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Numerical Exposure Investigation of a WPT Charger

Evaluation Results

Below exposure limit set by ...
. ICNIRP 47 CFR | RSS-102 | 1999/
Ly | e 2020 | §1.1310 |Issue5 | 519/EC | N>
phantom
SAR g mox | 84:2357TmW /kg | —* Yes Yes — —
SAR 0, max | 40-5715mW /kg | Yes Yes Yes Yes Yes
EIAV o 15.8004V/m — — Yes — Yes

* Simulated values for “reported model”, cf. section 3.2

** Not applicable combinations were indicated as "—”

Human Exposure Limits

Specific Absorption Rate (ICNIRP 2020, 1999/519/EC, RPS S-1)

Uncontrolled Environment | Controlled Environment
Condition (General Public) (Occupational)
SAR Limit Mass Avg. SAR Limit | Mass Avg.

SAR averaged over the whole
body mass

0.08 W/kg whole body 0.4W/kg | whole body

Peak spatially-averaged SAR for
the head, neck & trunk

Peak spatially-averaged SAR in the
limbs/extremities

2.0W/kg | 10g oftissue* | 10W/kg | 10g of tissue*

4.0W/kg | 10g of tissue* | 20W/kg | 10g of tissue*

* Defined as a tissue volume in the shape of a cube

Specific Absorption Rate (RSS-102 Issue 5)

Uncontrolled Environment | Controlled Environment
Condition (General Public) (Occupational)
SAR Limit Mass Avg. SAR Limit | Mass Avg.

SAR averaged over the whole
body mass

0.08 W /kg whole body 0.4W/kg | whole body

Peak spatially-averaged SAR for
the head, neck & trunk

Peak spatially-averaged SAR in the
limbs/extremities

1.6 W/kg 1g of tissue* 8 W /kg 1 g of tissue*

4.0W/kg | 10g of tissue* | 20W/kg | 10g of tissue*

* Defined as a tissue volume in the shape of a cube
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Numerical Exposure Investigation of a WPT Charger

Specific Absorption Rate (47 CFR Ch. 1§ 1.1310 10-1-20 Edition)

Uncontrolled Environment

Controlled Environment

Condition (General Public) (Occupational)

SAR Limit Mass Avg. SAR Limit | Mass Avg.
SAR averaged over the whole
body mass 0.08 W/kg whole body 0.4W/kg | whole body
Peak spatially-averaged SAR 1.6 W /kg 1g of tissue* 8 W/kg 1 g of tissue*
Peak spatially-averaged SAR for
extremities, such as hands, wrists, | 4.0W/kg | 10g of tissue* | 20W/kg | 10g of tissue*
feet, ankles, and pinnae

* Defined as a tissue volume in the shape of a cube

Internal Electric Field (ICNIRP 2020)

Uncontrolled Environment

Controlled Environment

Condition (General Public) (Occupational)
EIAV Limit EIAV Limit

Peak EIAV @ 100 kHz - 10 MHz 1.35-107% - f V/m * 2.7-107%- fV/m*

Peak EIAV @ 127.55 kHz 17.21925V/m 34.4385V/m

* Frequency fin Hz

** Not applicable combinations were indicated as "—"

"

Internal Electric Field (RSS-102 Issue 5, RPS S-1)

Uncontrolled Environment

Controlled Environment

Condition (General Public) (Occupational)
EIAV Limit EIAV Limit

Peak EIAV @ 3 kHz - 10 MHz 1.35-107% - f V/m * 2.7-107%- fV/m*

Peak EIAV @ 127.55 kHz 17.21925V/m 34.4385V/m

* Frequency fin Hz
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Numerical Exposure Investigation of a WPT Charger Introduction

1 Introduction

1.1 Objective

The objective of this report is the numerical exposure investigation of one Wireless Power Transfer
(WPT) charger (further referred to as “device under test” or “DUT”) designed by Molex Technologies
GmbH (further referred to as “applicant”). In particular the Specific Absorption Rate (SAR, heat
damage hazard) and internal electric fields (EIAV', instantaneous nerve stimulation hazard) was
investigated and compared to exposure limits specified by ICNIRP [1], FCC [2], ISED [3] , EUCO
[5] and the ARPANSA [6].

