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Abstract—Recently, wireless power transfer for electric 
motor technology has been studied, where the primary 
side can drive the motor without physical contact, so the 
load motor can be employed in isolated environments. 
This paper proposes a wireless permanent-magnet 
brushless DC (PM-BLDC) motor. Prominently, the 
secondary side does not involve any motor control chip, 
as the motor is fully controlled by the WPT controller at 
the primary side. The key is to employ three widely 
orthogonal channels with six LC tuning circuits at the 
secondary side, which can replace the motor controller to 
regulate the secondary inverter. Thus, the robustness of 
the motor side is ruggedized and highly improved by 
eliminating the most fragile component, i.e., the 
controlling microchip. Circuit simulations and an 
experimental prototype verify and demonstrate that the 
proposed three-phase PM-BLDC motor can be driven 
wirelessly with a single primary controller from 400 to 
4000 rpm with 20 mm wireless power transfer distance, 
and the transmission efficiency can be as high as 80.2%. 

Index Terms—Wireless power transfer, permanent-
magnet brushless DC motor, secondary controller-less. 

I. INTRODUCTION

IRELESS power transfer (WPT) has obtained a lot of 
interest due to its importance as a convenient feature in 

hand-held [1] and internet-of-things devices, vehicles [2], 
unmanned aerial vehicles (UAV) [3], as well as medical 
devices [4] and implants [5], effectively solving the problems 
of wire abrasion, sparking hazards, inconvenience, and most 
importantly inaccessibility [6]. Furthermore, WPT is 
particularly suitable for powering electric devices in harsh, 
sealed, or explosion-protected environments [4], such as 
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wireless lighting [7], wireless heating [8], and wireless 
motoring [9].  

As wire limitation is avoided, wireless motors have unique 
advantages in several special applications [10]. The first 
potential application is robotic arms. As robotic arms move 
and rotate irregularly, power lines may be twisted and need 
costly guidance, especially if the robotic arm rotates in one 
direction continuously. Also, for the wired electric motor, the 
reliability of the electrical condition may be impaired due to 
random movements of the robotic arm [11]. Thus, by 
employing wireless motors, robotic arms will have greater 
freedom of movement. Besides, in underwater robots, water 
may enter the motors from the robot joints, as the frequent 
movement of joints will cause aging and wear of the line 
protection layer. Thus, wireless motors have superiority as 
these can be completely sealed and avoid leakage problems. 

In addition, wireless motors have great potential in the 
piping network. Traditionally, the piping motor is charged 
from the outside power grid, which is deployed along with the 
piping network. Thus, complex and expensive maintenance is 
inevitably required [12]. However, when charging the motor 
from the energy-carrying electric vehicle via WPT technology 
[13], the whole system will be more reliable, safe, and easy to 
maintain. 

Moreover, in transportation, WPT is a strong candidate to 
replace the wear-and-tear pantographs to charge high-speed 
railway’s motors, which could effectively reduce railway 
construction and maintenance costs [14].  

Sato et al. proposed the first wireless motor, which 
employed WPT to charge the in-wheel motor to avoid cable 
abrasion [15]. However, the motor controller at the secondary 
side is a fragile bottleneck, can fail, and needs maintenance. 
Moreover, the communication between the primary side and 
the remote side is based on Bluetooth. Hence, the milliseconds 
of communication latency and generally uncontrolled timings 
may cause a control delay [16]. 

To avoid these bottlenecks, different kinds of single-
controller wireless motors have been studied, such as wireless 
DC motors [17], wireless shaded-pole induction motors 
(SPIMs) [18], and wireless switched reluctance (SR) motors 
[19]. Also, the wireless resolver has been proposed, which can 
transfer timely position signals to the primary controller for all 
wireless motors [20]. However, wireless DC motors suffer 
from fragile carbon brushes and the commutator, which cost 
efficiency and wear off, while wireless SR motor and wireless 
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SPIM falls short in torque density without the use of the latest 
rare-earth permanent magnets (PMs) and due to their low 
power factor associated with driving their excitation through 
the AC supply. 

