B A7 % 1) I 7 8 I & Vol. 47 No. 1
2021 4F 1 A Industry and Mine Automation Jan. 2021

XEHS:1671-251X(2021)01-0087-07 DOI:10. 13272/j. issn. 1671-251x. 2020080036

W& LCL #hh ICPT RGHIR IR H MR

R, RET, HEE, BHER

Chrgi Kog TR 2R Bl B8 A5 830047)

1R 3h b 2

BE.REHE-XBEH(ICPD A4AELB RSN AERGE D E o B d Rk, LA GRS
FEGLETTRAAGAAERLAEDHEZNPMA. AKX SEAXEBLSARES TS AL B FHRy
Hom, At ERFA L, LK T DDQ & B e WA54 LCL 464 ICPT 24 AR 5,388 7T — A T % bR
BB B AR W R R AL k. BAAE BB S ATIEF R R84S LCL 4640 ICPT 2% e h o £ &
BRI E DN ELSREFZBRLRALRZNN G X Z R BA TS 4 ANSYS 2 DDQ £ B i
Ty 2R B THAARLEEARBETZI MR 2 A, AL AR 3 AGBHEETEHE
ABWTEAABE  FAERAREARRIORBEF T AR RET AT aERE TR ICPT
AUGABRIAFT R FAREDRERDZ I — AT HARML, —ZRE LRI T ARG TSR
RERAATELBROBENAE IRk, B33 5AT PID 424 2 695 B Z APk AT 7 Kb
EWBO  MMERAARERZWIE, GALREAN G5 EMETAA ST EHE0HERERZGFA,
BARITIE R4S E A EL TG TN, EARIFHE R EfrEd R, R T ICPT 2% 0B IAH T
BELEHT ARm b RN EARE R,

KB A EBEA B EMmAL; W86 LCL; KB mAL; b E; M523 AESETAH;
#3,; ICPT; DDQ

Hi & 4325 . TD60 SCHRAR RS A

Research on strong anti-misalignmemt methods of

double-coupled LLCL topology ICPT system
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Abstract: Inductively coupled power transmission (ICPT) systems cause fluctuations in output power
and output voltage when the coil is offset. The existing anti-misalignmemt methods have the problems of
relying too much on the system modeling and poor adaptivity. Most of the methods do not consider the
impact on the system output characteristics when the coupling coefficient changes continuously. To address
the above problems, taking the dual-coupled LCL topology ICPT system based on DDQ coils as the
research object, the paper proposes a strong anti-misalignmemt method based on fuzzy adaptive control in
variable universe. Firstly, the output power expression of the dual-coupled LLCL topology ICPT system is
derived from the circuit analysis, and the relationship between the output power, the coupling coefficient

and system parameters is obtained. Secondly, by applying the finite element analysis software ANSYS, a
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three-dimensional magnetic field modeling of the DDQ coil is carried out to obtain the correspondence
between the coupling coefficient and the coil offset. On the basis, the corresponding values of the three
sets of offsets and the coupling coefficients are used as the data, and the square sum of deviations of the
system output power fluctuations is taken as the objective function. Hence, the parameter optimization
method of ICPT system based on adaptive particle swarm is proposed to obtain a set of optimal parameter
values of the system under the minimum output power fluctuation and improve the anti-misalignmemt
performance of the system to a certain extent. Finally, a fuzzy adaptive control method based on variable
universe is used to achieve the purpose of quickly adjusting the load terminal voltage by dynamically
adjusting the correction value of the PID control coefficient to make the system output higher power. The
simulation results show that the method solves the problem of poor adaptivity of existing methods, adapts
well to the working conditions with continuous changes of coupling coefficients, has better adaptability and
control effect, improves the strong anti-misalignmemt performance of ICPT system, and maintains the
basic constant output voltage at the load side.

