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3m correlation (85kHz Fundamental) 10m correlation (85kHz Fundamental)
Misalignment Antenna Measured Simulated Delta Measured Simulated Delta
(X,Y,Z) [mm] position H total at 3m | H _total at 3m (dB) H total at 10m | H_total at 10m (dB)
(dBuA/m) (dBuA/m) (dBuA/m) (dBuA/m)
(Ximaxs Ymax, Zmax) P2 (front, x) 80.5 80.0 -0.5 58.2 57.2 -1.0
(Ximaxs Ymax, Zmax) P3 (right, -y) 83 3 85.9 2.6 56 9 59.9 3.0
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Background

Automotive OEMs increasingly view WEVC as the preferred future EV charging
technology

Currently systems are being developed, integrated and tested on EVs at varying
power levels from 3.3kW, 6.6kW and 20kW

Currently target vehicles include small to medium-sized passenger vehicles, LGV,
larger PHEVSs, SUVs, HGV and even buses

Vehicle uses considered today include private vehicles, car share schemes, taxis,
also with public transport and goods venhicles

Modes of charging considered important include stationary charging, and semi-
dynamic and dynamic charging where vehicles charge-on-the-move

A comprehensive electric transport system will include many different vehicle types
and modes of charging

Regulations for WEVC deployment should consider the current specifications but
MUST also consider future higher power, larger vehicle and dynamic deploymentsg

20 Qualcom Technologieé, Inc. AlMights reserved.
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Introduction

The radiated emissions associated with WEVC are influenced by many factors
thereby making it challenging to determine the worst case conditions for
measurement and assessment for regulatory compliance

This contribution examines a simulation approach for determining worst case
conditions to then be used for practical EMC measurements of a WEVC system

In addition to providing measured and simulated data this contribution also
provides a view of overall uncertainty that should be considered when
establishing regulatory limits for WEVC

The data presented in this contribution is based on a 6.6kW, 85 kHz
development system with minimal practical x,y and z gap. Regulatory limits
should consider WEVC roadmap for higher power, greater off-sets x,y and
greater z gap offset with semi dynamic and dynamic charging configurations

© 2014 Qualcomm Technologies, Inc. All rights reserved.
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Practical Approach to Emissions Measurement

« WEVC radiated emissions can be influenced by many factors including, but not
limited to:
Alignment
Air-gap
Car geometry and materials
Output-voltage
Pad mounting positions

e Itis not practical to measure every configuration in order to obtain the worst case
emissions required for an effective compliance assessment

e Avalidated simulation approach is effective in identifying the worst case
configuration(s) for measurement

 The measurement data represents worst case emissions to be used in
assessing compliance with defined regulatory limits

11
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Worst Case ldentification

- Equipment Under Test (EUT): WEVC 6.6 KW @ 85 kHz mounted on EV

> 6 configurations were pre-selected based on highest Amp-turns and maximum
offset from all 37 possible alignments/air-gap/Output-voltage combinations.

- To identify the worst case(s) for measurement, a preliminary analysis was
performed using simulation to obtain H-field emissions from all 4 directions
(indicated in the figure) at a distance of 3m, 10m and 30m.

> In this example two worst cases were identified and recommended for
measurement —
P4 .

- Case 1 (along Y) - P1
» Offset: (Xinax Ymax Zmax)
» Measurement direction: P3 (-Y)
— Case 2 (along X)
+ Offset: (Xinax Yimax: Zma) |
- Measurement direction: P2 (+X) P2

© 2014 Qualcomm Technologies, Inc. All rights reserved.
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H-Field Radiated Emission Test Conditions

» All testing performed solely by Qualcomm Technologies, Inc. using a commercially *
purchased Nissan Leaf as a test vehicle 9

« WEVC system under test operates at 85kHz with power transfer up to 6.6 kW output power

P1

P2

P3

P4 - / - Picture damaged
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H-Field Radiated Emission Measurement Results

 The measurement was performed at 3m & 10m from the
car in all 4 directions and tested up to 4t harmonic of the
fundamental frequency (6.6kW output power@85kHz)

Measured emissions shown below at the worse-case
positions identified by the simulation

(dBuA/m)
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Correlation of Measurement and Simulation

Table below shows that the measurement and simulation
correlation at the fundamental frequency (6.6kW output
power@385kHz) is within 3dB for the identified worst case

scenarios

No simulations performed for the harmonics at this time

3m correlation (85kHz Fundamental) 10m correlation (85kHz Fundamental)
Misalignment Antenna Measured Simulated Delta Measured Simulated Delta
(X,Y,Z) [mm] position H total at 3m | H _total at 3m (dB) H total at 10m | H_total at 10m (dB)
(dBuA/m) (dBuA/m) (dBuA/m) (dBuA/m)
(Ximaxs Ymax, Zmax) P2 (front, x) 80.5 80.0 -0.5 58.2 57.2 -1.0
(Ximaxs Ymax, Zmax) P3 (right, -y) 83.3 85.9 2.6 56.9 59.9 3.0
T T
- i P1 - i | P1
P3 Y pg P3 il o
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Flow Chart Summarizing Procedure for H-Field
Radiated Emission Assessment of WEVC

List all possible Select worst 5~6 Perform simulations on Conduct the
combinations and cases based on the selected cases to measurement on the
measure the coil highest Ampere-Turns identify the worst identified worst case

currents for each case and misalignment configuration(s) to test configuration(s)

Perform Uncertainty Report the worst case
Analysis and validate emissions for
simulations to confirm regulatory compliance

the worst case

© 2014 Qualcomm Technologies, Inc. All rights reserved.
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Background

