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Metal foreign objects detection technology of MC-WPT
system based on equivalent quality factor
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Abstract: The wireless power transfer technology has been gradually applied to various fields of production
and life. When there are metal foreign objects between or around the power transmitter and the power
receiver of the magnetic coupling wireless power transfer system, the transmission performance of the
system is greatly affected, and even a safety hazard may occur. Aiming at the S/S type magnetic coupling
wireless power transfer (MC-WPT) system, this paper proposes a non-ferromagnetic metal foreign object
detection method based on equivalent quality factor, and gives the definition of equivalent quality
factor. The equivalent quality factor model of S/S type MC-WPT system under ferromagnetic metal foreign
objects, the principle and method of detecting metal foreign objects are expounded. Finally, the feasibility
and effectiveness of the proposed metal foreign object detection method are verified by simulation and
experiment.
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Fig.1 S/S-type Magnetic coupling WPT system topology
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Fig. 2 Equivalent circuit of MC-WPT system without power receiver
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Fig. 3 Equivalent circuit of S/S-type MC-WPT system

U, o % R0 Sy th 7 Wiy PR R L, 4 30 % S5 248 8 60 e 0K ok BEL o 25 2R 180 1 0GR C, 0 % 3 3 4
fEHUE . ROL 20 SO 1) 25 A e 1B R BEL R Wi 2 el TR C . 4 BB 3 T A 2 P L R o O RE T B ) v

B S5 SR RO R =R+ 8/x% . M 4 L I I8 L 28 5 S S AR SO 1 AL B 1, AT
R H L 6 R AR B T?%?’iﬁTlﬂﬁﬁfAHXlﬁﬁm KVL Jrf#

z 2
Uﬁ:I@wa+ +R, + le;

jwC,
v (6)
: W
0=I.|jowL,+—= +R.+R. ;
1
Z,=joL,+—~++R,; 2
JwC,

Zs:ijs+#+Rs+Rm, (3
jwCy



14 TR K FFHK % 43 %

Hdr,Z, FZ 53 552 2 5 v A B 9 BT .
i 2 (6) TR 15 ék%ﬁﬂﬁ%{mlpi% KXH
U.(Rw +R.)

Ib: 2(1)2 +RPRS+RPRQQO (9)
BRI UL AU, 714013253 h
. . 1 .
UZ—US—M—CPI,,, (10)
wZMZ
U, = . wc .+ Z&> =U. (11)
A QORI AE.S/S # MC-WPT R4 T4 8 S Wt 250 5 IR Q.0
U, wL, (R +R.) 2
QPU1J1+(M2 TIRR. +RDRJ . (12)

A2 TLIE H .2 SS B MC-WPT RENEES R FYN . REMERG T BEMN S KGR %S
BOECHK Y RE S — B, LIS 0 S5 3500 T R R QL D= A e AL
23 FSHMEESESRYEMT S/S & MC-WPT &% & &M R E#H

MC-WPT R GARA PR Z 18] 55 [ 30 0 JE 2wl Pk S s A i o] DA S 20 — sk L, AT B R, H?
E%E’J?r%?ﬁ#% ] gtz ol S AR ke E A B S S/S B MC-WPT R4 454 i B R IR 4 fron . fEAREEk G

E#%E@#}&Eﬁ%ﬁp R., ﬁ{%{;lbfrﬁﬁl%ﬁﬂﬁﬂ TN B E W RE & il ﬁ’Lm ﬁ/%{ﬁlf%@%%?&%
F& » 7N T8 UL 0 3 W1 IR 4 BB i 3 () 5% ), ML, R M, 43 AR 3R 4 B S W 5 ke S 4 BB R W 2R B 1) R S
B, Y AL TR RN A B, SR L i LR h%%*uﬁﬁﬁ%fmﬁ@%ﬁﬁ%ﬁfﬁ%ﬂ%%%

U.=1I, (]wL b

1R, ]+jwMI} oM, I,
wC

0=1I.GwlL.+ +R.+ R + joMI, + joMa I (13)

w(,
0=1,Gawl, +Ru) +joM,. I, +joM.I.;
Zm :ijm +Rm’

Hd, 7., h5Y e IS,

B4 FHMESERYEMTHS/SE MC-WPT REEHEBEE
Fig. 4 Equ valent circuit of S/S-type MC-WPT system with Non-ferromagnetic foreign metal object

) B, py 5 (13D TSR AR A7 76 AR R 1k <6 s S 0 e 5 0000 T TR 6 Q.

U, ad —bc\* ac +bd\*
== 1 L, —— L. 5 5
=y, J( +‘”‘c2+d2J +£“"c2+d~)

a=M, o’ + (R.+R.)R.;
b=wlL,(R,+R.):;
c =R M, 0’ +MR,0"+M,*”(R.+R,)w” +R,(R. +R.) Ruj;
d=L,Mo* —2MM, Mo’ +woR,(R.+R.)L.. (1




% 5 IRE.E AFEHXBHAAKG MC-WPT 2445 F S K 15

M EIR IS Br AT LUR S TEAA TR AR BRBEPE 6 8 S W 9 MC-WPT £ 48 25 300 ot R A A B 1 & 8
SR B SRR o Lo M 1M, DL, A O R SR RS R — B E B Y 25 2000 5
P Q. R SARBRRETE & 8 Y I S BOM ¢ . NI SR A AL =2 8] wl J4 [T BR AR Bk iV < Js 52 W0 e o 55 300k
Ji N Q.2 S Al AR AR A AR PE AN S A Bk < i S5 0 9 RS AR AT 5, DRI e QAR D 1 iy % 4 v ot
AR AR B 5 8 52 W0 WO VE AR AR 0 R B 1 < Jas S 0 1 el 2R RS L R s (12 R (14D 5 2 1
A AR BRGS0 04 B A

3 TESXRWIE

T BRSO, il MATLAB/Simulink #2 fF7EAEER#EYE & TR R0 S/S BIwGH & WPT R4 B
R 5 fr7s, 2 SCHR[ 17 R R G0 F B S50 % 1, 58 o 0 B 38 T 25 505 5 B0 AR ke v 4 )8
SRS 7 ik VEAT 56 AIE

-8 = =
— }. ﬁﬁ%lﬂ%ﬂﬁ

RMS
=) =) Csl
|—ss |—S6 > —
T )
L H H _l RLZé
59 9 ! ——alA +
-4 éé i CL1 RLIS
T it % SRR
g B
J

{ET_ S7 {EF S8
i i

BS5 HFEESBESERYRNS/SBu#BE WPT REHEEER
Fig. 5 Simulation model of S/S-type MC-WPT system with the foreign metal object
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Table 2 simulation parameters ofequivalent metal circuit
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Fig. 6 Q. waveform diagram without foreign object/with foreign object
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Fig. 7 Prototypeof S/S type MC-WPT system with metal foreign object detecting device
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Table 3 equivalent quality factor measurement results
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