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Abstract. In wireless power transfer (WPT) systems, wireless transmission of signals is particularly
important for some practical applications. An effective approach of signal and energy synchronous
transmission based on time-sharing multiplexing of the same coupled coil is proposed in this paper. Using
the same coupled coil, the signal transmission is carried on when interruption of power transmission
happens. To realize the proposed method, the relationship between power transmission time and signal
transmission time is provided to obtain the optimal transmission process of the power and signal. Besides,
the power transmission efficiency (PTE) and the signal transmission rate (STR) are analyzed. Finally, the
effectiveness of the proposed method is verified by the experiment.

1 INTRODUCTION
Wireless power transfer (WPT) technology allows for
electrical power transmission between the power supply
and the electrical equipment without physical contact 1.
Due to its residue-free operation and tolerance to harsh
environment, WPT technology has received widespread
attention and rapid development. In the biomedical fields,
the application of WPT technology has been a great
progress for human health care 2-3. In the field of
consumer electronics such as household appliances and
removable electronic products 45, wireless charger is
becoming popular and several standards have been set up.
And in the high-power applications such as electrical
vehicles (EVs), high-speed trains and oil drilling 611, the
WPT technology enhances the devices’ safety and
decreases the connectivity complexity.
However, for many applications, the communication
between the power supply side and the pickup side is
always required and plays an essential role in a welldesigned ICPT system. For instance, the function such as
output voltage feedback control, status monitoring and
multi-controller synchronization is always required in
WPT systems 12-14, and the implementation will be
easier if the communication between both sides is
provided. Radio frequency (RF) technology is a common
way employed in many WPT systems for wireless
communication 15, but it also leads to higher costs and
lower reliability with increasing the power rating of
WPT systems. The dual-band system which uses
multiple inductive links is also a solution in many WPT
systems [16]. But multiple links will cause extra
magnetic interferences and leads to larger device size.

*

Several methods have been proposed to transfer the
power and signal via the same inductive link where the
power transmission coupling coils are used as the shared
channel for power and signal transmission. For example,
in some applications, the signal is directly modulated by
changing the output voltage amplitude or the working
period of the inverter circuit, and the load-shift keying
(LSK) technology is adopted to achieve the backward
signal transmission 17-19. However, the method that
changes the output voltage amplitude or the working
period of the inverter circuit has two major drawbacks:
the first one is that the power transmission performance
will be affected when the working condition of the
inverter circuit is changed, which causes the frequency
of the inverter circuit and the power transmission
capacity both to be changed; the second one is that the
signal is modulated by changing the power transmission
state so that the signal transmission will be disturbed
when the system is disturbed or the load is changed.
Besides, literature 20 realizes signal transmission by
increasing the circuits of injection and receiving signal
carrier, and adds the wave trapper to avoid the
interference while the wave trapper will affect the
system performance and increase the cost. In some low
power cases, the signal is directly modulated as the highfrequency signal carrier, and the carrier is transferred in
the power transmission link as with the power carrier 21.
However, the carrier will be weakened by the filtering of
the resonance compensation circuit of power
transmission, and the carrier will bring harmonic
interference in the power transmission link.
This paper focuses on how to apply the power and
signal transmission technology in oil drilling application.
An effective approach based on the time-sharing
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multiplexing technology to transfer the power and signal
via the same inductive link is proposed. There will not
have the interference between power transmission and
signal transmission because of the different work period.
The distribution principle of the power transmission time
and the signal transmission time is discussed to achieve
the stable power transmission as well as reliable signal
transmission. The system topology and the signal
modulation and demodulation method are provided.
Moreover, the PTE and the STR are discussed. Finally,
an experimental system was designed to test the
correctness of the proposed approach.

Controller
Fig. 2. The structure of function switch

In order to switch the operation mode, the function
switches K1 and K2 are connected to the power
transmission circuit and the signal transmission circuit
respectively and the structure of the function switch is
shown in Fig.2. The switches are controlled by a MCU.
When the system works on power transmission mode,
the switch K1 in the power transmission circuit is turned
on while the switch K2 in the signal transmission circuit
is turned off. When the system works at signal
transmission mode, the switch K1 will be turned off
while the switch K2 will be turned on.

