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Abstract

Abstract

Wireless power transfer based on magnetic field coupling resonance has been ap-
plied in many charging scenarios. In addition to ensuring the performance of the main
power circuit, such applications also require communication circuits for information in-
teraction between the transmitting side and the receiving side, and use the collected
system state for parameter identification, load detection, and closed-loop control. By
sharing the magnetic field coupler, the partial multiplexing of energy path and signal
path can be realized, and the simultaneous wireless power and data transfer (SWPDT)
system can be constructed. Among many SWPDT technologies, high-frequency sig-
nal injection SWPDT technology can ensure high-speed wireless communication while
realizing high power radio transmission. Currently, low order signal paths are often
used to construct information transmission circuits for different main power circuits.
The local differences in power and signal transfer circuits of systems will lead to sys-
temic global differences. There is a lack of unified evaluation criteria to evaluate the
excellence of different communication circuits, and the low design freedom of low or-
der systems is not conducive to achieving multi-objective design. To solve the above
problems, this thesis focuses on the high-frequency signal injection SWPDT systems
using serial compensation for power tranfer circuit, establishes a general circuit model
for analyzing signal paths, explores the role of first, second, and higher order circuits
in system multi-objective design (including signal transfer gain, crosstalk gain, and en-
ergy consumption of signal transfer), and proposes a high order signal transfer circuit
design method based on LCC networks, It can simultaneously improve multiple design

indicators of the system. The research content includes:

(1) Establish unified evaluation criteria for signal circuits: There are various op-
tions for signal tramsfer circuits in existing research, and there are no clear criteria for
selection and design. The thesis presents a method to evaluate the signal transfer per-
formance of high frequency in signal jection SWPDT system by using signal transfer

gain, crosstalk gain and signal transfer input current.
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(2) Establish a general analysis method for information transmission circuits: In
this thesis, the signal transfer circuit is abstractly modeled as a two-port network, and
port analysis is conducted based on ABCD parameters. The system is modeled and
analyzed at both signal transfer frequency and power transfer frequency, respectively.
The expressions of signal transfer gain, crosstalk gain, and signal transfer equivalent

input impedance of the system are derived.

(3) An optimal design method for first order, second order, and higher order LCC
signal transfer circuits is proposed. In this thesis, while determining the rest of the circuit
structure and circuit parameters, the first order, second order, and LCC signal transfer
circuits are used to replace the two-port network, extract their ABCD parameters, ob-
tain specific signal transfer performance evaluation standard expressions, and perform
parameter scanning on the resonant element design variables therein, The optimal de-

sign point of the system is comprehensively selected.

A 1-kW SWPDT system was set up in the experiment. A 1MHz high-frequency
signal carrier was injected into the 135kHz main power transfer circuit. The signal trans-
fer gain, crosstalk gain and input impedance of signal transfer ports using first-order,
second-order and higher-order LCC signal transfer circuits were compared and tested.
The advantages of LCC signal transfer circuits in suppressing crosstalk and reducing

signal transfer power consumption at the optimal design point were verified.

Key Words: Wireless power transfer(WPT),Simultaneous Wireless Power and Data

Transfer(SWPDT), high frequency signal carrier, high-order signal transfer circuit
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F1E &

L1 REARE =

TR IR T idr 2 5, IR NI R I ] B A AR U AN
MIRAE =R o BRI BT, FE . AL A R BE AL, HEh%E.
isE, HRRHR TIRORHUER], HES) 1 AR HGE R e . (ARSI 2
REARIH AR Z BB 3 RS, TEIR 2 N s A E L 28 2 A e i

FETH T, SRS RIS R E A, RO RES—, &
BHRENER KEN TR L. RHLRG TR &I aEH, KT
AR, IFHZMEZRNRRA SRR EMRE, HEM R 2RE o8
SR, ERAK, B, 2013; Zhang 25, 2019). X TONTRREZE . BB RESTE
PR RN R YT B, BT HIR A B A BRI R A 2k i R e od il TR
Wy BB . TERIE . I IFSERE R o T, AR A TR K2
B, MEMEBEG e, RO ERERE (FTREE, TIRME, BHR, Uk
i, 2021; Teeneti £, 2021; Wang, Cui, %%, 2022).

