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ABSTRACT A load-independent wireless power transfer system with constant current and constant
voltage output for electric vehicles charging is designed and optimized in this paper. Wireless charging
system based on LCL-S or LCL–LCL compensation topology is systematically analyzed. And dynamic
LCL-S/LCL switching topology is designed and simplified to achieve constant current in the transmitting coil
and load-independent constant current and constant voltage output, which can be controlled easily.Moreover,
the coupling structures composed of different coil shapes and shielding structures are comparatively studied
to improve the coupling stability under misalignment. Figure-of-merit and coupling change rate1kt defined
in this paper are the key parameters in the process of coupling structure design and optimization. The
combination of rounded rectangular spiral coil and splicing magnet core units is optimized as the coupling
structure of the wireless charging system. Finally, the resonant wireless charging system prototype is being
built and tested. The experimental results show that the load-independent and other characteristics of the
implemented system are well correlated with the theoretical analysis and design.

INDEX TERMS Load-independent, wireless charging system, compensation topology, coupling structure.

I. INTRODUCTION
Wireless charging technology is more convenient and secure
compared with traditional physical contact charging method.
This novel and dominant power transmission mode has
attracted more and more attention in the field of electric vehi-
cles (EVs) and other charging applications. Especially when
researchers at MIT proposed the magnetic resonance coupled
wireless charging technology, it sets off a new chapter in
this field [1]–[4]. The study of this technology applied for
EVs charger is mainly focused on improving the transmission
efficiency, increasing the transmission distance and ensuring
the safety of electromagnetic environment [5]–[7].

It is desirable that the charging process of EVs is stable
in practice. However, the equivalent resistance of lithium-
ion batteries varies during charging process, and parking
deviation of EVs causes variation of the coupling coefficient
between the transmitter and receiver. Variations of equivalent

resistance and coupling coefficient make changes in the
equivalent reflected load parameters at the transmitter, and
that may worsen charging quality. Moreover, the character-
istics of lithium batteries need a constant current (CC) or
constant voltage (CV) input [8], [9]. Therefore, it is necessary
to design a stable load-independent wireless charging system
with CC/CV output for EVs.

Compensation topology of resonant wireless charging sys-
tem is used to make the transmitter and receiver in resonance
to enhance its transmission performance. LCL topology has
been considered as a desired resonant compensation used in
the transmitter, which makes the current in transmitting coil
independent from varying impedance with proper parameters
design [10], [11]. However, making the current in trans-
mitter constant is not enough to achieve a stable system
performance, the coupling coefficient between transmitter
and receiver is another key factor. Reference [12] analyzes
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coupling characteristic of coils with different shapes. A wire-
less charging system was established with 21-cm-diameter
coils, and coupling coefficient of the system is more than 0.2
when the distance is less than 8 cm. Reference [13] uses
an optimized magnetic shield structure at both transmitting
and receiving sides to achieve efficient power transmission,
and the final 70-cm-diameter circular coupling structure was
constructed and tested with good tolerance to misalignment
at a distance of 13 cm. Reference [14] realizes optimum
88% transmission efficiency when the transmission power
is 500 W at 15 cm distance based on mutual inductance
coefficient optimization and frequency splitting avoidance.
These studies all put emphasis on coupling enhancement
with exclusion of complete and systematical analysis from
influence of coil shape, winding layout and magnetic core
placement on the system performance.

