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Abstract— This paper proposes a wireless power repeater
system for long-distance and multiple-load applications with
equal power load at each repeater. Each repeater performs as
a power relay that not only receives and transmits power but
also supplies power to its local load. The main contribution of
this paper is to provide the design methodology of a distributed
power-relay system. First, it provides the mathematical model of
the power distribution among the power relays, indicating that
the inductances and resistances can affect the power distribution.
Second, it provides the power transfer capability of a power-relay
system based on the quality factor and efficiency requirement,
indicating the maximum achievable number of power relays in a
system. Aiming at practical applications, this paper provides the
guideline for the circuit parameter design to achieve equal power
distribution. Two typical examples are proposed to realize equal
power distribution. The identical Mn and different Rn examples
are selected for implementation. The coil size is 400 mm ×
400 mm, and the eight power relays achieve a transfer distance
of 3.2 m with a total power of 760 W and an efficiency of 70%.
Experimental results validate that equal power distribution is
achieved for the multiple loads across a long distance. Each power
relay dissipates about 95-W power in its local load with a power
variation limited to ±2%.

Index Terms— Equal power distribution, long distance,
magnetic field repeater, multiple loads, power relay.

I. INTRODUCTION

INDUCTIVE power transfer (IPT) technology utilizes high-
frequency magnetic fields to transfer power and has been

widely used in both low- and high-power applications to
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charge the electronic devices and electric vehicles [1]–[3].
The switching frequency is in the kilohertz to megahertz
range, resulting in a near-field IPT system. The effective
transfer distance is, therefore, around the physical size of the
transmitter [4], [5]. Usually, the system power and efficiency
decrease with an increasing transfer distance because the
coupling coefficient between the transmitter and receiver coils
drops rapidly with distance [6], [7]. For example, a dipole
transmitter with a size of 2 m can deliver several Watts
power to a load at several meters away with relatively low
efficiency [8]. To achieve effective long-distance wireless
power transfer, the magnetic field repeater system can be a
good solution [9], [10], and it mainly has two advantages.

First, the magnetic field repeater system can transfer power
with acceptable efficiency for a long-distance application. In a
general IPT system, the magnetic field strength attenuates
with an increasing distance, leading to the decreasing of
power and efficiency. However, due to the appearance of
repeater coils, the magnetic field can be continuously enhanced
along the power transfer route [11]–[13]. Therefore, sufficient
power transfer can be realized, and the efficiency can be
improved [14], [15].

Second, the magnetic field repeater system has the capability
to supply power to multiple loads [16], [17] and guide the
power transfer direction [18]. Each repeater acts as a power
relay that not only has interactive power exchange with the
other coils but also provides part of the received power to
its local load, resulting in a single-input multiple-output or
distributed IPT system [19]–[22]. Therefore, the balancing of
power distribution among different power relays is an impor-
tant design criterion in a multiple-load system. Meanwhile,
the power relays can be arranged in different shapes, and their
relative position can also vary, which provides the flexibility
in designing the system structure [23]–[25].

Compared to the previous literature [11]–[25], the main
contribution of this paper is the design methodology of a
distributed power-relay IPT system, which can be summarized
into two aspects.

First, it investigates the mathematic model of the power
distribution among the power relays with regard to the circuit
parameters, such as the coil inductances and load resistances.
Based on the calculated model, a guideline is provided
to design the circuit parameters in order to achieve equal
power distribution. Also, two design examples are provided
to validate the proposed method, showing that adjusting the
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Fig. 1. Structure of a long-distance magnetic field repeater system with a
transmitter and N power relays.

inductances and resistances can both help to achieve equal
power distribution.

Second, it studies the power transfer capability of a power-
relay system, considering the power loss in the passive compo-
nents and the efficiency requirement. It can answer a straight-
forward question—how many power relays we can support in
a system given the quality factor and efficiency requirement.
In other words, it provides the maximum achievable number of
power relays in an IPT system that can realize effective power
transfer at different values of the component quality factor.
This is very useful and valuable to guide us in designing a
power-relay system for the practical applications.

