% 47 K% 6 B FRKFFIR Vol. 47 No. 6
2024 % 6 A Journal of Chongqing University Jun. 2024

doi:10.11835/j.issn.1000.582X.2024.06.011

a5 UK AE WPT 2 48 ah s Pk g i AR 4K )y ik

ERR MER X 3 FER T EF L EAKR
(1. BRHT B o AARNE TRAEENS T ThT 315000; 2. TAEKSF ABFHLFE, TR 400044)

##E . SS A Buck-WPT(Buck-wireless power transfer) % %t #7 Buck ¥ %% f= 3k K 69 SS A L & & ¢
IR ., OB AAR AL Fdsh 7 XM R AR ZFMHEERE LKLY G4
WA EFH T ZER, LZORAFERREF R~ TR AT RO RSER, #
o RAAERINAGERBEGFERAZRN, ZANBRENBERELS LA AR T LALERNZH
B, FAMRETENRABERLACEK, LZ R AAAZR LA IEREH, AILRBET —FAT
T d B89 SS A Buck-WPT 2%, & 2L, 541 7 & &AL T8 69 7 % 5t &£ COMSOL ' #& 47 A A
RIS E L b BAA T I 694 . ok, %7 SS A Buck-WPT & 43t 47 0 52 s 42, 4% SS A WPT & %4k 4
Buck W, 5% 69 45 2k 1 2,4 5 SS & Buck-WPT 2 L R A X Rl 5 A2, AP R I = 4% ] W A8 Huid o9 16 2
BRTE K ZEAARAgMPTHAE RAEEFER, RE, B 50 B I B AIHIE B AT,
Pt AT 28 Buck ® % . ¥ 45 48 Buck ® %P 09 & R R T 45 0 R 12 Al AR TR e 45 ) R 4T
BB ETRT B RAEEIATEARAHNALLALRIEARS, SRALEARKER, AL H
HdEARE, B2 RNk R Fagd i, A A PIA A 2G4 FEAIEH, @ T isd &is
W ARABPIE LG A AR RIS AEANRS  RIERE B ER T, A xF SS A IR M 48
Buck-WPT 2 P A EH K B AWAM, RETH TH LR SHBEANRDFRML Gk, &
AR JR 2 IR WAL, AR R AR B, AR Pk K R R IR R A B R
BRHRABEREALELAAT., &G, BiE L& ik AR SS A Buck-WPT 4 43) A4 M 69 A 2
PE,fE Simulink P 245 A3, EH ERBR DI LR ER T RGA%AH D, LERKET 2%
ik EMRETRARE KR ADERE W RAARABRD A I E2ET RAKENA N
2R,

FEGEI R R A B AR T 45 B AR B ML R

FESES : TM743 XHERARERG A X EHES:1000-582X(2024)06-103-15

Dynamic performance optimization method of WPT system based on
controllable inductor

LING Rongguang', HE Leijie', LIU Qiao’, MENG Fanchao®, YE Jiaqing', TANG Chunsen’
(1. State Grid Ningbo Electric Power Supply Company,Ningbo 315000, Zhejiang, P. R. China; 2. College of
Automation, Chongqing University, Chongqing 400044, P. R. China)

Abstract: The SS Buck-WPT system, comprised of a buck converter and a basic SS-type wireless power transfer

Wofe HHA:2022-08-12 M5 R H #7:2024-05-08
EETE : H ML d oA RS ERHL0 H (B311INB210005) .

Supported by State Grid Zhejiang Electric Power Co., Ltd. Technology Project (B311NB210005).
EER N o6 (1974—) 5 i, %8 i n] 2l BRI L 7 17358 85 7 I F 5%, (E-mail) 471361406@qq.com
BEEE X5, &, (E-mail) liugiao0924@163.com.,



104 TR K F F IR %47 %

circuit, has gained widespread adoption in inductive wireless power transmission due to its structural superiority,
control methods, and effectiveness. However, this system fails to meet the responsiveness requirements of time-
varying systems due to its poor dynamic characteristics. In practical applications, it exhibits significant overshoot
and oscillation during startup, instability when subjected to varying load resistances, and sharp fluctuations in
primary resonance current under light conditions. To address those dynamic challenges, this paper proposes a SS-
type Buck-WPT system based on controllable inductance. Firstly, controllable inductance was thoroughly
analyzed to understand the principle of adjustable inductance, and then modeled in COMSOL to verify the
findings. Mathematical modeling analysis of the SS Buck-WPT system was conducted, with the system state
space equation derived by considering the SS WPT system as the load of the buck converter. The system was
described using two-dimensional phase trajectories to simplify the analysis. A phase trajectory operation law
during start-up was proposed, and the pre-buck circuit was improved by replacing the conventional inductor with a
controllable one, allowing for stable operation with minimal overshoot during startup. The PI algorithm was used
to maintain constant current despite load changes, ensuring expected phase trajectory behavior and rapid return to
steady-state operation with real-time control of inductance. Excessive primary resonant current was mitigated by
cascading the controlled inductance with the SS in the primary circuit, adjusting the inductance automatically to
keep current within permissible values. To validate the proposed method, a prototype was implemented in
Simulink. Results show that this strategy significantly improves system dynamic performance and tolerance to
varying loads compared to traditional methods.
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Fig.1 Schematic diagram of controllable inductor  Fig.2 Magnetization curves of the core under different
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Tab.1 Parameters of simulation model for controllable inductor
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Tab.2 Integrated Simulation parameters of Buck-WPT system based on SS resonant network with controllable inductor
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Fig. 14 System overall control block diagram
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Fig. 15 waveforms under the controllable inductance and fixed inductance
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Fig. 16 Phase trajectory of start-up process under controllable inductor and fixed inductor control
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Fig. 17 Phase trajectory of start-up process under controllable inductor and fixed inductor control
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