Therefore, to solve these problems, a wireless single-
controller brushless PM motor is required. PM brushless DC 
(PM-BLDC) motors with trapezoidal back-EMF offer high 
power density, efficiency, and low manufacturing costs [21]; 
hence, they serve in a variety of consumer electronics and 
industrial applications [22]. However, it should be mentioned 
that—different from SR motor and SPIM—most PM-BLDC 
motors require three or more phases of AC power, which is 
very difficult to acquire without a remote controller. Although 
self-drive circuits for single-phase AC power and three-phase 
DC power are proposed in [18] and [23], respectively, self-
drive circuit for three-phase AC power is absent in the 
literature. 

This paper proposes the first wireless PM-BLDC motor, 
which has high torque density and high reliability by 
eliminating the motor controller at the secondary side. The key 
is to employ a self-driving circuit at the secondary side. 
Importantly, the concept does not limit major design aspects 
of the load motor so that it could readily drive most existing 
PM-BLDC motors at the secondary side. To verify the validity 
of the proposed sensorless control strategy, detailed theoretical 
analysis and experimental results are provided in this paper. 

This paper is organized as follows: Section II analyzes the 
system configuration and basic control principle. 
Subsequently, Section III discusses the system design and 
optimization. Section IV will be devoted to analyzing the 
system control performance. Experiments underpin the 
feasibility in Section V. Finally, Section VI concludes the 
paper. 
 

 
 

(a) 
 

 
(b) 

Fig. 1. Proposed wireless PM-BLDC motor. (a) System topology. (b) U-
phase secondary self-drive circuit. 
 

II. SYSTEM CONFIGURATION AND CONTROL PRINCIPLE 

A. System Configuration 

Fig. 1(a) depicts the topology of the proposed wireless PM-
BLDC motor, where LTU, CTU, LRU, CRU, LTV, CTV, LRV, CRV, 
LTW, CTW, LRW, and CRW with subscripts U, V, and W denote 
three-phase WPT coils and corresponding compensation 
capacitors, respectively; ITU, ITV, ITW, IRU, IRV, and IRW are 
currents of three-phase transmitters and receivers with the 
same subscript, respectively; MU, MV, and MW are mutual 
inductances between three-phase transmitters and receivers, 
respectively; LU1, CU1, LU2, and CU2, constitute U-phase two-
channel LC tuning circuits, also LV1, CV1, LV2, and CV2 
constitute V-phase LC tuning circuits, while LW1, CW1, LW2, 
and CW2 constitute W-phase LC tuning circuits, respectively; 
IU1, IU2, IV1, IV2, IW1, and IW2 are the currents of the six-channel 
LC tuning circuits, respectively; CS is the filtering and 
buffering capacitor after the bridge rectifier; SU1, SU2, SV1, SV2, 
SW1, and SW2 form a secondary-side three-phase full-bridge 
inverter; IMU, IMV and IMW are the three-phase motor currents, 
respectively, and IM is total current of the motor; VS denotes 
the input DC voltage of the primary side. 

The primary side provides the three-phase high-frequency 
AC power for WPT, and the secondary side harvests this 
wireless power through the three-phase receiver. It should be 
mentioned that two frequencies are adopted for each phase of 
power transmission, while U-, V-, and W-phase transmitting 
and receiving sides are resonant at the middle frequencies with 
subscripts U, V, and W, respectively, which can be expressed 
as [24] 
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Also, six-channel LC tuning circuits are specially designed 
to resonate at the aforementioned six frequencies with the 
same subscript, which can be expressed as 
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Further inspection of the system configuration in Fig. 1(a) 
indicates that there is no motor controller at the secondary 
side, as the voltages of capacitors in the LC tuning circuits 
serve for the actuation of the secondary inverter. Taking U-
phase as an example, as shown in Fig. 1(b), the voltages of 
capacitors CU1 and CU2, namely, VCU1 and VCU2, are isolated, 
rectified, and stabilized through transformers, diodes, and 
capacitors. Hence, the acquired control signal VCU3−VCU4 can 
be used to control the N-channel and P-channel MOSFETs 
together. Two Zener diodes and one resistor limit the voltage 
between the gate and the source to protect the MOSFETs. 

A wireless resolver provides the rotor position signal. As 
this part is proposed in the literature [25], and it is not the 
theme of this paper, this part is kept short in this paper. 

