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Abstract- In this paper, a novel wireless servo motor drive is 
proposed and implemented, which artfully integrates wireless 
power transfer into the DC servo motor drive to achieve wireless 
bidirectional servo motion. Prominently, there is no power 
converter or controller at the servo motor side to realize the 
bidirectional rotation, while the motor control is fully conducted 
at the transmitter side. The key is to adopt only one transmitter 
with LCL network to achieve power equalization of two receiver 
coils, hence realizing bidirectional motion. Meanwhile, the phase-
shift control method is newly developed to perform the desired 
speed control at the transmitter side, without requiring any 
switched capacitor arrays. As a result, the proposed wireless 
bidirectional servo motor drive takes the definite advantages of 
electrocution free and totally sealable. Both calculation and 
experimental results are presented to validate the feasibility and 
controllability. For the prototype, the transmission distance can 
reach up to 130 mm and the transmission efficiency can be up to 
85%.1 
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I.  INTRODUCTION 

ORE than one hundred years ago, the concept of 
electrical energy transmission without wires was 

proposed by Nikola Tesla [1]. Currently, as one of the most 
epoch-making techniques, wireless power transfer (WPT) has 
been involved in various applications, especially for the 
electric-driven devices [2-5]. By utilizing this emerging 
technique, the energy receptor can harness wireless power 
from electromagnetic field in air and thus charge their battery 
in dynamic states or extreme operation conditions [6-7]. Since 
the WPT technique possesses the advantages of reliability, 
automation, safety, low maintenance, convenience, and 
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electrical isolation [8], more and more academic researchers 
and industries are getting involved in this emerging area. 
Thus, the WPT shows significant meanings for charging 
portable electronic devices [9], implanted medical devices 
[10], and electric vehicles [11-13]. 

Among so many WPT applications, the WPT for motor 
drive has been little researched. This is because the 
conventional WPT just changed the power delivery method, 
and the controller and converters are still needed at the motor 
side. Previously, a wireless in-wheel motor system was 
presented [14], which could alleviate the problem of 
conventional in-wheel motors for electric vehicles [15]. 
However, this is not a real wireless motor, which is actually a 
combination of the wireless battery charging system and the 
cable powered motor system. Besides, this kind of pseudo-
wireless motors suffers from using additional controller and 
converters, which are bulky, lossy and costly. Consequently, a 
real wireless separately excited DC motor drive was proposed 
[16]. In this topology, only one transmitter is needed to 
wirelessly feed both the armature and field windings and there 
is no power converter at the motor side. However, this 
wireless DC motor drive could only provide unidirectional 
currents, hence resulting in unidirectional motion. 

Generally, a multiple-receiver WPT system is used to power 
several ubiquitously existent devices or to extend the 
transmission distance [17-19]. For most multiple-receiver 
applications, the WPT system mainly focuses on transferring 
wireless power simultaneously to all receivers. However, for 
wireless motor drive applications, only one receiver needs to 
be energized among several receivers. Thus, a multiple-
frequency WPT is needed to targetedly deliver power to the 
targeted phase winding [20]. By utilizing multiple resonant 
frequencies, the WPT system can also realize energy security 
[21]. Namely, the receivers with the same resonant frequency 
can pick up the wireless energy, while other receivers with 
different resonant frequencies can pick up nearly no energy. 

Due to the high controllability and fast response, the DC 
servo motor has been widely used for control application. By 
artfully incorporating WPT into the servo motor, the wireless 
servo motor drive can possess the definite advantages of 
electrocution free and totally sealable while offering 
bidirectional servo motion. 

M
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In this paper, a novel wireless bidirectional servo motor 
drive is proposed and implemented. The main contributions of 
this paper are listed as follows. First, the selective multiple-
frequency WPT is realized by incorporating the LCL network, 
instead of using the bulky switched-capacitor array. Second, 
the power equalization for the two motor motions is achieved 
at different operating frequencies. Besides, only one 
transmitter is required to feed the receiver for the servo motor. 
In order to create bidirectional motion, a self-drive circuit is 
coupled with each coil of the receiver to produce bipolar 
voltage across the servo motor and hence to achieve 
bidirectional operation. As a result, there will be no additional 
power supply or controller at the motor side. Meanwhile, the 
servo motion can be fully controlled by the transmitter, which 
is highly desirable for some practical applications such as a 
wireless rotatable table inside the glovebox. 

