I|\'..

LA

ESESIN

\
\

\\\\‘:\ \ \\\\\\\\

= -

A DEWESoft ' aﬁ > ] é@' e
YEAR WARRANTY -
Y =

www.dewesoft.com | sales.us@dewesoft.com | +1-855-339-3669

Free Info at http://info.hotims.com/82331-701


mailto:sales.us@dewesoft.com
http://info.hotims.com/82331-701

S

INTERNATIONAL®

ENGINEERING

\Eucid Motors CEO
- PeterRawlinson and
his development team
setitNEEY benchmark

Cooling that Satisfies the

World's Most Demanding - ALSO: —
Customers. I uretech trends™ _,

= Drive Systerris DESIgN
™ Opteon YF
e ForgPs hybrid HFAS tre

MADE IN " -
Bl B SE
USF 22 autoengineering.sae.org

T e VR R
N - "-'T_“h' —



http://autoengineering.sae.org/
http://www.sae.org
http://autoengineering.sae.org/
http://info.hotims.com/82331-702
p0017.pdf
p0009.pdf
p0030.pdf
p0028.pdf

Cooling that Satisfies the
World's Most Demanding
Customers.

Cooling Performance

and Low-GWP Sustainability
Today automotive refrigerants need
to be sustainable and get the job
done. Plain and simple. Trust the
refrigerant that's the preferred
R-1234yf of eleven global car
manufacturers. Trust Opteon™ YF.

R-1234yf

Free Info at http://info.hotims.com/82331-702

“» Opteon YF

Automotive Refrigerant


http://info.hotims.com/82331-702

S

INTERNATIONAL®

ENGINEERING

Lucid Motors CEO
- PeterRawlinson and

7 /02 his déVelopment team
.ﬁ \/ benchmark

- T—

N SATEOE
ICE future tech |
I‘.I"‘:_D/l'ive Systems DE gim’

'~ Ford’s hybrid HF45 tr2

7 April 2022

autoengineering.sae.org



http://autoengineering.sae.org/
http://www.sae.org
http://autoengineering.sae.org/
p0017.pdf
p0009.pdf
p0030.pdf
p0028.pdf

WE DON’T FEAR
MASSIVE CHANGE

WE CREATE IT

No one is taking more chances, tackling more challenges and affecting more change than we are at AAM. We've taken our disciplined
approach to manufacturing and created a team to push the boundaries of disruption through electrification — including the most compact,
power-dense e-drive unit in the industry. That means we’re highly prepared for multiple segments, scalable volumes, and an infinite
number of challenges and goals. More than anything, we’re making sure our customers’ success is hardwired into everything we do. To
learn more about how we’re bringing the future of electrification faster, visit aam.com/future.

A £ e ;}»- *\ = .
OO0

http=// [L‘.'.:G..ICEELLIS.CC}LIJ.



http://info.hotims.com/82331-703

LEE MINIATURE CHECK VALVES | RELIEF VALVES | SHUTTLE VALVES | FLOW CONTROLS | PRECISION ORIFICES | EXPANSION PLUGS

SOME COMPANIES IMITATE.

WE INNOVATE. -
Rine

Imitation is easy.
Innovation is hard work.

Leighton Lee Il was an innovator. He founded
our company on that spirit, and it's how we
solve tough problems today. Every product
you see here—from miniature check and relief
valves to shuttle valves, flow controls, precision
orifices and plugs—was developed to solve a
customer’s fluid control challenge. Since 1948,
we’ve been delivering engineered solutions

for a wide variety of demanding applications.
We have the experience, product breadth, and
technical know-how to provide engineered
performance, with zero risk. Don’t let an imitator
ruin your day—or your design. Contact us
today to put our knowledge to work for you.

See us at:

SAE WCX, April 5 - 7,
Booth #443

Learn more at leeimh.com/innovate

THE LEE COMPANY

2 Pettipaug Rd, Westbrook CT 06498-0424
860-399-6281 | 1-800-LEE PLUG | www.leeimh.com

WESTBROOKeLONDONePARISeFRANKFURTeMILANeSTOCKHOLM
Free Info at http://info.hotims.com/82331-704


http://info.hotims.com/82331-704

CONTENTS

FEATURES
12 Airing on the side of innovation

COVER STORY

Lucid Motors’ home-grown innovations are leading the pace in
electrification. Top engineers tell how and why they’re building a
benchmark with the new Air EV.

18 Keeping combustion in the
conversation rroruision

The world needs ICEs to stick around - here’s how.

23 Engineering a ‘Maverick’ hybrid
transmission c.ccrriricarion

Ford Powertrain engineers marry their new in-house electric
machine with the proven HF45 transmission — under aggressive
vehicle program timing.

25 Driving electrified powertrain
systems deSign SYSTEMS ENGINEERING

Drive System Design punches beyond its weight class in meeting
customer needs for electrified powertrain systems engineering
services. DSD’s North American chief Jon Brentnall explains.

ON THE COVER

Lucid Motors CEO Peter Rawlinson has built a talented engineering
team whose first vehicle, the Air grand-touring sedan, is the new
benchmark in EV performance, refinement and systems innovation.
(Lucid Motors)

2 April 2022

REGULARS

4 Editorial: A decade’s difference

5 Supplier Eye
The soft underbelly of the EV transition

6 Technology Report

6 GM details Corvette’s new and mighty LT6 V8 |
POWERTRAIN

9 The origin of EV-crucial materials | MATERIALS

10 Valve cuts NVH in GDI engines | NVH
27 Product Briefs

Spotlight: Propulsion System Simulation,
Analysis Tools

29 Q&A

Uhnder CEO and co-founder Manju Hegde on
digital radar and the perception needs of
higher-level driving automation.

Follow us on social media

(¥ You ()

@SAEAutoMag @saeaei SAE Magazines

Automotive Engineering®, April 2022, Volume 9, Number 3. Automotive Engineering

(ISSN 2331-7639) is published in February, March, April, May, June, August, September,
October, December by SAE Media Group, 261 Fifth Avenue, Suite 1901, New York, NY 10016
and printed in Mechanicsburg, PA. Copyright © 2022 SAE International. Annual print
subscription for SAE members: first subscription, $15 included in dues; additional single
copies, $30 each North America, $35 each overseas. Prices for nonmember subscriptions
are $115.00 North America, $175.00 overseas, $30.00 digital subscription, $30.00 single
copies. Periodicals postage paid at New York, and additional mailing offices. POSTMASTER:
Please send address changes to Automotive Engineering, P. O. Box 3525, Northbrook, IL
60062. SAE International is not responsible for the accuracy of information in the editorial,
articles, and advertising sections of this publication. Readers should independently
evaluate the accuracy of any statement in the editorial, articles, and advertising sections of
this publication that are important to him/her and rely on his/her independent evaluation.
For permission to reproduce or use content in other media, contact copyright@sae.org. To
purchase reprints, contact advertising@sae.org. Claims for missing issues of the magazine
must be submitted within a six-month time frame of the claimed issue’s publication date.
The Automotive Engineering title is registered in the U.S. Patent and Trademark Office. Full
issues and feature articles are included in SAE Mobilus®. For additional information, free
demos are available at https://saemobilus.sae.org/.

(ISSN 2331-7639 print)

(ISSN 2331-7647 digital)

Audited by

@BPA SIGNET

WoRLowWIDE

INTERNATIONAL.

