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ABSTRACT In order to improve poor anti-offset capability of rotary transformer in electric excitation
motor, a coaxial nested rotary wireless power transfer (CNR-WPT) system has been proposed in this paper.
Firstly, considering the spatial geometric relationship of the coils and the power transmission efficiency
of the CNR-WPT, the preliminary coil structure has been proposed. Secondly, through theoretical derivation,
the specific relationship between the mutual inductance of the coils and the offset have been studied to verify
the feasibility of the preliminary design. Thirdly, aiming at the problem that the CNR-WPT is susceptible
to steel interference, the magnetic field has been optimized by adding ferrite and introducing a protective
casing in this paper. Finally, an experimental platform for CNR-WPT system has been built. The experimental
results verify that the power transmission efficiency of the CNR-WPT system can reach 90%when the radial
offset and axial offset are below 5 mm, and the angular offset is below 5◦. The energy losses can be reduced
by adding ferrite and protecting the casing. The CNR-WPT system thereof can also be applied to other rotary
power transmission occasions.

INDEX TERMS Electric excitation motor, coaxial nested rotary wireless power transfer system, anti-offset
capability, power transmission efficiency.

I. INTRODUCTION
Due to its simple design and low cost, the electric excitation
motor is widely used in industrial manufacturing, aerospace
and other fields [1], [2]. Electric excitation motors require
brushes and slip rings to power the rotor of the motor, caus-
ing a large amount of friction loss, and at the same time,
sparks are easily generated, increasing safety hazards [3], [4].
Therefore, some scholars have used a rotary transformer to
power the rotor of the electric excitation motor [1], [3]–[7].

Reference [1] has derived the calculation method of air
gap and stator core size of three-phase rotary transformer,
and the equation for magnetic coupling coefficient, which
provided guidance and reference for the optimal design of
three-phase rotary transformer. Reference [5] has proposed
an optimization method for a rotary transformer, and a rotary
transformer has been designed according to this method.
Finally, the transformer has been verified by simulation.
Reference [6] has described the advantages of using a rotary
transformer instead of brushes and slip rings, and tested the
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performance of a 90kW brushless doubly-fed motor based
on a rotary transformer, as shown in Fig. 1. The experi-
mental results confirmed that the overall performance has
been improved and this motor is prospective in terms of
application. Reference [7] has proposed a rotary transformer
based on a pot core geometry, as shown in Fig. 2. The
rotary transformer has significant optimization compared
with conventional ones.

In summary, many scholars have carried out research
on rotary transformers and have achieved certain research
results. Whereas the rotary transformer brings benefits, it also
has certain defects, mainly reflected in the following two
points. First, the stator core of the rotary transformers is
a laminated silicon steel sheet [6], which leads to a com-
plicated manufacturing process and a high production cost.
Second, in general, the rotary transformers have a low work-
ing frequency [1], [5]–[7]. The low frequency characteristic
makes us unable to design the working air gap of the rotary
transformers too large, otherwise it will cause an increase
of magnetic flux leakage, which will result in an increased
magnetic loss and consequently a reduction in efficiency [1].
In the case of motor shaft vibration, a small working air
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FIGURE 1. Doubly fed three-phase induction machine with a rotary
transformer.

FIGURE 2. The rotary transformer based on a pot core geometry.

gap results in a higher probability of the rotary transformers
jamming, which affects the normal operation of the motor.
In conclusion, the rotary transformer has higher requirements
for the design and manufacturing process, and its anti-offset
capability is poor, which will fail to meet the requirements
needed to normally operate in harsh conditions.