Furthermore, variousmethods have been studied to achieve
the required CC or CVoutput under equivalent load variations
of batteries. The primitive way to realize the CC/CV output is
adding a conversion circuit at the primary or secondary side
of the wireless charging system. Reference [15] designed a
closed-loop wireless charging system with a charging infor-
mation feeding-back route to the primary side in real time,
and DC-DC converter is added at primary side to realize
CC/CV output for charging. Reference [16] achieves stable
CC/CV output when load changes by regulating the DC-DC
converter at secondary side of the system. This method of
converter addition increases energy loss and takes up more
space. Reference [17] realizes constant current charging with
SS/SP compensation structure and variable load with fre-
quency adjustment. Due to effect neglect of load variation
range in analysis process, the proposed method can only suit
in a certain load range. In order to solve the shortcomings
of those methods, [18] proposes a SS and PS or SP and PP
switching topology system to implement CC/CV output with
a constant frequency for batteries and the designed system can
realize zero phase angle (ZPA) for pure resistance equivalent
impedance. The topology in [18] has advantages in system
simplicity and reliability, but it does exclude the influence of
input misalignment from primary side on the performance.

According to the above studies, a stable load-independent
wireless charging system with constant current or constant
voltage output is designed and optimized in this paper.
Load-independent, constant emission current and other char-
acteristics of the wireless charging system with dynamic
switching topology based on LCL-S compensation and
LCL-LCL compensation respectively are all systematically
analyzed and designed. Moreover, the coupling structures
composed of different coils and shielding structures are com-
paratively studied to achieve a better misalignment toler-
ance. Figure-of-Merit (FOM) and coupling change rate 1kt
defined in this paper are key parameters in the process of
coupling structure design and optimization. The combina-
tion of rounded rectangular spiral coil and splicing magnet
core units is optimized as the coupling structure of the
EVswireless charging system, whose compensation topology

is a dynamic LCL-S/LCL switching topology for load-
independent CC/CV output. Finally, experiment verifies the
system load-independent and its relative characteristics.

II. ANALYSIS AND DESIGN OF
COMPENSATION TOPOLOGY
A. ANALYSIS OF LCL-S COMPENSATION TOPOLOGY
Due to the parking deviation and misalignment of EVs, LCL
topology is designed as the compensation topology in the
transmitter to make the current constant in transmitting coil
even if the reflected impedance of receiver changes. The
topology scheme of the LCL-S compensated wireless charg-
ing system is shown in Fig. 1.

FIGURE 1. Converter circuit of LCL-S compensated wireless charging
system.

LP and LS are the self-inductances of the transmitting
and receiving coils, CP and CS are the compensation capac-
itors, M is the mutual-inductance between the transmitter
and receiver. And the equivalent resistances of the coils are
ignored. Lf 1, Lf 2, Cf are the resonant elements of LCL com-
pensation topology in the transmitter. Uin is DC input of the
convertor, and Q1, Q2, Q3, Q4 are switching modules of the
H-bridge convertor. UP and IP are the high frequency output
voltage and current of the convertor, UO and IO is the high
frequency output voltage and current of the receiver. RL is
the equivalent load resistance.

The equivalent circuit of LCL-S compensated wireless
charging system is shown in Fig. 2.

FIGURE 2. Equivalent circuit of LCL-S compensated wireless charging
system.

According to the Kirchhoff Voltage Law (KVL), the equa-
tions of loops in Fig. 2 are shown in (1).

UP = IP(jωLf 1)+ (IP − ILP)(
1

jωCf
)

0 = −(IP − ILP)(
1

jωCf
)

+ ILP(jωLf 2 + jωLP +
1

jωCP
)− jωMIO

0 = − jωMILP + IO(jωLS +
1

jωCS
+ RL)

(1)
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In order to keep the system in resonance, the resonant
frequency of the primary side should be the same as the
secondary side, ωsr = ωpr = ω. And when Lf 1 = Lf 2,
the current in the transmitting coil can keep constant [10].
Therefore, the relation equations can be presented as (2).

jωLf 1 = jωLf 2 = −
1

jωCf

jωLP = −
1

jωCP

jωLS = −
1

jωCS

(2)

Setting Lf 1 = Lf 2 = Lf and substituting (2) into (1), the
solution of loop current can be obtained as (3).

IP =
M2UP
L2f RL

ILP =
UP
jωLf

IO =
MUP
Lf RL

(3)

The voltage or current gain of the system can be derived as
shown in (4).