AUTOMOTIVE ENGINEERING


https://twitter.com/saeautomag
https://www.instagram.com/saeaei/
https://www.youtube.com/channel/UCjG3SZTEynYkQnZYaCLJB6w
https://saemobilus.sae.org/
mailto:advertising@sae.org
mailto:copyright@sae.org
http://www.bpaww.com
https://www.signetresearch.com
http://www.sae.org
p0028.pdf
p0004.pdf
p0030.pdf
p0028.pdf
p0023.pdf
p0017.pdf
p0009.pdf
p0034.pdf
p0032.pdf
p0011.pdf
p0014.pdf
p0015.pdf
p0010.pdf

. ©
umicore

Automotive Catalysts

Catalysts For Clean Air, Clean Mobility

At Umicore, we're fully committed to clean mobility, to improve air
quality, and reduce CO, footprint. Backed by more than 60 years of
leadership in emission control, we're a materials technology company
that provides a complete offering to help vehicle manufacturers
worldwide meet ever-tightening global emission standards.

Umicore offers a full line of emission control catalytic technologies for
gasoline, hybrid, diesel, and alternative fuel applications.

In addition, we are an innovative leader in cathode materials used in
lithium-ion batteries for electrified transportation.

Applying our catalyst expertise, we tailor emission control solutions
to your clean mobility needs. We develop sustainable, innovative
technologies from recyclable raw materials. Then we “close the loop”
with precious metals recycling, refining, and management.

For cleaner air and cleaner mobility, talk to the experts at Umicore
Autocat at cleanmobility@umicore.com.

www.ac.umicore.com

Free Info at http://info.hotims.com/82331-705




EDITORIAL

Engine tech a decade later

A securities analyst from New York called
recently, to ask about the future of pow-
ertrain. Specifically, she wanted my pre-
diction for a timeframe for the demise of
both gasoline and diesel IC engines.

Such inquiries by the investment
community to auto-industry media are
fairly common. Indeed, the specific
question of “When will the ICE die?”
may be the most asked, most dis-
cussed topic of the past decade. And
with it come related questions: “When
do you see EV sales penetration ex-
ceeding XX percent? When do you ex-
pect battery cost per kilowatt-hour to
drop below that of gaso-
line engines? Which OEMs
will prevail by 20XX?”

A journalist’s job is to
ask experts and report
their views, rather than
blabber-on tediously our-
selves (which many of us
tend to do, anyway). In this
issue, my colleague Bill Visnic lets his
reporting and industry knowledge do
the talking in his “Keeping Combustion
in the Conversation” feature on page
18. In Bill’s piece, powertrain-technolo-
gy experts share their outlook for the
ICE’s evolution. It’s fair to say that gas-
oline and diesel engines will exist in
substantial volume for some time.

Related to that on page 5, veteran
industry analyst Michael Robinet of
S&P Global continues his look at how
the shift to electrification will impact
the Tier 2 and Tier 3 suppliers whose
business is in traditional powertrain.
SAE readers who work in that space
are already living with the risks and
anxieties of the hydrocarbons-to-elec-
trons transition.

While I'm not a crystal-ball guy, | be-
lieve history helps align present and
future. So, | dug out my reporter’s note-
book from a decade ago: April 2012. It’s
a record of who | spoke with and what |
saw at the 2012 New York Auto Show,
followed by the SAE High-Efficiency IC
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Powertrain
engineering
has a new
crusade.

Engines Symposium. Each page in that
notebook provides interesting rearview-
mirror observations from those events:

At the 2012 NY show, Nissan’s then-
boss Carlos Ghosn spoke to media. He
predicted that global EV sales would
reach 10% of the overall total by 2020.
Wishful thinking! But presciently, Nissan
also was setting up a new U.S. company
for EV battery reuse, he said.

Two weeks later at SAE’s advanced
engine symposium, much discussion
surrounded thermodynamic efficiency,
a quest that is eternal in the powertrain
world. “No stone can be left unturned,”
asserted Dr. David Foster
of the University of
Wisconsin. “Crevice vol-
umes. Friction. Rotating
inertia. Heat transfer.
Keeping in-cylinder tem-
peratures low,” Foster
noted, directly works to-
ward minimizing exhaust-
energy loss - still an aim of IC stalwarts.

Achates Power’s then-CEO Dave
Johnson also presented at SAE, outlin-
ing the thermodynamic potential for
his company’s multi-fuel, opposed-
piston, 2-stroke engine tech, aiming its
OPOC development at light trucks. An
engine, wonderfully compact, was
eventually demonstrated in a Ford
F-150 before electrification closed in.
The company now looks to potential
heavy-truck applications.

Downsizing. Downspeeding.
Stratified charge. Cooled EGR. Lean
burn. Concepts for reduced pumping
loss. Digital valve control. A phalanx of
boosting ideas. HCCI! No stone should
be left unturned.

A decade later, powertrain’s crusade
for greater efficiency continues, with
ICE development still focused on the
above technologies. Work continues.
But now, better funded attention is
going to electric machines, power
electronics and batteries.

Lindsay Brooke, Editor-in-Chief
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The soft underbelly of the EV transition

he list of OEMs and suppliers that are
splitting their organizations into tradi-
tional ICE powertrain and electric vehicle
operations continues to grow. Just fol-
low the money, as billions are being devoted to
new battery plants, upstream input supply,
charge point investment and revolutionary ap-
proaches to next-gen vehicle architectures.

Regular readers of this page already under-
stand our view of the key functional systems/
components being classified as either EV-
Negative, EV-Agnostic or EV-Positive. And as
such, how the industry addresses these capabili-
ties going forward from a capital, talent, timeline
(speed) and financial-return perspective is wo-
ven into every decision going forward.

Case in point is Ford’s recent announcement
that it is severing its traditional engine/trans-
mission operations, now called Ford Blue, from
its emerging BEV operations, known as Ford

Michael Robinet
Executive Director,
S&P Global

SAE Foundation
Trustee

michael.robinet
@ihsmarkit.com

Model e. The strategic and tactical split is ex- Tier 2'|'
pected to have a huge impact on every touch- =

point — vehicle and systems development, Suppllers...
technology, production, retail sales and the af- may IaCk
termarket. Other OEMs have formed JVs with T
existing auto Tier 1s or new industry entrants to the ablllty
enable their transition to BEV from a technol- to transition
ogy and timing perspective. Additionally, count- .

less Tier 1s have structurally severed or sold off In Cadence
|ICE-focused operations/development as OEMs w|th thelr
quickly reduce or restructure these operations.

The speed with which OEMs and larger Tier 1s Customers tO
are pivoting towards EVs and the subsequent =rlvi
refocusing of their business structures has been the EV dr_“{en
more rapid than expected. While several indus- Opportunltles.

try observers, me included, warned of the inevi-
table shift towards electrification, the sheer
commitment behind it has been surprising. The
recent S&P Global (previously IHS Markit) Light
Vehicle Propulsion Forecast outlines growth to

AUTOMOTIVE ENGINEERING

SUPPLIER EYE

32% EV output by 2030 in North America with
the rate reaching 36% on a global basis. Years of
focused development and careful capital plan-
ning towards the EV future has pre-determined
the fate of ICE operations.

While the industry has not written off tradi-
tional ICE operations — which continue to fund
development of EV and other advanced tech-
nologies, after all — clearly these are on a dif-
ferent trajectory. While several Tier 1s are work-
ing through the transition (and most should
succeed), there is less flexibility to pivot at the
Tier 2+ level. Tier 2+ suppliers, which innovate
and build critical sub-systems and deliver key
materials and processes or tooling to support
ICE programs, may lack the ability to transition
in cadence with their customers to the EV-
driven opportunities.

Therein lies the ‘soft underbelly’ of the indus-
try’s mammoth transition. Can key suppliers that
are integral to the continuation of ICE produc-
tion survive the reduced volumes (lower econo-
mies of scale) and lack of new programs to re-
plenish margins going into the next decade?
And there’s another complication: The need to
support the ICE aftermarket for 10-15 years after
the end of a program. This extended tail already
is causing concern for all involved.