1.2 Simulation Method

All simulations were done with the Finite Difference Time Domain (FDTD) simulation tool Em-
pire XPU [7]. A numerical model of the DUT was generated and validated by measurements of the
magnetic field in its vicinity and measured inductance of the charging coil. The SAR and EIAV inside
a flat phantom (human body part model) were investigated similar to the assessment procedures
described in IEC/IEEE 62704-1 [8, 9]. The procedures were adapted to make them suitable for

the low frequency of the DUT.

1.3 DUT Description

The 15W, triple coil, WPT charger "WCH-304" (further referred to as “device under test” or "DUT")
can be used to charge portable devices like smart-phones (further referred to as “WPT receiver”). It
is designed to be integrated into a vehicle, e.g. into the center console of a car. The DUT operates
at a frequency of 127.55 kHz and features three charging coils. During operation only one of the
three coils is excited/charging at a time. Which coil is used for charging is chosen by the DUT
itself, depending on the placement of the WPT receiver device. A photo of the DUT is depicted in
Figure 1.

1.4 Setup for Reference Measurement

A validation of the numerical model was carried out by comparing the simulated magnetic field in
the vicinity of the DUT with a reference measurement. The measurement was done on the behalf
of the applicant by the lab of “cetecom advanced GmbH"? with the setup depicted in Figure 2.
They used a "DASY8” positioner system from Speag and a "“MAGPy-H3D” magnetic field probe
with a 1cm? sensor size (loop) and 6.6 mm sensor center to tip distance. The measurements were
done for a series production equivalent device, running in a testing operating mode at a fixed
coil current of 4.5715A(RMS). The applicant pre-determined this to be the maximum expectable
coil current during charging a WPT receiver. After the measurements were already performed

TEIAV is the particular name of the post-processing/visualisation feature in Empire XPU. The averaging is optional
and was disabled for this investigation.

2The company “cetecom advanced GmbH” was known as “CTC advanced GmbH” and “CETECOM GmbH”
before their fusion in January 2023.
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Numerical Exposure Investigation of a WPT Charger Introduction

Figure 1: Photo of the DUT

the value was corrected to 4.3 A (RMS) by the applicant and the measurement results were scaled
down accordingly with a factor of 4.3/4.5715 = 0.9406. No WPT receiver was present during the
reference measurements of the magnetic field.

At first “cetecom advanced GmbH” determined by H-field measurements that the strongest
fields occur when coil 3 (towards the external connector) is excited, so this operation state was
considered throughout the investigation. For the reference measurement the field probe was loc-
ated directly above the zy-center of the active coil. A line measurement of the magnetic field
strength was performed by lifting the probe upwards to different z-distances from the DUT. Fig-
ure 2 (a) shows the lowest possible position of the field probe (touch position).

Figure 2: Measurement setup from the external lab of “cetecom advanced GmbH”, showing (a) a close-up
of the "MAGPy-H3D" probe in touch position and (b) the “DASY8" positioner.

= - - . — 'I_ ; 2 r‘ I
r



Numerical Exposure Investigation of a WPT Charger EM Simulation Model

2 EM Simulation Model

2.1 Model Setup

The simulation model of the DUT is based on STEP CAD data, PCB layout data, technical drawings
and photos provided by the applicant. First the CAD- and layout data was imported into Empire
XPU and then rotated/moved, so that the center of the DUTs top surface became the coordinate
origin of the numerical model. Figure 3 shows a top and bottom 3D view of the simulation model.

(a) (b)

Figure 3: Geometry of the Empire simulation model of the DUT, showing the outer view on the top (a) and
bottom (b) side.

In Figure 4 the internal components are visible, including the three WPT charging coils (in colors
red / yellow / blue). The charging coil (coil 3) can be seen on the left (red), overlapping the center
coil. The middle point of the active coil is located at x = —14.01 mm, y = 0mm, 2 = —6.58 mm
and the top side of the DUT housing is at z = 0.0 mm.

Figure 5 shows an exploded view of the most important components of the simulation model.
Based on the applicants information the material properties were set as follows:

(a) Top housing (PC+ABS, ¢, = 3.1, tan(d) = 0.01)
(b) Top PCB (Copper traces, o = 59.6 - 105S/m)

(c) Top PCB components (PEC, o = Inf)

(d) Coilframe (PC+ABS, ¢, = 3.1, tan(d) = 0.01)
(e) WPT coils (0 = 14.2-10°S/m)

() Ferrite plate (u, = 2700, tan(d) = 0.0162)

(g) Bottom PCB (Copper traces, o = 59.6 - 10°S/m)
(h) Bottom PCB components (PEC, o = Inf)

(i

() Bottom housing (PC+ABS, ¢, = 3.1, tan(d) = 0.01)

)

)

i) Bottom PCB shielding (1.0372 steel, o = 1.45 - 10° S /m)

i

(k) Cooling fan (PC+ABS, ¢, = 3.1, tan(d) = 0.01 and PEC, o = In)

From the top PCB the vias (through connections) between top and bottom layer were removed
from the simulation model, because they have a negligible effect on the assessed quantities but
require an excessively fine mesh for preventing false short circuits.

