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Electrified powertrains, specifically battery electric and plug-in electric (BEV/PHEV) vehicles, are proje
prevalent in productjon internationally due to environmental factors (such as GHG, CO: emissiohs),
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ncreasing the overall
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safer transportation, [especially in traffic settings and long-distance driving.

Standardized wirelegs power transfer (WPT, also called wireless charging) allows\the BEV/PHEV cus
seamless, and more|convenient alternative to plug-in (conductive) charging. Esséntially, the customer
in an SAE J2954-corpatible parking space in order to charge the vehicle. WPT offers the additional adv

omer an automated,
Simply needs to park
antage to automated

vehicles enabling autonomous parking with alignment assistance and automated charging (in all weather conditions, such

as rain or snow).

This standard is an ¢volution of SAE J2954, which is based onsactual bench testing and vehicle inte
around the world. SAE J2954 is meant to harmonize with standards developing organizations in order {
WPT standard to 11.1 kVA, useful for commercial applications. The SAE Task Force (TF) harmor
standard organizations (AAMI, ANSI, CISPR, GB, ISO, IEC; UL, VDA) towards these goals and speci
produced in ISO and IEC. The SAE J2954 TF has worked directly with government agencies to gain
U.S. FCC, U.S. FDA) and testing actual systems ‘both in government laboratories and private. The
documented the lesdons learned from the first stage’of testing with real OEM systems in accompanyin
reports (see Section 2). It is essential that data-based standards are used as a basis for comn
technology.
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1. SCOPE

The SAE J2954 standard establishes an industry-wide specification that defines acceptable criteria for interoperability,
electromagnetic compatibility, EMF, minimum performance, safety, and testing for wireless power transfer (WPT) of
light-duty plug-in electric vehicles. The specification defines various charging levels that are based on the levels defined for
SAE J1772 conductive AC charge levels 1, 2, and 3, with some variations. A standard for WPT based on these charge
levels enables selection of a charging rate based on vehicle requirements, thus allowing for better vehicle packaging and
ease of customer use. The specification supports home (private) charging and public wireless charging.

In the near term, vehicles that are able to be charged wirelessly under SAE J2954 should also be able to be charged
conductively by SAE J1772 plug-in chargers.

SAE J2954 addresses unidirectional charging, from grid to vehicle; bidirectional energy transfer may be evaluated for a

future standard. Thi{
dynamic application
are covered; flush m

SAE J2954 contains
evaluating electrom
Development of the
designs using a stz
determine acceptabl

1.1

WPT systems consi
Figure 1. The GA br
inverter, a filter, and
the GA caoil is coupl
optional impedance

Standard Is intended 10 be used In stationary applications (charging while veni
5 may be considered in the future. In this version, only above-ground (surface\n
punted installations have been discussed but are not yet ready for inclusion:

requirements for safety, performance, and interoperability. It also contains recom
hgnetic emissions, but the requirements and test procedures are controlled b

ndardized test station and procedures, resulting in defining. reference devices
e performance of products.

Wireless Powgr Transfer General System Description

5t of a Ground Assembly (GA) Subsystem and .a,Vehicle Assembly (VA) Subsy
pbadly consists of a mains-connected Power Factor Correction (PFC) converter, f]

bd to the VA coil. The VA consists of the, VA coil connected to an IMN and filte
converter that produces suitable voltages and currents to the connected battery.

In order to ensure sgfety, a certain set of requirements-are met by both the GA and the VA, includin

operation (voltage, ¢
unsafe operation is |

The GA and the VA s
and respond to mes;
with a compatible VA

The following steps
blocks in the diagran

Within the VA (2

urrent, and temperature) and-the ability to take corrective action in the event {
eing approached.

hare a communication\system that allows the GA to know the state of the VA and
bages from the VA (tis critical that power transfer is not initiated until the GA dete
is in place and properly aligned.

describe thé/high-level operation of the closed loop charging system with respe
h in Figure_?, after necessary safety and compatibility checks have been performe

b), the'power desired to charge the battery is determined.

Ele is not in motion);
ounted) installations

mended methods for
y regulatory bodies.

nteroperability requirements in this standard employed a perfortmance-based evaluation of candidate

which are used to

stem as depicted in
bllowed by a DC-AC

Impedance Matching Network (IMN) that is;¢onnected to the GA coil. The magnelic energy created by

r, a rectifier, and an

j monitoring for safe
hat a limit indicating

for the GA to receive
‘mines that a vehicle

Ct to the sub-system
d and passed.

coil (11).

be the case whe

n the batteries are adequately charged.

The request for power is communicated over the wireless communication channel (b) from the VA to the GA (15).

The GA recognizes the request, draws power from the grid, converts it to high frequency AC, and sends it to the GA

The high frequency AC couples (a) to the VA coil (21), is rectified and processed in the VA, and charges the batteries.

This process continues until the VA signals a different power level requirement, including no power required, as would
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Wireless power flow
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Figure 1 - SAE J2954 WPT flow diagram (harmonized with ISO 19363)
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2.1.2 ANSI Accredited Publications
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CISPR Publications
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Wireless Power Transfer Equipment
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IEC 60990

IEC 61000-3-2

IEC 61000-3-3

IEC 61000-3-7

IEC 61000-3-11

ions

IEC 61000-3-12

L Central
1, www.iec.ch.

Vehicles, Boats and Internal Combustion Engines - Radio Disturbance. Ch
and Methods of Measurement for the Protection of Off-Board Receivers

Vehicles, Boats and Internal Combustion Engines - Radio Disturbance CH
and Methods of Measurement for the Protection of On-Board‘Receivers

Office, 3, rue de Varembe, P.O. Box‘/131, CH-1211 GeneV

Safety of Machinery - Electrical Equipment of Machines - General Requir
Methods of Measurement of Touch<€urrent and Protective Conductor Cu

Electromagnetic Compatibility' {qEMC) - Part 3-2: Limits for Harmonic
(Equipment Input Current = 16 A per Phase)

Electromagnetic Compatibility (EMC) - Part 3-3: Limits - Limitation of Volta
Fluctuations and Flicker in Public Low-Voltage Supply Systems, for Eg
Current <16 A per Phase and not Subject to Conditional Connection

aracteristics - Limits

aracteristics - Limits

a 20, Switzerland,

ements
rrent
Current Emissions

je Changes, Voltage
uipment with Rated

Electromagnetic Compatibility (EMC) - Part 3-7: Limits - Assessment of Emission Limits for the

Connectien of Fluctuating Installations to MV, HV and EHV Power Systen

Electromagnetic Compatibility (EMC) - Part 3-11: Limits - Limitation @

NS

f Voltage Changes,

Voltage Fluctuations and Flicker in Public Low-Voltage Supply Systems - Equipment with

Rated Current <75 A and Subject to Conditional Connection

Electromagnetic Compatibility (EMC) - Part 3-12; Limits - Limits for

Harmonic Currents

IEC 61000-4-2

IEC 61000-4-3

IEC 61000-4-4

IEC 61000-4-5

IEC 61000-4-6

Produced by Equipment Connected to Public Low-Voltage Systems with
and <75 A per Phase

Input Current >16 A

Electromagnetic Immunity - Testing and Measurement - Electrostatic Discharge

Electromagnetic Immunity - Testing and Measurement - Radiated EM Immunity

Electromagnetic Compatibility (EMC) - Part 4-4: Testing and Measurement Techniques -

Electrical Fast Transient/Burst Immunity Test

Electromagnetic Compatibility (EMC) - Part 4-5: Testing and Measurement Techniques - Surge

Immunity Test

Electromagnetic Compatibility (EMC) - Part 4-6: Testing and Measurement Techniques -
Immunity to Conducted Disturbances, Induced by Radio-Frequency Fields


http://webstore.ansi.org/
https://www.iec.ch/dyn/www/f?p=103:30:27264173884763::::FSP_ORG_ID,FSP_LANG_ID:1412,25
http://www.iec.ch/
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IEC 61000-4-8 Electromagnetic Compatibility (EMC) - Part 4-8: Testing and Measurement Techniques - Power
Frequency Magnetic Field Immunity Test

IEC 61000-4-11 Electromagnetic Compatibility (EMC) - Part 4-11: Testing and Measurement Techniques -
Voltage Dips, Short Interruptions and Voltage Variations Immunity Tests

IEC 61000-4-34 Electromagnetic Compatibility (EMC) - Part 4-34: Testing and Measurement Techniques -
Voltage Dips, Short Interruptions and Voltage Variations Immunity Tests for Equipment with
Mains Current More Than 16 A per Phase

IEC 61000-6-2 Electromagnetic Compatibility (EMC) - Part 6-2: Generic Standards - Immunity for Industrial
Environments

IEC 61786-2 Measurement of DC Magnetic Fields, AC Magnetic and Electric Fields-fjiom 1 Hz to 100 kHz
with Regard to Exposure of Human Beings - Part 2: Basic Standard for'Measurements

IEC 61980 -1/-2/-3 Electric Vehicle Wireless Power (WPT) Systems - Part 1: Géneral Requirements, Part 2:
Specific Requirements for Communication between Electric Road| Vehicle (EV) and
Infrastructure, Part 3: Specific requirements for the Magnetic Field Wireless Power Transfer
Systems

IEC 62764-1 Measurement Procedures of Magnetic Field Levels Generated by Elegtronic and Electrical
Equipment in the Automotive Environment with Respect to Human Exposjure

2.1.5 Internationgl Commission on Non-lonizing Radiation Protection (ICNIRP) Publications

Copies of these doctiments are available at https://www.icnirp.org/-

ICNIRP 1998 Guidelines for Limiting Exposure, to Time-Varying Electric, Magnetic gnd ElectroMagnetic
Fields (up to 300 GHz)

ICNIRP 2010 ICNIRP Guidelines for Limiting Exposure to Time-Varying Electric and Magnetic Fields (1 Hz
to 100 kHz)

ICNIRP 2020 ICNIRP Guidelines-for Limiting Exposure to Electromagnetic Fields (100 kHz to 300 GHz)

2.1.6 |EEE Publications

Available from IEEE Operations«Center, 445 and 501 Hoes Lane, Piscataway, NJ 08854-4141,| Tel: 732-981-0060,
www.ieee.org.

IEEE C95.1 IEEE Standard for Safety Levels with Respect to Human Exposure to Elgctric, Magnetic, and
Electromagnetic Fields, 0 Hz to 300 GHz

IEEE C95.3 Recommended Practice for Measurements and Computations of Electric, Magnetic and
Electromagnetic Fields with Respect to Human Exposure to Such Fields, 0 Hz to 100 kHz

2.1.7 ISO Publications

Copies of these documents are available online at http://webstore.ansi.org/.

ISO 4130 Road Vehicles - Three-Dimensional Reference System and Fiducial Marks - Definitions

ISO 23374 Intelligent Transport Systems - Automated Valet Parking Systems (AVPS) - System
Framework, Communication Interface, and Vehicle Operation

ISO 7637-2 Road Vehicles - Electrical Disturbances from Conduction and Coupling - Part 2: Electrical
Transient Conduction Along Supply Lines Only


https://www.icnirp.org/
http://www.ieee.org/
http://webstore.ansi.org/
https://saenorm.com/api/?name=d465d8c18cb9a1860d8b71b38a15a45a
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ISO 7637-3

ISO 10605

ISO 11452-2

ISO 11452-4

ISO 14117

Road Vehicles - Electrical Disturbances from Conduction and Coupling - Part 3: Electrical
Transient Transmission by Capacitive and Inductive Coupling via Lines other Than Supply

Lines

Road Vehicles - Test Methods for Electrical Disturbances from Electrostatic Discharge

Road Vehicles - Component Test Methods for Electrical Disturbance

s from Narrowband

Radiated Electromagnetic Energy - Part 2: Absorber-Lined Shielded Enclosure

Road Vehicles - Component Test Methods for Electrical Disturbance
Radiated Electromagnetic Energy - Part 4: Harness Excitation Methods

Active Implantable Medical Devices - Electromagnetic Compatibility - EM

s from Narrowband

C Test Protocols for

ISO 19363

1ISO 26262
2.1.8 National Firg
Available from NFPA

NFPA 70

Implantable  Cardiac Pacemakers, Implantable Cardioverter Defibrll
Resynchronization Devices

Electrically Propelled Vehicles - Magnetic Field Wireless Power Trg
Interoperability Requirements

Road Vehicles - Functional Safety
Protection Agency Publications
, 1 Batterymarch Park, Quincy, MA 02169-7471, Tel~617-770-3000, www.nfpa.o

National Electric Code (NEC)

NOTE: The applica
2.1.9 ITU Publica

ITU-R REPORT SM

2.1.10 NIST Public
Available from NIST

NIST Handbook 44

2.1.11 UL Publicati

IOHS

le edition of NFPA 70 may be called out by the local code and may not be the lat

2153 Technical and Operating Rarameters and Spectrum Use for Short-Range |
Devices

htions
100 Bureau Drive(Stop 1070, Gaithersburg, MD 20899-1070, Tel: 301-975-647§

Specifications, Tolerances, and Other Technical Requirements for Weig
Devices

DNS

htors, and Cardiac

nsfer - Safety and

[g.

bst revision.

Radiocommunication

, Www.nist.gov.

hing and Measuring

Available from UL, 3|
UL 2202
UL 2594

UL 2750

3-Pfingsten Road, Northbrook, IL. 60062-2096, Tel: 847-272-8800, www.ul.com

Standard for Electric Vehicle (EV) Charging System Equipment

Standard for Electric Vehicle Supply Equipment

Investigation for Wireless Charging Equipment for Electric Vehicles (under development)

2.1.12 Code of Federal Regulations (CFR) Publications

Available from the United States Government Printing Office, 732 North Capitol Street, NW, Washington, DC 20401,
Tel: 202-512-1800, www.gpo.gov.

CFR Title 47

CFR Title 49

Telecommunication

Transportation


http://www.nfpa.org/
http://www.nist.gov/
http://www.ul.com/
http://www.gpo.gov/
https://saenorm.com/api/?name=d465d8c18cb9a1860d8b71b38a15a45a
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2.1.13 United Nations Regulations

Available from the following website. http://www.unece.org/trans/main/wp29/wp29regs1-20.htm|

ECE REG 10

3. DEFINITIONS
3.1 ALIGNMENT

The relative position

Uniform Provisions Concerning the Approval of Vehicles with Regard
Compeatibility

of the VA coil and the GA caoil.

to Electromagnetic

NOTE: When aligng
3.2 AMBIENT TEN
The ground-level ten
3.3 CARDIAC IMH
A classification of im

3.4 CENTEREDH

The position of the
described in 6.4.3.

3.5 ELECTRIC VH
An automobile, as de
an on-vehicle energy
or public electric ser

3.6 ESSENTIAL A

An auxiliary load wh
communication, fore,

3.7 GROUND AS]

d, the VA coll is within the defined allowed offsets for the WPT system, as descril

IPERATURE

LANTABLE ELECTRONIC DEVICE (CIED)
planted medical devices comprising pacemakers and otherdmplanted cardiac dey
OSITION

A coil relative to the GA coil when the VA is placed in the middle of the defined
HICLE

storage device, such as a battery, which is rechargeable from an off-vehicle sourc
ice, or an on-vehicle fuel-powered generator.

UXILIARY LOAD

ich is essential to'the proper functioning of the WPT system, such as low volf
gnh object detection, or live object protection systems.

SEMBLY (GA)

An assembly on the
as the wiring from t
source of wireless

infrastructure side consisting of the GA coil, a power/frequency conversion unit a
e-grid and between each unit, filtering circuits, housing(s) etc., necessary to fu

ed in 8.2.2.

nperature of the air measured at the subsystem under consideration and’not in difect sun light.

ices.

X and Y offsets, as

fined in 49 CFR 523.3, intended for.highway use, powered by an electric motor that draws current from

B, such as residential

hge power supplies,

hd controller, as well
nction as the power

for communication

between the GA and the VA and any auxiliary systems contained on the infrastructure side of the WPT system.

3.8 GACOIL

The portion of the GA comprising the litz wire and ferrite material.

3.9 GACOIL PACKAGE

The ground-based device that is located below the vehicle to allow wireless power transfer. It contains the GA coil and any
other components, including housings, fasteners, electronic assemblies, and auxiliary systems, as specified by the

manufacturer.

3.10 GA ELECTRONICS

The portion of the GA that is NOT the GA coil. This may include items that are packaged in the GA coil package.


http://www.unece.org/trans/main/wp29/wp29regs1-20.html
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3.11 GEOMETRIC

CENTER (of the GA coil or VA coil)

The spatial X, Y center of the GA or VA caoil.

NOTE: The GA caoill

3.12 GUIDANCE

is defined in 3.8, and the VA coil is defined in 3.25.

The method that provides assistance to the vehicle or driver to navigate into the parking bay/slot. See Section 12.

3.13 IMPEDANCE MATCHING NETWORK (IMN) or COMPENSATION NETWORK

An electrical network that transforms an input impedance to an output impedance.

3.14 INDUCTIVE G

The coupled system
galvanic isolation.
3.15 INDUCTIVE G

The coupled system
galvanic isolation.

3.16 LIGHT DUTY

A three- or four-whegled vehicle propelled by an electric motor drawing current from a rechargeable stq

energy devices for u
(GVW).

3.17 MAGNETICR

Inductive wireless p¢
compensation netwg

3.18 NATURAL OF

The offset required

different (e.g., circular and DD) toachieve the centered position for power transfer (see 6.4.3 and 12.4

3.19 POWER ELE(

Power electronics is

OUPLER

OUPLING

LD) PLUG-IN ELECTRIC VEHICLE

5e primarily on public streets, roads, and highways, and rated at less than 4545 kg

FSONANCE

wer transfer (WPT) that occurs,when operating one or more high quality factor cg
rk) at or near resonance.

FSET

between the GA'coil and VA coil geometric center points when the VA and G/

L TRONIGS/PE)

the\Use of electronic devices to control and convert electric power. PE acts as 4

the electrical source

formed by the coil in the GA coil and the coil in the VA coil that allows.power tp be transferred with

formed by the coil in the GA coil and the coil in the VA cailthat allows power t¢ be transferred with

rage battery or other
gross vehicle weight

ils with their IMN (or

\ coil topologies are

2).

n interface between

and the electrical load

3.20 PLUG-IN ELECTRIC VEHICLE (PEV)

An electric vehicle that recharges the on-vehicle primary battery by connecting to the power grid, such as an SAE J1772

connection.

3.21 PRODUCT GA

An SAE J2954 GA for commercialization which has been verified to meet both operational and safety requirements in this

standard.

3.21.1

INTEROPERABILITY CLASS | GA

A Product GA which has been verified to meet the interoperability, performance and safety requirements for an
Interoperability Class | GA as described in section 5.4.1.
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3.21.2 INTEROPERABILITY CLASS Il GA

A Product GA for deployment in a home garage or locations for a captive fleet and not intended to be generally available to
the public. It has been verified to meet the interoperability, performance, and safety requirements for an Interoperability
Class Il GA, as described in 5.4.2.

NOTE: For proprietary WPT systems not compliant to SAE J2954, refer to safety considerations in this standard, UL 2750,
and IEC 61980.

3.22 PRODUCT VA

A Product VA is a VA that has been developed for series commercialization that has been verified with SAE J2954 to meet
the performance and safety requirements in this standard.

3.23 TEST STATIQN (VA/GA) COMMUNICATION MODULE

A device which medts the communication requirements of Section 12 and which adds comimunicatipn capability to Test
Station devices to enable validation testing.

NOTE: There is onqg version used with the Test Station GAs and another version uséd,with the Test Station VAs.
3.24 TEST STATIQN GA
The GA used to verify the performance of candidate Product VAs. The Test. Station GA is listed in Apgendix B.
3.25 TEST STATIQN VA

The test station VA|is used to verify the performance of candidate Product GAs. The Test Statign VAs are listed in
Appendix A.

3.26 VEHICLE ASSEMBLY (VA) COIL
The portion of the VA comprising the litz wire and ferrite material.
3.27 VA COIL GRQUND CLEARANCE

The VA coil ground|clearance is the vertical distance between the ground surface and the lower syrface of the VA coil
package. See Figurg 2.

3.28 VA COIL PACKAGE

The physical device| located*on the vehicle which allows wireless power transfer. It contains the VA coil and any other
components, incIudiTg housings, fasteners, electronic assemblies, and auxiliary systems as specified py the manufacturer.

3.29 VEHICLE ASSEMBLY (VA)

The equipment on the vehicle consisting of the VA coil, power electronics, control, and communication necessary to safely
transfer power to the vehicle.

3.30 VEHICLE GROUND CLEARANCE
The vertical distance between the ground surface and the lowest part of the vehicle underbody.
3.31 WATCHDOG TIMER

A special purpose timer that will reset the system if it has not been periodically serviced by normal activity.
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3.32 WIRELESS CHARGING SYSTEM (WCS)

The system for wireless power transfer and control between the GA and VA including alignment and communications. In
the forward direction, this system transfers energy from the electric supply network to the electric vehicle electromagnetically
(see Figure 1).

3.33 WIRELESS POWER TRANSFER (WPT)
The transfer of electrical power from the AC supply network to the electric vehicle by contactless means. WPT is a charging
system that transfers power across an airgap from a GA to a VA and then rectifies that power into DC voltage to charge the

batteries.

4. ABBREVIATIONS

ALSE Absorber-Lined Shielded Enclosure

CAN Controller Area Network

CFR United States Code of Federal Regulations
EMC Electromagnetic Compatibility

EMF Electromagnetic Field

EMI Electromagnetic Interference

ESD Electrostatic Discharge

EVCC Electric Vehicle Communication.Controller
EVSE Electric Vehicle Supply Equipment

FOD Foreign Object Detection

FCC Federal Communications Commission (U.S.)
IEC International Electrotechnical Commission
IMN Impedance Matching Network

LIN Loeal Interconnect Network

LOP Live Object (Human) Protection

OBC On-Board Charger

PE Power Electronics

SECC Supply Equipment Communication Controller
SOC State of Charge (in percent)

UL Underwriters Laboratories

V2| Vehicle-to-Infrastructure

Va2V Vehicle-to-Vehicle

WPT Wireless Power Transfer
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5. WPT CLASSIFICATIONS

5.1  WPT Power Classes

WPT power classes are defined by the maximum input volt-amps drawn from the grid connection. Power class WPT1 and
WPT2 have been defined to align with SAE J1772 for AC levels 1 and 2 charging, respectively. SAE J2954 set WPT3 as
11.1 kVA to align with European three-phase outlet rating.

Additional WPT power classes, with maximum input volt-amps of 22 kVA (WPT4) and 60 kVA (WPT5) are under
consideration for the next version of this standard.

Table 1 - SAE J2954 WPT power classifications

WPT1 WPT2 WPT3
Range of Input Volt-Amps | 01to 3.7 kVA 0to 7.7 kVA 0to 11.1 KVA

5.2 WPT Z-Classgs
The vertical distance over which the power must be transferred is an important parametéerfor'the WPT gystem specification.
Three Z-classes are|defined to classify the range of ground clearances over which-systems operate pnd are specified as
VA coil ground clearfince.

The VA coil ground|clearance is the vertical distance between the ground. surface and the lower syrface of the VA coil

package (Figure 2).
g

VA Coil grdund clearance

Lassssssessee |
s _

Figure 2 - VA coil ground clearance

The VA coil ground ¢learance range.for each SAE J2954 Z-class is specified in Table 2.

Table 2 - Specification of the SAE J2954 VA Z-classes

VA Coil Ground
Z-Class Clearance Range (mm)
Z1 100 to 150
Z2 140 to 210
Z3 170 to 250

5.2.1 Z-Class Related to Test Station VAs

The SAE J2954 Test Station VAs are characterized by Z-Class, since they are used to validate the performance of Product
GAs over a range of VA coil ground clearances.

5.2.2 Z-Class Related to Product VAs

A Product VA does not need to be classified by Z-Class, but rather by the range of VA coil ground clearances over which it
operates. The ground clearance for a Product VA is dependent on the vehicle, and it will vary depending on factors such as
tire pressure, vehicle loading and mounting location. When testing a Product VA, whether as a component test or a vehicle
test, it is tested with a Test Station GA which covers the range required by the Product VA.
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5.2.3 Z-Class Related to Test Station and Product GAs

The operating range for a SAE J2954 Test Station GA is specified in terms of the minimum and maximum VA coil ground
clearance over which it operates.

The operating range for a Product GA is specified in terms of the minimum and maximum VA coil ground clearance over
which it has been tested to operate.

See Table 3 for the specification of the SAE J2954 Z-class for a GA.

Table 3 - Specification of the SAE J2954 GA Z-classes

Range of VA
GA Z-Class Ground Clearances (mm)
Z1 100 to 150
Z2 100 to 210
Z3 100 to 250

5.3 Ground Assembly Installation Categories
Ground Assembilies fould be installed differently relative to the ground surface:

¢ Above ground mpunting of the Ground Assembly (e.g., private garage or-Covered parking structure)]. The GA is mounted
on top of a ground surface.

e Flush mounting f the Ground Assembly (e.g., public parking lot).‘Fhe outer casing of the GA is flysh mounted with the
ground surface.

¢ Buried mounting of the Ground Assembly. The outer casing of the GA is buried at a distance undef the ground surface.

Above ground mounting FluSh ground mounting Buried mounting

Figure 3 - GA mounting schemes

NOTE: SAE J2954 ¢urrently only specifies above ground mounting. Proposed specifications for flush ground mounted and
buried mountédiassemblies will be considered in a future version of this standard.

5.4 SAE J2954 Interoperability Classifications
Product GAs are classified by their intended application interoperability.
5.4.1 Interoperability Class | GA

Interoperability Class | is the classification of a GA that is intended for public usage. An Interoperability Class | GA will work
over the full VA coil ground clearance range and input power range.

Full performance is expected by a VA system when charging over an Interoperability Class | GA. The performance
requirements and the test configurations for an Interoperability Class | GA are covered in Section 8.
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5.4.2 Interoperability Class Il GA

Interoperability Class Il is the classification of a GA which is intended to be primarily for a specific application, such as a
fleet operation or a home system for a specific vehicle or vehicle family. An Interoperability Class Il GA may operate over
less than the full VA coil ground clearance range and input power range.

Full performance is expected from a specific set of VAs for which this GA was optimized to work with while limited
performance is expected from other J2954-compliant Product VAs that are within the VA coil ground clearance range of the
Interoperability Class Il GA. There is an expectation of prevention of operation with a VA outside of these ranges. The
performance requirements and the test configurations for an Interoperability Class Il GA are covered in Section 8.

NOTE: For proprietary WPT systems not compliant to SAE J2954, reference safety considerations in this standard, IEC
61980, and UL 2750.

6. WIRELESS CHARGING SYSTEM FUNCTIONS AND OPERATION
A wireless charging system consists of several functional elements:
e A power transfer function
e A communicatiop function
o Safety related functions are required to:
o Protect agaipst damage from heating of metal foreign objects
o Protect humpns from exposure to electromagnetic fields
6.1 Power Transfgr Functional Description
The WCS consists ¢f a grid interface, high frequency power inverter, filter, compensation network, power transfer coils,
compensation netwark, filter, rectifier, optional regulator, and communications between the vehicle energy charging/storage

system and the grid|connected power inverter. The grid interface is similar to an existing EVSE connection for single or
three-phase AC power. Figure 4 illustrates the major functional components of an example wireless charging system.

l (1) l (2) l (3)
I I I HV Batter i
| Wirel ch | _>|— | L VDi:hII():l:e LV Battery
ireless arger — — . -
Grid & Compensation Compensation Rectifier / Power Converter
. Power Converter & Network I Network Conversion + Energy I
Connection dontrol == 1 Management Strategy
I I + CAN Messaging I Vehicle Messaging
I I CAN Interface to I
| 1 | IEEE 802.11n | Battery
T\ ) Management
| Rqgulation | Regulation | system (BMS)
Control & Control &
I Communication I SAE 12847/6 Communication I
I I SAE J2931/1 I
SAE J2836/6
| | IEEE 802.11n |
Part1609.2 HMI/GUI System
I I Status Alignment I
Smart Grid | | | Vehicle Power and
Interoperability J2954 Standard GA VA J2954 Standard communication / interface

Figure 4 - Typical functional elements of a wireless charging system
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6.1.1  Physical Partitions of the Power Transfer Function

Wireless charging technology for electric vehicles consists of three major partitions: (1) the grid-connected converter with
its attendant GA coil for power coupling, with a communication link to the vehicle system (the GA); (2) the vehicle-mounted
VA coil with rectification, filtering components, and charging control power electronics necessary for
regulation/safety/shutdown when required, with a communications link to the infrastructure side (the VA); (3) the secondary
energy storage system, battery management system components, and associated modules necessary for in-vehicle
communications (CAN, LIN) required for battery SOC, charge rate, and other necessary information (the vehicle energy
storage system). See Figure 4.

6.1.2 Main Functional Elements of the Power Transfer Function

Proceeding from left to right in Figure 4, the grid connected converter should be situated at a parking space. The function

of this converter is t
magnetic coupling u
The converter is mat
space.

The vehicle system
adhering to the requ
the system under a f
6.2 Communicatig

The communication

transmitted power and to communicate enable and inhibit signals depéending on vehicle energy storag

In addition to the co|
between the GA and
other purposes prior|

6.3 Safety Functig

Prior to and during p
during power transfe

During power transfi
exposure is covered
under the vehicle wh

Vehicle components

h process grid supplied and metered electricity Into a nominal 85 KHZ frequency
nder resonance. This converter includes active front-end power electronics toicon
ched to one (or more) GA coils located on or embedded in the residential garage f

functional elements consist of a VA coil operating under magnetic>resonance
rements of this standard, power conversion electronics to process\the received er
ault condition, and the interface to the vehicle energy storage'system.

n Function

system transfers information between the VA and the GA for the purpose of rg
mmunication that is mentioned above in support of safe power transfer, bidirect
VA is utilized for guidance, alignment, positioning, position verification, compati

to the start of power transfer. See Section 12 for additional details.

ns

r. See 16.2.1 for description’and requirements regarding detection of foreign obje
r, it is important t@ prevent humans from exposure to harmful electromagnetic

in Section 10 forlaccessible regions, exposure in the case of unusual circumstand
ile charging, need to be protected against. See 16.2.2 for live object protection (L]

in a WRT_system shall be designed according to functional safety in ISO 2626

hazards caused by

system designs shoyild aveid a single point failure wherever possible.

