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Abstract

This work implements a two-stage Constant-Current (CC) and Constant-Voltage (CV) charging
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strategy for lithium batteries by exploiting the inherent primary and secondary side constant-
current output characteristics of bilateral LCC-compensated Magnetically Coupled Resonant Wire-
less Power Transfer (MCR-WPT) systems. Through active control of the rectifier stage, the system
not only achieves the desired output profiles but also maintains robust performance against op-
erational disturbances. The operational principles of the bilateral LCC topology and the controlled
rectification scheme are first analyzed. Subsequently, a fuzzy-PI controller and a linear active dis-
turbance rejection controller are designed for the current and voltage regulation loops, respec-
tively. Validation via Matlab/Simulink simulations demonstrates that, compared to conventional
PI control, the proposed method successfully accomplishes the two-stage charging function while
exhibiting superior dynamic response to both load transients and variations in coupling mutual
inductance.
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Figure 1. MCR-WPT main circuit topology
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Figure 2. Equivalent circuit diagram of bilateral LCC compensation topology
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Figure 3. Equivalent circuit diagram of the controlled rectifier and waveforms of switching signals, output voltage, and output
current
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Figure 4. Control block diagram of MCR-WPT
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Figure 5. Control block diagram of controlled rectifier
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Figure 6. Block diagram of fuzzy PI control for current loop
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Table 1. Fuzzy rule table for AKp and AKi
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PB Z0/Z0 NS/ZO NS/PS NM/PM NM/PM NB/PB NB/PB

A LR % e LR ZEBWE ec NRINZ . N EAE T TR A
X/

K =Zm 10
X (10)

Hodr, x/ OBRNeIERR, X BRI
RGHE TAER T, N 9.4 A, WERIESEBH R B R ATIFA RGN 13 A, KGN E e,
NAA, EPENET K, N 15, BURRAN

E =1.5e 11
WERREXHEHOEA, R RIS AR IE SR A kT, SRR I N KR 22
ec,.. =1A (12)
MBI T K, N6, B RRN
EC = 6ec (13)

R HE H A A AR HE IR -6, 6], 75 IHIL LU A7 WLt = Se PR 2 HOR BV (8, 12], HOEDN 10
AR BE g2, HLA) PR e U

K, = e (14)

max

N K, {84 0.333,

SR ESY AT OISR S v W)
kp=10+0.333U ,
{p + U/,p 15)

ki =10+0.333U,
H, Up. Ui N BN HER S5 5.
3.2. EF ADRC B [EIFigit

BENAEIRPY B, RGEYERHEE RS s, 77 ESINEIEIR. ADRC f24 7T LR R G800 P sh
AGNERPEEN G I — A B Peah, DI AT IR B sh AT . @ A A S B R
o 2 O 4 U (RAR 8 PR GaCs), BB 2 B, R SI N B ADRC %l 4] 8 2 —Br ADRC 1%
T HE P«

DOI: 10.12677/mo0s.2026.153039 18 5 1 A


https://doi.org/10.12677/mos.2026.153039

B, XK

Y

WA R

Y

-

PR
A 7

Figure 8. Block diagram of second-order ADRC
E 8. ZM BT HIiER

A

MR R AL, PR BN FECEFEA, y 1w SRR R R H AN, o ARG,
ay~ ag NRFREL, b NEfl S
V=—ay+a,0+bu (16)
BTSN
y=f(y,y,a),t)+b0u (17
He, f(voyet)=—ay—ay+o+(b-b))u RGP
EHREERN x =y x, =j x;=/f h=[, BRREFMELEN

{)'czAx+Bu+Eh
(18)
y=Cx+Du
010 0 0
AXrf: 4=]0 0 1|, B=|h |, C=[1 0 0], D=[0], E=|0
0 00 0 1
TR 25 -
2 =2y~ ﬁl(zl )
Z,=23— ﬂz(z1 )+b0u (19)
23=_133(21_Y)

R B By fOAUIRIOR S RAC X EOEFRIGEATE, 79DV 58 92t BRERAO R, SEBL
BTy, o, BIET . 2 LT RGERE £ (.9, 0.1) -

AR
U 1T PD 242
uy =k, (r—z)—kyz, 21
b, bk REHIEBEL - WBHED. BRI RO DR A, TR G0
@ﬁﬁ
G(s)=R)___ @)

B Y(S) _s2+kds+kp

W SEEEEE[13], 2 B =3w,, B,=30), B=awy, k=&, k=20, . HEERIHAH, R
T @y @, by AT SR E, BIRDRRE 0 ST AT 18 i M RR (A 28 bR 2

DOI: 10.12677/mo0s.2026.153039 19 5 1 A


https://doi.org/10.12677/mos.2026.153039

L, XK

4. fHRYIE

NI AT AR 45 ] S O PE . 8 Matlab/Simulink %% 4% ] SE0& HEAT 05 BIGAIE . FTiE MCR-WPT &
SN A 400 V, FUE S LN 360 V, UK H N 9.4 A, RGEIAMER N OIS EIn &
2 fiR, HASHCKRIEET SAE 12954 Frifi.