© IMST GmbH - Carl-Friedrich-Gau3-Str. 2-4 - 47475 Kamp-Lintfort Page 8 of 26 r‘r‘
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Numerical Exposure Investigation of a WPT Charger EM Simulation Model

Figure 4: Geometry of the Empire simulation model of the DUT. The housing of the DUT is set transparent
to show the internal components.

2.2 Model Check

The simulation model was checked by comparing the simulated magnetic fields with the reference
measurement (cf. section 1.4). During measurement the active coil was excited with the maximum
expectable current of 4.3 A (RMS) at a frequency of 127.55 kHz. The two other coils were inactive, so
during the simulation their inputs were terminated with non-excited ports with 100 kQ impedance.
The simulation setup was unperturbed, meaning that it didn’t include a WPT receiver device or
phantom (human body model).

2.2.1 Magnetic Fields

Figure 6 shows a yz-cutplane for the simulated magnetic field strength through the center of the
DUT. It can be seen how the main PCBs ground and the ferrite confine the main part of the magnetic
field to the dedicated WPT receiver location above the DUT.

Analogue to the setup of the measurement (cf. section 1.4) the simulated magnetic field (H-
field) strength was evaluated along the corresponding line above the active coil. The measurements
start at z = 6.6 mm, which corresponds to the “sensor center to tip distance” of the “"MAGPy-H3D"”
field probe. The simulated line starts at the top of the DUTs housing at (2 = 0 mm). As Figure 7
depicts, the simulated H-field is in very good agreement with the measurement.

|

A

r S
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Numerical Exposure Investigation of a WPT Charger EM Simulation Model

Figure 5: Geometry of the Empire simulation model of the DUT, showing an exploded view of the top
housing (a), the top PCB (b), the top PCB components (c), the coilframe (d), the WPT coils (), the ferrite (f),
the bottom PCB (g), the bottom PCB components (h), the bottom PCB shielding (i), the bottom housing (k)

and the cooling fan (I).
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Numerical Exposure Investigation of a WPT Charger EM Simulation Model

H_xyz
127.55 kHz
0.0deg
4.50000 kA/m
2.01008 kA/m

0.89787 kA/m
0.40106 kA/m
0.17915 kA/m
0.08002 kA/m
0.03574 kA/m

0.01597 kA/m
0.00713 kA/m
0.00319 kA/m
0.00142 kA/m

Figure 6: The simulated magnetic field displayed on a yz-plane through the DUT.

1200
—— Simulation |H| Empire XPU

---- Measurement |H| MAGPy-H3D, scaled by 0.9406
10001

800+

600

400

Magnetic Field (A/m)

200

0 6 12 18 24 30 36 42 48 54 60
Distance from housing (mm)
Figure 7: Curves for the line evaluation of the H-field (RMS values). The top of the DUT dielectric housing is

located at z = 0.0 mm. The measurement results were scaled by a factor of 0.9406 for the reason explained
in section 1.4

- U
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Numerical Exposure Investigation of a WPT Charger EM Simulation Model

2.2.2 Coil Inductance

In addition to the magnetic fields also the inductance of the coil was used to check the simulation
model. Due to the applicant the coil modules (coils and ferrite) datasheet states an expectable
inductance of 11.5uH+10 %, and they measured an average value of 10.930 uH for an assembled
coil module with shielding cap. The simulated inductance of 11.468 uH is in good agreement with
this values, showing a relative deviation of 4.922 % from the measured value.

Datasheet Measurement  Empire

Coil Inductance 11.5uH +10% 10.930 uH 11.468 uH
= [10.35 uH; 12.65 uH]

Table 1: Coil inductance from datasheet, measurement and simulation.