In addition, compared to the previous literature [11]–[25],
the other important contribution is that this paper aims at prac-
tical applications considering the power distribution property,
such as powering a series of electronic devices, which can
contribute to realizing a smart building [26], wireless TVs [27],
and other appliances [28]. Also, it can be used in the smart grid
area [29]. For example, in order to supply power to the gate
driver circuits of insulated gate bipolar transistors in a flexible
ac transmission system (FACTS), the power-relay solution is
a good choice with a reliable high-voltage isolation capability.
Since the gate drivers in a FACTS system usually require an
equal amount of power for each gate driver, this paper focuses
on an equal power distributed system to multiple loads. The
contribution of this paper is that a design methodology is
proposed for the inductances and load resistances to realize
an equal power distribution. Also, it provides the guideline to
adjust the equivalent load resistance and regulate the power
distribution, which can be realized by a dc–dc converter at the
output side.

II. WORKING PRINCIPLE OF A LONG-DISTANCE

POWER-RELAY SYSTEM

A. Magnetic Coupler Design

Fig. 1 shows a magnetic field repeater system with a
transmitter (L0) and N power relays (Li , i = 1, 2, . . . , N).

In this example, the length of the coils is defined as l,
the width is defined as w, and the distance between the
adjacent coils is defined as d . For simplicity, the coils can be
designed in a square shape, which means l = w. Therefore,
the distance ratio is defined as rd = d/l. Then, the finite-
element method is used to simulate the magnetic coupler,

Fig. 2. Maxwell-simulated coupling coefficient between the transmitter and
the power-relay coils at different values of distance ratio rd = d/ l.

Fig. 3. Circuit topology of a power-relay system with a transmitter and N
receivers.

in which ki j (i �= j ) represents the coupling coefficient
between the i th and j th coils. When the coil distance ratio
rd varies, the couplings between the transmitter coil L0 and
the following power-relay coils are shown in Fig. 2.

Fig. 2 shows that the coupling coefficient between the
adjacent coils is much larger than the other couplings. For
example, when the coil distance ratio rd is 1.0, k01 is 3.5%, and
k02 is only 0.05%. Considering the seven times difference, k02
can be neglected when rd is large enough. Therefore, only the
adjacent couplings need to be considered in this long-distance
system, and they are defined as kn = kn−1,n (i = 1, 2, . . . , N).

B. Circuit Working Principle—General Model of
Power Distribution

Using the designed magnetic coupler and the simplified
coupling model between coils, the circuit topology of the
power-relay system is shown in Fig. 3.

In Fig. 3, the resistance Rn (n = 0, 1, 2, . . . , N) represents
the power dissipation of each coil, and the parasitic resistance
of the passive component is neglected for simplicity. The
angular switching frequency is defined as ω0, and the capacitor
is defined as Cn (n = 0, 1, 2, . . . , N). Then, the resonant
relationship is expressed as

ω0 = 1√
LnCn

, n = 0, 1, 2, 3, . . . , N. (1)

Also, the mutual inductance between coils is defined as

Mn = kn
√

Ln−1 Ln, n = 1, 2, 3, . . . , N. (2)

The magnetic couplings are represented by the current
controlled voltage sources, as shown in Fig. 4.
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Fig. 4. Equivalent circuit topology of a power-relay system with behavior
sources.

Fig. 5. Power flow and distribution in a power-relay system.

The reflected impedance of the power relay is defined as Zn

(n = 0, 1, 2, . . . , N) and expressed as⎧⎨
⎩

Z N = 0

Zn−1 = (ω0 Mn)2

Rn + Zn
, n = 1, 2, 3, . . . , N.

(3)

In this system, the power transferred by each coil is defined
as Pn (n = 0, 1, 2, . . . , N), and the power dissipated by each
resistor is defined as PRn (n = 1, 2, 3, . . . , N). Therefore,
the power flow and distribution are shown in Fig. 5.

According to Figs. 4 and 5, the power ratio between the
adjacent relays is defined as γn (n = 2, 3, . . . , N)

γn = PRn−1

PRn
= Rn−1

Rn
· Rn + Zn

Zn−1
, n = 2, 3, . . . , N. (4)

By substituting the definition of Zn in (3), γn is simplified
as⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

γN = RN−1

RN
· R2

N

(ω0 MN )2 ·

γn = Rn−1

Rn

(
1 + 1

γn+1
+ 1

γn+1γn+2
+ · · · + 1

γn+1···γN

)2
R2

n

(ω0 Mn)2 ,

n = 2, .., (N − 1).