As an ideal power transmission method, wireless power
transfer system can transmit power from the power supply
side to the equipment side under non-contact conditions
[8]–[11]. Because of its advantages of safety, reliability and
flexibility, it is widely used in various power transmission
processes, such as mobile phone charging, electric vehicle
charging, drone charging, etc., [12]–[14]. Some achieve-
ments have been made in the research of the application of
WPT systems in the electric excitation motor. Reference [15]
designed a contactless maglev rotating power transfer system
with new rotary inductive coupled structure for the test-
ing equipment on shaft of high-speed rotation applications.
The maximum output power received in load is 297W and
the maximum efficiency is about 82%. Reference [16] pro-
posed a new type of in-wheel outer rotor switched reluctance
motor (ORSRM) drive based on selective wireless power
transfer (WPT) using receivers of different resonant frequen-
cies. Finally, the simulation results proved the feasibility
of this wireless ORSRM drive. Reference [17] proposed
a wireless power transfer (WPT) system to realize brush-
less electrically excited synchronous motor (EESM), and the
correctness of the system was verified by experiment and
simulation.

FIGURE 3. The schematic diagram of the offset conditions. (a) Radial
offset. (b) Axial offset. (c) Angular offset. (d) Mixed offset.

In conclusion, although some achievements have been
made, scholars have not made a profound study about the
position relationship between stator and rotor. In this paper,
the wireless power transmission technology is applied to the
electric excitation motor, and a coaxial nested rotary wire-
less power transfer (CNR-WPT) system has been proposed.
The power transmission efficiency of the CNR-WPT system
can be guaranteed, in the case of a large working air gap.
Therefore, it is ensured that in case of motor shaft vibration,
the stationary side coil and the rotary side coil do not interfere
with each other, which reduces the possibility of the motor
stalling. At the same time, in view of the problem that steel
easily interferes with the normal operation of the CNR-WPT
system, the magnetic field has been optimized by adding fer-
rite, and a protective casing has been designed, in this paper.

II. VIBRATION ANALYSIS AND STRUCTURE
A. VIBRATION ANALYSIS OF MOTOR SHAFT
In the actual application process, the motor shaft may vibrate
irregularly, due to irresistible factors such as unreasonable
design, load change, external interference, etc., [18], [19]. For
the purposes of this paper, the vibration process is simplified
to different offsets of the motor shaft at multiple fixed times.
The following four offset situations may occur on the motor
shaft, namely, radial offset only, axial offset only, angular
offset only, andmixed offset, as shown in Fig. 3 (a), Fig. 3 (b),
Fig. 3 (c), and Fig. 3 (d), respectively. Mixed offset refers to
the circumstances where two or three offset conditions occur
at the same time.

In Fig. 3, d is the radial offset degree, q is the axial offset
degree, and ϕ is the angular offset degree. This paper takes
the above offsets into account when designing the CNR-WPT
system for 1kW electric excitationmotor. Table 1 contains the
required parameters of the CNR-WPT system.

B. STRUCTURE OF CNR-WPT
It is shown the three-dimensional model and the
simplified diagram of CNR-WPT system in Fig.4 (a) and
Fig. 4 (b), respectively. The CNR-WPT system consists of
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TABLE 1. Requirements of CNR-WPT system.

FIGURE 4. The structure of CNR-WPT. (a) The three-dimensional model.
(b) The simplified diagram.

transmitting coil, receiving coil, inverter, rectifier, DC power,
protective casing and end cap. The transmitting coil is fixed
on the end cap and is connected with the inverter output.
The DC power output is connected with the input of the
inverter. The DC power and inverter are not shown in Fig. 4
(a). The receiving coil and rectifier are fixed on the motor
shaft. The input of the rectifier is connected to the receiving
coil, and the output is connected with the excitation winding
of the motor.

During operation, the receiving coil is stationary and the
transmitting coil is in a rotating state. After current flows
out from the DC power, it changes into a high-frequency
alternating current through the inverter, then passes through
two coils to the rectifier, and finally turns into a direct current
through the rectifier to supply the excitation winding of the
motor.

III. COIL DESIGN
A. SIZE AND POSITION CONSTRAINTS OF THE COILS
The wireless power transfer [8]–[14] has two classic coil
topologies: 1) planar spiral coils; 2) coaxial spiral coils.

