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i3 MOMENTUM DYNAMICS
Momentum World -Leading Wireless Power Transmission
Technology for Vehicle Electrification

A We provide the essential connection between the vehicle and the
electric supply grid.

T

Our technology is enabling and transformative.

T

Fundamentally benefits transportation and material logistics across
multiple vertical markets.

A It removes technical impediments which would slow the advancement
of major industries (automotive, material handling, defense, others).

Momentum Dynamics has been developing high
power WPT systems since 2009
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Fast Wireless Charging for all classes of vehicles



£:x Commercialization Markets

Momentum
ﬁ)ﬁ Low Speed Vehicles

Wireless Power
Utility Vehicles i golf cars, airports, parks,
campuses, pol i ce, nei ghbor hoo

Industrial Lift Trucks

Many types, existing EV market, +$16B in
vehicle sales/yr

Commercial Vehicles

Multiple classes, must save fuel, 33 million
registered in US

Buses

Mandated to go to alternative fuel, must save
fuel costs

Essential Precursors

Marine Applications r

Commercial Marine and Defense Applications

Passenger Vehicles

Huge international market, will take time to
develop
Opportunistic charging is as efficient as

conductive
© 2009-2015 Momentum Dynamics Corporation. All rights reserved. All other trademarks are the property of their respective owners.
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Momentum Leadership Technology

A High speed (high power) public charging can be done for
partial charges in public locations now i where utility
Infrastructure supports it,

A The consumer can add, using a 25 kW wireless charger, 25
miles of driving range in a 15 minute stop at a local store,

A Or, considerably more when stopping at a restaurant,
supermarket, or shopping center. Places where people
normally park, and more drivers can access the spot each
day and charge,

AfiWe think this is the futduite
requires no penalty on the driver, and can support a growing
popul at i oAndreMDada\MC&O Momentum
Dynamics Corp.
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£i3 Installation

Momentum'

Wireless Power

A Inductive charging is about much more than convenience, it is really about
driving range extension
A

Automatic charging allows the EV fueling experience to become a
Abackgroundo operation i

n the same
made toll collection a nearly unnoticed part of the driving experience
Power Converter
and Data Link
_* \ — Vehicle Integration
Wireless' “ -
Receiver
MD
| Operator
m m— BMS - Interface
’ /o § Battery e ‘
o J\ Momentum Dynamics has unique capability in primary
\\S ‘MD coil installation, including no need for concrete vaults o
upply power erele§s e
from utility Transmitter St .:
company ‘e° .
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i3 WPT Safety & Standard

Momentum’

Wireless Power

A SAE 2954-1:
I Now published as a TIR T Technical Information Report, or guideline for wireless
charging of LD vehicles. Power levels of 3.7, 7.7, 11, and 22 kW over z-gaps of
100mm to 250mm

I Interoperable frequency specified as the 81.38 kHz to 90 kHz band

I No recommendation at this point from SAE for HD vehicle charging at power
levels >22 kW

WPT Frequency Determination 0 J2954 Wireless Power Transfer Schematic between
SAE J2954 Decision for Light Duty Interoperability: he 2 ehicle Assemblie
Frequency
“85kHz"Frequency Band Decision for SAE J2954 : - GA Wireless VA
Comm. Link
Based on worldwide frequency allocation search from industry members (also with FCC)
S
Start of Band (kHz) End of Band (kHz) T acoe Hocac y o NN H ..H
_ - ilter} IMN/ - mpedancy
Light Duty G”d__ (PFC) Lnverte IMN . Coil coil |_|Firted U | converter| | Battery
Vehicles 81.38 90.00
PotentiMncies for M oI
—_— = = — —l m— Potentially Available T
2000 40,00 so‘no 8000 KHz 10000 120,00 140,00
mmmmmmm - L
(S=condary Coll .
- Eround AsEEmDl Iy
Frimary Coll
- SAE INTERNATIONAL SAE J2054 Stans 2015-6 L

Source: http://insideevs.com/chinas-zte-working-30-kw-wireless-charging/
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L Heavy Duty Vehicle Focus

Momentum’

A These vehicles routineagapy charge
A MD technology supports modular 50 kW integration
= St o R ‘415'?

-

Mo 2 i
|

Receiver

N

RN IO
N

120 (31 cm) Air GaNreless Transmitter
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WPT Is Not New

Momentum’

Wireless Power

A Wireless Power Transmitters
and Receivers must be
Interoperable

A They must be able to work at
various power levels T not just
one

A They must work with multiple
vehicle types

A They must work anywhere,

Power

automatically, in any weather
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i WPT Functional

Momentum’

