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Abstract—For an inductive power transfer (IPT) system, mobil-
ity is one of the most attractive features, but coupling variations
can dramatically affect the system’s output. In this article, a recon-
figurable rectifier-based detuned series-series (SS) compensated
IPT system is proposed to tolerate an extensive coupling range
and improve the system efficiency simultaneously. The reconfig-
urable rectifier, which can operate in a full-bridge rectifier mode
or a half-bridge rectifier mode, is used to alter the equivalent ac
load from one value to the other so the expected coupling range
of the detuned SS topology can be extended. At the same time,
the system efficiency is also partly improved because the ac load
is changed to get closer to the optimal load of the IPT system.
First, a detuned SS IPT system with the reconfigurable rectifier
is presented and followed by the analysis of the working modes.
Then, a detailed parameter design process and switching control
of the reconfigurable rectifier are introduced. Finally, a 400-W
prototype was constructed to verify the validity of the proposed
method. The experimental results demonstrate that the output
power fluctuation of the proposed IPT system is less than 17.5%
and the lowest efficiency can be improved from 68.6% to 87.5%
with the coupling coefficient varying from 0.1 to 0.4. The proposed
method can implement significant antimisalignment and efficiency
improvement simultaneously, and it is regarded as a potential
solution for low-power IPT applications with high spatial mobility.

Index Terms—Antimisalignment, efficiency improvement,
inductive power transfer (IPT), reconfigurable rectifier.

I. INTRODUCTION

INDUCTIVE power transfer (IPT) technology can deliver en-
ergy from power sources to loads through magnetic coupling
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without contact, drawing much attention in recent years. It is
widely adopted in numerous applications such as biomedical
implants, consumer electronics, electric bicycles, and electric
vehicles due to its convenience and flexibility [1], [2], [3],
[4], [5].

In an IPT charging application, relatively stable transferred
power is one of the critical concerns. The relative position of the
primary and secondary coils is arbitrary, and the misalignment
usually happens in lateral, longitudinal, and vertical directions.
The coupling variation may cause reductions in transmission
power and system efficiency.

Control schemes are commonly used in IPT systems to resist
coupling variations. A dc–dc converter [6] or variable inductor
[7] on the primary or secondary side can regulate the output
versus misalignment. Besides, the phase shift control [8] for
the inverter or the active rectifier is applied to adjust the output
power. These approaches usually require an extensive range of
modulation depth against a large coupling variation, which can
degrade the efficiency [9]. Moreover, real-time communication
is desired if the controller is on the primary side, and an addi-
tional dc–dc converter or variable inductor will increase system
cost, size, and complexity [10], [11]. Preferred methods to im-
prove displacement tolerance are coil design and compensation
topology so the IPT system can hold the inherent characteristic
of antimisalignment, simplifying the control schemes.

Concerning coil design, the fundamental principle is to build
a relatively uniform magnetic field for the secondary coil. Based
on the superposition of magnetic flux, double-D coil, bi-polar
pad, and coil array are proposed [12], [13], [14]. Besides, the
unsymmetrical coil can also build a uniform magnetic field
within a specific range [15]. In addition, using flux cancellation
can also create a nearly constant mutual inductance between
the primary and secondary coils [16], [17]. However, these
methods always have dedicated requirements on the coil design,
and most of them only can tolerate either vertical or horizontal
misalignment.

Apart from the coil design, a hybrid compensation topology
integrated with two topologies with specifically designed coils
can alleviate the power drop. The two topologies have opposite
trends in outputs versus misalignment so that the total output can
remain constant within a wide range of coupling [18]. For exam-
ple, it can be the combination of LCC-LCC and SS topologies
with input-parallel/series-output-parallel/series structure [11],
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Fig. 1. (a) The reconfigurable rectifier-based SS compensated topology. (b)
FBR on the secondary side, and (c) asymmetrical HBR on the secondary side.