TABLE 2. Transmitting coil parameters of the CNR-WPT system.

A coaxial spiral coil has a smaller diameter than a planar spi-
ral coil. At the same speed, the coaxial spiral coil is subjected
to less centrifugal force, so a wireless power transfer based
on this coil has better stability. In this paper, a coaxial nested
spiral coil is used for system design. The transmitting coil is
on the outside and the receiving coil is on the inside.

When the magnetic flux density is constant, the magnetic
flux is proportional to the cross-sectional area. Therefore,
in designing the CNR-WPT system, in order to obtain a
larger magnetic flux, the transmitting coil diameter needs
to increase accordingly. However, due to cost and size
constraints, the diameter of the transmitting coil can-
not be increased indefinitely. Considering comprehensively,
the parameters of transmitting coil that we have used in ana-
lyzation are shown in Table 2. Using this particular coil in the
transmitting side, we proceeded to analyze the characteristics
of the receiving coil.

This principle should be followed when designing the
receiving coil: In case of motor shaft deviation, the receiving
coil and the transmitting coil cannot interfere with each other.
In practical applications, the offset of the motor shaft mostly
exists in the form of mixed offset. For the convenience of
observation, this paper uses a rectangle to represent the coil
body, as shown in Fig. 5.

From Fig. 5, it can be obtained that the key factor
determining whether the two coils interfere with each other
is d and ϕ. Therefore, in order to ensure that there is no
direct contact between the transmitting coil and the receiving
coil when the offset occurs, the dimensions of coils should
satisfy (1).

cos(90o − arctan
DS
HS
− ϕ)(

√
D2
S + H

2
S )+ 2d < DP (1)

where DP is the diameter of transmitting coil, and DS and
HS are the diameter and height of receiving coil, respectively.
To analysis further, DP.CAL has been introduced in this paper,
representing the calculation of the transmitting coil diameter,
and the definition is given by, cos(90o − arctan

DS
HS
− ϕ)(

√
D2
S + H

2
S )+ 2d = DP.CAL

DP.CAL < DP
(2)

The relationships between DP.CAL , DS and HS at ϕ = 2◦

and d = 2 mm, at ϕ = 4◦ and d = 4 mm, and at ϕ = 6◦ and
d = 6 mm are shown in Fig. 6 (a), Fig. 6 (b), and Fig. 6 (c),
respectively. It can be seen that the calculated values of
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FIGURE 5. The schematic diagram of the offset form.

FIGURE 6. The relationship between DP.CAL, DS and HS at different
offsets. (a) at d = 2 mm, ϕ = 2◦. (b) at d = 4 mm, ϕ = 4◦. (c) at d = 6 mm,
ϕ = 6◦.

transmitting coil diameter are proportional to the receiving
coil diameter and the receiving coil height, respectively, under
the same offset, from Fig. 6. And in Fig. 6 (a), when the
transmitting coil height ranges from 40mm to 50mm and the

FIGURE 7. The equivalent circuit diagram.

diameter ranges from 70mm to 90mm, the calculated values
of the diameter of the transmitting coil are all below the actual
value given above, at ϕ = 2◦ and d = 2 mm. But at ϕ = 4◦

and d = 4 mm, as shown in Fig. 6 (b), a few calculated values
are higher than the actual value. In addition, at ϕ = 6◦ and
d = 6 mm, about one-third of the calculated values exceed
the actual value, as shown in Fig. 6 (c).

In summary, with the premise that the transmitting coil is
given, the diameter and height of the receiving coil should
be reduced in order to tolerate a larger offset. For analytical
convenience, the height of the receiving coil is equal to the
height of transmitting coil in this paper.

B. EFFICIENCY CONSTRAINTS
The WPT system requires capacitors to compensate for the
transmit and receive coils, respectively, to operate at the same
frequency point. At present, there are four classic compen-
sation structures: S-S, S-P, P-S, and P-P [20]. This paper
chooses the S-S structure and its equivalent circuit is shown
in Fig. 7.