W

alfunctiening behavior of safety-related electrical systems, including interaction of

current suitable for
frol the power factor.
oor or public parking

vith the GA coil and
ergy or to shut down

gulating the level of
b system status.

onal communication
bility verification and

ower transfer, it is important\te detect any objects which might be heated to a dapjgerous temperature

cts.

ields. While general
es, such as crawling
OP) requirements.

P related to possible
these systems. WPT

6.4 Description of

6.4.1 General

Wireless Charging Operation

During parking in a parking space that is equipped with an SAE J2954-compliant GA, the driver begins the guidance and
alignment process. The GA and the VA exchange information to ascertain compatibility. If compatible, positioning
information is exchanged. When the vehicle is within the charging tolerance area and stopped, information is exchanged to
confirm that it is allowable to start charging.

Unless the vehicle has confirmed that it is compatible with the GA and that it is within the allowable position tolerance area,
the VA shall not request power transfer, and the GA shall not initiate power transfer.
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Following confirmation that the VA coil is properly aligned with the GA coil, the VA shall exchange information with the GA
to activate and initiate power transfer according to the requests from the vehicle energy storage system. This information is
relayed to the GA to set the power level for proper charging. Control over the charging process can be performed through
the vehicle’s dedicated charger or directly from the VA using messages provided over the wireless communication path
between the GA and VA.

The GA and the VA shall ensure their own safe operation with regards to parameters such as temperature, current and
voltage. Should an unsafe condition develop, the system shall take corrective action, including—if necessary—causing
system shutdown and the safe cessation of power transfer.

6.4.2 Power Transfer Frequency

Since the power transfer systems in this standard are based on principles of magnetic resonance, a common power transfer

frequency between

The SAE J2954 frequency range of 79 to 90 kHz shall be used for wireless power transfer. Frequenc

GA.

The nominal power
is necessary to use
charge session and
GA input power ratin

range) for the durati¢n of the charge session.

6.4.3 Centered Pqg

In order to be able tg
GA coil is described

The centered positio
relative to the GA co

In the case where th
where the geometric

In the case where th
of a “natural offset,”

See 12.4.2 for additi

7. PHYSICAL DIM

e GA and the VA shall exist.

ransfer frequency of the SAE J2954 frequency range is 85 kHz. In_order to optim
a different power transfer frequency, determination of that frequency shall be d
Shall be accomplished at no more than 25% of the full power-afithe charging sys
j and the VA output power rating). The power transfer frequeney’shall remain cons
sition and Natural Offset

compare performance and determine interopgrability, a centered position of the
h in the XY-plane of a VA with respect .o any GA is specified by determining the p

| when the VA is placed in the middle‘of the defined X and Y alignment tolerance

e VA coil topology is the same‘as the GA coil topology, the centered position is
centers of the GA and the-\V/A-are aligned.

b VA coil topology is NOT the same as the GA coil topology, the centered position
relative to the position that aligns the geometric centers of the VA and the GA.

bnal informatienabout the natural offset.

ENSIONS\AND PARAMETERS

7.1 GA Caoail DimeTsions

/ is controlled by the

ze performance, if it
pne at the start of a
em (the lower of the
tant (within a 50 Hz

A coil relative to the

osition of the VA coil

offsets.

typically the position

may require the use

The length of the GA coil is specified along the direction of travel of the vehicle; i.e., the X direction. The width of the GA
coil is specified in the transverse direction of the vehicle, the Y direction.

The actual size of the assembly is determined by system requirements for interoperability and safety. Assembly sizes of the
SAE J2954 Test Station devices for interoperability evaluations are specified in their respective appendices.
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7.2

GA Coil Mounted Height

The GA coil mounted height is the distance from the ground surface to the top surface of the GA coil package outer case

(see Figure 5).

The maximum recor
may be subject to lo

7.3 GA Coil Locat
The recommended |
7.4 VA Coil Size

The size of a Produg
Sizes of the Test St3
7.5 VA Coil Groun

The installed Produ

Lasssesse ]
- ///////////%

_
Figure 5 - Definition of GA coil mounted height

GA Coil mounted height

.

hmended allowable protrusion above the ground surface is 70 mm. This maxim
Cal installation rules and may be more or less than the value recommended,here.

on

pcation of the GA coil within a parking space is given in Section-14and Appendix

t VA coil is dependent on OEM considerations.
tion VA coils used for interoperability testing are specified in Appendix A.
d Clearance

t VA coil ground clearance is dependent on the specific vehicle and conditions

condition and tire prg¢ssure.

7.6 VA Coil Mount
The mounting locatiq
The geometric cente

The geometric cente
vehicle for forward p

8. PERFORMANC

ing Location
n of the VA coil on the vehicle is determined by the OEM.
r of the VA coil isrecommended to be installed on the centerline of the vehicle in

r of the VA cailiin the driving direction (X) is determined by the OEM and could beg
brking locations or near the rear for reverse parking locations.

E, INTEROPERABILITY, AND SAFETY REQUIREMENTS

8.1 General

Im protrusion height

D.

such as the loading

the Y direction.

near the front of the

The requirements, test configurations, and tests described in this standard ensure that the systems meet the interoperability
and performance requirements and are safe to operate under normal conditions.

EMC requirements and recommended procedures are covered in Section 9, EMF and touch current requirements are
covered in Section 10. Electrical safety requirements and tests are specified in UL 2750 (under development) (see

Section 11). Commu

nication and alignment requirements are referenced in Section 12.

The tests to verify conformance with the listed power transfer performance requirements are in Section 16; they ensure the
correct degree of interoperability. Unless otherwise specified, they are intended to be test station tests, with one side being
Test Station devices/communication module and the other side being product device candidates. Some tests are intended

to be vehicle level te

sts and are so noted.
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All systems, at the system level, require:

e Compatible com

munication method/sequence/messages.

The necessary output power to be delivered within the expected operating conditions of the system (e.g., with a GA/VA

pair at its centered position and at the specified offsets) while operating within thermal limits over the power transfer
duration, and responding safely to any incidents (e.g., FOD/LOP detection).

[ )
An Interoperability C

Shall (for the fir
normative GA in

Shall have equiy
Shall follow the
Shall operate wi

Shall be certified

(or equivalent) r¢quirements.

Shall have an a
(e.g., NIST Hanc

An Interoperability C

Shall meet all p|
normative SAE |

Shall follow the d

protocols when @perating with all SAE J2954-compliant VAs, including the Test Station VAs.

Shall be certified

NOTE: A GA can us

with, in addifion to’the requirements listed above.

8.2 Power Transfe
Testing procedure is
8.2.1

8.2.2 Product VA

Compliance with EMC requirements.

Compliance with EMF protection requirements.

lass | GA:

5t version of this Standard) use a circular coil topology, and it is recommends
Appendix B.

alent functionality as the GA in Appendix B and meet all safety and EMC limits in
ommunications and the control protocols detailed in Sections 127and 13.
h the SAE J2954 Test Station VAs.

by a national recognized testing lab to meet SAE 32954 requirements and shal
pplicable “weights and measure” certification‘and test according to local and/or
book 44, PTB, etc.) or equivalent for deployment in a commercial environment.
ass Il GA:

brformance, safety and EMC réquirements with all Product VAs it is intended t
2954 Test Station VAs withinthe specified GA ground clearance range.

ommunication, controlj:and alignment requirements detailed in Sections 12 and 1

by a national.recognized testing lab as meeting UL2750 (or equivalent) requirem

e proprietary alignment, communications and controls with a specific Product VA

d that it follows the

SAE J2954.

also meet UL 2750

national regulations

p work with and the

B and shall use these

ents.

t is intended to work

r'Performance Requirements

given in Section 15.

Test Configurations

A Product VA is tested with the SAE J2954 Normative Test Station GA described in Appendix B using the Test Station GA

communication mod

8.2.2.1 Interopera

ule.

bility Class | Product GA

An Interoperability Class | GA is tested with each of the Normative Test Station VAs described in Appendix A along with
Test Station VA communication module. As a result, the performance of the Interoperability Class | GA will be verified over
all three Z classes, at a full range of power levels, output voltages, and alignment tolerances.


https://saenorm.com/api/?name=d465d8c18cb9a1860d8b71b38a15a45a

SAE INTERNATIONAL J2954™ OCT2020 Page 23 of 194

8.2.2.2 Interoperability Class Il Product GA

An Interoperability Class Il GA is tested with the specific VAs it is intended to work with and with Normative Test Station
VAs described in Appendix A.

The Interoperability Class Il GA is tested with only the Normative Test Station VAs which are specified to operate at the
same VA coil ground clearance as the GA. Communication (Section 12) provides information to the GA about the VA coil
ground clearance. The GA shall not begin power transfer (for Interoperability Class Il) if the VA is outside the GA’s specified
and tested VA coil ground clearance range.

8.2.3 Alignment Tolerance
The SAE J2954 WPT system (for any interoperability class) shall operate safely over a range in X, Y, and Z to allow for

parking misalignmerft and variafions in vehicle height. The worst-case misalignment in the XY plane]occurs when both X
and Y are at a maximum distance from the centered position.

8.2.3.1  SAE J2954 Alignment Tolerance for Product VAs

Table 4 - X, Y, Z operating range requirements for Product VAs

Offset Direction Value (mm)
AX 175
AY +100
Z range Specifiedhymanufacturer

8.2.3.2 SAE J2954 Alignment Tolerance for Product GAs

Table 5 - Ground clearance operating range requirements for Product GAs

Value\(mm) Value (mm)
Offset Direction Interop, Class | GA Interop Class Il GA
AX 75 175
AY 100 100
Z range All Z-Classes Manufacturer specification

8.2.4 Roll Pitch and Yaw
Product VAs are required to operate over a range of roll, pitch, and yaw.

Table 6 - SAE d2954 roll, pitch, and yaw operating range requirements for Produdt VAs

Type VA Offset
Roll 2 degrees
Pitch 2degrees
Yaw 3 degrees

8.2.5 Output Voltage and Power
8.2.5.1  Output Voltage and Power from Product VA
The manufacturer shall specify the range of voltages and power that the VA provides.

NOTE: Some vehicle architectures have voltages up to 900 V.
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8.2.5.2  Output Voltage and Power with a Product GA
8.2.5.2.1  Output Voltage and Power for an Interoperability Class | Product GA

The output voltage from the normative SAE J2954 Test Station VA shall cover the range of 280 to 420 V at full output power
over the full ground clearance range and alignment tolerance area.

8.2.5.2.2 Output Voltage and Power for an Interoperability Class Il Product GA
For the manufacturer-specified VAs, the output voltage range and power output level shall be specified by the manufacturer

over the full ground clearance range at the centered position. The power level delivered over the alignment tolerance area
shall be at least 50% of the power delivered at the centered position.

The output voltage fiom these specified VAs shall cover the voltage range specified by the manufacturér at the power levels
specified by the marjufacturer.

For the normative reference VAs:

o Ifthe VA WPT class is less than the maximum power rating of the GA, the output yoltage shall cgver the range of 280
to 420 V at full output power from the VA.

o If the VA WPT dass is greater than the maximum power rating of the GA, the output voltage shdll cover the range of
280 to 420 V at the rated input kVA to the GA.

o If the VA WPT dlass covers the maximum power rating of the GAthe output voltage shall covef the range of 280 to
420 V at the lowgr of the rated input kVA to the GA or full outputipower from the VA.

e For any of the apove cases, the power level delivered over.the alignment tolerance area shall bg at least 50% of the
power delivered [at the centered position.

8.2.6 Input Power

An Interoperability Class | Product GA shall cover the'input kVA range up to 11.1 kVA, the entire range pf input kVA covered
by this standard.

An Interoperability Cflass Il Product GA may.be specified to any input kVA maximum limit up to 11.1 kVA; it does not need
to accept the full inppt kVA of any WPT ‘Power Class

See Table 7 for the nequired ranges:

Table 7 - Range of input kVA by class of Product GA

lateroperability GA Minimum Input kVA Maximum Input kVA
Class Rating Rating
Class | 1 kVA 11.1 kVA
Class I 1 kVA Specified by manufacturer

The manufacturer of a Product GA shall specify the input voltage range over which the GA is specified to meet the
performance requirements.

8.2.7 Power Factor
Power factor is an important parameter to ensure that the system operates safely and efficiently. Although power factor is

not a criterion for compliance with this standard, it should be greater than 99% during normal charging operations and
always greater than 95%. Power factor requirements may be subject to local regulation.
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8.2.8 Frequency
See 6.4.2.
8.2.9

System efficiency is

8.2.9.1

System Efficiency

measured from the AC grid connection to the HV battery connection (Figure 4).

Product VA System Efficiency

For each Product VA being tested, the system efficiency at full output power shall be 285% when operating at full output
power with the VA at the middle of the relevant Z range at center position, and when the GA input voltage and VA output
voltage are at the mid-point (nominal) of the range. The system efficiency shall be =280% over the full range of variations

specified in 8.2.2 to
of the VA, when incr|
8.2.9.2 SAE J295
For each Interopera

efficiency shall mee
purpose, full power i

8.2.9.3 SAE J295
For the manufacture
the middle of the re
mid-point (nominal)

For operation with th
the input kVA rating
range of variations i
GA, power transfer g

.2.4. For this purpose, tull power Is the lower ot the rated input kVA to the GA or-th
pasing the power levels.

4 Interoperability Class | GA System Efficiency
bility Class | Product GA, under all the variations in the requirements’ in 8.2.2
or exceed the system efficiency requirement listed in Table 8 While operating g

5 the lower of the rated maximum input kVA to the GA or the rated output power @

Table 8 - Class | minimum system efficiency.requirements

WPT Class At Centered In Alignment

of Test VA Position Tolerance Area
WPT1 80% 75%
WPT2 82% 77%
WPT3 85% 80%

4 Interoperability Class || GA System Efficiency

r-specified VAs, the system gfficiency shall be 285% when operating at full output
evant Z range at center position, and when the GA input voltage and VA outp
bf the range. The efficiency shall be 280% over the full range of variations specifie

e applicable normative VAs, the system efficiency shall be per Table 9 when ope
pf the GA and the-maximum output power of the VA, within the Z range specified
n the requiretments in 8.2.2 to 8.2.4. Outside of the Z range specified for this Int
hall not be-initiated.

Table 9 - Class Il minimum system efficiency requirements

e rated output power

fo 8.2.4, the system
t full power. For this
f the VA.

power with the VA in
It voltage are at the
din 8.2.2108.2.4.

rating at the lower of
in 8.2.2.2 and at the
eroperability Class |l

At Centered Position and

WPT Class Difference
of Test VA

Over Alignment
Tolerance Area

Same Power Class 80%
One Power Class Difference 7%
Two Power Class Difference 75%

SAE J2954 WPT shall be tested for efficiency according to 15.1.7 and shall not exceed the acceptable heat generation.

8.3 Ramp Rates and Control Loop Bandwidth

The GA and VA together form a closed-loop control system, with possible separate but interacting closed or open-loop
control systems on the GA and VA.

In all interoperable testing scenarios, the criteria in 13.2.3 shall be met.
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8.4

Interoperability Across Power Classes

Interoperability Class | GAs, which are required to meet the WPT3 input level, shall also be able to meet the requirements

for WPT2 and WPT1

GAs.

Interoperability Class Il GAs shall meet the requirements for input kVA range from minimum WPT1 level to the maximum
input power specified by the manufacturer.

8.5

Interoperability Regarding Z Class

Interoperability Class | GAs shall work with VAs of any Z class.

Interoperability Class Il GAs are designed to work at a specific VA ground clearance range. VAs outside of this range are

not compatible and ¢
8.6  Allowance for

The GA coil reactar]
components. The sy
stress on the GA ele

An alternative apprq
electronics is preser
The intention is to re

8.7 Safety Requir¢ments

8.7.1  Safe Operat|

If the exchange of in

If the vehicle is not dligned within the alignment tolerance specified in 8.2.2, the VA and GA shall be a

all EMF requirement|
but the VA is moved
power transfer shall
8.7.2 Heating of F
The magnetic fields

if the object causes
become so hot, ever

Section 16 specifies
additional requireme

s a result, power transter shall not be Initiated.

Reactance Variation (in the GA)

stem shall be able to operate with and/or compensate for this variation. Comp
ctronics, and reduce loss associated with higher inverter currents’and the presen
ach to determining the suitability of a GA that includes new Product GA coils

ted in Informative Appendix J. This approach has yet to.be fully evaluated, agre
move critical dependence during design phases on the. Jest Station GAs and Tes

on/Non-Operation

formation between the VA and GA dogs’not confirm compatibility, power transfer

5 are met; otherwise, power transfer shall not be initiated. If power transfer has alr
outside the alignment tolerance, then EMF requirements shall be guaranteed t

be immediately terminated:

preign Object

ised in wireless power transfer can cause heating of metallic objects. As a result,
ignition of flammable material; if the object is hot when it becomes accessible

while not-accessible, to cause damage to the GA coil package surface.

a test’for minimum requirements to prevent damage from these hazards. A manuf
nts based on the specifics of the coil design and detection system.

ce will vary due to changes in VA height or alignment, or variations in" the vallies of the electronic

bnsation can reduce
ce of harmonics.

and/or Product GA
ed to, and validated.
t Station VAs.

shall not be initiated.
ble to guarantee that
eady been initialized
D be met; otherwise,

a hazard could exist
or the object could

hcturer might specify

8.7.3 Exposure to

Electromagnetic Fields

High levels of time-varying electromagnetic fields may be a hazard to humans. ICNIRP has issued guidelines in 1998, 2010,
and 2020 specifying recommended exposure limits for given frequencies. These limits are based on a large safety margin
to ensure no adverse health effects due to heating or nerve stimulation.

Guidelines for exposure to electromagnetic fields have also been developed for users of implanted medical devices, such
as cardiac implantable electronic devices (CIED).
8.7.3.1  Cardiac Implantable Electronic Devices

For the safety of CIEDs, requirements and testing methods are specified in Section 10.
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8.7.3.2  Living Object Protection (LOP)

For living object protection (LOP) in accessible areas of the vehicle, the electromagnetic fields shall be less than the
applicable ICNIRP recommended limits, measured as specified in Section 10.

In order to transfer power at levels called for in this standard, the field strength under the vehicle is likely to be much higher
than the ICNIRP recommended limits. This area is generally considered to be inaccessible under normal circumstances.
However, if a person does attempt to reach under the vehicle while power is being transferred, the system shall detect such
an intrusion into the area where the fields are above ICNIRP levels and cause immediate system shutdown. See 16.2.2.

9. ELECTROMAGNETIC COMPATIBILITY/ELECTROMAGNETIC EMISSIONS

This section addresses electromagnetic compatibility (EMC); electromagnetic safety (EMF) is covered in Section 10. This
section applies to all[Product GAs and Product VAs.

This section is informative; it contains suggestions for process, but normative requirements are-basgd on the geographic
region of use. Systems should be tested for EMC compliance using a reference device in Appendices|A or B.

EMC testing is separated into two parts: component testing and vehicle testing. While<component] testing can provide
valuable data, vehicle-level EMC testing should be used to determine compliance with ‘applicable regpulatory requirements
of the complete system for specific standalone systems as supplied by the vehicle"OEM for private usg.

If the WPT system |s to be sold as aftermarket or for public use (as in thé/case of a charge statign with GA), then an
appropriate vehicle mimic shall be used and shall meet all regulations for.the'region of intended use.

9.1 Component EMC
Component-level tegts should be performed before integration into a vehicle system. The componenttlevel EMC testing is

for evaluation purpoges only. Table 10 is to be used as guide‘to determine which tests may need to pe completed on the
components.
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Table 10 - Component-level EMC - off-board components

Test Parameters Test Documentation Test Limits per Use Environment'
Interface Mode Description Standard Residential Occupational
IEC 61000-3-2 Class A limits as Class A limits as
AC Power Charging and Harmonics (<16 A) defined in standard defined in standard
Standby IEC 61000-3-12 (2nd to 40th (2nd to 40th
(<75 A) harmonics) harmonics)
Pst< 1.0, Pt< 0.6 Pst< 1.0, Pt< 0.6
IEC 61000-3-3 dc < 3.3%, dc < 3.3%,
AC Power Charging and Fluctuations and (<16 A) dmax <4 to 7% device | dmax <4 to 7% device
Standby Flicker IEC 61000-3-11 dependent dependent
= (<75 A) d(t) > 3.3% d(t) > 3.3%
w nnl.\’l <500 ms On|y <500 ms
AC Power Charging and Conducted FCC 18/15 150 kHz to 30 MHz 1 {[150 kHz to 30 MHz
Standby Emissions
Comm Lines || ©Narging and Conducted FCC 15 150 kHz to 30 MHz | |150 kHz to 30 MHz
Standby Emissions
WPT System || Charging and Radiated FCC 18 9 kHz to130 MHz 9 kHz to 30 MHz
Level Standby Emissions
WPT System || Charging and Radiated FCC 15 30 MH2 fo X GHz 30 MHz to X GHz
Level Standby Emissions
Charging and Conducted 150 kHz to 80 MHz: 150 kHz to 80 MHz:
AC Power Standby Immunity IEC 61000-4-6 30 Vrms 30 Vrms
80 MHz to 1 GHz: 80 MHz to 1 GHz:
(7)) 30 V/m 30 V/m
E WPT System Charging and Radiated IEC 61000-4-3 1 GHz to 4.2 GHz: 1 GHz to 4.2 GHz:
Level Standb Immunit 3Vim 3Vim
= y Yy
o 2 GHz to 2.7 GHz: 2 GHz to 2.7 GHz:
3 V/m 3 V/m
WPT System Charging and Magnetic Field m
Level Standby Immunity IEC 61000-4-8 30 A/m 100 A/m
WPT System Charging and 8 kV/4 kV 8 kV/4 kV
Level Standby =R IEC 61000-4-2 air/contact air/contact
Charging and 1 kV (5/50 ns, 2 kV (5/50 ns, 100
AC Power Standby EFT IEC 61000-4-4 100 kHz) KHz)
AC Power Charagin Surge IEC 61000-6-2 1 kV Line-to-Line 1 kV Line-to-Line
9ing 9 (IEC 61000-4-5) | 2kV Line-to-Ground | P kV Line-to-Ground
. . y IEC 61000-6-2 . .
Signal Line Chargin Surge 1 kV Line-to-Ground 1 kV Line-to-Ground
Q 9 9ing 9 (IEC 61000-4-5)
:-'_‘ 30% reduction for 30% reduction for
=z 25 cycles 25 cycles
w IEC 61000-4-11 60% reduction for 60% reduction for
g Charaina and \oltaaae Dine and (=18 A) 10 cvelas 10 Cycles
AC Power g N 7 4 A i
é Standby Interrupts IEC 61000-4-34 >95% reduction for >95% reduction for
- (>16 A) 1 cycle 1 cycle
100% reduction for 100% reduction for
250 cycles 250 cycles
Harmonic distortion Harmonic distortion
<10% of the total rms <10% of the total rms
Charging and Harmonic voltage between live voltage between live
AC Power Standby Distortion IEC 60204-1 conductors for the conductors for the
sum of the 2nd to the sum of the 2nd to the
5th harmonic 5th harmonic

1

Please refer to the referenced standard for complete test limits and conditions.

For all component-level testing, the default vehicle mimic pan is accomplished by the use of a metal plate (e.g., high strength
steel) with minimum dimensions of 1.5 x 1.5 m, with a thickness of 0.7 to 1 mm. These minimum dimensions of the plate

have been shown to reasonably simulate the smallest actual electric vehicle.
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9.1.1  Electromagnetic Immunity

The component-level wireless charging system should be tested to the requirements for electromagnetic field immunity,
refer to IEC61000-4-3; 80 to 2000 MHz, 30 V/m carrier test severity level. See Figure 6 for setup for testing the charge
station and Figures 7 and 8 for testing of charging to vehicle components.
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Dashed Lines represent cable routed under chamber floor
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Figure 6 - Rl ALSE test setup for component-level
wireless charging system for base station top view
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Dashed Lines represent cable routed under chamber floor
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Figure 7 - Rl ALSE test setup for component-level

wireless charging system for vehicle components top view
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| wireless charging system should be tested to the{requirements of RF CDN

0 kHz to 80 MHz IEC 61000-4-6, using a 30 Vrms.EMF test severity leve

9.1.2 Radiated E

The wireless charging system shall be tested to the requirements for radiated emissions; refer to FCC P|
at antenna distanceq of either 3 m or 10 m is allowed. It issrecommended to use an antenna distance of]
nces is allowed; reference ANSKkE63.30 for the proper scaling factors. The recon
/9.00 to 90.00 kHz is 82.8 dB@A/m (limits shall be reduced by 15 dB to 67.8 ¢
distance of 10 m from known-sensitive equipment in public spaces), as indicat
is shown in Figure 9, which/illustrates an SAE J2954 test station system on a tur

at other antenna dis
frequency range of

installations within a
recommended setup

The emission of the
maximum emission
emission may be de

Testing shall be don
enclosure (ALSE) m

issions

fundamental is tocbe-scanned at a maximum turntable angle step size of 22.5
s found using a(maximum step size of 22.5 degrees, more precise measurem

ermined by reducing the turntable angle increment.

e over a metal ground plane at an open area test site (OATS). Testing in an abs
hy be atilized if it can be shown to have correlation to OATS. If testing over an oulf

the limits should be

Limits and test methods Tor
efforts on-going to develop this assessment, showing that ALSE results correlate with results from OATS. These are only
recommended limits based on classifying the WPT function as FCC part 18 below 30 MHz. The test station system
measurement setup and limits are presently under development with CISPR 11, CISPR 25, and ANSI C63.30.

coupling/decoupling

art 18. Measurement
10 m. Measurement
hmended limit for the
BuA/m for EV WPT
bd in Figure 10. The
ntable.

degrees. Once the

ent of the maximum

orber-lined shielded
door test site (OTS),

djusied accordingly based on the correlation to the OATS.
ds for EV WPT are presently under review globally by various regulatory bodies. Presently, there are
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Figure 9A—Recommended test setup, top view, for radiated emissions testing
of SAE J2954 test station system with power electronics in the front position
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Notes for recommen

e Distance is mea

The GA and the
large area which
to be raised up n
have direct metg

Figures 9A to 9
placement of PE

Use of Artificial

VA and vehicle nimic assembly are shifted by [dX, dY] relative to the GA to achieve offset conditi

Isolation: < 15cm

gure 9C - Recommended test setup, side view, for radiated emissions testir

ded test setup of radiated emissions testing.of SAE J2954 test station system:

sured from antenna to 1.9 m fixed radius ring centered on the GA.

VA are raised above the ground plane using a spacer up to 15 cm. The GA caoll
can inadvertently be capacitively coupled with the ground plane. Given this, the G/
ear 15 cm. All spacersiheed to be non-magnetic and non-metallic materials. The v
llic contact with the,ground plane.

C show thedypical position of the PE relative to the WPT system. For testing of
is as specified by the manufacturer of the WPT system.

bf SAE J2954 test station system with power‘electronics in the front position

g

DNS.
package can have a

\ coil package needs
ehicle spacer cannot

the specific system,

Mains-Network (AN) and/or a Common Mode Absorption Device (CMAD)

mains feed to th

b (GA for radiated emissions testing only.

is recormended on the AC

known as the VA coil ground clearance.

Note that the z-height is to be measured from the surface of the VA facing down to the bottom side of the GA. This is

Unintentional Radiators: The emissions from electronic devices within the vehicle-level wireless charging system not related
to the power transfer function shall meet FCC Part 15, Subpart B, radiated limits for unintentional radiators. In countries
outside the USA, other radiated emission limits may apply. The emissions from electronic devices within the
component-level wireless charging system not related to the power transfer function should meet FCC Part 15, Subpart B,
radiated limits for unintentional radiators. In countries outside the USA, other radiated emission limits may apply.

Intentional Radiators: The emissions from RF communications devices within the vehicle-level wireless charging system
shall meet FCC Part 15, Subpart C, requirements for intentional radiators. The emissions from RF communications devices
within the component-level wireless charging system should meet FCC Part 15, Subpart C, requirements for intentional

radiators (e.g., Wi-Fi

, Bluetooth, LTE, etc.).
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9.1.3 Conducted Emissions

The conducted emissions for the WPT function (not wireless communication devices) within the system should meet FCC
Part 18 requirements on a vehicle level.

The emissions from electronic devices (not related to the power transfer function) within the component-level wireless
charging system should meet FCC Part 15, Subpart B, conducted limits for unintentional radiators.

Conducted emissions from intentional radiators (i.e., communication devices) shall meet the requirements of FCC Part 15,
Subpart C.

9.1.4 Electrostatic Discharge (ESD)

The component-level wireless charging system should be tested to the requirements for ESD; refer i10]IEC 61000-4-2.

9.1.5 Harmonic Distortion Immunity

The component-leve rtion immunity; refer

to IEC 60204-1.

| wireless charging system should be tested to the requirements for harmonic distg

9.1.6 Electrical Fast Transients

| wireless charging system should be tested to the requirements for electrical fas
2.

The component-leve t transient immunity;

refer to IEC 61000-6
9.1.7 Voltage Dipg, Short Interruptions, and Voltage Variations Immunity
The component-level wireless charging system should be tested to the voltage dips, short interrdiptions, and voltage
variations immunity; refer to IEC 61000-4-11.

9.1.8 Magnetic Figld Immunity

The component-leve

9.1.9 EMC Tests -
On-vehicle electroni
OEM-specific EMC 1|
tests are required fo
active). The intentior

| wireless charging system should be tested for magnetic field immunity; refer to |
On-Board Vehicle Electronic Components

modules intended\for sale to a vehicle Original Equipment Manufacturer (OEM)
equirements. If the.vehicle OEM is not known, at a minimum, the following automo
on-board electronics during normal operation of vehicle (but not necessarily whe
of this chapter is to ensure EMC of on-board electronics under normal vehicle oy

The following stand

hrds apply to the above-mentioned measurements: CISPR 25 Chapters 6.2 an

FC 61000-4-8.

hall be validated per
ive component EMC
n the WPT system is
eration.