In Section II, the system design and analysis of the 
proposed wireless bidirectional servo motor drive including 
the multi-frequency WPT and different compensations will be 
discussed. In Section III, the bidirectional control circuit and 
operation will be discussed. Then, in Section IV, an 
experimental prototype will be constructed and tested so as to 
verify the feasibility of the proposed system. Finally, a 
conclusion will be drawn in Section V. 

 
 

II. MULTIPLE-FREQUENCY WPT  

The proposed wireless bidirectional servo motor drive is 
shown in Fig. 1, which involves two main parts: the primary 
and the secondary. The primary part consists of a high 
frequency AC inverter, an LCL network, and one transmitter 
coil, which is operated at two different frequencies. 
Particularly, these two operating frequencies correspond to the 
two resonant frequencies of the series connected LC tanks in 
the secondary part. The secondary part consists of a receiver 
with two coils having different series connected compensation 
capacitors, two simple diode rectifiers, two pulse transformers, 
two MOSFETs for direction selection, and a permanent-

magnet DC servo motor. The upper receiver coil is used to 
drive the motor in the forward direction, whereas the lower 
receiver coil is for the reverse direction. 

As shown in Fig. 1, the LCL network aims to provide 
multiple-frequency operation with only one transmitter. Since 
the two receiver LC tanks are with different resonant 
frequencies, each receiver LC tank can be separately excited 
and thus provide DC power to the motor based on the 
principle of selective WPT. When the operating frequency is 
set at the resonant frequency of the upper receiver, the upper 
receiver will pick up wireless power while the lower receiver 
will pick up nearly no energy, and thus the upper MOSFET SF 
will be turned on while the lower MOSFET SR will be turned 
off through the pulse transformers. Thus, the motor can be fed 
by a positive voltage, hence achieving forward motion. Due to 
the cross connection of the two DC outputs, namely the 
forward output and reverse output, the motor can be fed with 
bipolar voltages to achieve bidirectional motion. It should be 
noted that there is no additional battery or controller in the 
secondary part so that the wireless servo motor drive can be 
totally sealed. 

The proposed system equivalent circuit is shown in Fig. 2 
(a), where the inverter output is regarded as AC power source 
VS; LS, LT and RT are the inductances of the series inductor and 
the transmitter coil, and the transmitter coil resistance, 
respectively; CP is the capacitance of the parallel capacitor; IS 
and IT are the currents of the AC power source and the 
transmitter coil; Li, Ci, Ri, Ii,, Ui (i=F, R) are the inductances 
of receiver coils, the capacitances of the series compensated 
capacitor, the resistances of receiver coils, the currents, and 
the rectifier input voltages; MTi are the mutual inductance 
between the transmitter and receiver coils; MFR is the mutual 
inductance between two receiver coils, which is neglected due 
to the same planar layout; UM, IM are the motor supplied 
voltage, and current; RM(n) is the equivalent resistance of the 
motor, which is related to the motor speed and load torque. 
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Fig. 1. Proposed system configuration of LCL wireless bidirectional servo motor drive. 
 



IEEE TRANSACTIONS ON POWER ELECTRONICS  

VS

RF

RT

IF

IT

CF

LF

LT

MTF
CP

UF UM

IM

MTR

MFR

LS

IS

RFM

RR IR

CR

LR UR UMRRM

RM(n)

IM RM(n)

 
(a) 

VS

RF

RT

IF

IT

CF

LF

LT

MTF

CT UF UM

IM

MTR

MFR

RFM

RR IR

CR

LR UR UMRRM

RM(n)

IM RM(n)

 
(b) 

Fig. 2. Equivalent circuits. (a). Proposed LCL-S compensation network. (b). 
Conventional S-S compensation network. 

