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Abstract—An investigation of a resonant reactive shielding coil
for wireless power transfer (WPT) systems is presented in this
work. The shielding coil attenuates the magnetic field above and
to the side of air-core WPT coils. A parameterized coil model is
used to allow arbitrary circular winding geometry and current
direction. Detailed modeling and mathematical calculations are
provided, and an optimized design algorithm is proposed. The
design method is validated using an experimental prototype
shielding coil applied to a 3.03 MHz electric vehicle (EV) WPT
system operating at 500 W output power. Experimental results
show that the peak flux density on the top-center area of the coil
is suppressed from 105 pT to 50 uT, and the magnetic field to the
side of the vehicle is maintained well below the safety standard.
In addition, effect of the shielding coil in WPT systems with
metal and ferrite plates is investigated.

Index Terms—WPT, resonant reactive shielding coil, EV

I. INTRODUCTION

Wireless power transfer (WPT) based on MHz magnetic res-
onant coupling has gained increasing attention in applications
like consumer electronics and electric vehicles (EVs), due to
the advantages of spatial freedom, long transfer distance, and
high efficiency [1]-[3]. However, high-frequency ac current
generates considerable stray magnetic field around the coils,
especially in medium and high power EV applications with a
large air gap between the transmitter coil (TX) and the receiver
coil (RX) [4], [5]. This stray field generates core loss and eddy
current loss in the surrounding ferrite and metal, and present
human safety hazards outside the WPT coils. Health and safety
standards for exposure to magnetic field are more stringent at
high frequency range [6], [7].

As shown in Fig. 1, for a typical WPT system in EV
applications, magnetic fields on both the side area and the
top area should be maintained below safety limits for human
exposure. Usually, metal and ferrite plates are implemented
to help strengthen the coil coupling and shield the magnetic
field. However, in the MHz magnetic resonant WPT system,
conventional ferrite and metal based shielding degrades the
system efficiency due to high core loss and eddy current

Jie Li
Min H. Kao EECS
The University of Tennessee
Knoxville, TN USA

Daniel J. Costinett
Min H. Kao EECS

The University of Tennessee
Knoxville, TN USA

jli94 @vols.utk.edu daniel.costinett@vols.utk.edu
zA
Top area
(0) n—ll)oar d
receiver coil

A : 4

Ferrit ' Metal Side
) & : v

P : area

Lo e SN U »
r

Transmitter coil

Fig. 1. Typical structure of the WPT system for EVs.

loss. As an alternative, active shielding and passive shielding
methods are studied [8]-[10]. Active shield with extra ac
source provides good shielding performance, but consumes
significant additional power and requires complex control or
auxiliary circuitry [8], [9]. Compared with active shields,
reactive shields with LC resonance can effectively reduce the
magnetic field with simple implementation and low power
loss [10].

Nevertheless, in EV applications, none of the alternative
shielding methods can fully attenuate the stray magnetic field
without ferrite/metal plates. To enhance the shielding effect
and reduce the power loss, a hybrid shielding method with
thin copper ring around the traditional Aluminum (Al) shield
is proposed in [11]. However, only the field attenuation in
the vehicle side area is considered, and the system efficiency
improvement is limited. Therefore, more efficient shielding
method is required, especially for medium and high power
applications.

With the above considerations, this work investigates a
design strategy of a resonant reactive shielding coil (SX) for an
existing air-core WPT system to attenuate the magnetic field



above the coil and meet the safety standard on the side area.
Also, shielding coil design in a 3 kW EV WPT system with
Al and ferrite plates is investigated. The paper is organized
as follows: Section II illustrates the proposed design strategy
of the reactive shielding coil for an existing WPT system;
Section III provides the experimental verification of the shield-
ing coil; Section Il shows the investigation and analysis of
the shielding coil in WPT systems with ferrite/metal plates;
Section V gives the conclusions.

II. DESIGN STRATEGY OF THE SHIELDING COIL
A. Shielding Coil Model

The design procedure starts from defining the coil geometry,
as presented in Fig. 2, where the shielding coil is represented
by N loops with equal spacing above the receiver coil. In each
loop, the number of winding turns can be zero or nonzero, and
the winding direction can be clockwise or counterclockwise to
stand for opposite current flow.