1 6.4, ISO 11452-2,

ISO 11452-4, 1SO 7T37-2, ISO 7637-3, and ISO 10605.

9.2 Vehicle-Level EMC Tests

9.2.1 Radiated Emissions Due to Wireless Power Transfer

The fundamental frequency for WPT is the operating frequency within the tuning band (79.00 to 90 kHz). The compliance
of the product is dependent on testing the system installed on the intended vehicle and having radiated emissions below
regulatory limits set by the specific country of intended use. The vehicle measurement procedure is presently under
development with CISPR 11, CISPR 12, and ANSI C63.30.

The SAE J2954 recommended limits are shown in Figure 10. The recommended limit for the operating frequency range of
79.00 to 90.00 kHz is 82.8 dBuA/m (limits shall be reduced by 15 dB to 67.8 dBuA/m for EV WPT installations within a
distance of 10 m from known sensitive equipment in public spaces). The recommended setup is shown in Figure 11. The
figure illustrates the vehicle on turntable.
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The measurement method and test environment are according to the test described in 9.1.2. When the system is not in
WPT mode and vehicle is not present, systems not on vehicle shall meet all applicable regulations and systems on vehicle
shall meet the requirements set forth by the specific vehicle OEM. Please note that the ANSI C63.30 standard includes
procedures for compliance testing of several different types of WPT products with applicable electromagnetic compatibility
(EMC) and radio regulatory requirements. The test procedures in ANSI C63.30 focus on radiated field and conducted
measurements and refers to established standards. Consideration is also given to appropriate testing distances and test
locations (such as semi-anechoic chambers, OATs, ground plane, and earth sites). Related national and international
standards (e.g., CISPR, SAE, etc.) are used to the extent possible. Laboratory EMF and CIED management guidelines are
given in 10.9.

9.21.1 Unintentional Radiation

The emissions from electronic devices not related to the wireless power system shall meet FCC Title 47, Part 15, Subpart B,
radiated limits for un | i . antri atsi ; i iSSion fimi ay apply.

9.2.1.2 Intentiona| Radiation

The emissions from all RF communications devices that are classified as intentional radiators.according to FCC within WPT
systems shall meet FCC Part 15, Subpart C, requirements for intentional radiators (e.g., Wi-Fi, Bluetopth, LTE, etc.).

The emissions from the WPT system are classified as Industrial Scientific and Medical (ISM) and sha|l meet FCC Title 47,
Part 18 requirement$ with modifications for the fundamental frequency in the range of 79 to 90 kHz ag shown in Figure 10.

SAE J2954 WPT Radiated EMI Limit.Proposals
[Residential/Domestic; 9 kHz - 30 MHz; 10 m testrange; QP detection; H-Field]

80 ——(SAE J2954 Quasi-Peak Limit: ANSI C63.3( Scaling
—=——" Peak Receiver Noise with CISPR Loop

60

40

20

dBuA/m

-2 -1 0 1

10 10 10 10
Frequency (MHz)

Figure 10 - Recommended limits

The recommended limit for the frequency range of 79.00 to 90.00 kHz for WPT is 82.8 dBuA/m. The recommended limits
are for a 10 m antenna distance.

NOTE: Limits may be reduced based on regional regulatory requirements. For example, limits may be reduced by 15 dB
to 67.8 dBuA/m for EV WPT installations within a distance of 10m from known sensitive equipment in public spaces.

NOTE: Additional regulatory limits specific to applicable regions shall be met.
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WPT Measurement
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Figure 11A - Recommended setup, top view, for vehicle radiated emissions testing
with power electronics in the front position
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WPT Measurement

Boundary
\ . Turntable

-
-

Isolation: = 15cm

H.

Figure 11B - Recommended setup, top view, for vehicle radiated emissions testing
with power electronics in the side position
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WPT Meazurement
Boundary

AL Mainzs

Turntable |

Isolation: = 15cm

Figgre 11C - Recommended setup, side view, for\vehicle radiated emissions tedting

Notes for recommen

e Distance is mea

GA is shifted by
e Clearance betwsg
¢ In case of vehicl
e The GA and the
a large area wh

needs to be rais
cannot have dirs

with power electronics in-the front position

ded setup of vehicle radiated emissions;testing:

sured from antenna to 1.9 m fixed fadius ring centered on the VA.

[-dX, -dY] to achieve same relative offset conditions as in mimic testing.

ben vehicle and power electronics is recommended to be 50 cm.

vehicle aretaised above the ground plane using a spacer up to 15 cm. The GA cq
ch can inadvertently be capacitively coupled with the ground plane. Given this,
bd up,near 15 cm. All spacers need to be non-magnetic and non-metallic materials
ct metallic contact with the ground plane.

e testing on a turqtable, etc., the VA should be the center of the rotation due to wegight, etc.

il package can have
he GA coil package
. The vehicle spacer

o Figures 11A to 11C show the typical position of the PE relative to the WPT system. For testing of the specific system,

the PE is placed

as specified by the manufacturer.

e Use of an Artificial Mains Network (AN) and/or a Common Mode Absorption Device (CMAD) on the AC mains feed to
the GA is recommended for radiated emissions testing only.

¢ Note that the z-height is to be measured from the surface of the VA facing down to the bottom side of the GA. This is
known as the VA coil ground clearance.

9.2.2 Conducted Emissions, System Level

The conducted emissions for the WPT function (not wireless communication devices) within the system shall meet FCC
Part 18 requirements.
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The emissions from electronic devices not related to the wireless power system shall meet FCC Title 47, Part 15, Subpart B,
conducted limits for unintentional radiators.

Conducted emissions from intentional radiators (i.e., communication devices) shall meet the requirements of FCC Part 15,

Subpart C.

The system shall meet all applicable in-country requirements for each country in which it is planned to be used; e.g., in
certain countries, CISPR 11 requirements apply.

9.2.3

Radiated Immunity

Vehicle-level radiated immunity testing is to be conducted by the vehicle OEM according to their internal requirements and

test methods.

The system shall me
REG 10 EMC requir

9.24 Conducted |

Vehicle-level condug
and test methods.

The system shall me
REG 10 EMC requir

9.25 Electrostati
Vehicle-level ESD te

The system shall me
REG 10 EMC requir

et all applicable in-country requirements for each country in which it is planned ttL be used; e.g., ECE

bments may apply in EC.
mmunity

ted immunity testing is to be conducted by the vehicle OEM agcoerding to their i

hternal requirements

et all applicable in-country requirements for each countfy in which it is planned t¢ be used; e.g., ECE

bments may apply in EC.
t Discharge (ESD)

sting is to be conducted by the vehicle OEM‘according to their internal requiremer

ts and test methods.

et all applicable in-country requirements for each country in which it is planned t¢ be used; e.g., ECE

bments may apply in EC.

10. EMF EXPOSURE TO HUMANS AND CARDIACIMPLANTABLE ELECTRONIC DEVICES (CIED

10.1 General

Section 10 applies

guidelines. Limits fo
consideration, but Cl
CIEDs are therefore
are defined herein b

EMF and related me

o all Product GAs_and Product VAs. Human EMF exposure limits are based
implanted medicaldevices (IMD) other than cardiac implantable electronic devig
EDs are considered worst case in terms of combined criticality, prevalence, and sy
the basis for,CIED EMF limits in this standard. CIED WPT magnetic interoperabil
setting*CIED EMF reference levels in a manner analogous to ICNIRP limits.

asurements in this Section 10 should NOT be made over a metallic ground pla

stated.

upon ICNIRP 2010
es (CIED) are under
sceptibility potential.
ty assessment limits

ne, unless otherwise

Three physical regions are defined to facilitate EMF safety management of the wireless charging system:

Region 1 is the entire area underneath the vehicle, including and surrounding the wireless power assemblies. Region 1

shall not extend beyond lower body structure edges (e.g., rocker panels or lower edge of bumpers).

Region 2 is the region outside the periphery of the vehicle. The boundary between Regions 1 and 2 extends downward

from the lower periphery of the vehicle body sides. When the vehicle is not covering the GA, Region 2 includes the

entire area over

and around the GA.

Region 3 is the vehicle interior.
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The EMF management regions are illustrated in Figures 12 and 13. The following EMF safety management principles shall
be adhered to for each respective region:

Region 1: The manufacturer shall take reasonable measures to prevent exposure of human beings in Region 1 to EMF
levels exceeding the limits listed in Tables 11 or 12. Such exposures may be prevented in Region 1 by any of various
means, including any of the following:

a. Active or passive access control; i.e., preventing or barring a human being from entering that area when WPT is active.

b. Detection and shutdown before ingress into areas where such exposure could occur.

c. By meeting the human EMF exposure limits specified in Tables 11 or 12.

Regions 2 and 3: Magnetic fields shall meet the CIED EMF reference Tevels Tisted in Table 13 for any realistic CIED lead
loop position associated with a reasonably foreseeable human body torso position in Regions 2/or-3. For all locations in
Regions 2 and 3, thg EMF shall also meet the EMF reference levels listed in Table 11, or the induced|internal electric field
basic restrictions listed in Table 12.

Regions 2 and 3: Toluch currents shall meet the limits listed in Table 14.

The EMF managemnient strategy shall be applicable for all operational conditions;j/e.g., coupler offset or other system
variations which may affect the worst-case exposure.

In addition to the CIED and human EMF requirements, touch current reqhirements are given to preyent the possibility of
startle-reaction for a|person touching the vehicle and/or charging system during operation.

@ besideé;vehicle

@ under vehicle

‘ @ inside vehicle

@ above vehicle

@ beside vehicle

Figure 12 - EMF regions, top view


https://saenorm.com/api/?name=d465d8c18cb9a1860d8b71b38a15a45a

SAE INTERNATIONAL J2954™ OCT2020

Page 42 of 194

Region 1 width
(same as lower body width)

Figure 13 - EMF regions, front view
10.2 Vehicle-Level EMF Requirements

For any realistic location in Region 2 and 3, the CIED EMF Reference Limits are typjcally the most strin
for CIED EMF referepce levels in Region 2 shall be based on reasonable human body torso positions &
at most 20 cm from the vehicle. In Region 3, CIED EMF reference level measurements shall be based o
body torso positions

For all locations in Regions 2 and 3, electric and magnetic fields shallkcomply with the guidelines for
exposure referenced in ICNIRP 2010. Compliance with the reference-levels listed in Table 11 ensures
basic restrictions of| the guideline, which are listed in Table 12:, Recommended procedures for
assessment using the basic restrictions are given in Appendix K:

NOTE: Additional rggulatory restrictions on EMF may existlin some markets or regions.

The general public human EMF reference levels given’in Table 11 are applicable from 3 kHz to 1(
standard operating ffequency of band of 79 to 90 kHz, and significant harmonics thereof.

Table 11 - Human EMF exposure standard, reference levels

ICNIRP 2010
General Public Reference Level
Quantity (rms Field Strength for 79-90 kHz)
Magnetic Field 27 uT or 21.5 A/m’
Electric Field 83 V/Im

' When using 100 cm? three-axis standard field probe for magnetic
field measurements.

gent. Measurements
nd so shall be made
n reasonable human

general public EMF
compliance with the
performing an EMF

MHz, including the

Table 12 - Human EMF exposure standard, basic restriction levels

ICNIRP 2010
General Public Basic Restriction Level
Quantity (rms Field Strength for 79-90 kHz)
Internal Electric Field 1.35 x 104 * f(Hz) = 10.475 V/m at 85 kHz

NOTE: Itis recognized that the ICNIRP 2010 guidelines recommend that the restrictions on internal e
by electric or magnetic fields, including transient or very short-term peak fields, be regarded as i

lectric fields induced
nstantaneous values

which should not be time averaged. The use of rms measurements and limits for EMF exposure assessment is
predicated on the assumption that the WPT fields are continuous and sinusoidal during the rms averaging period,
and do not contain transient overshoot. If the WPT fields are modulated, substantially non-sinusoidal, or include
overshoot during amplitude transitions, the EMF assessments should be performed using peak limits equal to the

rms limits times 1.41.
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The use of spatial averaging (of multiple field probe positions) for human EMF exposure is not recommended until guidance
is provided by EMF exposure standardization bodies, based on correlation analysis of wireless charger spatially averaged
reference level versus spatial peak Basic Restriction dosimetry.

The CIED and human EMF exposure limits shall be met in Regions 2 and 3 under all normal (non-faulted) operating
conditions of the wireless charging system, including coupler offset.

10.2.1 Cardiac Implantable Electronic Device (CIED) EMF Requirements

CIED WPT magnetic interoperability assessment limits are defined herein by setting CIED EMF reference levels in a manner
analogous to ICNIRP limits. Based on the 1ISO 14117 Appendix M, it is expected that CIEDs operate as designed when 79
to 90 kHz magnetically induced lead voltages, in a 225 cm? loop area, are less than the levels defined as Vmax_INDucED RMS

= 32£ mV x Freque e field limits in the
SAE J2954 CIED EMF reference levels shown in Table 13, which shall not be exceeded for any, rfealistic CIED lead loop
position associated with a reasonably foreseeable human body torso position in Regions 2 or~3.* Under the CIED EMF
reference level megsurement distance constraints described in 10.4, the Table 13 levels.providg an alternative, but

conservative, assesgment of CIED WPT magnetic interoperability, utilizing the same 100 ém#field priobe used for human
EMF assessment. All field measurement limits are conservatively expressed as the magnitude (root sym squared) of the X,

Y, and Z components of the magnetic field (e.g., |Bggip| = /BE + BZ + BZ).

NOTE: If the WPT fields are modulated, substantially non-sinusoidal, or include evershoot during amplitude transitions, the
CIED EMF gssessments should be performed using peak limits equal,tothe rms limits times 1.41.

NOTE: The limits arjd precautionary measures for CIEDs may be revisited(in the future based on data as per the ISO 14117
Committee. Additional limits for other IMDs are under consideration.

Table 13 - CIED EMF reference level

Magnetic Field Limit
Regions 2 and 3
Quantity (rms)
15.0 uT or 11.9 A/m’
(for 79 to 90 kHz)
These limits apply when using 100 cm? standard field probe, perform
four measurements in a 2 x 2 grid and spaced at 7.5 cm (probe centered
at each point)\centered around the location of each reading above
15.0 uT./Average these four measurements.

Magnetic Field Strength

10.3 Touch Curren{ Requirements

The requirement for|touch,eurrents is given in Table 14. The requirement is specified in terms of the|output voltage U: of
the IEC 60990 touch current measuring circuit weighted for perception or startle-reaction. This requirgment level is chosen
to correspond to the[IENIRP general public touch current reference level in the frequency range of 2.4 to 100 kHz.

The touch current limit applies to the current which can occur when a person comes in simultaneous contact with any two
accessible conductive portions of the vehicle or charging system, or an accessible conductive portion of the vehicle or
charging system, and ground. The magnitude of the touch current will depend on situational factors.

Table 14 - Touch current limits

Touch Current Limit
Touch Current (ICNIRP units) (mA, rms) IEC 60990 Measuring Circuit Output Uz (mV, rms)
(Information Only) (Normative)
0.2 * f(kHz) (e.g., 15.8 mA at 79 kHz) 75

NOTE: If the WPT touch current measuring circuit output voltage Uz is modulated, substantially non-sinusoidal, or includes
overshoot during amplitude transitions, the touch current assessment should be performed using peak limits equal
to the rms limits times 1.41.
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Weighted touch current
(perception or startle-reaction)

10.4 Vehicle Huma

Procedures for EMF
procedures, to the d

The objective of the following procedure is to determine compliance of\the maximum magnetic 3

Regions 2 and 3, for
Although system con
such conditions. Wo

Probe movement dy
and nearby metallic
probe distance restr
correlation to the fun

For human EMF
the reference le

For CIED EMF
the CIED EMF
uninfluenced de
a 100 cm? probe

For human EMF ass
in Region 2, and in

A .
fs G = é (peak value)
R 500
Test terminals — X
| 1
B i RB m U1 C1 er
\ 1
IEC
Rg 1500 Q Ry 10 000 ©
Rg 500 Q Cy 0,022 uF
Cg 0,22 puF

Figure 14 - IEC 60990 touch current measuring circuit
N/CIED EMF Assessment - General Considerations
assessment of vehicles with wireless chargers should be based on standardizeq

bgree they apply. Table 15 lists several applicable or related-EMF measurement g

their respective worst-case gap and alignment (maximum offset) operating conditig
trols may reduce power under misaligned or large‘gap conditions, maximum EMF
'st-case EMF may be associated with conditions‘producing maximum GA and/or

ring EMF measurements may be subject\to’ an appropriate minimum distance(s
surfaces or the Region 1 boundary orc¢the GA when the vehicle is not present. ]
ctions is to improve reproducibility and ‘avoid excessive overestimation of exposu
damental exposure metrics:

reference level assessments;.the minimum probe distance shall be chosen such
els (Table 11) ensures compliance with the basic restrictions (Table 12).

eference level asse€ssments, the minimum probe distance shall be chosen such

ice operation(based on an assumed 225 cm? lead loop area). The reference field
and averaging four points is conservatively chosen to ensure this limit is met.

essment, the probe tip shall be placed as close to the vehicle body as possible (

EMF measurement
tandards.

nd electric fields in
ns and power levels.
may still occur under
VA coil current.

between the probe
'he purpose of such
re, while maintaining

that compliance with

hat compliance with

reference levels( (Table 13) conveys compliance with the ISO 14117 lead voltage test limits for

level of 15 pT using

E.g., less than 1 cm)

the \designated locations of Region 3. At the bottom edge of the vehicle, the pl

(boundary of Region

|

1shall extend directly downward from the lower edge of the vehicle as shown in|Figure 13. For CIED

ne of measurement

EMF assessment, it is recommended that the minimum probe distance (to sensor perimeter) should be less than or equal
to the minimum expected effective distance from a patient’s implanted lead loop, to the metallic surface or boundary in
question. A conservative approach for human EMF assessment is to use no minimum distance; i.e., to allow the probe to
touch all objects and boundaries. For human EMF assessment near non-metallic objects (e.g., seat cushions), no minimum
distance shall be applied.

Depending on the relative values of minimum probe distances for human and CIED EMF measurements, and whether the
basic restrictions are used for human EMF assessment, the human and CIED EMF assessments may be combined for
efficiency. Figure 15 provides a recommended flowchart for combined human and CIED EMF assessments.
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Start
(For each side of vehicle)
v
Perform EMF
measurements at Perform CIED
human EMF , Measurements at CIED
measurement boundary measurement boundary
on 7.5 cm square grid No on £ 7.5 cm square grid
Human EMF M SSHED
Max less thgn CIED Reference Level aX EXCERNI  —
—No» Reference'level?
Reference [evel? exceeded?
(Table 13) (Table11) (Dble13)
: No
Yes Yes
I v
Y:s Perform scan on < 3.7p
Perf S cm scan grid for each
. er. orm " asic measurement exceeded
estrictions Assesment to find maximum poirt
(Table 12) l
For each point that
Yes
exceeds CIED Referenge
Does Pass EMF Basic — Level (table13), take 4
Restrictions? measurements on 7.]
cm grid centered around
the maximum point
No
v i Any 4-point average
Pass Fail <4+—Yes—  exceeds CIED Reterence
Level?
(Table13)
No

Figure 15 - Flowchart for combined EMF and CIED assessment
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Table 15 - Reference EMF exposure measurement standards

Related Exposure Measurement Procedures (Informative)

IEC 60990: Methods of measurement of touch current and protective conductor current.

100 kHz with regard to exposure of human beings.
Part 2: Basic standard for measurements.

IEC 61786-2: Measurement of DC magnetic fields, AC magnetic and electric fields from 1 Hz to

electrical equipment in the automotive environment with respect to human exposure.

IEC TS 62764-1: Measurement procedures of magnetic field levels generated by electronic and

and electromagnetic fields with respect to human exposure to such fields, 0 Hz to 100 kHz.

IEEE Std. C95.3: Recommended practice for measurements and computations of electric, magnetic,

10.5 Instrumentation

For magnetic and elelsctric field EMF measurement using reference levels, and for CIED EMF referenceg
the following specifigations apply:

hould utilize rms or peak detection, based on the considerations described in 10.

e The instrument 4

e-axis sensor should be used.

An isotropic thre|

The three sensofs should be centered at the same point.

The sensor shel| should be spherical in shape, with a maximum extetnal’ diameter of 12.5 cm.

For magnetic fie|d measurement, the three sensors should be cifcular with an area of 100 cm?Z.

e A coarse resolutjon of 7.5 cm or less should be used when sweeping for peak values.

b level is exceeded during measurement, then an average at four designated paj

1 for determining a field average fonthe CIED reference level applies:

If the CIED referenc
The following metho

NJ

level measurement,

nts may be applied.

a. Using a minimum resolution of 3.75 cm, sweep each region where the CIED reference level (1% uT) is exceeded in
Regions 2 or 3. Find and record (or mark) the location of highest reading.

b. Designate an equally spaced 2 x 2-grid of 4 measurement points centered around the highest|recorded point. The
resolution of the| grid should be 7.5 ¢m. The plane of the grid should be chosen to maximize th¢ average reading in
Regions 2 or 3.

c. At each of the four grid paints, record the field value (magnitude of all probe axes).

d. Average all four pointsi The averaged result shall be less than the CIED reference level.

NOTE: If the field probe nterferes with the ground (dUe 1o the peak occUrring at or near the ground)

hen the 2 x 2 grid of

four measurements can be moved up so that the field probe is touching the ground for the lower two measurements.

In general, to facilitate the search for the spatial maximum fields within Region 2, it is recommended that appropriate means

be devised and constructed to constrain the range of probe movement so that it does not enter Region

1 during testing. For

example, a short vertical plastic barrier “wall” under the edge of the vehicle, enclosing Region 1, is suggested. The height

of the wall should be at least equal to the vehicle ground clearance minus the radius of the probe.

A graphical representation of an example CIED reference scan is shown below. Note that it is possible the maximum point
be off the original 7.5 cm grid so care should be taken to find the actual maximum before performing the averaging.
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Figure 16 - Reference scan example with measurement above reference level
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separated.equidistantly by 7.5 cm center-to-center

10.6 Facility for EM[F/CIED Exposure Assessment

Figure 18 - Locations for standard field probe averages around peak - 2 x 2 gnid

Vehicle WPT human and CIED<EMF exposure measurements shall be performed over a groumpd surface which is

representative of thg actual system usage. Usually, this means that testing shall be performed on a

paved surface.

10.7 Vehicle Regiops.2\and 3 Exposure Assessment

concrete or asphalt

The following experimental procedure for reference level assessment is recommended to find the maximum fields in
Regions 2 and 3, among several combinations of misalignment and gap:

a. Set up the system offset and gap conditions.

b. Sweep the magnetic field probe horizontally around the Region 1/Region 2 boundary (e.g., at one half of the height of
the floor pan), to find the maximum boundary field. Maintain a sufficiently slow rate of motion to avoid motion-induced
magnetic reading errors. Scan vertically and outward from the Region 1 boundary as necessary to determine the
location of the spatial maximum field. Record the maximum Region 2 magnetic field location and value.

c. Repeat Step b. for the electric field EMF measurement.
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d. Ateach seating position in Region 3, sweep the magnetic field probe throughout the occupant area to find the maximum
field. Maintain a sufficiently slow rate of motion to avoid motion-induced magnetic reading errors. Record the maximum
magnetic field location and value for each seating position. Additionally, at each seating position, record the fields

measured at points A (head), B (chest), C (seat cushion), and D (foot), illustrated in Figure 19.

e. If the vehicle floorpan is non-metallic, repeat Step d. for the electric field EMF measurement. For vehicles with metallic

floor pans, an electric field assessment is not required in Region 3, except in the vicinity of floor openings.

f. Repeat for each combination of offset and gap conditions.

An example worksheet (Table 16) is provided with a minimum set of offset and gap combinations to be tested. This is
intended as a starting point because fields may vary rapidly with offset or gap, especially at large offsets and gaps. Additional
offset and gap combinations should be considered as appropriate to determine the worst-case conditions for magnetic and

electric fields, if resuffS obtained from the nitial measurements exceed b0% Of the exposure Imit.

Table 16 - Example worksheet for worst-case operating condition search

Couplér Offset and Gap Max Magnetic Field Max E]ectric Field
dX dY dz Location B(uT) Location E(V/m)
+max +max Max
+max -max Max
-max +max Max
-max -max Max

10.8 Touch Current Assessment Procedure

Measurements of touch current shall be performed in accordance with IEC 60990, utilizing the measurement network
weighted for perception or startle-reaction. Measurements shall be performed over a metallic ground plane, with the
charging system (and vehicle, if applicable) elevated by a nominal minimum amount necessary to reduce the effect of the
ground plane on WPT operation and achieve normal operating conditions; e.g., 10 cm. Measurements shall be performed

between the combinations of accessible parts listed in Table 17.

Figure 19 - Region 3 EMF data points
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Table 17 - Touch current measurement points
IEC 60990 Figure 4
Touch Current Measurement Network Connection Points
Measurement Test Terminal A Test Terminal B

1

Vehicle body (e.g., door latch)

Ground plane directly under Terminal A

Metallic enclosure of charging system

2 . Ground plane directly under Terminal A
control/display
3 Vehicle body (e.g., door latch) Metallic enclosure of charging system
control/display
4 Additional exposed metallic charging Additional metallic charging system

system components components

All combinations of| metallic charging system components, the vehicle body, and ground, whieh| are simultaneously

accessible and reachable by a person during charging, shall be added to the Table 17 list of measurem
For any measurements where Test Terminal B is not connected to the ground plane, it is necessary

instrument (connect

Measurements shou

NOTE: Vehicle bod
ground. Ele
capacitance
representati
applicable v

10.9 Laboratory EM

At the time of public
anticipated that man
or expansion of su
requirements or to n

During the testing
electromagnetic fielg

l

nts to be performed.
that the measuring

d to Uz of the IEC 60990 Figure 4 measurement network) shall utilize a,differential amplifier input.

d be performed for the coupler configurations listed in Table 18.

Table 18 - Coupler configurations for touch current measurement

Coupler Offset and Gap
dX dy dZ
0 0 min
+max +max min
-max +max min

(or mimic)-to-ground touch current willisually be dependent on the body or n
ating the vehicle or using a mimic with' less area than the vehicle underbody V
and increase touch current. It may-be necessary to add body or mimic capacitan
e of the minimum capacitance which may occur in actual usage conditions (reprg
bhicle on the ground).

F and CIED Exposure Management

htion of this standard, the use of vehicle WPT systems will still be a new technold
y laboratories may-initially lack policies addressing the operation of such systems.
Ch policies, the* following practices are suggested. The purpose of this sectig
odify existing policies, but rather to educate.

nimic capacitance to
ill tend to decrease
Ce to restore a value
senting the smallest

gy, and as such it is
o aid in the creation
n is not to impose

procéss, steps should be taken to ensure that personnel are not exposes
scor voltages SpeC|aI care should be taken when working W|th component- Ievel

have less shielding t

I to hazardous RF
systems which may

potection systems.

For the prevention of exposure to excessive electromagnetic fields, a marked safety perimeter should be established around
the wireless power transfer system, and personnel should not enter the safety perimeter when wireless power transfer fields
are active. It is recommended that magnetic and electric field limits of Table 19 be used, to provide combined protection for

persons with CIEDs,

and for the general public.
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Table 19 - Combined EMF limits for laboratory use

Quantity Laboratory EMF Limit (rms)
Magnetic Field 15 pT or 11.9 A/m
Electric Field 83 V/m
Touch Current 15.8 mA

NOTE: If the fields or currents are substantially non-sinusoidal, or include overshoot during amplitude transitions, the
assessments should be performed using peak limits equal to the rms limits times 1.41.

It is recommended that the perimeter be first established at a distance greater than 3.0 m around the system being tested
and that initial power up be done at lowest power transfer level possible. Controls for operating the wireless charging system
and any safety apparatus should be located outside the EMF perimeter. The power level will then be gradually increased to

rated power, while the electrical and magnetic fields are carefully monitored by the laboratory field s€

perimeter. If the seng
immediately, and th
attempting to introdu
are understood and
limit levels.

Careful attention sha
equipment having R
including the rectifie
is important to consi

If metallic WPT equ
current should not e
to the WPT couplers
conducting elements

As component level
sensitive to high inte

wireless power trangfer system.

10.9.1

Measure the magne
center point of VA cq

Evaluate the EM fiel
case) misalignment
ensure the test oper

ICNIRP Safety Compliance

or readings exceed the EMF threshold during the perimeter exercise, power fransf
e perimeter should be increased to a safe distance. Misalignment alsq-shall

ce the conditions of maximum field strength/intensity leakage. Once the )Worst-g
established, the perimeter can be moved inward until fields at the periméter are

Il be paid to the grounding of equipment, to prevent the possibility of RF shock o
- potential. In some laboratory measurement setups, it may be necessary to ope
and load) in a “floating” or ungrounded condition (e.g,,t0 mimic vehicle conditio
Her whether inadvertent grounding through a human,eould occur.

ipment is isolated from ground and accessible.t0 ‘personnel, the maximum hur
ceed 15.8 mA. Particular attention should be paid to ungrounded objects which §
(e.g., a floor pan mimic plate), and which are*directly accessible from the perimg
extending to or beyond the perimeter (e:g., instrumentation leads).

systems may not have sufficient_shielding, precautions should be made to pr
nsity magnetic and electric fields, so long as the countermeasures do not alter th

ic and electric field(levels at the perimeter of the boundary surrounding charging

il, vehicle: 0 mm'from vehicle edges) for ICNIRP compliance for safety of the test

n X and\Y-at full rated power. From these results, set a perimeter boundary aro
btor safety.

nsor(s) set up at the
br should be stopped
pe considered when
ase EMF conditions
ht the recommended

r burn from touching
ate the VA (possibly
ns). In such cases, it

nan body grounding
re in close proximity
ter or have attached

ptect any equipment

e performance of the

Coils (0.8 m from the
operator.

d at nominalkZ-gap (manufacturer recommended) for both the aligned condition and maximum (worst

ind the test setup to

Repeat this evaluatiq

nof the EM field at the maximum Z-gap and the worst-case X and Y misalignmer]

t and roll and yaw to

verify that the worst-case EM field conditions have been identified. Set the perimeter boundary in accordance with the

maximum measured

EM field of any test condition.