To better illustrate the topology of the proposed wireless 
BLDC motors, key features, as well as the advantages and 
disadvantages, of some typical wireless motors and proposed 
systems are compared in Table Ⅰ. 
 

TABLE I 
COMPARISON OF WIRELESS MOTORS 

Types Structural feature Pros and cons 

Dual-controller 
wireless motor 
[15] 

 Cascaded WPT and 
conventional wired 
electric motors. 

 All control methods are 
available. 
 All electric motors 
(including PMSM) are 
available. 
 The remote controller is 
fragile 
 Control delay caused by 
Bluetooth communication 
interval 

Wireless DC 
motor [17] 

 The remote rectifier 
bridge rectifies the 
high-frequency energy 
and charges the DC 
motor directly. 

 The size is very small. 
 Easy to control. 
 Only unidirectional 
movement. 
 The brush needs regular 
maintenance. 

Wireless SPIM 
[18] 

 Two LC tuning 
circuits control the 
remote inverter. 

 The size is very small. 
 Easy to control. 
 Only unidirectional 
movement. 
 Low torque density. 

Wireless SR 
motor [19] 

 Each receiver and 
rectifier bridge charge 
one stator winding. 
 No remote inverter. 

 Bidirectional movement. 
 No active component at 
the remote side. 
 Multi-receiver or multi-
frequency WPT is needed. 
 Low torque density. 

Wireless 
BLDC motor 

 Three pairs of WPT 
coils. 
 Six LC tuning 
circuits control a three-
phase inverter. 

 Bidirectional movement. 
 High torque density. 
 Multi-receiver and multi-
frequency WPT is needed. 

 

B. Motor Frequency Control 

Depending on the position of the stator windings, the 
interior of the PM-BLDC motor can be divided into six 
sections, as shown in Fig. 2(a) [26]. For traditional wired PM-
BLDC motors, the six-step commutation operation method is 
generally adopted, as shown in Fig. 2(b) and (c) [27]. To drive 
the PM-BLDC motor without the secondary controller, the 
primary side needs to charge two or three receivers for the 
120° or 180° commutation method, respectively. 

Taking the first sector in 120° commutation operation as an 
example, when the primary side charges the receiver U with 
frequency fU1 and receiver V with frequencies fV2, 
simultaneously, only the first U-phase LC tuning circuit and 
second V-phase LC tuning circuit are resonant, as shown in 
Fig. 3(a). Thus, the currents IU1 and IV2 are basically equal to 
the receiver currents IRU and IRV, while the currents IU2 and IV1 
are negligible because of missing resonance. Therefore, the 
voltages of CU1 and CV2, namely VCU1 and VCV2, are very high, 
while the voltages of CU2 and CV1, namely, VCU2 and VCV1, are 
very low. As a result, the control signal for U-phase 
VCU3−VCU4 is positive, and the control signal for V-phase 
VCV3−VCV4 is negative, while the control signal for the W-
phase VCW3−VCW4 is zero. Thus, SU1 and SV2 are switched on, 
and the current flows in from the motor’s U-phase winding 
and out from the V-phase winding.  

Similarly, when the motor is running in the fifth sector with 
the 180° commutation operation method, as shown in Fig. 
3(b), the primary side charges the receiver U, receiver V, and 
receiver W with frequencies fU2, fV1, and fW1, respectively. 
Only the second U-phase LC tuning circuit, the first V-phase 
LC tuning circuit, and the first W-phase LC tuning circuit are 
resonant. Thus, the IU2, IV1 and IW1 are basically equal to the 
receiver currents IRU, IRV and IRW, while the currents IU1, IV2 and 
IW2 are negligible because of non-resonance. Therefore, the 
voltages of CU2, CV1 and CW1, namely VCU2, VCV1 and VCW1, are 
very high, while the voltages of CU1, CV2 and CW2, namely, 
VCU1, VCV2 and VCW2, are very low. As a result, the control 
signal VCU3−VCU4 is negative, while VCV3−VCV4 and VCW3−VCW4 
are positive. Thus, SU2, SV1 and SW1 are switched on, and the 
current flows in from the motor’s V-phase and W-phase 
winding and out from the U-phase winding.  