To adaptively represent the coil, a vector of current weight-
ing factors for current magnitudes is defined as

Twn] 6]

where n=1,2,...N, T, represents the number of winding
turns in Loop n, and Tyn € [—Tw mazs Tw_maz)s Tw_maz €
ZF. When T, = 0, there is no winding in Loop n; when
Twn < 0, there are |Ty,, | turns in Loop n each carrying current
in a counterclockwise winding direction; when T,,, > 0, there
are |Tyn| turns in Loop n with clockwise winding direction.
Equivalently, the shielding coil current is

isx = [ZSX1 ZSXQMZSXnuZSXN]lxN

Tw,SX = [Tw1 Tw2~~Twn~~~

= w,SXim_u ()

= 'w,SXIm_uAQSSX

where E is the designated base current at the terminals of
the coil, and ¢gx is the current phase angle. In this way,
design of the shielding coil structure and current is simplified
to the sweep of the current vector and phase angle.

The physical position of the shielding coil is constrained
by the inner radius 7;,ner, Outer radius 7oy¢er-, and the air gap
dsr with the receiver coil. Since the shielding coil aims to
attenuate the magnetic field on the top area and limit the flux
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Fig. 2. The cylindrical view of the WPT coils.

density on the side area under the standard, a top boundary at
z =d_ top and a side boundary at r = d, ;4. are defined, at
which magnetic field will be checked to evaluate the shielding
performance.

B. Unit Permeance Matrices and Flux Density Matrices

For an existing WPT system, the transmitter coil self-
inductance Lt x, the receiver coil self-inductance Lgx, and
the mutual inductance between the transmitter coil and re-
ceiver coil Mr g are known. To calculate coil inductances
and the magnetic field of the system with the shielding coil,
unit permeance matrices between the shielding coil and the
transmitter/receiver coils, and flux density matrices of the three
coils are required.

In this model, the shielding coil self-inductance matrix is
defined as

Lsx1  Msxi2 Msx1n
Mgsx21  Lgsxo2 Msxon
Lsx o = : ; : 3
Msxn1 Msxn2 Lsxn | yun

where Lgx, is the self-inductance of one winding turn in
the shielding coil Loop n, Mgxnm is the mutual inductance
between winding turns in Loop n and Loop m. Accordingly,
the equivalent series resistance (ESR) matrix of the shielding
coil is Rsx_u = [RSXl RSX2~-~RSXn---RSXN]1><N, where
Rsxy, is the resistance of one winding turn in Loop n of the
shielding coil. The unit mutual inductance matrices between
the shielding coil and the transmitter/receiver coils are defined
as

Mrs o = [Mrs1..Mrsy...Mrsn]ixn “4)

Mgs v = [Mgsi..Mrgn...Mpsn]ixn (5)

where Mrg,, represents the mutual inductance between the
transmitter coil and one winding turn in Loop n of the shield-
ing coil, Mg, represents the mutual inductance between the
receiver coil and one winding turn in Loop n of the shielding
coil.

In addition, the unit flux density matrices of the three coils
on the target locations are designated. For example, the unit
flux density matrices in the z axis and r axis of the transmitter
coil on the top boundary are defined as

B top,7x = [Bzul_top, 71X - Baus top,7x]1x M

(6)
Bru_top,TX = [Brul_top,TX-~-BruM_top,TX]1><J\1

where M is the number of points on the top boundary. The

unit flux density matrices of the transmitter coil on the side

boundary are

B _side,rx = [Bzul_side,1X - Bzub_side,7x]1x K
Biy,_side,Tx = [Brul_side 7X ---BruM_side TX|1x K
(N
where K is the number of points on the side boundary.
Similarly, the unit flux density matrices of the receiver coil
are

®)

{Bzu_top,RX = [Bzul_top,RX---BzuM_top,RX]lxM

Bruftop,RX = [Brulftop,RX-~-B'ruM7top7RX]1><M



Bzu_side,TX = [Bzul_side,TX---BzuM_side,TX]lxK

Bru_side,TX - [Brul_side,TX~~~BruM_side,TX]1><K

©))

And the unit flux density matrices of the shielding coil are

Bzull_top,SX BzulN_top,SX
Bzu_top,SX = : :
B .. B
L zuM1_top,SX zuMN?top,SX_ MxN
(10)
Brull_top,SX BrulN_top,SX
Bru_top,SX = : :
B, B,
L ruM1_top,SX TUMN_top,SX_ MxN
(11)
Bzull_side,SX BzulN_side,SX
Bzu_side,SX = : :
B i .. B i
L zuK1_side,SX zuKN_szde,SX_ KxN
(12)
Brullfside,SX BrulN?side,SX
Bru_side,SX = : :
B i B ;
L ruK1_side,SX ruKN_szde,SX_ KxN
(13)

All these permeance matrices and flux density matrices are
derived from the finite element analysis (FEA) simulation of
the coil model shown in Fig. 2 with one turn for each Loop
and 1 A per turn.

