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Abstract 

 

In magnetically coupled resonant (MCR) wireless power transfer (WPT) systems, the introduction of additional intermediate 
coils is an effective means of improving transmission characteristics, including output power and transmission efficiency, when 
the transmission distance is increased. However, the position of intermediate coils in practice influences system performance 
significantly. In this research, a three-coil MCR WPT system is adopted as an exemplification for determining how the spatial 
position of coils affects transmission characteristics. With use of the fundamental harmonic analysis method, an equivalent 
circuit model of the system is built to reveal the relationship between the output power, the transmission efficiency, and the 
spatial scales, including the axial, lateral, and angular misalignments of the intermediate and receiving coils. Three cases of 
transmission characteristics versus different spatial scales are evaluated. Results indicate that the system can achieve relatively 
stable transmission characteristics with deliberate adjustments in the position of the intermediate and receiving coils. A prototype 
of the three-coil MCR WPT system is built and analyzed, and the experimental results are consistent with those of the theoretical 
analysis. 
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I. INTRODUCTION 

The concept of wireless power transfer (WPT) based on 
magnetic coupling theory was proposed by Nikola Tesla 
more than a century ago [1]. WPT uses magneto-quasistatic 
fields to transfer energy over short to medium distances and 
has been increasingly applied in electric vehicles, consumer 
electronics, and implantable medical devices due to its 
superiority and usability in humid and lousy environments 

[2]-[4]. 

Magnetically coupled resonant (MCR) WPT technology 
can deliver power efficiently over medium distances [5]. The 
basic MCR WPT system usually consists of two coils, 
namely, transmitting and receiving coils, which operate at the 
same resonant frequency. Numerous studies have focused on 
the analysis, design, and optimization of the basic two-coil 
MCR WPT system [6]-[8], whose output power and 
transmission efficiency noticeably drop with increased transfer 
distance [9] or the variation of position in space [10], [11]. 

For further enhancement of transmission characteristics, 
intermediate coils were introduced between the transmitting 
and receiving coils of the MCR WPT system in previous 
works. Three- and four-coil MCR WPT systems have been 
extensively proposed for increasing output power and 
transmission efficiency, particularly in long-distance applications 
[12], [13]. Similar to the position of coils in a two-coil WPT 
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system, that in a three-coil WPT system considerably 
influences the transmission characteristics. Studies have been 
conducted to reveal the effect of intermediate coil on the 
performance of a system. [14] showed that three-coil inductive 
links can significantly improve transmission efficiency, 
particularly at long coupling distances, by transforming any 
arbitrary load impedance to the optimal impedance required 
at the input of the inductive link. The transmission efficiency 
of WPT with an intermediate coil was analyzed in [15], and 
the results showed that the intermediate resonant system had 
good transmission efficiency and was superior to 
nonintermediate systems. [16] discovered that placing an 
intermediate coil slightly near the transmission coil achieved 
better transmission efficiency than placing it slightly near the 
receiving coil. In [17], a three-coil WPT system structure was 
proposed and proven capable of significantly reducing the 
electromagnetic field emission caused by coil misalignment. 
In [18], the influence of spatial scales on the output power of 
three-coil system was investigated, but only one variable 
spatial scale was analyzed, meanwhile, the transmission 
efficiency was not considered. 

In this paper, the transmission characteristics of a three- 
coil MCR WPT system versus the spatial scales, including 
axial, lateral, and angular misalignments, are discussed for 
stabilizing the output power and transmission efficiency at 
varying positions of the intermediate and receiving coils. 
Section II describes the basic theories and the key parameters 
of the three-coil MCR WPT system. According to equivalent 
circuit theory, the circuit model of the three-coil MCR WPT 
system is built, and the expressions of the output power and 
transmission efficiency are derived by the fundamental 
harmonic analysis (FHA) method. In Section III, the 
transmission characteristics of the system are analyzed and 
illustrated when the mutual inductances between the three 
coils are proportional. We find that the robustness of the 
output power and the transmission efficiency can be improved 
by an adjustment in the position of the intermediate coil 
according to the receiving coil. A prototype of the three-coil 
MCR WPT system is built and tested to validate the 
theoretical analysis in Section IV, which is followed by the 
conclusion in Section V. 