2.2.3 Conclusion of Model Validation

It can be concluded, that simulated magnetic field strength and inductance are in good agreement
(cf. Figure 7 and Table 1) with the measurements from the applicant and the external lab of
"cetecom advanced GmbH”, indicating the accurate setup of the Empire simulation model.
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Numerical Exposure Investigation of a WPT Charger SAR and EIAV Evaluation

3 SAR and EIAY Evaluation

For the evaluation of the Specific Absorption Rate (SAR) and the internal Electric field (EIAV) a
box shaped flat phantom was added to the simulation model. The setup resembles the situation
of someone touching the DUT just after a receiver removal which was in “charging mode” at
maximum field. The continuous maximum expectable coil current of 4.3A (RMS) was retained
throughout the investigation.

L.
(@) (b)

Figure 8: Geometry of the flat phantom in 3D view (a) and side view (b) showing it is in touch with the
DUTs housing.

The phantom was centered (xzy-direction) above the DUT at closest possible z—distance, virtu-
ally touching the basis of the top side of the DUTs dielectric housing as shown in Figure 8. In the
sense of the worst-case consideration small protruding features® were overwritten by the phantom
to realize closest possible phantom positioning. With respect to the CAD coordinate system origin,
the phantoms bottom side (side towards DUT) is located at z = 0 mm. The dimensions and the
material properties of the phantom are as follows:

1. Geometric Size: d,, - d,, - d, = 350 mm - 180 mm - 72 mm
2. Relative Permittivity: €, = 55

3. Electrical Conductivity: o = 0.755/m

4. Mass Density: p = 1000kg/m® = 1g/cm3

More details about the numerical model, like e.g. domain size, time step or total number of
mesh cells, can be found in the appendix in section 4.1.

3For example the two rims that ensure a small air gap between the DUT and a WPT receiver for cooling purposes.

= = - . — p‘ g r
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Numerical Exposure Investigation of a WPT Charger

SAR and EIAV Evaluation

3.1 Simulation Results

Figure 9 shows the simulated 1g- and 10g-averaged SAR and Table 2 lists the corresponding
maximum values and their positions. Figure 10 shows the simulated un-averaged EIAV and Table 2
lists the corresponding maximum value and its position.

SAR 1.0g
ieee/62704
127.55 kHz

85.0000 mW/kg

14.1789 mW/kg
2.3652 mh/kg

0.3945 mW/kg
0.0658 mW/kg
0.0110 mW/kg
0.0018 mW/kg
0.0003 mW/kg
0.0001 mW/kg
0.0000 mW/kg

(a) Simulated 1g-averaged SAR

SAR 10.0g
ieee/62704
127.55 kHz
85.0000 mW/kg

14.1789 mW/kg
2.3652 mW/kg

0.3945 mW/kg
0.0658 mW/kg
0.0110 mW/kg
0.0018 mW/kg
0.0003 mW/kg
0.0001 mW/kg
0.0000 mW/kg

(b) Simulated 10g-averaged SAR

Figure 9: Cutplanes through the maxima of the simulated 1g-averaged SAR (a) and 10g-averaged SAR (b)
inside the flat phantom. The phantom geometry is not visible. The discontinuities at the phantom boundaries
are caused by the averaging algorithm (cf. [8, Section 6.2.2]).

Maximum Position of Maximum
Quantity Value X y z
SAR; ¢ ax 84.2357mW/kg | 4.32715mm  —0.472538 mm  0.125 mm
SAR 04, max 40.5715mW/kg | 5.41260 mm —0.472538 mm  0.125 mm
EIAV overaedmo | 15:8004V/m | 3.96926mm  —0.472538 mm  0.125mm

Table 2: SAR and EIAV maximum values with their corresponding positions.

© IMST GmbH - Carl-Friedrich-Gau3-Str. 2-4 - 47475 Kamp-Lintfort
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Numerical Exposure Investigation of a WPT Charger SAR and EIAV Evaluation

EIAV 1e-08mm
ieee/62704
127.55 kHz
16.0000 V/m

6.5348 V/m

‘ 2.6690 V/m
1.0901 V/m

] 0.4452 V/n
0.1818 V/m

0.0743 V/m

0.0303 V/m

: 0.0124 V/m

0.0051 V/m

Figure 10: Cutplane through the maximum of the simulated EIAV inside the flat phantom. The phantom
geometry is not visible.

3.2 Simulation Uncertainty

Based on chapter 7 of IEC/IEEE 62704-1 [8] the Combined- and Expanded Standard Uncertainty
was calculated to analyse the accuracy of the results for the numerical model (further referred to
as "reported model”). Because the DUTs operating frequency is below the scope of the standard,
the procedure had to be modified. Details about this will be described in the following sections.

