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Design of a four-coil parallel resonant magnetic coupled wireless power
transmission system

MA Jingxu, ZHONG Yi, CHEN Xing

(College of Electronics and Information Engineering, Sichuan University, Chengdu Sichuan 610065, China)

Abstract: A magnetic coupled wireless power transmission system with high wireless transmitting
efficiency by utilizing the four-coil parallel resonant unit is proposed. The advantages of the four-coil
magnetic coupling unit in the quality factor and adjustability are analyzed. A hybrid simulation method,
which integrates the multi-physical simulator COMSOL with the circuit design software Multisim, is
utilized to analyze the magnetic coupling unit and the transmitting circuit. For this magnetic coupled
wireless power transmission system, its source and load coils are designed to be single-turn coil with a
radius of 9 cm, the transmitting and receiving coils are 13 c¢m four-turn ones, and the distance between the
transmitting and receiving coils are 40 cm, correspondingly 1.5 times the coils’ diameter. Measurement
results demonstrate, the wireless power transmission system has a resonant frequency of 4.78 MHz, and
achieves a high DC-AC wireless transmission efficiency up to 96.7%.

Keywords: magnetic coupling resonance wireless power transmission; four-coil model; hybrid

simulation; efficiency

EAER, JoZkfe i A% i ixX — A s U BT 2 O o R RE I, JCZRBe AL s AT 4y 4 Bl BN xCTC
LRAE L . MO A R S LR RE AL B . SO O LR B AL DL RO Ok R A L Ik TC 2k B AL i AN
TG 2k e i 2 S 2 b R B R e A% B R 5 SO 3 TG 4R R A% i RN R 5 0 ik 2 T 4k B AR e I A T I R A
e o BN A TG LR fE AL B R R R AR A R, SR R AR SR 2R AT, T S I e S (— M 2k ) Rk
FRI IO RE AL o RGN 5 B IR 2C 0 4k B o A% 32 28 7 R L PR D3, A R () 9 i 0 3 1) 2k BBl 2 R A e o, A
=B 7| ) e o 17 9 O

il 18 5 i 20 G 4 B B A% B R v S5 1R BR 48 B T 2# B A9 Marin Soljacic F1BAT 2007 4F ¢ k2 D), 65 4k
7RG, AE Tl B AR R A, s Y mAREFEED . e S, R
Gif BB, 285 E R ANSYS A RIT/a Mk rE, TR R R gt T g g m . R AR R
LAGTe R, KBBITX TLALRERORA M m . A R, =4 LB SRR, HIRLE R
IFSEHA: 2018-12-03; fEEIAHA: 2018-12-31
EEWE: SRR RN G L4 7 B H (6141A02022519)




53 DERE: ML B BEREAS T LR REEH 453

RA TS . W, LG 5 4ERFSS STk oM B, SCRR[S)SEBL T 4R B I AE (G i B 7 em(/N T — 154k BBl HA8) &%
T, 41%MERIRCR; SCER[O]SEHE T R IBIBERIFE 10 ecm(Z— 15 LR 1B BASMIBE B T 37% M &R, LA
REBRILE 14 om(ZEE — 5B HR)MIER T S6%MERERCR ; SCHR[ 101553 1 P4k PR RLZE (L S R B8 22 em
Qb 85%M R G H ; SCHR[11]SE 3 T =R BIAIAZE 21 ecm(1.47 15 4R BB BLAR) I BE B K 84.8% YRR SCHk[12]52
T UL B BRI AL R PR RS 17 em Ab 65% 1Y e KA FHAL A s SCHR[13]5E L T U4 Bl LA FE AL S FE 28 18 mm(0.5 f5 &
ROEEE T 72.6% M ERS0R .

| WBAERKEAEBERREEITRE magntc coupig i

BRI £ R 2k T4 R 0 R 0 B L9« @ e % % = u
BT (LR IRLR I L 5 S AR LB L B R B A wmtiid | souce i receiving Toad | | tud
L), BT (AR R, & source T circuit coil —>ting coil > coil 7> coil [
WA 1 iR RG TLL R BACR T E RS Fig.1 Structure diagram of magnetic coupling resonant wireless
LT % 15 0 250 R B LT RO MR IR e T R