 

II. MODELING AND ANALYSIS OF TRANSMISSION 

CHARACTERISTICS 

Fig. 1 shows the circuit diagram of the three-coil MCR 
WPT system, which includes a half-bridge inverter; a voltage 
doubler rectifier; and three resonant coils, namely, the 
transmitting, intermediate, and receiving coils. The mutual 
inductances between two adjacent coils are defined as M12 
and M23, and the mutual inductance between transmitting and 
receiving coils is ignored for simplification. The input voltage 
is inverted by the half-bridge inverter and employed to drive  

Fig. 1. Configuration of the three-coil MCR WPT system. 
 

 
Fig. 2. Equivalent circuit of the system. 

 
the resonant coils. Q1 and Q2 are the power switches driven in 
a complementary manner with the same duty cycle. 

Fig. 2 shows the equivalent circuit of the three-coil MCR 
WPT system, where Us is the equivalent alternating voltage 
source, L1–L3 are the self-inductances of the resonant coils, 
with parasitic resistances R1–R3. C1–C3 are the series resonant 
capacitors designed to resonate with L1–L3. RS is the 
impedance of the AC voltage source. RW is the equivalent 
load resistance. 

For the half-bridge configuration, the norm of  can be 

calculated as 

  (1)

The equivalent load resistance (RW) can be expressed by 
the load resistance (RL) as 

(2)

The resonant frequency is defined as 

  ,
(3)

where Lr and Cr are the resonant inductor and capacitor, 
respectively. If the three-coil MCR WPT system operates in a 
resonant state, then L1 = L2 = L3 = Lr, and C1 = C2 = C3 = Cr. 

According to Fig. 2 and Kirchhoff’s voltage law, the 
following can be obtained: 

 ,

(4)

where ω = 2πfr, and – are the fundamental harmonics of 

the resonant currents. 
If R1S = R1 + RS and R3W = R3 + RW, then – can be 

solved from (4). 
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(a)                          (b) 

Fig. 3. 3D graphs of Po and η versus M12 and M23: (a) Po; (b) η. 
 

 
(a)                          (b) 

 
(c)                           (d) 

Fig. 4. Transfer characteristics under different loads: (a) Po (RL = 
2 Ω); (b) Po (RL = 50 Ω); (c) η (RL = 2 Ω); (d) η (RL = 50 Ω). 

 

 

(5)

Therefore, the output power of the system Po can be 
expressed as  

. 
(6) 

Radiation and power losses are ignored for simplification. 
Thus, the transmission efficiency η can be derived as 

.
(7)

From (6) and (7), the 3D graphs of the output power and 
the transmission efficiency versus M12 and M23 are illustrated 
in Fig. 3, and the specifications are as follows: Vin = 24 V, fs = 
fr = 200 kHz, RS = 0.1 Ω, RL = 5 Ω, R1 = 0.093 Ω, R2 = 0.21 Ω, 
and R3 = 0.093 Ω. The values of R1–R3 are measured by the 

impedance network analyzer and adjusted according to the 
experimental results. Fig. 3 indicates that Po and η are 
sensitive to variations in M12 and M23 and Po and η generally 
decrease with M12 and M23. 

In realistic applications, RL always changes. Fig. 4 plots 
how RL influences Po and η, from which we can conclude that 
Po decreases with an increase in RL in a specific variation 
range of M12 (or M23). However, the variation of RL has less 
influence on η compared with that of Po. For simplification, 
the following analysis is based on a constant RL (5 Ω). 

 

III. ANALYSIS OF SPATIAL SCALES FOR STABLE 

OUTPUT POWER AND TRANSMISSION 

EFIFFIENCY 

As transmission characteristics are subject to the variation 
of mutual inductances in a three-coil MCR WPT system, the 
possibility of achieving stable transmission characteristics by 
the adjustment of mutual inductances should be determined. 