Key words: inductively coupled power transmission system; dual-coupled LCL; coil offset; output
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0 35

S5 A 2 se i O UM Fe, TG & L BE AR B
(Wireless Power Transmission, WPT) X E G Y
PRI B A sl g PR e O il 2T A0 A 2O
HENIMEZ R ER R AR Z —. WPT $0R &
TAL 2 KPR REHE A R X T £k RE L
(Magnetically Coupled Resonant Wireless Power
Transmission, MCR-WPT) ¢ A A8 #8426 4%
ML fiE /% i (Inductively Coupled Wireless Power
Transmission, ICPT)# &K, MCR-WPT £ R¥E
e DB I A T 2k U 2k B g AR R T
VERAR L 22 0 [ A 198 R R — 2, 1 B R
M. TCPT # AR 7% i 40 #h b B A 3 2k g,
TAEMAR S R G818 4R 38 A A ™ A 1) — B 2
RKOEBRZA SRS BT ICPT R4:M
R T2 2 P[] 12 0 1Y) SR 4 P 5 4 Wi 2k LA X o
JE AR A S AR BOM S DR OCHE . H TR X
ICPT # Gt £k el i A 90 3 3t o X b1 P47 19 £k Bl 45
P AT IS o B SR AE SE BRI T S AN AE ) 32 A R PR B
SO B SRR ST AF R IR 3 4R VB HE A o R
—E R b YK F A T 1) ) O RS X S BOR
3 1) L0 Ty A R B Bl L B S R G

7 $ETH ICPT &R S8 ny i dm # 1 6E . & N A 1Y
W E FEAT TR E R BEIE X S o8 = P e
N S HLA GRS G AT P B0 4 1 2 i 1R
LS

TEAR DGR 7 TH , SCHRL7 T3 1 LCC-S #l S-
LCC 1y J5030 35 3k @l 1 5f B0 IR & 4 $h 45 1 72 DDQ

i

(Double D Quadrant, X D EIEAZ) £k Bl 3¢ L&
R EA B AL . SCERC8 4R T
LCL-LCL fl CL-CL Ay 5 BRI A ¥ 045 #4 , F1) FH &
IR I I Fh, 2 ST 90 T — 5 0 B Al A B i Ok 1 i ) o
Ak gh . EZ X 2 Flolr B 4 F A 6% B O 1R #E A1 5
2 It HARFEF AN AR B 10 5 52 0 B0 O % 19 1 6 A
fiE 1 #R AT B .

TE B A0 J7 TG, SCHik (9 3 3k % J5E & 2 4 REL
LR BOHEATRAL KR 7 . SRS T RGEA L. 2
FOR AL 1 3R G0 H 3G 25 8 3h L) R R T 31, 3%,
SCHRC10 L S/CLC $hFhgstl R il 4 T —Fh 3L T
LT BRI SR AL 7 i S B T RN S T g fE

FERGRS A AR J7 187 SCRRC 1T 48 s 7 — o Y
FEXFFRHE A HLA . BOAREE & RBCE LIRE 7 B Al
DD £ I, (EZ AL 76 H B0 B 1, BLAT o g ) 3
AL TERE . SCHkC12 1 3k 22 B Ar R4k Jy vk 3 3 2 1y
4 25 (RJE . 7% . DD 1. DDQ #) £k [l i) £ 4 H 5
HEAT T AR A, 25 R R AL 5 DDQ £k 18 76 4t
T RE L HRUE 2 A DD 7 28 8 o JL A 34

FE PR PR 05 1, SCEkC 13 i@ %) ICPT R 40k
PRI SCIRAS 28 Ik i, 0T 1 F 38 o e ot 1) 5 A
P A FE — 2 O BT . ScEk[14]
P T — 3 T A BB AR A 0 Ok L R 4
7 H B B B2 5 L AT RE DL B A 28 R A8 4T 1R BLUE )
R, AR 2 b B 6 vk i s 1 TR R
45 @A AR B AN TR L RS A E ) g
A R

