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Abstract—In the medium- and high-capacity power applications,
typically multiple switches connected in series and parallel are used
in power electronic converters to handle high voltages and currents.
Powering the driving circuits and auxiliary units with high insula-
tion requirements is challenging. This article proposes a modular
multioutput wireless power transfer system with constant-current
(CC) output characteristics for auxiliary power supply. Compared
with conventional solutions, there is no need for complex control
circuits and much magnetic material. The dual-frequency topology
with CC outputs is derived by applying the analytical method
that used to obtain the dual-frequency topology with constant-
voltage (CV) outputs. The conditions for the system to maintain
zero phase angle at different frequencies are discussed. Lower
output fluctuations than single-frequency multioutput systems and
dual-frequency CV output systems are verified. A magnetic coupler
with integrated compensation inductors is designed to eliminate
the need for discrete inductors and improve the power density. An
experimental prototype is built to verify the validity of the theory.
The WPT system achieves an output current fluctuation of no more
than 4.78 %, a maximum system efficiency higher than 85%, and
an output power of more than 10 W at a single port, which can well
meet the requirements of auxiliary power supply.

Index Terms—Auxiliary power supply (APS), constant-current
(CC), dual frequency, modularity, wireless power transfer (WPT).

I. INTRODUCTION

IRELESS power transfer (WPT) is an emerging energy
W transmission method that offers advantages in improv-
ing reliability, safety, convenience, and equipment longevity
[11, [2]1, [3], [4], [5]. Nowadays, WPT is widely employed in
underwater applications, consumer electronics, electric vehicles,
rail transit, implanted medical devices, etc. [6], [7], [8], [9],
[10]. The transmission mechanism of WPT is similar to that of
transformers; hence, it is also known as a coreless transformer.
Because of the air gap, WPT has high insulation capability and
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can be used in medium- and high-capacity power conversion
applications [11], [12].

In medium-voltage dc distribution grids and high-voltage
direct-current transmission, a modular design is adopted in
power electronic converters to cope with high voltage and
current stresses, such as modular multilevel converters, high-
voltage dc circuit breakers, solid-state transformers, and so
on. Since each submodule has a different potential, galvanic
isolation needs to be established between the auxiliary power
supplies. A conventional solution is the dc—dc step-down con-
verter, which obtains the electric power from the local medium
voltage dc link. However, the significant voltage difference
requires high insulation capability, increasing the difficulty and
cost of transformer design. Another solution is to use an external
power supply. It offers better reliability and lower insulation
requirements. Most designs utilize magnetic coupling to provide
galvanic isolation, such as multiple magnetic rings.

The WPT technology can provide a flexible, reliable, and
effective solution for auxiliary power supply. Compared with
conventional solutions, there is no need for complex control
circuits and much magnetic material. In practice, submodules
of a power converter are integrated into the cabinet and can be
stacked horizontally or vertically, as shown in Fig. 1(a). The
domino WPT system is highly compatible with this placement.
In a domino-type WPT system, each relay coil acts as a receiving
and transmitting coil while supplying power to the local load
[13]. It provides galvanic isolation for outputs and enables power
supply over long distances. A capacitively tuned relay WPT
system was proposed in [14]. Different power distributions at
variable loads and distances can be satisfied by changing the
capacitance. Besides the driving circuit, a submodule contains
controllers, sensors, etc., which have different voltage levels.
The class-E inverter topology is improved to boasts dual outputs
with only one power switch thanks to its series and parallel
resonant cavities [15]. Half-wave rectifiers and a synchronous
rectifier were utilized to realize multiple output channels [16].
The rectifier was improved to integrate with the buck converter,
and 4 4 n semiconductor devices and n inductors are utilized to
achieve 1 + n output channels [17]. Although the above studies
achieve outputs of different voltage levels but on condition of
complex control mechanisms. For better performance, two-stage
auxiliary power supplies are used more often. The first stage con-
verter handles the insulation voltage without feedback control
and the second stage converters regulate the outputs, as shown
in Fig. 1(b).
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Fig. 1. Application of modular multioutput WPT system. (a) Placement of
submodules in practice. (b) System configurations of domino-type WPT system
for auxiliary power supply.