Announcements surrounding the structure of
EV versus ICE operations will continue as deci-
sions flow upstream into the supply chain.
Growing exposure to lower volumes, increased
pressure to effectively pay back capital and at-
tract the necessary talent to support ICE supply
will dog the industry. m

Note to readers: In March 2022, IHS Markit
merged with S&P Global. S&P Global is focused
on supporting our clients with critical capital de-
cisions and powering the markets of the future.
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If the end of the internal-combustion epoch
truly is within sight, General Motors intends to
see it out with a bang. It’s latest - who'’s to say
whether it’s the “last?” - clean-sheet V8, inter-
nally designated LT6, arguably is its best, con-
sidering GM touts it as the world’s most-pow-
erful normally-aspirated V8 ever fitted in a pro-
duction vehicle.

Earmarked for the 2023 Z06 high-perfor-
mance variant of the Chevrolet Corvette, the
LT6’s most-illustrious design feature is its flat-
plane crankshaft, but engineers in mid-Febru-
ary 2021 laid out for media the numerous other
unique engineering elements that led to the
thunderous SAE-certified output of 670 hp and
from a comparatively moderate - in V8 terms
- displacement of 5.5L. Over its eight-year de-
velopment that saw the first prototype in 2015,
engineers from GM’s Small Block engine team
dubbed the engine “Gemini” due to its many
“twin” architectural elements.

Just don’t call the LT6 a “small-block” V8,
even if it was developed by the engineering
team bearing that name. Apart from its 4.4-
inch (111.76-mm) bore-center spacing - the sin-
gle architectural dimension that connects all

6 April 2022

GM details Corvette’s new and mighty LT6 V8

Although developed
by GM’s Small Block
engineering team, the LT6
V8 is a clean-sheet design
that shares only its bore-
center spacing with the
small-block V8 family that
GM launched in 1955.

five generations of GM’s legendary V8 intro-
duced in 1955 - the LT6 has virtually no con-
nection to small-block V8s, declared chief en-
gineer Jordan Lee. Not only does the 90-de-
gree LT6 have the significant difference of a
dual-overhead-cam (DOHC) layout rather than
the overhead-valve (OHV) arrangement that’s
a hallmark of the small-block family, Lee con-
firmed the LT6 shares not one part with any
previous pushrod small-block. To further drive
home the point, he added, “In today’s day and
age, it’s hard to define an engine by one di-
mension [the 4.4-in. bore centers]. This is a
unigue engine on its own.”

Less mass, better throttle response

To fully exploit the flat-plane V8’s intrinsic
quick throttle-response and revving ability -
redline is a dervish 8600 rpm - lightweighting
and reciprocating-mass reduction were key
LT6 priorities. At 364 grams each, its forged-
titanium connecting rods are 21% lighter than
the titanium rods for the LS7 supercharged 7L
V8 in the sixth-generation (2006-13) Z06
Corvette, pointed out design release engineer
Thomas Halka.
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GM

The LT6’s forged-aluminum pistons are
8% lighter than the LS7’s. A major weight-
saving contributor is the flat-plane crank-
shaft itself, thanks to fewer counter-
weights compared to a cross-plane
crankshaft. But the LT6’s crank also has
extraneous mass drilled out around the
main bearings and other areas. Design
release engineer Clarence Smith said the
engine’s crankshaft is a full one-third
lighter than that of the LT2 6.2L V-8 that
powers the standard Corvette.

In all, said Gardner, despite having
175 hp more than the standard
Corvette’s LT2 V8, the LT6 is just 1 kg
(2.2 Ib.) heavier.

Optimizing around flat-plane

To stay within an optimum displace-
ment range to make the LT6 suitable for
worldwide endurance racing and to also
help address the vibration issues that
can afflict V8s with flat-plane crank-
shafts, the LT6 fronts a short stroke of

TECHNOLOGY REPORT

US LTE SAE Torque and Power

Hundreds of tunable parameters contribute to the LT6 V8’s record horsepower and consistent,
flat torque curve.

just 80 mm compared to its bore of
104.25 mm. The flat-plane V8, a long-
standing preference of Ferrari (a recent
example of which GM purchased from a
salvaged model) allows for improved
exhaust-scavenging behavior and is a

key enabler of enhanced volumetric
efficiency and high-rpm power.

The Small Block engineering team
initially set a maximum-output goal of
650 horsepower. After some analysis of
the engine’s characteristics, “We quickly
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realized we had 650 [horsepower] in the bag,” said assistant
chief engineer Dustin Gardner. And Yoon Lee, design system
engineer, noted that the production engine makes more pow-
er than the racing version of the LT6 (endurance-racing rules
require intake restrictions that limit power output). “I think it’s
going to stand the test of time of being one of the true icons,”
Gardner added.

The LT6 is comprised of a two-piece aluminum block mat-
ed at the crankshaft centerline and topped by aluminum cyl-
inder heads. The short stroke delivered a deck height some 23
mm (0.9 in) lower than the standard Corvette’s LT2 V8. The
12.5:1 compression ratio is abetted by forged-aluminum pis-
tons that have startlingly short skirts and are supplied by CP
Carillo, a racing components manufacturer.

The new engine’s intake system perhaps is the most visible
manifestation of the Gemini concept, its prominent dual-ple-
num design encasing an approach to air-management that
enhances torque production. The system, extensively detailed
here (GM details new and mighty flat plane Corvette LT6 V8
(sae.org)), uses an arrangement of three valves to manipulate
air movement between the plenums. The result is a variable
volume of intake that optimizes induction resonance while
boosting torque output to its maximum 460 Ib-ft (624 Nm)
and at the same time making it more consistent across the

The LT6’s signature
feature: a “flat-plane”
crankshaft that locates
all four throws 180
degreesapartina

single plane.

8 April 2022

Cutaway shows the direct-mounted oil tank for the dry-sump
lubrication system.

rpm range (see chart).

The complexities of the intake variables are one element
comprising some 41,000 adjustable calibration values for the
LT6, which “starts to ‘tune’ effectively at 3,000 rpm and
above,” explained chief engineer Lee. The engine’s power and
torque chart bears out his assertion, showing a distinct rise
and leveling to its torque peak between 3000-4000 rpm. Lee
summarized by calling it “an incredible amount of power for
this displacement.”

The LT6’s valvetrain, lubrication and thermal-management
circuits are fully optimized subsystems designed to handle
the punishment of racetrack abuse and deliver day-to-day
robustness uncommon to many high-strung performance en-
gines. Most surprising about the valvetrain is its use of solid
(i.e. mechanical) valve lifters chosen to reduce moving mass
and assure valve performance at high rom. One of a wide se-
lection of specifically sized steel lash caps is robotically fitted
for each valve after automated measurement of 32 different
tolerance areas.

Phil Baranek, design release engineer, assures that the
fixed arrangement is good for the life of the engine. That
guarantee may be supported by the unique actuation ar-
rangement of a diamond-like carbon coating for the roller-
finger followers and an integrated oil jet for each finger fol-
lower to assure constant and consistent lubrication at this
vital interface.

Variable valve timing of course is part of the equation. The
intake valves have 55 degrees of crankshaft authority while
the exhaust valves are variable over 27 degree of crankshaft
authority. The valve timing scheme plays a significant role in
the LT6’s emissions profile and surely enhances overall effi-
ciency. GM did not detail fuel economy figures or confirm if

the engine will be labeled a gas guzzler.
Bill Visnic
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MATERIALS
The origin of EV-crucial minerals

What minerals are used uniquely in the manufacture of electric
vehicles? Is the U.S. self-sufficient in these minerals, or does it
rely on imports? And if the latter, what are the source coun-
tries? These questions are addressed in the two tables below.

Table 1 (top) lists the minerals used in a typical electric car
and a typical IC-engine conventional car. The data are from
the International Energy Agency [https://www.iea.org/re-
ports/the-role-of-critical-minerals-in-clean-energy-transi-
tions/executive-summary]. Importantly, they are applicable
for cars and not for vehicles in general, and they are not spe-
cifically tailored to the cars made in the U.S. (Note that the
relative weight does not necessarily correspond to each min-
eral’s relative importance.)