Hence, energizing these three receivers sequentially can 
generate the desired control signals as shown in Fig. 4. 
Consequently, the PM-BLDC motor can rotate without 
involving the motor controller at the secondary side. 
Meanwhile, changing the phase sequence of the three-phase 
stator winding currents can readily change the direction of 
rotation. 
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(a) 

 

 
(b) 

 

 
(c) 

Fig. 2. Control of PM-BLDC motor. (a) Six sectors of PM-BLDC motor. 
(b) Motor currents under 120° commutation method. (c) Motor currents 
under 180° commutation method. 
 

 
(a) 

 

 
(b) 

Fig. 3. Equivalent circuit of wireless PM-BLDC motor system. (a) The 
first sector in 120° commutation. (b) The fifth sector in 180° 
commutation. 
 

 
Fig. 4. 120° commutation control signal extraction flow chart. 
 

C. Motor Voltage Control 

For motor speed regulation, the motor terminal voltage is 
controlled at the primary side. In detail, voltages induced by 
the three-phase receivers VRU, VRV, and VRW can be expressed 
as [28] 

 
2π

2π          1, 2

2π

RU Ui U TU

RV Vi V TV

RW Wi W TW

V f M I

V f M I i

V f M I


  
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.              (3) 

Meanwhile, the secondary rectifier output voltage VOi (i=U, 
V, W) is basically the same as the voltage induced by the 
receiver VRi (i=U, V, W), as it can be expressed as [29] 
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where ZL is the load impedance, ZRi (i=U, V, W) is the 
impedance of the receiving LC tank, and ZLCi (i=U, V, W) is 
the impedance of the paralleled LC branches. To be more 
specific, ZRi (i=U, V, W) can be expressed as 

 1
=2π      , , 

2πRi i Ri
i Ri

Z f L i U V W
f C

              (5) 

where fi (i=U, V, W) is the operating frequency of WPT. 
By minimizing the difference between fi1 and fi2 (i=U, V, 

W), the receiving LC tank is near resonance at fi1 and fi2 (i=U, 
V, W), thus the impedance ZRi (i=U, V, W) can be very small at 
these two frequencies. 

Also, in (4), ZLCi (i=U, V, W) can be expressed as 

 2
2

1 1
= 2π || 2π  , , 

2π 2πLCi i i1 i i
i i1 i i

Z f L f L i U V W
f C f C

   
     

   
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As aforementioned, the first LC branch is resonant at the 
first frequency, while the second LC branch is resonant at the 
second frequency. Thus, when the system is operating at the 
first or the second frequency, (6) can be simplified as 

 2 2
2 2
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respectively. 
Therefore, (4) can be simplified as 

       , , L
Oi Ri Ri

Ri LCi L

Z
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       (9) 

which means the rectifier output voltage is basically the same 
as the receiver-induced voltage. Thus, the voltage of the DC-
link at the secondary side VM can be expressed as 

 2π     , , M Oi Ri i i TiV V V f M I i U V W          (10) 

Therefore, both the phase sequences and phase voltages at 
the motor terminals can be controlled from the primary side.  
 

 
Fig. 5. Orthogonal structure of three-phase WPT coils. 
 

III. SYSTEM DESIGN 

A. Placement of Three-Phase WPT Coils 

In order to securely feed the three-phase stator windings, 
three pairs of WPT coils are employed. Since the mutual 
inductance between coils will affect WPT to individual phases 
and thus deteriorate the selectivity among phases, the three 

pairs of WPT coils should be arranged with sufficient 
clearance so as to suppress the mutual inductance [23]. 
However, this will make the system bulky and difficult to be 
packed. 

Alternatively, considering the frequencies for three-phase 
power transmission can be set differently with each other, the 
three-phase WPT coils can overlap each other, and only the 
resonant receiver circuit can acquire the energy from the 
transmitter. However, the system selectivity highly depends on 
the frequency gap between the different phases. If the 
frequency gap is too small, the selectivity is insufficient; if the 
frequency gap is too large, the transmission performances of 
different phases will be different, thus it will be difficult to 
balance the transmission power between different phases. 

