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The problem of wireless power transfer
(WPT) by means of resonant inductive
coupling is well understood.

Successful productization requires
attention to ancillary systems and
functions that make the difference
between an engineering demonstration
and a real product.



This presentation discusses two such ancillary
systems, transfer coil alignment and vehicle-
ground-vehicle communications

Axial and translational alignment between WPT
transfer coils is necessary for:

1) Maximum power transfer and

2) Maximum transfer efficiency



Alignment System Requirements Required?
Sub-centimeter accuracy and resolution Yes
Low cost Yes
Minimum vehicle side added weight, volume, or complexity Yes
Functional through standing water, wet snow, wet leaves, etc Yes
Contained within transfer coil envelope Yes
Simple to implement Yes
No extra elements, wiring, or bollards No
Make use of existing transfer coil and flux steering No




Approach
How about this...

Use magnetic field generated by existing
transfer coils.

Great idea!
Saves weight, volume, complexity and cost.



Problem
Transfer coil magnetic field is radially symmetrical.

The magnitude of the coupling coefficient determined by
measurement of the vehicle side coil open circuit voltage gives
error vector magnitude.

However, due to radial symmetry, error azimuth angle cannot be
determined.
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Solution

Destroy the radial symmetry.

Take a chunk out of the symmetrical field at a
known location.

Change the position of the missing chunk as a
known function of time.



Sub-scale test Proof of Principle

WPT transfer coil

Diameter: 16.2 cm (6.325 inches)

(Uses table top induction cooker coil for simplicity)
Excited at low power — a few Watts

—1‘
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Sub-scale test Proof of Principle
Spatial Flux Modulation Coils

Four coils each occupy
90 degree arc segment

Coils identified as

North

West East

South
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Sub-scale test Proof of Principle
Spatial Flux Modulation Coils
Full Assembly

Transfer Coil plus
Flux Spatial
Modulation Coils
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Sub-scale test Proof of Principle
How does it work?

Modulation coils normally open circuited.
Open circuit voltage induced but no current flows.
No effect upon transfer coil flux field.

No effect upon wireless power transfer.

Modulation é

Coil Modulation

(lf Coil Switch -- Open

@ Transfer Coil
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How does it work?

FET switch shorts modulation coil terminals.

Modulation coil current creates local magnetic field.

Magnetic field opposes incident magnetic fields — Lenz’s law.
Transfer coil field amplitude reduced over 90 degree segment.
Flux field is no longer symmetrical.

Azimuth error angle found by determining the relative effects of
the four field modulation coils.

Modulation
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@ Transfer Coil
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Sub-scale test Proof of Principle

Azimuth error angle found by determining the relative effects of the
four field modulation coils:

Each coil switched on-off at different frequency.

Example: North coil 500 Hz South coil 600 Hz
East coil 700 Hz  West coil 800 Hz

« Coil modulation appears as amplitude modulation of the vehicle
transfer coil open circuit voltage.

« Alignment error is zero when the four amplitude modulation
frequencies have equal amplitude.

* Vehicle left-right error is zero when E-W tone amplitudes are equal.

» Vehicle front-back error is zero when N-S tone amplitudes are equal.



Sub-scale test Proof of Principle

Alignment error is
zero when the four
flux modulation
frequencies have
equal amplitude.

‘ 400 Hz
Photo of HP3561A e
Dynamic Signal Analyzer
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Sub-scale test Proof of Principle

Alignhment error revealed by modulation
tone amplitude.

...............................................................................................
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Front-Back Error Left-Right Error
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WPT Communications

 WPT systems are two-component designs that
require a wireless communications path, preferably
two-way, between the vehicle and the off-vehicle
charging components.

« WPT communications require the exchange of data
for a multiple functions beginning with basic system
functionality but extending to operational safety, and
other functions.



WPT Communications

Respond to charge rate commands from the vehicle
battery management system (BMS).

Establish vehicle identity and ownership.
Obtain authorization to charge.

Perform charging in accordance with user-defined
system preferences as determined by the vehicle
manufacturer, the utility company and/or the vehicle
operator.

Conduct secure automatic energy purchase transactions
Compile energy use data.

Record system performance monitoring and charger
status and allow remote monitoring of charging via
remote access (e.g., smartphone applications).