GUU =
UO
UP
=
IORL
UP
=
M
Lf

GUI =
IO
UP
=

M
Lf RL

GIU =
UO
IP
=
IORL
IP
=
M
Lf

GII =
IO
IP
=

Lf
MRL

(4)

Therefore, the output voltage UO of the charging system
UO = GUUUP = MUP/Lf , and the current in the transmitting
coil ILP = UP/jωLf are both independent with load.
Moreover, the total input impedance can be derived as

shown in (5), and it can be seen that the total input impedance
only has the real parts and therefore the system with LCL-S
compensation topology can realize ZPA.

ZT =
UP
IP
=
L2f RL

M2 (5)

Results obtained from derivations show that wireless
charging system with LCL-S compensation topology can
achieve CV output for batteries and the current in the trans-
mitting coil is stable even with misalignment.

B. ANALYSIS OF LCL-LCL COMPENSATION TOPOLOGY
Stable load-independent CV output can be achieved with
LCL-S compensation topology according to the above
analysis. The purpose of this Section is to analyze the com-
pensation topologywith CC output. And the topology scheme
of the LCL-LCL compensated wireless charging system is
shown in Fig. 3. Lg1, Lg2 and Cg are the resonant elements
of LCL compensation topology at the receiver side. The
meanings of other symbols are the same as those in Section A.

FIGURE 3. Converter circuit of LCL-LCL compensated wireless charging
system.

FIGURE 4. Equivalent circuit of LCL-LCL compensated wireless charging
system.

The equivalent circuit of LCL-LCL compensated wireless
charging system is shown in Fig. 4.

According to the Kirchhoff Voltage Law (KVL), the equa-
tions of loops in Fig. 4 are shown in (6).

UP = IP(jωLf 1)+ (IP − ILP)(
1

jωCf
)

0 = −(IP − ILP)(
1

jωCf
)

+ ILP(jωLf 2 + jωLP +
1

jωCP
)− jωMIO

0 = −jωMILP + ILS (jωLg2 + jωLS +
1

jωCS
)

+ (ILS − IO)(
1

jωCg
)

0 = −(ILS − IO)(
1

jωCg
)+ IO(jωLg1 + RL)

(6)

In order to keep system in resonant state, the resonant
frequency of the primary side should be the same as the
secondary side, ωsr = ωpr = ω. When Lf 1 = Lf 2 and
Lg1 = Lg2, the topology can realize constant current charac-
teristic [10]. Therefore, the relation presented can be derived
as (7). 

jωLf 1 = jωLf 2 = −
1

jωCf

jωLg1 = jωLg2 = −
1

jωCg

jωLP = −
1

jωCP

jωLS = −
1

jωCS

(7)

Setting Lf 1 = Lf 2 = Lf , Lg1 = Lg2 = Lg and substituting
(7) into (6), the solution of loop current can be obtained
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as (8). 

IP =
M2UPRL
ω2L2f L

2
g

ILP =
UP
jωLf

ILS =
MUPRL
ω2Lf L2g

IO =
MUP
jωLf Lg

(8)

The voltage or current gain of the system can be derived as
shown in (9).

GUU =
UO
UP
=
IORL
UP
=

MRL
jωLfLg

GUI =
IO
UP
=

M
jωLfLg

GIU =
UO
IP
=
IORL
IP
=
ωLf Lg
jM

GII =
IO
IP
=
ωLf Lg
jMRL

(9)

Therefore, the output current IO of the charging system
IO = GUIUP = MUP/jωLP, and the current in the transmit-
ting coil ILP = UP/jωLP are both load-independent.
Moreover, the total input impedance can be derived as

shown in (10), and it can be seen that the total input
impedance does not contain imaginary parts and the system
with LCL-LCL compensation topology can realize ZPA.