C. Mathematical Calculation of the Three-Coil Circuit

Fig. 3 shows the three-coil equivalent circuit, where T
is the fundamental component of the transmitter coil input
voltage, and Z, represents the equivalent load of the receiver
coil. With an existing WPT system, it is assumed that the
output power P,, output voltage V,,, and the transmitter and
receiver coil parameters (Mrgr, Zrx = Rrx + jwLrx +
VjwCrx, Zrx = Rrx +jwLrx +1/jwCrx) are fixed. Hence,
if the receiver-side rectifier topology is known, the receiver coil
current igx and Z, are decided.

Lsxi Lsx: LSXN

i Equivalent reacti
: Shielding coil with N loops . quivalent reactive

resonant coil

Fig. 3. Equivalent circuit of the three-coil system.

For the shielding coil, once the current vector T, gx 1is

determined, 25 x is obtained from (2), and the equivalent ESR
and self-inductance of the shielding coil are calculated as

Rsx = Rsx_ulTih sx]| (14)

Lsx = Tw,sxLsx uTa sx (15)

and the equivalent mutual inductance between the shielding

coil and the transmitter and receiver coils are
Mrs = Mrs T sx (16)
Mps = Mprs T sx (17)

Applying KVL law on the receiver and transmitter coil
circuits, the transmitter coil current i x and vpx are

— -
—(Zrx + Z1)irx — ZRrRs wisx

ix = (18)
N ZTR —
vrx = Zrxirx + ZrRirx + ZTS uisx (19)

where Zrg = jwMrR, ZTS o = jWMTS o, and ZRs o =
JWwMRSs 4.

With the three coil currents solved, the flux density dis-
tributed on the top boundary is estimated based on superposi-
tion

_ nT . T .
BZ_tOI’ - Bzu_top,TXZTX + Bzu_top,RXZRX
=T
+ Bzu?top,SXzSX
—_— T — T —
BT'_tOP = Bru_top,TXZTX + Bru_top,RXZRX (20)

- T
+ Bru?top,SXZSX

Bmag_top = |\/Bz_top2 + Br_top2‘
where Binag top 1S the flux density magnitude on the top

boundary. Similarly, the flux density distributed on the side
boundary is calculated as

S — —
_ T . T .
B side = By, side,rx'TX T By side,RXTRX
-T
+ Bzu_side,SX"/SX
- —
T ; ;
B"’,Side - Bru?side,TXlTX + Bru?side,RXZRX

-T
+ BTu_side,SX 1sx

\/Bz_side 2 + Br_sid62 |

Bmag_side - |
(21)
In addition, the power transferred to the shielding coil is
1 —. —
Psx = 5 Re{Zrs witxisx + Zrs winxisx} (22)
The shielding coil base current %,, , is induced by LC reso-
nance, so compensation capacitance C'sx is required, which

is calculated by the KVL equation of the equivalent shielding
coil circuit as

Csx -

i
. . — . — 1
Rsx + jwLsx + (jwMrsirx + ]wMRisx)ZméLS)



Input variables: Given WPT system )
dsg, Zry, Zrx, Mix, Po, irx Z;

Define shielding coil model and current
vector : Figure. 2, Equation (1)

Simulate permeance matrices and unit flux
density matrices : Equation (3)-(13)

Generate shielding coil current vector Iw',gx
Equation (1)

| Sweep @sx from 0 to 2717 : for each pgy I

= — —
Calculate isy, irx, Vx> Psx Buag top
Bmag;side : Equation (2), (18)'(22)

NO

Yes

Calculate cost :
Equation (24)

Calculate efficiency :
Ref [12]
)

heck:
cost < cost,,. ?

tar

fficiency > 7,

| Save the shielding coil design I

( Find the design point with minimum cost)
Fig. 4. Flow chart of the shielding coil design algorithm.

D. Optimized Design Algorithm of the Shielding Coil

An optimization algorithm is proposed to design the shield-
ing coil, as illustrated in Fig. 4. The input variables define the
given WPT system with fixed transmitter and receiver coils
and output parameters. First, the coil model presented in Fig. 2
is identified with certain 7inner, Touters @z top; Ar,side, and the
shielding coil loop number N and base current magnitude
I, o, are determined. Then, unit permeance matrices and and
flux density matrices shown in (3)-(13) of the three coils are
derived through FEA simulation with unit current excitation.
Next, varying shielding coil current vectors are generated and
current phase angle is swept from 0 t0_2)7r. For each current
phase angle, the shielding coil current ¢gx is composed in the
form of (2). The transmitter coil current 7y, transmitter coil
voltage W, flux densities on the target areas, and the real
power of the shielding coil are calculated based on (18)-(22).