AR AR G2k e AR R, 16 (] B #I0 T) IR o G2 P B AL i SR
R shi, (193 i1 B & RIE R 7e RS By LB A A, AR T 78 rl i th s
£ TR BN (A, FEEK, R0, 2022; B, MR, mIEE, 90
#ul, ZEPH, 5Kk, 2021). AT I ICE 78 AR 5 8 7 58k A =
Fr A& IER, T B AR A FIE 54 T A B A] Jung 5%, 2007,
Schormans %%, 2018). Jo2k M e f&%i i T H R SR /SRR RS AR 1, A %ie B 1y
K Bk Gz AV R T DUBOAS EAF, AT K R INRF R F 37 st 1) 22 A B R
(3, w4k, 2018; #ada, WdE, REZE, #EH, 2011).

MRIAEER A TN, H 0 J4 s s i R AT Loy W BUR LS 4
W Re AR (R IRTE, 2013) WO HLRE AR5 (5T, T B, Sk, EH 58, 2017).
PR HLRE AR (BXEE, 2017) . LRSI UL R AR (20, 5K4t, S, Rk
A, 2013) KHAEMEG XA WA, JRENI 2021). HAR: TRk, B
I U (R TC LR L R A i 8 T I I o 2k v B AR BOR A7 AE T % S5 AR B A
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BERAKHIE L (Belo 55, 2019). 1 LR 30 LA R & sUHRL RE (S fa 7 IR T3l 3%
oLk L REAR T BOR, A B IR & 2k Bl Y F RA IR N EAT AR E e o UIE I H A
W B A AR RE . T H RS A SN0 2 B RE AR B 1 BT WF A7 AE AR AR B P e i
m TR, H AT AR G 2UTC 2R BRI S A SE I = B B, O RS B SERR
R 5, DR i P e i 5 R E A S B A2 H I JE 26 FLBEAR AT 7T ) A% (Zhao
%, 2023)0 NITAERIEE, ASCHEE T ORIR B TCLE L BE A% fa th 2 RF i HLRAI N,
AL B R HTOR .

FETC L F BE AR S A S B ML, D9SRB 2R et e 1) PR ) L SN AR
LR T A g8 ARSI S ThRE, o2k FL RE A% 4 1Y) A3 i AN 45 WA o £ 2
A7 HLRE AL SR I (R B 75 2245 B4R % (Chen 45, 2022; Qian 45, 2019) . 1fi BH T WiFi,
i F A LB S BRI IR R 1 53 5, R EN BN TC 2 i Re L4
ARGt AN T HRSS T ok s RE A% i 1 S JE QI 15 23K (Alevizos 55, 2018) . [Al
W7 PN 1 TR A5 E R A% AR BT A AT T 3

1.2 FTELERERIMEM IR

TELAR RERML BRI 1 RERANEAS X RN AL H, MBI AN R H 45k
E W RLp T EE A AR ) T 2 A R (R A% RN 2k L RE AR i S ) o 2R A RE TR
e Hrp I A SUR A T LA RE R A UM C e REIETS , R ZIIRERE T
2l EREREAME N TR T REE E, mIBIp et E EEM T 5 % Un
S FL I i . JEERIB BEIR (S P A M BE R DI R B0 F A s, EEDIBERIK
T A SEDL . M TCLE B AR R T 1 TE RS RE A%, R AU TR RE L Th &A%
S, ARSNGB E RN R A B T ae, BT EINASE . =k
oAt . DAL I 2838 A AR I 2k P B A i A0 1Y) T 245 e TR A% HORAT B A it
HIDCH, RGEH FZEIBEARE, KRG B Fria ki) B s AR JELHAE
PR U K T 2645 RE R, ARE A 53038 R AL A R 20 8 2 8 530 18 1) o 215 g
[l 5 R G B TE TS RE A, BRIl ) Jo 245 RE[R] % Hh XA PR 3=
LRSEITIE, ool Re IR H] S RS 5B BIEN (Yao 5%, 2022).
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12.1 gEEBWERATLERERERAR

