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Design and implementation on the emission system of magnetic
coupled resonant wireless power transmission

Liu Baohang Wang Bingsen Li Ziqi
(College of Electronic Information Engineering, Hebei University, Baoding 071000, China)

Abstract: Wireless power transmission (WPT) based on the magnetically-coupled resonant is a hot topic in the research
and development in modern electrical technology. It is the most likely to be a technology to provide solutions for
wireless power supply of electrical equipment, such as household appliances, various consumer electronic products,
smart wearable devices and embedded medical devices. The WPT is a flexible access and transmission for real-time
power supply. In order to get rid of the shackles of the traditional power cord, the limitation of the space and distance
of the power supply mode is solved. Using coupled-mode theory, the two identical helical coils are built with the height
of 20 cm, the diameter of 60 cm and the number of turns of 5. 25. Both coils are made of hollow copper wire. The
expected resonant frequency given is 7. 65 MHz, which is about 4. 5% off from the measured resonance at 8§ MHz.
Control the class E power amplifier (PA) gate with an 8 MHz square wave signal, The effects of the nonlinear and
linear shut capacitance have been considered in the drain of PA, it is important to predict the performance when an
external capacitor is necessary to add for the optimal Class-E mode. Impedance matching is designed to maximum the
power transfer from the drain of PA to the transmission coil. The system achieves the maximum transmission distance
of 6 meters on the theoretical basis of the transmitting coil of diameter of 60 cm. According to experimental analysis,
the system has a great improvement in transmission distance.
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] HLBEAZ S . G v 6 5 1 IR 2X TC e v BB A% #i) (magnetically
coupled resonant wireless power transfer, MCR-WPT) 5 fif

AR E IR CL e BRI ATAT IR TR R E S TR Lah HERY 3 BB T
AR T AL AR AL B O B SR SE B AR TR A R I R e AR B O 2T 0 A% AR HG o s O FE st
WIRMR S LS TR Z RS . LB AHEEME MCR-WPT 8K Al 57 F T8 4% =0 i 2% bl A R E ST %
FL RN FL RS B RO O A O SRS AR S b s AT A R BOE AR B b 7 R A ST

il

Wi H . 2018-11

. 28



A EM FHEABSBERRXAKERAH R ANRITE ER 55 10 4]

FHOZLEG, 5 ARG U BT R G L RE RS AR IR T
DL Ry TR F A% i H 4 O 22 A M SR K A LRI S, T s 4E
BEFE IR T G RR A 2l AR ok 1 A% Y FE R AT R
P, 2007 ARG B T2 BEE R E SRR R R T IR IR
9 9.93 MHz ¢ 2 REEBS AL s 52T 60 W XTI . B sk
K 400 MCR-WPT H AR BR™  SCHR 278 18 B 4 %
100 KHz Wik 2 S 20 R vl 3k 70% ., X S8 i 55 38 RS2 Bl
MCR-WPT I K AL i B . [ N A0 2 4 B8R 76 1% 4003k B
MTRKM L, HETLBEERRR N EEEER
Rt N A i 1y 3R 0 A% 0 3 3 LA B A i I 4 ) AL )
EN R

AR SCAR I 50 R A BEAE , BT R A 2R 8 MHz. fi it 1)
N5 W iR T L RE G 2 4 R &, L T I kML
Ll

1 ERBEEE

A BB i IR C R s 4R I T — A
AT A 7 AR T 3 TT DR U M T AR AE R AR A NS LT
PTG R . KA BT .

a, () = —Gw, —il)a, () — >ik,.a, @) +F, @)

n#m

[@D)
K om Al AREBARFE BRI [a, (O 17 BERITS
m BERRE s [a, () |7 JRIEIR S n M ERE I s b 2 TS R
X m Fn WG R Gw, Bm MIERMAME; . A m
BRI AR F, (1) B S8 1 385h T8
HERE—DEREE SM— N REEDBRT.
TR A RECN b MO B A 3L R B, 3% 6309 320
BN o 2 BT B R Do, W NCE B B =
WA D= Ty + s RERIERBCER

_ ry lan|® _
T s las |+ T +T0) lan|®
r. »°
I, LT

(2)

[+ m)ms ] [0 ]

D
N, 2 ‘/F- 2 4 =]}
Ehz\it@)m%,i{r—’ = J1+k?/TsCp, W, 773575 %
D

KEE, RN k> JTsTy B ARSI B BEM 15
Bk > JTsTp ERABFLE A3 AN A .