ZT =
UP
IP
=
ω2L2f L

2
g

M2RL
(10)

Conclusions can be drawn based on results obtained from
the derivations that the charging system with LCL-LCL com-
pensation topology can achieve CV output for batteries, and
it can realize ZPA. It is worth mentioning that other compen-
sation mode such as parallel (P) connection in receiver and
LCL in transmitter can achieve CV output, but the total input
impedance contains imaginary parts [10].

III. DESIGN OF COMPENSATION TOPOLOGY
As analyzed above, the LCL-S compensated wireless charg-
ing system can achieve CVoutput and the LCL-LCL compen-
sated wireless charging system can achieve CC output, both
can realize ZPA. It is reasonable to think that CV/CC output
can be implemented by combination of these two topologies.
The resonant element of LCL compensation topology Lf 2
or Lg2 can be equivalent into the self-inductance of the coil as
shown in Fig. 5. And CP’ can be drawn from (11) and shown
in (12).

jωLf 2 + jωLP +
1

jωCP
= jωLP +

1
jωC ′P

(11)

C ′P =
1

ω2(LP − Lf )
(12)

Consequently, the designed topology scheme that includes
LCL compensation in transmitter and LCL or S switching

FIGURE 5. Simplified resonant element of LCL compensation topology.

FIGURE 6. Converter circuit of LCL-S/LCL switching compensated wireless
charging system.

compensation in receiver is shown in Fig. 6, which can realize
a stable CC/CV output.

In Fig. 6, when switches S1 and S2 are disconnected, the
system achieves CV output. And when switches S1 and S2
are turned on, the system achieves CC output. The additional
switches S1 and S2 are constructed with two anti-series con-
nected MOSFETs. The total impendence of CS ’, Lg1 and Csg
is equal to jωCS when S1 and S2 are disconnected, thus the
added capacitor Csg can be calculated as (13).

Csg =
1

2ω2Lg
(13)

The impact of the switching state on the system stability
should be concerned. The current in the transmitting coil
before and after switching can be represented as (14).

ILP−B = ILP−F =
UP
jωLf

(14)

It can be seen that the current in the transmit-
ting coil is stable when UP is fixed before and after
switching. The voltage gain and current gain of the sys-
tem with dynamic LCL-S/LCL switching topology shown
in Fig. 6 can be derived as (15).

GUU =
UO
UP
=
IORL
UP
=
M
Lf

GUI =
IO
UP
=

M
jωLf Lg

(15)

Based on the analysis of dynamic LCL-S/LCL switching
topology, the design flow of the dynamic compensated wire-
less charging system is shown in Fig. 7. Firstly, according to
the given dimension and electrical parameters of the charging
system for the applied EVs, the coupling structure is designed
based on section III. Then equivalent circuit parameters of
the coupling structure can be measured. Further, the voltage
gain GUU and current gain GUI of the system are calculated
based on the desired voltage and current output. Lf and Lg
can be changed to regulate the voltage or current gain of the
system based on (15). Finally, other capacitance values of the
system can be obtained based on the related equations.
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FIGURE 7. Design flow of the dynamic compensation wireless charging
system.

FIGURE 8. Conventional coil structure. (a) Circular coil. (b) Square coil.
(c) Rectangular coil.

IV. DESIGN AND OPTIMIZATION OF
COUPLING STRUCTURE
A. COIL STRUCTURE
Generally, circular, square and rectangular coil structure
are used in wireless charging system as shown in Fig. 8,
and the former two type coils are often adopted to make
coupling structure expansion easier [19], [20]. The key
to coupling structure design is the layout of quality factor
and coupling coefficient [12]. And coupling factor k is shown
in (16) and quality factor Q of coupling coil is shown in (17).

k =
M
√
LPLS

=
M0nPnS√
n2PLP0n

2
SLS0

=
M0

√
LP0LS0

(16)

Q =
ωL
R

(17)

LP0, LS0, MS0 are the self-inductance and mutual induc-
tance of single turn coil and nP, nS is turns number of the
transmitting and receiving coils in (16) and (17). In order to
obtain coupling performance difference between circular and
square coupling coils, equivalent inductance values of these

FIGURE 9. Equivalent inductance of two different coil structures with
diameters changing. (a) Self-inductance. (b) Mutual-inductance.

two coil structures with only one-turn are compared under
four coil diameters (20 cm, 30 cm, 40 cm, 50 cm) and the
results are shown in Fig. 9.

