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Abstract—This article introduces a simultaneous wireless power
and data transfer method by using a half-cylinder-stator and
quarter-cylinder-rotator coupling mechanism for rotary steerable
systems. Through this configuration, stability and synchroniza-
tion of both power and data transfers are ensured, notably un-
der comprehensive 360° rotational conditions. Moreover, based
on the decoupling characteristics, the interference between power
and data transfer is also greatly reduced. A prototype is built,
which illustrates that the proposed structure possesses the constant
voltage output and stable data transfer capability. Furthermore,
observations indicate that the output voltage can be maintained as
stable at 48 V with a deviation of±2.7%. And there is no detectable
significant change in data transfer voltage amplitude. During the
full 360° rotation, the system dc–dc efficiency range is from 86.7%
to 88.9%.

Index Terms—Magnetic coupling structure, rotary steerable
systems (RSSs), simultaneous power and data transfer, wireless
power transfer (WPT).

I. INTRODUCTION

ROTARY steerable system (RSS) is acknowledged within
the drilling industry as a fundamental instrument for hor-

izontal and extended-reach wells [1]. These systems enable
continuous adjustments to the drilling direction without the need
to stop the drill’s rotation, offering significant improvements in
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drilling efficiency and the ability to navigate complex geological
formations. Unlike traditional directional drilling technology,
the RSS allows the drill bit to penetrate high-quality reser-
voir sections along a predefined trajectory [2]. It substantially
diminishes nonproductive time, dramatically accelerating the
drilling pace, thereby enhancing oil and gas recovery and well
production [3]. For the RSS, the demand for power transfer and
real-time data transfer has become essential [4]. A key challenge
in these applications is maintaining reliable power supply and
real-time data communication under the harsh conditions of
deep-earth drilling. In terms of supplying power to the elec-
trical equipment of the RSS, one method is to use a battery to
power it [5]. However, the battery-driven approach is hindered
by challenges, including finite lifespan and the laboriousness
of replacements [6]. Another method for supplying power to
the electrical equipment of the RSS is through a contact slip
ring, which transfers power between the stator side and the
rotator side. However, the susceptibility of contact slip rings
to abrasion often results in inefficiencies and safety concerns
[7]. To solve the problem of contact slip rings, researchers have
proposed noncontact slip rings based on wireless power transfer
(WPT) technology [8], [9]. By eliminating the need for physical
contact, WPT addresses both wear and power issues, improving
longevity, reliability, and a safer operational environment [10],
[11].

In the context of RSSs, it is essential to acknowledge that their
importance transcends mere power transfer, encompassing also
the critical aspect of data transfer [12]. It is acknowledged that
these conventional modules (e.g., Wi-Fi, ZigBee, etc.), although
prevalent, require processes such as pairing and are often subject
to transfer delays [13], [14]. Hence, recent investigations grad-
ually demonstrated that data can be transmitted via the existing
power transfer channels. This method of simultaneous wireless
power and data transfer (SWPDT) presents a more straightfor-
ward alternative [15]. There are two primary methodologies for
SWPDT [16]: 1) the shared channel type, which means trans-
mitting power and data through the same coupling mechanism;
2) the separate channel type, which means transmitting power
and data through a separate coupling mechanism.

As for the shared channel type, based on different modulation
methods, it can be further divided into energy modulation type
[17], [18], and carrier modulation type [19]. Specifically, Son
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and Jang [17] propose a data transfer technique founded on the
concept of energy injection, wherein data modulation is achieved
by varying the voltage at the transmitter side. Subsequently,
demodulation is executed by harnessing the attributes of the
energy flow. Nevertheless, this data transfer method may be
affected by power voltage disturbances, and the output voltage
of power transfer would deteriorate. Yue et al. [18] detail an
approach where the data intended for transfer is utilized as a
switching signal. This methodology involves altering the reso-
nant capacitance at the receiving end at the point of zero voltage
crossing, consequently modifying the reflective impedance. This
adjustment impacts the current amplitude in the transmitting
end’s loop. The demodulation of the data is ultimately achieved
by the demodulation circuit, which bases its operation on the
current amplitude present at the power transmitting end. In sum-
mary, it is evident that the energy modulation type accomplishes
data transfer by establishing a correlation between the “power
waveform” and the binary 0/1 signal. This is achieved through
modifications in the amplitude of the power waveform, thereby
enabling the effective conveyance of the signal.