In Fig. 7, LP, LS , RP, RS , CP, and CS are the inductance,
internal resistance, and compensation capacitance of the
transmitting coil and the receiving coil, respectively; RL is
the load resistance; IP and IS are the currents of the primary
and secondary sides, respectively; UP is the high-frequency
voltage source;M is themutual inductance of the transmitting
and receiving coils. According to the Kirchhoff Laws, (3) can
be deduced [11].{

UP = ZPIP + jωISM
−jωIPM = ZS IS

(3)

where ω is the operating frequency; ZP and ZS are the
equivalent impedances of the primary and secondary circuits,
respectively. And the variables can be calculated according
to (4). {

ZP = RP + jωLP + 1/jωCP
ZS = RS + RL + jωLS + 1/jωCS

(4)

When jωLP + 1
/
jωCP = 0 and jωLS + 1

/
jωCS = 0,

the system transmission efficiency [14] can be calculated
by (5).

η =
ω2M2RL

RP(RS + RL)2 +M2ω2(RS + RL)
(5)

In (6), RP and RS can be calculated by Law of Resistance.
Fig. 8 shows the relationship between mutual inductance
and transmission efficiency under different values of RL ,
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FIGURE 8. The relationship between η and M at different RL.

FIGURE 9. The simplified schematic diagram of transmitting coil and
receiving coil.

at ω = 100 kHz. From Fig. 8, it can be known that, in the
case of a fixed RL , mutual inductance should be increased
accordingly to improve the transmission efficiency. Mutual
inductance between two single-turn coils can be calculated
by Neumann’s Formula [13], [21],

M =
µ0

4π
×

∮ ∮
dlPdlS
D

(6)

where dlP and dlS are the minimum calculation units of the
two coils respectively; µ0 is the vacuum permeability; D is
the distance between the two minimum calculation units. For
convenience, in this paper, the turns of the receiving coil are
equal to that of the transmitting coil.

The transmitting coil and the receiving coil of the
CNR-WPT system have same axis. For convenience, the posi-
tional relationship of two single-turn coils is employed to rep-
resent that of the whole, as shown in Fig. 9. Thus, the mutual
inductance of coils can be obtained by (7).

M0 =
NPNSµ0

4π
×

∫ 2π

0

∫ 2π

0

F
D
dαdβ

F = rPrS (cosα cosβ + sinα sinβ)

D =
[
r2P + r

2
S − 2rPrS (cosα cosβ + sinα sinβ)

] 1
2

(7)

FIGURE 10. The relationship between rS and M under given
circumstances.

TABLE 3. The receiving coil parameters of the CNR-WPT system.

whereNP andNS are the turns of the two coils respectively; rP
and rS are the radii of the transmitting coil and the receiving
coil, respectively; α is the angle between the line connecting
the minimum calculation unit of the transmitting coil to the
coordinate origin of the plane coordinate system of the trans-
mitting coil and the X-axis of the coordinate system; β is the
angle between the line connecting the minimum calculation
unit of the receiving coil to the coordinate origin of the plane
coordinate system of the receiving coil and the X-axis of the
coordinate system.

Fig. 10 shows the relationship between the radius of the
receiving coil and the mutual inductance under the given
circumstances. It can be obtained that the mutual inductance
increases in proportion to the augment of the radius of the
receiving coil. In conclusion, in order to enhance the effi-
ciency of the CNR-WPT system, it is necessary to increase
the receiving coil radius.

Considering the coils’ size and position limitations and
power transmission efficiency, the receiving coil parameters
of the CNR-WPT system in this paper are given in Table 3.

IV. ANTI-OFFSET CAPABILITY VERIFICATION
The previous chapter completed the preliminary design of
the CNR-WPT system coils. In this chapter, the coils are
theoretically analyzed to verify whether it can meet the anti-
offset requirements. From (5) and (6), we can know that,
the relationship between mutual inductance and offset has to
be analyzed to make sure the coil can meet the anti-offset
requirement.