 
A. Selectability of WPT 

In this wireless servo motor drive system, one receiver coil 
with LC tank should be targeted while another one would not 
be targeted, and vice versa. For these two LC tanks with 
different resonant frequencies of fF and fR, they behave like 
two bandpass filters. And the corresponding angular 
frequencies ɷF, ɷR can be expressed as 
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Particularly, when only one operating frequency ɷ is 
adopted at the transmitter, the currents IF, IR of the two 
receiver coils can be calculated by 
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where Qi= ɷiLi/(Ri+RiM) (i= F, R) represents the Q-factor of 
each coil, and the RiM is the converted equivalent resistance 
before the diode rectifier, which can be expressed as 
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For the servo motor, the operation current IM can be 
determined by the electromagnetic torque TEM, which can be 
calculated by 
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where CT is the torque constant, Φ is the air-gap flux per pole. 
Generally, the back electromotive force (EMF) EM of a servo 
motor can be expressed as 

nCeM       (6) 

where Ce is the back EMF constant, n is the motor speed. 
Thus, the motor voltage equation can be expressed as 

M M M aU E I R     (7) 

where Ra is the armature winding resistance. 
Based on (5)-(7), the motor equivalent resistance can be 

calculated at different torques and speeds. The system 
parameters are listed in TABLE I. When the torque is at the 
constant value of 10 Ncm, the RM(n) at the motor speeds of 
500 rpm, 1000 rpm, and 1500 rpm can be calculated as 10.7 
Ω, 20.5 Ω, and 30.3 Ω, respectively. Then the currents of the 
two coils with respect to different operating frequencies can be 
calculated as plotted in Fig. 3. The resonant frequencies of the 
forward and reverse LC tanks are set to 130 kHz and 160 kHz. 
It can be observed that the power flow path can be governed 
by the transmitter operating frequency. In other words, only 
the forward coil can pick up the wireless power when the 
transmitter is operated at fF, while the reverse coil picks up 
nearly no power, and vice versa. Furthermore, it should be 
noted that the power variation will be created by this multiple-
frequency WPT due to the different reflected impedances. In 
order to make sure that the forward and reverse rotations are 
under the same operating condition, the power equalization 
should be realized. 

 
TABLE I  SYSTEM PARAMETERS 

Item Value Unit 

Resonant frequencies (fF, fR) 130, 160 kHz 

Resistance of transmitter coil (RT) 0.6 Ω 

Resistance of receiver coils (RF, RR) 0.3 Ω 

Resistance of motor winding (Ra) 0.9 Ω 

Mutual inductance (MTF, MTR) 70 µH 

Inductance of transmitter coil (LT) 0.71 mH 

Inductance of receiver coil (LF, LR) 0.50 mH 

LCL inductor (LS) 0.213 mH 

LCL compensated capacitor (CP) 7.05 nF 

Torque constant (CTΦ) 13.8 Ncm/A 

Voltage constant (CeΦ) 14.2 V/krpm 
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Fig. 3. Receiver current variations with respect to different operating 
frequencies of transmitter. 
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B. S-S Topology without Switched-capacitor Array 
  Generally, the operating frequency of the transmitter 

should be kept the same as the receiver LC tank’s resonant 
frequency. For a multiple-frequency WPT system, a switched-
capacitor array is usually required to discretely adjust the 
matched capacitance in accordance with the resonant 
frequency of the transmitter. However, this topology suffers 
from the drawbacks of higher switching stress and lower 
regulation flexibility. Thus, a series-to-series (S-S) topology 
without the switched-capacitor array was proposed to make 
the targeted receiver be operable under different resonant 
frequencies [22]. As shown in Fig. 2 (b), the forward and 
reverse receiver coil impedances are given by 
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For the transmitter side, the total reflected impedance ZREF 
can be expressed as 
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Thus, the S-S WPT system without the switched-capacitor 
array can be expressed as 
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And the transmitter current at different operating 
frequencies can be calculated as 
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On the other hand, according to (2) and (3), the receiver 
currents of IF and IR can be calculated and then the received 
power Pi for the motor can be expressed as 