[19], or LCC-S and S-LCC topologies with input-parallel/series-
output- series/parallel structure [20], [21]. Furthermore, four-
coil couplers are proposed to improve the misalignment toler-
ance [22], [23]. Nevertheless, these approaches require many
passive components, and the design for the coils is rigorous.

As an alternative solution, parameter optimization of compen-
sation topologies can achieve stable transmission power against
coupling variation. It does not need a unique coil design, addi-
tional coil, or complicated topology. With a dedicated parameter
design method, the compensation topology can automatically
regulate the primary coil current to keep the power stable within
the predetermined coupling range [24]. Topologies, such as SS,
LCC-S, and X-type are presented with detailed parameter design
methods in [10], [24], and [25], where the fluctuation of the
output power is no more than 20% with 200% or 250% coupling
variation. Moreover, particle swarm optimization is also applied
for parameter design [26]. However, the allowable coupling
range of these approaches is still desired to enhance.

Reconfigurable topologies are proposed to increase the vari-
able coupling range with relatively constant output [27], [28].
The reconfigurable topology has two transfer power-coupling
coefficient (P–k) curves of two topologies, and switches may
be used to alter one topology to the other one, leading to more
components involved in these topologies.

Moreover, when the coupling factor changes, the system
efficiency may drop because the impedance matching condition
is missed. In [29], a new coil IPT system with dual transmitters
and dual receivers with integrated decoupling coils is proposed
to maintain efficiency versus misalignment. Besides, a novel
S-S-LCLCC compensated three-coil IPT system is presented in
[30] to improve the efficiency stiffness against load variation and
misalignment. It would be better if the misalignment tolerance
and efficiency were improved simultaneously for the IPT system
using a straightforward method.

This article proposes a reconfigurable rectifier-based detuned
SS compensated IPT system to resist an extensive coupling range
with relatively high efficiency. The reconfigurable rectifier can
be a full-bridge rectifier (FBR) or an asymmetric half-bridge

rectifier (HBR). It is used to alter the equivalent ac load from
one value to the other so the expected coupling range of the
detuned SS topology can be extended. With the improvement
of the misalignment tolerance, the system efficiency is also
partly improved simultaneously because the ac load is changed
to get closer to the optimal load of the IPT system. Compared
to the prior methods, the proposed approach does not require
complicated control, dedicated coil design, or complex topology.

The rest of the article is organized as follows. Section II
presents the proposed reconfigurable rectifier-based detuned SS
topology and offers a detailed analysis. The parameter design
procedure for the IPT system is elaborated theoretically in
Section III. In Section IV, a 400-W prototype is constructed
to verify the theoretical performance. Finally, the conclusion is
drawn in Section V.

II. THEORETICAL ANALYSIS

A. Proposed Reconfigurable Rectifier-Based Detuned
SS Topology

Fig. 1 depicts an SS compensated IPT system with a recon-
figurable rectifier. The high-frequency inverter is formed with
four MOSFETs (Q1 - Q4), where E and Uo are the input and
output dc voltage. Up and Ip are the high-frequency input voltage
and current of the SS topology, while the Us and Is are the
high-frequency output voltage and current. The loosely coupled
transformer consists of the primary coil Lp and the secondary
coil Ls, and M is the mutual inductance between the two coils.
Capacitors Cp and Cs are used to compensate for the inductances
of the primary and secondary coils. Three diodes (D1-D3), one
switch Q5, and one capacitor Cf compose the reconfigurable
rectifier. Rac and Rdc are the equivalent ac load and dc load,
respectively.