For the resonant reactive shielding coil, only ESR loss
contributes to the real power. So the the power transmitted to
the shielding coil should be zero in the ideal case, and cases
with |Pgx| < 1 W are considered. To evaluate the shielding
performance, an objective cost function of the magnetic field

is defined as
cost = ktoanom,top + ksideBnom,side

B
= ktopzj\nle(%_top) + ksidezle(

Bmag_side )

Blim

(24
where kiop, ksiqe are the weighing factors imposed on the top
and side area field reductions, Brom,top» Bnom,side are the
flux density magnitudes normalized by the standard limit on
the top and side areas. Smaller cost is desired for achieving a
better field attenuation.

Meanwhile, power loss of the WPT system is estimated
to ensure a reasonable system efficiency with the shielding
coil. Here, power loss model shown in [12] is adopted for
the loss estimation. Design cases with the cost lower than the
target value costy,, and efficiency higher than the limit 74,
are saved. The final output result is the shielding coil design
case with the minimum cost of the objective function.

III. SHIELDING COIL PROTOTYPE AND EXPERIMENTAL
VERIFICATION

The proposed design method of the shielding coil is val-
idated on a 3.03 MHz EV WPT system developed in [12].
Apart from the WPT coils, a GaN-based full-bridge inverter
with zero voltage switching (ZVS) is adopted on the trans-
mitter side, and a SiC shottky diode rectifier is used on the
receiver side. Based on the design procedure in Fig. 4, a
shielding coil prototype is designed for the EV WPT system
at 500 W output power. Since the flux density in side area is
much smaller than that in the top area, the weighing factors
are set as kiop = 0.9, kgiqe = 0.1. Design parameters of the
WPT system and the shielding coil are presented in Table I.

TABLE I. Design parameters of the WPT system and the shielding coil.

Parameters of the original WPT system at 500 W output
WPT coils outer radius
Air gap between TX and RX

rrx =rrx =0.2m
drg =0.1 m

Output voltage, V, 245V
Load resistance, Ry, 120 Q

—
TX current, ipx 9/56.7° A
RX current, igx 4.3520° A
Converter efficiency n=93.5%

Parameters of the WPT system

with shielding coil at 500 W output

Shielding coil model radius
Air gap between SX and RX
Current vector definition

Tinner = 0.02m, royter = 0.22m
dsr = 0.0l m
Im vw=3A, Ty maz =3, N=11

Height of the top boundary
Width of the side boundary

dz,top =0.1m
dr,side =0.5m

Target efficiency Ntar = 93.5%
TX current, i x 9.9/50.5° A
RX current, ipx 4.35/0° A

—
SX current, ig x
SX impedance

[93036006 —6 —30]20° A
LSX:12 }JH,RSX::lQ
Csx = 240 pF

A. Hardware Implementation

The shielding coil prototype is made with AWG 16 copper
wire and compensation capacitors. Fig. 5 shows the experi-
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Fig. 6. (a) Field probe; (b) Probe winding impedance magnitude.

mental setup of the WPT system. The shielding coil is held
by a MDF board and placed above the receiver coil.

To measure the magnetic field, a field probe is fabricated
following the design principle in [13], as presented in Fig. 6(a).
Flux density is detected by measuring the induced voltage on
three sensor windings, which are arranged perpendicularly on
a cubic supporter made by a 3D printer. In each direction,
the sensor winding is made by eight-turn AWG 24 copper
wires. Since the WPT system operates at 3.03 MHz switching
frequency, probe winding impedance shuld be checked to
ensure the sufficient measurement bandwidth. Also, to avoid
the impact of high-order harmonics, RC damped filter is
designed to be paralleled with the probe winding for gaining
a lower peak magnitude, as shown in Fig. 6(b).
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B. Simulation and Experimental Results

Fig. 7 shows the testing waveforms of the WPT system with
the shielding coil at 500 W. The measured coil currents are
irxy = 9.8453° A, ipx = 4.34/0° A, which match well
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Fig. 10. Loss breakdown comparison of the WPT system at 500 W with and
without the shielding coil.

with the designed values. Magnetic fields of the WPT coils
with and without the shielding coil are simulated in FEMM
as shown in Fig. 8, and also measured by the field probe in the
experiments. Fig. 9 shows the tested and simulated flux density
magnitudes on the top and side areas. As shown in Fig. 9(a),
the flux density on the top-center area is significantly attenu-
ated where the peak value is reduced from 105 puT to 50 pT.
The magnetic field on the side area is maintained well below
the standard, as shown in Fig. 9(b). In both cases with and
without the shielding coil, the measured field is consistent with
the FEMM simulation, which verifies the accuracy of of the
proposed modeling.