Fig. 5 shows the contour lines extracted from Fig. 3 by the 
insertion of horizontal planes into Fig. 3 with different 
magnitudes that represent diverse transfer characteristics, 
from which we can conclude that Po and η can remain stable 
within specific ranges if M12 is proportional to M23. 

If M23 = k ·M12 and k is the proportional coefficient, then (6) 
can be simplified as 

     (8)

      ,

 
(9)

and (7) can be simplified as 

    (10)

    ,

 
(11)

where a1, a2, b1, b2, b3, and b4 are constants related to the 
system parameters and k. 

Based on (8)-(11) and M23 = k ·M12, two clusters of curves 
of Po and η versus M12 are illustrated in Fig. 6, which infers 
that coefficient k considerably influences Po and η. If k is  
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(a)                          (b) 

Fig. 5. Contour with various mutual inductances: (a) Po; (b) η. 
 

 
(a)                          (b) 

Fig. 6. Curves of Po and η versus M12: (a) Po; (b) η. 
 

 
Fig. 7. 3D graphs of mutual inductance versus lateral and angular 
misalignments. 
 
designed appropriately (for example, k≥1), then Po and η will 
be nearly stable within a specific range of M12. Theoretically, 
k can be random in practice, as shown in Fig. 6. To simplify 
the analysis, we select k = 1. 

To further investigate the requirements on spatial scales to 
achieve stable transmission characteristics, the relationships 
between mutual inductances and spatial scales are first 
obtained [19]. Fig. 7 illustrates the behavior of mutual 
inductance under lateral and angular misalignments and 
indicates that misalignments substantially affect mutual 
inductance. With the substitution of the mutual inductance 
into (8) and (10), the tendency of Po and η versus the spatial 
scales can be determined. 

Case 1: One variable spatial scale 
In this study, three typical spatial scales are considered in 

the following analysis, namely, the axial misalignment (d), the  

 
Fig. 8. Coil layout with axial, lateral, and angular misalignments. 
 

 
(a)                           (b) 

Fig. 9. Curves of Po and η versus d12: (a) Po; (b) η. 
 

  
(a)                           (b) 

Fig. 10. Curves of Po and η versus Δ3: (a) Po; (b) η. 
 
lateral misalignment (Δ), and the angular misalignment (α), as 
shown in Fig. 8. Meanwhile, three different cases are discussed, 
namely, one-, two-, and three-variable spatial scales. The 
specifications are given as follows: r1 = r2 = r3= 0.11 m, N1 = 
N3 = 6, and N2 = 14. 

1) Axial Misalignment d (Δ = 0, α = 0) 
With the assumption that d23 = kd ·d12, Fig. 9 shows the 

clusters of curves of Po and η versus d12 under different kd 
values. A remarkable discrepancy exists between the curves 
with different kd values, and most curves fluctuate on a large 
scale. When kd = 1 (M23 = M12), the variation of Po and η is 
relatively minor within the specific range of d12 (0 ≤ d12 ≤ 0.2 
m), which means that the transmission characteristics of the 
system are approximately constant. However, if kd ≠ 1 or d12 > 
0.2 m, then Po and η will fluctuate severely, which is 
detrimental to providing a stable power for loads. 

2) Lateral Misalignment Δ (d = 0, α = 0) 
With the assumption that Δ2 = kΔ·Δ3, Fig. 10 illustrates how 

kΔ affects the tendency of Po and η under different Δ3 values. 
We can infer that Po is more sensitive to kΔ than η to kΔ. 
Moreover, when kΔ = 0.5 (M23 = M12), Po and η decrease  
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(a)                            (b) 

Fig. 11. Curves of Po and η versus α3: (a) Po; (b) η. 
 

  
(a)                           (b) 

Fig. 12. Po and η versus d12 and Δ3: (a) Po; (b) η. 
 

