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Printed Circuit Board-Type Wireless Charging Coil with
Split Conductors for Power Loss Reduction
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Abstract

In this paper, a printed circuit board(PCB)-type coil structure with split conductors is proposed to reduce the power loss caused by
coil resistance. Simulated magnetic field measurement reveals that the proposed coil has reduced resistance. In addition, wireless power
transfer experiments reveal that when the same power is transferred, the power consumption in the coil with the proposed structure
is reduced compared with that having a conventional structure. Moreover, heat generation is also reduced in the coil with the proposed
structure. Therefore, the new coil is confirmed to increase the efficiency of wireless power transfer system.

Key words: Wireless Power Transfer, PCB Type Coil, Ohmic Loss, Resistance

I.M E F7h Es] AeyE sl i oheFet AgfoF Fol A

53] B8, FE7719 22 <l o)Al FAHYASE

A7 2 A (wireless power transfer: WPT) 7]&2> % AN 2EE A457] 913 A7 i) AT AP
- WA B glom thekgk fofel A8H7) 9% A 9, =2 Ad Az T4 deger & &

M2 d4e LG Y299 2577 Ags AT 7448 Ad7le A7 A9 9802 APHAFU,
3871 245 W E ) 8(Cho Chun Shik Graduate School for Green Transportation, Korea Advanced Institute of Science and Technology)
*o] AN HE] 2E(EMC Doctors)
#EPLIG 92~ (LIG Nex! Co., Ltd.,, Korea)
- Manuscript received April 9, 2019 ; Revised May 2, 2019 ; Accepted September 20, 2109. (ID No. 20190409-036)
- Corresponding Author: Seungyoung Ahn (e-mail: sahn@kaist.ac.kr)

754 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



rbr
>

BAGAE A2 FAZ 912 52 7| Hprinted cir-
cuit board: PCB)E & A &317] 93] BE A7} o
FoAL ST B4 4393 51 DY 299l o)
2 ‘M]P— a2 WA 4 e 5

R

?El-
HU

HHAE Z7MIA B 523 /A ARE MY
BAAGAS A2

_/I:
et FHEAE SHAA L AT *él"f_rol S 7t

Aol gk AR Fok S7be] whE FAHAQ YFE
= ATAI717] st Al EMo M E A v
Ql Litz wireg AHESFAI Y, URHAQI PCB 25 @Y &
AE 7HA7] Wigel Fupre] ot mE Tade] A3
AE 718 ARAE & glth 53] b5 2 729
ME Qs 59 FTUTe] 2HEATL AlstE Y9

Aol v S7HE 4 Atk

N
< Ho
@ o
ot @
ST
e ot
rlo
N, b
o =)
19,0‘::
T
R
%, e Lo
b R
ém—‘_\; _?‘_1
oz H o i
o 1> BN orfr o I
w to M 3
L
NP g (| e
- O N
XN @ 2 oo N
> i) lo N
= R 4 o
L e x roop M I
O oz 2 M oo ok N i dd

2
2
lo
fol
o

J8 1. 289 =

Y] 7=
Fig. 1. Proposed PCB type coil with split conductors.
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Fig. 2. Comparison between proposed split conductor and
conventional single conductor with same width.
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Fig. 3. PCB type coil structure designed through finite
element magnetic field simulation.
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Table 1. The number of layers and total number of turns of
designed coil.

Parameters Value

The number of layers 4 layers
Turns per layer 10 turns
Total number of turns 40 turns
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Table 2. Calculated ressitance and resistance and inductance
simulated by finite element magnetic field simula-

tion.
P . Conventional Proposed
Arameters PCB coil PCB coil
Resistance (Calculated) 1.74 Q 1.53 Q
Resistance (Simulated) 247 Q 1.84 Q
Inductance (Simulated) 7531 n«H 76.38 1H
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cross section of conven-
tional structure
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Fig. 4. Current distribution according to the structure of PCB.
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Fig. 5. Actually manufactured PCB type coils.
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Table 3. Measured resistance, inductance and mutual induc-

tance.

res | O | ke

Resistance 1.95 @ 1.64 Q

Inductance 62.1 1H 63 n«H
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Fig. 6. Overview of 30 W class WPT experiment.
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Table 4. Settings used for wireless power transfer experi-

ments.
Parameters Value
Transferred power 30 W
Operating frequency 100 kHz
Equivalent load 30 Q
Air gap 10 mm
Compénsatlon c1.rcu1t capac1t0¥ values 4079 nF
in conventional PCB coils
Compegsatlon circuit capac1t‘0r values 4021 oF
in proposed PCB coils

H 5. 30 W HARHAS 49 43
Table 5. Results of 30 W class wireless power transfer

experiment.
Parameters Conventional Proposed
PCB coil PCB coil
Viwerter inpu (DC) 27V 266 V
Iy (RMS) 1.65 A 1.59 A
I, (RMS) .14 A L13 A
Vioad (DC) 298 V 298 V
Toaa (DC) 0.99 A 099 A
P, 386 W 372 W
Pt 29.7 W 29.7 W

I $4 0 A 7o) B2 242ke) AR, Viwsh
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Table 6. Power loss in each coil and wireless power trans-
fer efficiency.

Conventional | Proposed PCB
PCB coil coil

P/vssj'x 49 W 4.04 W
Pioss_rx 253 W 2.06 W
Power transfer efficiency 76.9 % 79.8 %

Parameters
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Fig. 7. After conducting 30 W class WPT for 5 minutes,
the measured temperature of transmitting coil sur-
face of each system.
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