Table 1

CONTENTPER (. \ENT PER ICE

VEHICLE, IN LB. (KG)

MINERAL ELECTRIC CAR,

IN LB. (KG)
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The data show that of
the eight minerals used
in electric cars, five are
not used in IC-powered
vehicles: graphite, nickel,
cobalt, lithium, and rare
earths. Furthermore, two
additional minerals -
copper and manganese
- are used in electric
cars in more than twice
the quantity, by weight,
as they are used in con-
ventional vehicles.
Finally, zinc is used to
the same extent in both
car types.

Table 2 includes two
sets of information.
The first set involves

T

EVs such as the Chevrolet Bolt contain strategic minerals not used in conventional ICE-powered vehicles, and some
shared but in much higher quantity:

the 2020 U.S. net import reliance for the eight minerals used
in electric cars. The data, which come from the U.S.
Geological Survey (USGS) [https://pubs.er.usgs.gov/publica-
tion/mcs2021], represent the imports for all uses, and not
just for vehicles. The table shows that the net import reli-
ance is 50% or greater for all but one mineral of interest (in-
deed, it is 100% for three minerals).

Table 2 also lists the major import sources (in descending or-
der of import share) for all minerals, also from the USGS. The
main import sources for the eight minerals are Canada (nickel

and zinc), China (natural graphite and rare earths), Chile (cop-
per), Gabon (manganese), Norway (cobalt), and Argentina (lithi-
um). It should be noted that the entries for graphite are for natu-
ral graphite. The U.S. is a major producer of synthetic graphite.
Michael Sivak

Michael Sivak is managing director of Sivak Applied Research
[http://www.sivakappliedresearch.com/] and the former director of
Sustainable Worldwide Transportation at the University of Michigan

[http://www.umich.edu/~umtriswt]. This article originally posted on
https://www.greencarcongress.com/ and is used with permission.

NVH

Valve cuts NVH in GDI engines

When a leading automotive manufac-
turer struggled with the release of a
new fuel-injection engine technology,
the company required an immediate
solution to maintain launch scheduling,
not to mention corporate reputation.
Increasingly stringent global emissions
regulations have led many OEMs to
implement gasoline direct-injection
(GDI) fueling technology, which pro-
vides improved fuel economy, reduce
emissions, and increase power. But GDI
can bring problems.

The automaker found pressure pulsa-
tions in the engine’s low-pressure fuel
line, upstream of the single-piston high-
pressure pump that pressurizes the GDI
injectors. Under certain driving condi-
tions these pulsations created noise, vi-
bration, and harshness (NVH) issues for
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the customer and fatigue-wear issues in
the low-pressure fuel system. The prob-
lems - identified 10 months prior to the
planned vehicle launch - could lead to
significant schedule delays.

The Lee Company’s engineering team
met with the OEM to discuss the prob-
lem, the system layout, mounting op-
tions and the high-level performance
requirements. The automaker envisioned
a component that would dampen pres-
sure spikes returning to the tank, provide
a thermal relief function, have a negli-
gible effect on flow to the high-pressure
pump, and fit within their system.

In less than a week, Lee engineers
designed, built and delivered a unique-
ly engineered potential solution: a
check valve in the fuel line. Testing con-
firmed the check valve solved the per-

formance problems, reducing the pres-
sure pulsations by up to 90% while fit-
ting within the existing fuel line. The
system with the new check valve met
all other performance requirements.
Over the next six months, the engi-
neers designed and fabricated a com-
pletely new production line, supplied
Production Part Approval Process
(PPAP) parts and initiated production.
The check valve that helped to damp-
en the pressure spikes is a multi-function
valve that combines the performance of
a check valve, a pressure dampening
restrictor and a thermal relief function,
the company said. Conveniently, the
valve is easy to install and doesn’t re-
quire customized mounting equipment
- or add potential external leak paths
within the fuel system. The innovative
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valve can be added to the fuel system to
dampen residual pressure pulsations
discharged from the high-pressure pump
and virtually eliminate NVH and fatigue
wear on the low-pressure pump.

The quick transition from initial de-
sign concept, through validation and
into production helped the OEM launch
the vehicle on schedule and safeguard
their reputation. Since this initial appli-
cation, the fuel-line check valve has
been adopted by multiple global
OEMs. The company said designs are
available for a variety of standard fuel-
hose materials and sizes and this valve
has been proven a reliable solution to
any pressure dampening application.
There currently are more than 35 mil-
lion currently in use. To learn more,
contact The Lee Company at www.
theleeco.com/contact.

Gregg Shanley, Technical Marketing
Manager for the Automotive and Industrial
markets, The Lee Company
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In the EV vanguard: The 2022 Air on the road. Lucid is using
its technologies to drive down EV cost.

s there a proven formula for creating a top-notch engineering
organization and benchmark product from scratch? Lucid Motors
CEO Peter Rawlinson shared his approach at the company’s
Newark, Calif, headquarters.

“We have a very small team of brilliant engineers that we’ve managed
to attract to the company with a vision: to do the best electric vehicle
ever,” he explained. “It will be outstanding for your career; it will be stim-
ulating,” he told them. “And they came.” Rawlinson, who previously led
Model S development at Tesla and was top engineer at Jaguar and
Lotus before that, used a similar talent pitch at Tesla. The then-obscure
startup had just six engineers when Rawlinson joined in 2009.

“Peter is the amalgamating leader at Lucid,” noted Eric Bach, the
senior VP of product and chief engineer who left Volkswagen to
join the Lucid crusade. He said Rawlinson looks for “raw intellect
times hours,” meaning drive and desire. “With raw intellect, it
doesn’t matter if the other people on the team are from automo-
tive, aerospace, or elsewhere,” Bach explained. “Because it’s all
about engineering fundamentals.”

No question that Lucid’s leadership, including senior engineering di-
rector Dr. James Hawkins (ex-Aston Martin), design chief Derek Jenkins
(Audi, VW, Mazda), and their colleagues squarely nailed the fundamen-
tals for their first production vehicle, the remarkable 2022 Air. The luxury
electric sedan, built at Lucid’s Casa Grande, Arizona, plant, is impressing
customers with its industry-leading range, its blend of speed, agility and
mile-eating comfort, and its innovative technologies.

But beyond establishing the Air as an EV pace-setter, the team’s mis-
sion is “to advance the state of the art in electric cars; to show what’s
possible — and to use our technology to drive the price down,”
Rawlinson asserted. Total vehicle efficiency is the team’s mantra, exem-
plified by the Air Grand Touring model.

12 April 2022
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The GT’s 926-volt, 112-kWh battery pack consists of
6,600, cylindrical 21700-type cells arranged in 22 mod-
ules, 300 cells per module. The LG Energy Solution cells
nestle in a simple and robust Lucid-designed single-
shot, injection-molded structure, incorporating a cold
plate on its back side. “It’s super cheap to make,”
Rawlinson said. “The design can be mass produced by
the millions.” Most importantly, the Air delivers a maxi-
mum 516 miles/830 km range on the EPA drive cycle,
which equates to 4.6 miles per kilowatt-hour. “There
was no single enabler for this efficiency achievement,”
Hawkins told SAE Media. “It comes from attention to
systems engineering and gaining a percent here and a
percent there. They add up.”

The next Air model, called the Pure, launches later
this year with a smaller, lighter 88-kWh, 18-module
pack and 400 miles/644 km range, at a significantly
lower price point ($77,400) than the limited edition
$169,000 launch model.