(5)

It shows that the power ratio γn is determined by the
resistance Rn and the mutual inductances Mn . Therefore, it
is meaningful to design Rn and Mn to regulate the power
distribution among the power relays. To achieve equal power
distribution, there is γn = 1 (n = 2, 3, . . . , N). Then,
the parameter relationship is

Rn−1 Rn =
(

ω0 Mn

N − n + 1

)2

, n = 2, 3, . . . , N. (6)

III. DESIGN EXAMPLES: EQUAL POWER

DISTRIBUTED SYSTEM

Section II-B shows the power distribution relates to
Rn and Mn . Therefore, this section will present three exam-
ples to illustrate the design method to achieve equal power
distribution.

Fig. 6. Normalized impedance Zn/R (n = 0, 1, 2, . . . , N − 1) at different
values of α.

Fig. 7. Power ratio γn (n = 2, 3, . . . , N ) among power relays at different
values of α with identical Rn and Mn .

A. Identical Rn and Mn

In the first example, it is straightforward to have identical
coils and load resistances, as shown in the following equation,
where α is defined as the ratio of impedance:⎧⎪⎨

⎪⎩
M = M1 = M2 = · · · = MN

R = R1 = R2 = · · · = RN

ω0 M = α · R.

(7)

According to (3), the sequence of Zn (n = 0, 1, 2, . . . ,
N − 1) is calculated as[

Z N−1 Z N−2 Z N−3 Z N−4 Z N−5 · · · ]
=

[
1

1

α2 + 1

α2 + 1

2α2 + 1

2α2 + 1

3α2 + 2

3α2 + 2

5α2 + 3
· · ·

]
· α2 · R.

(8)

It is further summarized in a general form as in (9),
as shown at the bottom of the next page. Therefore, for
different values of α, the normalized impedance Zn/R
(n = 0, 1, 2, . . . , N − 1) is shown in Fig. 6.

It shows that when N is large enough, the impedance Z0
is approaching a constant value defined as Z . For example,
when α = 1.0, there is Z = 0.618 R

Z = lim
N→∞ Z0(N) = −1 + √

1 + 4α2

2
· R. (10)

Considering the impedance relationship in (8), the power
ratio γn is calculated as

γn = PRn−1

PRn
= 1

α2 ·
(

1 + Zn

R

)2

, n = 2, 3, . . . , N. (11)

Then, according to the calculated Zn/R in Fig. 6, the power
ratio γn is illustrated in Fig. 7.
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Fig. 8. Example of power flow and distribution when α = 1.0 and N = 6 with identical Rn and Mn .

Similarly, when N is large enough, the power ratio
approaches a constant value. Fig. 7 shows that, in this identical
system, the power relay at the near end of the transmitter
dissipates more power than the far-end power relay. As a
special case, when α = 1.0 and N = 6, the power distribution
is calculated in (12) and shown in Fig. 8

[PR1 PR2 PR3 PR4 PR5 PR6]
= [64 25 9 4 1 1] · PR6. (12)

Fig. 8 shows that, in this identical system, most of the power
is dissipated by the first three power relays and it is difficult for
the following power relays to acquire sufficient power. When
the total number of power relays keeps increasing, the far-
end relays cannot receive any power. Therefore, this identical
structure is not suitable for the long-distance and multiple-load
applications.

B. Identical Rn and Different Mn

In the second example, the load resistances are designed
to be identical, but the mutual inductances are different. The
parameter relationship is expressed as

R = R1 = R2 = · · · = RN . (13)

According to (6), to realize equal power distribution,
the mutual inductance Mn (n = 2, 3, . . . , N) should satisfy

ω0 Mn = (N − n + 1) · R, n = 2, 3, 4, . . . , N. (14)

Since there is k = k1 = k2 = · · · = kN , the self-inductance
Ln (n = 1, 2, . . . , N) of each coil is calculated as follows.

When (N − n) is an even number, such as 2, 4, 6, . . . , the
self-inductance is expressed as

√
Ln = 2

1
· 4

3
· 6

5
· · · · · N − n

N − n − 1
· √L N . (15)

When (N − n) is an odd number, such as 3, 5, 7, . . . , the
self-inductance is expressed as

√
Ln = 3

2
· 5

4
· 7

6
· · · · · N − n

N − n − 1
· √

L N−1. (16)

Fig. 9. Normalized inductance Ln/L N of different power relays with
identical Rn and different Mn .

To simplify the coil design, it is assumed L N−1 = L N .
There is R = kω0 L N , and Ln (n = 1, 2, . . . , N) is summa-
rized as

Ln =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

4N−n
[
( N−n

2 )!]4

((N − n)!)2 · L N , N − n = 0, 2, 4, . . .

((N − n)!)2

4N−n−1
[
( N−n−1

2 )!]4 · L N , N − n = 1, 3, 5, . . ..