DA Eduim s 07 ik e — 8 R L RS #E I ICPT
REMPimBRE S IR A B B A R BT S



2021 % 1

et 2 Gkt RF PR A S . BEXE LB L, O T 4R
THICPT RGEMBi e P e . A SC LU T DDQ 418
ARG A LCL 304N ICPT RGN XT LI T
— ol T AR IR A B A R B4 SR T RS 7
. BT T ARG R R LB AR
THIMIRGHE R B RESHZ LR R
Jail ik ANSYS Xt DDQ £kl 47 T =4 a4 . 15 5
TR AR R R RS 2 TA] AR X R G AR L 7 I R il
B AR T BT B & DR R S T i
X ICPT RGES Bk A7 LAk . #4507 — 4L i D
W/ NI RGE RIS EE . —ERE LRI T &
GER BT e A M BE 5 5w SR 722 18 3R R P ol 7 42
il 75 2%, d 5 S AR R PID $58 ) 5 B0 18 1 {8 52 R
‘bR 3 G 2 o R T A B L AR T R e
. O HIE TiZ0r ik m A Sk .

1 X#AE LCL #a$h ICPT R4

T DDQ el i XU 5 LCL #dh ICPT R 4¢
LB AN AT 1 7R L R FLRR L R Ls ZH 01 — X 4
P RELIE O RGTAR ML TN Y AR B L i T

D, &D,

— | — }"‘-\ N 1r - IS
C 4
vo=P L-? gLR Cs= IV Vo®

Il |
Mgt M

&D; 2D,

K1 %+ DDQ £ B i XG4 LCL 4 4h ICPT % 5t H B
Fig.1 Circuit of dual-coupled LCL topology ICPT
system based on DDQ coil

BT Lp Ly Ls L 4 20 R A 26 B8 1 55
R, Cp Cr \ Cs\ Cr 2y T I 320 H 3% 19 38 R H 25
Mg Mps My Mg iy 5030 RS A 26 B 2 8] /9 5
B T Tr T Is SR JE RN RS A 28 0 s Vi, o i
A HL R Ve Sy atfi 8 Wk i 3 P e Vs g 38 AT i A FRL
J&. Vo S s L s

XF R G, i AT A AR R R R R R E
At (Kirchhoff Voltage Law, KVL) %I 5 Jy 1 3 2 #f
CIEG

Zuw Zyn Ziy Zu| [Ip P
Ly Loy Loy Lo | |Ir _ 0 b
Zy Ly Ly Zau || Is Vs
Zy 2y Ziyo ZullIx 0

A O F Y A BT BB 70 51 4

B LEF .44 LCL #64F ICPT 248 B tp# 7 kA A « 89 -
. 1 1
Z\ =jwLp ijwcp ’ Zi; jwCr
Z1s = jwMps Zy, = jwMp g
1 1 1 .
21— T T s Z?? — - T~ L
Zu jwCp 7 jwCr o jwCor Fiwls
Zos =jwMrs s Zy = jwMrg
Zs1 = jwMps Zsy = jwMrs
L 1 L, 1
Zss = jwMs +ja)cs AN jwCs
Zy :jCUMP—R ’ Zy :jwM’I‘—R
1 1 1 .
— T~ 4T~ - L
Zus JwCs Zu JwCr  wCs +]w K
(2)

Ao N RGEAIAGM K,
ERDUMIDEE S I
JMT,R = krr /LiLgs Mps = kps /LoLs
\LMP—R = kpr m’ MTfs = krs m
o krgs kpss kprs ks 9 R 20 25 B X R A G
FAE RS R AL A N 0L R Le 5 Co
WIR Lo A Cr 2R SRR Co WER 5 R Ls
5 Cs Wk, Le 1 Cx 4K RS G R,
HAS R R AT RR A

3

jw[,p_‘_%:(), ]wLT_’_L“F 1‘ -
JjwCp jwCr  jwCp "
. 1 1
jwlg — = — U, L P T =
Lw 5_'_Jw(/s 0, o R+Jw(4<+]w(/s

B (2O AK D) AR @RS L h
(R EL AL - 2R 40 ) B M o 3R 3k X ST 2k i 1
JE AT 45 46 0 HE R BUR Ik L 18 Ve =V, I
TR R AN

_ kT RV LTLR
Po= wlpLs <

1 JF/QP—R krsA
1— ZkT—RkP—sé\* 3kP—RkT—s oy

KXOGOFHRGSE o A BEXINT .
LiLg\7
Ja (LPL5>

=t (&)