)R,Fi(RIP iM
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In this wireless bidirectional servo motor drive, the 
operating frequency of the transmitter is always kept at 130 
kHz or 160 kHz, which are corresponding to the two receiver 
coil resonant frequencies. When the torque is kept at 10 Ncm 
and the speed is 1000 rpm, the received power of the S-S 
topology with respect to different resonant frequencies of the 
LTCT tank is shown in Fig. 4. It can be observed that when the 
resonant frequency of the LTCT tank is selected at 148 kHz, 
namely, CT equals 1.63 nF, the two coils can independently 
receive the same power under the two different operating 
frequencies of the transmitter. Thus, power equalization 
between the forward motion and the reverse motion can be 
achieved when the transmitter resonant frequency is set to 148 
kHz. Actually, the resonant frequencies of the two receiver LC 
tanks are set at 130 kHz and 160 kHz so that the operating 
frequency of the transmitter is always kept at 130 kHz or 160 

kHz, depending on the selection of motion. Although the 
power equalization can be fulfilled, a high voltage-to-current 
rating is needed for the transmitter. 
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Fig. 4. Received power for S-S topology with respect to resonant frequency of 
LTCT tank. 
 
C. LCL-S Topology without Switched-capacitor Array 

Recently, the LCL network has been developed for electric 
vehicle charging, soft-switching WPT, as well as resonant 
frequency irrelevance of coupling coefficient and load 
condition [23-25]. However, the LCL multiple-frequency 
WPT system is absent in literature. In this wireless servo 
motor drive, the LCL network is adopted to achieve the 
desired power equalization of the servo motor with 
bidirectional motion. As shown in Fig. 2 (a), one more 
inductor is added when comparing to the S-S topology. 

Considering the reflected impedance from the receiver, the 
primary impedance ZS can be expressed as  
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Then the LCL network WPT system model can be 
expressed as 
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Based on the system model, the transmitter coil current IT 
can be calculated by 
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Hence, the targeted receiver power can be deduced by using 
(2), (3) and (12). Due to the additional LS in the primary, the 
parameter design is the key point to achieve the power 
equalization. In general, the transmitter coil inductance is 
firstly determined. Then the inductor LS, and capacitor CP will 
be determined once the parameters fulfill the power 
equalization, which are defined as 

TS LkL      (16) 
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where k is the inductance ratio, ɷLSCP is the resonant frequency 
of the LSCP tank. 

For the LCL-S topology, an additional LSCP tank is 
included. The parameter calculations are governed by (15)-
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(17). The received power distribution with respect to 
inductance ratio k and resonant frequency of the LSCP tank is 
shown in Fig. 5. It can be observed that there is an intersection 
curve line between the received power distributions at the 
operating frequencies of 130 kHz and 160 kHz. This is a set of 
power equalization points. As shown in Fig. 5, a large 
inductance ratio k will cause less received power and increase 
the voltage-to-current rating of the inverter. Also, a small 
inductance ratio k will cause lower resonant frequency of the 
LSCP tank and larger capacitance of CP. Thus, k is selected as 
0.3. When k equals 0.3, fCPLS equals 71 kHz, namely, LS= 
0.213 mH and CP= 7.05 nF, the received power of the servo 
motor can achieve power equalization during bidirectional 
motion.  
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D. Comparison between S-S and LCL-S Topologies 
For a conventional multiple-frequency WPT system, a 

switched-capacitor array can be used to select different 
resonant frequencies. However, as shown in Fig. 6, the high 
frequency current through the capacitor will induce high 
voltage stress for the power switches. It can be found that the 
drain-source voltage can reach up to 1.6 kV when the 
transmitter changes the operating frequency from 160 kHz to 
130 kHz at 0.8 A. 

As aforementioned, both the S-S and LCL-S topologies can 
fulfill the power equalization at the two operating frequencies 
of 130 kHz and 160 kHz without using any switched-capacitor 
arrays. As shown in Fig. 7, the corresponding inverter output 
voltage and receiver coil current waveforms are simulated. In 
the S-S topology, when the operating frequency is set at 130 
kHz, the forward receiver coil can pick up energy while there 
is nearly no current flowing in the reverse receiver coil, as 
shown in Fig 7 (a) and (b), as well as the LCL-S topology. It 
can be observed that the receiver current can be effectively 
controlled by the operating frequency and power equalization 
can be well achieved, no matter using S-S or LCL-S topology. 
However, it can be found that the S-S topology has the 
drawbacks of much higher DC supply voltage and hence 
voltage stress of power switches under the same received 
power when comparing to the LCL-S topology. Therefore, the 
LCL topology is adopted in the proposed wireless servo motor 
drive. 
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Fig. 6. Voltage stress of power switches when changing operating frequency 
from 160 kHz to 130 kHz. 
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Fig. 7. Simulation waveforms of inverter output voltage and receiver coil 
currents. (a). 130 kHz operation of S-S topology. (b). 160 kHz operation of S-
S topology. (c). 130 kHz operation of LCL-S topology. (d). 160 kHz operation 
of LCL-S topology. 
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III. BIDIRECTIONAL CIRCUIT AND OPERATION CONTROL 

