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Verification for Reduction of the Number of Devices of Wireless Charging System for Electric Assisted Bicycle

Kenji Noguchi*, Koji Orikawa, Jun-ichi Itoh (Nagaoka University of Technology)

This paper discusses the verification for reduction of the number of devices of wireless charging system for

electric assisted bicycle. In this paper, the wireless charging to the EDLCs using proposed system is verified by

using a switch of three-phase inverter in place of diode rectifier. As a result, it is confirmed that the AC voltage of

1 MHz can be rectified by a parasitic diode of the three-phase inverter. Finally, the proposed system is verified in

the running test using the switch of the three-phase inverter used in the wireless charging. As a result, it is

confirmed that the assist operation can be assisted by the three-phase inverter. In addition, if frequency of

wireless power transmission is a 900 kHz or more, the three-phase inverter can share as a diode rectifier.
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Fig. 1. Conventional system configuration.
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Fig. 2. Proposed system configuration.
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Fig. 3. Circuit diagram of SP and SS topology.
Table 1. Specification of coil.

Items Values Remarks
Outline (Length) 250 mm
Outline (Side) 200 mm
Thickness of PCB 2 mm | FR-4
Thickness of copper trace 70 upum
Self-inductance L1 58 pH
Self-inductance L 2 58 pH
Resistance of
primary side coil r1 51 Q
Resistance of
secondary side coil rs 51 Q
Mutual inductance M 22 pH
Designed coupling factor ko 0.38

Table 2. Variables of SP and SS topology.

Ttems SP topology SS topology
V, =V,k, V, =—ja,Ml,
Input - output I v
characteristic I, = -2 I, =—j —2
K, wyM
_ 1
Maximum Mnex = 2
efficiency 1+
Q.Q,
Impedance of r,Q, |Q
. _ I\ 2 _ [
maximum Rmax = k_ —_— Rmax = kO I, Qle
efficiency 0 Q1
Secondary side
voltage of 5
maximum Vamac = v/P2 y R
efficiency
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Fig. 4. Relationship between the coupling factor and

the maximum efficiency.
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Fig. 5. Relationship between the coupling factor and
the impedance of maximum efficiency.

Table 3. Conditions of the simulation.

Items Values
Frequency of the power supply 1 MHz
Resonant frequency 1 MHz
Primary side voltage 50  Vims
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Fig. 6. Relationship between the coupling factor and

the secondary side power, the transmission efficiency.

Nz Thsd, LienoT, SS HFRTIE—RkMIEEE
B LCRME N2 RELS EDMERD D, TDOTD
SS HATIE, WEEHFTRERERSLEL LD, %@ﬁ
Mz 8 IzBW TGRS,



716Dy al—ya R TOEBROE (K
ME EEERBOTIaL—va UERERT, BT X
v, SP HRUL SS FR LY @EARERICKLEL SNHET
DRENZ R0, ZOHEBEE, SPﬁﬁ@Ex%xﬁ«fpﬁ
BNEDTHD, LEER-T, A0 RIANMEEE
iéﬁ;SPﬁﬁfmk@E@%ﬁ#M%kﬁéo

X 8 2% 2 oHEFHAUC WA E 60 W—EL L
T g D— YA V&FA%&®EWJ MRERT, IR
ME%Z 60W &35 L&, B TOHEILERE L THRE
RefIEK b v e s, 7eds, MR CIBMEHUIE 4
RLTWD, K8 &0, & 1OHERETH HHEEFR%EL0.38
ICBWT, SPHFRTIZHN 10V, SS HRTIHH 350V o—
WEBEBLETHD Z ENbnd, Lizh-7T, SSHKX

TIEL 350 V LA EDOEEZ M) ATRE /R EIR D LE L 72 5,

KolZeE—F KOZEMa LT CoDA v E—F A
O R, M9 XV, MHz #&IZH T 5 IEH A7
BFTIX, T—F0EA v E—=F 2L, BLDC £—
& BRENIF O %% 100 Hz ~ 1 kHz Ti%, ZEM= 5 9
DEA L E—H U RIRD I ENDND, LR ->T, SS
FREMANWS Z & T, BLDC T—4& 2 BREIIC I3 E R =
VTV MEA LV E—F ALY, a e —F EY)
DEETMENRL 2D, £, T—XIZEKEBLEZHMNL
BT —Z DEMRBRD 1% F (G EIOHAETIZ0.1A
UPRHNGLEEOE—FA L E—F U RE @A L E—F
VATHDLEERTDHE, K9 TRV CIEREMIRELOE
FHREE 3K 900 kHz LA ETHIIEE—Z 3 EA B
—H AL D,

AR AT LTI, EDLCs ~JERfcRERET S 2
k%ﬂyﬁfbkbfwé Kk, KBES AT LBV
TR UBEN 2L T DHA1C1T SS I N FRIZ0, 4 lalfH
M7 % &R E ﬁ@ﬁﬁﬁrmﬂ@ v, AEoSMtET
1L SP FROGNZEMMENZKELBNDT2D, SP HR
R L CHEEMAEBMRGEE 1T 5,

4. FFEEMITERIL

SP A T ARMETRCH AR O LTI L - T EM =
ANDOEENETT 5, ZOfER, WHM DC-DC = /3 —
HROZFHA VR H DAL T TR E ANEEHO
FEERBOEHEBE L TG LTz o,

X 10 IZFEEER B ORIE 7 v v 7 K ERT, T
BRFICBWTZEMOBEE —ELTDHZ LT, WHM
DC-DC a v "= R=FfA =B DAL v F T HEF
i) > nx;-1“%ﬁ§$f|ﬁf%5 T, RFETITIRERIC
EDLCs OEENE# L TH, WIH DC-DC 2 \—& D
HBE A —EIHI L TWb 0T, B DC-DC =
—HZDANA VE—F U RAE—FILTHIENTED, A
NAVE—F U A RGEEICT 52 8T, MR FEEN
AEETHH®

11 |Z EDLCs ~FEHEAMFTERFZIER S AT LD X A A
— RS E WG E LREV AT LD ZHA v R—X

600

2,500 &

z Q Th-ao - SP topology

2 \ Ay

£ 300 \

2 \

g 200 !‘

z‘;’ 100 \ .. SS topology

o 0 e ok IS - = - =00
0 0.1 0.2 0.3 0.4

Coupling factor k

Fig. 7. Relationship between the coupling factor and

the power of the power supply.
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Fig. 8. Relationship between the coupling factor and

the primary side voltage.
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Table 4. Conditions of the experiment.

Ttems Values
Frequency of the FG 1 MHz
Resonant frequency 1 MHz
Voltage of the FG 500 mVims
Gain of the RF power source 100
Transmission distance 50 mm
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0] 2§ 1
Output current Tout [1Aldiv]

....\HHI...‘:
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(a) Diode rectifier.
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MH.I..H\H..:
400[nsec/div]

| PRI ST A
400[nsec/div]

(b) Parasitic diode of the three-phase inverter.

Fig. 11. Each rectified waveforms.
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Fig. 12. Experimental results of the wireless charging
to the EDLCs.
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Fig. 14. Voltage and current waveforms of input and

output for bi-directional DC-DC converter.
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