The tested system efficiency with the shielding coil is 92.7%
with 39.4 W loss, which is 0.8% lower than the original system
efficiency with 34.4 W loss. Fig. 10 shows the loss breakdown
of the WPT system at 500 W output power. Compared with
the original system without the shielding coil, the additional
power loss comes from the increased device loss and coil
losses due to the changed current, and the extra 2 W loss
of the shielding coil. Also, the shielding coil is embedded in
a MDF coil former, which has higher loss tangent and leads
to 1 W dielectric loss.

IV. EFFECT OF THE SHIELDING COIL IN WPT SYSTEM
WITH FERRITE AND METAL PLATES

The proposed shielding coil has been validated in Sec-
tion III, which can effectively attenuate the stray magnetic field
but cannot suppress the top-side field all below the standard.
Hence, traditional metal and ferrite shielding plates may still
be required, especially for the EV application. In this section,
influences of the shielding coil on WPT system efficiency and
magnetic field are investigated. The study is still based on the
EV WPT system introduced in Section III, and Al and 4F1
ferrite shielding plates are added.

A. WPT Systems with Ferrite and Al Plates

Four different implementations of the WPT system are
designed, as presented in Fig. 11. In each implementation,
the transmitter and receiver coil design, airgap, and alignment
are unchanged. System 1 is the normal WPT system without
shielding coil, and ferrite plates are placed close to the coils
with a small air gap. As a comparison, in System 2, the air
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Fig. 11. Cylindrical view of WPT systems with Ferrite and Al plates where
drr = 100 mm, Tferrite = 230 mm, r4; = 304.8 mm, Al plate

thickness = 2.286 mm, ferrite plate thickness = 3 mm. (a) System 1: no
shielding coil, airgap = 3 mm; (b) System 2: no shielding coil, airgapl =
3 mm, airgap2 = 13 mm; (c) System 3: with shielding coil at the same z-
height with the receiver coil, airgap = 3 mm; (d) System 4: with shielding
coil, dggp = 10 mm, airgap = 3 mm.

gap between the receiver coil and the ferrite plate is purposely
enlarged. Corresponding to System 1 and 2, System 3 and 4
are the cases with shielding coils, where the shielding coil is
designed at the same z-height as the receiver coil in System
3 and 10 mm higher than the receiver coil in System 4. The
shielding coil loop model is defined with N = 7 in System
3 and N = 11 in System 4. Design of the shielding coil
still follows the procedures illustrated in Fig. 4, except that
unit flux densities of the coils on the ferrite plates are derived
instead of that on the top boundary. Also, the objective cost
function becomes the ferrite core loss, and the design case
with the minimum system power loss is selected. Impacted
by the locations of the ferrite and Al plates, the WPT coil
inductances are slightly different, as shown in Table II.

TABLE II. Coil inductances of different WPT systems.

System 1 2 3 4

TX self inductance, L x (uH) | 7.1751 | 7.1706 | 7.1681 | 7.1235
RX self inductance, Lrx (UH) | 9.1696 | 8.2096 | 9.1446 | 8.1947
Mutual inductance, M7 r(uH) 2.3213 | 2.1477 | 2.3191 2.1454

B. Performance Comparison

The four WPT systems are designed with the same output
at P, = 3 kW,V, = 490 V,R; = 120 ). Design results
of the shielding coils lead to current vector Ty, sx = [-1 —
100200]inSystem3and T, sx =[002-100201 —10]
in System 4. For each system, steady-state operation currents
are solved in a switching frequency range from 2.75 MHz to
3.45 MHz that ensures ZVS operation. Power loss including
the coil loss, primary side GaN device conduction loss and
turn-off switching loss, diode rectifier conduction loss, and
the core loss of the ferrite plates are calculated. Flux densities
within the ferrite plates are also predicted.
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Fig. 12 shows the efficiency curves versus switching fre-
quency of the four WPT systems. Implemented with shielding
coils, System 3 and System 4 have higher power efficiency in
most frequencies, with peak efficiency at 93%. The conven-
tional structure in System 1 exhibits a lower power efficiency.
With larger air gap in System 2, power efficiency is further
reduced because of the lower coupling between WPT coils.