2 SYSTEM FUNDAMENTALS
The proposed system can be divided into two modes: the
power transmission mode and the signal transmission
mode. When the system works at power transmission
mode, the transmission process is same as the normal
WPT system. When the system works on signal
transmission mode, the transmission process is similar to
the method that uses the signal carrier to achieve the
signal transmission.

2.2 Characteristic of Inductor Current
As shown in Fig.1, the induced voltage of the pick-up
coil is supplied to the load through a full bridge rectifier
and filter capacitor Cf. Loading effect of the load RL and
the rectifier on the secondary circuit can be replaced by
an equivalent load Req 6, which is approximately
equivalent as:

2.1 System Topology
The SS, SP, PS, PP structures are basic topology for
most WPT systems according to the different LC
branches (series and parallel) in the primary side and the
pick-up side. However, for some applications such as the
oil drilling, the air gap between the primary side and the
pickup side is only 2mm or less, and the coupling
coefficient is always higher than 0.8. Thus, the topology
without the compensation capacitor in the pick-up side is
used 20. In this paper, the SN (primary series, secondary
no compensation capacitor) is employed to analyze the
proposed system, and the topology is shown in Fig. 1.
EDC is the power supply, up is the inverter output voltage
by neglecting the higher-order harmonics. Lp and Rp are
the inductor and the resistor of the primary inductive coil,
and Cp is the series compensation capacitor. K1 and K2
are the function switches. Ls and Rs are the inductor and
the resistor of the pick-up inductive coil, Cf is the filter
capacitor, and RL is the load. R1 and R2 are the sampled
resistors to extract the signal carrier from the coupling
coil.
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According to a mutual inductance coupled
transformer model, the induced voltage in the secondary
side is related to the primary current ip. R1 and R2 are
large resistors, so the data pick-up branch can be
regarded as an open circuit for power transmission. The
equivalent coupled circuit is shown in Fig. 3.
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Where w represents the operating frequency.
As the WPT system often operates at a highfrequency state 22, (Rs+Req)/jw as shown in (2) can be
ignored in a certain power range. Then the inductor
current in the secondary side can be expressed as:

Fig. 1. The proposed system of power and signal transmission
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M
Ip
(3)
Ls
Based on (3), there is no phase difference between Is
and Ip, as shown in Fig. 4. Therefore at the time when
the primary inductor current is zero, there is no energy in
the secondary inductor.
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Fig. 4. The phase difference between Is and Ip
Fig. 5. Modulated waveform

2.3 Energy Characteristic of the Coupled Coils
There is energy exchange between the inductor and the
capacitor in the resonant network. When the inductor
energy reaches its maximum, capacitor energy becomes
zero, and vice versa. The stored energy in the inductor
can be characterized by the inductor current, as shown
below:
1
(4)
WL  Li 2
2
Hence, at the current zero-crossing point, the stored
energy in the inductor is zero. As discussed in Section
2.B, there is no phase difference between is and ip. Then
at the primary current zero-crossing point, no energy is
stored in the coupled coils.
When the inductor current is zero, the inductor can
be open. At this time, energy is mainly stored in the
resonant capacitor, and this state can be maintained.
Furthermore, the working mode transition will occur at
the time which can reduce the interference from power
transmission mode to signal transmission mode.

2.5 Signal Coupling
When the switch K1 is on and K2 is off, the coupled coils
are employed to transfer power. At the zero-crossing of
the resonant current, K1 is turned off and K2 is turned on,
then the coupled coils are used to transfer signal. After a
period of time, K1 is turned on and K2 is turned off, then
the system repeats the previous cycle. In the long term,
signal and energy synchronous transmission are achieved
by using a pair of coupled coils. Capacitor Cf is used to
maintain the output voltage basically stable when the
signal transmission.
During signal transmission, the signal coupled
voltage is lower than the output voltage of the system.
Moreover, due to the full-bridge rectifier’s irreversible
characteristic, so the signal transmission is not affected
by the output voltage in the secondary side.