MCR-WPT % i ¥ 85 vl 35 & ST B B A2 1 8~ 10
5, MCR-WPT J5U B % 5t £ Rl R 422 Wic 2k 181 76 A ] 1Y
A5 1 i PR SC B AR AR A A T . S B BE Y
1o A T B A S 458 AR TR I 2R B M R 2R I . R
F A 1 iR OG22 P R A% i 0 W 282 P B 85 4 R 2 TR R A 3 R
BRI 1,

B h NEREREE,D BB ER.C NEB DT

ESES

F1 BREL B A R S R R0 R

AL L R LRI L. 2R P S ) 8 K
B L fRAK

L= NN/(er)Z + (L) (3

N —1

AN BRI JO RO 5 " e 2 A
f

B 4 s B RS

L — }}OODNZ )

B+O. 04
BB 4 BRI £, R
.3 (RN r

BB 24 1 10 5015 s 75 MO B2 3R

N

C= ot (6)

B LR oMl 1L By B S o e LB NS5,
G F R AR T — 4Rk S izl il , KRR S
BR 2P AR 60 cm AR 5. 25 [ 2R I8 3 B 20 em 2R 4%
6 mm, £ B BRI IS PRI 7. 65 MHz, 520 W) 2 BBl R A0
%% 8 MHz,

2 RERSGHIET
REF RS 220 V,50 Hz WS A 8 MHz 94
AL WL L 2 ST AR B R B L R S S R R 2,

TR
(220 V. 9 AC-DC = DC-DC (- DC-RF - K514
50 Hz)

2 RATHEEE R

2.1 #EHESHBEEZIT

16 MHz By 77 i1 741874 W D il & 88 7= (5 28 1
AR 8 MHz B9 77 %  # H5 5 B an 181 3 TR .
2.2 IThEMAFMIZIT

1) 38 41 ] ot 2

LA TR A 04 AR IE 5% 555005 5 T 40 g Oy E SR I R AR
[

. 29 .



T # K

%42 % B A
+12
33R
2 lour INR3
2{GND  OEH— ji” W] ADJ
OUT vCC 10 pF 43R —
TCXO ND | LM317
500 R
GND
mﬁﬂ“
L Ll+icLR vee H4
—241D #*)CLR (A3 bl
31CLK 2D |12 1
‘5‘ *]PRE 2CLK (1) 00 R
Sl PEEE
7 | GND *2Q 51R311R
GND 741574

(IR ok UL ER=AEN 08

f) = 120+ ZEa,,COS(mut) +b,sin(nwt) ] 7

Kl ca, o, J AR R, I A 5% R B IE S SR ]
o L R BRI N

2 7
a, = ?J Lf(z‘)cos(nwz‘)dt,n =1,2,-

(8)

T

2 2
b, = TJ ;f(t)sin(nwt)dt, n=1,2,-

AT H SO BT o — 27“ T fa .

PGS = E 0 8 MHz W7 . T Wl 5 N
L@ LN T=125 ns. MR o = 2nf . $Z TGS
JEETT g 8 HL I G 50, i A 50 (8) T 15

2 (%
a, = TJ;f(t)cos(nwt)dz =

0 2 +
J L S @ cos(nwt)dt +TJ f(t)cos(nwt)dt =

S e

1 2 1 2
o —[—sin(rwt) ]| s+ == « —[sinCnwt)] |7 9
nw T nw

2 4
HF o :?“,m%'e

a, = ¢

2 [0 2 (7
b, = Tji%f(t)sin(nwt)dz‘, + TL SO sin(nwt)dt =

0571:294769"'9
2/ @)
s n = ces

nmw

(10)

AKX AORALK T AT LIS B3 6l 15 2 7Y 4 5o
PRI N .

sin(wt) + %sin(?)wt) +

21

T

1
f@) =c+ ?Sin(5w1)+...+ ,

isin(nwl) + e
| n

e« 30

n=1,3,5,%" an

R, e R EHE S R I
W IRF510 MOS & & 7= A T P FE , 77 A 7y # 4 $4,
RGO TR T B . MR T A 2% 2 Ak L 46 R MOS 4 Y
A4, T BEAR E 28T R BRI AR, H IR 24
WERZER . WAMERIE S B E 1.3.5, - &F WIE

2) WL B i Tt

R K % MCR-WPT f 4% 0 BB, 38 # Ny A 7E
JTEF RIS AR AT . E R A TAEEHF 64585, T
AN @ CWBEE IR S REAZ S RS A 5T
FERE,

KRG H TR 5 W, Class-E D3 i K A5 HL
EnE 4 i,

Cext

TV LI
= ce\‘\
v, | = C,
A L
®

B4 ERIRBORGEE

LZ

T i a5 A IR B L 2 CL AR M IR B
B Cos ZUARPINHI BB C,— L, i8R L, —C. R
Bk L, AR R A4 A, B 1T BOR 28 7 i e A 4k I
WA .