From the results in Fig. 9, it can be seen that square coil
structure has greater self-inductance and mutual-inductance
than circular coil with same diameter.

A certain horizontal offset of coupling coils may occur
due to the imperfect parking of EVs. Therefore, the mutual
inductances of the two structures under different horizontal
offsets are compared. The coupling change rate 1kt shown
in (18) is defined to indicate the stability of coupling. And
smaller coupling change rate means better coupling stability.

1kt =
kt−1t − kt

1t
(18)

Therefore, the coupling change rates of the two structures
with the same diameter of 40 cm under different offsets are
computed and shown in Fig. 10.

From the results in Fig. 10, it can be seen that the mutual
inductance of square coils keeps more stable and changes
more slowly when horizontal offset happens. At the same
time, the current at the right angle of square coil is uneven
due to skin effect and proximity effect and fillet design can
be adopted to avoid the effect at the corner of square coil to
reduce resistance losses. Therefore, square coil structure with
rounded corners is adopted to construct coupling structure
to achieve stable coupling performance and loss reduction in
this paper.

17268 VOLUME 6, 2018



C. Cai et al.: Design and Optimization of Load-Independent Magnetic Resonant Wireless Charging System for EVs

FIGURE 10. Coupling change rate of two coil structures with
displacement changing.

Without considering the switch loss of the wireless charg-
ing system and the transmitting and receiving coils are
regarded as the same, the transmission efficiency of the
system in Fig. 2 is shown as:

η =
k2QPQSL

1+ k2QPQSL
·
QSL
QL

(19)

Where QP = ωLP/RP, QS = ωLS/RS, QL = ωLS/RL,
QSL = QSQL/ (QS + QL).
Setting dη/dQL = 0, the optimalQL value can be obtained:

QL =
QS

(1+ k2QPQS )1/2
(20)

Figure-of-Merit (FOM) is defined to evaluate the perfor-
mance of the system and FOM = kQ. Thus, the transmission
efficiency of the system with optimized load is shown as:

ηLoad−opt =
FOM2

4(1+ FOM2)1/2 + 2FOM2 (21)

Thus, theFOM in (21) is converted to the geometric param-
eters to guide the design of coil parameters as shown in (22).

FOM2
=

2π2µ0ωσN 2a2r6

D6 (22)

µ0 is vacuum permeability, µr is relative permeability,
r is the coil radius, N is the number of coil turns, D is
the transmission distance, a is the wire diameter, σ is the
wire conductivity, ω is the system angular frequency. Setting
A = 2π2µ0ωσN 2a2r6 in (22), the (21) can be reduced
to (23).

ηload−opt =

A
D6

√
A
D6 + 1(

A
D6 + 1+

√
A
D6 + 1

) (√
A
D6 + 1+ 1

) (23)

According to (23), the relation among the transmission
efficiency η, the size parameter A and the transmission dis-
tance D can obtained and shown in Fig. 11.
The maximum occupied area is about 1600 cm2 and the

transmission distance is about 15 cm according to opera-
tion conditions for the designed wireless charging system in

FIGURE 11. Relation among transmission efficiency η, size parameter A
and transmission distance D.

FIGURE 12. The designed coil structure.

this paper. And the desired resonant frequency is 100 kHz.
According to the actual application conditions and relation
among the transmission efficiency η, the size parameter A
and the transmission distanceD, the designed coil with 40 cm
diameter and 12 turns is shown in Fig. 12.