  
(a)                            (b) 

Fig. 13. Po and η versus Δ3 and α3: (a) Po; (b) η. 
 
slightly, which means that kΔ=0.5 is also the best when only 
lateral misalignment is considered. 

3) Angular Misalignment α (d = 0, Δ = 0) 
With the assumption that α2 = kα·α3, Fig. 11 illustrates the 

correlation between Po, η, and α3, where the maximal α3 is 
supposed to be 90°. Compared with other curves, the ones 
when kα equals 0.5 (M23 = M12) are nearly constant over the 
full range of α3, which means that if α2 is strictly the half of 
α3 (0 ≤ α3 ≤ 90°), then the system can always realize stable 
transmission characteristics. 

From the above analysis, we can conclude that if only one 
spatial scale is considered, then a specific spatial range exists 
to keep the transmission characteristics of the three-coil MCR 
WPT system stable under the following conditions: d23 = d12, 
Δ2 = 0.5·Δ3, or α2 = 0.5·α3. 

Case 2: Two-variable spatial scales 
Under the constraints of d23 = d12, Δ2 = 0.5·Δ3, and α2 = 

0.5·α3, the transmission characteristics of the three-coil MCR  

  
(a)                            (b) 

Fig. 14. Po and η versus Δ3 and α3: (a) Po; (b) η. 
 

 
(a) 

 
(b) 

Fig. 15. Po and η with axial, lateral, and angular misalignments: 
(a) Po; (b) η. 
 

WPT system when any two variable spatial scales are 
considered are analyzed as follows. 

Figs. 12–14 demonstrate the curves of Po and η versus d12, 
Δ3, and α3. As shown in Fig. 12, Po and η decrease with the 
increase of d12 and Δ3. However, the transmission characteristics 
present less sensitivity to α than to d and Δ, as shown in Figs. 
13 and 14. The spatial scale ranges for stable Po and η are d12 

≤ 0.2 m, Δ3 ≤ 0.25 m, and α3 ≤ 90° under the given 
specifications, which are consistent with those of the 
one-variable spatial scale. 

Case 3: Three-variable spatial scales 
Fig. 15 shows the curve clusters of Po and η versus three 

spatial scales under the conditions of d23 = d12, Δ2 = 0.5·Δ3, 
and α2=0.5·α3. The transmission characteristics decay with 
the increasing axial misalignment. In a specific range (d12 ≤ 
0.1 m), lateral and angular misalignments only slightly impact 
Po and η; thus, the curves (red) are noticeably near each other 
and change smoothly. However, when d12 > 0.1 m, Po and η are  
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Fig. 16. Photo of the prototype. 
 

TABLE I  
SPECIFICATIONS OF THE SYSTEM 

Parameters Value Parameters Value 

Vin 24 V L1 16.7 μH 

RS 0.1 Ω L2 66.87 μH 

fs 200 kHz L3 16.66 μH 

r1–r3 11 cm C1 40.46 nF 

N1 6 turns C2 9.425 nF 

N2 14 turns C3 40.42 nF 

N3 6 turns RL 5 Ω 

 
considerably influenced by lateral and angular misalignments, 
as shown by the blue and green curves. Meanwhile, axial and 
lateral misalignments have a greater influence on the 
transmission characteristics than does the angular misalignment. 

From the analysis above, we can deduce that the three-coil 
MCR WPT system can realize a stable power transfer within a 
specific spatial scale range if the positions of the three coils 
are appropriately arranged to guarantee equal or proportional 
mutual inductances between two adjacent coils. 

The misalignment range for stable Po and η is not fixed 
because the transfer characteristics of the system depend on 
multiple parameters. Therefore, in practice, the misalignment 
range for stable Po and η is determined by the specification of 
the system, especially by the proportional coefficient, k. 

 

IV. EXPERIMENTAL VERIFICATION 

To validate the theoretical analysis, a prototype of the 
three-coil MCR WPT system is built in the laboratory, as 
shown in Fig. 16, and the specifications are listed in Table I. 