MR GORMELI, LB EZ L mBEn .5 R

ke HIREARG 2 B RSt B I R fa e, T

BT R G AR G WP £ M B8, 5t oK i H B R AR £k

Bl mAnt AME 2, XG5 5518  EZ/ME

BT HEEYRNIE I E, s BUE N & 24 k—1Lk, A

BB 3 24 /N — 28, )T V8N B G R BT kow BEAK BT
e QR I

| Ve ? (5)

(6)




. 90 5 B

%47 %

2 DDQLERBTHHMAZTHAE

DDQ £k J& A< B 1% 45 ¥4 R 1 B £ )5t B3R 30 1Y
DD 2k e 5 Q i1l S B 3 e Al . BIX R 09 #5522 8K
R0, Y R 2B IEXT B HAEAE 2 2 3R A R AL
ke Bl kps s T X7 1) 4 B B bR 1 38 SCRR &5 19 7= 2
it 2 e A% 356 3 B 0 04 58 B 1A 23 [X Ry O % 1 22 Ja] U
b I R AR X T ) A B it B4 — & Bt 0w #% E )
1) DDQ £k Pl A il 58 % 42 .

N TR G G R A LR K
i % BE 2 22 18] (9 X 0 ¢ & L A B A R Oy B 8RO
ANSYS X DDQ &l 17 = 4Emk @i, th T o W
(BB IE 2 R — 28, 4 UM 238 Y /) — 22, MR 4 =X (6)
Al Ly Ly WOMEZEEL Lo Ls BOMERS K —28, H
Ly fEZELE Ly KL BMEZ L Ls f/N. BTLLLJE
BB DD 1 Q iR SH IS 420 mm X 420 mm, )
BB DD 1 Q B R F 1% 320 mm X 320 mm., 2§
Pl 1Y 22 B JE B 100 mm, DDQ & J8 A5 AL 4 &) 2
JiR . 2 B ORI R T XYL Z
3 M £ i AR G R B | omy OC & h £,
Kl 3—Kl 5 Frs.

320 mm

e
RRR AR

¥ 2 DDQ % &l 5 1
Fig. 2 DDQ coil model

BWERY

—kpp—kp g~ -kpr——hpg—hpr— - -ksr

2
-160 -120 -80 -40 0 40 80 120 160
X7 [ B i 6 B/ mm

B3 X Jr A% T R R B fhih 2

Fig. 3 Variation curves of coupling coefficient

under X-misalignments
K3 Bk 1T DDQ £k Bl A B i Fe k. 72 X J7 0]
H O B 10 2R 18 0 AN HoAg 52 4 i A A RE ) L AR
F i #o I 4 21 52 SORE & A BCER 0 L B RE & X7 1)

—kpp—kpg =~ -kpr——kpg—kpr =~ ks

.05
-160 -120 -80 -40 0 40 80
Y75 RS i/ mm

B4 Y Jrmmts T s a R AL 2

Fig. 4 Variation curves of coupling coefficient

120 160

under Y-misalignments

1.0
0.8
0.6+ ™.

0.4

BERY

0.2

0

—kpr—kps— = -kpr——kps—kpr =~ ks g
_0'20 20 40 60 80 100 120 140 160 180 200
ZJ7 A R B B/ mm

K5 ZIrim i T e R EE b2
Fig.5 Variation curves of coupling coefficient

under Z-misalignments

fi ¥ S 1939 T 58 SURBA 2R B ke FI1 s 19 208 065 AL
R 2 HEME R ke kes (BN I 4
FIE S Al . DDQ £l £ Y Al Z J5 18] i B4 £
L R A Bl B A 1 R B9 A AR RE T L A%
0 IR 2k Jil A9 5 2 iR O . B i 7% & 9 S L BR T
2 A BRI ko hes /NN IR 4 B A
RIS 32 A ¥ AL 1520