Compared to the traditional FBR, the rectifier diode D4 is
substituted by a switch Q5. There are two configurable structures
in the IPT system, as shown in Fig. 1(b) and (c). When Q5 is
turned OFF, an FBR occurs, and the ac load is noticed as Rac-f.
The relationship between the input ac voltage/current and output
dc voltage/current of the FBR can be expressed as [9]{

Us−f = 2
√
2

π Uo−f

Is−f = π
√
2

4 Io−f

. (1)

Then, the input ac load of the FBR can be derived by using
the ratio of Us-f to Is-f, i.e.,

Rac−f =
8

π2
Rdc. (2)

When Q5 is kept in the ON state, an asymmetrical HBR can be
formed, and the ac load becomes Rac-h. The relationship between
the input ac voltage/current and output dc voltage/current of the
HBR can be given as [9]{

Us−h =
√
2
π Uo−h

Is−h = π
√
2

2 Io−h

. (3)

Similarly, the ac load of the HBR can be obtained as

Rac−h =
2

π2
Rdc. (4)
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According to (2) and (4), it implies that a large or small ac
load can be configured flexibly by turning ON or turning OFF

switch Q5.

B. Working Modes Analysis

The fundamental harmonic approximation is employed to
analyze the system. According to Kirchhoff’s voltage law, the
SS topology in Fig. 1(a) can be expressed by[
Up

0

]
=

[
j (XLp−XCp)+Rp −jXM

−jXM j (XLs−XCs)+Rs+Rac

][
Ip

Is

]
(5)

where{
XLp = ωLp, XCp = 1

ωCp
, XM = ωM

XLs = ωLs, XCs =
1

ωCs
, M = k

√
LpLs, ω = 2πf

.

(6)
f and k are the operating frequency and the coupling coefficient.

The secondary capacitor Cs is designed to fully compensate
the secondary coil because it can decline the ac–ac efficiency
of the SS compensated IPT system if the secondary side has
reactance [31]. A detuning design is employed on the primary
side for antimisalignment improvement [10], i.e.,

XLs −XCs = 0 (7)

α = 1− XCp

XLp
(8)

where α is called the detuning ratio.
The input impedance Zin and corresponding phase angle θin

can be obtained as⎧⎨
⎩

Zin =
Up

Ip
=

XLpXLsk
2

Rac
+ jαXLp

θin = arctan
(

αRac

XLsk2

) . (9)

Substituting (7) into (5), the output power Ps of the system
can be derived as

Ps =
RacXLpXLsU

2
pk

2

α2X2
LpR

2
ac + (XLpXLsk2)

2 , (10)

which indicates that the output power can be treated as a function
of coupling coefficient k (0 < k <1), namely, Ps(k). By setting
the derivative of Ps(k) to 0, we can obtain an inflection point
kinflec, i.e.,

kinflec =

√
αRac

XLs
. (11)

When k < kinflec, Ps’(k) > 0, and when k > kinflec, Ps’(k) <
0, so the output power can reach the maximum value Psmax at
the inflection point kinflec. We have

Psmax =
U2
p

2αXLp
. (12)

In FBR mode, the ac load Rac-f is equal to (8/π2)Rdc. In
HBR mode, the ac load Rac-h satisfies Rac-h = (2/π2)Rdc. The
relationship between the two ac loads is Rac-f = 4Rac-h. Except
for the ac load Rac, other components and input dc voltage E are
the same. Then, the key parameters of the output power curves

TABLE I
KEY PARAMETERS OF THE OUTPUT POWER CURVES IN TWO MODES

Fig. 2. Two curves of the detuned SS topology in different modes.

with two modes are given in Table I. With the increase of the
ac load, the new inflection point kinflec becomes larger, which
means the new power vs. coupling (P–k) curve will move to the
right of the original P–k curve. The two curves are outlined in
Fig. 2, where kmin and kmax are the minimum and maximum
values of the allowed coupling variation range.