Figs. 17–19 show the theoretical and experimental results 
of the output power and transmission efficiency versus the 
one-variable spatial scales, respectively, where the solid 
curves represent the theoretical results and the dashed ones 
are the experimental data. 

Figs. 20-22 illustrate the curves of the output power and 
transmission efficiency versus the two-variable spatial scales,  

    
(a)                            (b) 

Fig. 17. Theoretical and experimental data with different axial 
misalignments (d12 = d23, Δ2 = Δ3 = 0 m, α2 = α3 = 0°): (a) Po; (b) 
η. 

 

      
  (a)                              (b) 

Fig. 18. Theoretical and experimental data with different lateral 
misalignments (d12 = d23 = 0.25 m, Δ2 = 0.5 Δ3, α2 = α3 = 0°): (a) 
Po; (b) η. 

 

      
  (a)                           (b) 

Fig. 19. Theoretical and experimental data with different angular 
misalignments (d12 = d23 = 0.25 m, Δ2 = Δ3 = 0 m, α2 = 0.5 α3): (a) 
Po; (b) η. 

 
respectively. The experimental results are also generally 
consistent with the theoretical results. 

Fig. 23 demonstrates the output power and transmission 
efficiency at three spatial scales. As depicted, the angular 
misalignment has less effect on the transmission characteristics 
than do the axial and lateral misalignments; and this finding 
is consistent with the analysis in Section III. 

Fig. 24 shows the key experimental waveforms under 
different spatial scales, where i1 and i3 are the currents of the 
transmitting and receiving coils, respectively. As shown in 
Fig. 24, the phase difference between i1 and i3 is 180°. Before 
the switch turns on, the drain current is negative, which 
indicates that the drain-to-source voltage (vds) is clamped to 
zero and the switch can achieve zero-voltage-switching. 
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(a)                             (b)                             (c)                             (d) 

Fig. 20. Theoretical and experimental data with different axial and lateral misalignments (d12 = d23, Δ2 = 0.5 Δ3, α2 = α3 = 0°): (a) Po (Δ3 = 
0 m); (b) η (Δ3 = 0 m); (c) Po (Δ3 = 0.1 m); (d) η (Δ3 = 0.1 m). 

 

               
(a)                             (b)                              (c)                             (d) 

Fig. 21. Theoretical and experimental value with variant lateral and angular misalignments (d12 = d23 = 0.25 m, Δ2 = 0.5 Δ3, α2 = 0.5 α3): 
(a) Po (Δ3 = 0 m); (b) η (Δ3 = 0 m); (c) Po (Δ3 = 0.1 m); (d) η (Δ3 = 0.1 m). 

 

                
(a)                             (b)                              (c)                             (d) 

Fig. 22. Theoretical and experimental value with variant axial and angular misalignments: (a) Po (d12 = 0 m); (b) η (d12 = 0 m); (c) Po (d12 

= 0.22 m); (d) η (d12 = 0.22 m). 
 

                
(a)                             (b)                              (c)                             (d) 

                
(e)                             (f)                              (g)                             (h) 

Fig. 23. Theoretical and experimental data with different axial, lateral and angular misalignments: (a) Po (d12=0.1m, α3=0°); (b) η (d12 = 
0.1 m, α3 = 0°); (c) Po (d12 = 0.1 m, α3 = 90°); (d) η (d12 = 0.1 m, α3 = 90°); (e) Po (d12 = 0.25 m, α3 = 0°); (f) η (d12 = 0.25 m, α3 = 0°); (g) 
Po (d12 = 0.25 m, α3 = 90°); (h) η (d12 = 0.25 m, α3 = 90°). 
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  (a)                                     (b)                                     (c) 

Fig. 24. Experimental waveforms: (a) Lateral misalignment (Δ2 = 0.5Δ3 = 5 cm, α2 = α3 = 0°); (b) Angular misalignment (Δ2 = Δ3 = 0 cm, 
α2 = 0.5α3 = 10°); (c) General misalignment (Δ2 = 0.5Δ3 = 5 cm, α2 = 0.5α3 = 10°). 