B. SHIELDING STRUCTURE
Magnetic shielding structure can be added to enhance the
coupling performance between transmitting coil and receiv-
ing coil and reduce the leakage of magnetic field [5]. The
magnetic shielding usually consists of magnetic mediumwith
high relative permeability (magnetic core) in the resonant
magnetic circuit. Magnetic cores with a relatively larger
transmission area are generally used to lay out the side of
the coil in a certain way. Depending on the layout mode
of magnetic core, this paper sets up four different shielding
structures B, C, D and E, as shown in Fig. 13 (b) - (e), B with
flat magnetic core, C with ‘‘E’’ type magnetic core, D with
hollow stripe magnetic core extended from the flat magnetic
core,Ewith splicingmagnet core units according to the needs
of installing.
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FIGURE 13. The coupling structure with different shielding structures,
the amplitude distribution of magnetic induction intensity, and vector
distribution of magnetic induction intensity. (a) A-without magnetic cores.
(b) B-with flat magnetic core. (c) C- with ‘‘E’’ type magnetic core.
(d) D- with hollow stripe magnetic core. (e) E- with splicing magnet
core units.

In Fig. 13, A is a coupling structure without magnetic
shielding structure, B-E are coupling structures with four
different magnetic core layout schemes, and corresponding
amplitude distribution of magnetic induction intensity and
vector distribution ofmagnetic induction intensity. According
to amplitude and vector distribution of magnetic induction
intensity, most magnetic flow of coupling structure with-
out shielding structure passes through the transmitting and
receiving coils, but there are still somemagnetic lines forming
a closed loop through the air; coupling structure with B type
shielding structure constrains the distribution of magnetic
field and the magnetic flows are concentrated along the
direction of the magnetic core placement which means the
coupling performance has been improved; coupling structure
with C type shielding structure also improves the magnetic
flows through the transmitting and receiving coils; coupling
structure with D type shielding structure has almost the same
magnetic field restriction capacity as B structure, while sav-
ing nearly 1/3 weight of the magnetic core; magnetic field
binding ability of coupling structure with E type shielding
structure is similar to D, however, E type shielding structure
consists of block magnetic core splicing and it is convenient
for manufacture and installation.

Equivalent circuit parameters of the above five coupling
structures with different shielding structure from simulation
results are shown in Fig. 14. The coupling structure with
C type shielding structure has the highest self-inductance,

FIGURE 14. Equivalent circuit parameter of five type coupling structures.

FIGURE 15. Coupling change rate of type B and C structure with
horizontal displacement changing.

mutual-inductance and coupling coefficient. But another key
factor is the coupling stability when horizontal displacement
happens because of parking deviation and uneven misalign-
ment of EVs. Therefore, the coupling change rate of coupling
structures with plate magnetic core and ‘‘E’’ type magnetic
core is computed and shown in Fig. 15. It can be seen that
coupling structures with B plate magnetic core has a certain
better position fault tolerance range compared with ‘‘E’’ type
magnetic core. The structure with plate magnetic core is more
suitable for the wireless charging system of EVs.

Coupling structure with E type shielding structure is
simplified from type B for manufacture and installation
convenience. And it has almost the same equivalent circuit
coupling parameters with structure B but with more than
1/3 weight saving and cost reduction of the magnetic core.
Therefore, the coupling coil with type E shielding structure is
selected as the system’s transmitting and receiving coupling
structures according to actual demand. The designed unsealed
coupling structure is shown in Fig. 16.

V. EXPERIMENT
According to the structure designed in Section IV, the cou-
pling structure is manufactured as shown in Fig. 17. And
the measured equivalent parameters of the manufactured
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FIGURE 16. The designed coupling structure.

FIGURE 17. The manufactured coupling structure. (a) Coil of coupling
structure. (b) Shielding of coupling structure.