(D IR AL MR A Co MAEL I I B2
CoH .

(2) PEW LRI L wre Sy BRAB LR P AR BLIE F BB .

(3) N T R IS B R E S R ATyl &
TR AR A A Q .

(4) MOSFET 4§ 5C Wi f I Jg st o FL BT 430 S JE 95 K
MZE,
(5) HRERHER L ML, ML, Hu, Bk L, Al C it
W EAR, LR L, SR 5 AU AR L

E BRI FMRMEIT AR LS HWME 1.

TR Lo AR BRAE R 2, S B3 1o 3T 1)
THEF I LS B i £k B 100 pHE

3) Ty R # 1 BHL A DE e

SR Ly ST A i e R ) 3R T IR BH B R 6 2K
BT AT BT VC AT . PURCJS AY R W & 5 BEs . UK 3 89
Dy IR an sl 6 Fros .

MIE 6 Rl AR By 5 WL DR SR
90. 3% . 3 Im Y L R B IR gl 7.,

ULt E TR MORER M R TR 2 5 W, Itk T R N
5.4 WL E 20 S R I Ay 92,50, i 4



A EM FHEABSBERRXAKERAH R ANRITE ER

%104

Rl EXPEHABRERESY

S A
C. 366.5 pF
187
tansi;:8_97r2 ¢=*0.61
2V, sin2¢
_ . 0
R b 30 O
J"vs(ﬁ)cos(ﬁ)dﬂ
tang, — 0.173
Juwnmmw
0
X =L.,wo = Rtan($, — ¢) 28.9
R
L - ke 5.8 uH
w
C = ! 75.5 pF
w(RQ — X) P
2
R
Le = 2(”Z +1) 7 L e =25 pH

5 ERIE

ml
indep(m1)=36.992

100 -vS(HB.PAE, Specturm[1])=90.300

L=5.24 uH

L.=0.33 uH

TR H B ]

ml
80 ‘_,-«/‘
< 60
A 40
20
0 1 L I I I I )
24 26 28 30 32 34 36 38
Output power/dBm
E 6 E ST A 10 3y R B kot
ml m2
time=100.1 usec time=100.2 usec

V0=22.930
ml

Vo=-22.830

,30 1 1 1 1
100.0100.1100.2100.3100.4 10

0.5 100.6100.7100.8 100.9 101.0

time usec

K7t

LR B

LS5 LB E AR SCFR S TE R 1 2 B0 e R AR T
7R,
3 R

O Al S e R ) A S B A8 R £ B A L R AT
BHL7C DT JC DT S A B 480 P R R B 8 i

A\ N AT N
N
- 1246 - 16 41y
[ 3 8v0%§ MHz & 5K 216 V. i
- 24 4_9 Yo - -2
& 200V J( M 50.0ns M cH1 7 1.67v. 8.00008MH.

{8 i RIE

Hi &l 8 ml 4 A< 5 WL I e ) 2y 5 5. 55 W
TR 9006,

R ARG G R IR o2 L BB R B AR 4 e R S A
Bk N R ST L8 A — D BUE D) RN 3 W RIAT 45 ARk
2R el DI JELRHIE 6 o JH I R SRS AR B v Iy i 1) T A 2 3 A
5 WS8R mise 1T 3 W AT G 5 Jo 2k i RE AL i 3R 48
RN 9 frR .

K9 TLgk vl BE L i R T il ik

AR SRR A 1 45 B8 P BT R 5 I R X L B R
RYE LR G S A R ST B R L Ve A . S Bt
BEH R AZ L B R HAE T IRFS10 1 E 8 A0 & -
T IRF510 TARAETF A, HL S ] T A0 v s 0 s A HRL
MOCHE AR/ . R A LR S PR R R B3t T
8 MHz 23 Ll 9 ) riL % O E ST R0 2 P 1 42 1 15