 

V. CONCLUSIONS 

This research investigates a three-coil MCR WPT system 
with transmitting, intermediate, and receiving coils. Via the 
equivalent circuit and FHA method, the output power and the 
transmission efficiency of the system with axial, lateral, and 
angular misalignments are analyzed in detail. We find that 
different spatial scales have varied influences on the 
transmission characteristics. Compared with axial and lateral 
misalignments, the angular misalignment has a minor impact 
on the system. By adjusting the position of the intermediate 
and receiving coils to ensure equal or proportional mutual 
inductances between two adjacent coils, the WPT system can 
achieve relatively stable transmission characteristics within a 
specific range of spatial scales. The conclusions are validated 
by experiments, whose results are consistent with those in the 
theoretical analysis. 

 

ACKNOWLEDGMENT 

This work was financially supported by the National 
Natural Science Foundation of China (51505223, 51877103), 
the Fundamental Research Funds for the Central Universities 
of China (NS2018020), the Natural Science Foundation of 
Jiangsu Province, China (BK20151471). 

 

REFERENCES 

[1] L. I. Anderson, “Nikola Tesla on his work with alternating 
currents and their application to wireless telegraphy, 
telephony and transmission of Power,” Twenty First 
Century Books, pp. 88-147, 2002. 

[2] N. Shinohara, “Wireless power transmission progress for 
electric vehicle in Japan,” in Proc. IEEE Radio and 
Wireless Symposium, pp. 109-111, 2013.  

[3] S. Y. Hui, “Planar wireless charging technology for 
portable electronic products and Qi,” in Proc. IEEE, Vol. 
101, No. 6, pp. 1290-1301, Jun. 2013. 

[4] L. Ho Yan, D. M. Budgett, and A. P. Hu, “Minimizing 
power loss in aircored coils for TET heart pump systems,” 
IEEE J. Emerg. Sel. Topics Circuits Syst., Vol. 1, No. 3, pp. 
412-419, Sep. 2011. 

[5] S. Y. R. Hui, W. X. Zhong, and C. K. Lee, “A critical 
review on recent progress in mid-range wireless power 

transfer,” IEEE Trans. Power Electron., Vol. 29, No. 9, pp. 
4500-4511, Sep. 2014. 

[6] M. W. Baker and R. Sarpeshkar, “Feedback analysis and 
design of RF power links for low-power bionic systems,” 
IEEE Trans. Biomed. Circuits Syst., Vol. 1, No. 1, pp. 
28-38, Mar. 2007. 

[7] Z. Yang, W. Liu, and E. Basham, “Inductor modeling in 
wireless links for implantable electronics,” IEEE Trans. 
Magn., Vol. 43, No. 10, pp. 3851-3860, Oct. 2007. 

[8] U.-M. Jow and M. Ghovanloo, “Design and optimization of 
printed spiral coils for efficient transcutaneous inductive 
power transmission,” IEEE Trans. Biomed. Circuits Syst., 
Vol. 1, No. 3, pp. 193-202, Sep. 2007. 

[9] J. O. Mur-Miranda, G. Fanti, Y. Feng, K. Omanakuttan, R. 
Ongie, A. Setjoadi, and N. Sharpe “Wireless power transfer 
using weakly coupled magnetostatic resonators,” in Proc.  
IEEE Energy Conversion Congress and Exposition (ECCE), 
pp. 4179-4186, 2010. 

[10] Y. Lim, H. Tang, and S. Lim, “An adaptive impedance- 
matching network based on a novel capacitor matrix for 
wireless power transfer,” IEEE Trans. Power Electron., 
Vol. 29, No. 8, pp. 4403-4413, Aug. 2014. 

[11] Z. Dang and J. Qahouq, “Modeling and investigation of 
magnetic resonance coupled wireless power transfer system 
with lateral misalignment,” in Proc. IEEE Applied Power 
Electronics Conference (APEC), pp. 1317-1322, 2014. 