In the driving circuit, the driving resistance is usually altered
to shorten the switching delay time, reduce the switching loss,
etc., to achieve excellent switching performance. As a result, the
outputs of the domino system change, and the interconnection of
load powers adds complexity to power management. A domino
system with load-independent outputs is preferable. Considering
the usage of second stage converters, both constant-current (CC)
and constant-voltage (CV) outputs are acceptable. However, the
ideal load-independent outputs cannot be realized due to the
presence of parasitic resistance. A bilateral excitation scheme
for a domino-type WPT system was proposed to reduce output
fluctuations and improve system reliability, but additional invert-
ers require synchronized control [18]. For multiple second-stage
converters connected to the same output port of first-stage con-
verter, all second-stage converters are affected when the input
impedance of one converter varies. A multi-frequency system
can be used to solve this problem [19]. Higher order compensa-
tion networks are used to construct a multi-frequency resonant
WPT system that enables selective distribution of load power
[20]. By combining the multi-frequency resonant topology with
the domino WPT system, a domino WPT system with lower
output fluctuations can be obtained [21].

This article proposes a modular dual-frequency WPT system
with multiple CC outputs. Section II presents the principle of
circuit topology to realize dual-frequency CC characteristics.
Section IIT analyzes the output characteristics. In Section 1V,
the magnetic couplers are designed. The effectiveness of the
proposed system is experimentally verified in Section V. Finally,
Section VI concludes the article.

II. PROPOSED MULTIOUTPUT SYSTEM

The proposed modular dual-frequency topology with multiple
CC outputs is shown in Fig. 2. The system can be divided
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Fig. 2. Proposed dual-frequency WPT system with multiple CC outputs.

into two parts: the power module and the load modules. The
power module consists of a dc voltage source with its dc voltage
denoted as Vinv, an inverter consisting of four power MOSFETS
S1-S4, a transmitting coil L7¢, and its compensation capacitor
Cro. The load module i (i =1, 2, ..., n) consists of a receiving
coil L, a transmitting coil L7 ;, the compensation capacitors
Cri, Crpy, band-stop filter network Ly_;, Lo 4, Ls 4, C1_4 Coy,
Cs.;, and the loads Rgq1-i» REQ2-1, REQ1-4> and Rgqo-; are the
ac equivalent model of a full bridge rectifier, a capacitor, and a
load resistor that simplifies the analysis. Most of the components
in the load modules have the same parameters for modularity

L=Lro=Lg1 =Lr1=Lg;=Lr;
Li=Li1=Li 2o=1L1

Ly=1Ly 1=Lyo=1Lo;

C:CTO :CR1 :CTI :CRi :CTZ' (Z = ].,2,...,77,).
Ci=C1=02=C1

Cy =0y =Cop =Co

M = Moy = M2 = M;_1y; = kL

ey
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Fig. 3. T- and m-type decoupling equivalent circuits. (a) Positive coupled case. (b) Negative coupled case.
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Fig. 4.

The proposed WPT system is analyzed using the decoupling
equivalent circuit and the fundamental harmonics approximation
method. The RMS value of the inverter ac voltage Vg, the
rectifier ac voltage Vg, and the equivalent ac load resistance
Rpq can be expressed as

22

™

2V/2 8
Vrec, Req = ;VL . ©@

Vs Vinv, VR = —
Vi

A. Dual-Frequency Resonant Topology

Four basic compensation topologies are widely used by WPT
systems: series-series (S—S); series-parallel (S-P); parallel-
series (P—S); and parallel-parallel (P—P). Each of these compen-
sation topologies has a resonant frequency, fy, which depends
on the circuit parameters

1
= —. @3
fo 2rv LC )
When the operating frequency of the system fs is equal to
the resonant frequency, the input impedance of the system is
resistive. However, as the operating frequency deviates from

Decoupling equivalent circuits. (a) At frequency fi. (b) At frequency fa.

the resonant frequency, the input impedance could be either
inductive or capacitive. This leads to a corresponding alteration
in the phase angle relationship of the currents passing through
the transmitting and receiving coils, Ip and Ig. In the case of
parallel topology on the secondary side, if fg falls below fy, Ip
and /g are in phase, and the coils are positively coupled. If fg
exceeds fy, Ip and Ig are in the opposite phase, and the coil is
negatively coupled. These characteristics will be reversed in the
case of a series topology on the secondary side.

Then the decoupling equivalent circuit can be used to ob-
tain dual operating frequencies, f1 and f5 (fi < f2). The T-
type decoupling equivalent circuit is commonly used, and the
m-type decoupling equivalent circuit can be obtained based on
the star-delta transformation, as shown in Fig. 3. The m-type
decoupling equivalent circuit at dual operating frequencies is
shown in Fig. 4.