The mutual inductance of coils with different conditions of
offsets respectively have been calculated. For convenience,
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FIGURE 11. The schematic diagram of the positional relationship of two
coils under a singular offset. (a) The radial offset. (b) The axial offset.
(c) The angular offset.

the single-turn coils have been taken into consideration. The
position of the coils with radial offset, axial offset, and angu-
lar offset are shown in Fig. 11 (a), Fig. 11 (b), and Fig. 11 (c),
respectively.

As shown in Fig. 11 (a), with only a radial offset between
the transmitting coil and the receiving coil, i.e. d 6= 0 mm,
the mutual inductance can be calculated by (8).

M1 =
NPNSµ0

4π
×

∫ 2π

0

∫ 2π

0

F
D
dαdβ

F = rPrS (cosα cosβ + sinα sinβ)
D = [r2P + r

2
S + d

2
+ 2drS cosβ − 2drP cosα

−2rPrS (cosα cosβ + sinα sinβ)]
1
2

(8)

As shown in Fig. 11 (b), with only an axial offset between
two coils, i.e. q 6= 0 mm, the mutual inductance can be
calculated by (10).
M2 =

NPNSµ0

4π
×

∫ 2π

0

∫ 2π

0

F
D
dαdβ

F = rPrS (cosα cosβ + sinα sinβ)

D =
[
r2P + r

2
S + q

2
− 2rPrS (cosα cosβ + sinα sinβ)

] 1
2

(9)

As shown in Fig. 11 (c), with only angular offset between
two coils, i.e. ϕ 6= 0◦, the mutual inductance can be calcu-
lated by (11).
M3 =

NPNSµ0

4π
×

∫ 2π

0

∫ 2π

0

F
D
dαdβ

F = rPrS (cosα cosβ + sinα sinβ cosϕ)

D =
[
r2P + r

2
S − 2rPrS (cosα cosβ cosϕ + sinα sinβ)

] 1
2

(10)

The relationships between mutual inductance and
radial offset and axial offset are shown respectively in
Fig. 12 (a) and the relationship between mutual inductance
and angular offset is shown in Fig. 12 (b). From Fig. 12, it can
be obtained that:

FIGURE 12. The relationship between mutual inductance and singular
offset condition. (a) The radial offset and axial offset. (b) The angular
offset.

1) As the radial offset increases, the mutual inductance
gradually increases. When the offset is below 5 mm,
the mutual inductance gradient is minimal. When the
offset exceeds 5 mm, the mutual inductance gradient
increases. The mutual inductance reaches 37.8 µH,
when reaching 10 mm.

2) The mutual inductance decreases with the increase
of the axial offset. When the offset is below 5 mm,
the mutual inductance decreases slowly. The mutual
inductance begins to decrease rapidly, when the offset
exceeds 5 mm. When it reaches 10 mm, the mutual
inductance drops to 26.6 µH.

3) For the angular offset, when the offset is below 4 ◦,
the mutual inductance is basically constant. When the
offset exceeds 4 ◦, the mutual inductance begins to drop
rapidly, and when the offset reaches 16 ◦, the mutual
inductance drops to 27.4 µH. Fig. 12 (b) shows the
relationship between the angular offset and the mutual
inductance.

By deducing the mutual inductance calculation
equations of coils under singular offset condition, we have
roughly understood the influence of the offset on the
mutual inductance. But in reality, the offsets are often mixed,
as shown in Fig. 13. Therefore, it is of more practical
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FIGURE 13. The schematic diagram of the position relationship of two
coils when the mixed offset occurs.

significance to derive the calculation formula of mutual
inductance when the mixed offset occurs.

When the radial offset, axial offset, and angular offset exist
simultaneously, the mutual inductance between the two coils
can be calculated by (11).