He A T2 AT B AL HR 2 — P TS DIUE 5 I 2 e 7%, A
RS BG5S EARE R (RO, FEI, IR, Bk, 2014).
SHIUE 5 RERE [RI I 455 S S RE &, XM VAW DLRAS BRI R B AL 4 & JFE —
L, i F e BB O3 2 B IS RS 5 A R H Re VR N BRIk RE, TN BAE
SRS B LIUEE CRER, XEH, BER, KK, 2020). FHZEAR
A LA AR S AR T i BE AR, JF HAE — LS BRIRZ IR Mg s, UH AR E
RIRGRZ S OL T, T RMERK B M A dr . BRI i 1 VR 2 9,
EEST . FRECIIN . B RS S5 (R, SRATHF, VRSEDR, 0, 5K&E, 2022).

fe R T 2B Re [FAE BORA =Rl ik DI I VTR R 2
e (Lu 5§, 2015) . DS AC M2 BN S RE R AT IR0, K — 3
Sy e R4 AE B IR R O R v RO I e ik RE, HARIE S AT
figE VR P A5 B3 455 T 75 1015 2. (Kamalinejad 2%, 2015) . I ] ) #2238 14 g
USRNSSR 7SI, KB ) 5 A AN B, 7R — AN BRI R
WA Eh(E TR B A R B UER R By I RE, 7R 5 — AN B B2 215
S A BB RS R S RS R (Liu 25, 2013). KL £ i 7F 52 52 b g
BEARBEBCRE, &5800CS R ml b & TSRO e il R & i &
AW AIE S (Zhou %5, 2013) .

Priyadarshi Mukherjee %5 N\ Aok s %f 5 2 N\ 2 5 il (5 R AR &
DZTIORAS (HPA) X [RIIN To 25 B DI =AM 50, 85t 2% 8 HPA Rkt
FFA S MACAZ RN R SR GE . (RE) X3, A3 HPA 235 FHK T AT sedl
(] RE X35, FERTFT T — MR EBORBEATAME . AR4E RE DX S8k 075 T 2
PR FOJT RAOVERE, BUBSE R, Tha BN [ ) #e i To 245 R R &
GUIERERIRTS T KZ 24% 03 (Mukherjee 45, 2020)

Haiyang Zhang % A F 8 T ERAREGFEEMZH A 28 AR5 E (MISO)
I A5 1 R TR AN BL 0 VR AT TR AT e TR, I I A P A R i U AR AR
BoRE . NLMEFEREMIZFRFACEL, SRR > SR T, A PR E A
MRS R 2 S FOGR I RE B LR . A T MR AN [ 3, 42 T —Frpipy
B 7 AN — P T 38R R IR 2% BE AR SRV (Zhang 5%, 2015) .

Muhammad R 58 N F 8 T £ 5N Bl th 2 5 R 400 e & B ae AL, b
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AN (MS) #HA —NIRSECH, SIS ECA T LA E L2k A £
K& (BS) HUEEMBER, JHHE T 2RI PR BIL B &M% 7%
BB A AL BS AL R B R A MS ThE B S5, BS KT Tha i/
b, FIRRERRED MS A5 (SNR) FIRER SRR . IS EE T BS
HI7EEMATERFERDAE DL, FHEEH A E R (SDR) HOARMR R 1 IX L 1] 7t
(Khandaker %5, 2014) .

A Re R N LA B FAE B AR ARG 78, H 2 H T AUl E ok, 1E4
T REEAE RS TR IB(E, W E m FER G T EEM T DIl fE
SRR A, R E T OSSR .