InFig. 4(a), when (L + M) resonates with C, the compensation
capacitor of source module and the equivalent inductor form an
LCresonant cavity. A load-independent CC output characteristic
can be obtained if the input is a CV source. The compensation
capacitor of load modules and the equivalent inductor resonate
in parallel and are equivalent to an open circuit. If the input has
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a CC characteristic, the output still has a load-independent CC
characteristic. The resonant frequency can be expressed as

= 1 __Jo
oL+ MC Vitk

Similarly in Fig. 4(b), when (L—M) resonates with C, an LC
resonant cavity is constructed to transform the CV input into
a CC output and the compensation capacitors of load modules
resonate with the equivalent inductors to achieve CC character-
istic transfer from input to output. The resonant frequency can
be expressed as

f2

“

_ 1 _ o
or/(L—M)C V1—k
By cascading an S—P topology with multiple P-P topologies,

a dual-frequency multiple CC outputs WPT system can be

obtained. According to (4) and (5), the relationship between

the dual resonant frequencies can be obtained as

)

1+ k&
= J—kfl. ©)

B. Band-Stop Filter Design

In multifrequency WPT systems, band-stop filter networks
are constructed to decouple the outputs of loads and to achieve
selective power transfer. The band-stop filter consists of multiple
inductor-capacitor parallel combinations and a series of pas-
sive components. For the m parallel combination, the network
impedance exists with m positive real poles and m + 1 posi-
tive real zeros. The positive poles are used to block unwanted
frequency components, and the positive zeros are used to allow
desired frequency components to pass without loss. In the dual-
frequency system, only one parallel combination is required. As
shown in Fig. 5(a), L1 (L) and C; (C2) are in parallel resonance
(equivalent to open circuit) at frequency fi (f2) to stop the fi
(f2) component and L; (L), C; (Cs), and Ly.¢ (Cr.1c) are
in series resonance (equivalent to short circuit) at frequency fo
(f1) to allow the f> (f1) component to power the loads behind the
filter network. The network impedance can be expressed as

G1(f1) = (32711 + 5ok ) /] (5mpiiess ) = O
Zi(f2) = j27Tf2L1//m + 72w foLlp.c =0
Zs(f1) = j2rhLe/ | smfie; + eporme =0

Ga (f2) = (4271205 + syer ) // (127 2Crne) = 0

)

C. Realization of Zero Phase Angle (ZPA)

Because the operating frequency deviates from fy, the input
impedance of the system is inductive or capacitive and there is a
large reactive power. The size of passive components needs to be
increased to cope with the voltage and current stresses generated
by reactive power. Moreover, the system cannot realize zero
voltage switching in capacitive input impedance. One solution
is to add passive components to make the system resistive and
achieve ZPA, as shown in Fig. 5(b).
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Fig. 5. Resonant states. (a) Band-stop filter. (b) Realization of zero phase
angle for S—P topology and P—P topology. (c) Improvement of band-stop filters
to realize ZPA.

For the S—P topology, the LC resonant cavity needs to be made
into a T-type network so that the input impedance is resistive.
The parameters of the passive components need to satisfy the
following equations:

2

j2h (% - M) g2mfy (L + M)+

— =0
J27 f1Crsp
(8)

. L? ) )
72w fo (M — ) + 727 fo (L - M) + 727 fo Lg.sp = 0.

M
&)

For the P-P topology, only the equivalent inductor needs to be
compensated. The parameters of the passive components need
to satisfy the following equations:

L? 1
)2 — M)+ —— =0 10
j2nfi <M ) 727 1 Croer (10)
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2

. L .
J2m fa (M - M) + j2n fo Lppp = 0. (1D)

At f1, a capacitor needs to be added, while at f5, it is an
inductor. It cannot hold at the same time. As shown in Fig. 4, the
components in series with the band-stop filter are only effective
in the equivalent circuit at one frequency. Therefore, connecting
the compensation components in series with the band-stop filter
network avoids the effect on the input impedance at another
frequency. Furthermore, the compensation components can be
combined with a part of the filter network to reduce the number

of passive components, as shown in Fig. 5(c). The mathematical
relationship can be expressed as

Cs.sp = 7 - 5
MC T (L+M)C-LyCo 12
C’S-PP = LM | ! Lo (12
MC T{LF¥M)C-LyCoy
_ L? L
Lssp = JTg —L+ (L—M)ClLlcl—l (13)
_ L Ly
Lspe = 37 = M + g=3peno=t
The parameters of the load submodule are
Cs.1 = Cs.sp
Ls = Ls.sp
14
Cso=Cs3=...=Cg_p, = Cspp (14)
Lsr,=Ls 3=...=Ls = Lspp

D. Operating Modes

Correspondingly, the system has three operating modes.