A. Finite Element Analysis 
As shown in Fig. 8, only one transmitter is adopted to serve 

the two double-layer receiver coils. These three coils are all 
wound by Litz wire with the concentrated winding. In order to 
reduce the flux leakage and improve the transfer efficiency, 
several soft ferrite bars are laid at the bottom of the transmitter 
coil and at the top of the two receiver coils. Since the soft 
ferrite offers low coercivity, it can effectively enhance 
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magnetic fields with insignificant hysteresis and eddy current 
losses. 

By using the finite element analysis (FEA) software JMAG, 
the magnetic field characteristics can be determined, hence 
assessing the proposed selectability. As shown in Fig. 9 (a) 
and (b), it can be observed that the magnetic flux lines can 
well focus on the targeted receiver coil. Besides, the magnetic 
flux density distributions are shown in Fig. 9 (c) and (d). It can 
be found that the magnetic flux density of the targeted forward 
coil is much higher than that of the untargeted reverse coil 
when the operating frequency of the transmitter is set at 130 
kHz. Meanwhile, the magnetic flux density of the targeted 
reverse coil is much higher than that of the untargeted forward 
coil when the operating frequency of the transmitter is set at 
160 kHz. These magnetic field distributions verify that the two 
receiver coils can be controlled independently by changing the 
transmitter operating frequency. 
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(c)    (d) 
Fig. 9. Magnetic field distributions. (a). Flux line distribution at 130 kHz. (b). 
Flux line distribution at 160 kHz. (c). Flux density distribution at 130 kHz. 
(d). Flux density distribution at 160 kHz. 
 

 
B. Bidirectional Circuit Analysis 

For a conventional servo motor drive, bidirectional motion 
control can readily be achieved by using a power converter to 
feed bipolar DC currents into the motor. However, for the 
proposed wireless servo motor drive, it is undesirable to have 
an additional power converter to feed the motor at the receiver 
side. Although the use of multi-frequency WPT can provide 
bipolar DC currents at the two receiver coils, these currents 
cannot be directly fed into the motor due to the short-
circuiting effect across the motor terminals as depicted in Fig. 
10 (a) and (b). 

A self-drive circuit is proposed, which is coupled with each 
receiver coil to solve the above short-circuiting problem. This 
self-drive circuit employs a pulse transformer to drive a 
MOSFET switch to maintain the current feeding into the 
motor. The principle of operation is described as follows: 
 Forward motion: As shown in Fig. 11 (a) and (b), the 

forward receiver coil is activated to pick up wireless 
power at 130 kHz. Thus, the upper pulse transformer can 
drive the upper MOSFET to maintain turn-on while the 

lower pulse transformer is idling. Thus, a positive 
current can be effectively fed into the motor to achieve 
forward rotation. 

 Reverse motion: As shown in Fig. 11 (c) and (d), the 
reverse receiver coil is activated to pick up wireless 
power at 160 kHz. Thus, the lower pulse transformer can 
drive the lower MOSFET to maintain turn-on while the 
upper pulse transformer is idling. Thus, a negative 
current can be effectively fed into the motor to achieve 
reverse rotation. 
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Fig. 10. Current flow paths without self-drive circuits. (a). 130 kHz. (b). 160 
kHz. 
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Fig. 11. Current flow paths with self-drive circuits. (a). Positive half-cycle at 
130 kHz. (b). Negative half-cycle at 130 kHz. (c). Positive half-cycle at 160 
kHz. (d). Negative half-cycle at 160 kHz. 
 