Consequently, an orthogonal structure [30] is adopted, 
which is very compact as it contains two bipolar coils and one 
unipolar coil, as shown in Fig. 5. Since the magnetic circuits 
of different phases do not coincide, the mutual inductances 
between different phases are theoretically zero [31]. 
 

B. Compensation Circuit and WPT Frequency Selection 

As mentioned above, each of the three phases of the system 
uses two frequencies. 

In order to simplify the transmitting and receiving circuits, 
only one capacitor is employed as the resonant compensation. 
Thus, to ensure near-resonant operation, the difference 
between the two frequencies of the same phase should be 
small, i.e., less than 10 kHz. Also, the inductances of the WPT 
coils LTi and LRi (i=U, V, W) should be smaller to reduce the 
impedance ZRi (i=U, V, W) in (5). Thus, about 30 mH coils are 
finally employed for the WPT. 

However, mutual inductances will be limited with such 
small LTi and LRi (i=U, V, W), which will impair the 
connection between the primary and secondary sides, as the 
voltages induced by receivers may be insufficient, according 
to (3). Also, the system’s efficiency may be sacrificed, as the 
equivalent impedance of the secondary side  Z՛2i (i=U, V, W) is 
very small at the primary side, which can be expressed as [32] 
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.           (11) 

Thus, the energy lost at the transmitting circuit’s inner 
resistance R1i (i=U, V, W) will have a higher ratio, as R1i and 
Z՛2i (i=U, V, W) are series-connected. To solve these problems, 
the frequency should be higher, according to (3) and (11). 

Meanwhile, the operating frequency cannot be infinitely 
high. Otherwise, it will cause higher eddy current loss, tissue 
heating of surrounding people, and more switching loss [22]. 
Therefore, taking into account these trade-offs, we finally 
selected the operating frequency of around 350 kHz. 
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C. LC Tuning Circuit Design  

As LC tuning circuits are employed to supply control 
signals, the accuracy of inductance and capacitance is very 
important. Thus, inductors with iron cores appear not 
appropriate. Otherwise, the inductances, as well as the 
resonant frequency, would drift with different receiver 
currents because of B–H (flux density-magnetic field strength) 
nonlinearities. 

Meanwhile, to provide sufficient voltages of control signals, 
i.e., 10 V for most MOSFETs, the capacitances should be very 
low. Taking the U-phase as an example, the control signal can 
be calculated from [18] 

                   =      1, 2
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where IU1 and IU2 can be expressed as 
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Hence, (12) can be rewritten as  
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Further, when the system is operating at fU1, the first LC 
tuning circuit is in fully resonant condition, and (14) can be 
simplified as 

1

j2πCU3 CU4 U
U1 U1

V V I
f C

  .                        (15) 

Similarly, when the system is operating at fU2, (14) can be 
simplified as 

1

j2πCU3 CU4 U
U2 U2

V V I
f C


  .                       (16) 

Meanwhile, considering three phases are employed to 
charge the motor at the same time in the 180° commutation 
method, IU is basically one-third of the motor current. Thus, 
with the given minimum motor current in no-load condition, 
the largest capacitances of the LC tuning circuits can be 
derived, following 

1

3 j2π j6π 10

1

3 j2π j6π 10
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D. Secondary Inverter Design  

For three-phase wireless power transmission, multi kinds of 
topology can be selected. For example, the system can employ 
one or two pairs of WPT coils to charge the PM-BLDC motor, 
as shown in Fig. 6. Furthermore, wireless switches were 
proposed for the secondary controller-less inverter [13], as 

shown in Fig. 7. However, these topologies are not suitable for 
a wireless PM-BLDC, the main reason is that the power 
transmitter and receiver need three-frequency or six-frequency 
compensation, which generally results in a high-order network 
and is rather difficult to achieve. 

As an alternative, there are two possible connections of the 
three-phase rectifier bridges: one refers to a parallel 
connection of the rectifier bridges, while another is the series 
connection, as shown in Fig.8(a) and (b).  