As shown in Fig. 2, the two curves have an intersection at
kcross, which can be acquired as

kcross =

√
2αRac

2
√
XLs

. (13)

By substituting (13) into (10), the corresponding output power
Pcross can be obtained, so we have

Pcross =
2U2

p

5αXLp
= Ps−h (kmin) = Ps−f (kmax) (14)

where

kmin =

√
2αRac−h

4
√
XLs

(15)

kmax =

√
2αRac−f√
XLs

. (16)

If the parameters are appropriately designed, the system can
operate at the top of the P–k curves with the required power
fluctuation to cover a large coupling range. The ac load should
be altered from one value Rac-f to the other value Rac-h so the
IPT system can hold the small fluctuation part of the two curves.
Therefore, on the basis of the abovementioned conclusion, when
the coupling coefficient k is located in [kmin, kcross], the asym-
metrical HBR is active; when k grows, and the coupling range
belongs to [kcross, kmax], the FBR operates.
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Fig. 3. Equivalent SS compensated IPT system.

III. SYSTEM DESIGN AND SWITCHING CONTROL

A. Design Consideration of the Efficiency

To analyze the system efficiency, the internal resistances of
the primary and secondary coils cannot be ignored, which are
defined as Rp and Rs, as depicted in Fig. 3.

The efficiency from ac input to ac output can be calculated as

η =
RacXLpXLsk

2

(Rs +Rac) (XLpXLsk2 +RpRs +RpRac)
. (17)

There exists an optimal value Rac-opt, that maximizes (17),
and the value is given by

Rac−opt =

√
Rs

Rp
(XLpXLsk2 +RpRs). (18)

If the primary and the secondary coils are nearly the same, we
have Rp ≈ Rs. And the product of Rp and Rs is small enough,
(18) can be further simplified as

Rac−opt ≈ k
√

XLpXLs. (19)

According to (19), we can conclude that when the coupling
coefficient k changes with fixed ac load, the impedance matching
condition is missed, and the efficiency will drop dramatically
with a large coupling variation. However, if the value of the ac
load Rac is altered to get closer to Rac-opt, it can lead to higher
system efficiency [9]. Therefore, in the FBR mode, the ac load
Rac-f is set as

Rac−f ≈ kmax

√
XLpXLs. (20)

B. Parameter Design

To design the parameters, some system parameters should be
predetermined, including the operating frequency f, the induc-
tance of the primary coil Lp, the inductance of the secondary coil
Ls, the maximum coupling coefficient kmax, and the maximum
output power Pmax.

Then, substituting (16) into (20), we can obtain

Rac−f = 2αXLp. (21)

Combined with (16), (20), and (21), the detuning ratio α is
determined as

α =

√
k2maxXLpXLs

2XLp
. (22)

Afterward, according to the following steps to calculate the
parameters, the corresponding flowchart is shown in Fig. 4.

1) Use (6) and (7) to calculate the value of the secondary
capacitor Cs.

Fig. 4. Flowchart of the parameter design.

Fig. 5. One implementation of switching between two modes.

2) Use (6) and (22) to calculate the detuning ratio α.
3) Use (6) and (8) to calculate the value of the primary

capacitor Cp.
4) From (2) and (21), the dc load Rdc can be obtained ac-

cordingly.
5) Use (4), (15), and (13) to calculate the minimum coupling

coefficient kmax, and the intersection kcross of the two
curves.

C. Switching Control

The switching between the two modes is decided by the
coupling coefficient k. When k is located in [kmin, kcross] or
[kcross, kmax], the output power range is [Pmin, Pmax]. Instead
of estimating the coupling coefficient, the output power is the
primary concern so that the output power can be applied to
determine the switching time. Uo and Io are measured to estimate
the output power. Fig. 5 illustrates one possible implementation
of the switching, where the flowchart of the controller is outlined
in Fig. 6. Use Uo and Io to evaluate the output power Po. By
comparing the estimated Po with the maximum and minimum
power Pmin and Pmax, the switching controller decides the
switch Q5 should turn ON/OFF or stay as it is. After the operation
of Q5, if Po is still not located in [Pmin, Pmax], the IPT system
should be shut down because k is not within the predetermined
coupling range. In addition, the load Rdc of the proposed method
is required to be fixed, so only the voltage Uo or current Io is
measured to estimate the output power.
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Fig. 6. Flowchart of the controller for the switching.

Fig. 7. Experimental prototype.