3 ETHERNNFRNSHMNLE

¥i 7 B i 4k (Particle Swarm Optimization,
PSOYF R BAE— A D 4 HAr {8 K= 0, A7
N ASKL T2 — A B, o 88 0 AL 1 A7 T
FoRA—AD YW X = (s x5
1,2, NG5G DRI AT EE W2 — 1 D 4E1a)
Vo= Coasvp o) s 55 1 DRI R B AR
P18 R AR : prew = (Pa s iz s oo pin ) s BT
R WRRNE NS RWRE: g —
(st s Ghestz 2% » Ehestd ) o

T A KL E R S O (A R v R R AL
PR AS W)
jvjﬁ;‘ P=woly o (Pl — b)) Fears (s — X))

ntl __ _n n+1
Ixu =ity

91'11)>9i:

D



2021 % 1

B L F R84 LCL 464F ICPT 2469 BB 7 E A + 91 -

vy BT DRFH d Q0B n R EAK
W w RBVERUH ; pu WER @ KT d 4k B8 B
(B xu A DRLTHE d AR BLE 5 Qresa FFIHE ST
R d YERIIRAEL 5 01 000 D77 2T DR 1 B 3 3 5
riary L0 1SS B A A0 2 S BE LA

AR SO o SR & W ACE I T T AL
BBAFRRL T O T 4R R TR R AE T V%08
ol / N1 B AB AL EE 5 X6 T 25 A7 B2 KL
TFAE /N X P AR AR P 2 Al A 5 000 i S T
- [i] R A 07 ) A AT RE T IO Y B OB
E

BERERLT po BYSE DAECA S e UKD 185 B AH N
S BEFHE AP 338 S AEL A £ XA T 1 32 38 B A
(L 5 18 N AR R P35 S R A S IF RE Sy Al
Ry PEASBUHE 45 1) 28 K, 5 B A FRE 230 BE AT R
SPEVEC (2

wu+1 :u'“ . (w“ 7w;;1in) f‘]il 7][111 ,
fu— 1%
Ji=0
wu+1 =" , f‘;gf;:gf;:n (8)
1
11+l:1‘ 57 , ,
” T hyexpCh [ fo—fi D
fi<<fe

N TR ARG SEL 0 1A X Z G R Pk 1 52
Wi A2 B L X 7 1) g 5 ofg PR3 R X5 1l A & i
XL 25 LA A R BUE AR A G 6 A B8 E
Lo BB & 158 7 AR RS S BORET /I —
ekt 3 W 6 s .

1.8
L6/
14 "ll ,’/ ~ N
12 "/’I

1o}

A4z

0.8

0.6}/

04
-160 -120 -80 -40 0 40 80
X7 6 i S B /mm

K6 X J5m e T 00—tk th o 5
Fig. 6 Normalized output power under X-misalignment

M 6 AT E L, BEE X J7 [ m B & 0 3. &
GEAE R LE 2RO 1 i 2 R A A% T 4 R 2
R RZ X H R RS E M IF BRSSP
R e R Rt S L e e i AR R A 2 4
B Ik, A EBIT AR S 0 M AL HiFF—E W%
108 FEL A i £ 20 23 ) A S AR A Il T B

N T HETHICPT R G I IR BT #9470 I 7% BE

120 160

J1 W XLY . Z03 AR T RE A 2 B X AR L R
24 VBl 2 i 7 IR A1) i 1 2 R BUE TR Py AT T
PN 0 Bk F D BN Py i 2 R 3 e 25
Py —P,, BESCBUARE RS T fi b 2 A P sl s ok
ERIEEIA S SO B R R mi R R i
A B T A RN 7 FroR .