Table 20 - Measurements of fields

Performance Metrics

Safety Notes

ICNIRP Gen.Pub. Distance X-Axis

ICNIRP

ICNIRP Gen.Pub. Distance Y-Axis
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11. ADDITIONAL SAFETY REQUIREMENTS

UL is writing a UL standard (UL 2750, in development) to cover the safety aspects of the off-vehicle components and
operation of WPT. SAE J2954 is working collaboratively with UL on this project with the intent that the documents are
compatible, not overlapping, and, together, cover the subject adequately.

The NFPA National Electric Code (NEC), Article 625, has provisions covering the installation of wireless charging systems.
The NEC is used by most U.S. local electrical inspection services to determine approval of electrical installations.

12. COMMUNICATIONS AND ALIGNMENT

12.1 Introduction

Wireless charging of
Foremost among the

This results in the ne
Product GAs and Prgq
needed for WPT.

Wireless charging is
provided in alignmery
level of vehicle align
on-board capability

standardized metho
Class | GA.

The SAE J2954 aligr
common method for
alignment technolog
are to communicate

As described in othe
that are of utility to
applicable regulatiorn
the above reference

PEVs adds a number of communication requirements to those required to support
se is the need to be able to communicate between the VA and the GA over a wirelg

ed to positively and securely identify the PEV presently being charged by.the WPT
duct VAs rely on the work of SAE J2836/6, SAE J2847/6, and SAE J2931/6 to sup

conductive charging.
ss physical medium.

system. SAE J2954
bort communications

convenient due to its contactless nature. One of the bengfits/of wireless cha

| to allow for any vehicle with a SAE J2954 ProductVA to align with any SAE J

ment sub-team has surveyed vehicle OEMs*‘and wireless charging suppliers to de
alignment (fine alignment, pairing, and alignment check) to be standardized. A list
es is given in Appendices M, N, O, andP. The goals of these three informative ali
methodologies for triangulation alignment to assist in manual and automated veh

the user as well as necessary to ensure efficient and safe transfer of power \
s. The sections below give-a high-level description of the functions supported; de
] communications standards.

ging is the flexibility

t between the charging infrastructure and a vehicle. While fairly large tolerances may be allowed, some
ment is required to ensure safe and efficient charging. lt4s primarily the responsibility of the vehicle’s
0 guide or otherwise assist the driver in aligning the;\VVA to the GA. There is a need, however, for a

PI954 Interoperability

ermine the minimum
of potential common
gjnment technologies
cles.

parts of this standard, communications are used to support a variety of functions, @along with alignment,

vhile complying with
tails can be found in
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WPT Charging
Spot Discovery

Fine Alignment

Guidance e Pairing Check

Ariomaly
Detected?

Power Transfer Power Transfer Control &
Complete? Anomaly Monitoring
Legend
Optional
Function
Figur - Wireless charging process flow diagram

12.2 WPT Charging Spot Discov@v

WPT charging spot|discove ows a user to locate a WPT location, its capabilities, compatibilifies, and availability.

Communication supportin functionality is independent of the charging technology and may repise general Internet

technologies and ca )ab@& It is not covered by this specification.

12.3 Guidance

Supporting communication capabilities are defined in SAE J2847/6 to facilitate manual or automated positioning of a PEV
for optimal power transfer.

Guidance consists of an optional method of providing assistance to the vehicle or driver when farther than 1.5 m to the
charging location for navigation into the parking bay/slot.

For guidance, the recommendations are as follows:
a. If guidance is used at distances greater than 1.5 m, it is recommended that such guidance occur at a minimum of 6 m.

b. The accuracy for guidance should be such that the kinematics of the vehicle allow for parking within the alignment
tolerance on first approach.
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12.4 Fine Alignment

A fine alignment mechanism provides assistance to the vehicle or driver when closer than 1.5 m from the charging location
to facilitate centered alignment between the VA coil and the GA coil. When aligned, the VA coil should be within the defined
allowed offsets for the WPT system as defined in 8.2.2.

The following are the current minimum requirements for fine alignment:

a.

b.

It is possible that th¢ VA may choose to utilize one or more fine alignment methods in conjuhction v
common alignment 1
minimum means for

The same minimum common fine alignment method shall be used for all Interoperability Class | GA infrastructure.

The GA and VA shall attempt to begin the fine alignment process somewhere between 0.5 to 1.5 m from the centered
position of the VA coil and GA caoil, or alternatively, when the VA and GA have initiated communication.

The final alignm
(see 8.2.2).

single standardized
method or another

hethod. It is not the intention of SAE J2954 to limit vehicle fine alignmentmethods
interoperability. For this reason, only the Interoperability Class | GA’shall be req

ethod that will function with installed Interoperability Class | GAs:

Vehicle Fine
Alignment

Figure 21 - SAE J2954 vehicle alignment concept

bnt position check shall ensure the VA'is within positioning tolerance to a reasonable confidence level

ith or instead of the
but rather provide a
lired to implement a

ethod of fine alignment as a minimum requirement, but the VA shall be able to either use the common

12.4.1 Details of Interoperability for Fine Alignment Method

Prior to fine alignment of the GA and VA coils, vehicle guidance may have optionally been used to assist the driver in finding
the appropriate SAE J2954 parking space. By this point in time, appropriate communication information has been
exchanged between the VA and GA (including vectors for calculating the natural offset described in 12.4.2).
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12.4.1.1

conditions.

Generalized Fine Alignment Process

The VA requests the fine alignment method from the GA.

The driver (or vehicle, if automated) positions the vehicle into the parking spot while the VA monitors positioning

The driver puts the vehicle into park. If this position does not appear favorable (see 8.2.2 for position tolerance

requirements) from the initial VA position measurements, the driver is notified to reposition the vehicle before power

transfer can beg

in.

The VA requests the GA to terminate the fine alignment.

12.4.2 Alignment N

When a circular-topg
DD-topology VA as

offset” (x_0) has to b
needed for correct ¢
and GA, therefore, a
and fine alignment
guidance or fine alig

The GA shall define
the designated axis
has multiple possiblg
to achieve centered
circular VA coil, then

The VA shall define
the designated axis

atural Offset Between Circular- and DD-Topologies

logy VA as described in Appendix A is used over a DD-topology GA as déscribeq
Hescribed in Appendix G is used over a circular-topology GA as descriped in Af
e set between the VA and GA, as shown in Figure 22. This offset between circula

bpropriate vector information is required for the VA to determine-the “natural offset’
rocesses. To facilitate, it is anticipated that the VA and GA will'exchange vecto
hment to determine the natural offset.

one vector (X, Y, Distance) that gives the distance and.direction from the GA coi
n which the centered position is achieved with a circular reference VA coil’s cente
vectors (such as is the case for the DD-topology)then a single axis is chosen for t

the vector will have zero direction and distance.

fwo vectors (X, Y, Distance) that gives.the distance and direction from the VA coi
n which the centered position is achieved with a circular reference GA coil’s cen

is defined for forward movement of the VA and one vector is defined for backward movement of the V.

the same). Only one
that if the VA coil has

of the VA’s vectors is transmitted depending on the direction of movement determ
no natural offset with a reference circular GA coil, then the vector will have zero di

+
] x_0

in Appendix H, or a
pendix B, a “natural
I and DD-topology is

bupling and power transfer. It is unrealistic to have a table of everypossible natural offset for every VA

during the guidance
" information prior to

geometric center to
r point. If the GA caoil
ne designated vector

position with a circular reference VA coil. Notesthat if the GA coil has no natural offset with a reference

geometric center to
er point. One vector
A (and they could be
ned by the VA. Note
rection and distance.

Figure 22 - Example for the “natural offset” definition x_0
for a DD-topology VA over a circular-topology GA

The following values as shown in Table 21 are examples for the systems described in the appendices of this standard.
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Table 21 - “Natural offset” (x_0) for the systems
as described in the appendices of this standard

Appendix F B H.1 H.2
WPT1 CR WPT1-3 CR WPT2 DD WPT3 DD

AA.1 WPT1/Z1 CR X 0= 0mm X 0= 0mm

AA.2 WPT1/Z2 CR X 0= O0mm X 0= O0mm

AA.3 WPT1/Z3 CR X 0= O0mm X 0= O0mm

AA.4 WPT2/Z1 CR X 0= 0mm X 0= 0mm X 0=170 mm

AA.5 WPT2/Z2 CR X 0= 0mm X 0= 0mm X 0=170 mm

AA.6 WPT2/Z3 CR X 0= O0mm X 0= O0mm

AA.7 WPT3/Z1 CR X 0= 0mm X 0= O0mm

AA.8 WPT3/Z2 CR X 0= 0mm X 0= 0mm

AA.9 WPT3/Z3 CR X 0= 0mm X 0= 0mm

BG.1 WPT2/Z1 DD X _0=155mm X 0=190 mm X _ 0= C0/mm X 0=0mm
BG.2 WPT2/Z2 DD X _0=155mm X 0=190 mm X 0=V 0mm X 0=0mm
BG.3 WPT2/Z3 DD X0=" 0mm X 0=0mm
BG.4 WPT3/Z1 DD X 0= 0mm X 0=0mm

GG.5 WPT3/Z2 DD X 0= O0mm X 0=0mm
G.6 WPT3/Z3 DD X 0= O0mm X 0=0mm

NOTE: The above natural offsets are specific examples of known values at the time of issuance of
are to be determined and entered in a future version.

items above

The values givenin T
may be different bed
as shown in Table 2

[able 21 are examples based on magnetics.enly. The “natural offset” which needs t
ause of further consideration of variable frequency and tuning circuit aspects. Th
I may need further fine tuning to achieve power and/or efficiency maximum.

this standard. Blank

0 be used in practice
at means the values

1.7m —
(Required)

1.7m
(Required)

Important: Consider EMF exposure when determining appropriate natural offset!

Figure 23 - Examples of DD and circular coil natural offset conditions
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12.4.3 WPT Alignment and Vehicle Automated Driving Systems

SAE J3016 includes taxonomy and definitions for terms related to on-road motor vehicle automated driving systems and
refers to levels of automation 1 through 5. The alignment methods and techniques referenced in this standard are
recommended for use in assisting with automation of parking, alignment, and charging of on-road automated driving
systems for assistance in wireless power transfer.

12.5 Pairing

Pairing aims to validate that the VA coil is positioned above the GA coil intended for power transfer and confirm that the VA
is communicating with the same GA it is parked over. If no automated common pairing method is available between the GA

and the VA, then the

VA shall perform one of two actions:

a. If the VA or GA
automated optic
b. If no other option

External confirm
parked (e.g., by

12.5.1 Generalized
The VA requestg

The VA and GA
signal to determ

Based on the m
and the GA dete

If an automated
correctly pair thg

12.6 Alignment Chgck

Alignment check aini

In the case that the
and sensors, the GA
parameters have alr
clearance range. Us
determine if alignme
to ensure no anomal

is capable of automatically idenfifying the physical pairing uniquely on its own
bl recognition in parking space or vehicle, etc.), then the pairing confirmation shall

is available, at a minimum, the VA (by means of a user interface) shall réquést “e
ation is provided when the operator is capable of uniquely identifying the’GA ove

Pairing Process
pairing to begin and waits for the modulated signal fromthe GA.

perform whatever measurements are deemed necessary during the transmissi
ne correct pairing.

easurements during the transmission of the pairing signal, the VA reports the pa
rmines if they are appropriately paired. If'so, the alignment check process begins

pairing method is unavailable, the, VA requests external confirmation from the
VA with the GA over which the vehicle is parked.

s to validate that the VA coil is ready to receive power from the GA coil.

5A and the VA do-not have another compatible means for alignment check by usi
and VA shallperform a power check. The power check method assumes that app
pbady been-exchanged through the SAE J2847/6 communication channel, includin
ing this_information, combined with the power transfer compatibility parameters,
nt is sufficient to begin full power transfer. During the power check, anomaly monit
pus behavior which can be associated with misalignment. Power check shall only

means of signage, SSID, or other unique aspects such as a single parking space).

(e.g., unique SSID,
occur automatically.

ternal confirmation.”
which the vehicle is

bn of the modulated

ring code to the GA

operator in order to

ng external signaling
ropriate compatibility
g the VA coil ground
the GA and VA can
bring shall also occur
pe used once pairing

has been confirmed

The process for pow

compatibility par:

The GA ramps it

(including VA co

er check is as follows:

ameters). The VA load (battery) is available to transfer power.

s GA coil current to its minimum capable level.

il ground clearance).

The VA requests the minimum power/current that the GA is capable of delivering (using the previously exchanged

The GA and VA perform measurements to ensure the power level is appropriate based on the compatibility parameters

The GA and VA perform anomaly monitoring to ensure no anomalous behavior which would indicate misalignment.
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If all initial measurements are within the bounds expected by the GA and the VA, then the VA continues to make

appropriate power/current requests to the GA to ramp up power. When the VA is satisfied that the GA is appropriately

coupled, then ali

alignment check

12.6.1 Generalized

gnment check is confirmed, and power transfer begins from that point.

is reported as a failure.

Alignment Check Process

The VA requests the alignment check to begin and provides the necessary information.

their measurements.

If at any point during power ramp up the GA or the VA determines there are anomalous measurements, then the

The GA provides the appropriate signaling or measurements and informs the VA of its appropriate parameters and/or

The VA performs
transfer.

e The VA reports {
13. CONTROL STA
13.1 Control States
The following states
e Pre-negotiation

Power start-up

Power shutdowr]
e Error conditions

13.2 Power Transfg

If the alignment is s3
first or may start fron

appropriate signaling or measurements to determine if the alignment is satisfacto

o the GA whether alignment is satisfactory to begin full power transfer.
BILITY AND MONITORING
of Operation

are considered separately for control stability:

Power transfer gnd optimization

r Cycle Control

tisfactory, the VVA-requests power transfer at which point the GA may optionally ra
n present stateof current to reach currents required for power transfer. A key fun

efficient power trangfer is the'capability for the PEV to control the power transfer process. To suppo

defines messages th

at provide the following capabilities:

Verification of cd

ry to begin full power

mp the current down
ttionality required for
rt this, SAE J2847/6

mpatibility

Initiation of a charging cycle
Control of the GA current/voltage/energy to match the vehicle’s requests
Modification of the power transfer process in response to external and internal events

Termination of the charging cycle

13.2.1  Anomaly Monitoring During Power Transfer

During power transfer, the delivered power is coordinated and not expected to change sharply except in the case where the
VA or Vehicle removes the load for safety reasons. Unexpected changes in power, current, voltage, efficiency, or other
measurements within the GA or VA are considered anomalies.
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The VA and GA may independently determine their own definition of a measurement anomaly based upon expected system
operation. If the GA or the VA detects an anomaly or a series of anomalies, the GA shall shutdown power transfer
immediately and proceed to either the alignment check or pairing states to verify appropriate alignment and/or pairing. If the
anomaly is a large and sharp drop in input power detected by the GA, then the GA shall consider that the VA has removed
the load for safety reasons and shall immediately terminate power transfer and negotiate next steps over out-of-band
SAE J2847/6-compliant communications.

13.2.2 Monitoring of the Charging Process

To ensure that power transfer operates within specified operation and regulatory limits, the PEV may be equipped with
various sensors and detectors for critical events. SAE J2847/6 defines messages that allow for the communication of these

events so that appro

priate action can be taken.

The GA shall have 4
This may be accomp

13.2.3 Control Ban

The GA shall have th
these adjustments b
of control to optimize
that affect the power
loop on the GA and

The GA and VA toge
systems may exist o

To ensure stability d

The GA and VA
GA and VA as W

The VA sets the pow
start-up, the followin

e The power shall

e Ifthe VA s capa
the changes shg

shall only reques

To ensure stability d

means 10 prevent power trransmission continuing when the power control progran
lished by using a watchdog timer or having a supervisor program for the power-¢

jwidth/Update Rates and Stability

e means to increase and decrease the delivered power to the VA duringpower tra

y changing the GA coil current to meet the needs of the system. The VA may hav
power delivery to the vehicle battery system. In the case that.the VA has the abi
delivery or impedance seen at the GA coil, special considerations shall be made
he control loop on the VA operate in a way that guarantées control criteria for sta

ther form a closed-loop control system. In addition,.s€parate but interacting closed
h the GA and VA.

Liring pre-negotiation, the following criteria shall be met:

shall follow the pre-negotiation protocal defined in J2847/6 to ensure operationg
ell as to negotiate power transfer parameters.

er ramp conditions by commupicating the desired power from the GA. To ensure §
j criteria shall be met:

ramp at a rate no less.than 0.25 kW/s and no greater than 2 kW/s.
ble of making adjustments on its own that affect power delivery or the impedance
Il not result inspower delivery changes that exceed the above ramp-up and ramp

t changes-inpower delivery during start-up once its own control adjustments are

Lringpower transfer, the following criteria shall be met:

The GA shall ra

h has malfunctioned.
bntrol program.

sfer. The GA makes

its own mechanism
ity to make changes
fo ensure the control
bility.

or open-loop control

| compatibility of the

tability during power

seen at the GA coil,

down rates. The VA
complete.

~
3

pZpawer at a rate no less than 025 kWi/s and no greater than 2 kW/s when

change in power is

requested by the VA.

The GA shall update its power control parameters that are capable of changing the GA coil current at a rate of at least

500 Hz or greater to ensure power delivery is constant when the impedance at the GA coil changes due to changes
caused by the VA electronics.

If the VA is capable of adjusting power or impedance seen at the GA coil, the VA shall update its power control or

impedance control parameters at a rate less than or equal to 50 Hz to ensure the GA can appropriately compensate for
the resultant impedance changes before further VA impedance changes occur.

possible, the GA coil current changes should result in an overdamped condition.

overshoot of power delivery to the vehicle battery system.

All changes in GA coil current shall result in a condition that guarantees no more than 10% overshoot. Whenever

Under constant loading conditions, all changes by the VA shall result in a condition that guarantees no more than 10%
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During power shutdown, the following criteria shall be met:

During Error Conditions, the following criteria shall be met:

stop power trans

The VA shall protect itself from damage and may operate at any update rate necessary to do so.

fer within 4 seconds from the loss of communication.

13.2.4 Frequency Nlodification During Charge Cycle/Power Transfer

See 6.4.2 for frequency adjustment requirements.

14. SAE J2954 PA

14.1 Location of GA
This Section 14 app
Class Il GAs as wel

however, it is recogr

The reference datuni
space on the Y-axis

The geometric cente
axis of the geometrig

The geometric cente
centerline in the parl

The geometric cente

The geometric cente

An emergency shutdown shall occur when a system anomaly is detected or a critical system malfy
The GA shall ramp down its GA coil current and stop power transfer within 1 second of an emergq

In all error cases, the GA coil current shall remain low enough to meet EMF limits specified-in Secti
the GA coil (as if no VA were present) when no power transfer is occurring.

KING SPACE

coil Center Point in SAE J2954 Parking Space
lies specifically for Interoperability Class.|"GAs and may be used as a referend
. SAE J2954 specifies a single position-for the geometric center of the GA coil

ized that these recommendations canhot be enforced. See Figure 24.

point (0,0) used for measurements is at the inner edge of the parking lot line in th
center line.

r of the GA coil is shown in Figure 24. There shall be visible marks on the GA to
center of the coil forinstallation. The X and Y position GA markings shall be locg

I of the GA coilishall be 1.7 m from the datum point (front of parking space) and sh
ing space.

r of the<GA coil shall have an installation tolerance of £0.01 m in the X axis.

r of.the GA coil shall have an installation tolerance of +0.01 m in the Y axis.

The recommended length of an SAE J2954 parking space is 6 m.

The power shall ramp down at a rate of 2.5 kW/s or more during power shutdown (i.e., power request to 0 kW).

The GA shall be capable of decreasing its GA coil current to stop power transfer and shall meet the criteria for 13.2.1.

In the event that the VA communication is lost for more than 2 seconds, the GA shall ramp down its GA coil current to

nction has occurred.

ncy shutdown.

bn 10, directly above

e for the location of
in a parking space;

e front of the parking

indicate the X and Y
ted on each edge.

all be located on the
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1.7 1.7
(Required (Required)
6 m
(Recommended
Not Required) 6 m
(Recommended,

NotRequired)

Figure 24 - SAE J2954 GA geometric center location diagram

Curbside

NOTE: The centerline for handicapped parking spaces is based on the actual parking stall and not the ¢xtra space available

for entry/exit
14.2 SAE J2954 Pz

The SAE J2954 partl
space dictate otherw

14.3 SAE J2954 P4

Itis helpful to design
signage to be used

around the vehicle.

rking Space Parking Direction and Visual Cues

ing space shall dllgw a vehicle to drive forward into the space unless the require

ise. The SAE J2954 parking space shall also facilitate additional visual alignment

rking Space Markings

te SAE J2954 parking spaces for interoperable charging. The following figures shd

F-designating an SAE J2954 parking space. See Figure 25.

ments of the parking
tues where possible.

w the recommended
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Standard U

TOP

*SAE J2954 and the

* QOptional SAE J2954 ™ Sign* located at front of parking stall
Centered in Parking Spot
Reference Height for bottom of sign is 205 cm from ground (to correspond to the max. 80“ required for handicapped)

S parking sign is 30.5 cm x 46 cm

Painted SAE J2954 Logo on Sign (size regional)

30.5cm

WPT x

SAE J2954™

space No:

46cm

=)

205¢cm
Note: Siz

Be exten
For Hand

VIEW FRONT VIEW TARGET DE

bAE 12954 Wireless Power Transfer and Alighment Symbol are Trademark and Copyright

30.5cm

b of Sign to
led to the bottom
capped parking

[AIL

of SAE International

15. PERFORMANC
Performance testing

e Requirements fq

EMC testing apq

EMF testing app

Power transfer t

Figure 25 - SAE J2954 wireless charging identification markers
E TESTING

appears in various séctions of this standard:

r specific performance related to power transfer are given in Section 8
ears in Section 9

ears.in‘Section 10

estling Is covered In 19.1

Performance relative to safety is covered in Section 16

As listed in 8.2, testing for Product GAs and Product VAs is performed against SAE J2954 Test Station devices. Because
of the need to change relative positions of the GA and VA and to change other test conditions during these tests, they are
most conveniently done at a component level on a test station.

Testing of other functions such as some aspects of communication and alignment (Section 12) and live object protection
(Section 16) are performed at a vehicle/system level.
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15.1 Power Transfer Testing

The procedures in Section 15.1 are intended to support the requirement that the vehicle side components of any SAE
J2954-compliant system be interoperable with the infrastructure side components of any SAE J2954-compliant system. This
section addresses both component-level testing for power transfer and vehicle-level testing with regards to power transfer.

SAE J2954 has established normative Test Station VAs for WPT1, WPT2, and WPT3 (Appendix A) and a normative Test
Station GA (Appendix B) against which Product GAs and Product VAs shall meet the power transfer performance
requirements established in Section 8. All such Product VAs and GAs shall be tested for performance and safety with Test
Station devices as described in Section 8, even if they are presented as a system from the same manufacturer.

During testing, whether at the component or vehicle level, consideration should be given to electromagnetic safety, as
described in 10.9.

15.1.1 SAE J2954 WPT Test Station

The SAE J2954 Test Station enables X and Y offsets and Z-gap variations for power transfer performance testing. It can

also be used for EM
of 1 mm precision, 3
by moving the GA
automated, but that

The materials for thg
being tested and the
GA coil or above the

If the test station is 4

Figure 26 shows an

The WPT Test Statjon GA consists of GA electronics driving a GA coil and a GA Communicatio

electronics and the
communications mo

The WPT Test Statiq

and the VA electronpics are represented.as. the power transfer functions within boxes 21 and 22

communication mod
bus simulator.

A Product GA or a P

The shield is used t(
that are not capturec

C and EMF testing. The ideal test station has an X, Y, and Z positioning‘/mechan
s well as provision for testing roll, pitch, and yaw. Any of the aboye|offset positig
br the VA. Since process efficiency during test is important, the -positioning m
s not required.

test station frame, including any supporting mechanisms; shall be non-metallic e
shield and vehicle mimic. All other metallic materials,should be kept below the pla
mimic plate.

eing used for EMC testing, it should be on a metal turntable.

example of an SAE J2954 WPT Test Station.

[5A coil are represented as the power transfer functions within boxes 12 and 11
Hule is represented by the communication functions within boxes 12 and 13.

n VA consists of a VA coil'connected to VA electronics and a VA communication

ule is represented byjthe communication functions within boxes 22 and 23 along

roduct VA would comprise these same elements, including the communication fu

protéct.ferrous materials (such as a steel underbody) from the heating effects o

sm which is capable
ns may be achieved
bchanism should be

kcept for the devices
ne of the base of the

ns Module. The GA
of Figure 1; the GA

module. The VA coil
of Figure 1; the VA
with a vehicle CAN

hction.

f the magnetic fields

by\the VA resonator. Since the fields are generated by the GA resonator, the d

GA resonator is a

rincipal determining factor in the optimal shield size. However, the vehicle

ign and size of the

s
rnay not be able to

accommodate the optimal shield size, and a specific vehicle application may require a shield that is smaller.

For GA testing using the normative Test Station VAs, the aluminum shield to be used is specified in the appendix for that
specific VA. The shield to be used when using the test station with a Product VA shall be specified by the manufacturer and
should be the size and contour (if possible) of the shield that will be used when mounting the VA to the vehicle.

Because it is possible that the shield size may not capture the stray fields from the GA, either because of the GA size or
shape or because the shield size possible for a given Product VA is small, heating of the steel mimic plate might occur.
Therefore, when testing, the mimic plate in the test station shall be monitored for excess heating while testing.
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+Z

AC Mains

Boundary =
0.8m x 0.8m ~ 1.5m x 1.5m Vehicle
Al Shield Metal Mimic Pan

|

! Dielectric Vehicle
| Mimic Support

I WPT Measurement

|

|

|

S

AN

k—z _____ amy 19m !'&AD

50cm-»> — I |
VA= ——" :
I GA . v

]
\ ~ \>t / Turntable |

+Y

Isolation: < 15cm

WPT Measurement

+X

Turntable

'~

N

N
Dielectric Verﬁbl_e
Mimic Support \

\

\
1.5m x 1.5m Vehicle \
Metal Mimic Pan

0.8mx 0.8m
Al Shield /

Figure 26 - SAE J2954 WPT Test Station


https://saenorm.com/api/?name=d465d8c18cb9a1860d8b71b38a15a45a

SAE INTERNATIONAL J2954™ OCT2020 Page 66 of 194

15.1.2 Component Power Transfer Test for Product VA

As described in 8.2.1.1, the Product VA is tested against the normative GA from Appendix B in conjunction with the GA
communication module. The manufacturer of the Product VA specifies the aluminum shield size and shape; for most
accurate results, the shield specified should be as close to the size and shape of the actual shield to be used when installed
on the vehicle.

The VA output goes to a DC load as a replacement for the battery system of the actual vehicle. Communication shall be
active, and enablement of the conditions that would otherwise be available from the vehicle (CAN signals, for example) shall
be possible. Testing which simulates the various critical steps in the control sequence described in Figure 20, including
charging control, shall occur to ensure safe and proper operation and to confirm non-operation in those cases when the
compatibility check is not valid.

On the GA side, cofnmunication sha € various
control sequence dgscribed in Figure 20, including charging control, to ensure safe and proper epe
Power transfer system efficiency tests shall be made at nominal input voltage as described in 8.2.8.1.

critical steps in the
ation/non-operation.

15.1.3 Vehicle Tes{ for Product VA

While component test is more convenient, a vehicle test can instead be performed ta_determine confarmance of a Product

VA. A vehicle test wpuld give more accurate power transfer results, but control of the test conditions
the state of charge (BOC) of the battery will be constantly changing and while the-actual CAN signals {
might not be easily dontrollable to simulate the necessary test conditions. A mechanism for rapid restq

Will be more difficult:
vill be available, they
ration of the SOC to

a low level (low outppt voltage) should be provided for test efficiency.

The Product VA bejng tested should be installed as intended as .a,product, using the intended
monitoring of the velpicle underbody should be considered by the manufacturer.

shield. Temperature

The positioning offsgts in X, Y, and Z can be accomplished with-movement of the GA for X and Y an
wheels and/or the GA for Z adjustments.

d spacers under the

15.1.4 Test for Progluct GA

As described in 8.2.1.2 and 8.2.1.3:

An Interoperability C VA communication

module for control.

lass | GA is tested against each of the normative VAs in Appendix A using thg

An Interoperability
Appendix A along wi

Class I GA is\tested against normative VAs within the specified GA ground
th the VA cémmunication module, as well as the specific VAs it is meant to work

clearance range in
vith.

15.1.4.1 Interoperability Class | Product GA

Testing a Product GA'is'to be done using a test station. Communication shall be active and enablemient of the conditions
that would otherwise be available from the vehicle (CAN signals, for example) shall be possible. Testing which simulates
the various critical steps in the control sequence described in Figure 20, including charging control, shall occur to ensure
safe and proper operation and non-operation.

Power transfer system efficiency tests shall be made at nominal, low and high input voltage, as described in 8.2.8.2.

15.1.4.2 Interoperability Class Il Product GA

Testing a Product GA is to be done using a test station. Communication shall be active and enablement of the conditions
that would otherwise be available from the vehicle (CAN signals, for example) shall be possible. Testing which simulates
the various critical steps in the control sequence described in Figure 20, including charging control, shall occur to ensure
safe and proper operation or non-operation.