TABLE II
IPT SYSTEM SPECIFICATION AND PARAMETER VALUES

IV. EXPERIMENTAL VALIDATION

A. Experimental Prototype

To validate the availability of the proposed method, a 400-W
IPT system was constructed, as shown in Fig. 7. The MOSFETs
Q1 – Q5 are C2M0080120D, and the rectifier diodes D1 – D3 are
C4D20120D. The dc load Rdc is replaced by an electronic load
(IT8816B). A digital power analyzer, PW6001 of HIOKI, is used
to analyze the power and efficiency of the system. The system
parameters in the experiment are given in Table II. Based on
the parameter design procedure, the allowable coupling range is

Fig. 8. Simulation model of the circular coils.

Fig. 9. Measured and simulated coupling coefficients versus horizontal mis-
alignment and air gap.

from 0 .1 to 0.4. The coupling of the operating region is 0.1–0.2
when switch Q5 is ON, and that is 0.2–0.4 when Q5 is OFF.

The primary and secondary coils are both circular coils
wounded with 16 turns Litz wire (AWG 43), and the
corresponding out radius is 100 mm, as shown in Fig. 8. The coil
resistances Rp and Rs are 0.12 and 0.11Ω, respectively. Since the
circular coils are symmetric, the misalignment performances on
the X- and Y-axis are the same. The measured and simulated
coupling coefficients versus horizontal misalignment and air
gap are outlined in Fig. 9. It indicates that the overall tendency
of measured coupling variation with misalignment is in good
agreement with the simulated ones.

B. Experimental Results

Fig. 10 shows the steady-state experimental waveforms of
the output current/voltage of the inverter and the input cur-
rent/voltage of the reconfigurable rectifier with different co-
efficient factors, where the load resistance is Rdc = 30 Ω. In
Fig. 10(a)–(c), the reconfigurable rectifier operates in HBR mode
and the corresponding coupling coefficients are 0.10, 0.15, and
0.20, respectively. In Fig. 10(d) and (e), the IPT system works in
FBR mode and the corresponding coupling factors are 0.2, 0.29,
and 0.40 separately. It can be found that the input impedance of
the system is inductive, which is beneficial to the implementation
of zero voltage switching (ZVS) for the high-frequency inverter.
Besides, it can be found that with the drop of the coupling
factor, the phase angle of the input impedance of the inverter
grows larger, leading to more reactive power. Additionally,
Fig. 11 depicts the experimental waveforms of the MOSFET Q4

in HBR and FBR modes with different coupling factors. It is
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Fig. 10. Experimental waveforms of Up, Ip, Us and Is @ Rdc = 30 Ω. (a)
HBR with k = 0.10. (b) HBR with k = 0.15. (c) HBR with k = 0.20. (d) FBR
with k = 0.20. (e) FBR with k = 0.29. (f) FBR with k = 0.40.

Fig. 11. Experimental waveforms of MOSFET Q4. (a) k = 0.1 in HBR mode.
(b) k = 0.2 in HBR mode. (c) k = 0.2 in FBR mode. (d) k = 0.4 in FBR mode,
where vDS_Q4 and vGS_Q4 are the voltage of the MOSFET and corresponding
gate drive signal.

apparent that ZVS turn-ON for the semiconductor switches is
implemented within the whole allowable coupling range [0.1,
0.4].

Fig. 12(a) and -(b) shows the transient waveforms of switching
from the FBR mode to HBR mode and then back to FBR mode.
It can be found that the output dc voltage Uo and dc current
Io are nearly constant. When the FBR is changed to the HBR,
the voltage Us is halved while the current Is is doubled. The
reason for the doubled current is that the ac load is altered
from Rac-f (Rac-f = 4Rac-h) to Rac-h. Fig. 12(c) and (d) are

Fig. 12. Transient waveforms of switching between the full-bridge and HBRs.
(a) AC voltage/current, (b) DC voltage/current of the reconfigurable rectifier.
(c) Zoom-in waveforms of the ac voltage/current. (d) Zoom-in waveforms of the
dc voltage/current.