2500

2490

2480
2470

2460
2450
2 440
2430

2420

ERLE

0 20 40 60 80 100
ERKH
B 7 kT R A AL
Fig. 7 Change of particle fitness

ME 7 /W FIRE LR T 20 KA AT B kL
T N AR R A LB X R A R RS SR 0=
9.46,1=0. 61, B A A i 7% I R G0 4% B I 2 B0E
A S P A ) 2R B (E e/

4 ETERERRWBERESFE

TEER 3 A AL Al 1 ICPT RE XM T X O
Te1) /IS0 L s B B J 4 By 248 ) B A 7, X 32
o9 DDQ 2Bl 7E X J5 ] ) 30 4w A% 6 77 A T 28 A
Bl R G0 A% 3 3 U B4 R Ak I AS 23 R A B A Y
Ko 2R BT L RGEAE X T B A T
TS 6E 71 - ABXT Y . Z J7 nl i B 7% fig 1 $2 - 9F
ARBKR. R THE—HT ICPT RS 0950 IR
PERE , $& 10 7 3 T AR 90 B AR A A R O vk
A GEASRY 42 ) KL ) 2 MR 4l L R 8 S B T BT RY L 7
R RS S 5 T 00 & AR AR A B, AR E K B A
PR VAR L RN B A A 4 ) ROCR . R IR B
U7 42 il i KR 4R SIS SR AR 1R 22 5 AN W o e 4 DY
AR PR IR B ASOR 18 381 3 TR, E S B o4
FUI B 17 B0 R AT 4 T 2R G B 4R R ORS BE AN 3D S
PERE .
H AR 48 A7 A ek B0 28R e 2 E X
2 o BT REOR K b 46 K B A B R R
TSP R R AR SCRY R T R R Tk T R B
A4 K7 K WIE
alx)=1—yexp(—qx®), y€(0,1),g>0 (9

alx) = (m

E)Tﬂ, e, A0

B0 = K,Zsjf e, (Dde+p0) (D
= 0
AP E A EIRE e, KTERN R AE; e AT



. 92 5 B

%47 %

INTERL K R R s, A A2 & 0 BUE &R 8
= A AR B A E BC0D SR I SR A ) 1

TEE ] 2 45 ok A b BE T AR IR B AR B 1S
IO F5E A AR A s BB 4R & O {NB, NM, NS,
ZE.PS,PM, PB}, X} I i 15 & A8 & 5 8 {1 K, f
BN, L IE NS TE L TE R G A I B8R
K A0 PR B R4 R 7. HEH X AD P
Tz B3 AR, W RE JIC 3 Tl A A ST R R
(LR I L7 i e 3k R 4 — 4 I 7, R R
RE A A A 3 A Han AR A8 1 1) A8 Akt 3, DRt L
R SR FH I S R O 5, e AR AR i [ B
JE e Fll e, 3 A IR B 45 B BB AR S N
{VS,S,M,B., VB}, %t (%) 1 5 48 & (5 8 { K, 1
NG IE/N G IE R ) BT AR I S RO B 3 N 4 1
JrE ) ERIHEE I E 8 Fis .

AK;|AK,

Y
PIDE P—[g*aﬁﬁ%u]i’qlcpmﬁ}fﬁ

8 TS IR IR AU TR E A 4R TR 7 i A 4 1 HE 1A
Fig. 8 Control block diagram of fuzzy self-adaptive

control method based on variable universe
B a9 i R U, SRS H1H Uk Z 1
s 22 e il 22 78 Al A8 e A by B 5 ] 45 A A 4 [
5 AR TSR] £ T g 00 R PID # &R
iy 3 MEIEE S 5 o IR AH A 0 R
ZIN SR A 30 7S A L ) L L R IR AR B A
s A% s X 70 288 S Pl s F) 520

5 fAERIE

FIH] Matlab/Simulink {j BLERAF#5 6 7 — A5
TRAR G LCL #4hW ICPT R4, LU IE 3 T 4518
SRR S N AR O IR R . R R S
B E AR R IR A B R R 60 V., TAEM R K
85 kHz; Je T HAL RG S5 (6=9. 46,4=0. 6D A it
A TR R i R A 2k B A R R &R Ly = 300 pH,
Ly=200 pyH.Ly=25.2 pH,Ls=26.5 pH;J5 &l i1
HLBS (1% R L 2% Cr = 12. 7 nF, Cy = 20. 2 nF,
Cp,=139.2 nF.,Cs=132. 4 nF,

W m AL B XA S REEAR A @ 4r i ICPT
RGBT I UE R G AR A RBOGE S E L T 0
TR AR o R e R T A B 2 L 5 LR
Z: 2 22 0] ) i 22 O 22 728 Ak 324 Sy A8 18 SRR
S I B LS Y PID L R AL 45 PID = Fh 45 i
D Re UL TN T ek R TR RO R K b R

T A Y
e 9 Fis .