« Three test set-ups are being discussed for use in H-field radiated emission
measurements

- Vehicle level test: WEVC tested using commercial electric vehicle (EV)
— Sub-system level test: WEVC tested using Mock Wagon
— Sub-system level test: WEVC tested using test rig (frame + shield)

© 2014 Qualcomm Technologies, Inc. All rights reserved. 20



Comparison of H-Field Emission from 3 Test Set-Ups

 The H-field emissions are assessed using the validated simulation approach

The same WEVC system is defined for all test set-ups

P3 is selected for comparison as the width of the car, wagon and rig are similar

Configuration

3m

Actual Car

85.9

Mock Wagon

85.3

Test Rig

82.0

10m

59.9

59.2

55.9

The radiated emissions compared among all three models (actual car, Wagon and

Rig) are within 4dB

© 2014 Qualcomm Technologies, Inc. All rights reserved.
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Numerical Uncertainty

Error Description Uncert. Prob. Dist. Div. Std. Unc.  Std. Unc. (dB)
FEM Mesh Density* 18.0% Rect V3 10.4% 0.9
Boundary Condition? 0.64% Norm 1 0.6% 0.1
WEVC Coil Structure 5.62% Norm 1 5.6% 0.5
Modeling
WEVC Current Source” 33.41% Norm 1 33.4% 2.5
Convergence of the 0.25% Norm 1 0.2% 0.0
numerical method
Ground Modeling’® 35.16% Rect V3 20.3% 1.6
Combined Std. Unc. 40.9% 3.0
Expanded Std. Unc. 81.7% 5.2

1. Mesh density with max length of 20mm around coils region was compared with auto mesh function in Ansoft HFSS v15.0

Boundaries set at 50m away from the edge of the simulation model were moved by +20%.

3. Base pad and vehicle coils contain many turns made up of litz wire. Simplified numerical model turns were increased
from 1 to 4 turns for base pad and from 1 to 2 turns for vehicle pad.

4. Uncertainty in measured current amplitude and phase used as WEVC current source in simulations for various

loading/misalignment conditions

Convergence setting was increased from 3 to 4 number of passes with max energy delta set to <0.1

6. Earth ground has varying conductivity depending on region and weather conditions (wet/dry/snow). Two extreme

conditions of PEC and free space were simulated to determine uncertainty. 23
© 2014 Qualcomm Technologies, Inc. All rights reserved.
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Measurement Uncertainty

Error Description Uncert. Prob. Dist. Div. Std. Unc. Std. Unc. (dB)
Passive loop* -- -- -- 5.2% 0.44
Cable loss? -- -- - 5.9% 0.50
Spectrum analyzer! -- -- -- 13.5% 1.10
Oscilloscope! -- -- - 0.25% 0.02
Passive loop distance’ 1.80% Norm 1 1.8% 0.15
Passive loop tilt angle3 1.75% Norm 1 1.8% 0.15
Combined Std. Unc. 15.7% 1.3
Expanded Std. Unc. 31.4% 2.4

1. Provided by manufacturers.
2. Calculated using H-field roll off over the distance uncertainty of <0.3m at 50m.
3. H-field variation from tilting the passive loop antenna by =10 degrees.

© 2014 Qualcomm Technologies, Inc. All rights reserved.




Test Set-Up Uncertainty

 There are three options to test radiated emissions with: actual electric vehicle,
Mock Wagon or test rig. Table below shows the uncertainty that could result in
different test car model selection

Std.
Err-or- Uncert. Prob. Dist. Div. Std. Uunc.
Description Unc.

(dB)

Test set-up model 22.5% Rect V3 15.9% 1.3

Combined Std. 15 9% 13
unc. 270 '

Expanded Std. - Y

Unc.

© 2014 Qualcomm Technologies, Inc. All rights reserved.



Overall Uncertainty

Error Description Std. Unc. (%) Std. Unc. (dB)
Simulation Uncertainty 41% 3.0
Measurement Uncertainty 16% 1.3
Test Set-Up Model Uncertainty 16% 1.3
Combined Overall Std.Unc. 47% 33
Expanded Overall Std. Unc. 94% 57

* The correlation between measurement and simulation in slide12 is within
3dB, which is within the total uncertainty (without test car set-up uncertainty).
This validates the simulation approach used

© 2014 Qualcomm Technologies, Inc. All rights reserved.
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Establishing a Radiated Emission Limit for WEVC

* Regulatory limits for WEVC should consider the following points:
The compliance limit should be defined as an H-Field (dBuA/m) limit at a specified distance

WEVC operate at low frequency (<150kHz) and measurements up to 100m will be in the near
field for which roll off factors and corrections using free-space impedance can not be applied

Note: In the near field it is magnetic leakage field distribution that is being measured
The overall uncertainty as discussed in this contribution must be considered when establishing
a radiated emission limit for WEVC
* For the entry level WEVC system presented in this study the emission amplitude
for assessing against a regulatory limit should be defined as follows:
Highest measured emission level (83.3dBuA/m @ 3m) + overall uncertainty(6dB)= 89.3dBuA/m

28
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Future Proofing Regulatory Limits

 The consideration for the regulatory limit should consider both the current WEVC
offerings and future development

« The final regulatory limit should be based on known interference thresholds for
services operating in the band and offer maximum allowance for WEVC
development up to higher powers (>20kW) and greater offsets in X, y and greater
Z gaps with semi dynamic and dynamic configurations

« To future proof regulatory limits to allow for further development of WEVC
technology, while preventing harmful interference, it is estimated that H-field
limits in the order of 120 dBuA/m or greater (85 kHz band) should be considered

29
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