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Principle of Power Transfer between Coils and the Method of Selecting
Resonant Topologies in a Wireless Power Transfer System
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Abstract

In this study, the power transfer principle and resonant topology selection method of the wireless power transfer system are explained.
The magnetizing inductance and mutual inductance models, which are representative modeling methods for representing the magnetic
coupling between the transmitting and receiving coils in wireless power transfer systems, are analyzed; additionally, the differences be-
tween the two modeling methods are explained. Furthermore, the active and reactive power of the wireless power transfer coils are
analyzed in detail using the mutual inductance model; based on this, the differences between the transformer and the wireless power
transfer coil system are described. In addition, through active and reactive power analysis, the phase difference between the transmitting
and receiving sides required for maximizing power transmission is derived. Finally, the representative topologies of the wireless power
transfer system are analyzed, and the required selection method for the optimal wireless power transfer resonant topology is described
by considering the power transfer principle and the input and output characteristics of the wireless power transfer system.
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Fig. 1. A wireless power transfer coil system that transfers
power through magnetic coupling.
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Fig. 3. Magnetic flux generated by TX coil of WPT system.
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H 2. WPT A 2£8¢] S-S, S-P, double-sided LCC EEEA 9] FA, &4
Table 2. Advantages and disadvantages of S-S, S-P, and double-sided LCC topologies of WPT system.

Type Advantage

Disadvantage

rectifier input power factor is high.
- Simple and low loss.

- Sinusoidal constant current output (I,), so the RX

- The phase difference between [, and L is close to 90

- At no load, the TX side becomes a short circuit.

elements).

- Simple and low loss (low ESR due to small number of

S-S degrees - ZVS may not be secured depending on load and
) . li fficient change.
- Resonant network is not dependent on load or mutual coupiing coctiiclent change
inductance.
- Bidirectional WPT operation is possible.
- The phase difference between I; and £ is not close to
90 degrees.
C.onstant voltage output (V) regardless of the load. TX resonant capacitance (C)) depends on mutual
- Simple and low loss .
S-P inductance.

- At no load, the RX side becomes a short circuit.
- ZVS may not be secured depending on load and
coupling coefficient change.

- TX coil current (/;) is a constant current.
rectifier input power factor is high.
Double-sided |  degrees.

inductance.
- Bidirectional WPT operation is possible.

change.

- Sinusoidal constant current output (I), so the RX
- The phase difference between /; and I, is close to 90

LCC - Resonant network is not dependent on load or mutual

- ZVS 1is secured even when load and coupling coefficient

- Many devices are included in the resonance network,
which is disadvantageous in terms of volume and price.

- Many devices are included in the resonance network,
which is disadvantageous in terms of the power loss
due to ESR.

TToEa = :l-
A AAE ZIES BAFT ZYL Litz wired] EH 0

Ferrite 340:mm

J8 10. WPT A3ES Hlal AA AZdE 1Y Al~F

Fig. 10. Coils system actually manufactured for WPT experi-
ments.
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Table 3. Electrical characteristics of actual fabricated coils.

Parameters Values

Litz wire

Type of wire 0.12 mm / 600 strands

Turns of coils 12 turns / 1 layer

Relative permeability of ferrite 3,200
Air-gap between coils 40 mm
Self-inductance of coils 45 1H

Equivalent series resistance of coils 50 mQ

Mutual inductance between coils 13.65 ¢H

(a) S-S EZEX
(a) S-S topology

o0 - oo - o003 §

;4

(b) SP EEZA
(b) S-P topology

(c) Double-sided LCC EZZ XA

(c) Double-sided LCC topology
a8 11, A2 AdS S8 Agd FA3=E

Fig. 11. Resonant circuits made for actual experiments.

H 4. 09 119 ZARENAY 7} 32 AHE
Table 4. Values of each circuit element on the resonance
board in Fig. 11.

Parameters Values
S-S Crxss 82 nF
(Fig. 11(2)) Crss 82 nF
S-P Crxsp 90.3 nF
(Fig. 11(b) Crxsp 82 nF
Topology Lrxs 10.3 yH
Double-sided [——oT2 330 oF
Crxs 100 nF
LCC
& Crxp 220 nF
Crxs 120 nF
DC power Oscilloscope
supply Electronic load
";;‘,J
| B\

:_j‘ . . V .K'/ H

I ™ TX resonant
inverter board

DAAGAE A AE] A Y

TREAFAAUDS

WPT coils RX resonant Rectifier

board

j_El 1 2 Al Zﬂ
Fig. 12. Experimental setup of actual wireless power transfer
system.
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H 5 SS EZZXNE AL3 WPT A AHY 28 A3}
Table 5. Experimental result of WPT system applying S-S

H 7. Double-sided LCC EZEAE 243 WPT A|2H
o A¥ A3}

topology. Table 7. Experimental result of WPT system applying
Output power [W] double-sided LCC topology.
Parameters E
50 100 150 200 s Output power [W]
arameters
Input DC voltage [V] 30 30 30 30 50 100 150 200
Input DC current [A] | 2.35 4 6 8
Tnput power [W] ) 106 160 211 Input DC voltage [V] 30 30 30 30
Output DC voltage [V]| 16.7 30 46 61 Input DC current [A] | 2.39 446 6.44 9.23
Output DC current [A]| 3.35 3.32 3.28 3.24 Input power [W] 61.75 117 165 229
Output power [W] | 56 Eed 150 | 19 Output DC voltage [V]| 144 | 31 456 | 667
Power transfer
efficiency Output DC current [A]| 3.6 343 33 3.1
(coutput powerinput | 2032 | 9339 | 9375 | 0431 Output power (W] | 52 04 | 148 | 200
powerx100) Power transfer

H 6 SP EZEAE A3 WPT A 2=9l9] 49 234
Table 6. Experimental result of WPT system applying S-P

efficiency

. 84.21 88.88 89.69 | 87.33
(=output power/input

powerx100)

topology.
Output power [W]
Parameters
50 100 150 200
Input DC voltage [V] 30 30 30 30
Input DC current [A] 2.17 4 6.3 8.42
Input power [W] 56 100 156 207
Output DC voltage [V]| 114 110 105 104
Output DC current [A]| 0.46 0.88 141 1.9
Output power [W] 53 95 148 195
Power transfer
(=0ut:1fflcl)l(e)r\1/c;/input 9464 | 9500 | 9487 | 9420
powerx100)
shalA] 3L, =8 Heto] Mstsh= é AR 29 54<
Zhe A @ T Ak A T ARE BaElA, A
E438 )2, S-S, S-P, double-sided LCC EZZ Aol A ]
29 A2 T AAR B0l A2 7R s
ER S
v.d E
& ol WPT A28 599 A714 3z 7d
BT 7HAE 248, B84 AgAgE 9% 24
I} EEzA0 x4 7k 4o disl EA st
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