In terms of the carrier modulation, some scholars employ
a sine wave carrier as the modulation waveform, utilizing a
time-division multiplexing approach for the transfer of power
and signals over the same pair of coupling coils, but in dis-
tinct time periods [20]. Notably, the duration allocated for data
transfer is shorter compared to that for power transfer. Conse-
quently, this method minimally affects power transfer. However,
it is observed that as the system’s power level escalates, the
complexity associated with data demodulation proportionally
increases. As for petroleum drilling systems, Jia et al. [4]
propose a SWPDT method based on carrier modulation. The
interference between power and data transfer is relatively large.
The interference was filtered out by using the wave trappers.
However, to attain optimal filtering efficacy, a complicated de-
sign of these wave trappers is needed as they should resonate
accurately.

For the separate channel type, Wang et al. [21] propose a
SWPDT method where power and data are transferred through
separate coupling coils. The results show that the interference
between power and data transfer is relatively small, and it can
be further minimized by intentionally increasing the distance
between power and data coupling mechanisms. As a result, while
this method can simplify the design of data processing circuits,
the increased distance between the power and data channels
enlarges the dimensions of the entire system. Such an increase in
size renders this design less suitable for rotary drilling systems,
which typically have stringent volume and size constraints.

Hence, this article investigates a separated channel SWPDT
system with a half-cylinder-stator and quarter-cylinder-rotator
coupling mechanism for RSSs, ensuring stable power and data
transfer even during 360° rotation. The system minimizes in-
terference between power and data transfer, providing constant
voltage (CV) and stable data regardless of rotational alignment
or load changes. In addition, its design allows close placement of
power and data coils due to negligible cross-mutual inductance,
resulting in a compact and efficient design for rotary steerable
systems.

Fig. 1. Magnetic coupling structure. (a) Overview. (b) Top view with detailed
size information.

TABLE I
SPECIFIC PARAMETERS OF THE DESIGNED COUPLER

II. ROTARY COUPLING MECHANISMS

A. System Overview

The proposed coupler comprises two distinct cylinders: an
outer stationary cylinder (stator) and an inner rotary cylinder
(rotator), as illustrated in Fig. 1(a). The Q coil is designed with
three layers, and each layer holds three turns of a 2-mm wire
diameter. In contrast, the DD coil is designed with one layer for
data transfer, and each layer comprises three turns of 1-mm wire
diameter. It is worth noting that this design allows for flexibility
in the number of layers of Q and DD coils. The selection of Q
and DD coil structures is driven by their unique characteristics,
as they can be decoupled from each other [8]. The number of
strands of the litz wire for the Q coil and DD coil are 250 and
50, respectively.

Then, Fig. 1(b) shows the dimension information from the top
view, and the detailed size information about d1, d2, d3, d4, d5,
and l1 is shown in Table I. The material of the coils is copper litz
wire whereas the material of the cylindrical skeleton is acrylic.

B. Half-Cylinder Stator

The stator keeps stationary with the drilling pipe, consisting
of the power transmitting part and data receiving part that can
collect the information from the rotator side. As illustrated in
Fig. 2(a), the stator integrates two main coil types: one Q coil
(i.e., LP) and one DD oil (i.e., LDS). Spanning 180° each, the
Q is designed for power transmitting function whereas the DD
coil specializes in data receiving function.
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Fig. 2. (a) Half-cylinder stator. (b) Quarter-cylinder rotator.