Power transfer system efficiency tests shall be made at nominal, low and high input voltage, as described in 8.2.8.3.
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15.1.5 Coordinate System

The coordinate system used for definition and testing should utilize the three-dimensional reference system as defined by

ISO 4130.

where:

X = positive in the reverse direction

Y = positive to the right side

Z = positive in th

e upward direction

X,Y =0,0is def

Z =0 is defined

15.1.6 Test Enviror

Test station and veh

ned by the centered position of the GA coil

by the surface of the ground

Zoro ¥ plane (vertical
longitudinal zero plane)

Zero X plane (vertical
transverse zera plane]

+Y
Zero Z plane thorizontal
zerg plane}

Figure 27 - ISO 4130 three-dimensional
reference system vehicle coordinate system

ment

clezlevel testing shall, for the purpose of 15.1, be conducted at an ambient temper

Ature of 20°C £ 5 °C

throughout the set u

P and testing process (environmental tests are not covered In this section at this

time). The air speed

of the room shall not exceed 0.5 m/s near the test sample, and no additional cooling or ventilation shall be provided for the

test sample unless s

pecified by the manufacturer or required for safety.

The grounding of equipment shall be set up to prevent the possibility of RF shock or burn caused by touching equipment
having RF potential. If metallic WPT equipment is isolated from ground and accessible to personnel, the maximum human
body grounding current shall be assessed. The line frequency and RF currents shall be within the limits in UL 2594, and
shall be verified accordingly.

15.1.7 System Efficiency Test Procedure

System efficiency shall be determined by measuring the power from the AC grid into the GA electronics and measuring the
DC power out of the VA electronics, which feeds the battery system and essential auxiliary loads. Non-essential auxiliary
loads should not be considered. System efficiency is the ratio of output power to input power, expressed as a percentage.
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! E VA Pout E ' ]
é ! (Output ' i DC T
é E (AN Active Power) ! é Auxiliary HV
: E____ _____________________________________ 1 Loads Battery
@
o 4 : : GA Electronics (Y YY) : :
- HEH GA Coil : :
Pin P : :
AC Grid (Input Active P :
; e Jﬂl :
s
Figure 28 - Block diagram of a WPT system (including VA and GA)
illustrating the efficiency points (1) and (2)
15.1.7.1 SAE J2954 System Efficiency Test Conditions

The specific test req

lirements are dependent on the device being tested, and,in the case of a Product

VA, on manufacturer

specifications. AC gilid power shall be provided as listed by the GA specification. The GA might be either a Product GA or

a Test Station GA.
Input power shall be
Output load voltage
An Interoperability O
full Z range as speci
series load resistang
An Interoperability G
WPT Test Station V.
an equivalent series

When testing Produ

Coil alignment shall
direction. Z offsets s

measured at the input to the GA electronics with appropriate test equipment. Ref
And power shall be specified as appropriate for the specific test configuration.
lass | GA shall be tested with all, afythe VAs from Appendix A (SAE WPT Test S
ied in Table 2 and the three reference battery voltages of 280 V, 350 V, and 420
e of 0.15 Q.

lass Il GA shall be tested over the specified Z range of that GA with the VAs frg
As) which cover that-Z:range at the three reference battery voltages of 280 V, 35
load resistance of 015 Q.

t VAs, the Zrange and the output voltage range shall be specified by the VA mar

ncludesalbrequired offsets in X and Y, in increments of no more than 50% of the m

VA is being tested, @

er to IEC 61000-3-7.

ation VAs), over the
/, with an equivalent

m Appendix A (SAE
D V, and 420 V, with

ufacturer.

hximum offset in that

hall be at the minimum, the maximum, and the midpoint, as specified by the manudfacturer if a Product

r@s'specified in Table 2 for the Z class of the Appendix A VA being used.

In addition to the offset limits in X, Y, and Z, system efficiency tests shall include testing for rotational misalignment. Roll is
the rotation of the vehicle around the X axis, pitch is the rotation of the vehicle around the Y axis, and yaw is the rotation of
the vehicle around the Z axis. Testing of roll, pitch, and yaw shall be performed at the centered alignment position (X and
Y) at maximum roll, pitch, and yaw as specified. If the test is a test-station test, Z should be at the mid-range position; if the

test is a vehicle test,

Z should be as the vehicle presents.

Position tolerance is £1.0 mm for linear dimensions and less than +0.5 degree for angular dimensions.

System efficiency tests shall be run only after the system has warmed up (a minimum of 5 minutes at full power) and the
system temperature is stable. Ambient temperature shall be 20 °C + 5 °C. Temperature stability should be determined by
measuring the surface temperature of the GA using a thermocouple or another contact method, or by an IR camera; the
accuracy of the thermal camera should be confirmed using a thermocouple or other contact method.
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15.1.7.2 System Efficiency Requirement

For all conditions of X, Y, Z, and rotational offsets:

e For Product Vas

, the requirements in 8.2.8.1 apply.
For Class | Product Gas, the requirements in Table 8 apply.

For Class Il Product Gas, the requirements in Table 9 apply.

Table 22 - Sample system efficiency test form

PWR

Mimic

Test No. | ZPOS

X POS Y POS Roll/Pitch/Yaw Factor PiIn P Out

EFF Temp

15.1.7.3 Surface T

During all the test stg
to ensure that they 3

16. SAFETY VERIF

Performance testing
power if it is unsafe t

16.1 Safety Verifica

Communication, as
compatible or fail the

After compatibility h
positioned within the|

Resultant behavior @
with SAE J2847/6 m

16.2 Safety Verifica

In the event that poy
the safety systems 3

emperature

tion and vehicle tests, the temperature of accessible surfaces of the functional uni
re compliant with UL 2750 maximum surface temperature levels.

CATION

is designed to measure how well units work. Safety testing is meant to ensure
b do so. Safety verification must occur prior to-the start of power transfer and also d

tion Prior to Power Transfer

described in Section 12, shall be (verified to work, and those systems which arg
compatibility check state, cannot move to the next state nor eventually to power

as been confirmed, the system must also pass the alignment check to ensur
alignment tolerance zone.

f the WPT systemrshall be checked to ensure that actions, including safety verifig
essages.

tion During\Power Transfer

ver trafsfer is interrupted, the system shall not automatically restart unless it is m
ssociated with WPT verify that it is safe to restart automatically.

ks shall be monitored

units do not transfer
uring power transfer.

not designed to be
fransfer.

b that the vehicle is

ation, are consistent

anually restarted, or

16.2.1 Safe Operation with Respect to Metallic Foreign Objects

Safe operation with respect to metallic foreign objects is primarily the responsibility of the infrastructure side components of
the system. Therefore, this testing is done using a candidate Product GA and either a Test Station VA or an SAE J2954

Product VA.
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The potential hazards with metallic foreign objects fall into three areas:

Metallic object becomes hot enough to damage the surface with which it is in contact and, as a result, creates an

electrical thermal issue. For example, an object on the GA surface might get hot enough to damage the surface and
expose components which could be dangerous.

Metallic object is heated to a temperature that is dangerous to touch at the time that the object becomes accessible.

Accessibility could happen after the vehicle leaves the charging spot or if someone reaches under the vehicle. The
maximum temperature that an object reaches is not a sufficient test criteria; if the heat capacity of the object is small
enough, by the time the object becomes accessible it may have cooled to a temperature below the touch threshold.

ignition of the fla

mmable item.

One approach is to
temperatures canno

Another approach i

power transfer if alr¢ady running, or preventing the system from starting power transfer/if detection

transfer has started.

16.2.1.1 Test Requ

Whether GA coil des

e Objects shall no

Any damage to {

¢ Objects shall no

16.2.1.2 Test Obje
Table 23 lists the req

Due to the fact, a lis
FOD capability. Add
this standard. These
are readily available
number of objects at

This list was develo
detect.

control the characteristics of the magnetic fields through the GA coil design—y
occur.

to use a FOD system to detect objects and cause the system to take dction, su

irements and Considerations

ign or a FOD system is used, the following are the requirements:

be above touch hazard temperature when a person is able to touch that object.
he GA surface shall not create a safety hazard.

cause ignition.

Cts

uired objects that shall belused to verify the safety of the system against heating
t of possible objects-is:infinite in length, a set of test objects is provided which wi
tional test objects-can be tested but are not required in order to certify the Produ
test objects have been selected because they are appropriate to prevent the hazar
and allow repeatability of results independent of what facility is performing the tes

a reasonable level.

ped through an SAE risk analysis which considered likelihood of occurrence and

Metallic object in contact with a flammable item becomes hot enough and contains enough thermal energy to cause

uch that dangerous

ch as shutting down
pccurs before power

of foreign objects.

| ensure a minimum
ct GA as safe under
s mentioned above,
ts while keeping the

severity of failure to
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Table 23 - Table of test objects

Temp Ignition | Alignment of test object
Item | Sample Objects Rise Test at Hmax Notes
Five sheets 20lb paper at least
2 inches square attached to a steel
. wire paper clip approximately
1 Papear Set?‘é:(. with X Largest parallel field 1.25 inches long. Location and
pap P orientation should refer to the paper
clip. Stack is assumed to be lying flat
on the surface.
Foil with paper 2 x 4 inches, similar to chocolate bar
2 pap X Largest perpendicular field wrapper or cigarette foil material.
backing
Lying flat on] the surface.
3 Coins X Largest perpendicular field W.S: 5¢ coin.
4 Nail X Largest parallel field 10dcommon steel, uncoated.
5 Aluminun foil X Largest perpendicular field 210'3 inch squarg or circular piece
0.002 to 0.010 inch thick.
6 Steel bhr X Largest perpend|cular_f|eld 4 x 2.75 x 0.4 incHes lying flat on the
and largest parallel field surface.

16.2.1.3 Test Procg¢dure without a FOD System

The actual procedur
manufacturer of the
parallel to the surfac
magnetic field comp

The GA and the VA
multiple positions w
surface so that test

16.2.1.3.1 Test Ob

Place the first ignitid
metallic portion of th
10 minutes. Repeat

16.2.1.3.2 TestOb

e for a given implementation is highly dependént on the specific implementation
(GA coil must specify and mark the location ‘and orientation of the strongest magn
b of the GA coil package or perpendicularto the GA coil package with a VA which
bnent. This location and orientation are‘to be noted as “Hwmax.”

hich create Hwax, choose theé\position which gives the greatest accessibility to t
bjects may be placed most éasily and accurately.

ect in Place Before-Rower Transfer

n test object on the GA coil package surface at the Hwax location with the long
b test objectalong the Hwax orientation. Turn on power transfer to full power and n

vith the ofher ignition test object. If ignition does not occur this test is passed.

ectdntroduced During Power Transfer

of the GA coil. The
etic field component
produces that largest

shall be arranged such that the. Z height and the X/Y offset are those that create Hwvax. If there are

he GA coil package

bst dimension of the
haintain that level for

This test will use the

fourtemperature Tise testobjects:

Turn on power transfer to full power and maintain that level during each of the tests. With full power being transferred, place
the test object in the Hwax position and orientation (longest dimension of the test object aligned with Hwvax). Let power transfer
continue for 5 minutes, at which time quickly remove the test object and measure its temperature.

If less than 80 °C, that object at that position has passed. If greater than 80 °C, measure the temperature at 30 seconds
after removal and 60 seconds after removal. If the temperature of the test object 60 seconds after removal is less than
80 °C, the test is passed.

If the test object is more than 80 °C at 60 seconds or if there was damage to the GA surface, the test is failed.

Rotate through test objects to give the heated object time to cool back to ambient before using it again. Repeat with the test

object placed at ara

ndom position.
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16.2.1.4 Test Procedure with a FOD System

The actual procedure for a given implementation is highly dependent on the specific implementation of the GA coil and the
FOD system. The manufacturer of the GA coil must specify and mark the location and orientation of the strongest magnetic
field parallel to or perpendicular to the surface of the GA coil package with a VA which produces that largest magnetic field
component. This location and orientation are to be noted as “Hwax.”

The manufacturer shall specify the location on the surface of the GA coil package where the probability of non-detection of
the test object is the greatest. If there is more than one such location, the three with the highest probability of non-detection
shall be specified and notated as Dwin1, Dmin2, and Dwins. If there is a directional component to the detection sensitivity, that
shall also be specified.

The GA and the VA shall be arranged such that the Z height and the X/Y offset are those that create Hwmax. If there are
multiple positions wpich create Hwax, ChOOSE the position which gives the greatest accessibility 10 jhe GA coil package

surface so that test

16.2.1.41 Test Ob

a. Place the firstig
of the metallic p
that level for 10
detected or if ign

dimension in the

bjects can be placed most easily and accurately.
ect in Place Before Power Transfer

nition test object on the GA coil package surface object at the Hwvax [0cation with th
brtion of the test along the Hwax orientation. If power does turn onyincrease to full

minutes unless object is detected. Repeat with the other jgnition test object. If
ition does not occur, this test is passed.

orientation which will be most difficult to detect.

e longest dimension
power, and maintain
the test object was

Place the first temperature rise test object at Dwmin1; if an orientation sepsitivity was specified, align the test object longest

Turn on power. If FOD system is activated and prevents the start'of power transfer, this test with this object is passed.

Repeat with the
If power does tu
and turns off poy
has passed.

If greater than §
temperature at g

Repeat with the
16.2.1.4.2 TestOb

If there is a test mo
testing more efficient

hext test object.

n on, increase it to full power. Let it runzat full power for 5 minutes or until the FOL
ver. Remove the test object and measure its temperature; if less than 80 °C, that ¢
0 °C, measure the temperature at 30 seconds after removal and 60 seconds
f the test object 60 secondsafter removal is less than 80 °C, the test is passed.
pther temperature risg'test objects.

ect Introduced.During Power Transfer

e which.indicates FOD without actually initiating power shutdown, that mode m
, exceptithat the first two FOD detection tests must be performed such that power i

This test will use the

D system is activated
bject at that position

after removal. If the

ay be used to make
5 actually shut down.

four temperature rise test objects.

a.

Turn on power transfer to full power and maintain that level during each of the tests. With full power being transferred,

place the test object in the Huax position and orientation (longest dimension of the test object aligned with Hwax). Let
power transfer continue for 5 minutes or until the FOD system is activated, at which time quickly remove the test object

and measure its

temperature.

If less than 80 °C, that object at that position has passed. If greater than 80 °C, measure the temperature at 30 seconds
after removal and 60 seconds after removal. If the temperature of the test object 60 seconds after removal is less than
80 °C, the test is passed.

If the test object is more than 80 °C at 60 seconds or if there is damage to the GA coil package surface, the test is failed.

Rotate through test objects to give the heated object time to cool back to ambient before using it again
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With full power being transferred, place the first test object in a random position and orientation. Let power transfer

continue for 5 minutes or until the FOD system is activated, at which time quickly remove the test object and measure

its temperature.

If less than 80 °C, that object at that position has passed. If greater than 80 °C, measure the temperature at 30 seconds
after removal and 60 seconds after removal. If the temperature of the test object 60 seconds after removal is less than
80 °C, the test is passed.

If the test object is more than 80 °C at 60 seconds or if there is damage to the GA coil package surface, the test is failed.

Rotate through test objects to give the heated object time to cool back to ambient before using it again.

With full power being transferred, place the first test object at Dwin1 with orientation for highest probability of

non-detection. U
remove the test

If less than 80°C
after removal an
80 °C, the test is
If the test object
Rotate through t
With full power|
non-detection. U
remove the test
If less than 80 °(
after removal an
80 °C, the test is
If the test object
16.2.2 Live Object
Informative Appendi

17. DURABILITY

Component and veh

et power transfer confinue Tor 5 minutes or uniil the FOD system is aclivated,_ 2
bbject and measure its temperature.

, that object at that position has passed. If greater than 80 °C, measure the tempe]
d 60 seconds after removal. If the temperature of the test object 60 seconds after
passed.

s more than 80 °C at 60 seconds or if there is damage to the GAleoil package surf
bst objects to give the heated object time to cool back tolambient before using it g
being transferred, place the first test object at Dwmin2 with orientation for h
et power transfer continue for 5 minutes or until the FOD system is activated, 3
bbject and measure its temperature.
, that object at that position has passed. If\greater than 80 °C, measure the tempe
d 60 seconds after removal. If the tempeérature of the test object 60 seconds after
passed.

s more than 80 °C at 60 seconds-or if there is damage to the GA coil package surf

Protection

C details a guideline regarding a possible testing approach for live object protec

icle systemy durability shall comply with the most recent, applicable UL 2750, as

specification, which

the components basgd.on-dynamic testing.

:

plies-specifically to the vehicle and its on-vehicle components. SAE J1211 desc

t which time quickly

Fature at 30 seconds
removal is less than

hce, the test is failed.
gain.

ghest probability of
t which time quickly

rature at 30 seconds
removal is less than

hce, the test is failed.

ion.

well as SAE J1211
fibes the durability of

During test station and vehicle testing, the GA and VA coil packages shall be compliant with SAE J2954 and UL 2750
definitions of allowable surface temperature levels in order to promote operator safety.
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18. NOTES

18.1 Revision Indicator

A change bar (1) located in the left margin is for the convenience of the user in locating areas where technical revisions, not
editorial changes, have been made to the previous issue of this standard. An (R) symbol to the left of the document title

indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in original
publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE HYBRID - EV COMMITTEE

NOTE: One or mor¢ patents may apply to one or more aspects of the standards or the entire standgrd. By publication of
this standargl, no position is taken with respect to the validity of this claim or of any patent|rights in connection
therewith. The patent holder(s) has, however, filed a statement of willingness to granta‘icenge under these rights
on reasonallle and nondiscriminatory terms and conditions to applicants desiring to\obtain slich a license for the
purpose of complying with the standard. Details may be obtained from SAE International at:
http://www.sle.org/standardsdev/patents.htm.
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APPENDIX A - TEST STATION VA SPECIFICATIONS (NORMATIVE)

A1 TEST STATION VA WPT1/21

This appendix provides the mechanical and electrical design specifications of the Test Station VA for power class WPT1
and gap class Z1 (VA WPT1/21).

NOTE: Specifications designed for optimal operation with the Test Station GA WPT1 specified in Appendix F.
A.1.1 MECHANICAL SPECIFICATION

Figures A1, A2, A3, and A4 show the mechanical dimensions of the Test Station VA WPT1/Z1.

The ferrite tiles are made using PC95 (TDK).

900 (Aluminum Shielding)
295 (Outer Case)

280 (Core Outer)

260.2 (Coll)
250 (Shielding)
188 (Core Inn _
T — — 2
Ferrite T = 2
_________________ % —~ |1 £
/ T ' T | g g%
Nars + are [A[IE2 |5 3|
| | b ol 3| 3| 2 g|| €
I 118 5| < 8 5)f 2
Coil |_ i '_-___-_L-- H g logd o =1 o
\lr [ i EIEHEEE S
N | o
il o i 324 1
il | 1
il — t
1 1
I ; 1

Outer Case(for Reference)

AluminumiShielding(700x900mm)

Figure A1 - Mechanical dimensions of the Test Station VA WPT1/Z1
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280

260.4
250 00000 1.4.L

L 188

|
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= : i i

|

]
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S T S ekl W
coll \ Ferrite Aluminum Outer Case(for Reference)

Figure A2 - Mechanical dimensions of the Test Station VA WPT1/Z1
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Figure A3 - Detailed cross sectionview
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A1.2 ELECTRICAL SPECIFICATION

Figure A5 shows the electrical specification of the of the Test Station VA WPT1/21.

CZSE LZSa LSSa
32.6nF 15.9uH  24.2pH

e SE—

100nF
—L Cw» —— —y
Lo —T— 110nF - = | ™
100nF T
L b s
CZSh LZSh LSSb

32.6nF 15.9uH  24.2pH

Figure AS5 - Electrical specification of the Test Station \VVA-WPT1/Z1
The minimum and maximum inductance are given in Table A1.

Table A1 - Inductance

L2 min 214 uH
L2 max 232 uyH

A2 TEST STAT|ON VA WPT1/22

This appendix provides the mechanical and electrical design specifications of the VA for power class WPT1 and gap class
Z2 (VA WPT1/Z2).

NOTE: Specifications designed for optimal operation with the Test Station GA WPT1 specified in Appendix F.
A.2.1 MECHANI|CAL SPECIFICATION
Figures AG, A7, A8, and A9 show the mechanical dimensions of the Test Station VA WPT1/22.

The ferrite tiles are made using PC95 (TDK).
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. 900(BODY)
| 355(CASE)

340(core outer)
318.4(coil)
310(Shilding)
119.8(core inner)

Ferrite I

1
T
1
1904
1
1

119.8

3184

340
Z00)BP DY)

Quter Case(for'Reference)

Figure A6 - Mechanical dimensions.of'the Test Station VA WPT1/Z2
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Figure’A7 - Mechanical dimensions of the Test Station VA WPT1/Z2
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Figure A9 - Detail of the ferrite core construction
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A22 ELECTRICAL SPECIFICATION

Figure A10 shows the electrical specification of the Test Station VA WPT1/Z2.

The minimum and m

A3 TEST STAT

This appendix provig
Z3 (VA WPT1/Z3).

NOTE: Specification

CZSa LZSa I—3Sa
33.8nF 11.7uyH  19.0pH

e S—

100nF
L, —— G = | Voa

100nE

=T 150nF -1 -

SNPNEL =

CZSb LZSb LSSb
33.8nF 11.7uH  19.0pH

Figure A10 - Electrical specification of the Test Station \VA-WPT1/Z2
aximum inductance are given in Table A2.

Table A2 - Inductance

L2 min 207 uH
L2 max 214 pH

ON VA WPT1/Z3

es the mechanical and electrical-design specifications of the VA for power class

s designed for optimalgoperation with the Test Station GA WPT1 specified in App

A.3.1 Mechanical Specification

Figures A11, A12, A

The ferrite tiles are n

13, and A14.show the mechanical dimensions of the Test Station VA WPT1/Z3.

nade ysing N96 (TDK).

WPT1 and gap class

endix F.
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Figure A11 - Mechanical dimensions of the Test Station VA WPT1/Z3

Figure A12 - Mechanical dimensions of the Test Station VA WPT1/Z3
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Figure A13 - Detailed cross section view
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Figure A14 - Detail of the ferrite core construction
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A3.2

Electrical Specification

Figure A15 shows the electrical specification of the Test Station VA WPT1/Z3.

I—3Sa
19.0pH

C2Sa I—2851
33.8nF 11.7pH

The minimum and m

A4 TEST STAT

This appendix provig
Z1 (VA WPT2/Z21).

NOTE: Specification
A4 MECHAN
Figures A16 and A1

Typical properties of

T
100nF
Cop L —_—T
_ Lo 150nE — — | Ve
100nF |
NA'A AW WA AN I Py
Cosb  Losp Lass
33.8nF 11.7uH  19.0uH

Figure A15 - Electrical specification of the Test Station VA-WPT1/Z3
aximum inductance are given in Table A3.

Table A3 - Inductance

L2 min
L2 max

198 pH
203 pH

ON VA WPT2/Z1

es the mechanical and electrical design specifications of the VA for power class

s are designed for(optimal operation with the Test Station Universal GA specified
CAL SPECIFICATION
 show the-mechanical dimensions of the Test Station VA WPT2/21.

the\ferrite material used in the VA are shown in Table A4.

WPT2 and gap class

in Appendix B.

Table A4 - Typical ferrite properties

Material MnZn
Initial Permeability (25 °C) >1000
Flux Density, Bs (100 °C)

(H = 1200 A/m. 10 kHz) >400 mT
Core Loss, Pv 3
(100 kHz, 200 mT, 100 °C) <350 kW/m

The lateral dimensions of the aluminum shield shown in Figure A17 are 800 x 800 mm, and the thickness should be 0.7 mm

or larger.
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Figure A16 -,Mechanical dimensions of the Test Station VA WPT2/Z1
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ALUMINUM
SHIELD

ALUMINUM PLATE

FERRITE TILES

5@ LITZ WIRE

LITZ TRAY

I S — 73

0, 1 | )
TR NI1%2218) %22

I

)

@5 DETAIL B
SCALE1: 1

Figure A17 - Exploded-view of the Test Station VA WPT2/Z1
A4.2 Electrical Bpecification

Figure A18 shows the electrical specification.of the Test Station VA WPT2/21.

Cia I Xyal2

I
— 60uF —_:L

V

Datt

RN
Len | 4

Cib J Xyal2 )

[ ::fo
£

Figure A18 - Electrical specification of the Test Station VA WPT2/Z1

280-420 V

Minimum and maximum values of secondary coil inductance Lva and the impedance matching values are given in Table A5.
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Table A5 - Secondary coil inductance Lva and impedance matching values

Lva_min [uH] 37.2
Lva_ max [uH] 38.7
C1a [nF] 290
C1b [nF] 290
C2 [nF] 170
Xva/2 min [Q] -8

Xva/2 max [Q] 5

A5 TEST STATION VA WPT2/Z2

This appendix provig
Z2 (VA WPT2/Z22).

NOTE: Specification
A.5.1 MECHAN
Figures A19 and A2

Typical properties of

The lateral dimensio
or larger.

es the mechanical and electrical design specifications of the VA for power class

s are designed for optimal operation with the Test Station Universal GA'specified
CAL SPECIFICATION

D show the mechanical dimensions of the Test Station VA WPT2/Z2.

the ferrite material used in the VA are shown in Table A6

Table A6 - Typical ferrite properties

Material MnZn
Initial Permeability (25 °C) >1000
Flux Density, Bs (100.3C)

(H = 1200 A/m, 10 kH2) >400 mT
Core Loss, Pv <350 KW/m?

(100 kHz, 200-mT, 100 °C)

ns of the aluminum shield shiown in Figure A20 are 800 x 800 mm, and the thickne

WPT2 and gap class

in Appendix B.

5s should be 0.7 mm
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Figure A19 - Mechanical dimensions of the Test Station VA WPT2/Z2
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A5.2 Electrical

Figure A21 shows th
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Figure A20 - Exploded view of.the Test Station VA WPT2/Z2
Bpecification

e electrical specification of the-Test Station VA WPT2/Z2.

(I:I1a JXyal2 A
. |
I 02—
mmCz —— 60uF —_i— Vbatt
280-420V
° I rd 1 Py !_'
Cio J Xyal2 .

Figure A21 - Electrical specification of the Test Station VA WPT2/Z2.

Minimum and maximum values of secondary coil inductance Lva and impedance matching values are given in Table A7.
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A6 TEST STAT

This appendix provig

Z3 (VA WPT2/Z3).

NOTE: Specification

Table A7 - Secondary coil inductance Lva and impedance matching values

Lva_min [uH] 43.1
Lva_max [uH] 44.0
C1a [nF] 250
C1b [nF] 250
C2 [nF] 170
Xva/2 min [Q] -6

Xva/2 max [Q] 7

ON VA WPT2/Z3

A.6.1 Mechanical Specification

Figures A22 and A2

Typical properties of

The lateral dimensio
or larger.

es the mechanical and electrical design specifications of the VA for power class

B show the mechanical dimensions of the Test Station VAWPT2/Z3.
the ferrite material used in the VA are shown in Table A8.

Table A8 - Typical ferrite properties

Material MnZn
Initial Permeability (25 °C) >1000
Flux Density, Bs (100 °C)

(H = 1200 Alth, 10 kHz) >400 mT
Core Loss;-Pv 3
(100.KHz, 200 mT, 100 °C) <350 kW/m

ns of the aluminumm shield shown in Figure A23 are 800 x 800 mm, and the thickne

WPT2 and gap class

s are designed for optimal operation with the Test Station Universal'GA specified in Appendix B.

5s should be 0.7 mm
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Figure A22 - Mechanical dimensions of the Test Station VA WPT2/Z3
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A.6.2 Electrical

Figure A24 shows th
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DETAIL B
Figure A23 - Exploded view of.the Test Station VA WPT2/Z3
Specification

e electrical specification of the-Test Station VA WPT2/Z3.
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Figure A24 - Electrical specification of the Test Station VA WPT2/Z3

Minimum and maximum values of secondary coil inductance Lva and impedance matching values are given in Table A9.
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Table A9 - Secondary coil inductance Lva and impedance matching values

A7 TEST STAT

This appendix provig
Z1 (VA WPT3/21).

NOTE: Specification

A.7.1 Mechanical Specification

Figures A25 and A2¢

Typical properties of

The lateral dimensio
or larger.

Lva_min [uH] 39.3
Lva_max [uH] 40.0
C1a[nF] 310
C1b [nF] 310
C2 [nF] 170
Xva/2 min [Q] -8

Kunf2-reaxte] 5

ON VA WPT3/Z1

es the mechanical and electrical design specifications of the VA for poweér class

s are designed for optimal operation with the Test Station GAspecified in Appen

b show the mechanical dimensions of the ferrite and the coil of the VA WPT3/Z1.

the ferrite material used in the VA are shownin Table A10.

Table A10 - Typical-ferrite properties

Material MnZn
Initial Permeability (25 °C) >1000
Flux Density,*Bs (100 °C)

(H = 1200 A/m, 10 kHz) >400 mT
Core Loss, Py <350 KW/m?

(#00’kHz, 200 mT, 100 °C)

ns of the aluminum shield shown in Figure A26 are 800 x 800 mm, and the thickne

WPT3 and gap class

lix B.

5s should be 0.7 mm
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P
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Figure A25 - Mechanical dimensions of the Test Station VA WPT3/Z21
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Figure'A26 - Exploded view of the Test Station VA WPT3/Z1
Table A11 shows thg¢ mechanical dimensions of the VA WPT3/Z1 and nominal vehicle shield.

Table A11 - Mechanical dimensions of the Test Station VA WPT3/Z1

Coil + Ferrite Only Housing Vehicle Shield Size
LxW x H[mm] 284 x 284 x 12.6 300 x 300 x 20 800 x 800 x 1
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A7.2 Electrical Specification

Figure A27 shows the electrical specification of the VA WPT3/Z1.

CI1|a j){x;gjz Lla mﬁnF % * %
| L

L2a 49 nF wabk | — V
L*.-’A E 2 49 nF wl | — -
L2b 280-
211) ! S0V
| = 41
I

Clhb IKVA"FZ . 100 nFm vf

C1a, C1b [nF] 223
C2 [nF] 143
Xval2 [ohms] -15t00
L1a, L1bYJuH] 54
L2a, b2b [uH] 54

Figure A27 - Electrical specification of the Test Station VA WPT3/Z1
Minimum and maximum values of.secondary coil inductance Lva are given in Table A12.