3.2.1 Simulation Parameter Related Uncertainty

The procedure for evaluating the simulation parameter related uncertainty (IEC/IEEE 62704-1 [8,
section 7.2]) was modified as described in Table 3. The Tables 4, 5, 6 and 7 show the maximum
SAR and EIAV for the investigated variants as well as their relative deviation from the reported
model. Table 10 shows the budget of the SAR and EIAV uncertainty contributions of the simulation
parameters.
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Numerical Exposure Investigation of a WPT Charger

SAR and EIAV Evaluation

Nr. of
Uncertainty Applicability of the Procedure from IEC/IEEE 62704-1 [8, | Vari-
Component section 7.2] ations
Positioning Applicable. Variation will be: Increase of distance between | 1
phantom and DUT by +1 mesh step
Mesh Resolution | Not 1:1 applicable. Requested refinement is not practicable at | 1
127.55 kHz. Instead, total number of mesh cells is increased by
a factor of 2
Boundary Condi- | Not 1:1 applicable, because A\/4 @ 127.55kHz =588 m is way | 1
tion too large. Instead, simulation domain is enlarged by 50% sim-
ultaneously in +/- x/y/z direction
Power Budget Not applicable. No travelling wave conditions are given, so | O
comparison with power absorbed in ABC is not possible. Excit-
ation will be normalized to fixed port/coil current.
Convergence Not 1:1 applicable. Instead, variation is simulated longer by a | 1
factor of 1.5 or more.
Phantom dielec- | Not applicable / not indicated because fixed permittivity and | O
trics conductivity from IEC/TR 62905 were used.

Table 3: Description of the modified procedure for obtaining the uncertainty budget.

Phantom z-Position 0.00 mm 0.25 mm
SAR ¢ e 84.2357mW /kg 80.8357 mW /kg
SAR} 0g, mon 40.5715mW /kg  39.1118 mW /kg
EIAV. 15.8004V/m  15.4399V/m
SAR1, mex-Deviation 0% —4.04 %
SAR; g, max-Deviation 0% —3.60 %
EIAV-Deviation 0% —2.28%

Table 4: SAR and EIAV results for different phantom positions. The first data column corresponds to the

reported model (cf. section 3.1).

Mesh Resolution 12.7MCells 27.1 MCells
SAR ¢ mox 84.2357mW /kg 84.7577 mW /kg
SAR 04, max 40.5715mW/kg  40.6353 mW /kg
EIAV, ., 15.8004V/m  15.8137V/m
SAR; . mey-Deviation 0% 0.62 %
SAR}0g, max-Deviation 0% 0.16 %
EIAV-Deviation 0% 0.08 %

Table 5: SAR and EIAV results for different mesh resolutions. The first data column corresponds to the

reported model (cf. section 3.1).

© IMST GmbH - Carl-Friedrich-GauB-Str. 2-4 - 47475 Kamp-Lintfort
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SAR and EIAV Evaluation

Domain Size 550 - 380 - 389 mm 1100 - 760 - 778 mm
SARY. o 84.235TmW/kg  84.2808 mW /kg
SAR} 04, max 40.5715 mW /kg 40.5991 mW /kg
EIAV__ 15.8004V/m 15.8055V/m
SAR;, mex-Deviation 0% 0.06 %
SAR 0, max-Deviation 0% 0.07%
EIAV-Deviation 0% 0.03%

Table 6: EIAV results for different simulation domain sizes. The first data column corresponds to the reported
model (cf. section 3.1). The simulation domain was enlarged symmetrically in all spatial directions.

Time/Convergence 15 Msteps 25 Msteps
Energy Decay —101.27dB —101.90dB
SAR} . mox 84.2357mW /kg  84.2392mW /kg
SAR1 04 max 40.5715mW/kg  40.5720 mW /kg
EIAV,_ 15.8004V/m  15.7936V/m
SAR;, mox-Deviation 0% 0.00 %
SAR{0q, may-Deviation 0% 0.00 %
EIAV-Deviation 0% —0.04 %

Table 7: SAR and EIAV results for different number of total time steps. The first data column corresponds
to the reported model (cf. section 3.1).