[12] J. W. Kim, H. C. Son, K. H. Kim, and Y. J. Park, 
“Efficiency analysis of magnetic resonance wireless power 
transfer with intermediate resonant coil,” IEEE Antennas 
Wireless Propag. Lett., Vol. 10, pp. 389-392, May 2011. 

[13] M. Kiani, U. Jow, and M. Ghovanloo, “Design and 
optimization of a 3-coil inductive link for efficient wireless 
power transmission,” IEEE Trans. Biomed. Circuits Syst., 
Vol. 5, No. 6, pp. 579-591, Dec. 2011. 

[14] M. Kiani, U. Jow, and M. Ghovanloo, “Design and 
optimization of a 3-coil inductive link for efficient wireless 
power transmission,” IEEE Trans. Biomed. Circuits Syst., 
Vol. 5, pp. 579-591, Dec. 2011. 

[15] J. W. Kim, H. C. Son, K. H. Kim, and Y. J. Park, 
“Efficiency analysis of magnetic resonance wireless power 
transfer with intermediate resonant coil,” IEEE Antennas 
Wireless Propag. Lett., Vol. 10, pp. 389-392, 2011. 

[16] D. J. Ahn and S. C. Hong, “A study on magnetic field 
repeater in wireless power transfer,” IEEE Trans. Ind. 
Electron., Vol. 60, No. 1, pp. 360-371, Jan. 2013. 

[17] J. Zhang, X. Yuan, and C. Wang, “Comparative analysis of 
two-coil and three-coil structures for wireless power 
transfer,” IEEE Trans. Power Electron., Vol. 32, No. 1, pp. 



Three-coil Magnetically Coupled Resonant Wireless Power Transfer System with …              219 
 

341-352, Jan. 2017. 
[18] W. Ye, L. Chen, F. Liu, X. Chen, and X. Wang, “Analysis 

and optimization of 3-coil magnetically coupled resonant 
wireless power transfer system for stable power 
transmission,” Proc. IEEE Energy Conversion Congress 
and Exposition (ECCE), pp. 2584-2589, 2017. 

[19] A. P. Sample, D. A. Meyer, and J. R. Smith, “Analysis, 
experimental results, and range adaptation of magnetically 
coupled resonators for wireless power transfer,” IEEE 
Trans. Ind. Electron., Vol. 58, No. 2, pp. 544-554, Feb. 
2011. 

 
 
 
 
 

Xuling Chen was born in Hunan Province, 
China, in 1979. She received her B.S., M.S., 
and Ph.D. in mechanical and electrical 
engineering from the Nanjing University of 
Aeronautics and Astronautics (NUAA), 
Nanjing, China, in 2002, 2005, and 2011, 
respectively. In 2005, she joined the Faculty 
of the College of Automation Engineering, 

NUAA, where she is currently Lecturer. In 2017, she joined the 
Department of Electrical and Computer Engineering, Technical 
University of Munich, Munich, Germany, as Visiting Scientist. 
Her main research interests include wireless power transfer, 
mechanical and electrical engineering, and mechanical design. 

Lu Chen was born in Jiangsu Province, China, 
in 1991. She received her B.S. and M.S in 
electrical engineering from NUAA, Nanjing, 
China, in 2014 and 2017, respectively. Her 
main research interests include parallel 
resonant converters and wireless power 
transfer. 
 

 

 
Weiwei Ye was born in Jiangsu Province, 
China, in 1993. She received her B.S. in 
electrical engineering and automation from 
NUAA, Nanjing, China, in 2016, where she is 
working toward obtaining her M.S. in 
electrical engineering. Her main research 
interest is wireless power transfer. 
 

 
 

Weipeng Zhang was born in Shanxi Province, 
China in 1994. He received his B.S. in 
mechanical and electrical engineering from 
Tianjin University of Science & Technology, 
Tianjin, China, in 2017. He is working toward 
acquiring his M.S. in mechanical and 
electrical engineering from NUAA, Nanjing, 
China. His present research interest is wireless 

power transfer. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