 
Due to the servo motor’s wide speed and torque ranges, the 

voltage/current range loaded into the self-drive circuit is also 
wide. For the M818 servo motor adopted in this paper, the 
rated speed, torque, voltage and current are 2000 rpm, 30 
Ncm, 2.2 A, and 32 V, respectively. Thus, the voltage/current 
range loaded into the self-drive circuit will be from 15  to 50 
. In order to improve the system selectability, the receiver 
coil inductance of 0.5 mH is adopted. As a result, the receiver 
resonant LC tank with 130 kHz will behave as an impedance 
of 170  at the operating frequency of 160 kHz, which is 
much larger than the motor voltage/current range. Considering 
the servo motor operation voltage and the threshold voltage of 
the MOSFET, the pulse transformer ratio is set at 3:1 to ensure 
that the self-drive circuit can properly drive the MOSFET in 
such a wide range of operation. 

 
C. Speed Control Operation 

The key contribution of the proposed wireless bidirectional 
servo motor drive is the elimination of bulky battery, 
converter, and controller at the receiver side. The control is 
carried out at the transmitter side. Due to the proposed LCL 
network for power equalization, the operating frequencies of 
the transmitter should be kept at the two resonant frequencies 
of the two LC tanks. In order to realize motor control while 
keeping the operating frequencies, the phase-shift control 
method is adopted at the transmitter side, which can offer the 
full operation range from 0° to 180°. As shown in Fig. 12, the 
phase-shift control method serves to adjust the phase shift 

angle θ between the switch S1 and the switch S4, namely 
controlling the charging time of the LCL network. 

 
180° 50% signal duty ratio80 ns deadband

S1

S2

S3
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θ 

 
Fig. 12.  Control signal waveforms of phase-shift control. 
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Fig. 13.  Experimental setup of wireless bidirectional servo motor drive. 
 

 
IV. EXPERIMENTAL VERIFICATION 

Experiments have been carried out to verify the proposed 
wireless bidirectional servo motor drive. A setup is built as 
shown in Fig. 13 in which KENWOOD PU150-5 is used as 
the DC power supply for the H-bridge inverter with four SiC 
MOSFETs C3M0065090. The isolated SiC gate drive is 
realized by using 6N137, IR2128S, and ZDT6790. A 
deadband of 80 ns is adopted for the inverter to reduce the 
switching loss. The Lecroy 6100A, Lecroy CP030 and 
Tektronix TCPA300 are used to measure and display the 
current waveforms. In order to reduce the skin and proximity 
effects, the Litz wire (200×0.1 mm) is adopted for both the 
transmitter and receiver coils. The magnetic brake CD-HSY-
20 is used as motor load. Practically, the operating frequencies 
fF, and fR are set at 138 kHz and 169 kHz, respectively. Due to 
the difficulty in finding practical capacitors and inductors 
exactly equal to the calculated capacitances and inductances as 
well as the evitable tolerances of practical component values, 
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the practical operating frequencies are slightly different from 
the theoretical ones. 

Firstly, the currents of the receiver forward and reverse 
coils, as well as the current of the servo motor are measured as 
shown in Fig. 14. It can be found that the motor current can be 
successfully controlled to achieve bidirectional motion by 
changing the operating frequency. When the transmitter 
operating frequency is set at 138 kHz, the current of the 
targeted forward receiver coil becomes 1.21 A and the 
corresponding motor current becomes 0.97 A, hence achieving 
forward rotation as shown in Fig. 14 (a). Meanwhile, the 
current of the nontargeted reverse receiver coil can pick up 
nearly zero current. On the other hand, when the transmitter 
operating frequency is set at 169 kHz, the current of the 
targeted reverse receiver coil becomes 1.26 A and the motor 
current becomes -1.02 A, hence achieving reverse rotation as 
shown in Fig. 14 (b). These results verify that the proposed 
system can effectively realize the bidirectional wireless motor 
drive and power equalization by utilizing the LCL network. 
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Fig. 14. Measured current waveforms with LCL topology. (a). Forward 
rotation with 138 kHz operation. (b). Reverse rotation with 169 kHz. 