Fig. 13. Measured (a) output power and (b) efficiency with different coupling
coefficients in the experiment.

the corresponding zoom-in waveforms from the FBR mode to
the HBR mode. Current oscillation can be observed, and it takes
around 200 μs from the transient state to go back to the steady
state.

The output power and dc–dc overall system efficiency of
the IPT system versus misalignment are outlined in Fig. 13.
When the coupling range is [0.1, 0.2], the asymmetric HBR
is in operation. The maximum power is about 393 W, and the
minimum value is around 330 W. When the coupling range is
[0.2, 0.4], the FBR is used. The maximum and minimum power
is about 400 W and 330 W, respectively. The power fluctuation of
the system with the reconfigurable rectifier can be calculated as
(400-330)/400= 17.5%. Nevertheless, if only the HBR (or FBR)
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Fig. 14. Measured output power with different loads.

works within the coupling range [0.1, 0.4], the power fluctuation
is 71.7% (or 75.5%). The proposed method can remarkably
improve the antimisalignment ability of the system.

As for the efficiency shown in Fig. 13(b), the efficiency
of the system using the HBR is [87.5%, 92.4%] within the
coupling range [0.1, 0.2], while the efficiency with the FBR is
[68.6%, 90.2%] in the same range. The maximum efficiency
improvement is about 19.2% when k = 0.1. Likewise, the
efficiency of the FBR is [90.2%, 95.6%] within the coupling
range [0.2, 0.4], while the efficiency of the HBR is [91.9%,
92.0%]. The maximum efficiency improvement is around 3.6%
with k = 0.4. Hence, the proposed approach can improve the
transfer efficiency of the IPT system with different coupling
factors, and the effect is significant with a low coupling factor.

Combining Fig. 9 with Fig. 13, we can obtain the allowed
ranges of the horizontal misalignment and air gap with stable
output power. For example, the allowed X/Y misalignment range
is [0 cm, 9 cm] when the air gap is 5 cm; the X/Y misalignment
range is [0 cm, 8 cm] when the air gap is 7 cm. It should be
emphasized that the coupling coefficient is the main concern in
the proposed method, and the circular coil is just an example
utilized to build the experimental prototype. For different coil
pads, the variation tendencies of the coupling coefficient against
the misalignment are different. If a larger misalignment range
is required, coil structures, such as DD pad [13], three-coil pad
[16], and unsymmetrical pad [15] could be applied.

Fig. 14 depicts the measured output power of the IPT system
with different loads, which are 20 and 40 Ω, respectively. It
demonstrates that with the increase of the load, the P–k curve
will move to the right, and it will shift to the left with the drop
of the load. While the maximum allowed coupling coefficient is
still nearly four times the minimum allowed coupling coefficient.
Combined with the P–k curve under the dc load of 30 Ω, the
influence of the changes in load resistance on the maximum
output power is relatively small. It should be noticed that if
the IPT system is required to operate within the predetermined
coupling range, the dc load is preferred to be fixed.

Some representative steady-state experimental waveforms of
the output current/voltage of the inverter and the input cur-
rent/voltage of the reconfigurable rectifier with different coef-
ficient factors and loads are given in Fig. 15. In Fig. 15(a) and
(b), the dc load Rdc is 20 Ω and the corresponding coupling

Fig. 15. Experimental waveforms of Up, Ip, Us, and Is. (a) HBR with k= 0.12
@ Rdc = 20 Ω. (b) FBR with k = 0.22 @ Rdc = 20 Ω. (c) HBR with k = 0.18
@ Rdc = 40 Ω. (d) FBR with k = 0.38 @ Rdc = 40 Ω.