e 3] o



842 % woF o

T # K

5 TE E 2RI 2 08 T AR Lotk i 2 4 M O R H 2 i 5
W] o T = VI I 40 o ERL B L ek /N TREFS10 48 B ol 20 1) XL
Wz 4R T TR AR . X e i B K S R 1 BHL
POV AL . K S 2k Pl 3R A e R A . i o i 592 36 i e 3 2k
P R 422 A 2 PV B 6 DR A1 0 T SE B T IR M5 %y 8 MHz
M TCLE L B A . AL B b0 A S R S R B G
B A, UL R SR IR AL R AR e R S TE —
SE 0 B NS AR A . X SR BT RERE A TR e 2l RE AL a4
ARGE AT ATE — & 1 B N X 3% 30 4 52 B R TG R 5E 0 7T
Mo SRTITIZ R 8 7 A= 1 W 37 B 55 X A1 S S R A5 7 B R 42
ABREZ AT AR AT 8 A e AN g X 1% 2R ST Y AR G L
Ko v o PR 85 1 5 R 43 BT A R FR AT Rtk — 2B AT RN
I3 T
5%k
[1J] WHEELER L P. II — Tesla’s contribution to high
frequency[ J ]. Electrical Engineering, 1943, 62 (8);
355-357.
[2] LEE S H, LORENZ R D. A design methodology for
multi-kW, large air-gap,

MHz {requency, wireless

power transfer systems [ C]. Energy Conversion
Congress and Exposition. IEEE, 2011.:3503-3510.

[3] HUI S Y. Planar Wireless Charging Technology for
Portable Electronic Products and Qi[ ] ]. Proceedings of
the IEEE, 2013, 101(6):1290-1301.

[4] NAKAMURA S, NAMIKI M, SUGIMOTO Y, et al.
Q controllable antenna as a potential means for wide-
area sensing and communication in wireless charging

[J]. IEEE
2016, 32 (1):

via coupled magnetic resonances
Transactions on Power Electronics,
218-232.

[5] MANDACHE L, MARINESCU A, IORDACHE M.
On feasibility and optimization of WiTricity technology
for implantable medical devices [ C ]. International
Symposium on Fundamentals of Electrical Engineering.
IEEE, 2017.

[6] BADOWICH C, MARKLEY L.

suppression in magnetic resonance coupling wireless

Idle power loss

power transfer [ J |. IEEE Transactions on Industrial
Electronics, 2018, PP(99):1-1.
(7] BEAMS D M, NAGOORKAR V. Design and

simulation of networks for midrange wireless power
transfer [ C]. International Midwest Symposium on
Circuits and Systems, IEEE, 2013.509-512.

[8] KURS A, KARALIS A, MOFFATT R, et al
Wireless power transfer via strongly coupled magnetic
resonances| J]. Science, 2007, 317(5834) :83-86.

(9] XIARWe, X%G, BN, %, RGP R TLLE
At BF o LT 1. MR B 7 £ R, 2015, 38 (17):
127-132.

(10 2=, #PoFr, e, 55, T4 i A 200L i B B & H
W E RS BT RS, 2013, 28(1):
106-112.

[11] JIANG Q. QIN Y, ZHAO Y. et al. Maximum power
transfer scheme for magnetic resonance charging

system [ C]. Wireless Power Transfer Conference.
IEEE, 2017.
ZHANG B, HAO X H. Modeling and analysis of

wireless

[12]

power transmission system via strongly

coupled magnetic resonances [ C ]. International
Conference on Mechatronics and Control. IEEE, 2014 .
70-75.

MEDIANO A, SOKAL N O. A class-e rf power amplifier
with a flat-top transistor-voltage waveform [ J]. IEEE

2013, 28 (11):

[13]

Transactions on Power Electronics,
5215-5221.

VASIC M, GARCIA O, OLIVER ] A, et al. Envelope
for high-
efficiency rf amplifiers [ J]. IEEE Transactions on
Power Electronics, 2012, 27(3):1359-1368.

FIRAR RRM, XIEH, F. RS IE IR TTL L
&% E R matsE ] B E A, 2018(10).
SHEIKHI A, HAYATI M, GREBENNIKOV A. A
design methodology of

[14]

amplifier based on switching capacitors

[15]

[16]
class-e/f power amplifier
considering linear external and nonlinear drain-source
capacitance [ J ]. IEEE Transactions on Microwave
Theory & Techniques, 2017, PP(99):1-7.

EZ & v

XUE AR, Tt 5T 0] o T L RE A2 i
E-mail:18330216374(@163.com

ERER O, FEA T AT L .

Z=FE LW E B T Oy BUR AL