C. Quarter-Cylinder Rotator

The rotator, equipped with a data transmitting and power
receiving part, rotates all around 360° along with the rotary
steerable part. As shown in Fig. 2(b), such a configuration is
the diagonal placement of the coils; namely, coils situated on
diagonals are homogeneous in type, being either Q or DD. Two
Q coils (i.e., LS1 and LS2) are designed for power receiving,
whereas two DD coils (i.e., LDP1 and LDP2) are aimed at data
transmitting.

D. Mutual Inductance Versus Rotatory Misalignment

As for the data transfer, MDD1 denotes the mutual induc-
tance between LDP1 and LDS, while MDD2 characterizes the
mutual inductance between LDP2 and LDS. During the rotational
operation from 0 to 90° (180° to 270°) shown in Fig. 3(a),
there is an observed increment (decrement) in MDD1, whilst
MDD2 exhibits a concomitant decrement (increment). Therefore,
LDP1 and LDP2 are connected in series in this article to form
the data transmitting coil LDP (i.e., LDP = LDP1+LDP2), and
their cumulative effect is MDD (i.e., MDD = MDD1+MDD2)
keeps relatively stable due to the proposed half-cylinder stator
and quarter-cylinder rotator coupling mechanism. The measured
range for MDD is from 5.86 to 6.05μH. When contrasted with its
mean value of 5.94 μH, it exhibits a fluctuation within ±1.85%.
Such stability infers a consistent data transfer capability.

With respect to the power transfer, MPP1 represents the mu-
tual inductance between LS1 and LP, whereas MPP2 denotes
the mutual inductance of LS2 and LP. During the rotational
operation from 90° to 180° (270° to 360°) shown in Fig. 3(b),
there is an observed increment (decrement) in MPP1, whereas
MPP2 exhibits a concomitant decrement (increment). Similarly,
two Q coils are also connected in series (i.e., LS = LS1+LS2)
for receiving power. The mutual inductance between LS and
LP is MPP (i.e., MPP = MPP1+MPP2). As can be seen from
the measured results, MPP remains relatively stable due to
the proposed half-cylinder stator and quarter-cylinder rotator
coupling mechanism. The value spans between 18.55 and 19.48
μH. When compared to its mean value of 19.02 μH, the data
fluctuates within a range of approximately ±2.42%.

As shown in Fig. 3(c), MLDP-LP, MLDP-LS, MLDS-LP,
and MLDS-LP are unwanted cross-coupled mutual inductances

Fig. 3. Variation of the mutual inductance in the presented WPT system in
(a) data transfer, (b) power transfer, and (c) the cross-coupled mutual induc-
tances.

among coils LDP, LDS, LP, and LS. Thanks to the decoupling
characteristics between DD and Q coils [22], all these measured
values consistently remain below 0.2 μH. These small enough
values indicate that the interference between power transfer and
data transfer is small enough to be negligible [23]. Moreover,
the maximum speed of the rotator in the RSS is about 400 revo-
lutions per minute [24]. Due to the proposed half-cylinder-stator
and quarter-cylinder-rotator coupling mechanism, the equivalent
mutual inductance remains consistently stable under all 360°
rotary conditions. As a result, the performance of the system
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Fig. 4. Circuitry diagram of the presented WPT system with the power and
data channels.

remains unaffected by variations in the rotational speed of the
rotator [25].

III. CIRCUIT TOPOLOGY ANALYSIS

Fig. 4 depicts the circuit diagram of the presented WPT
system, where the inductor-capacitor-capacitor-series (LCC-S)
compensation topology is utilized in power transfer, which can
provide a CV output independent of load changes. As for data
transfer, to enhance its transfer capability, a relatively simple
series-series (S-S) compensation topology is utilized [26].