Table A12 - Secondary coil inductance Lya

L_Min [uH] 45.0
|_Max [uH] 470

A8 TEST STATION VA WPT3/Z2

This appendix provides the mechanical and electrical design specifications of the VA for power class WPT3 and gap
class Z2 (VA WPT3/22).

NOTE: Specifications are designed for optimal operation with the Test Station GA specified in Appendix B.
A.8.1 MECHANICAL SPECIFICATION OF THE VA WPT3/22
Figures A28 and A29 show the mechanical dimensions of the ferrite and the coil of the VA WPT3/Z2.

Typical properties of the ferrite material used in the VA are shown in Table A13.
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Table A13 - Typical ferrite properties

Material MnZn
Initial Permeability (25 °C) >1000
Flux Density, Bs (100 °C)
(H=1200 A/m, 10 kHz)

Core Loss, Pv
(100 kHz, 200 mT, 100 °C)

>400 mT

<350 kW/m3

The lateral dimensions of the aluminum shield shown in Figure A29 are 800 x 800 mm, and the thickness should be 0.7 mm
or larger.
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Figure A28 - Mechanical dimensions of the Test Station VA WPT3/Z2
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Figure A29 - Exploded view of the Test Station VA WPT3/Z2
Table A14 shows thg¢ mechanical dimensions of the'VA WPT3/Z2 and nominal vehicle shield.

Table A14 - Mechanical dimensions of the Test Station VA WPT3/Z2

Coil'+ Ferrite Only Housing Vehicle Shi¢ld Size
L xWXH[mm] 334 x334x12.6 350 x 350 x 20 800 x 800 x 1
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A8.2 Electrical Specification

Figure A30 shows the electrical specification of the VA WPT3/Z2.

CI1|a j){x;gjz Lla mﬁnF % * %
| L

L2b

3 3

[ ——t

L L2a 49 nF 3ol
VA —_— 2 49 nF uks | —

Clhb IKVA"FZ . 100 nFm vf

C1a, C1b [nF] 270
C2 [nF] 145
Xva/2 [ohms] -15t00
L1a, L1b [uH] 54
L2a, L2b [uH] 54

Figure A30 - Electrical specification of the Test Station VA WPT3/Z2
Minimum and maximjum values of secondary coil inductance Lva are given in Table A15.

Table A15 - Secondary coil inductance Lva

1 | W H Ll 1l 4
= AL S Ll 3.1

L_Max [uH] 44.0

A9 TEST STATION VA WPT3/Z3

Vbatt
280-
450V

This appendix provides the mechanical and electrical design specifications of the VA for power class WPT3 and gap

class Z3 (VA WPT3/Z3).

NOTE: Specifications are designed for optimal operation with the Test Station GA specified in Appendix B.
A.9.1 Mechanical Specification

Figures A31 and A32 show the mechanical dimensions of the ferrite and the coil of the VA WPT3/Z3.

Typical properties of the ferrite material used in the VA are shown in Table A16.
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Table A16 - Typical ferrite properties

Material MnZn
Initial Permeability (25 °C) >1000
Flux Density, Bs (100 °C)

(H = 1200 A/m, 10 kHz) >400 mT
Core Loss, Pv <350 KW/m?

(100 kHz, 200 mT, 100 °C)

The lateral dimensions of the aluminum shield shown in Figure A32 are 800 x 800 mm, and the thickness should be 0.7 mm

or larger.

! ﬁ A
=)

SECTION A-A

Figure A31 - Mechanical dimensions of the Test Station VA WPT3/Z3
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Figure A32 - Exploded view of the Test Station VA WPT3/Z3

Table A17 shows thg¢ mechanical dimensions of the VA WPT3/Z3 and nominal vehicle shield.

Table A17:- Mechanical dimensions of the Test Station VA WPT3/Z3

Coil + Ferrite Only Housing Vehicle Shi¢ld Size
L x WX H [mn] 401.5x401.5x12.6 420x 420 x 20 800 x 800 x 1
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A9.2 Electrical Specification

Figure A33 shows the electrical specification of the VA WPT3/Z3.

I 21 |
L L2a 49 nF
VA —— 49 nF
L2b
d11) '
A 2111 .
Clb ;}{VAIZ . iol}nFm ?

C1a, C1b [nF] 325
C2 [nF] 150

jXva/2 [ohms] -15t0 0
L1a, LAOJuH] 54
L2a; L2b [uH] 54

30
uk

Minimum and maximjum values ¢f.secondary coil inductance Lva are given in Table A18.

Table A18 - Secondary coil inductance Lva

L_Min [pH]

39.3

Figure A33 ¢ Electrical specification of the Test Station VA WPT3/Z3

L_Max [uH]

40.0

Vbatt
280-
450V
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APPENDIX B - TEST STATION UNIVERSAL GA (WPT1, WPT2, WPT3) (NORMATIVE)
This appendix provides the mechanical and electrical design specifications of the Test Station Universal GA.

NOTE: Specifications designed for optimal operation with the Test Station VA WPT2/Z1 (Appendix A.4), the Test Station
VA WPT2/Z22 (Appendix A.5), the Test Station VA WPT2/Z3 (Appendix A.6), the Test Station VA WPT3/21
(Appendix A.7), the Test Station VA WPT3/Z22 (Appendix A.8), and the Test Station VA WPT3/Z3 (Appendix A.9).

B.1 MECHANICAL SPECIFICATION

Figures B1 and B2 show the mechanical dimensions of the Test Station Universal GA. Figure B3 shows an exploded view
of the mechanical construction of the GA with the aluminum plate towards the ground. The ferrite layers in the GA are
constructed of ferrite tiles of dimensions 100 x 150 x 5 mm and 100 x 100 x 5 mm. Typical properties of the ferrite material
used in the GA are ghown in Table BT.

Table B1 - Typical Ferrite Properties

Material MnZn
Initial Permeability (25 °C) >1000
Flux Density, Bs (100 °C)

(H = 1200 A/m, 10 kHz) >400N
Core Loss, Pv <350 KW/m?

(100 kHz, 200 mT, 100 °C)
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Figure B1 - Mechanical dimensions of the Test Station Universal GA
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SECTION A-A
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Figure B2 - Detailed cross section view of the Testétﬁ) on Universal GA
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Figure B3 - Exploded view of the Test Station Universal GA

NOTE: Ferrite placed on a single plane rather than at three levels can also be used but will result in a slight change of
inductance and coupling values.

B.2 ELECTRICAL SPECIFICATION

Figure B4 and the values in Table B2 show the electrical specification of the Test Station Universal GA.
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Figure B4 - Electrical schematic of the Test Station Universal\GA

Table B2 - Table of values

C1a, C1b [nF] 320
C2 [nF] 270
jXeal2 [ohms] 4\to 16

Minimum and maximjum values of Lea when simulated with an 800-x 800 mm aluminum shield are givén in Table B3.

Table B3 - Primary coil inductance Lca depending on the Z-class

Z-Class VA Loa Min [uH] | Loa_Max [pH]
WPT2/Z1 Appendix A.4 29.6 35.8
WPT2/Z2 Appendix A.5 35.1 38.1
WPT2/Z3 Appeéndix A.6 374 38.7
WPT3/Z1 Appendix A.7 30.0 36.2
WPT3/Z2 Appendix A.8 35.1 38.1
WPT3/Z3 Appendix A.9 374 38.7

Table B4 - Maximum currents in the Test Station Universal GA

Maximum PFC Output Current 29 ADC
Maximum GA Inverter Output Current 40 Arms
Maxirrum-GA-Coll-Current #5-A+ms

Minimum and maximum values of k when simulated with an 800 x 800 mm aluminum shield are given in Table B5.

Table B5 - Coupling k between primary and secondary coil depending on the Z-class

Z-Class VA k Min k Max
WPT2/Z1 Appendix A.4 0.109 0.238
WPT2/Z2 Appendix A.5 0.090 0.221
WPT2/Z3 Appendix A.6 0.087 0.229
WPT3/Z1 Appendix A.7 0.119 0.246
WPT3/Z2 Appendix A.8 0.090 0.221
WPT3/Z3 Appendix A.9 0.087 0.229
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APPENDIX C - LIVE OBJECT PROTECTION (INFORMATIVE)
This appendix gives suggested guidelines for the test procedure that should be undertaken to ensure humans are protected
from being exposed to EMF in excess of the ICNIRP basic restrictions. It is intended for testing and verification of live object
protection (LOP) systems integrated in a Product GA.

First, the borderline where the ICNIRP limits are met when transferring power under worst case field conditions has to be
determined. Then the speed of decay from turn-off of the system (detection) down to 27 uT or less is determined.

Based on informal investigations, we shall use an encroachment speed of 1000 mm/s. Therefore, the LOP safety line is the
above borderline, extended by the product of the decay time in seconds and 1000 mm/s.

This border (the LOP border) is the line where detection of a mimic should happen.

C.1 SPEED OF BHUTDOWN TEST

This part of the test measures the system shutdown speed from trigger to the ICNIRP limit (27uT).

The test is undertak
the VA on the vehicl

en under worst-case conditions; i.e., it shall take place with the system deliverin
b, when the VA is under worst-case alignment as described below:

g full rated power to

The test is undertaken with an integrated VA coil (or VA coil and vehicle mimig) positioned over thg Product GA which

incorporates the LO
base-pad (or “pad”)
probe is placed over

P system as submitted for validation. The vehicle or vehicle mimic is parked oV
while the vehicle is located at the maximum X and X,‘offset as shown in Figure
the base pad resting on the surface in a location thatis expected to be a strong n

er the Product GA’s
C1. A magnetic field
hagnetic field.

Base
Pad
|
X! Magnetic
Field Probe
-
\
N
| | B Scope

V\

o
wdal

Figure C1 - Test measurement set-up for LOP

The probe is connected to a scope which is triggered by the shutdown event and which records the field decay over time.
The shutdown shall be initiated without the risk of human exposure, therefore requiring a repeatable manual trigger which
initiates this timing. The time signal at which the LOP system triggers is captured on the same scope as the magnetic field
strength, allowing the decay of the field to be plotted and evaluated with time.

The time it takes for the field to be less than the ICNIRP limit is the decay time, used later in the process.

This test may be run several times at different GA surface locations to ensure that the decay time determined is the longest
that is expected.
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C.2 DETERMINING THE LOP BORDERS

Using the same setup, with the GA transferring maximum power, determine the line around the periphery of the GA where
the fields, while transferring maximum power, are at the ICNIRP 27uT limit. This line is the LOP border.

Once the above tests are completed, using an encroachment speed, informally experimentally determined, of 1000 mm/s
and the decay time determined above, determine the product of the decay time and 1000 mm/s to arrive at the distance
outside the LOP border, determined above, that a live object shall be detected. This is the detection line.

C3 HUMAN MIMIC

It would be dangerous to use a human to trigger the system for these tests. Therefore, a mimic is needed, something that
will reasonably represent a not-so-easy-to-detect human limb.

A 5 cm diameter splLere, filled with water, has been selected as a reasonable mimic of a child’s hantli, based on size, yet
reasonably easy to replicate.

C4 LOP TEST

The purpose of this ftest is to verify, based on the above determinations, that the mimic is detected lpefore it reaches the
detection line. This test can be done without power being transferred.

Using the mimic, verjfy that the LOP system triggers before the test object goes over the detection ling at several locations
around the periphery of the GA. If detection triggering occurs reliably, the-LOP system could be considlered reliable.
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APPENDIX D - PARKING SPACE DEFINITION GUIDELINE (INFORMATIVE)

D1 SAE J2954 PARKING SPACE GLOBAL SURVEY

The following diagram shows the results of the SAE J2954 parking space global survey.

The following diagra

J2954 OEM Discussion*:
Global Parking spaces

INTERNATIONAL

- - 3 [ 'wAI'ITI G 417] -
Sizes by min length: mo e A am
B —4-Srrx-2-4m im
Germany=5.0mx 2.3m
France =5.0mx2.6m 2
US (DOT)=5.8mx 2.3-3.7m Lol i :
Japan  =6.0mx2.5m <L
Korea =6.0mx2.0m Pl e
4m
*feedback from OEMs F2F 13/June/2014
T T 3 5m
Coordinate % P R
Axis Reference Y B R o | ¥ B
I ¢ ) AN om,_

Figure D1 - SAE J2954 OEM survey for(GA location in parking space

M shows the effects of the GA center poiftin the X-axis.

Effects of Ground Assembly Geometric
Center Location.in X-Direction

INTERNATIONAL

Front of Parking Space

Ground Assembly

1 | G ic Conter too far

rearward:
‘Vehicle overhanging space
at rear

Ground Assembly
Geometric Center too far Ideal
forward
Vehicle overhanging space
at front

Figure D2 - Effect of incorrect GA location in parking space
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APPENDIX E - UL REFERENCE STANDARDS FOR GROUND ASSEMBLY TESTING (INFORMATIVE)

Test Name

Description

Standard Reference

Input Test

Verification of nameplate ratings.

UL 2202, Section 49
UL 2594, Section 48

Leakage Current

Measurement of currents available to the user on accessible surfaces
(applied to cord connected devices).

UL 2202, Section 47
UL 2594, Section 46

Leakage Current
after Humidity

Measurement of currents available to the user on accessible surfaces after
humidity conditioning (applied to cord connected devices).

UL 2202, Section 48
UL 2594, Section 47

Temperature

Verification that rated temperatures or components and materials are not
exceeded during normal operation.

UL 2202, Section 50
UL 2594, Section 49

Capacitor Discharge

Verification that GA input capacitors due not retain a charge sufficient to
shock the user (applied to cord connected devices).

UL 2594, Section 50

Dielectric Strength

Verification that insulation and physical spacing are sufficient to prevent a

UL 2202, Section 51

dIeiectric breakdown between Specific parts.

UL25p4, Section 51

Transformer Burnout

As an abnormal condition, transformers (not previously tested) are caused to
go into burnout condition to verify there is no shock or fire hazard caused by
the condition.

UL '22p2, Section 53.2
UL 25p4, Section 52.2

Transformer
Overload

As an abnormal condition, transformers (not previously tested) are
intentionally overloaded to verify there is no shock or fire hazard caused.by
the condition.

UL 22p2, Section 53.3
UL 25p4, Section 52.3

Forced Ventilation

Equipment with ventilation openings are allowed to operate with ventilation
blocked to verify that no fire or shock will occur if used in this mannef.

UL 22p2, Section 53.7
UL 25p4, Section 52.6

Component Faults

Verification that short circuit or open circuit at various components will not
cause a fire or shock hazard.

UL 22p2, Section 53.8
UL 25p4, Section 52.7

Strain Relief Verification that the means to secure a cord or cable to_ a.dévice will withstand | UL 22P2, Section 55
a pull force without causing any strain on internal connections. UL 25p4, Section 54

Grounding Verifies that the grounding path, from any exposed meétal part to the main UL 22Dp2, Section 57

Impedance earth terminal of the equipment, has a resistance ‘ofless than 0.1 Q. UL 25P4, Section 56.1

Ground Continuity

Verifies that all parts that are intended to be grounded have a continuous
path to ground without interruption.

UL 25p4, Section 56.2

Impact Test

A test performed on materials to verify thata dropped object will not impact
the enclosure and dent, break, or crack.the enclosure material to the point
that spacings are reduced to below.acceptable levels or that exposure to live
parts is allowed.

UL 25p4, Section 57

Vehicle Drive Over

A test performed on materials uised in the GA coil package to verify that the
enclosure will not crack or.break to the point that exposure to live parts is
allowed, or to the point where water can enter the enclosure and wet live
parts, when a vehicledrives over the GA coil package.

UL 25p4, Section 58

Drop Test

For any portion of the device that is considered moveable and is intended to
be carried by hand,.the device is dropped and there can be no fire or shock
hazard that develops from damage or other deterioration associated with the
drop.

UL 25p4, Section 59

Mounting Means

For any.device that is intended to mount on a wall, post, or ceiling, a test is
performed to verify that the device will not fall from its supporting/mounting
means, and that the wall itself is not damaged to the point where the
mounting is compromised.

UL 25p4, Section 64

Bonding Conductor
Test

lf'‘conductors used in the device to provide bonding of accessible metal parts

UL 22p2, Section 60

are sized smatter tham the maimearthconmductorthemr thistest verifies that=
fault current will not open a bonding conductor and leave accessible metal
parts isolated from earth.

Mold Stress

For plastic enclosures, this test verifies that an oven aging will not deteriorate
or damage the enclosure to the point that live parts are accessible or that
ingress of water protection is affected.

UL 2594, Section 66

Chemical Exposure

For GA coil packages, the material has the potential of being subjected to
automotive chemicals. This test verifies that the enclosure material is not
deteriorated or damaged due to exposure to the chemicals.

UL 2594, Section 67.4

Rain Test

This test is used to verify that the power source is acceptable for outdoor use
(indoor use only enclosures need not be tested). A simulated rain falls on the
device and no water can wet live parts.

UL 2202, Section 83.1
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APPENDIX F - WPT1 INTEROPERABILITY CLASS Il TEST STATION GA (INFORMATIVE)
F.1 EXAMPLE GA WPT1 (INFORMATIVE)
This appendix provides the mechanical and electrical design specifications of the GA WPT1.

NOTE: Specifications designed for optimal operation with the Test Station VA WPT1/Z1 (Appendix A.1), the Test Station
VA WPT1/Z2 (Appendix A.2), and the Test Station VA WPT1/Z23 (Appendix A.3).

F.1.1 Mechanical Specification

Figures F1, F2, F3, F4, and F5 show the mechanical dimensions of the GA WPT1.

The ferrite tiles are made using N96 (TDK).
g74 8 (Outer Case)
= g40_ (Shielding) )
s 600 (Core Outer) o
e 580 (Coil) 21
o | | e e e e e e e e e -
- 320 (Core Inner) 2 N
: N
- t A
e 5 | 1 _
B } = | 5| 8
p I E (413
Coll <] | g % $ E =
1&_\‘-“ | 8 9 E, (,‘9, é
o o w o
il T il | I 936 EHEINEE
e e
. -~
| WV
% | i
| N
©«
&
N ¢ Poturns d &
y
I ! I
RN, \. . A s SR o B N 1 .
utercCase(for Reference) /-

Figure F1 - Mechanical dimensions of the GA WPT1
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Figure F2 - Mechanical dimensions of the GA WPT1
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Figure F4 - Detailed cross-section view
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Figure F5 - Detail-6f the ferrite core construction
F.1.2 Electrical Bpecification

Figure F6 shows the| electrical specificationtof the GA WPT1.

PWM c
Lt1a 1sa
450vdc Control o, 40.4nF
A |

I= =1
= | 120nF _
O @ (N=15)
N |
Lite C‘lLb

23.5uH 40.4nF

Figure F6 - Electrical specification of the GA WPT1
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Table F1 - Maximum values of currents

Maximum PFC Output Current 9 ADC
Maximum GA Inverter Output Current 30 Arms
Maximum GA Coil Current 30 Arms

Minimum and maximum values of L1 are given in Table F2.

Table F2 - Primary coil inductance L1 depending on the Z-class

Z=Class VA ErMinfpH—ErMaxfpH
Z1 Appendix A1 185 217
Z2 Appendix A.2 212 223
Z3 Appendix A.3 224 227

Minimum and maximjum values of k are given in Table F3.

Table F3 - Coupling k between primary and secondary coil depending on the Z-g

Z-Class VA k Min k Max
Z1 Appendix A1 0.100 0.249
Z2 Appendix A.2 0.085 0.221
Z3 Appendix A.3 0.084 0.243

lass
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APPENDIX G - EXAMPLE PRODUCT VA SPECIFICATIONS (INFORMATIVE)
G.1 PRODUCT VA WPT2/Z1

This appendix provides the mechanical and electrical design specifications of a Product VA for power class WPT2 and gap
class Z1 (VA WPT2/Z1).

NOTE: The specifications are designed for optimal operation with the example Product GA WPT2 specified in
Appendix H.1.

G.1.1 MECHANICAL SPECIFICATION

Figure G1 shows the mechanical dimensions of the Product VA WPT2/Z1. For clarity, the housing is not shown. The VA
orientation on the vehicle Is indicated by the icon on the left.

240
198
192

84

Pad qrientation —
on the vehicle /
(driving direcfion
indicatdd by arrow)

—\NT=\

90

250
208
202
[Annnl

3
.8
6

Figure G1 - Mechanical dimensions of the Product VA WPT2/Z1

Figure G2 shows a detailed cross-section view (including housing and an assumed vehicle shield thickness of 2 mm).


https://saenorm.com/api/?name=d465d8c18cb9a1860d8b71b38a15a45a

SAE INTERNATIONAL

J2954™ OCT2020

Page 117 of 194

22

719
14
13
710

~ ALUMINUM SHIELD
ALUMINUM BACKPLATE

_ FERRITE

Table G1 shows the

_ PLASTIC COVER
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Figure G2 - Detailed cross-section view of the Product VA WPT2/Z1

mechanical dimensions of the Product VA WPT2/Z1.

Table G1 - Mechanical dimensions of the Product VA WPT2/Z1

Coil + Ferrite Only

Housing/(w/o Vehicl¢ Shield)

L

250 x 260 x 2

W x H [mm] 240 x 250 x13.3

D

G.1.2 Electrical

The VA is made usin
of 1.1Tmx1.1mxO0.

The system is tuned

alignment variation,

Specification

g ferrite tiles of N96 or similar. Coupling and inductances listed are achieved wher
76 mm to 1 mm thick is used per the drawing.

for a fixed frequency operation at f = 85 kHzz,Frequency tuning to compensate
s not required.

an aluminum shield

e.g., for height and

Figure G3 shows thejelectrical specification of this VA. Typical currents and voltages for the WPT2 power class are indicated
in the block diagram
Parallel Tuned Receifer Coil Current doulpker Interleaved Secondary Control Output Filter

A | S, N, N R
} } : Peak max, 14 Avﬂ-ﬂ::x. 124 H ek . 274, Average mon 124 i i : 320V / 20A / 6.6kW

2 — |
| s, | : [ctmoer L o L L
} } I 250uH H I } Lead Inductance :
} } I /R 1200V Diod i PRV IOSTEL ip;:km" | } a2l !

fode = ,

| i N | ! Jp— ' b Filter Cap |
| P“”E;T“”‘"g 11.11x24320v = | i I R : —— | V_Bar=320v
| f— [T | 4“| i ‘| o | — -
[P I I " [ |
| V_C=710V | | I | | |
: : T [ | oo n |
! ! ! e 1 — Peak ma: (. 1
| | ! ! __ﬁ**lxm . !
| | 4 I P i
; > v pasall B .
| | i 250uH o £ = ! —
i i ! Peak max. 17A, Average max. 12A i i i i I
| | | I | [

Figure G3 - Electrical specification of the Product VA WPT2/Z1

Values of secondary tuning capacitor C and minimum and maximum values of secondary coil inductance L2 are given in

Table G2.

Table G2 - Secondary coil inductance L2 and secondary tuning capacitor C

L Min[uH] | 24.2
L Max [uH] | 26.2
C [nF] 145
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G.2 PRODUCT VA WPT2/22

This appendix provides the mechanical and electrical design specifications of a Product VA for power class WPT2 and gap
class Z2 (VA WPT2/Z2).

NOTE: The specifications are designed for optimal operation with the example Product GA WPT2 specified in Appendix
H.1.

G.21 MECHANICAL SPECIFICATION

Figure G4 shows the mechanical dimensions of the Product VA WPT2/Z2. For clarity, the housing is not shown. The VA
orientation on the vehicle is indicated by the icon on the left.

330
288
278

86

Pad oripntation
on the ehicle |

(driving firection y
indicated |by arrow) E 1

85

250
208
198

8 2P I

FERRIJTE -

COIL

[
.5
5

Figure G4 - Mechanical dimensions of the Product VA WPT2/Z2

Figure G5 shows a detailled-cross-sesctionview-of the Product VAWPRTR/722 (including-housing-and
shield thickness of 2 mm).

an assumed vehicle
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Figure G5 - Detailed cross-section view of the Product VA WPT2/Z2
Table G3 shows the|mechanical dimensions of the Product VA WPT2/Z2.

Table G3 - Mechanical dimensions of the Product<VA WPT2/Z2

Coil + Ferrite Only Housing (w/o Vehic

le Shield)

Lx W x H[mm] 330 x 250 x 16 340 x 260 x

PO

G.2.2 Electrical Bpecification
The VA is made usin

of1.1Tmx1.1mxO0.

g ferrite tiles of N96 or similar. Coupling and'inductances listed are achieved wher
76 mm to 1 mm thick is used per the drawing.

The system is tuned
alignment variation,

for a fixed frequency operation at.f = 85 kHz. Frequency tuning to compensate
s not required.

Figure G6 shows thg electrical specification of the Product VA WPT2/Z2. Typical currents and voltages
class are indicated in the block diagram.

Parallel Tuned Recedrel il Current doubler Interleaved Secondary Control Output Filter

an aluminum shield

e.g., for height and

for the WPT2 power

r ! T I T
| | Peakmax. 174, Average max. 124 11 ol | 20V / 204 / 6.6kW
} I : — H Peak max. 17A, Average max. 12A } I | /20n 16!
1 112 I | m " [ m '
I — I I DC Inductor 1 B [ |
| | 1 |
| | | 250uH [l S50V MOSFETJ } | Lead Inductance :
I i I " Peak max. o Ca. 2uH
| I | 7N 1200V Diode I e [ i
| I | I H— | | |
| | " — o Filter Cap
W_rect= |
| Parallely 1 | I I
| " Eapumng 11.11x2:320V = 1 1 } | —— oF I —L— | v par=320v
! b Y I 4“ | i || o | — -
[
v V_C=710V : L L Ll I
1 | | . Il ssov mosreT b !
| H | 1200V Diode " — peak max Lo I
| | | I P | [oaeman [ |
I | 1 i 17A [ |
| | - " o |
! ! . ! OCInductor | |} Lo !
| | | 250uH T £ = ! e
I | I — " - -
| | | Peak max, 17A, Average max. 12A || } I I
I | I " [ |
I i | " Lo

Figure G6 - Electrical specification of the Product VA WPT2/Z2.
Values of secondary tuning capacitor C and minimum and maximum
values of secondary coil inductance L2 are given in Table G4.
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Table G4 - Secondary coil inductance L2 and secondary tuning capacitor C

L_Min [pH] 19.5
L Max [uH] | 20.5
C [nF] 181

G3 PRODUCT VA WPT2/Z3

This appendix provides the mechanical and electrical design specifications of a Product VA for power class WPT2 and gap

class Z3 (VA WPT2/Z3).

NOTE: The specifications are designed for optimal operation with the example Product GA WPT2 specified in Appendix

H.1.

G.3.1 MECHANI|CAL SPECIFICATION

Figure G7 shows th¢ mechanical dimensions of the Product VA WPT2/Z3. For clarity, the’housing i not shown. The VA

orientation on the vehicle is indicated by the icon on the left.

390

331

326

119

= N\:
oo
<__ T C
Pad orieritation g 5 g
Y

on fhe vehicle
(drivjng direction
indicged by arrow)

\ 2

%

N

=

coIL/
FERRITE

[

Figure G7 - Mechanical dimensions of the Product VA WPT2/Z3

Figure G8 shows a detailed cross-section view of the Product VA WPT2/Z3 (including housing and an assumed vehicle

shield thickness of 2 mm).
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Figure G8 - Detailed cross-section view of the Product VA WPT2/Z3

Table G5 shows the

mechanical dimensions of the Product VA WPT2/Z3.

Table G5 - Mechanical dimensions of the Product VA WPT2/Z3

Coil + Ferrite Only Housing (w/o Vehic

le Shield)

L

390 x 350 x 14 400 x 360 x

W x H [mm]

0

G.3.2 Electrical

The VA is made usin
of 1.1 mx1.1mx0,

The system is tuned
alignment variation,

Figure G9 shows the

Bpecification

g ferrite tiles of N96 or similar. Coupling and inductancesdisted are achieved wher
76 mm to 1 mm thick is used per the drawing.

for a fixed frequency operation at f = 85 kHz. Frequency tuning to compensate
s not required.

electrical specification of the Product VAWPT?2/Z3. Typical currents and voltages

class are indicated in the block diagram.

Parallel Tuned Receiver Coil

Current doubler Interlea

an aluminum shield

e.g., for height and

for the WPT2 power

/208 / 6.6kW

r

i | i
I | 74, Avermm NS " o i
d - 320]
} } o~ H Average m i } |
| | m " - : I m }
| I D Inductor 1 I~ L |
| i I
| | 250uH " oo MoerTJ : | Lead Inductance }
| I " [ Ca. 2uH
I | 4N, 1200V Diode 1" Peakma P |
} I " > | 174 [ |
) I 1" — P Filter Cap
V_rect= |
llel | | i
ParalsaTunmg Pt ‘ I R —TC !
— | 710V | | I | | |
i \ il - |
} | 1" o |
| | ! I 6sov MosFeT b I
| | 1200V Diode I — Pk ma b }
| cal
| 1 TR g Do }
I [ " o |
‘ ‘ | N ‘
|
i | T o |
J I " [ |
I | " o |
| I " [ |
| | " o

V_Bat = 320V

Figure G9 - Electrical specification of the Product VA WPT2/Z3

Values of the secondary tuning capacitor C and minimum and maximum values of secondary coil inductance L2 are given

in Table G6.

Table G6 - Secondary coil inductance L2 and secondary tuning capacitor C

L Min[pH] | 135
L Max [uH] | 14.2
C [nF] 250
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G4 PRODUCT VA WPT3/Z1

This appendix provides the mechanical and electrical design specifications of a Product VA for power class WPT3 and gap
class Z1 (VA WPT3/Z1).

NOTE: The specifications are designed for optimal operation with the example Product GA WPT3 specified in
Appendix H.2.

G.4.1 MECHANICAL SPECIFICATION

Figure G10 shows the mechanical dimensions of the ferrite and the coil for the VA WPT3/Z1. For clarity, the housing is not
shown. The VA orientation on the vehicle is indicated by the icon on the left.