122 ZMREBEATLERERERAR

1993 4F, FEEWER T K21 A. Bsser 25 N1 UHE UK T R AL SRE 51
AN G IRIE T, SCILRE R ANE S IR AR 4 o AATTHE Th 2 A% (1 R A 2 Bl A
5T AR R G AR Se I AR R — MRS b, HA 5 508 5 H P R & 2k e
Mk, ST XA RIS T A& (Esser 5%, 1993).

1999 4%, Junji Hirai 25 A\ H P R BhHDIRIGES 7 it e B 515 5. A
B R G b B BAL A5 ST ORI T, ST RFEMERLL, &0 7 IR
ORGT BANFIRE & BP0 NG B i B %5 J7 1% (Hirai 55, 1999).

bl E i e — LA
— {as ki — fESiEmLE

() (b) (©)

— AR
— fafkhmkiE

B 1.1 3CER (Bieler 4%, 2002) RN S MM G LIE

2002 4, Thierry Bieler & AW 5 1 A8 FH HA A A LR KIS SAEH#E &
LR P A i ck U7 & (Bieler %5, 2002), U1 1.1, il sk B Tha M4 10 s i im &, ¥
e AR & 2R 515 5 AR HRh & 2 Pl ) ) ELRES B B K. UbAh, XA
TEARME SRS & 2 Bl M e 25 L REEAT T 20 b . 1. 1(a) T BT IR0 2 e m) 5%
i A SR 2 B IE F T 2 4 7 P T RS . B 1(b) Tt “DU 92— A
SEH 15 5 R 2R Pl VR AE /KA B AN B As,  (ER S B Bh v
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RN 1B 1L 1(b) I BEAS 5 1% fan i & LR AT AR SR e e i i 2%, 3E
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c S5 AL
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=k
v gt R EREALE

Bl 1.2 3CER (Shyu 55, 2007) H#EE P

2007 4, Kuo-Kai Shyu %5 N T E BRUpLES LI T e B 515 5 RN (4. a0
K1.3, Th Lyl & LB el {E B RRGS P Mrie: b, WifE SrEmmi a2
FE| 1) 76 T I A B SICBRUIADE A, /N T e B AL oo 4R P AR 3. B2
X TP G WG 25 Th 2L Al G 2R P R I T R E IR, 45 D2 AL H i) AR Sk
AR TR FEN (Shyu 4%, 2007).

Maysam Ghovanloo %5 A Ay f K B B2 s /b e A& i 515 5 AR s & 2 Bl 2
AR A0, WPIRBETAR 8 ~F 1 Dh AL A 2R BBl 7E ) LT Gk Btk AT 7 Ak, DASE
B RIS BB RIRPRAE SAMMZ BT WY, JFYESAE T2 A% f 4 el 1)
BAR b, DR BT T S A i 2 Bl (1 T o AT B K PR BSE 1 B2 i {5 5 A i 42 1
BN, (R S KRR R 3D e A1 5 )y S A Y 2k P 1) 58 SR (Ghovanloo
2 2007).

g EPTR, EE BN EHE S AR RS Ol RS S L AR R RN AR ) 2 A
Al T ZAF B AL R EEAFAE LT IUANES A (1) MG I RHE &8 iE
WIN T RGBS 3, ANERT X RGARE REIRN A . (2) ThE
LIS 515 5 A& iE 2 8] 128 XGRE T8, WHE SR TR, (5 51EH
(BT B

123 DEFFIK T LAZaERERAR

H1 T 2 88 I T U TC 2645 B [FA% BORAF AR D) R AL far il i 5 (5 5 1% far il i 2
RS SR IR IR S5 /L i LUK D AR S 5 (5 5 R fan v R — R B E h #4738
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& 1.3 3CHR (Ghovanloo %5, 2007) H3E&H1#

W BB FE R R DR G ZAE fE FAE BRI N e i) —Ff, an & 140K,
XTG4k FLRE A B 3 G B D) 2R AT PR ) S E A o e TG 2R FL REAL Ha 1)
st ) 87 B B I AS BRI 1R IEAE 38 e X S\ i 101 A% 2% 1 TARARAS ZEAT Vil
S o T A A7 8 1) i DA A PR AR S I 8B4, 30 U8 ) L B A R IR A SR
(Nag %, 2020) .