A. Analysis of Power Transfer

The inverter architecture is constituted by MOSFETs (Q1–Q4),
whereas the rectifier is made up of diodes (D1–D4). Req sym-
bolizes the equivalent input resistance of the rectifier. The load
resistance is RL. There is no control over the power supply and
the system operates in an open loop. Given the usage of the
fundamental harmonics approximation, the output voltage of
the inverter can be expressed in its phasor form as [27]

U̇in =
2
√
2Udc

π
∠0◦ (1)

where the output voltage of the inverter can be regarded as
constant.

According to Kirchhoff’s voltage law (KVL), the following
equations can be gained:⎧⎪⎪⎪⎨
⎪⎪⎪⎩

U̇in = (jωLT +RT)İT + 1
jωCT

(İT − İP)
1

jωCT
(İT − İP) = (RP + jωLP + 1

jωCP
)İP − jωMPPİS

jωMPPİP = (RS1 +RS2 + jωLS + 1
jωCS

)İS + U̇S

U̇S = 2
√
2

π UL = İSReq, UL = ILRL, Req = 8
π2RL

(2)
where RP (0.19Ω), RT (0.05Ω), RS1 (0.11Ω), and RS2 (0.11Ω)
are the corresponding inner resistances of LP, LT, LS1, and
LS2, respectively. RS1 and RS2 can be regarded as a whole RS

(i.e., RS = RS1+RS2). The relationship between inductors and
capacitors can be simplified as

ωLT =

1

ωCT
, ωLP − ωLT =

1

ωCP
, ωLS1 + ωLS2 = ωLS =

1

ωCS
.

(3)

Substituting (3) and (1) into (2), UL can be obtained as

UL =

ω2MPPUdcCTReq

CT
2MPP

2RTω4 + CT
2RPRTω2 (Req +RS) +Req +RS

(4)

where ω is the operating angular frequency of power transfer,
satisfying ω = 2πf, f = 85 kHz [1]. Subsequently, the efficiency
can be calculated as

η =
ω4MPP

2LT
2Req(

MPP
2ω2 +RPReq +RPRS

)

× 1[
LT

2 (Req +RS)ω2 +MPPRTω2 +RPRT (Req +RS)
] .
(5)

Then, the output impedance of the inverter can be calculated
as

Zin =
U̇in

İT
=

(Req +RS)
(
2RTRP + ω2LT

2
)
+RTω

2MPP
2(

2RPReq + 2RSRP + ω2MPP
2
) .

(6)
From the analysis of (6), it is evident that when the load

resistance (RL) exhibits a purely resistive nature, the output
impedance (Zin) likewise assumes a purely resistive character-
istic.

Concerning power transfer, RT, RP, and RS are so tiny that
they can be neglected for simplifying analysis [28]. Therefore,
the output voltage can be simplified as

UL =
(MPP1 +MPP2)Udc

LT
=

MPPUdc

LT
. (7)

As can be seen from (7), UL is a load-independent output.
And UL is stable as long as MPP can be maintained as relatively
consistent.

Similarly, the output impedance of the inverter can be further
simplified as

Zin =
U̇in

İT
=

LT
2

MPP
2Req. (8)

B. Analysis of Data Transfer

In the present study, the method of amplitude shift keying
(ASK) modulation is employed for the generation of data carri-
ers. This can be described as follows:

sASK(t) =

{
AH cos(ωDt)bit0
AL cos(ωDt)bit1

(9)

whereωD is the angular operating frequency of the data transfer,
satisfying ωD = 2πfD, fD = 1.5 MHz. This frequency was
chosen because the data transfer frequency should be chosen
to be at least one order of magnitude higher than the power
transfer frequency [21]. AH, and AL are the highest and lowest
amplitudes of the carrier wave, respectively.