M4 =
NPNDµ0

4π
×

∫ 2π

0

∫ 2π

0

F
D
dαdβ

F = rPrS (cosα cosβ + sinα sinβ cosϕ)
D = [r2P + r

2
S + d

2
+ q2 + 2drS cosβ cosϕ

−2drP cosα − 2rPrS (cosα cosβ cosϕ + sinα sinβ)
−2rSq cosβ sinϕ]

(11)

Fig.14 shows the relationship between mutual inductance
and mixed offset degree. It can be obtained that when the
radial offset and the axial offset are between 0-4 mm and
the angular offset is between 0-4◦, the mutual inductance
is kept above 30µH. According to Fig. 8, when the mutual
inductance exceeds 30µH, the transmission efficiency can
be maintained at 80% or even more. In summary, the coils
designed in the previous chapter can meet the anti-offset
requirements.

V. DESIGN OF MAGNETIC SHIELDING
When a magnetic conducting material exists in the working
environment of the CNR-WPT system, an eddy current effect
will occur internally, resulting in energy loss. Ultimately, the
transmission efficiency is reduced. The eddy current loss of
cylindrical metal can be calculated by (12) [22].

PL =
π lr4ω2B2A

32ρ
(12)

where PL is the eddy current loss; l is the metal length; r
is the metal diameter; ω is the frequency; BA is the metal
internal magnetic flux density; ρ is the metal resistivity. From
(13), it can be known that the eddy current loss of metal
increases exponentially with the increase of magnetic flux
density. Therefore, analyzing the change of magnetic flux
density is the key to study the internal eddy current loss.

To analyze the change in magnetic flux density with mag-
netic conducting material approaching, a simulation model
is built by placing a cylindrical steel on one side of the coil,
as shown in Fig. 15. In this paper, l = 65 mm, r = 10 mm,
and s = 10 mm.
A finite element software was used to analyze the changes

of magnetic field before and after the steel was introduced,
as shown in Fig. 16 (a) and Fig. 16 (b), respectively.

FIGURE 14. The relationship between M4, d and q at different ϕ. (a) at
ϕ = 0◦. (b) at ϕ = 2◦. (c) at ϕ = 4◦.

FIGURE 15. The simulation model with steel.

From the Fig. 16, it can be obtained that after the steel
is introduced, the magnetic flux density of steel increases
significantly, the maximum is about 1.55× 10−2 T.
In this paper, the placement of ferrite around the coil is

used to optimize the magnetic field to reduce the impact of
the steel on the CNR-WPT system. The ferrite arrangement
is shown in Fig. 17.

After the addition of ferrite, the magnetic field dis-
tribution of the system is shown in Fig. 18. It can be

VOLUME 8, 2020 44919



L. Wang et al.: Coaxial Nested Couplers-Based Offset-Tolerance Rotary WPT Systems for Electric Excitation Motors

FIGURE 16. The changes of magnetic field (a) without steel interference.
(b) with steel interference.

FIGURE 17. The ferrite core arrangement.

FIGURE 18. The magnetic field distribution with ferrite added.

seen that the magnetic flux density of the steel reduced
to 1.01× 10−2 T. Comparing with no-ferrite topology, the
magnetic flux density is significantly reduced.

From the above analysis, a conclusion can be reached that
the magnetic field optimization can reduce the influence of

FIGURE 19. The change of magnetic flux density caused by steels of
different distances.

FIGURE 20. The schematic diagram of aluminum alloy protective casing.

FIGURE 21. The experiment platform for CNR-WPT.

steel interference on the system, but there is still residual
energy loss. This paper discusses the relationship between the
location of steel and the performance of the CNR-WPT sys-
tem to find out theminimum range of steel placements around
the system, i.e. the maximum influence of steel interference,
allowed to maintain normal operation. Then, by installing
an aluminum alloy protective casing, the steel is restricted
outside this range, thereby further reducing energy loss.
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TABLE 4. The experiment parameters of the CNR-WPT system.

FIGURE 22. The measured waveform without any offset. (a) The input
waveform. (b) The output waveform.

FIGURE 23. The relationship between transmission efficiency and
transmission power.