Fig. 16. Measured transfer efficiency with different loads.

coefficients are 0.12 (in HBR mode) and 0.22 (in FBR mode).
In Fig. 15(c) and (d), the load is 40 Ω and the corresponding
coupling coefficients are 0.18 (in HBR mode) and 0.38 (in FBR
mode), respectively. As evident from the waveforms, the input
impedance of the IPT system is still inductive. Moreover, the
corresponding measured transfer efficiency (dc–dc) with differ-
ent loads is outlined in Fig. 16. We can find that the efficiency is
distinctly improved using the proposed method under different
loads, especially with a low coupling coefficient, thereby still
offering satisfying performance.

C. Discussion and Comparison

If the IPT system does not need precise output and the output
is allowed to vary within a certain range, the proposed method
can be applied. In that case, there are no additional converters or
complicated control. Only the rectifier diode D4 is substituted
by a switch Q5. It takes advantage of the detuned SS compen-
sation topology with misalignment tolerance, and there is no
complicated control in the proposed system. The hardware and
software requirements are low compared to traditional control
schemes, and it can relieve the control pressure if the control
scheme is applied together. Compared to methods of coil design,
this approach has no complicated design considerations, and
offset directions are arbitrary. Compared to hybrid compen-
sation topologies, the proposed system needs fewer coils or
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TABLE III
COMPARISON WITH OTHER METHODS REPORTED IN LITERATURES

components, and the coil design is simple. Besides, the proposed
method has a more extensive allowable coupling variation range
than the parameter optimization method for compensation topol-
ogy. Compared to the reconfigurable topologies, this approach
has fewer components, thereby lower cost. Detailed comparison
results are given in Table III. It has high spatial freedom for
achieving a relatively constant output power against a large
coupling variation.

It should be emphasized that the proposed method is different
from [9]. The idea in the literature [9] is only to improve the
IPT system’s efficiency based on a proper selection between
full-bridge and half-bridge modes of the inverter and rectifier.
However, this article is to realize the anti-misalignment and
efficiency improvement simultaneously using the detuning SS
topology and reconfigurable rectifier. The proposed approach is
more straightforward, cost-effective, and simpler to control.

Admittedly, the detuned SS topology and reconfigurable rec-
tifier result in much reactive power and active switch. Therefore,
the proposed approach is not intended for high-power applica-
tions. The key objective of this article is to provide a robust power
transfer characteristic and relatively high efficiency versus large
misalignments. It is noticed that the proposed method is suitable
for low-power applications with relatively constant loads, where
steady and sufficient transferred power is the top priority. For
example, in applications that are some scenarios where receivers
are randomly placed such as lighting or kitchen equipment [24],
[27], [32].

V. CONCLUSION

In this article, a reconfigurable rectifier, which can change
ac load by altering from the FBR to the HBR, is proposed in
the detuned SS compensated IPT system for antimisalignment
and efficiency improvement. Complicated control, dedicated
coil design, or complex topology is not required. This article
revealed that the output power of the detuned SS topology can
remain relatively stable at the top of the P–k curve within a
relatively small coupling range, and by changing the equivalent
ac load of the detuned SS topology, a new P–k curve could
be created. Therefore, taking advantage of the two curves, this
article realizes stable output power versus an extensive coupling
range by adopting the reconfigurable rectifier. Meanwhile, with
the ac load being transformed to be closer to the optimal load,
system efficiency is also enhanced since the ac load is changed
to get closer to the optimal load of the system. In the experiment,
the coupling changes from 0.1 to 0.4, the power fluctuation is less
than 17.5%, and the corresponding efficiency range is [87.5%,
95.6%] with the reconfigurable rectifier, while the power fluctua-
tion is larger than 70% and the efficiency range is [87.5%, 92.4%]
or [68.6%, 95.6%] with the HBR or FBR. The results indicate
that a significant anti-misalignment and a prominent efficiency
improvement can be achieved with the help of the proposed
approach. The detuned SS topology with the reconfigurable
rectifier owning a robust response to a large coupling variation
range makes it suitable for low-power IPT systems that demand
relatively stable output power under frequent position variation.
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