35

3 T 5 ik B 5 E A

30—
251
z 208
H
£ 15
— R APIDFHH
oy AW B RIPIDF ]
S -~ - AS A T R
---HESEE

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
i) /s

Ca) 2R V8 i 7% 3% S 1 It 1) T 50
40

35

30|+

25
2
w200
570

15 — f£4iPIDE I

10 — =~ B 38 R PIDRE ]

- — - AR B R
5 ---HESEE

0 0.05 0.10 0.15 020 0.25 0.30 0.35 0.40
1R /s

(b) Rl & A % 2 bt sh i i T 00
B9 A REGES AR T 3 Bhdas il I 3k 00 9 o) Ak SR
Fig. 9 Control effect of three kinds of methods under the

continuous variation of coupling coefficients

9 Ca) Wy A U0 25 Pl i A% i 2 484 ik o BIRE 5 3%
BOELERRAR T 00T 3 Fha i oy i 4 i 20O .
K 9Ca) il & L 76 7 3l B B 2% T 22 18 B0 A F
T A5 L T I I R L B O R PID R R
4¢ PID ROR 22 . AE 0. 15 s W IT 4t B #6 . — JF
iy e TR e S ) ASR 1 A ) RIS O Y PID
) 0 1O A 5L I IF ) PR R A B 8 E A L B A
Fo i R S I ASER [ 35 W PID 4% i % 48 P1ID
P AR OXE R B S I R PR PR Y OR
9 (h) ARSI ] i A 3 2 B Bl IF i 3 i 45 4] O
LR P ROR AR S B3 TO0T o F T i 22 {E0FF
PEIC KL ) 3 R sl . RTRLA Y R TR R B
RSN 11 07 4% ) 07 32 RE AR A b il IV R 5 R M 2
A T 00 3R T T R GE s T B8 TR BE L 4EFF T 1
A3 P B SR A SE L Al 2 i AR S AR O 1k
B IR AR T 00 TR S 2 B i e [l PR 22 .

6 it

(D PLE T DDQ £ 18 1y B & LCL 4 b
ICPT RGN HFFER G AR T —Fh ICPT R 45t
T #e 751k . i B BK BT HE S T R R SR SRS R



2021 % 1

B L F R84 LCL 464F ICPT 2469 BB 7 E A ¢ 93

BRGS0 56 R R K G 5 B A ROy 1
BAF ANSYS 1538 7 =4 w2 T DDQ LB & &
KOy AR AL ML AR L R A L R T —FR R T [l
KT 10 R G S BALATT i X R RS BT
e 2 Ve i B IF 2 G i DR Bl RN R G
S R I s T i — 2R T A G R B B
R VERE , BT T — M 2 T 228 1 WA R A 3 7 42 7
D7 %75 508 i sh A T PID 5 1 R B & IE
{E - SEBLT DR A R A H A

(2) P EE5 SRR T A28 SRy B 3 3 )

P D7 ARG TR R 7 1 AR S R R S
ARE H A B G ) 3 A R AR S IR T R
775 W R BRAE AR T T R GE SR DU B P E  E£F
8 o AR B AR E

% % T HK (References) :

[1]

[3]

[4]

[5]

SR LV R SR PSS T 2k H B A PO R 1 M b
Y ) SR X LT ] W3 &R 52 B 8l 4k, 2019, 43 (18)
1-20.

ZHANG Bo, SHU Xujian,

Problems of wireless power transmission technology

wuU

Lihao, et al.

urgent to be solved and corresponding
countermeasures| J |. Automation of Electric Power
Systems,2019,43(18) :1-20.