(17)

Therefore, the normalized inductance Ln/L N (n = 1,
2, . . . , N) is illustrated in Fig. 9.

Fig. 9 shows that when the number of power relays
increases, the self-inductances of the near-end power relays
tend to be much larger than those of the far-end ones. For
example, when the number is 9, the largest self-inductance
L1 = 13.4L9. Considering the inductance is proportional to
the square of the turn number, L1 needs to have 3.7 times
of turns compared to L9, which is difficult to realize in the
practical implementation.

C. Identical Mn and Different Rn

In the third example, the coils are designed to be identical
for easy implementation, and the load resistances are different,
resulting in the parameter relationship as follows, where α is
also defined as the impedance ratio:{

M = M1 = M2 = M3 = · · · = MN

ω0 MN = α · RN .
(18)

Zn =
α2 ·

(
1+√

1+4α2

2
√

1+4α2 ·
(

1+√
1+4α2

2

)N−1−n + −1+√
1+4α2

2
√

1+4α2 ·
(

1−√
1+4α2

2

)N−1−n
)

· R

1+√
1+4α2+2α2

2
√

1+4α2 ·
(

1+√
1+4α2

2

)N−1−n + −1+√
1+4α2−2α2

2
√

1+4α2 ·
(

1−√
1+4α2

2

)N−1−n
, n = 0, . . . , N − 1 (9)
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Fig. 10. Normalized resistance Rn/RN of different power relays with
identical Mn and different Rn .

Fig. 11. Equivalent circuit topology of a power-relay system considering the
parasitic resistances of passive components.

According to (6), to achieve equal power distribution, there
is RN−1 = α2 RN , and the other Rn should satisfy the
following relations.

When (N − n) is an even number (2, 4, . . .)

Rn =
(

1

2
· 3

4
· 5

6
· · · · · N − n − 1

N − n

)2

· RN . (19)

When (N − n) is an odd number (3, 5, . . .)

Rn =
(

2

3
· 4

5
· 6

7
· · · · · N − n − 1

N − n

)2

· α2 · RN . (20)

Therefore, when α = 1.0, the normalized resistance Rn/RN

is summarized and shown in Fig. 10.
Fig. 10 shows that, in order to achieve equal power distrib-

ution, the load resistance tends to decrease with the increasing
number of power relays. For example, when N = 9, there is
R1 = 0.075R9. Therefore, it requires regulating the impedance
of the load resistance to adjust the power distribution. In a
practical application, it can be achieved by connecting a
controllable dc–dc converter to each stage.

IV. DISCUSSION: POWER TRANSFER CAPABILITY OF A

MULTIPLE-RELAY SYSTEM

A. Impact of Parasitic Resistances

Considering the parasitic resistances of the passive compo-
nents, the circuit topology is shown in Fig. 11.

The quality factor of the passive components is defined as
Q, and the parasitic resistance is defined as rn

rn = ω0 Ln/Q, n = 0, 1, 2, 3, . . . , N. (21)

The reflected impedance is expressed as⎧⎨
⎩

Z N = 0

Zn−1 = (ω0 Mn)2

Rn + rn + Zn
, n = 1, 2, 3, . . . , N.

(22)

Fig. 12. Normalized resistance Rn/r0 of different power relays with
identical Mn and different Rn at different quality factor Q.

Then, according to (22), the power ratio between the
adjacent power relays is expressed as in (23), as shown at
the bottom of the next page.

To achieve equal power distribution, there is γn = 1
(n = 2, 3, . . . , N), and the parameter relationship is in the
following equation:⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

RN−1 = RN · (ω0 MN )2

(RN + rN )2

Rn−1 = Rn
(ω0 Mn)2[

(N − n)Rn + rn +
(

rn+1
Rn+1

+ · · · + rN
RN

)
Rn

]2 ,

n = 2, 3, .., (N − 1).

(24)

In an identical Mn and different Rn examples, the parasitic
resistance is represented by r0 = r1 = r2 = . . . = rN .
Fig. 10 indicates that the load resistance decreases with the
increasing number of power relays. There is a risk that
the load resistance is smaller than the parasitic resistances,
which affects the effectiveness of the power transfer process.
Therefore, according to (24), the normalized resistance Rn/r0
is calculated and shown in Fig. 12.