The team is leveraging a mass-compounding factor
by optimizing total systems efficiency, with focus on
the powertrain, Hawkins said. Less battery weight
means less structure to carry it around, less cost and
greater simplicity; every 15 kg (33 Ib.) of vehicle mass
saved yields about one extra mile of range. But as he
and Rawlinson admonish, there is too much emphasis
on the battery in many EV discussions. “It’s [the bat-
tery] just the gas tank of the EV,” Rawlinson quipped.
“The motor and inverter are more important to how
we get the range and efficiency — we’ve got a more

LUCID MOTORS
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efficient motor than anyone else. We’ve got a more
aerodynamic car.”

Using Rawlinson’s “space concept” vision, the Air
was designed from the inside out, creating a car that’s
smaller on the outside than a Tesla S but featuring a
roomy interior with more rear seat legroom than a
long-wheelbase Mercedes-Benz S-Class. It’s also agile
and, with 1,080 hp (805 kW) available through all four
wheels, fun to drive.

The team didn’t aim for king-of-the-hill 0-60 mph
acceleration in its target setting. Instead, it aimed for
range, efficiency and “mid-range punch.” Deft aerody-
namic work by Jenkins’ designers and Lucid aerody-
namicist Jean-Charles Monnet, hired from the Red Bull
Formula One team, resulted in an aircraft-inspired ex-
terior form boasting a .20 Cd(A). Rawlinson believes
Air is slipperier than a Mercedes-Benz EQS. Even the
underside of the Air’s battery pack is slightly radiused
for lower drag, “to achieve better airflow attachment
toward the back of the car,” Monnet said. An under-
body diffuser is mounted from the B-pillar rearward.
But the key to optimizing total vehicle efficiency was
minimizing the electric powertrain.

In-house design engineering focus

Rawlinson said the Air program’s biggest achievement,
and biggest risk, was undertaking the ‘space concept’
without the powertrain technology (at the time) to make
it work. “If it [powertrain] couldn’t be miniaturized, the

AUTOMOTIVE ENGINEERING
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Lucid’s drive module showing planetary gearset
in foregroud. The differential (not shown)
resides inside the stator center.

concept wouldn’t fly,” he explained. The first Air prototype was only
two-wheel drive because the new, ultra-compact drive module being
developed in parallel, in-house, wasn’t ready. “l don’t think any other
company would be crazy enough to do that,” he said.

The Lucid team members are stalwarts of in-house development
for bar-raising technologies including exterior lighting, bi-directional
charging and the drive module. The latter integrates the power elec-
tronics, e-motor and transmission into a beautifully compact, 74-kg
(160-1b.) package. Rated at 670 hp (500 kW), the drive module looks
tiny compared with the similar hardware from Tesla (Model 3) and
GM (Bolt) on display during SAE’s visit.

“You cannot buy the technology that we’ve got,” Rawlinson
opined. “If all | wanted to do was another car, | would have done that
with suppliers. A whole bunch of [EV] startups and established OEs
are just buying stuff. But where is the value of a company that just
buys-in its motors, for example? For some items, of course, we’re not
going to reinvent the wheel; Bosch does a great i-boost [braking]
system. Akebono does great foundation brakes. Pirelli and Michelin
do great tires for us.” The company also designs all of its printed cir-
cuit assemblies (PCA).

Lucid’s objective to advance the state of the art in EVs “sounds like
bullshit, but it’s true,” Rawlinson said. “It’s what is necessary to achieve
accelerated widespread adoption.” He believes electrification is a tech-
nology race, with the first milestone (500-mile range) achieved. The next
milestone is significant cost reduction “so that the man in the street can
afford an electric car.” Added Hawkins: “We need to understand the en-
tire system, and every bottleneck within it. If we had somebody else de-
sign an inverter for us, there is always some part that we can’t control.
And if we can’t control it, we can’t optimize the entire system. With our
own technologies we have command over our destiny.”
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Inside the unique drive module

Among the Air’s tech stars, the drive module may shine brightest. It's a
triumph of systems engineering and thorough analysis of electromag-
netics, motor topology, power flow and cooling. According to Bach, the
geometry and physics that went into the design are what give Lucid’s
motor its formidable power density. The drive unit can be used for the
front, rear, or on both axles in the vehicle; only the motor mounts are
different. In the Air, the rear drive unit is rotated 90 degrees to make it
“flatter” in profile and thus provide more luggage-compartment volume.

The electric machine is an oil-cooled permanent-magnet design,
optimized to reduce internal resistance to free spinning, Bach said.
Uniquely, the differential is located inside the rotor, “our secret
sauce,” he calls it. Rawlinson describes the arrangement as “a single
rotational inertia system” that avoids the tolerance-related losses
inherent with many motor-gearbox pairings. The design engineering
is most remarkable when viewed in a cutaway display motor at Lucid
HQ (unfortunately, photos were forbidden during our visit). The engi-
neers said they looked forward to teardown specialists Munro &
Assoc. fully dissecting an Air and reporting their findings.

While brainstorming the motor concept in the context of power den-
sity and miniaturization, the team discussed how to utilize the space
within the center of the rotor. “We realized that it was the most logical
space for the differential,” Bach recalled, “because the center of the
rotor doesn’t generate torque; it’s typically dead mass within the lami-
nation stack.” They decided to sequester that space and engineer a
small, lightweight, high-speed/low-torque differential to reside there.
With the diff inside, two planetary gearsets (one each for left and right
differential speed) were engineered into the transmission design.

The planetaries and their tooth profiles also were designed in-
house to meet the team’s stringent spec for “perfect gear meshing
under high- and low-load conditions,” Bach explained. Again, every
percent of efficiency gained is important. The gearing is oil-lubri-
cated via a small pump that delivers oil from a compact sump,
through an annulus to cool the stator and end windings. It also lu-
bricates the differential.
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Lucid lighting experts
engineered the Air’s
LED-based headlamp
modules thatuse a
microlens array optical
system featuring
switchable light
channels and a solid-
state high beam linked
to the car’s steering.
Each microlens has a
direction and a focal
length. Miniaturization
of the modules
enabled designers to
give Air the industry’s
slimmest lighting
apertures.

Drive module with integrated inverter at top, installed in the Air sedan.

“It’s all optimized for efficiency. You can’t achieve
the efficiency we wanted in this system by going to an
outside supplier,” he said. The heat exchanger mounts
directly on the electric machine; pressurized coolant
flows in to cool the inverter in situ, transferring the
heat into the oil which then cools the drive unit. A look
inside the cutaway property reveals the resolver, also
an in-house development. Integrated with the rotor
shaft, the resolver determines the clocking angle of
the rotor. “A motor supplier would not have come up
with the idea of integrating the resolver and rotor
shaft,” Bach asserted.
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The battery is just the gas tank of
the EV. The motor and inverter are
more important to how we get the
range and efficiency.

D \ N

The ‘wonderbox’ 19.2-kW bi-directional charger located centerline in the Air.
Developed in-house by Lucid, the unit enables vehicle charging up to 924V and
includes a DC-DC converter for a 400V intermediate bus to power vehicle systems.
With DC fast charging, the system can charge the Air at a rate of 300 to 350 kW,
delivering roughly 20 miles of range for each minute charging.

Thermal management is another detail noted by the engineers.
“We found space for the cooling channels right next to the copper,
where the motor heat is created,” Bach explained. “Nobody else has
done motor cooling this way because they feel it would weaken the
electromagnetic flux,” he said. “But we cultivated an electromagnetic
‘dead zone, as we call it, that doesn’t contribute to torque genera-
tion. We cool faster than anybody else. This comes from simulating
everything in-house.”

Another Lucid technology asset at play on the manufacturing side:
The company owns unigue, continuous-wave winding equipment to
do its motor windings in a dedicated Arizona powertrain factory.
Bach describes the machinery as “fully automated, highly scalable,
and engineered for high-volume manufacturing.”

How is Lucid approaching reduction of rare earth metals? The current
motor design includes neodymium magnets and “low amounts” of dys-
prosium, according to Bach. “Our roadmap includes new materials to
get rid of rare-earth metals as much as is humanly possible,” he shared.