1) Mode 1: The inverter operates at the switching frequency
f1, supplying power to the loads Rrqa-1, REqQ2-2;-- -,
REq2-n.

2) Mode 2: The inverter operates at the switching frequency
f2, supplying power to the loads Rgqi-1, REQi-2,-- -,
REQ1-n-

3) Mode 3: One arm of the inverter operates at the switching
frequency f and the other at fo.

The output currents in Mode 1 can be expressed as

IrLi-1 = IpL1-2 =+ = IpL1-n =0 |
Ipto-1 = Iproa = = IRro n = 5 5V (15
n w2 §2m f1(L+M)
The output currents in mode 2 can be expressed as
{IRLl-l =1Irr1-2=""=1IrL1-n = %m,‘&%
ITrL2-1 = IRL2-2 = -+ = IpL2-n =0
(16)
The output currents in mode 3 can be expressed as
Irpi-1 = IgL1-2 = = IgL1-n = %m]‘&%
Ipioe-1 = Ipio-2 = -+ = IRL2-n = 75 55 000D
The system efficiency 7 can be defined as
_ P _ 2 (TRi1—iBri-i + Ifpo i Ria—i) (18)

Pin ViNV I dc
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III. POWER TRANSFER CAPABILITY ANALYSIS
A. Impact of Parasitic Resistances

The above analyses are based on the ideal case where the par-
asitic resistance is zero. In practical systems, parasitic resistance
cannot be ignored, destroying the CC output characteristics. The
quality factors of L1, Lr;, L1_4, Lo_;, and Lg; at f frequency are
defined as O, Ori, Q1-i, O2-4, and Qg;. The parasitic resistance
can be expressed as

ri =21 f1L;/Q;. (19)

Considering that the inductors have different roles in the
system, transmission coils and compensation inductors, Q can
be divided into Q, and Qj correspondingly. Q7; = Qr; = Qa;
Q1.; = Q2.; = Qy. The parasitic resistance of Lg is in series
with the load and is much smaller than the load, so its effect is
negligible.

A simulation model with three load modules was built, and
the trend of output current for different load resistances is shown
in Fig. 6. I, is the output current ignoring parasitic resistances.
Due to the presence of parasitic resistance, the output current
decreases as the loads increase and Igr,1-; (/grr.2-;) is larger than
IRrL1-(i+1) (URL2-(i+1)) in different load modules. With a large
load resistance and numerous submodules, the output power is
at the risk of significant reduction.

The output variations against the coupling coefficient and
quality factor can be seen in Fig. 7. The current is normalized
by dividing the minimum value by the maximum value within
the range of load resistances. The fluctuation of output current
increases with decreasing quality factor Q,, while Q, has almost
no effect on the output variation. The increase in the coupling
coefficient k reduces the output current variation, so higher
coupling coefficients can be taken at low-quality factor Q, to
mitigate the output fluctuation. In summary, a higher quality
factor Q, and a higher coupling coefficient k are preferred in
parametric design.

B. Parameters Tolerance

Fig. 8 shows the output fluctuations against the mutual induc-
tance. Outputs are well stabilized over a range of plus or minus
2%. Fig. 9 shows the output fluctuations against the inductance
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Fig. 8. Output fluctuations against the mutual inductance. (a) At fa. (b) Atfi.

Lg and L. Besides the deviation of mutual inductance from its
original value, the deviation of transmission coil self-inductance
affects the outputs. As the normalized self-inductance Ly goes
from 0.98 to 1.02, the output related to frequency f; gradually
decreases, while the output related to frequency f, gradually
increases. Moreover, the outputs of the rear submodule are more
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Fig. 10.  Output fluctuations of proposed dual-frequency system vs. single-
frequency system. (a) Atfi. (b) At fa.

affected. As a comparison, the outputs are less affected when the
L is changed.