Uncertainty Section | 1g-SAR Tol- | Probability Divisor | ¢ 1g-SAR  Un-
Component in [8] erance in % Distribution ¢ | certainty in %
Positioning 7.2.1 —4.04% R 1.73 1 | —233%
Mesh Resolu- | 755 | 0.62% N 1 1 ]0.62%
tion
Boundary

. 7.2.3 0.06 % N 1 1 0.06 %
Condition
Power Budget | 7.2.4 not appl. N 1 1 | not appl.
Convergence | 7.2.5 0.00 % R 1.73 1 |0.00%
Phantom
dielectrics 7.2.6 not appl. R 1.73 1 | notappl.
Combined Std. Uncertainty (k=1) 241 %

Table 8: Budget of the 1g-SAR uncertainty contributions of the simulation parameters, corresponding to
IEC/IEEE 62704-1 [8, Table 3]. Note: N, R, U = normal, rectangular, U-shaped probability distributions.
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Numerical Exposure Investigation of a WPT Charger

SAR and EIAV Evaluation

Uncertainty Section | 10g-SAR Tol- | Probability Divisor 10g-SAR Un-
Component in [8] erance in % Distribution certainty in %
Positioning 7.2.1 —3.60 % R 1.73 —2.08%
Mesh Resolu-\ 702 | 0.16% N 1 0.16 %
tion
Boundary

s 7.2.3 0.07% N 1 0.07%
Condition
Power Budget | 7.2.4 not appl. N 1 not appl.
Convergence | 7.2.5 0.00 % R 1.73 0.00 %
Phantom
dielectrics 7.2.6 not appl. R 1.73 not appl.
Combined Std. Uncertainty (k=1) 2.09%

Table 9: Budget of the 10g-SAR uncertainty contributions of the simulation parameters, corresponding to
Note: N, R, U = normal, rectangular, U-shaped probability distributions.

IEC/IEEE 62704-1 [8, Table 3].

Uncertainty Section | EIAV  Toler- | Probability Divisor EIAV Uncer-
Component in [8] ance in % Distribution tainty in %
Positioning 7.2.1 —2.28% R 1.73 1 | —-1.32%
Mesh  Resolu-| 709 | 0.08% N 1 1 |0.08%
tion
Boundary

. 7.2.3 0.03 % N 1 1 0.03%
Condition
Power Budget | 7.2.4 not appl. N 1 1 | not appl.
Convergence | 7.2.5 —0.04% R 1.73 1 | —0.02%
Phantom
dielectrics 7.2.6 not appl. R 1.73 1 | notappl.
Combined Std. Uncertainty (k=1) 1.32%

Table 10: Budget of the EIAV uncertainty contributions of the simulation parameters, analogue to the
budget of the SAR uncertainty contributions of the simulation parameters to IEC/IEEE 62704-1 [8, Table 3].
Note: N, R, U = normal, rectangular, U-shaped probability distributions.

3.2.2 Model Related Uncertainty

For distances d < \/2 the IEC/IEEE 62704-1 [8, section 7.3.3] states that “[...] the only way fo
determine the uncertainty of the DUT model is by SAR measurements”, which is not possible for the
given frequency of the DUT. Therefore the procedure was modified by using the squared H-field
values instead of SAR/EIAV in [8, equation 14], similar to the assessment for distances d > A/2 by
[8, equation 13].

= L
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SAR and EIAV Evaluation

U,

| ref,n
sim,model — max ( 2

ref,max

H? —H

2 y)
sim,n

B [|(1028.96 A/m)? — (1088.04 A/m)?|

(1028.96 A/m)?

=11.81%

:| 2=6.60 mm

Table 11 shows the budget of the uncertainty contributions of the model parameter. The
applicant stated an k=2 uncertainty of 1.24 dB = 15.28 % for the measurements done by “cetecom
advanced GmbH” (cf. section 1.4), so 7.67 % was used for the k=1 uncertainty of the measurement
equipment and procedure.

Uncertainty  Com- | Section | Tolerance | Probability Divisor Uncer-
ponent in [8] in % Distribution tainty in %
Uncertainty of the DUT | 7.3.2 or 11.81% N 1 11.81%
model 7.3.3

Uncertainty  of the

ohantom model 7.3.3 not appl. N 1 not appl.
Uncertainty  of the

measurement equip- | - 7.67% N 1 7.67%
ment and procedure

Combined Std. Uncertainty (k=1) 14.09 %

Table 11: Budget of the uncertainty contributions of the model setup, corresponding to IEC/IEEE 62704-1
[8, Table 4]. Note: N, R, U = normal, rectangular, U-shaped probability distributions.