284
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’ N 7 ﬁ *
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\| \L\
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Q j _ . ”T—;‘
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VA orieptation

/,JJ;
7

FERRITE

CoIL

CABLE EXIT

e T T e — T 1
[ I T = - | ]

[ I [ T T I |

(measurements are in mm)

Figure G10 - Mechanical dimensions of the Product VA WPT3/Z1

Figure G11 shows a detailed cross-section view of the Product VA WPT3/Z1 (including housing and an assumed vehicle
shield thickness of 2 mm). The Product VA WPT3/Z1 has four turns (bifilar).
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Figure G11 - Detailed cross-section view of the Product VA WPT3/Z1
Table G7 shows the[mechanical dimensions of the VA WPT3/21.
Table G7 - Mechanical dimensions of the VA WPT3/Z1
Coil + Ferrite Only Housing (w/o Vehidle Shield)
L x W xH [mm] 284 x 248 x 13.7 302 x 302 x 20

G4.2 Electrical Bpecification

The VA is made usin
of 1.1Tmx1.1mxO0.

The system is tuned
alignment variation,

g ferrite tiles of N96 or similar. Coupling andinductances listed are achieved wher
76 mm to 1 mm thick is used per the drawing.

for a fixed frequency operation at f.5'85 kHz. Frequency tuning to compensate
s not required.

Figure G12 shows the electrical specification of\this VA. Typical currents and voltages for the WH

indicated in the bloc

Parallel Tuned Receiver Colil

C2s

diagram.

Current doublex Interleaved Secondary Control

|- - - - ---- = A

Output Filter

Peak 20A, Average 16A I
—

DC Inductor

Lead Inductance

Ca. 2uH
Peak 20A, Average 16A

an aluminum shield

e.g., for height and

T3 power class are

HV+

HV-

l V_Bat = 280-420V

N |

Peak 20A, Average 16A

|
! ' (| | | :
. I L |
4{ | L L > !
| | | 250uH | 1= T | :
! ! I8 1200V Diode | | 63OVMOSFED Peak max : | ]
| | L J o | I —— Filter Cap | -
R L a T !
i | J | | | |
Cp —_—— 710 | | L J\ | I |
J | Ll : I I
| ! T I G5OV WOSFET | 1 I
| | 1200V Diode (| |'_. Peak max. | | |
| | v | — 20A | | !
A\ | Ll | |
t t DC Inductor L1 o I | |
| | 250uH T Bt | ! |
. Il —> - |
| | | | I

—_——— e o — — — = —_—_———— e ——_ — —a —_—— e —— — — =

Figure G12 - Electrical specification of the Product VA WPT3/Z1

Values of secondary tuning capacitor C and minimum and maximum values of secondary coil inductance L2 are given in

Table G8.
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Table G8 - Secondary coil inductance L2 and secondary tuning capacitor C

L_Min [pH] 27.1
L_Max [uH] 29.4
C2s/C2p [nF] | 517/169

G.5 PRODUCT VA WPT3/22

This appendix provides the mechanical and electrical design specifications of a Product VA for power class WPT3 and gap
class Z2 (VA WPT3/Z2).

NOTE: The specifications are designed for optimal operation with the example Product GA WPT3 specified in
Appendix H.2

G.5.1 MECHAN|CAL SPECIFICATION

Figure G13 shows thie mechanical dimensions of the ferrite and the coil for the Product VA WRT3/Z2. Fr clarity, the housing
is not shown. The VA orientation on the vehicle is indicated by the icon on the left.
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(measurements are in mm)

Figure G13 - Mechanical dimensions of the Product VA WPT3/Z2

Figure G14 shows a detailed cross-section view of the Product VA WPT3/Z2 (including housing and an assumed vehicle
shield thickness of 2 mm). The Product VA WPT3/Z2 has three turns (bifilar).
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Table G9 shows the

PLASTIC COVER

mechanical dimensions of the Product VA WPT3/Z2.

Table G9 - Mechanical dimensions of the Product VA WPT3/Z2

Coil + Ferrite Only Housing (w/o Vehic

le Shield)

L

419 x 260 x 14.3 438 x 302 x

W x H [mm]

0

G.5.2 Electrical

The VA is made usin
of 1.1 mx1.1mx0,

The system is tuned
alignment variation,

Figure G15 shows t
power class are indi

Parallel Tuned Receiver Coil

C2s

Bpecification

g ferrite tiles of N96 or similar. Coupling and inductances listed are achieved wher
76 mm to 1 mm thick is used per the drawing.

for a fixed frequency operation at f = 85 kldz-"Frequency tuning to compensate
s not required.

he electrical specification of the Product VA WPT3/Z2. Typical currents and vo
tated in the block diagram.

Current doubler Interleaved Secondary Control Output Filter

Peak 20A, Average 16A I
—_

DC'Inductor

Lead Inductance
Ca. 2uH

Peak 20A, Average 16A

an aluminum shield

e.g., for height and

tages for the WPT3

HV+

Hv-

l V_Bat = 280-420V

N i

| [
| I | : | |
I I | |

l L L > !
| | | 250uH | =l T | :
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Figure G15 - Electrical specification of the Product VA WPT3/Z2.

Values of secondary tuning capacitor C and minimum and maximum values of secondary coil inductance L2 are given in

Table G10.

Table G10 - Secondary coil inductance L2 and secondary tuning capacitor C

L_Min [pH] 447
L_Max [uH] 48.2
C2s/C2p [nF] 165/146
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G.6 PRODUCT VA WPT3/Z3

This appendix provides the mechanical and electrical design specifications of a Product VA for power class WPT3 and gap
class Z3 (VA WPT3/Z3).

NOTE: The specifications are designed for optimal operation with the example Product GA WPT3 specified in Appendix
H.2.

G.6.1 MECHANICAL SPECIFICATION

Figure G16 shows the mechanical dimensions of the ferrite and the coil for the Product VA WPT3/Z3. For clarity, the housing
is not shown. The VA orientation on the vehicle is indicated by the icon on the left.
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Figure G16 - Mechanical dimensions of the Product VA WPT3/Z3

Figure G17 shows a detailed cross-section view of the Product VA WPT3/Z3 (including housing and an assumed vehicle
shield thickness of 2 mm). The Product VA WPT3/Z3 has three turns (bifilar).
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Figure G17 - Detailed cross-section view of the Product VA WPT3/Z3
e mechanical dimensions of the VA WPT3/Z3.

Table G11 - Mechanical dimensions of the Product VA WPT3/Z3

Coil + Ferrite Only Housing (w/o Vehic

le Shield)

W x H [mm] 429 x 388 x 14.7 449 x 442 x

PO

Electrical

Bpecification

The VA is made using ferrite tiles of N96 or similar. Coupling and inductances listed are achieved wher

of 1.1 mx1.1mx0,

The system is tuned
alignment variation,

76 mm to 1 mm thick is used per the drawing.

for a fixed frequency operation at f = 85 KHz. Frequency tuning to compensate
s not required.

Figure G18 shows the electrical specification of the Rroduct VA WPT3/Z3. Typical currents and vo

power class are indi

Parallel Tuned Receiver Coil

C2s

tated in the block diagram.

Current doubler

Peak 20A, Average 16A |
—

DC Inductor

Interleaved Secondary Control

|mT T T T

Output Filter

Lead Inductance
Ca. 2uH

an aluminum shield

e.g., for height and

tages for the WPT3

~

Qp ——

4

250uH
| 650V MOSFET Peak max
ZS T200V Diode
H— | 20A L
— —_ Filter Cap
40uF

7oV

-
l V_Bat = 280-420V

650V MOSFET

B

1200V Diode

I"DC Inductor |
250uH

|
|
|
|
|
I
|
|
| A
|
|
|
|
|
|
|
|

[N]
=T
—
Peak 20A, Average 16A

—— e —— — — — = —_————————_——_- —_ ——a

Figure G18 - Electrical specification of the Product VA WPT3/Z3

Values of the secondary tuning capacitor C and minimum and maximum values of secondary coil inductance L2 are given
in Table G12.

Table G12 - Secondary coil inductance L2 and secondary tuning capacitor C

L Min [uH] 61.1
L Max [uH] 64.7
C2s/C2p [nF] 94/142



https://saenorm.com/api/?name=d465d8c18cb9a1860d8b71b38a15a45a

SAE INTERNATIONAL J2954™ OCT2020 Page 128 of 194

APPENDIX H - EXAMPLE OF AN ABOVE GROUND PRODUCT GA SPECIFICATION (INFORMATIVE)
H.1 EXAMPLE PRODUCT GA WPT2

This appendix provides the mechanical and electrical design specifications of an example Product GA for power class
WPT2.

NOTE: Specifications designed for optimal operation with the Product VAs specified in Appendices G.1, G.2, and G.3.
H.1.1 Mechanical Specification

Figure H1 shows the mechanical dimensions of the Product GA WPT2. For clarity, the housing is not shown. The GA
orientation in the parking space is indicated by the icon on the left.

648

2486

= ' \:J—t_‘\\
7 / 'j]::; b / ] \\\ 4
H Q.’%tr%{\? | :@% —~ % \“ an
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GA orientgtion HHHH LS
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590
580
382
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| AL fﬁggerﬂ =u (1= i
3‘— \ | ‘ |
| EHHANSS A HHH A HR S S— M
Rils=ZjjiliE=ujj
\\ //yl I\Q!\ 1 1 //. “_ALUMIQUM PLATE

FERRIJE
T~.__LITZ JIRE COIL

2

Figure H1 - Mechanical dimensions of the Product GA WPT2

Figure H2 shows a detailed’cross-section view of the Product GA WPT2 (including housing).
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Figure H2 - Detailed cross-section view-of the Product GA WPT2

Table H1 shows the mechanical dimensions of the of the Product. GA WPT2.

Table H1 - Mechanical dimensions of the Product GA WPT2

Coil + Ferrite Only Housing
Lx W x H [mm] 630 x 590 x 22 657 x 670 x 65

H.1.2 Electrical Bpecification

The system is tuned for a fixed frequency operation at f = 85 kHz. Frequency tuning to compensate

e.g., for height and
alignment variation, [s not required.

Figure H3 shows th¢ electrical-specification of the Product GA WPT2. Typical currents and voltages [for the WPT2 power
class are indicated in the block-diagram.

Single Inverter Tuning and Matching

I_PFC = 20A

7kW single phasepPlC ————t—— 7 ———————— T ———————————————— | | Transformer
L akage 18uH
650V MOSFET 650V MOSFUJ e
230V/32A/7kW v prC Parallel Tuning Cap RMS max. 46A
=350...450Vdc > 50nF —
AC
A V_BP < 1.8kVrms
—— ocriter | e = DCbI ckin gC p 1
Capacitot 236nF
650V MOSFET 650V MOSFET HF Transformer ‘
1:4.7

Figure H3 - Electrical specification of the Product GA WPT2

The value of the primary coil inductance L1 varies depending on the air gap class. Minimum and maximum values of L1 are
given in Table H2.
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Table H2 - Primary coil inductance L1 depending on the Z-class

Z-Class VA L_Min [uH] L_Max [pH]
Z1 Appendix G.1 54.9 62.5
Z2 Appendix G.2 62.5 65.8
Z3 Appendix G.3 65.6 68.5

The coupling k between the primary and the secondary coil also varies depending on the air gap class. Minimum and
maximum values of k are given in Table H3.

Table H3 - Coupling k between primary and secondary coil depending on the Z-class

H.2 EXAMPLE H

This appendix provi
WPT3.

NOTE: Specification
H.2.1

Figure H4 shows theg
not shown. The GA

Mechanical Specification

648

Z-Class VA k_Min k_Max

Z1 Appendix G.1 0.162 0.344

Z2 Appendix G.2 0.134 0.318

Z3 Appendix G.3 0.126 0.314
RODUCT GA WPT3

Hes the mechanical and electrical design specifications of an“example Product

s designed for optimal operation with the Product VAs-specified in Appendices G

mechanical dimensions of the ferrite and the coil for the Product GA WPT3. For
prientation in the parking space is indicatedby the icon on the left.
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Figure H4 - Mechanical dimensions of the Product GA WPT3

Figure H5 shows a detailed cross-section view of the Product GA WPT3 (including housing).
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Figure H5 - Detailed cross-section view-of the Product GA WPT3

Table H4 shows the mechanical dimensions of the Product GA\VPT3.

Table H4 - Mechanical dimensions of the Product GA WPT3

Coil + Ferrite Only Housing
Lx W x H [mm] 630 x 590 x 22 657 x 670 x 65

H.2.2 Electrical Bpecification

The system is tuned for a fixed frequency operation at f = 85 kHz. Frequency tuning to compensatej e.g., for height and
alignment variation, [s not required.

Figure H6 shows th¢ electrical-specification of the Product GA WPT3. Typical currents and voltages [for the WPT3 power
class are indicated in the block-diagram.

A¢

3-phase E
PFC DC-Blocking Transformer leakage
capacitor 340nF 22pH N1:N2 »
400V 3phase Line-Line / 9:22 Py 47A
3 x 16A 230V / 11kW.
L1

\4
2)(49.7&‘
T 09kv  —

> 2x49.7nF 0.9kV <1.8kv

Figure H6 - Electrical specification of the Product GA WPT3

The value of the primary coil inductance L1 varies depending on the air gap class. Minimum and maximum values of L1 are
given in Table H5.
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Table H5 - Primary coil inductance L1 depending on the Z-class

Z-Class VA L_Min [uH] L_Max [uH]
Z1 Appendix G.4 56.9 64.3
Z2 Appendix G.5 68.3 72.3
Z3 Appendix G.6 67.9 71.7

The coupling k between the primary and the secondary coil also varies depending on the air gap class. Minimum and
maximum values of k are given in Table H6.

Table H6 - Coupling k between primary and secondary coil depending on the Z-class

Z-Class VA k _Min k_Max
Z1 Appendix G.4 0.170 0.388
Z2 Appendix G.5 0.160 0.385
Z3 Appendix G.6 0.140 0.344
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APPENDIX | - GENERAL DESCRIPTION OF INTEROPERABILITY (INFORMATIVE)

Inductive couplers may be designed in a number of topologies and can be described by their magnetics, either polarized or
non-polarized; or, in the case of multi-coil topologies, as both, given they may be operated in either mode if required.
Examples of common assembly topologies are shown schematically in Figure I1.

All assemblies are built to ensure flux-only exists on one side of the assembly by ensuring appropriate use of ferrite or
aluminum backing. Non-polarized topologies have a magnetic pole in the center of the assembly and the opposite magnetic
pole around the outer assembly. This causes flux to exit the assembly center and return to all outer edges of the assembly.
An example of such an assembly is shown in Figure 11(a). When used as a VA caoll, it is predominately sensitive to vertical
fields in space.

Polarized assemblies have north and south poles at either end of the assembly structure. This causes the flux to be shaped
based on the orientdfion of the pad (polarized). Examples of such assemblies are shown n Figures_I|I(b) and 11(c). When
used as VA coil, thege assemblies are predominantly sensitive to horizontal fields.

RN
(a) Circular/square non-polarized

N
3
C)\
-
(b) Solenoid polarized (c) DD polarized

(d) Multi-coil DDQ (e) Multi-coil bipolar

Figure I1 - Common assembly topologies

Multi-coil assembilies typically combine both topologies and use decoupled coils to enable polarized or non-polarized fields
to be created when set as a GA coil, and, when set as a VA coil, naturally capture both the vertical and horizontal fields
entering the assemblies.

The GA and VA of a WPT system may or may not be produced by the same manufacturer. To ensure interoperability, the
GA and VA manufacturer need to know the mechanical and electrical characteristics of the VA and GA, respectively.
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APPENDIX J - DESCRIPTION FOR SYSTEM INTEROPERABILITY (INFORMATIVE)
J.1 TERMS AND DEFINITIONS
DUT: Device under test

FUNDAMENTAL MUTUAL INDUCTANCE: The mutual inductance M describes the magnetic interaction and characteristic
between the GA and the VA coil system. The fundamental mutual inductance Mo is defined as the mutual inductance M
divided by the GA number of coil turns and divided by the VA number of coil turns. The value for the fundamental mutual
inductance is defined by the geometric coil and ferrite design and the positioning parameters x, y, z describing the position
from the VA coil system against the GA coil system. A specific value of the fundamental mutual inductance is valid for a
specific position x, y, z.

GAUGE DEVICE: Tést devices which are intended o be used for development and testing of product GA coils in order to
prove that a GA coil meets magnetic interoperability requirements in accordance to this appendix.

I, : GA caoil current.
I, : VA coil current.
I, X N; : GA coil spegific ampere turns.

I; X N, : VA coil spegific ampere turns.

L, : Inductance of the GA device.

L, : Inductance of the VA device.

M : Mutual inductange.

M, : Fundamental mutual inductance with M= M, x N;XAN,.

Py, oue : Output power of VA device measured at the RESS (e.g., traction battery or adjustable load).

PRODUCT GA: Any|GA device intending to prove standard conformance. As an example, as describegd in the Appendix H
of SAE J2954.

PRODUCT VA: Any|VA device intending to prove standard conformance. As an example, as describgd in the Appendix G
of SAE J2954.

TEST STATION GA| As described in the normative Appendix B of SAE J2954.

TEST STATION VA As.described in the normative Appendix A of SAE J2954.

GA: Either a Test Station GA or a product GA.

VA: Either a Test Station VA or a product VA.

Uy out - Output voltage of VA device measured at the load (e.g., traction battery or adjustable load).
@ : Magnetic flux.

N; : Number of turns of a GA coil.

N, : Number of turns of a VA coil.
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This appendix describes parameters of GA and VA coils to ensure interoperability between GA and VA coils from different
manufacturers, Z-classes, power classes, and different coil topologies. Besides a description of necessary parameters, it
also provides possible test setups that can be applied to approve GA and VA coil interoperability.

This appendix is applicable to product GA devices and product VA devices, but also for reference GA and reference VA
devices. It is intended to be a generic approach that is not dependent on any coil topology or any specific electronic
configuration and to provide flexibility for product implementation.

Both coils and electronics are interdependent at the system level, as the electronics shall be designed in a manner to cover
for variations of the coil system parameters, which in turn vary with displacement of GA to VA coil. Rather than specify
details of the electronics, magnetic and electric interoperability parameters are described. These parameters refer to the

electrical interface between the electronics and the terminals of the coils.

J.2 MAGNETIC A

J.2.1  General Req

A wireless power tra

e The coil system

vary with coil po
The VA electron

VA side genera
magnetic flux (a

generated such
and coil, the req

NOTE: The power €
transfer beh

To ensure overall G4

Magnetic interoperalpility is ensured if GA«€qils and VA coils provide sufficient magnetic coupling over t

of coil positions. T
Fundamental mutua
herein.

Electrical interopera
represented in this g
coils and associated

The GA electrofics connected to the GA coil, which ensuregthat a GA side range of magneti

D ELCECTRIC INTEROPERABILITY
uirements
hsfer system contains several fundamental types of functional blocks (see also Fi

which serves as the magnetic transformer and is characterized-by the mutual ir
Sition.

cs connected to the VA coil, which ensure that all EV gperation points (e.g., Pb,ouy
d range of magnetic flux (amp turns) which is, in combination with the GA sidg
p turns), required for the amount of power to be transferred.

that, in combination with the range of magnetic flux (amp turns) generated by the
lired amount of power is transferable.

ectronics have to accommodate ranges of magnetic fluxes in order to overcome va
pvior of the coil system due to the'variation of M.

\ or VA interoperability, it is'necessary to prove both magnetic and electrical inter

ne coupling is described in this appendix by means of fundamental mutual
inductance values’/can be determined with VA reference coils or with VA gauge ¢

pility is ensured if GA and VA coils present sufficient ranges of magnetic flux. Mag
ppendix'by means of ampere turns. The ranges of magnetic flux (amp turns) to
electronics are specified in this appendix as part of the electrical interoperability g

gure J1):

ductance M. M may

, Ub,out) will lead to a
generated range of

flux (amp turns) is
EV’s VA electronics

riances of the power

bperability.

he designated range
inductance values.
evices as described

netic flux ranges are
be generated by the
escription.

The following parameters are defined to describe the magnetic transformer interoperability.

O
expected.

O
electronics.

O
electronics.

Magnetic interoperability parameters:

Electric interoperability parameters:

For each alignment point one value of fundamental mutual inductance Mo, covering the range of coil positions

For each power class a range of magnetic flux (amp turns), to be provided by a GA coil and its associated power

For each power class a range of magnetic flux (amp turns), to be provided by a VA coil and its associated power
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The following parameters are defined to describe the system interoperability:

a.

For each alignment point, there exists one set of values for the magnetic parameters (M,L1,L2) &> F(x,y,z) = {M,L1,L2}.

This leads to a defined range of values for the magnetic parameters covering the full range of coils positions expected.

terminals of the VA coil looking toward the load.

parameters).

Zva: Impedance presented by the VA electronics for all possible EV operation points (Pb,out, Ub,out). Defined from the

Zaa: Impedance seen at the terminals of the GA coil looking toward the load (a function of Zva and the magnetic

Tolerance factor: A factor applied to the magnetic and impedance parameters to account for variations in construction,

component values, and vehicle integration. This factor is necessary to guarantee interoperability across the range of

systems expectd

J.2.2

d in the field (covering different power and Z-Classes).

M (varying)

PFC/inverter

prim. matching/| rectifier

Primary electronics

Secondary electronics

Figure J1 - General schematic of the.concept showing the coils
with their ports to the power electronics and the varying parameters

Key Description
VG Grid with voltage variations.
PFClinverter Front-end and power.conversion (variable operating is optional).
Prim. GA impedance maiching and compensation (variable impedance matching, and

matching/coni

pensation

variable tuning is optional).

L1

GA coil with-self-inductance L1, whereas L1 does not affect power tr;
behavior.if.compensated properly.

ansfer

M Mutual inductance variations due to alignment offset and z-height variations.

L2 VA coail with self-inductance L2, whereas L2 does not affect power transfer
behavior if compensated properly.

Sec. VA impedance matching and compensation (variable impedance matching, and

matching/compensation-{ variable tuning is optional).

Rectifier AC to DC power conversion.

VL Load (with battery voltage variations).

Center Alignment Point Requirements

Coil designs generating a coaxial magnetic field are intended to be used as well as coil designs with a transversal
characteristic.

Coaxial and transversal GA devices both create a magnetic field distribution, which allows energy transfer to both, coaxial
and transversal VA devices.

NOTE: Depending on application-specific product constraints—e.g., package space, weight, mounting position—a product
decision for a coaxial or transversal coil design can be made.
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As interoperability between coaxial and transversal coil designs is technically feasible, the following configurations can

occur:

Coaxial GA device operated with coaxial VA device
Coaxial GA device operated with transversal VA device
Transversal GA device operated with transversal VA device

Transversal GA device operated with coaxial VA device

A GA device shall provide at least one center Alignment Point for coaxial magnetic field power transfer for usage by coaxial

VA devices.

A GA device shall p
transversal VA devid

The bipole at the @
x-direction.

The positions of the
The positions of the
The distance of the ¢
J.2.3

J.2.31

Introduc

To define the charac

eS.

enter alignment point for transversal magnetic field power transfer shall be

center alignment points shall be exchanged between SECC and’EVCC via comm|
center alignment points shall have the same y-coordinate position.

enter alignment positions shall be maximum of 30.em.

Magnetic Interoperability

fion

eristics of the magnetic field withoutyequiring full reference VA device or product V

the need of power transfer over the devices, a simple gauge device is defined (see J.3.4).These gaugs

characterize the mag
of the VA gauge dev

The relation betweer
® generated by an ¢

where:

netic flux which is generated by'a GA coil by measuring open circuit voltages, ind
ces.

xciting GA coil can‘be expressed as follows:

Uiz
wXNy

Dy, =

CTD

Crp = calibratio

Fovide at least one center Alignment Point for transversal magnetic field power tl'ansfer for usage by

brientated along the

unication.

A device and without
devices are used to
uced in the windings

the voltage U;, measured with a gauge device in open circuit condition and the effective magnetic flux

(Eq. J1)

factor of the gauge device as provided by the gauge device manufacturer

Uiz = induced vo

ltage in gauge device, generated by the GA excitation I1 x N+

w = 2mrf; f = 85 kHz (nominal operating frequency)

N2 = number of turns of the gauge device

®1—-2 = magnetic flux the gauge device is exposed to, excited GA coll
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A GA coil specific ampere turns I; X N; value is required to generate a GA coil magnetic flux. To create a metric that can be
more generally applied, the magnetic flux @ is normalized by the GA coil current I;. The resulting metric characterizes the
magnetic coupling for a specific combination of GA and VA coils as follows:

where:

U;
—12=M0><N1

wXNy X1y

P12

CTD

I

M, = fundamental mutual inductance with N; =1, N, =1

N; = number of turns of the test stand or product GA device

I, = primary coil
The values for the fu
[ ]

A reference GA

e Areference GA

A gauge device is infended to serve as representation of a reference VA device qras representation of

Any product GA deyv
equation is fulfilled:

Subscript P does ref]

Equation J3 requires
that is, @, and U;
reference device ha

(Eq. J2)

arTert
ndamental mutual inductance M, given in this appendix relate to the combination
Hevice being tested with a reference VA device.

Hevice being tested with a gauge device.

ce will produce the same magnetic flux at the gauge device as a reference GA d

! Uiz
Mgp X Nip X L1p _ Mor X Nig X L1g&" @4, -

wXNy

=Crp
er to product GA device, whereas Subscript R refers to reference GA device, resy
that product GA device and reference'GA device produce the same magnetic flux

are the same for both. This shall’be true for all offset positions. If the produc

e the same fundamental mutualinductance, the ampere-turns on the two coils sh

Nip X Iip = Nig X I35

Any reference and

roduct GA device(which shows the values of fundamental inductance M, eithg

of:

B product VA device.
evice if the following

(Eq. J3)

ectively.
bn the gauge device,

GA device and the
all be equal:

(Eq. J4)

r with reference VA

devices or with gauge devices given in_this appendix is compliant with respect to magnetic interoperability.

J.23.2

In.2.3.2.1 to J.2.3.2.3, the fundamental mutual inductance values as measured with reference
determined with the pauge-devices according to the procedures in J.3.4.1 and J.3.4.2 are listed. The i
tables is to verify thgt a_reference GA device has the proper magnetic flux characteristics. The tables

Mutual Inductance Requirements

A devices and as

lljr:ended use of these

ay also be used by

system developers to compare the magnetic flux characteristics measured with product GA devices with the magnetic flux
characteristics to that of reference GA device. A product GA device with equivalent magnetic flux characteristics as listed
in these tables shall be considered to have proper magnetic characteristics, i.e. being magnetically interoperable.

Magnetic interoperability shall be confirmed by testing in accordance with J.3.2.2

Since the mutual inductance changes for different coil positions, the requirements are separately given for different X- and
Y-positions and according to the Z-classes.


https://saenorm.com/api/?name=d465d8c18cb9a1860d8b71b38a15a45a

SAE INTERNATIONAL

J2954™ OCT2020

Page 139 of 194

J.2.3.2.1

Fundamental Mutual Inductance Values for Z1 Class

A reference GA device shall provide fundamental mutual inductance values as given in Table J1. Magnetic interoperability
is achieved, if the measured mutual inductance values are within a tolerance band of £10% around the values given in

Table J1.
Table J1 - Fundamental mutual inductance values Mo for Z1 (in uH)
(X,Y) Coaxial Sec. Gauge Device “CC325” Transversal Sec. Gauge Device
Z-Position Position Coupled with: “DD275” Coupled With:
Transversal GA Coaxial GA
Device with Center Device with
Alignment Point of |Center Alignment| Transversal GA
Coaxial GA Device (170, 0) Point of (160, 0) Device
(inner 0, 0997) (inner 0, 165)
o Nominal (middle 0, 217) (middle 0, 313)
Lhmin =100 mm | ition (0, 0) | (outer 0, 264) (outer 0, 342) (0, 241) (0, 554)
0.124
(inner 0, 0667) (inner 0, 098)
: Nominal (middle 0, 142) (middle 0, 189)
Zma =150 MM ition (0, 0) | (outer 0, 172) (outer 0, 215) (0, 136) (0,319)
0.084
(inner 0, 0955) (inner 0, 059)
o Offset position| (middle 0, 192) (middle 0,442)
Z1min =100 mm (100, 75) (outer 0. 21) (outer 0, 202) (0,159) (0,346)
0.116
(inner 0, 0586) (inner 0, 050)
_ Offset position| (middle 0, 119) (middle 0, 109)
Z1max = 150 mm (100,75) | (outer0, 188) (outer 0, 145) (0, 097) (0,201)
0.073
(inner 0, 0867) (inner 0, 114)
o Offset position| (middle 0, 173) (middle 0, 222)
Zimin =100 mm )17 400 -75) | (outer 0,491) (outer 0, 240) (0,132) (0,309)
0:105
(inner-0, 0518) (inner 0, 066)
_ Offset position| (middle 0, 106) (middle 0, 125)
Zmac =150 MM| 1 166 "75) [~ (outer 0, 124) (outer 0, 136) (0,078) (0, 181)

0.065

NOTE: Values withd
from gauge

ut brackets'are derived from reference VA device measurements and values with
Hevice measurements

brackets are derived
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J.2.3.2.2

Fundamental Mutual Inductance Values for Z2 Class

A reference GA device shall provide fundamental mutual inductance values as given in Table J2. Magnetic interoperability
is achieved, if the measured mutual inductance values are within a tolerance band of £10% around the values given in

Table J2.
Table J2 - Fundamental mutual inductance values Mo for Z2 (in uH)
(X,Y) Coaxial Sec. Gauge Device “CC325” Transversal Sec. Gauge Device
Z-Position Position Coupled with: “DD275” Coupled with:
Transversal GA Coaxial GA Device
Device with with Center
Coaxial GA Center Alignment | Alignment Point of | Transversal GA
Device Point of (170, 0) (170, 0) Device
(inner 0, 0724) (inner 0, 108)
o Nominal (middle 0, 154) (middle 0, 207)
L2min =140 MM\ Gition (0,0) | (outer 0, 187) (outer 0, 236) (0,154 (0,354)
0.131
(inner 0, 0565) (inner 0, 056)
_ Nominal (middle 0, 120) (middle 0, 109)
Z2max =210 MM | iion (0,0) | (outer 0, 145) (outer 0, 126) (0, 074) (0, 179)
0.073
(inner 0, 0641) (inner 0, 052)
o Offset position | (middle 0, 130) (middle 0, 116)
£2min =140mm | =400 75) (outer 0, 147) (outer 0, 155) (0,097) (0,222)
0.109
(inner 0, 0343) (inner 0, 035)
_ Offset position | (middle 0, 0709) (middle 0, 075)
L2max=210mm |7 464 75y | (outer 0, 0837) (outer 0, 097) (0, 053) (0, 118)
0.059
(inner 0, 0571) (inner 0, 072)
o Offset position | (middle 0, 0116) (middle 0, 138)
Z2min =140 mm || = 400 75) | (outer 0, 0734) (outer 0, 150) (0, 097) (0, 198)
0.101
(inner 0;0302) (inner 0, 034)
_ Offset position | (middle 0, 0632) (middle 0, 066)
Z2max =210 MM | 166" 75) | (uiter 0, 0769) (outer 0, 074) (0, 049) (0,108)
0.055

NOTE: Values withd
from gauge

ut brackets'are derived from reference VA device measurements and values with
Hevice measurements

brackets are derived
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J.2.3.2.3 Fundamental Mutual Inductance Values for Z3 Class

A reference GA device shall provide fundamental mutual inductance values as given in Table J3. Magnetic interoperability
is achieved, if the measured mutual inductance values are within a tolerance band of £10% around the values given in
Table J3.