For the series structure, the motor current will flow through 
each rectifier bridge so that the diode voltage drops and 
conduction losses accumulate three times the former one. 
However, a parallel connection of the output of rectifier 
bridges, which are the DC power sources at the secondary 
side, may become unstable. The main problem is that the ideal 
current sharing between the various rectifier bridges cannot be 
assured [33]. In real-world applications, because of 
unbalanced WPT, the voltages induced by different receivers 
should be different. Thus, the low-voltage rectifier bridge 
cannot output power at the parallel connection circuit [34]. 
Hence, the current of the LC tuning circuit and the voltage of 
the corresponding capacitor will be insufficient to switch on 
the MOSFET. 

Therefore, the three-phase rectifier bridges are series 
connected at the secondary side. To reduce the power loss of 
the series connected rectifier bridges, a low-voltage-drop 
diode is parallel connected to each rectifier bridge. 
 

 
(a) 

 

 
(b) 
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Fig. 6. Secondary controller-less wireless PM-BLDC with fewer WPT 
coils. (a) With one pair of WPT coils. (b) With two pairs of WPT coils.  
 

 
(a) 

 

 
(b) 

Fig. 7.  Wireless switch for the secondary controller-less inverter. (a) 
Circuit of the wireless switch. (b) Placement of WPT coils and signal 
receivers. 

     
(a)                                            (b) 

Fig. 8.  Connections of the three-phase rectifier bridges. (a) Parallel 
connection. (b) Series connection. 
 

TABLE II 
SYSTEM PARAMETERS 

Item Value/Type Unit 

WPT frequencies (fU1, fU2, fV1, fV2, fW1, fW2) 
299, 305, 324, 
332, 350, 359 

kHz 

Transmitter coil inductances (LTU, LTV, LTW) 26, 33.5, 33.5 µH 
Receiver coil inductances (LRU, LRV, LRW) 26, 33.5, 33.5 µH 
Mutual inductances (MU, MV, MW) 8.3, 8.5, 8.5 µH 
Transmitter compensation capacitances (CTU, 
CTV, CTW) 

10.6, 7, 6 nF 

Receiver compensation capacitances (CRU, 
CRV, CRW) 

10.6, 7, 6 nF 

Diameter of WPT coils 19 cm 
LC tuning circuit inductances (LU1, LU2, LV1, 
LV2, LW1, LW2) 

28.3, 27.2, 24, 
23, 23, 21.8 

µH 

LC tuning circuit capacitances (CU1, CU2, 
CV1, CV2, CW1, CW2) 

10, 10, 10, 10, 
9, 9 

nF 

Signal transformer ILR-11-0003  
The model of Zener 1N4741  
N-channel MOSFET C3M0065090  
P-channel MOSFET IXTX32P60P  

Model of PM-BLDC motor 
QBL5704-94-
04-032 

 

Rated speed of PM-BLDC motor 4000 rpm 
Rated input power of PM-BLDC motor 134 W 
Rated input voltage of PM-BLDC motor 36 V 

 

 
(a) 

 

 
(b) 

Fig. 9. Currents of the three-phase receivers. (a) 120° commutation. 
(b) 180° commutation. 

IV. CONTROL PERFORMANCE ANALYSIS 

A circuit simulation with the key parameters listed in Table 
Ⅱ demonstrates and analyzes the performance of the proposed 
wireless PM-BLDC motor system. Three star-connected 20 Ω 
resistors represent the three-phase PM-BLDC motor as an 
approximation. 

When charging three-phase transmitters in the designed 
sequence, three-phase receivers can harvest wireless energy, 
accordingly, as shown in Fig. 9.  

Also, as discussed above, the primary side can selectively 
switch on or off the secondary MOSFET by regulating the 
WPT frequency to resonate the corresponding LC tuning 
circuit, and the currents are given in Fig. 10. Hence, the 
control voltages for the secondary three-phase inverter can be 
acquired, as shown in Fig. 11. Therefore, the three-phase AC 
power for the load can be achieved at the secondary side, as 
shown in Fig. 12. 
 

 
(a) 

 



IEEE TRANSACTIONS ON ENERGY CONVERSION 

 

 
(b) 

Fig. 10. Currents of six LC tuning circuits. (a) 120° commutation. (b) 
180° commutation. 
 

 
(a) 

  

 
(b) 

Fig. 11. The rectified voltages of six capacitors in LC tuning circuits. (a) 
120° commutation. (b) 180° commutation. 

