5548 % 5 2 ) I 7 8 I & Vol. 48 No. 2
2022 4F 2 A Industry and Mine Automation Feb. 2022

NEHS:1671-251X(2022)02-0083-10 DOI:10. 13272/j. issn. 1671-251x. 2021110064

HTHES TE B EERRENSIBIREES

RHE, MpA, ZEMS., 2H, ®kB
(FEPRM TR AR5 7 TR, |IX 400054)

WE.AEFATERAEBAELEELREEHMC-WPD 24, wRAAARTER L LTI R ALK
AL EAE AL A ERAZALE . Y T oA EEOEEZLE, MC-WPT &% = k0K A $ KA
12 (S) B 5 T 5 Ik A2 A = R KR SF B ANME (P) B, LA B AT A B RAL— R 3 3k . = kA K35 R
FH ARG RA RO LS ERF, A EREPMARET —F MC-WPT 24%e) 4 kiMMEr X, 4 SP
A PP A \LCC—P & fo LCL-P &AM 36 345 4 = kA 5F 5 MC—-WPT £ % #F 7 27 % . F) A [ 3 5 47 % 1%
P ZAGA TARBKRSHAKY R £ F, 5t KA Matlab/Simulink #3445 % 4ME 5 X Ao 4% Ik 42 X 4T
At R AN 2 kAMEFT X Ty SP A PP A LCL-P #AiMedmitr B 2 XK TH%AMEFT X T
agh o & LCC-P AAMz it B h B D THAAMES X Toorsh b & A4 KRAMEFT XN T,.SPA S
PP AKX ELEREGHAMEF AT A EMMERK,LCC-P Ripdt i Fid & T %AMEFT X T ooz %, 1LCL-
PRABIAEGKTHLEAMET R TR E A BRBEXTRAALERBALI AR NESRE T LT OW
hohF oW RAMES KT SP AN LESBA TR F T RLLAELY 0 A2Z B A BT HEX.
Aot A Az XF SP A MC-WPT A& %k R % b [ i B ¥ oa Aob [ 5 HAA T RALEY 9, Al
ADC-DC Z#E . FrairEis AR FERHAREMES, TIRALEKANFBAMNF R MR LT TRE
W Ve IR 2 B b AR L B B ARGE R BRI N R S B R R AR4L . Bk DC-DC % 3 % 49 5] A A& % M3
# %o, A SP A MC-WPT R% 4 £8 st £ #HTHIE, &R AW .SP & MC-WPT % % /£ 4 3%k AME K AL
FRATHRLAELMEGEGRE AARZERAY AR R ELY 0 RELELBRE/XT . RETHBAE
LR TSN

KB THABESLE A E4; 4k, MR IEFR; = KM FFEAME; & RAMEFT X WX
Buck—Boost % # %; SP # MC-WPT % %

& 4325 : TD60 SCHRAR RS : A

Analysis of full resonance characteristics of underground magnetic

coupling wireless power transfer system
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Abstract: When the magnetic coupling wireless power transfer (MC-WPT) system is used for power
supply underground, if the system parameters are not properly configured, the input impedance of the

system will show non pure resistance, which will cause the system detuning and affect the power supply
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efficiency of underground power equipment. When the series compensation (S) is used in the secondary
side of MC WPT system, it is easy to realize resonance. However, when the parallel compensation (P) is
used in the secondary side, the existing research is based on the fact that the system only resonates at the
primary side and the system does not fully resonate due to the non-resonance at the secondary side. In
order to solve the above problems, a full resonance compensation method for magnetic coupling wireless
power transfer (MC-WPT) system is proposed. In this paper, SP-type, PP-type, LCC-P type and LCL-P
type compensation topologies are taken as the research object of the secondary side parallel MC-WPT
system. The parameter constraint relation of the system in full resonance state is obtained by using
impedance analysis method. The simulation comparison between the traditional compensation method and
the full resonance compensation method is carry out by using Matlab/Simulink. The results show that the
output power of SP type, PP type and LCL-P type compensation topology under the full resonance
compensation method is greater than that under the traditional compensation method, and the output
power of the LCC-P type compensation topology is less than that under the traditional compensation
method. In the full resonance compensation method, the efficiency of SP-type and PP-type topology is not
much different from that under the traditional compensation method, the LCC-P-type topology efficiency is
much higher than that under the traditional compensation method, and the LCL-P-type topology efficiency
is slightly lower than that under the traditional compensation method. In the full resonance method, the
system does not need to provide reactive power, and the apparent power is equal to the given output
power. In the full resonance compensation method, the SP topology is more suitable for underground coal
mines, which is not affected by the change of mutual inductance, but is greatly affected by the resistance
load. In order to solve the problem that the resonant frequency of SP Type MC WPT system is affected by
the resistance load and the resistance load has a lower limit value under the full resonance compensation
method, a DC-DC converter is used to combine impedance matching with active power factor correction.
Therefore, the equivalent impedance of the input side of the rectifier bridge of the system is always equal to
the corresponding resistance value of the preset resonant frequency. At the same time, it also ensures that
the system rectifier bridge input current is in phase with the voltage, reducing the impact of the DC-DC
converter introduction on the system impedance. The SP MC WPT system is taken as the experimental
object for verification. The results show that the SP-type MC-WPT system can be free from the
constraints of the resistance load in the full resonance compensation optimization method, the system is not
affected by the mutual inductance and load changes, and is stable in the full resonance method, which
improves the output power and output efficiency.

Key words: underground magnetic coupling wireless power transfer; full resonance; impedance
matching; secondary side parallel compensation; full resonance compensation method; four-switch Buck-

Boost converter; SP type MC-WPT system
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