LR EE . BT F. MG R T L g
et R g BT BB Jr i Wh s L)), 0 A 3h k.,
2019,45(1):81-86.
YUAN Shiqgiang,

et al.

CUI Yulong, WANG Jingqin,
Research on impedance matching method for
magnetic coupling  wireless

resonant power

transmission [ J |. Industry and Mine Automation,
2019,45(1):81-86.

TePR A, T30, 5050, 2. 28 B 1) R X w2 3 R TG £k
REfE i PR RE R ma [T ). T47 A 3h 1k, 2020, 46 (4)
60-65.

QIAO Zhenpeng, WANG Saili, GUO Guo, et al.
Influence of coil spacing on performance of resonant
wireless power transmission system[]J]. Industry and
Mine Automation, 2020,46(4) :60-65.

VU V B, TRAN D H, CHOI W. Implementation of
the constant current and constant voltage charge of
inductive power transfer systems with the double-
sided LCC compensation topology for electric vehicle
battery charge applications[ J]. IEEE Transactions on
Power Electronics, 2017,33(9):7398-7410.

KAN T, ZHANG Y. YAN Z. et al
resilient wireless charging system for lightweight
[J]. IEEE
Transactions on Vehicular Technology,2018, 67(8):
6935-6942.

A rotation-

autonomous underwater vehicles

L6]

[8]

L9]

[10]

[11]

(12]

[13]

[14]

L1 Z, ZHU C, JIANG J, et al. A 3 kW wireless

power transfer system for sightseeing car

supercapacitor charge [ J]. IEEE Transactions on
Power Electronics.2016,32(5):3301-3316.

CHEN Y. YANG B, KOU Z. et al. Hybrid and
reconfigurable IPT systems with high-misalignment
tolerance for constant-current and constant-voltage
battery charging [ J]. IEEE Transactions on Power
Electronics,2018,33(10) :8259-8269.

ZHAO L, THRIMAWITHANA D J, MADAWALA
U K, et al

wireless EV

A misalignment-tolerant series-hybrid

charging system with integrated
magnetics [ J ]. IEEE
Electronics,2019,34(2) :1276-1285.

PRV S XU EF AR 5 I8 6L 45 BT S B0 A0 vk 09 fi b 4t
fins % 1B H REAL 4 R OT S LT ). P R R AL TR 24 4l
2019,39(5) :1452-1461.

REN Jie, LIU Yeran, YUE Pengfei, et al. Study on

Transactions on Power

anti-misalignment inductive power transfer system
based on parameter optimized method[J]. Proceeding
of the CSEE,2019,39(5) :1452-1461.
YAO Y, WANG Y, LIU X, et al. Particle swarm
optimization-based parameter design method for S/
CLC-compensated IPT systems featuring high
tolerance to misalignment and load variation [ ] ].
IEEE Transactions Electronics, 2019,
34(6):5268-5282.

YAOY., WANG Y,

on Power
LIU X, et al. A novel

unsymmetrical  coupling  structure  based on
concentrated magnetic flux for high-misalignment IPT
applications [ J J. TIEEE Transactions on Power
Electronics,2019,34(4) :3110-3123.
BANDYOPADHYAY S, VENUGOPAL P, DONG ],
et al. Comparison of magnetic couplers for IPT-based
EV charging using multi-objective optimization[ J].
IEEE Transactions on Vehicular Technology,2019,68
(6):5416-5429.

Tarol L T 3 . A BT R B S B Bh
SR E L mm S (I B R A,
2018,42(15) :178-185.

WANG Liye, YUE Yuan, WANG Lifang, et al.
Wireless charging control for electric vehicle based on
load and mutual

parameters perturbation of

inductance [ J ]. Automation of Electric Power
Systems,2018,42(15) :178-185.
LIU Y, MADAWALA U K, MAI R, et al.

Zero-

phase-angle controlled bidirectional wireless EV
charging systems for large coil misalignments [ ] ].
IEEE  Transactions on

2020,35(5) :5343-5353.

Power Electronics.,