Wireless Power

A Power is coupled via transformer action, but the transformer

IS rendered very magnetically leaky due to physical

separation of the primary from secondary portions.
Communication channel is

S - - mmun |
o\\\\ o">\ Integration means dealing an intentional radiator
N ‘@ gbh with bulk, thermal, and EMF e FCC part 18
\gQ éq @ - challenges of the coupler (_ P )
((\\) O(\@Q ?\ \"‘v‘/ ¢ \\i/“
&)\6 ec,\\ \\e ’ Private and Secure and Standardized
@ € P Communications
6‘(\\8‘0‘\(8((\ llll
\ D
R
(@

e

Utility Input rectifier HF Converter  HF lIsolation Transformer WPT Coupler Rectifier and Filter  Veh. I;Lttery
& Power Factor Corrector e e}
a(g\“
Efficiency Target >85% Overall i OO % 5
Requires >97% per stage oGy o(\’\:\‘k‘ 200 N \oa\\eﬂ
: : : g SP° e 10
The WPT coupler is an unintentional OEN\?: quaty ke ape'®)
. . e
radiator encumbered by variable 90\"'(6““\10\‘39
o\

leakage fields due to gap and
misalignment APEC 2017 Industry Session 12



st WPT Issues: Regulations

WPT chargers are non-intentional radiators (Title 47 CFR Part 15)

FCC Part 18 covers Consumer ISM Devices (Industrial, Scientific, Medical)

Commentary:

While a strict interpretation of the FCC rules does not demand
an FCC license below 100 kHz, forward-looking WPT
developers have been deploying systems with FCC
experimental licenses in expectation of a rule change.
Nevertheless, compliance with FCC Part 18 will
unquestionably be required in any commercial system

Licensing may not be required but type approval most likely
will be (by or for the FCC).
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fogdt FAQ on WPT

W
Momentum HF Transtormer
1 = = o
CSN A RTN ‘ A cc A
Controlled Resonant
mroffed !l . 1255 | v Y (T |'uv  |conditioning
U, n | Switch Us Tank U1 Uz Circuitry U°
Network Network

Wireless Power

A From geometry the coupler mutual flux is optimized when VA and GA
colls are same size

A Quality factor fiQo is often used |
exercise care in dealing with definitions of series, parallel, loaded, or
unloaded Q values

A Coupler alignment can be achieved using a variety of methods: camera,
RFID, parking guides, sensing coils, and magnetic beacon. MD has
developed positioning electronics that use existing GA coil and novel VA
side electronics

A Charging regulation can be achieved through a variety of control
methodssuch as GA side voltage contrc
Careful when d<0.5 since high reactive power must be handled on the
GA side
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FAQ on WPT

W
Momentum HF Transtormer
1 = = o
CSN A RTN ‘ A cc A
Controlled Resonant
mroffed !l . 1255 | v Y (T |'uv  |conditioning
U, n | Switch Us Tank U1 Uz Circuitry U°
Network Network

Wireless Power

A Wireless communications forms the feedback channel for charging
regulation. MD uses near field, full duplex, communications and encoding
techniques that possess low latency and fast response

A Although a high power WPT charger can charge a LD passenger vehicle it
will require harmonization of standards since LD chargers operate at 85 kHz
and HD vehicle charging may settle on 20 kHz T interoperability is now an
ISsue

A HD and LD chargers fortunately are interoperable in other areas:
Communications for regulation, alignment sensing, payment, compatible
messaging, LOD, FOD, and EMF

A If a metal object gets into the WPT active field (zone 1) the impact depends
on its size and conductivity

A What if the family pet crawls into the active field? LOD=deactivate. Is a
person with an implanted medical device (IMD) safe in proximity to a vehicle
under charge? Yes, provided the EMF levels at vehicle perimeter (up to
z=700mm) meet IEEE C95.1234(NATO).
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FAQ on WPT

Momentum’

Wireless Power

Graphic courtesy of ORNL

A If a fault occurs in the vehicle battery tray and the battery pack contactor
opens or fuse blows during high rate WPT charging one method to avoid
over voltage is to short the VA coil at its terminals

A Leakage fields are being dealt with through coupler design to the point
that a person in a wheelchair (heart at ~ 70cm above plane of the GA) at
the passenger door of a vehicle under charge would be safe. MD has
their WPT technology validated by FCC and maintains close ties with J.
Patrick Rielly, an international expert in human exposure to EMF, and

with others
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FAQ on WPT

Momentum’

Wireless Power

Graphic courtesy of ORNL

A The VAis environmentally sealed and bolted to chassis hard points.

Installation is done so that ground clearance is not reduced and obstacle
clearances are retained

A How is charging paid for? Many wireless providers are working on this,

but most common I s a cell phone a
A What about cyber security and hacking? Thi s i s wher e M
because:

I It has a range of <3m, and
I It uses secure encoding
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‘o qd AGENDA

Momentum'

Wireless Power

PART Il
Understanding the Physics
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Graphic: Used with
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=< Coupler Design for High k

omentum

A The industry underwent a period of competition between polarized and non-
polarized couplers that was made more difficult by mis-matched pairing and the

need for interoperability

Prototype WPT coupler:
Courtesy of ORNL

(a) Circular pads, (b) flux-pipe pads, (c) DD-DDQ bipolar pads

Coupler geometry is circular to
guasi-circular such as square to
somewhat rectangular
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