Fig. 12 shows that the parasitic resistance tends to reduce
the load resistance. The lower is the quality factor, the lower
the load resistance is. The load resistance is also compared
to the parasitic resistance as the red dashed line. The area
below the red dashed line means that the load resistance is
lower than the parasitic resistance, which should be avoided.
Therefore, Fig. 12 provides the power transfer capability
of a multiple-relay system and the guideline to design the
parameters of a real application. For example, when Q = 450,
Fig. 12 shows that the load resistance is lower than the
parasitic resistance as long as the total number of the power
relay reaches 11, which means the recommended maximum
number of the power relays is 11.

B. Efficiency Analysis

According to Fig. 11, when the parasitic resistances are
considered, the system transfer efficiency is affected. The
transfer efficiency of each power relay is defined as ηn

(n = 1, 2, . . . , N), and the total efficiency is defined as η0.
Then, the efficiency is calculated and expressed as in (25).

Considering (21)–(24), the total power transfer efficiency
η0 is calculated and shown in Fig. 13. It shows that the
efficiency increases with the increasing quality factor Q, which
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Fig. 13. Total transfer efficiency η0 with identical Mn and different Rn at
different quality factor Q and different number of power relays.

is very straightforward and consistent with a traditional two-
coil system. Meanwhile, when the total number of power
relays increases, there is more power loss dissipated in the
system, resulting in lower transfer efficiency⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

ηN = RN

RN + rN

ηn = Rn

Rn + rn + Zn
+ Zn

Rn + rn + Zn
· ηn+1,

n = 1, 2, 3, . . . , (N − 1)

η0 = Z0

Z0 + r0
· η1.

(25)

Fig. 13 shows also an important guideline to design a
power-relay system. For the given quality factor and transfer
efficiency, it can provide the maximum allowable number of
power relays, which relates to the power transfer capability
and total transfer distance. For example, when Q = 450 and
the total number of power relays is 8, the system efficiency
can reach 70%.

V. SYSTEM IMPLEMENTATION AND EXPERIMENTS

A. Circuit Parameter Design

According to the previous analysis, the identical Mn and
different Rn examples are selected to realize an equal power
distributed system. Then, according to Fig. 11 and (25),
the system power is calculated as

Pout = |V0|2
(Z0 + r0)2 · η0. (26)

Using (24)–(26), the circuit parameters of an equal power
distributed system with eight power relays are calculated and
designed. The detailed design process is shown in Fig. 14.

In the design process, the target is to satisfy the power and
efficiency requirement, and (24)–(26) and Figs. 12 and 13 are

Fig. 14. Design process of an equal power distributed IPT system.

TABLE I

SPECIFICATIONS AND CIRCUIT PARAMETERS OF AN EQUAL POWER

DISTRIBUTED SYSTEM WITH EIGHT POWER RELAYS

used as the guidelines to assist the calculation. The designed
values of the circuit components are summarized in Table I.

In this design, the switching frequency is 1 MHz. The
transmitter inductance L0 can be slightly tuned to regulate the
system power without affecting the property of equal power
distribution. For example, when L0 is tuned to 99 μH, each
power relay can dissipate about 90-W power. The resistances
R1 and R2 are much smaller than R8, which is consistent with
Fig. 10. With the increasing number of power relays, the load
resistance decreases, and it could be even smaller than r0,
which limits the transfer capability of a multiple-relay system.

B. Experimental Prototype Design

Using the parameters in Table I, a prototype of the power-
relay system is implemented in Fig. 15. There are one

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

γN = RN−1

RN
· (RN + rN )2

(ω0 MN )2

γn = Rn−1

Rn
·
[(

1 + 1
γn+1

+ · · · + 1
γn+1···γN

)
Rn + rn +

(
rn+1
Rn+1

· 1
γn+1

+ · · · + rN
RN

· 1
γn+1···γN

)
Rn

]2

(ω0 Mn)2 , n = 2, 3, . . . , (N − 1)

(23)
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Fig. 15. Experimental setup of a power-relay system with eight resistive
loads and 3.2-m transfer distance.

transmitter and eight relay coils. The coils are identical and
wound by 2175-strand AWG40 Litz-wire to reduce the skin
effect. They are installed on a glass and wood fixture, and
no ferrite is used. The coil has 11 turns, and its size is
400 mm×400 mm. In the high-frequency range, the influence
of the interturn parasitic capacitance to the coil needs to be
considered. Then, the network analyzer is used to measure
the high-frequency property of the coil, which shows that
the self-resonant frequency is much higher than 1 MHz. The
adjacent coil distance is 400 mm, resulting in a total transfer
distance of 3.2 m. An inverter with silicon carbide devices
(C2M0080120D) can provide a switching frequency of 1 MHz.