Like the Lucid motor, transmission unit and battery pack, the pow-
er electronics hardware and software are extensively patented. The
inverter is a 500-kW design that uses silicon-carbide (SiC) MOSFET

16 April 2022

COVER STORY

Aero chief Jean-Charles Monnet
explains how the Air was designed
to generate undercar vortices that
improve efficiency.

semiconductor technology. It features a proprietary
connection system that’s positive and virtually error-
proof: It connects to the motor when it’s bolted down
during assembly.

The unit’s close proximity to the motor (about two
inches/5 cm), helps unlock more efficiency in trans-
porting electrons from the inverter, at three-phase,
into the motor. The inverter-to-motor distance on
Tesla Model S — admittedly a much older vehicle — is
about two feet, Hawkins observed: “Another vital frac-
tion of a percent,” he said.

Scaling up

Scale is critical to reducing cost, and the Lucid engi-
neers said their designs will scale according to volume
demand without issue. “We realize the ability to manu-
facture economically is a guarantor of success and for
being competitive,” Hawkins stated.

As the company scales-up beyond its first product,
the team realizes the need for greater rigor in design
freeze, further DFMA (design for manufacturability
and assembly) advances and meeting start-of-produc-
tion (SOP) timing. To that end, another VW veteran,
Ralph Jakobs, was hired for the new role of VP of pro-
gram management. “He leads our cycle planning,”
Rawlinson said. “It shows how we’re maturing.” Added
Bach: “All of our critical thinking has been focused on
the Air, but now we are parallelizing the work and cre-
ating functional units per the classic matrix organiza-
tion. But we aim to keep that nimble edge.” m
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PREVIOUS FLOORHEIGHT

REAR EDU

ignals are everywhere that the days are numbered for in-

ternal-combustion engines for passenger vehicles.

Volkswagen CEO Ralph Brandsteatter told a German mag-

azine in early 2021 that VW would follow its closely-linked
Audi brand in ceasing development of any new IC powerplants. A
report from South Korea in late 2021 said the massive Hyundai
Group had eliminated its engine-development unit. Mercedes-
Benz, as historically linked to ICE as any automaker, stated in July
2021 that all newly-launched vehicle architectures would be elec-
tric-only starting in 2025.

Although those pronouncements seem to have a Draconian finality,
nearly all reasonable industry experts believe the end of the ICE for
light vehicles will be a protracted sunsetting involving multiple mar-
ket-dependent, regulation-dependent and regional variables. The
ICE will be powering vehicles long after these ostensible deadlines
- but it’s going to need new technology and new thinking to carry it
through the industry’s propulsion transition.

Dean Tomazic, COO at vehicle and propulsion development R&D
firm FEV North America, sees global emissions, fuel economy regu-
lations and regional market preferences as the chief shaping agents
for the ICE in the next decade or more. “In Europe, we are talking
about Euro 7 [emissions regulations] now - which is still not
100-percent defined - and we’re talking about [in California] LEV
V. We're looking at new fuel economy legislation. We are looking at
environmental groups. We look at the politicians and, of course, city
mandates in some parts of the world that say, ‘We don’t want diesel
engines anymore,” or ‘Starting in year X, we don’t want any com-
bustion engines anymore.’
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FEV’s Hybrid-BEV platform has a 40-kWh battery and an IC engine “as an
energy conversion system in a serial hybrid configuration;” the company sees it

as a potential ICE propulsion option in certain world regions.

The world needs ICEs to stick around - here’s how.

by Bill Visnic

“With that in mind, the different powertrain types
we will be looking at in the future - and | think it’s true
for the entire world - start at micro-hybrids, up to mild
hybrids, full hybrids and HEVs,” Tomazic said. Citing
the four main categories where combustion engines
will continue he sees ICEs playing a major role for
years to come, in two configurations. One is conven-
tional high-tech engines, including micro-hybrid and
mild hybrids. The other is what he defines as ‘dedi-
cated’ hybrid engines, which are more applicable to
full-hybrid applications, as well as PHEVs. Tomazic and
others note ICE isn’t destined for the graveyard nearly
as soon as the end-of-development announcements
may suggest. But with the onrush of electrification and
the seemingly certain prioritization of EVs in the pro-
pulsion-investment landscape, R&D for the ICE seems
destined to follow a dual-path blueprint: one of emis-
sions improvements to keep pace with tightening
global regulations and a parallel course of evolution
imparted by mostly known and proven technologies to
conventional engine architectures.

Nothing exotic

The auto industry’s maturation has winnowed the vari-
ety of production-vehicle ICE propulsion options to
gasoline or diesel, inline or vee four-stroke reciprocat-
ing engines. “Exotic” architectures that even recently
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Toyota and Yamaha collaborated on a hydrogen-fueled variant
of Toyota’s 5.0L V8, which point the way for further hydrogen
combustion-engine projects.

have been in production or were being considered -
the rotary (Wankel) and opposed-piston layouts, for
example - have lost momentum. Most propulsion ex-
perts expect that tightening R&D resources will virtu-
ally guarantee the status quo.

“I think by 2030, everybody’s talking about maybe
50 percent market share for EV but that clearly leaves
50 percent of the vehicle population still with some
kind of engine in it - that’s a very significant portion,”
said Mick Winship, CTO at AVL North America. “We
won'’t see a significant ‘stack’ change in technology, |
believe. You'll see technologies iterate from where
they are today.”

Added Thomas Howell, AVL’s Conventional
Powertrains Segment lead, “I think the fundamental
base modern engines are probably capable of achiev-
ing what needs to be done for the future. There will be
development required to achieve the legislative tar-
gets.” He added that some of the older platforms,
which are steadily being retired, will have to be retired
because they will not achieve the targets.”

That’s not to say alternative ideas are no longer per-
colating. There have been on-again, off-again reports
that Mazda, the dogged proponent of the Wankel,
would use the rotary as a range extender for its new
but battery-capacity-challenged MX-30 EV. As this

AUTOMOTIVE ENGINEERING
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Mahle’s Jet Ignition
pre-chamber injector
for use in a hydrogen-
fueled diesel engine.

story was written, a U.S.-based Mazda official could not confirm that
the company would be taking the leap to once again fit the rotary
engine in a series-production vehicle (at least for the U.S. market). A
similar scenario played out with Mazda’s innovative Skyactiv-X gaso-
line compression-ignition -4, which was released in Europe but has
yet to appear in any U.S.-specification Mazda.

The same is true of various opposed-piston engine designs, such
as that of Achates Power [https://www.sae.org/news/2021/03/ach-
ates-power-opposed-piston-two-stroke-engine] which hold prom-
ise, but have not made the final cut for production. Meanwhile auto-
makers are assiduously cutting back engine families in favor of
electrification investment. BMW announced the elimination of its
gasoline V12; light-duty diesels of all kinds are on a fast decline (in
2021, Ford quietly dropped its 3.0L Powerstroke diesel for the F-150
pickup). And in the truck- and SUV-obsessed U.S., OEMs have start-
ed to reduce availability of V8s. Strong rumors indicated Stellantis
even is preparing a turbocharged -6 to effectively replace the
vaunted “Hemi” V8.

In summer 2021, the Wall Street Journal reported IHS Markit fore-
cast data indicating new-engine launches for the year to be less than
10, and dropping “essentially to zero,” compared with 20 to 70 new
engines launching in prior years.
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HVO (Hydrotreated Vegetable Oil)

vings compare
diesel: 70 to ©

Audi’s HVO diesel fuel is said to drastically reduce CO2 from current-production
4- and 6-cylinder diesels. It is available in 600 retails stations in Europe.

Hybrid, long-stroke hope

There no longer is absolute consensus among powertrain developers
that hybridization will be ubiquitous in most light-vehicle segments.
Not long ago, hybridized ICEs had driven the case for continuing ICE
development and was its reason for being. Without hybridization,
many experts believe, a conventional ICE powertrain will not be fuel-
economy or emissions compliant in many world regions.

