BERILIRAE GBI 28R LOANE S OKREIMEORGFHE

—H A EAT IR CROERER )

Design Method for Increasing The Input Power of Capacitive Power Transfer and Improving Efficiency
Koki Ichiyanagi*, Takehiro Imura, (Tokyo University of Science)

In recent years, there has been a lot of research on capacitive power transfer, most of which involves power
transmission at high frequencies. In this paper, the efficiency and input power equations in capacitive power
transfer are analyzed and the input power design method is discussed. It is also found that the input power is

proportional to the frequency and the coupler capacitance, so the input power can be increased using this

relationship, and the transmission efficiency is higher if the internal resistance is smaller.
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Fig. 3 Efficiency contour map

y V2 wCo,n
P = J"_Z ==V (v
w?C?%1
QDX ANBTAEWE S E H 7 I FBRICHHT S &

BMB, TRICE Y RENET DIl ARE 7

TRRERELSTHZENLETHD,
3. MEREANBHOEGRHE

NI REE—EE LIz &I, WIRERBIC L - Tt
RWaANDA L Z I HZ L RFIENT DD, A VORI
BT HHDOEEZZLND, Lo T, A VORI
MOENEEZRT DTOITREBRRE LT X7 F A
DERIRD 2 OO NVEFEHRLT, a4 NVDAS U FTH
A L NEIRBLOBIRR(12) 2Rk D=, £2, aA DA &
7B AL NERIRLOBfRZ R LT b D% Fig. 2 127”77,

r = 0.0095L + 2.0 [Q] (12)

INHEBE LD X THHREEBROANEOR()Q)
5 Mathematica # HlW TN 21T -7, 7B, T L X
C, = C, = 140pF, k = 0.1, V = 100V& L7,

(N & 1270 & IR ARG A I EIRBLS K
L RDBTENSND, Lo T, Fig. 3 b NEHEHR OB

WL TEEDRIET T2 N0 nD, /2, Fig. 4 »

DEFDASENEIHEY a4 VONHBIKRIORELZ T
m\ ERFREND, F2, ADROZYMEBIET D 7=

12, @R EANTHNT 2T IR AL TICRT, Fiz,
:@J: k=01, V=100V& LIz, TDOHEEDINTG A—H
% Table 1 (2777,

Fig. 5~7, Table 1 "SEREDOANENEIA T T RELE
WIS 5 2 & S ai N D,

Input power [W]

1000

3000
2700
- 2400
2100
1800
1500
1200

=)
—T

Frequency [kHzl

600
300

00 o1 02 03 0e os
Couphng coefficient [-]

4 EIFROANTEOEERX

Fig.4 Input power contour map



140+

120 -

80

Py [W]

40

20

0 100 200 300 400
C [pF]

X5 & CEHINE P OBFRE=500 kHz)

Fig.5  Relationship between capacitance and input

250 -

200

Py [W]

100 |

50

0 100 200 300 400
C [pF]

M6 % CLiNES) P OBKRE=1 MHz)
Fig.6 Relationship between capacitance and input

100

80+

60

Py [W]

40t

0 200 200 500 800 1000 1200
f [kHz]
T JEWE L IE S P oBR(C=140 pF)

Fig.7  Relationship between frequency and input

4, EBRELIAL—T 3O

EBAEITH Z L1k D, Table. 1 OIEDZYMAMFET
%, FEBIEEZ Fig. 8 IZR-T, ZOEBRRIL 4 KOERT
L— hERWEEZEBL 7T iAo F 7 7 i v X
VH L BPARMPLR LA TH D, RERTIIACEE
Ci\ GIIEZEN T INAKRATDEHCE R g+ Cinp &
B v /82 Z Coprs Copg®FHINTND, EBROEZNRT A—

4 % Table 2 2777,

INOEDERARTA—=FZEHNTITo L RIERR L V2
2 b—3 g YOFFEER % Table 8 (2777, Table 3 OfER
NHC=140pFD L X OFERMNFAE L I L TR Z &
WA D, ZHEEERTL TS Z IR L T
LEEZLND, f=484KkHzD L X, n=97.0%., P, =
457.0mW E R D JIER R L IFIE 8T D, £/, f=
986 kHzD & &, 7 =955%. P, =931.0mWE RN ZH5 %
BIERR LT &7 5,

Fiz, MERRODENBFIZE > TWDHEZIZEL
T, EBRTHW a3 VONEEIA Y I 2L —varo
HETHW DL B/ IVED LR TV LT X
HL0EEEZLND,

PLEDEBRERNS, BEOANENIEAREKE DT T
EEICHHT 20T, QDXNOZLMENEH SN,

#1 R LEROHIES) C=170 pF, 140 pF , 280 pF
Table 1 Efficiency and input power C = 70 pF , 140 pF , 280 pF

C=70pF | C=140pF | C = 280 pF
n [%] 93.34 92.56 90.93
f =500 kHz
P, [W] 21.85 43.70 87.34
n [%] 95.35 93.76 90.49
f=1MHz
P, [W] 43.73 87.42 174.7
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Fig.8 Experimental equipment
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Table 2 Experimental condition

X ik

C = 140 pF C=140pF | C=280pF | C=280pF
f [kHz] 500 1000 500 1000
C, [pF] 145.0 145.0 284.7 284.7
C, [pF] 139.7 139.7 280.1 280.1
Cp [PF] 16.74 16.74 26.27 26.27
r [Q] 7.656 4.235 3.249 2.754
1, [Q] 8.094 4.584 3.771 2.787
L, [uH] 714.2 178.8 363.8 91.92
L, [uH] 722.2 180.9 363.6 91.76
Riope [Q]|  245.1 137.7 115.0 54.43
vV [V] 10 10 10 10
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Table 3 Comparison of measurement results and

calculation results

C=140pF | C =280pF
RO WE | BE | JE
n[%] | 9256 | 94.60 | 90.93 | 97.46

f =500 kHz
P, [mW] | 437.0 | 271.0 | 873.4 | 818.0
n[%] |93.76 | 94.30 | 90.49 | 93.71

f =1MHz
P, [mW] | 874.2 | 503.0 | 1747 | 1676
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