M
| W LS ek || ®eawm |
Vin | 4 o Yo Vot
iE ] A5

B 1.4 ETIHRFRIKLLEREFRESA

Xt Th A i S IE 45 B [FAR BOR IR A8 (S, Befal B 015 5 R 673k
P 1A P ) EL A N, P S AT R R 1 o

15, SR L ) HEAT IE FEAE R, AR AORMNEE — AT R VI B
HURIE V) AN HIF RGN, AR ERBAN V) + Vy. TR
TR, 30038 BB BRI AN Voo PRI AR P it i Y 0 S8 O FEL T i e o A
fAetl, wBL AR R RME B AR “0” A1 “17. AERRMCIIAS AL & il b
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Cglﬁ WW
+ | |
q)Vﬁ Vin 0 1 0

I JE

Bl 1.5 @R

o H s e 5l e 5 B ECE R o) ] 30 P9 D 5230 i I MR, AR S Ao 23 £ R
9eAE S o M E R AR [RIAE T LA S (045, 3t e e fAr ) vl it o k2 Fi e 1) 2
HORATE SR H], AEARIEN FRERT DU I 24 ] i s RO R B2, AT fige 3 i
(EIEESY

ER ORI PR ] A SEL VAR B 5, (BRI B DI R G S, UM RE
ARV, R IR A DUSE I A TS, PR E (Zhu 45,
2020).

f
o AN
f2

R
Bl 1.6 S

b B 5T Ik BE S A R AR, a6, SR AR Ik AT 1E
[FEAE I, AR D) B AR i s 1) TARSR, — A TARRARE S “07, 7
A LARSRACERAG S “ 17 FESMC IS IR £ 2e b8l _E L IS AR, S8 B fE 15
BRRE R G, AL, BERER, RS, MK, 2013). KOy JoLk etk
A G0 M I 54T AT U T AR SR K B T F, B LU ] L A
FTCVH T S i85 o £5 BRI, S ] [5) A A X0 Th AR B i ipe s (1 A A
117 HLIE H R B T IR s .
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AR L A B RS2 IR B P A RIS R, B T IRE AR, e RN,
A AR [FIRE BT LA - 1 [an i A b 045 2 R i

oLy Vi

o 1 O

FHAL

B 1.7 ARALIRAR
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o B I I AR e A B O S SR T BN TC A R R AR I R S 2l . [
WA 5 2k Bl rh A7 L2 PR BRI KRR BB 0, IR 30 90 2 J AR 1) D AL S T
IR 23 W E NI i S 5 3 . 7EA5 5 B s (R A 2R A A8 R 28 B 0
i Sk 55 77 HOKs B IS S BB I SRR A A SR SR Ok, PR A A L
R FIRE R (MK, K, HHIRET, ERR, 1EAE S, 2018),
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& 3.20 IV B

BE B 5 5 A i Al LA ABCD 280 R8s N

joL

y
V; 1 , , V-

[ 1:|: 1+./a)Cy'./a)Ly [ 2 :| (325)
I 0 1 -1,

¥ (3.25) F1H) ABCD Z 80y A B30 (2.23) 1, AR5 MG G,y &

R, k*Z

rx

jdey derx
+ R,

jow Ly, +
JPd ke 1+]G)dcy]a)dLy

I ... (3.26)

mt

ja)dLy

jow,(L,,+ L, )+
J®a(Li m) 1+ jw,C, - jo,L,
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2 . Cz2
(1 =a,CprL,)(jw,Cp) + (1 + C
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