2.6 Signal Demodulation
The sampled resistors to extract the signal carrier from
the coupling coil can be analyzed as a dummy load for
the whole system, so that the extracted voltage in the
sampled resistors is composed of the signal carrier
voltage and the power carrier voltage. Because the
amplitude of the signal carrier is lower than the power
carrier, so the signal carrier can be extracted by a
window comparator. After the window comparator, the
extracted voltage in the sampled resistors is changed into
zero at the power transmission period and a series of
square wave whose frequency is same as the signal
carrier at the signal transmission period. Finally, the
output signal of the window comparator is demodulated
to the digital signal by a monostable trigger, and the
block diagram of signal demodulation is shown in Fig. 6.

2.4 Signal Modulation
At modulation cell, the on-off keying (OOK) signal
modulation is used to modulate the signal. When the
baseband signal is ‘1’, the output is a continuous carrier;
when the baseband signal is ‘0’, the carrier output is
closed, as shown in Fig. 5. Signal waveform formula is
as follows:
 Po  A sin t singanl'1'
(5)

singanl'0'
 Po  0
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Extracted
voltage Vs

In order to analyze the relationship of efficiency
between SN topology and SS topology, the system
parameters is shown in Table I.

Window
comparator

Table 1. The parameters of system
Monostable
trigger

Digital
signal

Parameters

Fig. 6. The process of signal demodulation

3 ANALYSIS OF OPERATION CYCLE
The relationship between the power transmission period
tp and the signal transmission period ts is shown in Fig.7,
td is the time for a data bit. In order to ensure the stable
power transmission as well as the reliable signal
transmission, it is necessary to analyze the power
transmission process and obtain the time allocation.
1 0

Time for power transfer

n

Time for signal transfer

0

DC input supply Edc

48V

Primary resonant inductance Lp

457μH

Secondary resonant capacitance Ls

456μH

Primary inherent resistance Rp

0.2Ω

Secondary inherent resistance Rs

0.2Ω

Mutual inductance M

422μH

Primary resonant inductance Cp
Operating frequency f
Load resistance RL

0.3μF
39kHz
8.9Ω

According to the parameters, the PTE can be
obtained with respect of the normalized frequency (f/f0)
as shown in Fig. 9.

td
1 0

Values

t

tp
Tw

ts

Fig.7. The operation cycle of the proposed system
Fig. 9. PTE with respect to normalized frequency

3.1. Power Transmission Efficiency

As can be seen in Fig. 9, the maximum PTE occurs at
the resonance frequency (f0) for SS topology. Meanwhile,
the PTE remains constant almost for SN topology
because of the strong coupling. So the PTE of SN
decreases slightly compared with the SS topology which
works at the resonance frequency.

During the power transmission, the topology of the
proposed system is lack of the secondary compensation
capacitor compared with the normal WPT system. The
simplified model of the system is shown in Fig. 8.
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3.2 Signal Transmission Rate
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When the system works at signal transmission mode, the
function switch K1 is off and K2 is on. So the inverter
circuit and the compensation capacitor can be cut off
from the power transmission circuit, and the signal
transmission circuit is shown as Fig. 10.

M
Fig. 8. The simplified model of SN network

Assuming the power inverter losses is negligible, the
efficiency of system is given by 23
I s2 Req
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Fig. 10. The Signal transmission circuit
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The current Ip and Is can be obtained by the following
formula
 R p  jX p I p  jMI s  U in
(7)

 jMI p  Rs  Req  jX s I s  0
Where
  2f
,
,
X p  L p  1 (C p )



Rp

As shown in Fig. 10, the signal is transmitted from Vd
at the primary side and received in Vr at the other side.
Vd and Ct are the modulated signal and the series
compensation capacitor for signal transmission, and T is

.
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the signal coupling transformer for the signal carrier
injection.
Because of the unidirectional conduction property of
the rectifier diode, the rectifier circuit in the pick-up side
can be analyzed as an open circuit as long as the voltage
amplitude of the signal carrier in the pick-up side is
lower than the output voltage across the load. So there is
no need to add the switch in the pick-up side to control
the working mode.
When the signal carrier frequency is high enough,
signal transmission baud rate is relevant to td, ts and tp, as
shown in Fig. 7. Obviously, data transmission time
cannot exceed ts, which means t d  n  t s . Thus, the
overall STR of the system can be calculated as
(8)
bps  n (t s  t p )

iC  2C f U s cos(t   )