- ! i o Bl 1 R AR L R R S A
A AL TT 1 A% i 80 p R G 2 BB X N A R0 ik H I Y

sty ST DR ROFN 28 Pl 22 ) ) A2 i B S A R DR o BRI O T, I R R S S DR OB R, 2k LA i e R T, AR
e, HIE 2 TR N R 2 18l 2 Al A 5 1L A% i B

1.1 WiBEEAT

1.1.1 ERR A SR T AL Ry AL B

FERGFR A oeT, JRZIE S & ST | Il B S 4R 4k P 2 el i BN R A i Oy R EAT RE A s R TR
Rl 5 2 Wi 2 Bl 2 [l ok e e, Al B e B R AT R R AL
1.1.2 LB AR i 1]

WO RIRERE A ST BB R A 3 Ah . ZRIBIARL | = 2R R R U £ PRI AR L 2R IR R ) Bk T2 A
WA T 25 a2 VRS R PR I 1% O DR BR L R o O R B R e AR R AROR s R SR T v 2 A {5 9
2k P R A L R A TR 5 ) T SR BN TS Y 2 ISR R B S5 A AN 5 AR B HERS B T M E A BB B R,
AL 25 SR BRI ALR A R IR SERE [, i 4k, R m R L ERSCR IR, 25 2k
IR U T 52 2%, R T PR AR 25 5 UK BB R SE A AR X A 4, TRV BO R, TR Ak BB AN B AR B O SRR B A, R
AR RN, R A

— 1
11U 28 P 0 4 A B 7T £ 5 T PR B . L D 2 P 7 &
A BT P R G R R AT AN BT, I 2 b L L. | I
I Ly 22 1) 38 3o 8 o7 445 7 X HE AT R 1 15, R T T v @ et | - b

RGP IE IR AL, LRI Ly Wi A7 AR O, AL B B, R B
i FRL B S OB AL O SR BRI IR AL %, Anl&l 3 s, Mo
r E;gﬁ/ﬁ EE‘E%EP%]JZF%O *E%E%E%W%% EEE%E"J:%E\% Fig.2 Schematic diagramo‘fma‘gnetic coEplingunitwith four coils
B S, B D 2k R A 0 T R R B 2 AR R

O wam=rl(woL) HTCT K. Z KB WG HITai RN 50 Q WHRREEIES L,C, I8, FIFTHE 1 — 2 g
A BT BT AEL O —am=1/2. PRI IO 2 Pl 1 R B0 T 1) o BT DR B8 T 2R BB GRS 5 BT .

=
— C2211

Ui @ G i: r E Ly

Fig.3 Parallel resonant circuit Fig.4 Equivalent circuit diagram of magnetic coupling unit with four coils
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Table2 Simulation results of amplifying circuit
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transmitting receiving

. ; . efficiency/%
DC voltage/V DC current/A transmitting power/W effective voltage of load/V receiving power/W

20 1.46 29.2 16.9 28.5 97.6




53 DERE: ML B BEREAS T LR REEH 55

3 TLEERWERNE

MR 1 PR 2 80T S0 B A 1 0 T A
IR R, WK 6 Frn. LR IE T, XS

%iﬁﬁﬁ@ﬂ%, Eﬁﬁfélﬁﬂf‘éi)ﬁ%, Eiii%ﬁ‘ﬁﬁjﬁ#& DC source -
VERERERTNOE TR SR FE YD ENEN X (ER S NN RO I . ‘ receiving load
RS o BRI . 83 T T DI O amplityine et o8 %

5@,&% 15} I%yﬁgﬁﬁlﬁ{ﬁﬁéﬁ%uﬁlilﬁifﬁéﬁ%ﬂjﬁé Fig.6 A system of wireless power transmission
. . 6 TLREREH ARG
i, A 4.78 MHz.

HW, X ILiemiEim Re AT R, BRI A B REAGE S, oy e, b E SR
55y, DA/ N T RS i 232, R 20 o B IR & ST DR I S A, R R T R A I AR
o B RGRCR T B IR Y A5 YRR B R R AR . AR 3 R, Uk R AL i &R ge n] LLSE
HUAE 40 cm (I B AL H 4.5 W IR BOREE 96.7%.

# 3 JoLkng AL RGNS

Table3 Measurement results of wireless power transmission system
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