For the purpose of ensuring robust data transfer, a specially
designed data transfer circuit has been implemented, as depicted
in Fig. 4. Specifically, the CD4051 chip is utilized for the
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Fig. 5. Picture of the experimental setup.

application of ASK modulation. Power amplification within the
system is achieved via a Class-AB configuration, employing the
2N5551 and 2N5401 transistors. Furthermore, the operational
amplifier (OA) of the system is based on the LT1816 chip, while
the comparator function is facilitated through the use of the
LM311 chip. Then, the following equations can be established
based on KVL:⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

U̇DP =(
1

jωDCDP
+ jωDLDP1 + jωDLDP2 +RDP1 +RDP2

)
İDP

− jωDMDDİDS

0 =
(
jωDLDS +

1
jωDCDS

+RDS

)
İDS + U̇DS − jωDMDDİDP

U̇DS = İDSRDeq

(10)

where inductors, capacitors, and resistors in the data transfer
circuit should follow:

ωD(LDP1 + LDP2) =

1

ωDCDP
, ωDLDS =

1

ωDCDS
, RDP = RDP1 +RDP2 (11)

where RDP1, RDP2, and RDS are the inner resistances of LDP1,
LDP2, and LDS, respectively.

Substituting (11) into (10) as well as ignoring the inner
resistances, the root mean square value of U̇DS can be expressed
as

∣∣∣U̇DS

∣∣∣ =
∣∣∣U̇DP

∣∣∣RDeq

ωD(MDD1 +MDD2)
=

∣∣∣U̇DP

∣∣∣RDeq

ωDMDD
(12)

where RDeq is the equivalent resistance seen from the bandpass
filter. As can be seen in (12), the voltage amplitude for data
transfer is stable as long as MDD can be maintained as relatively
constant.

IV. EXPERIMENTAL VERIFICATION

A laboratory setup is constructed to validate the proposed sys-
tem, as depicted in Fig. 5. The utilized oscilloscope is MDO3024
from Tektronix, and the load is electronic load IT8512. The
utilized dc power supply is SS-L605SPV from LCSC Electron-
ics, and the MOSFET used in this study is IPB044N15N5 from

TABLE II
SYSTEM PARAMETERS

Fig. 6. Simulated magnetic field distribution. (a) From 225° point of view.
(b) From 270° point of view.

Infineon. The detailed measured values can be seen in Table II.
The input dc voltage of the system (Udc) is 60 V. The output dc
voltage (UL) is set as 48 V, which is suitable for power drive orbit
RSS from Schlumberger. The data transfer circuit and power
transfer circuit are isolated from each other, and the transmitted
data is sent by the monitoring computer.

Fig. 6 illustrates the magnetic field distribution viewed from
two different points of view (i.e., 225° and 270°) to visualize the
operating state of the coupler. These simulations are conducted
under the operational conditions where the output voltage is
48 V, the load resistance is 10 Ω and the data transfer is in
service. It can be seen in Fig. 6 that the magnetic field distribution
between the coupled power transfer coils (i.e., LP and LS2) is
relatively strong.

Fig. 7 illustrates the crucial waveforms of the inverter, namely
the output voltage uin and output current iT. In order to accom-
plish zero-voltage switching (ZVS), the resonant capacitors can
be strategically designed with a slightly smaller value than that
derived from (3) [29]. By doing this, Zin can exhibit an inductive
characteristic. Accordingly, this can be exhibited by the fact that
iT slightly lags behind uin, which validates the capability of
achieving ZVS.

Fig. 8 shows the key waveforms of the data transfer circuit
from data input to data output, where Fig. 8(a) shows the wave-
forms of the data transmitting side, whereas Fig. 8(b) shows the
waveforms of the data receiving side. As can be seen in Fig. 8(a),
the waveforms of uDP, the modulation signal, the data carrier,
and the input data are shown in oscilloscope channels #1, #2, #3,
and #4, respectively. Fig. 8(b) shows that the waveforms of uDS,
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Fig. 7. Experimental validation of zero voltage switching.