And the load current iR
u
iR  s 
RL

2U s sin(t   )
RL
(13)
Assuming the conduction angle of D1 and D4 is θ, so
D1 and D4 will be turned off when wt=θ. Bringing
id(θ)=0 into (13), we can obtain
(14)
tan(   )  RL C f

Moreover, the output voltage uo when wt=π is equal
to the voltage uo when wt=θ.
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id  iC  iR  2C f U s cos(t   ) 

 
RL C f

(15)
2U s sin(t   )e
 2U s sin 
So θ and δ can be obtained by solving (14) and (15).
According to the circuit theory, the Root-MeanSquare (RMS) value of uo can be expressed as
1 Tw 2
Uo 
u o (t )dt
(16)
Tw 0

When the system works at signal transmission mode, the
output voltage can only depend on the filter capacitor Cf
to keep relatively stable. So the time allocation of tp and
ts is important to ensure the realization of the function.
The single-phase uncontrollable bridge rectifier circuit is
shown in Fig. 11, and the output voltage uo waveform
(red line) can be seen in Fig. 12.
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Fig. 11. The bridge rectifier circuit
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By using (16) and (17), we can get the expression of
the RMS of uo(t). If tp:ts=n:m=k, Uo can also be described
as
U o  f (k , C f )
(18)

Assuming the difference between the conduction
moment of D1 and D4 and the zero crossing point (ZCP)
of us is δ. Only considering the fundamental harmonic of
us 22, us can be written in the form of

According to the system parameters and the above
formulas, the curve of the output voltage varying with k
and Cf can be obtained. In order to realize the normal
work, the output voltage is 38V in oil drilling application.
As can be seen in Fig. 13, under the condition of m=4,
the Uo is almost 38V when k=5.5 and Cf=450μF, and Uo
increases with increasing k and Cf. Similarly, the Uo is
38V when k=7 and Cf=500μF in the Fig. 14. The rest of
parameter combination is no longer narration in here.

δ

0 θ

π

wtp

wts

Fig. 12. The output voltage waveform

u s  2U s sin(t   )
(9)
During the conduction of D1 and D4,
u o (0)  2U s sin 

(10)
1 t

u
iC dt u s
(
0
)

o

0
Cf

Where uo(0) is the voltage value of conduction
moment.
By solving (9) and (10), ic can be determined as
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Fig. 13. The output voltage varying with k and Cf when m=4

Fig.16. The inverter voltage, resonant current and drive signal
of K1

Fig. 14. The output voltage varying with k and Cf when m=6

As can be seen from the above results, the values of k
and Cf are different when signal transmission time is
different. So the reasonable values of k and Cf can not
only ensure the stability of power transmission, but also
realize the signal transmission.

4 EXPERIMENT VERIFICATION
In order to verify the proposed approach, an
experimental setup based on the proposed method has
been built, as shown in Fig. 15. The parameters of the
designed system are listed in Table I. Besides, we select
m=4, k=5.5 and Cf=470μF as the experimental
parameters. The experimental value of Cf is slightly
higher than the theoretical value because of the
specifications.

Fig.17. The signal modulated waveform

The modulated signal carrier will be transferred to
the pick-up side in the signal transmission time. Due to
there is no remaining power in the coupling coil, the
extracted voltage in the sampled resistor only has the
signal carrier. And the results are shown in Fig. 18.

Fig. 15. The experimental equipment of the proposed system

The working mode transition occurs when the
resonant current is close to zero, as shown in Fig. 16.
The operating frequency is 39 kHz. The switches K1 and
K2 work in a complementary mode. It is provided in Fig.
17 that the high-frequency carrier (1.2MHz) is
modulated When K2 is on. Then, the modulated
waveform is coupled to the coils for signal transmission.

Fig.18. The voltage and current at signal transmission mode
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setup is 12121. Meanwhile, the relationship between tp
and ts is researched to ensure the stability of power
transmission and realize the signal transmission. The
results obtained from the experimental platform verify
the effectiveness of the proposed method.
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Fig.19. The result of signal demodulation
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