The AVL engineers see ICEs for hybrids that adopt and enhance a
variety of existing technologies to narrow the engine’s operating
range even more than in today’s “full” hybrids. Such specialized de-
signs’ operating characteristics make the engine more of a type of
“generator” than a full-range powerplant. Their enabling technolo-
gies include some combination of cooled EGR, high compression ra-
tio and longer-stroke dimensions.

“One area which | think still has not been fully exploited - and is
under exploration at the moment - is low-pressure EGR in gasoline,”
said AVL’s Howell. “This can be a pretty impressive enabler; AVL’s
been developing dedicated hybrid engines for quite a while. We’ve
achieved 45 percent [brake thermal efficiency] out of a 11:1 [compres-
sion-ratio] engine. That uses a plethora of technologies, which are all
known, but it’s a matter of optimizing in order to achieve that.”

The key enabler for that type of application, Howell explained, is a
“very high” stroke-to-bore ratio. But the challenge that comes with
that type of application is it requires a ‘new’ engine. “So, it seems
unlikely to be a mainstream in EU and U.S. because of the sunsetting
of the IC engine,” he said. “But there is a lot of interest in China.
We’ve done several engine platforms in the Chinese market.”

FEV’s Tomazic sees a developmental difference between ICEs des-
ignated for micro-hybrid and mild-hybrid duty, versus “dedicated”
hybrid engines that would include those designed for HEV and
PHEV applications. OEM strategies will range from, “You would only
add as much technology as you need to meet the regulatory re-
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quirements, up to putting in everything you can right
now,” he noted. “There’s a wide array of different
technologies — efficiency optimization obviously
plays a very big role - otherwise from a CO2 and fuel-
economy perspective, you won’t meet the targets.”

He also mentioned the menu of existing technolo-
gies that can be improved in the quest for the “better”
ICE, particularly “higher stroke-to-bore ratios com-
bined with cooled EGR to deliver higher efficiencies at
stoichiometric combustion.” Tomazic added that
“[fuel]-injection pressures going up beyond 350 bar
and pre-chamber applications could also become very
important technologies which potentially also would
allow us to go very lean to a point where we would see
very low NOx emissions — from an aftertreatment per-
spective, that could mean some relief.”

Powertrain, propulsion continue to
lead SAE tech-paper topics

For 2022, advanced powertrain/propulsion-related topics
continued to dominate the categories of published SAE
technical papers, more than doubling the number papers
in the next most-prolific general topic area. Some 281
powertrain/propulsion papers were written for 2022 pub-
lication, comprising 35% of the 803-paper total.

Despite the difficulties imparted by the COVID-19 pan-
demic, 2022’s technical-paper production was down less
than 10% compared to 2021. The powertrain/propulsion
category includes papers addressing ICEs and hybrids
and there continued to be considerable contributions in
IC-related areas of combustion for spark-ignited and com-
pression-ignition engines, fuel-injection and use of alter-
native and advanced fuels.

2022 SAE Tech Papers

Military &
Ground
Vehlcles -

Motorsports
Engineering —

0.62%

Advanced Propulsion/
Powertrain—- 35%

Total tech papers: 803
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One century
of innovation
calls for another.

For 130 years, we’ve led the automotive industry in delivering
cutting-edge mobility solutions. Now, we’re accelerating the
global transformation to eMobility, starting with our pledge to
achieve carbon neutrality by 2035. It’s a significant step toward
creating a cleaner, more sustainable future for our industry and
most importantly, our world.
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Another look at alt fuels

Those seeking to extend the viability of ICE also have
recharged the industry’s sporadic interest in alterna-
tive fuels — particularly for on- and offroad commer-
cial-vehicle applications. But there is alt-fuel poten-
tial for certain specific light-duty vehicle segments,
too. Hydrogen, thanks to its potential to be derived
from CO2-neutral processes and the comparative
ease with which ICEs can be adapted to use it, is ex-
periencing renewed development focus as a zero-
emissions alternative fuel.

Toyota (which has proceeded cautiously in the EV
race) and Yamaha made news in February 2022 when
they announced Toyota had commissioned Yamaha
to adapt the automaker’s production-vehicle 5.0L V8
to run on hydrogen. Modifications were made to the
injectors, cylinder heads, intake manifold and other
components, resulting in output of “up to 450 hp at
6,800 rpm and a maximum 540 Nm (398 Ib-ft) at
3,600 rpm.

Several commercial-vehicle engine and vehicle
OEMs also have active programs for hydrogen fueling
of diesel engines. One of the most recent develop-

ments was announced by Mahle Powertrain and offroad machinery
manufacturer Liebherr Machines Bulle SA. The collaboration in-
volves the use of Mahle’s prechamber jet ignition system (MJI),
originally developed for gasoline applications.

“The challenge has been to get it to run with stable combustion
without resorting to reductions in compression ratios to avoid en-
gine knock and pre-ignition. Our common work with Liebherr sug-
gests we have the answer,” Mike Bunce, head of research for Mahle
Powertrain U.S., told SAE Media earlier this year.

Another option to keep light-duty diesel in the conversation
came in early 2022, when Audi (which has pledged to end ICE pro-
duction in 2033) announced production vehicles with V6 diesels
would be capable of using new hydrotreated vegetable oil (HVO), a
biomass-to-liquid (BTL) fuel.

In addition to a 70-90% reduction in CO, emissions, Audi said
HVO has a 30% higher cetane rating than fossil-based diesel.

For commercial vehicles, “The combustion engine is still the best
solution right now,” said FEV’s Tomazic. “The infrastructure is there.
The energy density is there. Now, if we want to decarbonize fuel
and go to hydrogen, this can be done. Yes, there will be changes to
the engine system, to the engine hardware, to controls, to the after-
treatment system, etc. But we know what needs to be done.

“What has to happen, of course, is that we have a hydrogen infra-
structure,” he said. |

The Altair Enlighten Award
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NOMINATIONS NOW OPEN
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Ford’s lon Park laboratory.

Ford Powertrain engineers marry their new in-house electric machine with the
proven HF45 transmission — under aggressive vehicle program timing.

=== ord’s 2022 Maverick combines many practical

attributes that earned the new compact pick-

up its North American Truck of the Year title,

among them a standard hybrid powertrain
which delivers a 42-mpg city (37 mpg combined) EPA
fuel economy rating. MCA (Maverick) program chief
Chris Mazur called the truck’s aggressive $20,000
base price “a rallying cry” and a “wildly audacious
goal” for the development team. Their work included
integrating and validating a new Ford-designed elec-
tric machine into the two-motor HF45 hybrid trans-
mission, on what engineers describe as “a dramatically
accelerated” timetable.

“The biggest challenge for us was time,” Manny
Barberena, the hybrid powertrain supervisor, told SAE
Media. “Go-fast programs make engineers nervous, but
we were able to overcome it by being efficient” - taking
the learnings, development and base calibration from
the Escape Hybrid powertrain that was basically carried
over and applying it to Maverick. “It really minimized
the amount of re-development,” he said. “We did have
to do some tuning to make things work properly with
this new transmission but it sure saved a lot of time in
going from Escape to this program on the common C2
architecture. It enabled us to hit the ground running.”

Working on the vehicle-development critical path,
the powertrain engineers set up two teams to optimize

AUTOMOTIVE ENGINEERING

by Lindsay Brooke

efficiency. Barbarena’s team focused on the vehicle level, encompass-
ing emissions, on-board diagnostics (OBD) and driveability, particu-
larly the NVH transitions from when the 2.5-L IC engine is running to
when it’s off. “The transition should be invisible to the customer,” he
noted, “but NVH with electrified vehicles is a challenge because the
IC engine masks certain noises, some of them rather quiet.” A second
team, led by Abdul Hajiabdi, the E-drive system and applications su-
pervisor, focused on the Maverick’s powertrain from a component
and systems level.