Fig. 8. Key waveforms of the data transfer circuit. (a) Data transmitting side.
(b) Data receiving side.

the filter output, the OA output, and the output data are shown
in oscilloscope channels #1, #2, #3, and #4, respectively. The
waveforms in Fig. 8 verify the data transfer principle shown in
Fig. 4.

Fig. 9 demonstrates the waveforms for the different operating
modes.

1) Both power transfer and data transfer are in service.
2) Data transfer is in service, and power transfer is on standby.
3) Power transfer is in service. And data transfer is on

standby.
First, several parameters were concurrently observed in

Fig. 9(a). Specifically, the waveforms of the rectified output volt-
age UL, the input data, the output waveform from the OA, and

Fig. 9. Waveforms of synchronous parallel transfer of power and data in
three operating modes. (a) Both power transfer and data transfer are in service.
(b) Data transfer is in service, and power transfer is on standby. (c) Power transfer
is in service, and data transfer is on standby.

the demodulated output data are shown in oscilloscope channels
#1, #2, #3, and #4, respectively. In this figure, the data trans-
fer waveform (i.e., channel #3) exhibits minimal interference,
ensuring the data can be demodulated effectively. This lack of
interference and consequent seamless transfer indicates that the
data integrity remains uncompromised by energy fluctuations.
Fig. 9(b) illustrates the waveforms observed solely when the
data transfer is operational, while the power transfer remains in
a standby state. It is observed that these data can be demodulated
and transmitted effectively. Notably, there is almost no interfer-
ence from the data on the energy component as shown in this
figure. Similarly, Fig. 9(c) illustrates the waveforms observed
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Fig. 10. Dynamic response when the load resistance is changed from 10
to 20 Ω and subsequently reverts to 10 Ω.

solely when the power transfer is operational, while the data
transfer remains in a standby state. It also demonstrates that the
energy is able to run normally and there is an absence of clutter
on the data path, which indicates that the data transfer cannot be
interfered with the energy transfer.

In Fig. 10, the dynamic response is presented during a scenario
where the load RL transitions from 10 to 20 Ω and subsequently
returns to 10 Ω. This alteration leads to a modification in the
output current IL, sequentially shifting from 4.87 to 2.46 A,
and ultimately returning to 4.86 A. Notably, throughout these
variations, UL demonstrates stability, fluctuating marginally
from 48.7 to 49.2 V before settling at 48.6 V. Furthermore, it
can be seen from the purple (i.e., OA output) and green (i.e.,
output data) waveforms that data transfer remains stable and
can be demodulated normally.

Upon rotating the inner cylinder of the coupler through a full
360° rotation, Fig. 11 shows the waveform alterations corre-
sponding to this dynamic rotation. The zoomed figures showcase
data captured at specific rotational angles of 45°, 135°, 225°, and
315°, respectively. It can be observed that the output voltage
experiences variations, confined between 47.1 and 48.9 V. In
addition, it can be seen from the OA output that there is no
detectable significant change in data transfer voltage amplitude,
which verifies that data transfer remains relatively stable.

Fig. 12 depicts the experimentally ascertained data pertaining
to output voltage and efficiency across a spectrum of angular
positions. It indicates that the deviation of the output voltage is
±2.7% of the nominal value of 48 V, evidencing relative stability
attributable to consistent mutual inductance. Furthermore, the
efficiency metrics observed denote a minimum of 86.7% and a
peak of 88.9%. The graphical representation corroborates that
both the output voltage and efficiency manifest a commendable
degree of constancy throughout the entirety of the angular rota-
tion spanning 0° to 360°.

The measured power loss distribution of the system is pre-
sented in Fig. 13. The total power loss under the maximum
and minimum efficiency conditions are 27.99 and 35.98 W,
respectively.

Fig. 11. Variation of the outputs with different angular positions from 0°
to 360°.

Fig. 12. Experimental validation of the output voltage and efficiency under all
360° rotary conditions.