Fig. 13 compares the flux density magnitudes within the
ferrite plates of the four WPT systems at fs,, = 3.185 MHz.
Although System 3 and 4 have relatively lower power losses
with shielding coils, magnetic fields within the ferrite plates
are not attenuated significantly. With the shielding coils, the
magnetic fields within the transmitter-side ferrite plate are
reduced, and the fields in receiver-side ferrite plate are slightly
reshaped but not attenuated.

To figure out the effect of the shielding coil in WPT systems,
the equivalent impedance of the transmitter coil, defined as
Zeq TX = m/z‘T_X), is calculated and compared as shown
in Fig. 14, and the transmitter coil current magnitude is
presented in Fig. 15. In addition, optimal efficiency of the
System 1, which is regarded as the base implementation, is
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Fig. 15. Transmitter coil current magnitudes of the WPT systems at P, =
3 kW, Ry, =120 Q.

explored by varying the output load Ry in a wide range.
It is found that System 1 achieves the maximum efficiency
at 95.21% with Ry, 93 Q, fsw = 3.06 MHz, where
Zeq Tx = 42/34° Q.

As shown in Fig. 14, Z., 7x of System 3 and System 4 has
a relatively narrow magnitude distribution and lower phase an-
gle within the frequency range, which is closer to the optimal
impedance (Z.q 7x = 42/34° Q) of the base condition in
System 1. Lower impedance phase angle also helps transfer
more real power and improve the power transfer efficiency.
In addition, as presented in Fig. 15, when fs, < 3.25 MHz,
System 3 and 4 with shielding coils have lower transmitter
current, resulting in lower power loss. On the other hand,
System 1 and System 2 have wider impedance distribution
and higher phase angle, leading to higher transmitter current
and lower power transfer efficiency.

Table III presents the coil currents, equivalent impedance
referred to the transmitter side, and efficiency of the four WPT
systems at fs, = 3.185 MHz, P, = 3 kW, Ry = 120 Q,
and Fig. 16 shows the loss comparison. By implementing the
shielding coil, the WPT system efficiency is increased from
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Fig. 16. Loss breakdown comparison of the four WPT systems with fs,y =
3.185 MHz, P, = 3 kW, Ry, =120 Q.

94.8% in System 1 to 95.3% in System 3 and System 4. With
the same receiver current, shielding coil adjusts the equivalent
transmitter impedance to achieve a lower coil current and
reduce power loss, thus leading to a higher power transfer
efficiency.

TABLE III. Coil currents, equivalent impedance, and power efficiencies of
the WPT systems with fs,, = 3.185 MHz, P, = 3 kW, Ry = 120 Q.

System 1 2 3 4
irx(A) 13.6£109° | 14/91° | 13/118° 13/116°
irx(A) 10.1 10.1 10.1 10.1
ZeqTx () | 48746° 55/55° | 45.5/39° | 45.6/40°
Efficiency 94.8% 94.6% 95.3% 95.3%

The benefit provided by the shielding coil in this arrange-
ment is largely limited to the specific design case employed in
this study. Namely, because the transmitter and receiver coil
are unchanged from a previous air-core prototype design, the
addition of ferrite and metal sheets detunes the resonant tank
from its designed operation. With the shielding coil, the tank
impedances can be retuned closer to an impedance match for
optimal efficiency. Redesigning the transmitter and receiver
coil geometries for a shielded implementation, it is unlikely
that the shielding coil will provide any distinct benefit in the
shielded case.

V. CONCLUSIONS

In this work, effects of a resonant reactive shielding coil
in an existing WPT system is investigated. A parameterized
coil model that allows arbitrary circular winding geometry
and current direction is proposed, and design strategy of the
shielding coil with detailed modeling is developed. A shielding
coil prototype is fabricated and applied on an EV WPT system,
which is validated with attenuated stray magnetic field on the
top area and side area. In order to investigate the effect of
the shielding coil in WPT systems with ferrite/mental plates,
system efficiency and magnetic field of four WPT systems
with different implementation structures are evaluated. The
shielding coil cannot reduce the ferrite core loss significantly
by attenuating the magnetic field in this configuration. The
additional coil can adjust the equivalent impedance for achiev-
ing a lower transmitter current and higher power transfer
efficiency, if the base system is not already tuned to an
efficiency-optimized point.
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