3.2.3 Model Validation

To validate the numerical model, equation 15 from IEC/IEEE 62704-1 [8, section 7.3.4] was
calculated for the H-field line evaluation:

En — maz (Vsim,n2_ Vref,n)Q 5 (4)
(Vsim,nUsim(kZQ)) + (Vref,nUref(k:2)>
(Hs2im,n _Hr2efn>2 (5)
= max ;
(H o Usimk=2))% + (HZ; Usefe=2))*

_ ((1009.94A/m)2 — (951.95A/m)2)2 .
= ((1009.94A/m)2? - (23.63%))2 + ((951.95A/m)2 - (15.35 %))2 L (6)

=041 <1 (7)

The condition/inequation is fulfilled, indicating that the deviation is within the expected uncer-

tainty, and hence that the model is valid.
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Numerical Exposure Investigation of a WPT Charger SAR and EIAV Evaluation

3.2.4 Uncertainty Budget

The budgets for simulation parameters related uncertainties and model related uncertainties were
combined (k=1) and expanded (k=2) for 1g-SAR, 10g-SAR and EIAV as shown in table 12, 13
and 14.

3.2.5 Uncertainty Penalty

The calculated Expanded Std. Uncertainties for SAR/EIAV do not exceed the maximum of 30 %
stated in IEC/IEEE 62704-1 [8, Section 7.4]. Therefore uncertainty penalties as described in
EN 62311 [10, Section 6.2, Equation 1] were not applied.

3.3 Passive Receiver Impact

In the reported model the phantom is directly placed onto the DUT. However, usually a WPT
receiver such as a handset is placed on top of the DUT during charging operation. A receiver
would increase the smallest possible approach distance, and its metal parts would act as a shield
for the fields, hence decreasing the exposure. To illustrate this effect, an additional simulation was
done, whereby a passive phone receiver dummy was added to the model (cf. Figure 11).

Table 15 lists the maximum values for 1g-SAR, 10g-SAR and EIAV for the model with the passive
receiver dummy. As expected they are noticeable lower than in case of the reported model. The
before mentioned shielding effect also qualitatively changes the SAR/EIAV distribution, as can be
seen in Figure 12.

Quantity Reported Model With Passive Receiver
SAR} . mox 84.2357 mW /kg 0.3126 mW /kg
SAR} 04, mox 40.5715 mW /kg 0.1745 mW /kg
EIAV, noveragedmor | 15-8004V/m 0.9106V/m

Table 15: SAR and EIAV maximum values for the model with the passive receiver dummy.
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Uncertainty = Com- | Section | Tolerance | Probability Divisor Uncer-
ponent in [8] in % Distribution tainty in %
Uncertainty of the DUT

model with respect to | 7.2 2.41 % N 1 2.41 %
simulation parameters

Uncertainty  of the

developed numerical | 7.3 14.09 % N 1 14.09 %
model of the DUT

Combined Std. Uncertainty (k=1) 14.29 %
Expanded Std. Uncertainty (k=2) 28.59 %

Table 12: Combined and expanded budget of the 1g-SAR uncertainty, according to IEC/IEEE 62704-1 [8,
Table 5]. Note: N, R, U = normal, rectangular, U-shaped probability distributions.

Uncertainty Com- | Section | Tolerance | Probability Divisor Uncer-
ponent in [8] in % Distribution tainty in %
Uncertainty of the DUT

model with respect to | 7.2 2.09% N 1 2.09%
simulation parameters

Uncertainty  of the

developed numerical | 7.3 14.09 % N 1 14.09 %
model of the DUT

Combined Std. Uncertainty (k=1) 14.24 %
Expanded Std. Uncertainty (k=2) 28.48 %

Table 13: Combined and expanded budget of the 10g-SAR uncertainty, according to IEC/IEEE 62704-1

[8, Table 5]. Note: N, R, U = normal, rectangular, U-shaped probability distributions.