 
Secondly, in order to highlight the superiority of the LCL 

network, both LCL-S and S-S topologies are built for 
experimentation as shown in Fig. 15. The measured current 
and voltage waveforms of the S-S topology are shown in Fig. 
15(a), and those of the LCL-S topology are shown in Fig. 
15(b). It can be observed that the inverter output voltage of the 
S-S topology needs to be 96 V to achieve the motor current of 
-0.65 A, while the inverter output of the LCL-S topology is 
only 65 V to achieve the motor current of -0.66 A, which is 
much lower than that of the S-S topology. Thus, it verifies that 
the LCL-S compensation network can effectively reduce the 
requirement of DC supply voltage and also reduce the voltage 
stress of power switches when comparing to the S-S 
compensation network, which matches well with the 
simulation results. 
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Fig. 15. Comparison between S-S and LCL-S topologies under the same 
motor current. (a). Waveforms of S-S topology. (b). Waveforms of LCL-S 
topology. 
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Fig. 16. Measured transient voltage and current responses during start and 
stop processes. 
 
 

Thirdly, the motor transient responses during the start and 
stop processes are shown in Fig. 16. It can be observed that 
the proposed wireless motor can be effectively started and 
braked similar to a normal wired servo motor. Furthermore, 
the measured voltage and current waveforms at different 
phase-shift angles are shown in Fig. 17. As shown in Fig. 17 
(a) and (b), the motor current can be effectively controlled by 
using phase-shift control, where the motor current is 0.82A at 
the phase-shift angle of 30° while the motor current is 0.68A 
at the phase-shift angle of 70°. Since the phase-shift control is 
to adjust the charging time for the primary LC tank, the 
wireless power transferred to the motor is smooth enough and 
there will be no obvious torque ripple. When the operating 
frequency is set at 169 kHz, the voltage and current 
waveforms of the motor and inverter are measured as shown 
in Fig. 18. Hence, it can deduce that the motor input voltage 
and current are 23.4 V and 0.72 A, respectively, while the 
inverter input voltage and current are 90 V and 0.22 A, 
respectively. Thus, the transmission efficiency from the DC 
power supply to the motor terminals can be calculated, which 
equals 85%. 
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Fig. 17. Measured voltage and current waveforms at different phase-shift 
angles. (a). 30°. (b). 70°. 
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Fig. 18. Measured voltage and current waveforms of the motor and inverter 
when operating frequency is set at 169 kHz. 
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Fig. 19. Speed control for different load torques using DC supply voltage 
control. 
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Fig. 20. Speed control for different load torques using phase-shift control. 
 

 

Finally, to further validate the speed control of the proposed 
wireless servo motor drive, both the DC supply voltage 
control and the phase-shift control are implemented as shown 
in Fig. 19 and Fig. 20, respectively. It can be found that motor 
speed can be effectively controlled by the DC supply voltage 
for different load torques from 0 rpm to 2000 rpm. At the 
same time, it can be observed that the phase-shift method can 
provide smooth motor speed control for different load torques 
and the available phase-shift control range can vary from 0° to 
140°. As a result, both the DC supply voltage control and 
phase-shift control can realize smooth motor speed control. 
However, the DC supply voltage control has the drawback of 
an additional DC-DC converter needed, while the phase-shift 
control only needs to regulate the pulse-width modulated 
(PWM) output of the H-bridge inverter. Therefore, the phase-
shift control is more suitable for this wireless servo motor 
drive. 

 
V. CONCLUSION  

In this paper, a wireless bidirectional servo motor drive has 
been proposed and implemented, which takes the definite 
advantages of electrocution free and totally sealable. By newly 
adopting the LCL network, the switched-capacitor array for 
the multiple-frequency WPT can be eliminated and the two 
receiver coils can offer power equalization for bidirectional 
motion. Moreover, a self-drive circuit has been proposed to 
switch the rotation direction by only changing the operating 
frequency of the transmitter. Consequently, there is no 
converter, controller or battery at the motor side. Furthermore, 
the phase-shift control has been developed to perform 
effective servo motor control at the transmitter side. Both the 
simulation and experimental results have been provided to 
verify the proposed system. As a result, the system prototype 
can provide the transmission efficiency of 85% with the 
transmission distance of 130 mm. 
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