Table J3 - Fundamental mutual inductance values Mo for Z3 (in uH)

(X,Y) Coaxial Sec. Gauge Device “CC325” Transversal Sec. Gauge Device
Z-Position Position Coupled with: “DD275” Coupled with:
Transversal GA Coaxial GA Device
Device with Center with Center
Coaxial GA Alignment Alignment Transversal
Device Point of (170, 0) Point of (170, 0) GA Device
(inner 0, 0565) (inner 0, 080)
o Nominal (middle 0, 120) (middle 0, 156)
Z3min =170 MM | cition (0, 0) | (outer 0, 145) (outer 0, 179) (0, 109) (0, 262)
0.143
(inner 0, 0296) (inner 0, 039)
: Nominal (middle 0, 0627) (middle 0, 076)
Z3max =250 MM o ihion (0,0) | (outer O, 0765) (outer 0, 090) (0, 051) (0,125)
0.074
Offset (inner 0, 0488) (inner 0, 045)
o o (middle 0, 0999) (middle 0, 097)
Z3min =170 mm (28?)“'?2) (outer 0, 115) (outer 0,.126) (0, 073) (0, 168)
’ 0.115
Offset (inner 0, 0247) (inner 0, 027)
_ o (middle 0, 0515) (middle 0, 058)
Z3max = 250 mm (qggtl?g) (outer 0, 0620) (outer 0, 075) (0, 040) (0, 087)
’ 0.060
Offset (inner 0, 0430) (inner 0, 052)
o o (middle 0, 0887) (middle 0, 100)
Z3min =170 mm (-F’:])(())?)I“??nS) (outer 0. 106) (outer 0, 110) (0, 075) (0, 151)
’ 0.404
Offset (inner 0,0218) (inner 0, 023)
- o (middle 0, 0462) (middle 0, 045)
Z3max = 250 mm (_ﬁ)ggltlgnm (outter 0, 0575) (outer 0, 051) (0, 034) (0, 080)
’ 0.055
NOTE: Values withqut brackets'are derived from reference VA device measurements and values with [brackets are derived
from gauge flevice measurements
J.2.4  Electrical Intleroperability
J.2.4.1 Introduction

The coil system of the WPT system serves as a magnetic transformer that maps the impedance of the VA side Z, to the GA
side Z;.

The relation between these parameters is given by Equation J5:

w?xM?

Z1=](0)><L1)+m

(Eq. J5)

The second term on the right side of Equation J5 is the reflected impedance from the VA device to the GA device.


https://saenorm.com/api/?name=d465d8c18cb9a1860d8b71b38a15a45a

SAE INTERNATIONAL

J2954™ OCT2020

Page 142 of 194

The self-inductances L; and L, are mainly governed by product specific characteristics like coil size, number of windings,
coil, and winding geometry, which should be open for product development. If not properly compensated, remaining parts
of the self-inductances L, and L, will contribute to reactive power rather to the transfer of active power between GA and VA
device. Therefore, with the design of the GA and VA device, adequate compensation shall be considered.

Before detailed explanations to the different steps for the achievement or validation of coils electric interoperability are given,
some theoretical background is provided to prepare the explanations as follows:

Figure J2 shows a schematic to explain the impedance approach.

imp _matching/

imp. matching/

compensation

-Im(Zva)

N1: GA number of turns

onr GA side

Ci compensation Re(Zua) —BH Ugat —_
¢(l1,12) = 90°
Key Description
Z1: GA domplex impedance X20 = w =L20: reactance of VA coil pell winding
X10 = w|+ L10: reactance of GA coil per winding .ZZ - Re(ZZ) + ) Im(zz): VA. complex
impedance (incl. compensation, load)
ZRefl.: VA complex load impedance reflected

N2: VA nimber of turns

The impedance Z; is

The reflected impedance Zg,, is given as:

Figure J2 - Scheématic to explain impedance
given by Equation J5 which.can be rewritten:

Zy = jX10 X N + Zgen

2 2 2 2
®2XMZxNZxN3

VA =
ZRefl ™ xp0xND)+

Re{Zo)+im{Zs)

With:

The reflected impedance becomes:

®ZxMZxNZxN2
Relz sl gy ImiZa}+Xa0xNF ]
ETTTT Re{Zp) ]
A= Im{Z,}+X50xN3
- Re(Z,}
7 _ 0?xM3xNZxN3 1
ZRefl ™ Re(z,) a+a
®2xMZxNZxN3 X (1= jA)

RefZ,}x(1+A2)

(Eq. J6)

(Eq. J7)

(Eq. J8)

(Eq. J9)
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The separation of the real and imaginary part of the reflected impedance leads to:

®2XxM3xN%xN3

Re(Zren} = ez} a) (Eq. J10)
Im{Zgen} = — A X Re{Zgen} (Eq. J11)
|Zren| = Re{Zen} x V1 +47 (Eq. J12)

@(Zgen) = arctan (—A) (Eq. J13)

The general behavior of Z,.., is shown in Figure J3.

Z..n Impedance Plane for WPT electric interoperability (Example)

D
II—ST I (Z )UQ] . P wz-Mé-wf-wé 1
m e = ' -
refl. L —Refl Re(Zz) (1 +j /_\)
1 pil
s
valid for secondary side
o5 compensation
A=2
(higher coupling)
q,5 -
w? - Mo w? - wl
obs _ 0 1 p
i Re(L)
0
-0,p5

A= 0: optimal sec.
compensation

A=05
(lower coupling)

o5 Im(Z,) + Xo0 - W}
~ Re(2)
-1 A/
1,p50~
000 0,50 T00 1,50 2,00 - 2,50
| (Zresi= A when secondary side is fully compesated (A = 0)) \ Re(Zreﬂ,) [ﬂ]

Figure J3 - General behavior of the reflected impedance (example)

Normalized impedances are defined as:

Z e
ZReﬂ,norm = _;%ﬂ (Eq J14)
And:
Zonorm = =% (Eq. J15)
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So that (compare to Equation J9):

Z _ mZXM(ZJ 1 _
“Reflnorm = Re(zz,norm) (1+j8) B
®?xM3 .
Re@omomyxaran X (1= 18) (Eq. J16)

The normalized impedances may be used to establish ranges that are common to all product systems since ranges for the
normalized mutual inductance M, are established.

The GA real power can be described as:

l:)prim = |11 X Nlll X Re(ZReﬂ,norm) (Eq J17)
The VA real power gan be described as:
l:’sec = |12 X N2|2 X Re(zz,norm) (Eq J18)

Neglecting the transformer losses, the current ratio can be described with:

_ . |11 xNq | _ ’ Re(Z2 norm)
Pprim - Psec ' |IzXN2| - RE(ZReﬂ,norm) (Eq J19)

Or:

p Rl T+ 57) (Eq. J20)
2 2

wXMg

Rearranging, the induced voltage per turn on the VA coil is'given by:

22 = gy x My X |1} - Nf}-= Re(Zgnorm) X /(1 + A2) X [I, X N, | (Eq. J21)

N2

And the required amp-turns on the GA cail js:

|leN1|=% VAT L, X N, | (Eq. J22)
WXMo
Or equivalently:

_ Psec V (1+42)

Equation J21 specifies the necessary induced voltage per turn on the VA coil as a function of the VA current and impedance
parameters, while Equations J22 and J23 express the necessary amp turns on the GA coil in equivalent forms. Equation J23
shows why it is important to restrict the phase of the VA impedance to small values (i.e., keep 4 small) to limit unnecessary
increases in coil currents.

By re-arranging Equation J23, the dependency of Psec on the product of GA coil current |1 and VA coil current I2 can be
clearly revealed:

V (1+A2)

wXxXMg

[I; X Ny [[I; X Np| = X Poec (Eq. J24)
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J.24.2

Electric |

nteroperability Requirements

The driving factor for the GA electronics design is the impedance Z,, presented by the GA device to the GA electronics and
therefore constituting the electrical load for the GA side. Z; is composed of:

L, does vary depen

The inductance value L, of the GA coil at operating frequency

tion network, power electronics and the load

ing an the VA _device Ir'mcifir'\n over the GA _device Dmlnnr anpnnen’rinn of that

The AC-resistance of the GA device copper winding (for simplification also representing losses in ferrites and shielding)

The reflected impedance Zr.q as being transformed from the impedance Z, presented to the VA device coil by the VA
device compensa

varying reactance is

the responsibility of
performance of the
responsibility of the
presented to the VA

as reflected impedance Zg.r,. Any amount of (residual) Z,-reactance, expressed by the|value of 4 (s

becomes part of Z,,
The relevant transfo
Mo, respectively. Mo

Equations J6 to J24
in the parameter 4. ¢

Equation J24 shows
That product of amp
being defined in Eqy
required to be induct

Declaration of inter
corresponding referg
at the maximum sus

Electric interoperabil
Manufacturers of refi

as given in Table J4
in the range of A =

the manufacturer. Being suitable compensated, L, does not significantly influenc
GA subsystem. Keeping the AC-resistance of the GA copper winding adequg
manufacturer. For the impedance Zg.s;, the VA device relevant parameter i
device coil by the VA device electronics and the load. Z, is transformed to'the GA

1» Whereas the sign of Z,-reactance appears negated (see also Figure J3) at the
mation parameter (from Z, to Zg.f;) is the mutual inductance M lor the fundament
s varying as indicated in Tables J1 to J3.

cover all effects of impedance transformation, variety.of Mo, and remaining reactiv

Dnly variance of L, is not included here.

bre turns is dependent on the mutual inductanee M, the operating frequency w an
ation J8. In accordance with Equation J21, that product of ampere turns leads t
bd by the GA device in a VA device coildor the specified amount of power Psec as

Ui, = XMy X Ny X Ny X |I;]
pperability requires that areference or product GA devices (DUT) does indu
nce VA device under worst condition (i.e., at the outer X-, Y- and Z-displacemen

ainable coil current I,y as specified by the coil manufacturer and while nominal

ty tests aim to demonstrate, that this induce a voltage requirement is met by the

for the desired power class. These values already include a reservation for VA si
D.3.

e the power transfer
tely low is also the
5 the impedance Z,
device and appears
be also Equation J8)
[5A device terminals.
bl mutual inductance

b parts as expressed

that a product of GA and VA ampere turns is;required to transfer a specified afnount of power Psec.

] the parameter A as
D a voltage, which is
follows:

(Eq. J25)
e a voltage V,in a
t between the coils),

power is transferred.

DUT.

brence GA-devices and product GA devices shall ensure that the DUT is capable t¢ induce the voltages

e possible detuning

Tahle“l4 - Voltages (rms) required to be induced in circular reference VA devides
Power Class VA position over GA device [mm] Uiz at |11 ey [V] (rms)
MF-WPT 1 Not yet specified
MF-WPT 2 Not yet specified
MF-WPT 3-Z1 X=75,Y=100,Z=150 180 + 3%
MF-WPT 3-Z2 X=75,Y=100,Z=210 150 + 3%
MF-WPT 3-Z3 =75,Y =100, Z = 250 150 + 3%
MF-WPT 4 To be determined in future version
MF-WPT 5 To be determined in future version
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Reference GA devices shall induce the voltages according to Table J4 with:

At the operating

M-values confirmed during magnetic interoperability testing in accordance to this appendix

At |l max| = 75 A+ 1.5% (rms)

frequency of 85 kHz £ 0.5%

The induced voltage requirement criterion as specified herein is intended to leave space for magnetic and electric design
optimization to product device manufacturers.

Product GA devices

shall induce the voltages according to Table J4 with:

e  M,-values confir

At the maximum

e At the lowest int

J.2.5 Impedance

Requirements on th¢ GA electronics including compensation can be expressed-in terms of the range

GA cail, Z,, over whi
minimum real imped
by (see J.17)

Or, in normalized ter

This impedance bec
is |1 max|-

The imaginary part ¢
the reflected impeda
maximum detuning ¢

med during magnetic interoperability testing in accordance to this appendix
device coil current for which the coil has been designed

bnded operating frequency +0.5%

Equivalents

ch the target power, Ppg,y, is to be delivered. The maximum GA coil current trans|
Bnce requirement at the GA coil. Given a power transfer level Ppg;y,, the correspor

Re(z) =4

ms:

PpRIM
[I1xNq |2

Re(gl,norm) =

bmes the minimum real impedance seen at the GA coil when delivering Ppg;, @an

nce from the WA coil. This is a function of the relative position of the coils and
f the GA coilinductance caused by the presence of the VA coil is defined as

(S _ L1,max_L1,min
max — L
1,max

of impedance at the
ates directly into the

ding Re(Z,) is given

(Eq. J26)

(Eq. J27)

 the GA coil current

f the impedance jis determined by the reactance of the GA coil inductance and the imaginary part of

the VA tuning. The

(Eq. J28)

With a detuning range of +4 on the VA, the range of Im(Zl,norm) for any position is:

L max L max
o 3+ 1Al Re(Zyes1) < Im(Zyep)) < 2 124X (1= Omax) = 1] X Re(Zyep1)

(Eq. J29)

Equation J29 holds for the range of reflected impedance Re(Z,.r,) assuming the detuning caused by an arbitrary VA is
allowed to be up to §,,,, at any coil position. This is a very conservative assumption since the amount of GA coil detuning
varies with relative coil position and is generally largest at the strongest coupling positions. With this assumption, the
resulting impedance space at the GA coil is then as shown in Figure J4. Again, we neglect the small contribution of the coil

losses to Re(Z;).
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Im|Z, ] ,

|Al- min[R,.z]

wly

le - wgmaxLl

|A] - min[R,.¢f;] .

min[Rreﬂ] maX[Rreff.] Re[&]

Figure J4 - Impedance space at the GA coil (example)

Figure J4 shows that the range of reactance depends on the real part because of the VA detuning pa

and on the detuning

pf the GA coil inductance 6,,,,- The range of real impedance at which Ppp;,, can be

on the low side by thhe maximum GA coil current, and on the high side by the capability of the GA si

(inverter). The ratio
side power electroni

The VA electronics 0

impedance to vary lgss than MZ,,..../M§min (see J.10)This reduces the requirements of the GA side

reference GA systen

Without tuning on th

min ratio of real impg¢dances of approximately 10.0. This dramatically increases the size of the impeds

be driven.

To cover an equivale
space defined by Ta

CS.

ns, the ratio of real impedance over which full power can be delivered is:

max{re(z:)] _
minre(z)] ~ >0

nt impedance space as the reference GA systems, product GA electronics should
ble J5¢

Parameter Value
- 0,
Maximum primary coil detuning 6,,,« 72 azr11d 32/01 0%
Maximum secondary detuning A 0.3
max[Re(Z,)] s
min[Re(Z,)] -

rameter 4 (see J.11)
delivered is bounded
le power electronics

pf the maximum to minimum Re(gl) is a key parameter that drives volt-amp reqgliirements on the GA

N the reference systems provide for tuning of the VA impedance, Re(Z ,), allowing t{he range of reflected

electronics. For the

(Eq. J30)

e VA side, the GA electronics would have to drive a much wider range of impedances, with a max to

nce space that must

cover an impedance
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Figure J5 shows a comparison of an impedance space derived using the approach outlined above (green) with impedance
spaces computed for the circular WPT3 reference GA coil and reference electronics (black) and an alternative set of
electronics (yellow). Since the circular reference GA coil and electronics have demonstrated interoperability with all
reference VA coils, its impedance space serves as the minimum needed for interoperability. The derived impedance space
uses the parameters in Table J5 along with the GA coil inductance of the reference coil. The resulting impedance space
covers most of the reference impedance space, but also includes areas outside of it that may be difficult to realize with
actual electronics. The alternative electronics, consisting of an inverter with a maximum input DC voltage of 900 V and a
maximum output current of 34 A rms with an LCL compensation network, also provides an impedance space that completely
encloses the reference region. As a result, this set of electronics driving the reference GA coil should be expected to
interoperate fully with all reference VA coils and other VA coils that work with the reference GA.

WPT3 Z;
Beoforanco
221 Electronics
—— Derived
21 Alterhative
Electronics
20 4 \
~
N
— 19 /
E
18 -
17 4
16 4
0 2 4 6 8

Re(2.)
Figure J5 - Impedance spaces of the reference GA and alternate electronics|

This example illustrgtes how the impedance at the GA coil may be used as a guide to creating interoperable GA systems.
It also shows that the impedan€e-space derived using the maximum coil current and parameters ir] Table J5 is a good
starting point for desjgn, although some adjustment of parameters may be needed to prevent overdesjgn and better match
what standard electrpnics,can provide.

J.3 COMPLIANCE [TEST AND MEASUREMENT SPECIFICATIONS

J.3.1 Requirements to be Tested
The following requirements shall be confirmed by testing:

e Primary devices shall proof magnetic interoperability in accordance to requirements in J.2.3.2 and according to the
conformance test procedure in J.3.2.2

e Primary devices shall proof electric interoperability in accordance to requirements in J.2.4.2 and according to the
conformance test procedure in J.3.3.2
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J.3.2 Magnetic Interoperability Testing

J.3.2.1 General Requirements
Proof of magnetic interoperability is to be done by means of fundamental mutual inductance conformance testing. It may be
applied either to reference GA devices or product GA device to declare magnetic interoperability.

The GA devices are tested to confirm they provide the fundamental mutual inductance values given in J.2.3.2. For rebuilding
reference GA devices, the specific values in Tables J1 to J3 are applicable for the proof of magnetic interoperability. For
product GA devices, the specific values in Tables J1 to J3 are recommended for the proof of magnetic interoperability.

Fundamental mutual inductance conformance tests have to be performed with the coaxial gauge device according to J.3.4,
if a reference GA device or a product GA device has to prove magnetic interoperability with VA circular reference or product

devices.

Fundamental mutua
J.3.4.2, if areferencyq
or product devices.

Primary reference d¢g
all coil combinations

The measurements
exceed 10 A rms for

J.3.2.2 Measurd

a. Place the gauge

b. Taking into acco|
such that an ad
85 kHz.

c. Measure and re
current (rms-valje).

d. Calculate the fur

J.3.3

J.3.3.1 General

Electric interoperabi

Electric Intefoperability Testing

inductance conformance tests have to be performed with the transversahgauge
GA device or a product GA device has to prove magnetic interoperabilitywith VA 1

vices or GA product devices have to be tested against all settings)(alignment poin

device according to
ransversal reference

s and Z-ranges) and

as referred to in Table J1 to Table J3 to the extent of seeking-magnetic interopefability.

can be performed by low voltage measurements. Howéver, the GA ampere tur
more accurate results.

ment Procedure

device at the specific test position.

unt the number of turns of the GA device(DUT), set the GA current at the coil term
bquate ampere turn value |_1xw_1is achieved. Take care that the current has

cord the open circuit voltage:of the windings of the gauge device (rms-values)

damental mutual inductance according to the equations given in J.3.4.1 and J.3.4

Requirements

s for I; X w,; should

nals to an rms-value
sinusoidal shape at

and the applied coil

|.2, respectively.

ity. conformance testing requires the knowledge of magnetic behavior of the

Therefore, magnetic

interoperability conformance testing has to be done prior to electric interoperalp

Hevice to be tested.
ility testing; i.e., the

results gathered during magnetic conformance tests, namely the fundamental mutual inductance Mo, is required to be known

and to be taken into

account while assessing the results of electric interoperability conformance tests.

Declaration of GA device electric interoperability based on electric interoperability tests in accordance with this appendix:

of the reference

Is applicable to reference GA devices or product GA devices.

or product GA device is intended to be declared.

with the lowest intended operating frequency.

Have to be done with the reference VA device(s), which represent the power- and Z-gap class for which interoperability

If a GA device is intended for operation in a certain frequency range or at different frequency points, tests shall be done


https://saenorm.com/api/?name=d465d8c18cb9a1860d8b71b38a15a45a

SAE INTERNATIONAL J2954™ OCT2020 Page 150 of 194

The following success criteria are to be met/to be confirmed during the electric interoperability conformance test:
e The desired power level is transferable with GA device electrical test parameters and at coil positions shown in Table J4.

o No mechanical, electrical or thermal degradation to the device under test while applying the electrical test parameters
and at coil positions shown in Table J4. The definition of suitable mechanical, electrical and thermal evaluation criteria
is under device manufacturer responsibility. The manufacturer has also to define how long a test at maximum power
transfer rate has to last and whether or not load cycling has to be applied during the test. If applicable, the load cycling
profile(s) are to be provided by the device manufacturer.

The electric interoperability conformance tests as described in this appendix are exclusively meant to confirm electric
interoperability of GA devices (coils). These tests are not meant to confirm other requirements; e.g., concerning system
efficiency, EMF, EMC. Such requirements need system level testing (product conformance testing).

J.3.3.2 Measurg¢ment Procedures for Reference and Product GA Devices Electric Interoperability| Testing

The test set-up for r¢ference or product GA device electric interoperability conformance tests.is 'Sshown in Figure J6.

ok
MWW,
testing facility provisions /‘\ testing facility pravisions
[ |
| |
| K .
m : GA || R-VA seriahcompensation
! Il —
4 : l I2
o T S\
imp. matching | | e
— P.ec(DC
compensation : : Z rectifier (b0
I | | 4 ]
Invprter (85kHz) : : vdr. load
| DUT 1
| (
primary’equipment L : secondary equipment

/\ measurement point for
P(l,12) secondary device induced

voltage

Rhase measurement equipment
provided by testing facility

Figure J6 - Test set-up for reference or product GA device electric interoperability confofmance tests

The VA load, as we|l as GA andythe VA compensation networks, do not have to be product represg¢ntative. Usually this
equipment is providgd by the test-house. It is recommended to apply simple serial compensation at the VA side.

The VA variable load shallbe set up such, that the VA device sees the following resistive impedance:

7, = = (Eq. J31)

=
12]2

To ensure that the nominal power is transferred while voltages according to Table J4, are induced in the VA device, the
following applies for the current I, and for Z, subsequently:

1
X
@XMXN1xNy X |11 max|

|12|(RMS) = Psec (Eq. J32)

When Equation J32 is applied for the setting of the current I, (Z, subsequently) and having ensured, that the VA inductance
is fully compensated by the serial capacitor, the VA device induced voltage U;, can be measured at the point indicated in
Figure J6.
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J.3.3.2.1

a.

Primary Device Electric Interoperability Conformance Testing Procedure

of magnetic coupling to be conformance tested; i.e., lowest expected value of Mo.

Place the reference VA device over the GA device (DUT) at the geometrical location which represents the lowest value

Adjust the variable load in accordance to Equations J31 and J32. This pre-setting of the variable load aims at the

achievement of power level P,..(DC) while the VA device induced voltage U;, settles at the corresponding value in

Adjust the capacitance of the VA serial compensation capacitor to a value which suits full compensation of VA device

Set the GA impedance matching and compensation network such that the GA impedance can be accommodated by

necessary, retue the phase to 90 degrees + 3 degrees by changing the operating freqQuency

Set the inverter’'s frequency to the desired operating frequency of the device under test and-start ir

indings of the GA device (DUT). While increasing I,, observe the phase”betw

frequency becomes different than the desired operating frequency:+3%, stop

capacitance of the serial capacitor accordingly, and resume the test.

b.
Table J4.
C.
inductance L,.
d.
the inverter.
e.
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lectric interoperability of the GA'device has passed the electric interoperability co
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hformance test.

escribed in J.3.4.1/and J.3.4.2 are meant to be used for magnetic interoperability ests of GA reference

This section describgs the{dimensions of the coaxial VA gauge device to be used for magnetic interops

of GA reference dev

rability conformation

ces'or GA product devices. Calibration of the gauge device is done by the gauge Tevice manufacturer.

The gauge device carries three windings, each of them existing of two turns. Open circuit voltage measurement is to be
performed on all three windings by means of a voltage measurement device, which provides an input impedance of 10 kQ

or higher.

For all three windings, the values for the mutual inductances are given in Tables J1, J2, and J3.
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They are derived by measuring the voltages of the three windings an calculating the fundamental mutual inductance
according to Equation J33.

where:

Ui
NyX Ni XI1X@

My =

w = angular frequency applied for the test (w = 2 X © X 85 kHz)

N7 = number of turns of the GA reference device or the GA product device

N2 = number of turns per gauge device winding (N2= 2)

(Eq. J33)

I+ = the GA cu
measurements

The index i indicates

The fundamental m

rrent (RMS value) under the condition, that /; remains with constant ampli

the values for the inner, middle, and outer winding.

example, an average¢ with equal weighting of the values is given in Equation J29.

Other weightings mi

If appropriate the ca
device and the mutu

The size and structu

1
MO = 5 (MOinner + MOmicldle + MOouter)

gjht be appropriate for comparison with different dimensions of the product VA deV

libration factor Crp represents the relation between the fundamental mutual indy
bl inductance measured with the VA reference device.

My =Crp X M,

Fe of the coaxial VA gauge device is shown in Figure J7.

fude during voltage

Litual inductances Moi may be used to derive an averaged fundamental mutudl inductance. As an

(Eq. J34)
ice.

ctance of the gauge

(Eq. J35)
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Figure J7 - Coaxial gauge device “CC325”

J.3.4.2 Transversal VA Gauge Device

This section describes the dimensions of the transversal VA gauge device to be used for magnetic interoperability
conformation of GA reference devices or GA product devices. Calibration of the gauge device is done by the gauge device
manufacturer.

The gauge device carries an eight-shaped winding consisting of one winding with opposite winding direction with two turns
each. Open circuit voltage measurement is to be performed by means of a voltage measurement device, which provides an
input impedance of 10 kQ or higher.
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The fundamental mutual inductance is to be calculated in accordance with the following formula:

T

M, = Cmm (Eq. J36)
where:
w = angular frequency applied for the test (w = 2 X © X 85kHz)
N7 = number of turns of the GA reference device or the GA product device
N2 = number of turns per gauge device winding (N2= 2)
I1= GA current ( ; 7 Jtage measurements

The size and structufe of the transversal VA gauge device is shown in Figure J8.
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Figure J8 - Transversal gauge device “DD275”
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APPENDIX K - GUIDELINES FOR ASSESSMENT OF EMF COMPLIANCE WITH THE GENERAL PUBLIC BASIC
RESTRICTION LEVELS (ALL REGIONS) (INFORMATIVE)

The basic restrictions given in Table K1 represent the maximum localized electric field induced in the body tissue due to
externally impressed electric or magnetic fields. These induced fields cannot be directly measured, and therefore, the
following procedure is provided for a consistent evaluation with SAE J2954 devices when a basic restrictions assessment
is used.

The reference levels of Table K2 are exposure guidelines for whole body exposures provided in a directly measurable
format. The modelling of the induced EMF inside a live object is a complicated process and is recommended only if EMF
hazards cannot be ruled out through direct testing against the reference levels. It should be noted that the margin between
reference levels and basic restrictions is highly dependent upon the orientation of the live object within the defined Regions;
although the simulation method will allow a more exact determination of the presence of a hazard, it will not result in a

system with excessi
level assessment ma
are met.

Ve EMF becoming acceptablie. VWhen the Impressed fierd 1S substantially non-u
y be more conservative, and compliance with the reference levels is not requiredif

Table K1 - EMF exposure standard, basic restriction levels

iform, the reference
the basic restrictions

ICNIRP 2010 General Public Restriction Level

Field (rms Field Strength)

Inter|

pal Electric Field 1.35 X 104~ f(Hz) = 10:F V/m at 79 kHz

Table K2 - EMF exposure standard, reference levels

ICNIRP 2010General Public reference level

Field (rms Field Strength)

Magnetic Field

27 uTor21.5 A/m

Electric Field

83 V/Im

It is not required tha
system. For exampl
magnetic fields mayj

magnetic fields by basic restrictions. The assessment of impressed electric fields by basic restrictions

K.1 METHODOL
For the WPT opera
“scattered” magneti
impressed magnetic
impressed WPT mag
in the second solve
However, itis also a

fing frequency .band specified in 6.4.2, the human body constitutive paramete

the same method of assessment be used for the impressed electric and magne
b, the impressed electric fields, may be assessed against the reference levels,
be assessed against the basic¢ restrictions. This appendix addresses the asseg

OGY/PROCESSES

c fields created.'by induced tissue conduction and displacement currents are
field. Therefore, it is acceptable to partition the problem into two successive calc
netic field-is calculated in the first solver and the induced human body tissue elec
. This process is often used because different solvers may be more suited for
cceptable to perform the entire calculation in one solver if the solver is capable.

tic fields of the WPT
while the impressed
sment of impressed
is under study.

s are such that the
much less that the
ilations whereby the
ric field is calculated
he two calculations.

K.1.1

Calculation and Validation Process

Figures K1 and K2 outline the validation processes for the two-solver and one-solver calculation processes, respectively.
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