C. Output Fluctuations

Fig. 10 shows the output fluctuations of proposed dual-
frequency system and single-frequency system. For a better
comparison of the ability of different topologies to suppress
output fluctuations, it is set that the comparison is performed
at the same output power. Py, is the rated output power. The load
current varies with the load, and there is no definite reference
value for evaluating the CC output. Define the rate of fluctuation
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of the output current as

_ IOUT?MAX - IOUT?MIN

x 100%. (20)

Iout Max + lour MIN

In proposed dual-frequency system, the loads corresponding
to each frequency contribute half of the output power. At the
frequency f1, the output fluctuations of single-frequency system
and dual-frequency system are 4.21% and 2.42%. The absolute
reduction percentage is less than 2%. Considering the original
fluctuation of 4.21%, this improvement is significant. Also, the
smallest output normalized current, which happens at the last
stage and at rated output, is increased from 0.872 to 0.963.
The improvement is 10.43%. The output fluctuations are 1.30%
and 0.53% at the frequency f5. It shows that the dual-frequency
system has better characteristics in resisting output fluctuations.
As shown in Fig. 6, the outputs decrease with increasing power.
Higher output power means higher output fluctuations. Thanks
to the band-stop filter design, the dual-frequency system can
be seen as a superposition of two mutually independent single-
frequency systems. Each single-frequency system is responsible
for half of the output power, which means lower output fluctua-
tions.

Fig. 11 shows the output fluctuations of dual-frequency sys-
tem with CC outputs and the dual-frequency system with CV
outputs. The same system parameters are employed in both the
CC and CV systems, except for the compensation inductor Lg
and the compensation capacitor Cg. The power distribution is
configured as described before. The maximum output fluctua-
tions of CV system and CC system are 8.17% and 4.00%. Due
to the circuit topology of the CC system, the effect of parasitic
resistance on the outputs is minimized.

IV. MAGNETIC COUPLERS

The proposed magnetic couplers are shown in Fig. 12. Similar
to the circuit topology, there are also two types of couplers
corresponding to the power modules and load modules. The
coupler of the power module is simply composed of a ferrite plate
and a bipolar coil. In contrast, the coupler of the load modules
comprises multiple coils. The couplers are with a size of 200 x
200 mm. The transfer distance is 40 mm. To avoid the use of
discrete inductors, compensation inductors are integrated into
the coupler to increase power density.
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Fig. 12.  Proposed magnetic couplers.
TABLE I
COUPLING COEFFICIENT MATRIX
k LT LR Ll Lz LS
Ly 1 0.0056 0.0091 0.0076 0.0011
Lr 0.0056 1 0.0040 0.0005 0.0094
L 0.0091 0.0040 1 0.0037 0.0018
L, 0.0076 0.0005 0.0037 1 0.0005
Ls 0.0011 0.0094 0.0018 0.0005 1

There are three typical methods used for decoupling design in
WPT systems. The first method is magnetic field cancellation.
The physical definition of the mutual inductance is the ratio
of the mutual flux linkage to the current. Therefore, when the
mutual flux is zero, the mutual inductance goes to zero and the
coils become decoupled. Take the decoupling of the bipolar
coils along different axes as an example. When the two coils
completely overlap, one half of the flux is positive and the other
half is negative. The two components are equal and opposite.
The sum of the mutual magnetic flux is zero and the two coils
realize decoupling. L, Lr, L1, and Lo are designed as bipolar
coils placed along different directions. Thus, the load modules
are placed in a rotation of 90 degrees along the center axis in
sequence. The coupling between L1, Lo and L relies on ferrite
for shielding. The second approach is that coils are arranged at
a sufficient distance to eliminate the cross-coupling, like L; and
Ls. The last method is using solenoid coils. The magnetic field
direction of the solenoid coil is spatially orthogonal to that of the
planar coil, and there is no cross-linking of the magnetic flux,
which naturally decouples the coils. Lg is designed as a solenoid
coil. The Lg is divided into two parts placed on both sides of the
coupler with the currents in opposite directions.