WPT Communications

Identify required charging parameters.

Off load vehicle state of health and operator driving
behavior information.

Identify fault and failure conditions.

Initiate immediate fault-condition system shut-down for
safety.

Determine and initiate compensate for induction coil
misalignment.

Perform routine remote software upgrades for both
charging system and other vehicle hardware (ie, flash
upgrades to software and vehicle infotainment systems,
etc).

Other potentially valuable communication functionality
by loading or unloading non-charge related data
including data that improves driver experience and
vehicle performance.



Limitations of Conventional Data
Communications

To date vehicle wireless power systems have
employed conventional off-the-shelf digital data
transmission systems such as Wi-Fi, IEEE 802.11,
Bluetooth, XBee.

Off the shelf, no circuit design required, inexpensive,
Regulatory acceptance, bidirectional.

Designed for multi-node networks.
Suffer from latency, half-duplex operation.

Long range up to 10s or 100s of meters.



Ideal WPT communications system
What features would an ideal WPT communications
system possess?

Full Duplex, no or near zero latency.

Short range, Two nodes max per “network.”
Unambiguous node identification.

Freedom from co-channel interference.

Inexpensive, simple regulatory compliance.

WOW 2016 Near Field Communications
System for WPT

20



Near Field WPT Communications System

Frequency
* Multiplier
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Data Out Detector Vehicle Side = Data In
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s tarrs Forward Link Loop Antenna
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Detector
Reference
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Near Field WPT comparison with conventional
Communications System

WPT Communications Conventional Packet

Requirements Communications

Number of Nodes in Network 2 2-10-many

Range 30 cm 3-300 meters
Propagation Type Near Field Far Field

Modality Full Duplex Half Duplex
Real Time transmission Required Not needed or provided

Latency is unacceptable and can be  Latency is acceptable and generally

AU dangerous unnoticed in most applications
Unambiguous node identification Yes No

Rejection of Multipath Yes No

Standing Wave Immunity

DTS S e (e Excellent Not possible in the physical layer

Rejection
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Homodyne Detector

 Recovers Amplitude Shift Modulation and forward
carrier.

* Adjacent channel rejection done at baseband.

ASK

Modulated Demodul ated Recovered
RF Carrier Carrier Baseband
A — =
In Low Out

Pass

Limiting 0
Amplifier |4 W

13.56MHz Recovered
Phase wmmmm_ Carrier
Lock
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Third Harmonic Self Interference

Ground side transmits on 13.56MHz while
simultaneously receiving on 3x13.56MHz = 40.68MHz

Transmitter and receiver share a single loop antenna

Transmitter 3'9 harmonic interferes with receiver if
not sufficiently suppressed.
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Third Harmonic Self Interference

Suppression

 Ground transmitter uses modified sine waveform
which ideally has zero third harmonic content.

« Transmitter RF waveform generated with three flip-
flops and four FET switches.

« Better than 50 dB third harmonic suppression
achieved when combined with one pole low Q

+] -

Amplitude
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Antenna Diplexer

Hybrid L1
Transformer rS%le 9?
Il 13MHZz
) Gfﬁj. Transmitter L [—4F—J 1| RCY/XMIT
) - " Fp=40MHz
@. Loop — Fs=13MHz —
Loop
Antenna H Antenna L2
o L3
= ce — T 4pMHz
C&g{%o 70 L—ﬁF—J RCY/XMIT
Fp=13MHz
. YWAH
Receiver L, — Fs=40MHz —|

Two methods available:

 Broadband hybrid transformer.
 Narrow band passband-stopband filter.

Methods can be combined.
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System Advantages

Non-propagating, spoof-resistant physical layer
Excellent co-channel rejection.

Communication magnetic fields tightly contained
underneath vehicle body (Waveguide below cutoff).

Single node operation.
Excellent rejection of adjacent parking spot transponders
Regulation compliant.

No external antennas; antennas contained within WPT
coupler.

Immune to standing waves.

Unaffected by wet leaves, snow, or standing water.
Low frequency operation.

Inexpensive implementation as ASIC.



Momentum®

Questions?

For more information, please contact Bruce Long
Bruce.Long@MomentumDynamics.com
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