The effect of steels at different distances to coils has been
analyzed by finite element software, and the results are shown
in Fig. 19.

FIGURE 24. The relationship between transmission efficiency and
singular offset condition. (a) radial offset. (b) axial offset. (c) angular
offset.

From Fig. 19, it is clearly shown that as the steel is
gradually moved away, the magnetic flux density is gradually
decreased. When the distance reaches 30 mm, the magnetic
flux density of the steel decreases to 6.55× 10−3 T.

Considering energy loss and size of the aluminum alloy
protective casing, a 30 mm casing has been introduced
in this paper, ensuring that no steel comes closer than
30 mm, thereby effectively controlling energy loss. The alu-
minum alloy protective casing is shown in Fig. 4 (a) and
Fig. 20.
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FIGURE 25. The change of efficiency and power caused by steel of
different distances.

VI. EXPERIMENT
An experiment platform is built to measure the performance
of CNR-WPT system, as shown in Fig. 21. Table 4 shows the
detailed parameters of the experiment.

Fig. 22 shows the measured waveform without any offset.
It could be clearly seen that the input voltage UIN is constant
about 47.9 V, and the input current IIN is constant about
0.914 A. The output voltage UOUT is about 62.8 V, and the
output current IOUT is about 0.631 A. Therefore, the trans-
mission efficiency of CNR-WPT system under this condition
is about 90.5%.

Fig. 23 shows the relationship between transmission
efficiency and transmission power. With the increase of the
DC voltage, the primary input power and the secondary
output power rise in the same way. When the input voltage
changes from 12 V to 38 V, the transmission efficiency
maintains increasing, but the transmission efficiency growth
rate remains unchanged. The transmission efficiency is kept
around 90%, after the DC input voltage reaches 38 V.

The relationships between transmission efficiency and sin-
gular offset condition are shown in Fig. 24, respectively. Due
to the special structure of CNR-WPT system, we are unable
to achieve conditions when the radial offset is over 5 mm and
the angular offset is over 5 ◦. It could be clearly seen that when
the radial offset is below 5mm, the axial offset is below 5mm
and the angular offset is below 5 ◦, the transmission efficiency
remains basically unchanged respectively. It is important to
note that when the axial offset exceeds 5mm, the transmission
efficiency begins to decrease, but the output power begins to
rise.When the offset reaches 20mm, the efficiency is reduced
to 79.4%, and the output power is increased to 47.6 W.

Fig. 25 shows the changes of efficiency and power caused
by steel of different distances. When the distance exceeds
25 mm, the output power and transmission efficiency of
the CNR-WPT system are basically unaffected by the steel.
However, the output power and transmission efficiency are
reduced when the distance is below 25 mm. At a distance
of 0 mm, the output power is reduced to 36.2 W and the
transmission efficiency is reduced to 85.6%.

VII. CONCLUSION
A coaxial nested rotary wireless power transfer (CNR-WPT)
system has been proposed in this paper to improve the poor
anti-offset capability of the rotary transformer. Firstly, based
on vibration analysis, the design requirements of CNR-WPT
system have been analyzed. Then, considering spatial con-
straints and transmission efficiency, the preliminary design
process of the coil was carried out. Then, theoretical anal-
ysis shows that the preliminary design of the coil can
meet the design requirements. In order to reduce the influ-
ence of steel interference on CNR-WPT system, this paper
optimizes the magnetic field by adding ferrite core and a
protective casing has been introduced to minimize the inter-
ference with the magnetic object in the working environment.
Finally, a CNR-WPT system experimental platform has setup
to measure transmission efficiency and output power. The
experimental results verify that:

1) The transmission efficiency of CNR-WPT system can
be maintained above 90%, when the radial offset and
axial offset are below 5 mm, and the angular offset is
below 5◦.

2) By introducing the ferrite and protecting the casing,
energy losses can be reduced.

The CNR-WPT system thereof can also be applied to other
rotary power transmission occasions.
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