FIGURE 18. Equivalent parameters of the manufactured coupling
structure.

coupling structure are shown in Fig. 18. The equivalent self-
inductance of the coupling structure is 107.492 µH and
the quality factor is 352 under 100 kHz with the mutual-
inductance of 17.9 uH.

The desired output voltage and current for battery charging
is 144 V and 9 A respectively. Based on design flow shown
in Fig. 8, the parameters of compensation circuit elements
can be computed and given in Table 1. The wireless charging
system with these parameters is established as in Fig. 19.

TABLE 1. Parameters of compensation circuit elements.

The performance of current in transmitting coil and CV/CC
output characteristic with varied load is tested and shown in
the following. Fig. 20 shows the measured waveforms when
switches S1 and S2 are disconnected. It could be clearly seen
that the output voltage UOR is constant about 144 V with
load changing from 14.5 � to 9.5 � in Fig. 20(b). And the

FIGURE 19. The established resonant wireless charging system.

FIGURE 20. The measured waveforms in CV output mode when load
changes from 14.5� to 9.5�. (a) Waveforms of up, ip, uor and ior .
(b) Waveforms of uor and ior .

tiny fluctuations of output voltage at the switching moment
are considered to be caused by the corresponding parasitic
resistance and the nonideal experimental device.

Fig. 21 shows the measured waveforms when switches
S1 and S2 are closed. It is clearly seen that the output cur-
rent IOR is constant with load changing from 14.5 � to 9.5 �
in Fig. 21 (b).

According to the waveforms in Fig. 20 (a) and Fig. 21 (a),
it can be obtained that the current in transmitting coil is
independent from load variance. And the experiment results
also present that the implemented system achieves CV output
and CC output with varied load, which is consistent with
analytical design.
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FIGURE 21. The measured waveforms in CC output mode when load
changes from 14.5 � to 9.5 �. (a) Waveforms of up, ip, uor and ior .
(b) Waveforms of uor and ior .

FIGURE 22. Transmission efficiency versus horizontal distance.

Moreover, the transmission efficiency versus horizontal
displacement of the implemented system in CV mode is
tested and shown in Fig. 22.

The overall efficiency presents the same stable trend as
simulation results. And when the horizontal offset ranges
from −5 cm to 5 cm, the system efficiency only decreases
by ten percent. And the system with well-faced coupling can
achieve 1297.69 W output power with efficiency of 90.94%.

VI. CONCLUSION
LCL compensation topology in the transmitter can make the
current constant in the transmitting coil even if the reflected

impedance of receiver changes due to the parking devia-
tion and misalignment of EVs. LCL-S compensated wireless
charging system can achieve CV output and the LCL-LCL
compensated wireless charging system can achieve CC out-
put, both of which can realize ZPA. The designed topology
scheme that includes LCL compensation in transmitter and
LCL or S switching compensation in receiver can realize
constant current in the transmitting coil and CC/CV output.
Moreover, additional compensation inductance of LCL topol-
ogy can be adjusted to regulate the voltage or current gain of
the system.

Square coil structure with the same diameter has greater
self-inductance and mutual-inductance than circular coil
structure. And the mutual inductance of square coil keeps
more stablewhen horizontal offset happens. At the same time,
coupling structures with plate magnetic core has a certain
range of position fault tolerance compared to ‘‘E’’ type mag-
netic core. The structure with plate magnetic core is more
suitable for the wireless EVs charging system. Therefore,
rounded rectangular spiral coil and splicing magnet core units
are adopted to the construct coupling structure of wireless
EVs charging to achieve a stable coupling performance and
loss reduction.

Finally, the resonant wireless charging system for EVs is
built and tested according to the design and optimization
of dynamic compensation topology and its coupling struc-
ture. The experimental results show that the system’s load-
independent and other characteristics are well correlated with
the theoretical analysis. The efficiency of the designed sys-
tem with 12.5% horizontal offset decreases only less than
10%, and output power of the well-faced system can reaches
1297.69 W with the efficiency of 90.94%.
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