power is
increased to the standard value. Under y = 0 cm, when the
receiving coil moves from −45 to 45 cm, the output power
is between 4.51 and 4.77 kW, with an average output power
of 4.67 kW and a power fluctuation of less than ±4%. The
maximum efficiency of dc–dc reaches 92.6%. Under y = 5 cm,
when the receiving coil moves from −45 to 45 cm, the output
power is between 4.38 and 4.71 kW, with an average output
power of 4.51 kW and a power fluctuation of less than ±5%. The
maximum efficiency of dc–dc reaches 92.2%. Under y = 10 cm,
when the receiving coil moves from −45 to 45 cm, the output
power is between 4.28 and 4.75 kW, with an average output
power of 4.54 kW and a power fluctuation of less than ±6%.
The maximum efficiency of dc–dc reaches 91.5%. Comparing
Fig. 22 with Fig. 17, the calculated output power fluctuation in
the experimental results is slightly higher than the simulation
results, with an error of about 1%. However, the optimization
effect remains quite effective. In addition, the effectiveness of
theoretical analysis ignoring internal resistance and Mv has been
verified.

V. DISCUSSION

A. Discussion of Feature

To overcome the issue of output power fluctuation in EVDWC
systems caused by simultaneous lateral misalignment and trans-
mitting coil switching, a novel magnetic integrated and quasi-
resonant parameter optimization method is proposed. The ef-
fect of enhancing output power capability through a single
parameter while maintaining ZVS operation is achieved. By
minimizing mutual inductance fluctuation during transmitting
coil switching under lateral misalignment and compensating
power drops caused by lateral misalignment, the power stability
of the EVDWC system is achieved.

The comparison between this article with the latest related
research is given in Table V. First, in [1], [5], [10], [20], and [21],
the issue of output power fluctuation caused solely by transmit-
ting coil switching was addressed, without considering the effect
of lateral misalignments. In [26], although the simulation and
experimental sections verified the effectiveness of suppressing
output power fluctuation under a 6-cm lateral misalignment, the
lateral misalignment was not considered in theoretical analysis.
Existing methods lack analysis for suppressing output power
fluctuation during EV movement under lateral misalignments.
Second, in [1], [5], [10], [20], and [26], those magnetic couplers
have specific shapes or structures, which make the compatibility
between the transmitting coil and the receiving coil poor. In [21],
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Fig. 21. Inverter output waveforms under different receiving coil positions and lateral misalignments. (a) y = 0 cm, x = 0 cm, and he = 1(Cv = 247 nF).
(b) y = 0 cm, x = 15 cm, and he =1(Cv = 247 nF). (c) y = 0 cm, x = 30 cm, and he =1(Cv = 247 nF). (d) y = 0 cm, x = 45 cm, and he =1(Cv = 247 nF).
(e) y = 5 cm, x = 0 cm, and he =0.93(Cv = 276 nF). (f) y = 5 cm, x = 15 cm, and he =0.93(Cv = 276 nF). (g) y = 5 cm, x = 30 cm, and he =0.93(Cv = 276 nF).
(h) y = 5 cm, x = 45 cm, and he =0.93(Cv = 276 nF). (i) y = 10 cm, x = 0 cm, and he =0.83(Cv = 330 nF). (j) y = 10 cm, x = 15 cm, and he =0.83(Cv =
330 nF). (k) y = 10 cm, x = 30 cm, and he =0.83(Cv = 330 nF). (l) y = 10 cm, x = 45 cm, and he =0.83(Cv = 330 nF).

TABLE V
COMPARISON BETWEEN THE LATEST RELATED RESEARCH AND THIS WORK

although the applicability of the method is strong, the effective-
ness still needs to be improved. In this article, two sets of unipolar
coils are integrated based on the original conventional unipolar
transmitting and receiving coils, which makes the method more
versatile. For a given initial magnetic coupler, an improved BRI
magnetic coupler can be designed based on the optimization
method. In addition, in the relevant literature, the constant
resistance model of battery is adopted in circuit analysis. In
this article, a parameter optimization method for quasi-resonant

LCC–LCC topology is proposed using a variable resistance load
model under the battery voltage constraint condition, achieving
its output power capability improvement while maintaining an
optimal weak inductive ZVS condition. By optimizing the quasi-
resonant parameters, the power output capability of the system is
effectively enhanced while maintaining approximate resonance.
Thus, the overall improvement in output power is achieved under
lateral misalignment. The proposed method is universal and has
no special requirements for the coupling coefficient.
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Fig. 22. Experimental output power and efficiency under different lateral
misalignments. (a) y = 0 cm and he = 1(Cv = 247 nF). (b) y = 5 cm and
he = 0.93(Cv = 276 nF). (c) y = 10 cm and he = 0.83(Cv = 330 nF).

B. Discussion of Practical Application

In this article, adjusting the compensation capacitor Cv is just
an implementation step to validate the theoretical analysis of the
proposed quasi-resonant parameter optimization method. Cv is
used to adjust the detuning ratio coefficient h under different lat-
eral misalignment distances, but in practical situations, the real-
time requirements for parameter adjustment are not high. This
is because lateral misalignments in EVDWC systems typically
occur gradually, and adjustments are required in seconds. For
the EVDWC system working at 85 kHz, even with EV speeds of
60 km/h, the lateral alignment state changes at a rate of seconds
or longer, making parameter adjustment feasible. Adjustable
capacitors controlled by PWM [27], [28], [29] or dc voltage
control [30] have been proven to achieve adjustment times in
the millisecond range, sufficient for the gradual misalignment
scenarios.

In addition, a single inverter drives two LCC resonant network
topologies simultaneously to reduce cost and complexity [31],
[32]. There may be slight parallel circulating currents in practical
operation. However, due to the impedance characteristics under
the resonant configuration of the primary LCC topologies [33],

[34], the generated circulating current is small and will not
cause serious efficiency losses in the system. It has no essential
impact on the theoretical analysis, which is universal for both
single/dual inverter topologies.

The proposed method realizes the suppression of power fluc-
tuation during the EV movement under lateral misalignment.
In general, the reverse coil means that more copper will be
used at the same power level, resulting in a slight decrease
in efficiency at a single operating point. However, to achieve
the same power supply across the entire road for the overall
performance of the EVDWC system, the method ingeniously
reduces or even eliminates this inherent defect while suppressing
power fluctuation.

VI. CONCLUSION

In this article, an integrated optimization method based on
BRI magnetic coupler and quasi-resonant LCC–LCC topology
is proposed to address the output power fluctuation issue during
EV moving under lateral misalignment. A bilateral reverse coil is
integrated into the transmitter, and detailed design and optimiza-
tion methods are provided. The parameter optimization method
for quasi-resonant LCC–LCC topology is proposed using a vari-
able resistance load model under the battery voltage constraint
condition, achieving its output power capability improvement
while maintaining an optimal weak inductive ZVS condition.
The selection of circuit parameters corresponding to the quasi-
resonant range is broadened by the integrated inductor. The
proposed method is validated by simulation and experiment with
a 4.5-kW power level. The results show that the system maintains
stable power transfer within a 10-cm lateral misalignment range,
achieving an efficiency above 91.5%. Experimental results have
shown that under y = 0 cm, 5 cm, and 10 cm, the output power
fluctuation rates are ±4%, ±5%, and ±6%. The analysis method
in this article has been validated through the comparison between
simulation and experiment. The simulation results are slightly
better, with an error rate of 1%.
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