 

 
(a) 

 

 
(b) 

Fig. 12. Three-phase AC currents for PM-BLDC motor. (a) 120° 
commutation. (b) 180° commutation. 
 

 
(a) 

 

 
(b) 

Fig. 13. Implementation of wireless PM-BLDC motor. (a) Experimental 
prototype. (b) Secondary controller-less circuit. 
 

V. IMPLEMENTATION AND EXPERIMENTAL RESULTS 

To verify the feasibility of the proposed wireless PM-BLDC 
motor system, we implemented a prototype, as shown in Fig. 
13. The model of the load PM-BLDC motor is QBL5704-94-
04-032 with a rated voltage of 36 V, a rated power of 134 W, 
and a maximum speed of 4000 rpm. As 180° commutation is 
already proved in simulation, only the 120° commutation 
operation is verified in this experiment. 

When the primary side provides three-phase wireless power 
with a 3.75 ms period, as shown in Fig. 14, receivers receive 
these energies and charge the load motor. Meanwhile, six LC 
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tuning circuits resonate at the corresponding frequency, and 
capacitors in LC tuning circuits are charged alternatively, as 
shown in Fig. 15. Hence, after rectifying and stabilizing, the 
control signal can be acquired, as shown in Fig. 16 (a) and (b). 
As a result, the PM-BLDC motor can be self-driven and rotate 
at 4000 rpm, as shown in Fig. 17.  
 

 
Fig. 14. Currents of three-phase transmitters. 
 

 
Fig. 15. Currents of U-phase and V-phase LC tuning circuits. 
 

 
(a) 

 

 
(b) 

Fig. 16. Control voltages of the secondary converter. (a) Capacitor 
voltages at U-phase and V-phase LC tuning circuits. (b) Voltage 
difference of rectified and filtered capacitor voltages of LC tuning 
circuits. 
 

Fig. 17. Motor currents at 4000 rpm. 
 

 
Fig. 18. Motor currents during acceleration. 
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Fig. 19. Motor currents at 1000 rpm with 10 N⸱cm load. 

 
Moreover, this system has a faster response speed. As 

shown in Fig. 18, the PM-BLDC motor can speed up from the 
idle state to 3000 rpm within 1 second, 

Besides, the system also can work well under load. When 
charging the magnetic carbon braker to increase the motor 
load from 0 to 10 N⸱cm, the motor current increases to 0.4 A, 
as shown in Fig. 19. 

Although the primary and secondary sides are not operating 
at full resonance, the WPT efficiency still can reach 93% with 
a 20 mm wireless transfer distance. It should be mentioned 
that the efficiency is positively related to the operating 
frequency, which is consistent with the theory analysis in 
Section Ⅲ. Moreover, with the given parameters in Table Ⅱ, 
the efficiency from the primary DC power source to the motor 
terminal is 80.2%, as the secondary rectifier bridge and 
inverter cause additional losses.  
 

VI. CONCLUSION 

This paper proposes and analyzes a secondary controller-
less wireless PM-BLDC. The key is to control the secondary 
inverter through a self-drive circuit. By eliminating the fragile 
microchip, this system has the definite advantage of being 
robust, rendering it attractive for working in isolated 
environments, such as robotic arms or piping networks. 
Moreover, the PM-BLDC motor does not need to follow a 
special design; instead, most three-phase PM-BLDC motors 
are compatible. Circuit models and an experimental prototype 
validate the concept. These confirm that this system operates 
well for a three-phase PM-BLDC motor from 400 rpm to 4000 
rpm with 20 mm WPT distance. For future research, 
sensorless control methods and secondary-inverter-less 
circuits for wireless motors will be studied: For rotor position, 
although wireless resolvers for rotor position measurement are 
robust and can provide timely position signals, they increase 
the cost; for secondary-inverter-less circuits, the so-called 
envelope circuit may be a promising technology [35]. 
Although the efficiency is only about 10% now, it can 
decouple the wireless power to provide low-frequency AC 
power to drive the load motor. As long as system efficiency 
can be improved, the PMSM can be wirelessly driven and 
work in isolated environments. 
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