Uncertainty  Com- | Section | Tolerance | Probability Divisor Uncer-
ponent in [8] in % Distribution tainty in %
Uncertainty of the DUT

model with respect to | 7.2 1.32% N 1 1.32%
simulation parameters

Uncertainty  of the

developed numerical | 7.3 14.09 % N 1 14.09 %
model of the DUT

Combined Std. Uncertainty (k=1) 14.15%
Expanded Std. Uncertainty (k=2) 28.30 %

Table 14: Combined and expanded budget of the EIAV uncertainty, analogue to the budget of the SAR un-
certainty from IEC/IEEE 62704-1 [8, Table 5]. Note: N, R, U = normal, rectangular, U-shaped probability

distributions.
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() (b)

Figure 11: Geometry of the passive receiver dummy, consisting of a 145 - 70 - 7 mm dielectric housing with
a metal plate inside (a). The receiver dummy was placed in between DUT and phantom (b).

EIAV le-08mm
ieee/62704
127.55 kHz
910.637 m¥/m
. 371.926 mV/m
151.903 m¥/m
62,041 mV/m
25,339 m¥/m
10,349 mV/m

- 4,227 m¥/m
1.726 n¥/m

ey ‘ 0.705 mV/m
~a 0.288 mV/m

Figure 12: Cutplane through the maximum of the simulated EIAV inside the flat phantom for the model
with the passive receiver dummy.

= - - . — p' g r
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3.4 Conclusion of SAR and EIAV Evaluation

Summarizing the numerical exposure assessment of the DUT, the following can be stated:

1. The investigated scenario (reported model) follows the worst-case assumption that:

(a) The flat phantom is in direct contact with the DUT with no WPT receiver present.

(b) The DUT is exciting its charging coil with the maximum expectable current, despite the
fact that no WPT receiver is present.

(c) The search mode duty cycle is neglected.
2. The simulated magnetic field strength and the coil inductance are in good agreement with

the measurements (cf. section 2.2), indicating the accurate setup of the numerical model
(without phantom).

3. The model validation (cf. section 3.2.3) shows that in-equation 15 from IEC/IEEE 62704-1
is fulfilled, indicating a valid numerical model.

4. The uncertainty analysis returns Expanded Standard Uncertainties below the permissible 30%
stated in IEC/IEEE 62704-1 section 7.4.

5. The evaluated exposure quantities are:

(a) The evaluated maximum 1g-averaged SAR is 84.2357 mW /kg.
(b) The evaluated maximum 10g-averaged SAR is 40.5715 mW /kg.
(c) The evaluated maximum EIAV (internal Electric field) is 15.8004 V/m.
6. With respect to the statements above, the conclusion of this numerical exposure assessment

report is, that the DUT does not exceed the SAR and/or EIAV exposure limits specified by

ICNIRP [1], FCC [2], ISED [3], EUCO [5] and ARPANSA [6]. A tabular evaluation can be
found at the beginning of the report.

© IMST GmbH - Carl-Friedrich-GauB-Str. 2-4 - 47475 Kamp-Lintfort Page 23 of 26 r‘r‘

- U



Numerical Exposure Investigation of a WPT Charger Appendix

4 Appendix

4.1 Specific Information for Computational Modelling

Computational resources Computation was performed on 1/4 (split by Numa nodes) of a dual
AMD EPYC 7763 64-core processor with 1.253 GB memory usage.

FDTD algorithm implementation and validation cf. [9]
1g-averaged SAR procedures cf. [8, 9]

Total computational uncertainty cf. [9] and section 3.2
Computational parameters for reported model:

Cell Size (min/max): 0.175mm / 10.37 mm

Domain Size: 550 - 380 - 389 mm

Total amount of mesh cells: approx. 12.7 million

Time step: 2.14245-10713s

Total number of time steps: approx. 15 million

Simulation time: approx. 3 hours and 42 minutes

Simulation speed: 13964 million cells per second (13.964 GCells/s)
Excitation method: Gaussian pulse with f, = 0Hz, fzw = 50 MHz

Phantom model implementation cf. section 3

Tissue dielectric parameters cf. section 3

Transmitter model implementation and validation cf. section 2
Test device positioning cf. section 3

Steady state termination procedures A Gaussian pulse was used for the excitation and the sim-
ulation was terminated after the energy had dissipated to more than —101.27 dB.

Test results cf. section 3
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Appendix

4.2 Abbreviations

Abbreviation

Description

CAD

Computer Aided Design

DUT

Device Under Test

EIAV

Averaged Internal Electric Field

EM

Electro Magnetic

FDTD

Finite Difference Time Domain

PCB

Printed Circuit Board

RF

Radio Frequency

RMS

Root Mean Square

SAR

Specific Absorption Rate

S/m

Siemens per meter = 1/(Qm)

Table 16: Abbreviations.
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