TABLE III
COMPARISON BETWEEN THIS ARTICLE AND REFERENCES [1], [22], [23], [30]
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TABLE IV
COMPARISON AMONG DIFFERENT SIMULTANEOUS POWER AND DATA TRANSFER TECHNOLOGIES

Fig. 13. Measured power loss distribution. (a) Maximum efficiency condition.
(b) Minimum efficiency condition.

The measured results of the system signal-to-noise ratio
(SNR) with rotation angle are shown in Fig. 14. It can be seen in
Fig. 14 that the variation of SNR with rotation angle is relatively
small, and data can be demodulated normally at all rotation
angles, as the SNR is greater than 0 [19].

V. DISCUSSION

A. Novelty of the Presented Magnetic Coupling Structure

Table III presents the comparison results between the pro-
posed method in this article and those proposed in [1], [22],

Fig. 14. Measured results of the system SNR with rotation angle.

[23], and [30], which highlights the novelty of the presented
magnetic coupling structure. First, compared with [22], [23],
and [30], the proposed magnetic coupling structure in this article
is intended to be applied in rotational applications rather than
planar applications. In addition, Ji et al. [1] focus on the stable
WPT for the RSSs whereas this system maintains the stability
and synchronization of both power and data transfers by using
the proposed half-cylinder-stator and quarter-cylinder-rotator
magnetic coupling structure.

B. Comparison Results With Other SWPDT Methods

Table IV summarizes a comparison between this article and
relevant methods presented in [4], [17], [18], [19], [20], and
[21]. First, SWPDT technology can be roughly divided into two
types, i.e., shared channel and separate channel.

With respect to the shared channel types [4], [17], [18], [19],
[20], the data is integrated into the coupling mechanism for
power transfer, thereby facilitating the concurrent transfer of
both power and data. Depending on the different methodologies
of modulation, this technology can be further categorized into
two distinct types: energy modulation [17], [18] and carrier
modulation [4], [19], [20]. However, they usually necessitate a
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more complex and cost-intensive design of the data processing
circuit, largely due to the higher levels of crosstalk interference
experienced in their shared channel systems. In contrast, the
approach in this study, while requiring extra data transfer coils,
simplifies and reduces the cost of circuit design due to the
minimal crosstalk between power and data channels.

In the context of separate channel types, the power and data
are transmitted via distinct coupling coils in [21]. It indicates
that the interference between power and data transfer is compar-
atively minimal. This interference is attenuated by deliberately
augmenting the spatial separation between the power and data
coupling mechanisms. However, it necessitates an expanded
distance between the power and data channels, leading to an
increase in the overall dimensions of the system. Such an en-
largement might not be suitable for rotary systems, which are
typically constrained by rigorous volume and size limitations.
Contrastingly, the work presented in this article avoids such a
drawback by achieving decoupling through the use of DD coils
and Q coils. As a result, the presented work succeeds in realizing
a more compact and efficient structural design, better suited to
applications with strict space constraints, such as RSSs.

VI. CONCLUSION

This article proposes a SWPDT method by utilizing a half-
cylinder-stator and quarter-cylinder-rotator coupling mecha-
nism for RSSs. Through this configuration, stability and syn-
chronization of both power and data transfers are ensured,
notably under comprehensive 360° rotational conditions. More-
over, based on the decoupling characteristics, the interference
between power and data transfer is also greatly reduced. Next,
the LCC-S topology provides CV output irrespective of load
variations, rendering it particularly suitable for RSSs. In addi-
tion, the S-S topology for data transfer can effectively improve
the reliability of transmission. Experimental results show that in
all 0°–360o rotary conditions, the output voltage can be main-
tained as stable at 48 V with a deviation of ±2.7%. The system
dc–dc efficiency fluctuates from 86.7% to 88.9%. Furthermore,
there is no detectable significant change in data transfer voltage
amplitude. In future research, the WPT-based actual RSS will
be considered, then the influence of metal skeleton on coupling
parameters and the related shielding techniques will be studied.
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