NIRRT B R S 8 R G e RRE R RS T, W BV AR Riaw N 29Q, 43 HITE 0.03
s+ 0.06s F10.09 s B8N SQ B, 14 9 JyB0R PL 4% L& PL A% N IR B 5 2P sl it i F 7,

Table 2. Main parameters of MCR-WPT system
F 2. MCR-WPT R X ESH

R4 il
BN Un/ddV 400
BUEH B E UV 360
E B AR Lo/A 9.4
BIE 18K Rioaal Q 29
R 28 P LR L/ uH 28.8
IR 4 Pl M FRLER Lo /uH 18.2
RSB P B BB IR L4 CinF 330
KGR B EBGER A Co/nF 192
P2 Pl UK Lo/uH 28.9
PRk B M HLEK Lo/pH 12.8
PR 2 B B I IR FL 2 Co/nF 219
PR BB IR R Y Co/nF 272
25 8 1.8 M/uH 10
A S IR AT flkHz 85
FuzzyPl —— PI
107 9 4p O 5.,
V V g / / -
8 i g | |
6H et 6H ot
< s.or 9.21
2w R
1 o e
ool ool
2r S0 - '0 i . . ) 2r 3:2_ ‘ 0.0025
0.0295 00300 0. Osostlso' 0310 0.0315  0.0320 0. (I)30 0. 631:/5 0. (I)32 0. (I)33
8' 00 0. '02 0. '04 0. '06 0. Ios 0. '10 8 00 0. I()2 0. I04 0. I06 0. I08 0. I10
t/s t/s

Figure 9. Output current waveforms under load disturbance for fuzzy PI and PI control

9. SAEIENIEM P1 5 PI H=Hi6 B TR A

DOI: 10.12677/mo0s.2026.153039 20 5 1 A


https://doi.org/10.12677/mos.2026.153039

B, XK

PR, ] O mIAn, A8 HL RIS R R 1) 4t IR 236 F T R RVE (BB PI & il AH L& 4t PT #2441,
TS R N B MR E R R R, B A sh AR

IR B & SR A e B M s /N R G4 i 1 R AR P Um AL BE /0, BB 3
HLBE. Rioas N 34Q, £ 0.03 s T M 10 pH B~ 6 nHo & 10 R0 PT 2 1 BA Az PT 42 il R 1H 7 B B bl
£ 2 Pl O A ) 4 HE PRI 2, TR B 10 AT, AR ELER MRS R R ) O 20 R 1, YA
HDENEE, B0 P67 2 R R S I T W 2> T 4 PSR, B SR B .

DTE B B RS S MR R A A% B MR/ T R e 4R B R AR b Rg RE 77, BB 713k
HLBH Rioaa WIIRTE N 34Q, 1E 0.03 s B K 5Q BEAMEERE, £ 0.06s F/& M i 10 pH FEy 6 pH. K 114
HL R AR B PR R B R AR P H, 76 B M OgCINI S s v, R . BB LD AT, BRI
il S IR PLAE ], 78 BBV I fir th L R A 78 N R, {1 ADRC #5 il J7 AE HUE T R & DA
Pk ST (A1 35 BAG B8 4 () R I

FuzzyPI P
9. 4A 10 9. 4A
|
l |
8 -
9.50
9.48} 9.60 J
9.46} L 0.5
N 9.44f - 6 50l
Sl e -
- g: 3g[0.03 4 39.40 W
9.36 ) 9.35
9.341 9.30 0008
9.32f 0.25]
9-30°00300 0.0305 0.0310 0.0315 0.0320 2 9.20 —=
: B y B B 0.030 0.033 0.036
t/s t/s
0 " 1 1 1 " 1 1 1 n 1 1 1 0 1 1 1 1 1 ]
0. 00 0.01 0.02 0.03 0. 04 0. 05 0. 06 0.00 0.01 0. 02 0.03 0. 04 0.05 0. 06
t/s t/s
Figure 10. Output current waveforms under coil misalignment for fuzzy PI and PI control
[ 10. ZBRFIRN PL 5 PI 1Z2H4 B TR E
—— ADRC — PI
400 400
r 360V
350 { I 350 |+ ’
300 l 300
L 362
250 1 250 H
- [ 360
3200 . Sa00}
= 2 =
= 1.3] Eass
150 150
100 23E4 100 356 5E4
8 0. 0'600 0. 0‘602 0. 0'504 0. 0‘606 354 : " N
50 F 50 F 0.0600  0.0602 t(/). 0604  0.0606  0.0608
O 1 1 1 1 1 0 1 1 n 1 n 1 n 1 2 1
0. 00 0.02 0. 04 0. 06 0.08 0.10 0. 00 0.02 0. 04 0.06 0.08 0.10
t/s t/s

Figure 11. Output voltage waveforms under coil misalignment for ADRC and PI control
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