The cross-coupling of different coils is given in Table 1. All
the values of cross-coupling are small enough to lie within the
range that can be considered decoupled (Jk| < 0.01). Considering
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Fig. 13.  Photograph of the experimental setup.
TABLE II
PARAMETERS OF EXPERIMENTAL SETUP
Symbol Value Symbol Value Symbol Value

Viny 45V fi 200 kHz 1 306.1 kHz
RL 25~75Q Lro 35.67 uH Lty 35.89uH
Lri 35.57 uH Lg> 36.23 uH Moy 14.26 uH
M, 14.25 uH Ly 21.38 uH Ly 22.03 uH
L 22.23 uH Ly 22.55uH Ls. 69.45 uH
Ls 91.72 uH Cro 12.90 nF Cn 12.70 nF
Cri 12.835 nF Cra 12.573 nF Ci 30.906 nF
Coy 12.594 nF Cia 29.203 nF Caa 12.370 nF
Cs. 4.017 nF Csa 5.490 nF

the current withstand capability of the coil, system efficiency,
and output current fluctuation, the turns of Lt, Lr, L1, and Lo
are setto 6, 6, 12, and 12, respectively. The turns of Lg are 9 and
11 in the case of Lg.gp and Lg_pp, respectively.

V. EXPERIMENTAL VERIFICATION

A power relay system containing two load modules is built,
as shown in Fig. 13, and the parameters of the experimental
setup are given in Table II. All the coils were wound from Litz
wires to get high-quality factors. The signals are generated by a
digital signal processor TMS320F28335. The system is powered
by the bidirectional dc power supply Chroma 62180D. The
input, the outputs, and the efficiency are measured by precision
power analyzers Yokogawa WT5000. To verify the feasibility of
selective CC output in various cases, the following experiments
are designed.

1) Rr1.1 and Ry, 1.0 are varied from 25 to 75 €2, other loads

are fixed at 25 Q).
2) Rr.o.1 and Ry,5.o are varied from 50 to 100 €, other load
are fixed at 25 2.

In mode 1, Ry,1.; and Ry,;.2 are not powered, and the load
variation is meaningless, which can be discarded. Ryo.1 and
Rp,2.0 in mode 2 are the same. Thus, these two situations are not
discussed.

The output current variations in each mode are shown in
Figs. 14 and 15. In mode 1, when Ry,5.; and Ry,5.o are varied
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from 25 to 75 €2 with the others assigned to 25 €, Irpo1
decreased from 0.541 to 0.511 A and Igy,2.o decreased from
0.497 to 0.467 A. « is 2.851% and 3.134%. In contrast, the
maximum of Iry,1.1 and Iry,1.2 is 0.038 A, significantly lower
than the output currents. Similarly, in mode 2, when Ry,;.; and
Ry, 1.2 are varied from 50 to 100 2 with the others assigned to 25
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Q, Ir1,1.1 decreased from 0.835t00.785 A and I gr,1.2 decreased
from 0.766 to 0.722 A. «v is 3.080% and 2.952%. The maximum
of Ir1,2.1 and I 1,2.0150.041 A. The system can achieve selective
power transfer by switching between the different modes. I'r1,2.1
and I p1,2.2 are unaffected by the variation of Ry,1_1 and Ry, 1.2, as
shown in Fig. 15(a). Similarly, /5,11 and Ir1,1.2 are unaffected
by the variation of Ry 1 and Ry 2.0, as shown in Fig. 15(b).
Overall, the maximum « of the system is 4.78%, and most of
the output current fluctuations are less than 3%, which is an
acceptable value.

Fig. 16 shows the system efficiency and output power for
each experiment group. It is easily obtained that the system
can achieve a maximum efficiency of 85.58% and a maximum
output power of 99.64 W, which is qualified as an auxiliary
power supply. Fig. 17 shows the experimental waveforms of the
inverter output and loads. In Fig. 17(c), the waveforms of Ry,1.1
contain only frequency f, components, and the waveforms of
Rr,2.1 contain only frequency f; components so that the filter
networks can handle the unwanted frequency components as
well as the harmonic components from the inverter well.

VI. CONCLUSION

A multioutput WPT system with CC characteristics has been
proposed in this article for auxiliary power supply in medium-
and high-capacity power applications. CC output in dual fre-
quencies is achieved using S—P topology and P-P topology.
Passive components are added to compensate for reactive power
and to avoid the failure of soft switching. The band-stop filter
network allows the system to control the power distribution
flexibly. Various decoupling methods are used to integrate the
compensation inductors into the coupler. A WPT system con-
taining two load modules is constructed, and the experiments
demonstrate that the proposed system can achieve high effi-
ciency and multiple decoupled CC characteristic outputs.
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