Compensation capacitors are connected with the coils to
establish resonances. Measurement shows that the quality
factor of a single coil is 1100, and the quality factor of the
resonant loop is about 450, which reaches the designed value
in Table I. For each power relay, a resistor is connected as the
load to dissipate power. Multiple resistors are connected in
series and parallel to achieve the resistance values in Table I.

C. Experimental Results

In the experiment, the compensation capacitances are tuned
to achieve perfect resonances with the inductors. The resis-
tances are tuned to achieve equal power distribution among the
power relays. Measurements show that the experimental load
resistances closely agree with the calculation values in Table I.
In the experiments, the transmitter inductance L0 is slightly
tuned to regulate the power. With the input voltage of 140 V,
the experimental waveforms are shown in Fig. 16.

Fig. 16 shows that the input voltage V0 is almost in phase
with the input current I0, which means the reactive power in
the circuit is limited to maintain relatively high efficiency. The
slight phase difference between V0 and I0 can help achieve
soft switching for the MOSFETs, and the switching loss is,
therefore, reduced. The driver signal Vdrive shows that the noise
is lower than the threshold voltage of the MOSFETs, and it
is safe to use this signal to drive the devices. The circulating
current IR1 in the first power relay is also measured. It is about
90◦ out of phase with the input current I0 and can be used to
calculate the power dissipation of the load.

Fig. 16. Experimental waveforms of the voltages and currents. Ch1 (blue):
V0 input voltage. Ch2 (red): Vdrive driver voltage. Ch3 (green): I0 input
current. Ch4 (pink): IR1 current of the first power relay.

Fig. 17. Experimental waveforms of the currents in the eight power relays.

The experimental waveforms of the currents in the eight
power relays are shown and compared in Fig. 17.

The circulating current in each power relay is measured by
an oscilloscope, and the data of waveforms are extracted and
redrawn by MATLAB. Experiments show that the currents
in the adjacent coils are 90◦ out of phase, which validates
that the capacitors have fully compensated the self-inductances
of the coils. In this design, since the load resistance R2 is
the smallest, the highest current occurs in the second power
relay. Also, since R8 is the largest, the lowest current occurs in
the last power relay. In the experiments, considering the high
circulating currents in the coils, it is important to maintain the
insulation of the coil to avoid any concern of arcing.

Using the current magnitudes in Fig. 17 and the measured
resistances, the output power of the power relays is shown
in Fig. 18. Meanwhile, according to the measured parasitic
resistances of the passive components, the power loss in the
transmitter and power relays is also provided.
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Fig. 18. Experimental results of the dissipated power and power loss in the
transmitter and the eight power relays.

Fig. 18 shows that equal power distribution among the eight
power relays is achieved. The maximum dissipated power is
96.8 W, and the minimum dissipated power is 93.7 W, result-
ing in a power variation within ±2.0%. The total dissipated
power by the eight load resistances is 759.3 W. The power loss
analysis shows that the transmitter dissipates the most loss
(123.9 W) because the circulating current in the transmitter
is the highest. In the eight power relays, the second relay
dissipates 59.4-W loss. It needs to be pointed out that the
power loss occurs in both the coils and capacitors. Therefore,
in the prototype, multiple capacitors are connected in series
and parallel to avoid too high-temperature rise. The total power
loss is about 326.4 W, resulting in a power transfer efficiency
of 70%, which validates the efficiency analysis in Fig. 13.

VI. CONCLUSION

This paper aims to provide the design methodology of
a distributed power-relay system from two aspects. First,
we modeled the power distribution of a power-relay system
with multiple loads, showing the inductances and resistances
determine the power distribution. It also provided the guideline
to design a distributed system with equal power load at each
stage. Second, we studied the power transfer capability of
the power-relay system and derived the maximum number
of power relays and the maximum achievable efficiency with
given quality factor and efficiency requirement. The identical
Mn and different Rn examples are designed and implemented
to validate the proposed power-relay system. The experimental
results demonstrate that this system can achieve relatively
high efficiency over a long distance. For example, using eight
400 mm × 400 mm coils, 759.3-W power can be transferred
along 3.2 m with efficiency of 70.0%. The accomplishment of
this paper can be applied to the long-distance and multiple-
load applications, ensuring that each load can receive enough
power efficiently in a distributed system.
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