In addition to the new e-motor - the first of its kind developed in
house by Ford — Hajiabdi’s team also juiced up the power electron-
ics for higher voltage and current, and upgraded the other e-ma-
chine that serves as the HF45’s generator, “pushing its boundaries”
he said.

“We were able to design the in-house motor [which Ford engineer-
ing sources said is currently manufactured by Toshiba] in such a way
that it shares the footprint and all the transmission interfaces with
the machine that’s used in Escape,” Hajiabdi said. “That was one of
the major enablers, the synergies, in keeping the cost down without
affecting other components.”

The team also revised both the rotor and stator, changing from
round distributed winding to flat-wire, hairpin-type windings on the
stator. The hairpin design resulted in an e-machine with higher current
density and higher torque density, paving the way for a slightly smaller
overall motor with about a 20% mass savings. On the rotor side, mag-
net orientation and tension were re-engineered with innovation: The
magnets are molded into rotor core, rather than adhesively bonded.
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Engineering a
‘MAVERICK’ HYBRID
TRANSMISSION

Hybrid-powertrain
engineer Manny
Barbarena’s team
focused on the revised
HF45’s vehicle-level
functionality.

The collaboration
between Design
and Manufacturing
engineering

to support the
Maverick HF45
was an engineer’s
ideal, said Abdul
Hajiabdi.

Close collaboration between the Design and Manufacturing
engineering groups made it happen.

“Until the in-house motor and Maverick program came along,
the relationship between the Design team that | represent and
the Manufacturing team at Van Dyke [Ford’s Electric Powertrain
Center factory] was typically a three-way conversation that
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HF45’s Ford-Aisin-TRW heritage

The HF45 has an interesting heritage, according to Craig Renneker,
VP product engineering at American Axle & Manufacturing. Its pre-
decessor HF35 was one of 18 transmissions launched by Ford be-
tween 2000 and 2018, when Renneker was a chief engineer in the
company’s Transmission & Driveline Engineering.

“The HF35 was one of the great successes,” he said proudly. It was
based on the Aisin AW PowerSplit architecture (itself inspired by early-
1970s TRW technology) enabled by an agreement between Ford and
Toyota. The deal allowed Ford to use the powerflow of the first-genera-
tion Aisin AW models HD-10 and HD-20 for their own product.
According to Renneker, the powerflow of the Aisin and Ford HF35 “are
nearly identical, as are the motors and Denso inverter architecture.”

Ford Escape taxi cabs operating in New York City proved the
basic design’s durability. Renneker recalled getting a hybrid Escape
cab back from the field with 450,000 miles (724,205 km) on it that
“was still running fine with the original battery.” A full teardown
revealed transmission internal parts that looked perfect, “good for
many more miles,” he said.

Renneker points out that contrary to some media articles, the
HF35/HF45 design is “not a typical CVT in which the torque multipli-
cation ratio between the engine and the wheels can be varied con-
tinuously.” He noted that with the Toyota/Aisin PowerSplit concept,
the ratios themselves are fixed, but in Ford’s unit, one of the electric
motors is used to control engine speed to optimize best-fuel-econo-
my or best-power conditions. All of this is managed by the software,
with no driver input required. “This speed control is continuously

variable, so the ‘CVT’ terminology is still okay,” he said.
Lindsay Brooke

included suppliers,” Hajiabdi noted. “That changed with the
introduction of the in-house program, because now the full
design ownership is with Ford. The full manufacturing owner-
ship is still with Ford. So now we have a full in-house team that
works with what we call PTME, the manufacturing-engineering
team, producing the parts together.

“We were able to come up with the design, take it to the
shop, prototype build it, check it for process and quality
prove-out,” he continued. “In doing so, we noticed that there
are certain design criteria that looked good on paper but
were not manufacturable.” The result was “what the true
engineer looks for,” he said: the ‘sweet spot’ between the
high function sought by the designers, and manufacturabil-
ity at scale, with high quality and low cost. “It’s the start of
in-house electric machines to come, including F-150
Lightning,” he asserted.

The Maverick hybrid’s 2,000-Ib (907-kg) trailer-tow capabil-
ity put transmission thermal management into focus. Initially
this presented a challenge, the engineers recalled, because tak-
ing an all-new electric machine with its own heat-rejection sig-
nature and cooling it in the carryover HF45 “was not a straight
plug-and-play,” Barbarena noted. Clever internal “tuning” and
attention to lubricant flow ensured the hybrid pickup with-
stands SAE J2807 tow testing and has helped the powertrain
team close the tow-capacity gap with Maverick turbo gas-en-
gine models, which is 4,000 lb. (1814 kg). m
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DSD

Electrified systems engineering

and integration for Tier 1s and
OEMs is DSD’s specialty.

SYSTEMS ENGINEERING FEATURE

DRIVING
electrifiec

powertrain
Systems
i design

Drive System Design punches beyond its weight class in meeting customer
needs for electrified powertrain systems engineering services. DSD’s North

American chief Jon Brentnall explains.

he risks that come with electrification leave OEMs and Tier 1s

little room for miscalculation in their product planning and de-

velopment. The costliest mistakes loom largest in the pow-

ertrain space where hardware, software and energy-storage
technologies are fast evolving, explains Jon Brentnall, president of
Drive System Design (DSD), the North American arm of the U.K.-
based powertrain engineering consultancy.

“There’s an awful lot of learning going on within the automakers
and suppliers,” Brentnall told SAE Media in an interview at DSD’s sub-
urban Detroit tech center. “They’re having to pivot their business
models and quickly become proficient at designing and industrializ-
ing electric machines integrated into gearboxes with an integrated
power-electronics system. They’re often competing for the same en-
gineering talent. And initially, many of them are going ‘vertical’ [de-
veloping core technologies in-house and owning the IP, rather than
outsourcing] which | think is the right thing to do.”

Even for incumbent automakers and suppliers, the learnings in this
uncertain and dynamic space are huge. And DSD’s business is grow-
ing steadily as a result. Founded in the U.K. by engineers who had
built their experience at the large, better-known engineering-services
firms, DSD has specialized in advanced powertrain technologies since
the company’s 2007 launch.

“A lot of customers come to us for help in getting the system-
level attributes right,” Brentnall said. “Thermal management is a big
area. And NVH is huge.” He noted that a large German OEM came
to DSD specifically for help in solving a difficult NVH problem in an
EV; DSD devised a process that led to a solution, delighted the cus-
tomer and then was refined over time. “We help the Tier 1s establish
a ‘line of sight,” to get a leg up on the things that keep them up at
night: speed of development, reducing risk during development,
and the learnings of integrating electrified systems into gearboxes
and axles,” Brentnall explained.

AUTOMOTIVE ENGINEERING
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A fresh customer focus

Being relatively small within the established engineer-
ing-services universe gives DSD an agility and operating
speed that allows it “to stay one to two percent in front
of its OEM and Tier 1 customers,” Brentnall claimed.
R&D “is always targeted, based on our collaborative
customer needs.” In terms of revenue, about 75% of the
U.K. organization’s business is automotive-focused
(mostly global passenger-car), while DSD North
America’s business currently is split 50% commercial
truck and about 25% automotive. Defense-related proj-
ects are growing steadily, Brentnall said, adding that
commercial vehicles are a main growth path.

The notion of setting up DSD came from its found-
ers, including Brentnall, believing they can serve indus-
try customers and develop their engineers “a bit dif-
ferently and better than we all saw it done at ‘the big
guys,” he said. Specializing in powertrain and electrifi-
cation, rather than being multi-disciplined (i.e. offering
body-in-white development) has helped establish and
grow the company. “We don’t have a wind tunnel,”
Brentnall said with a laugh.

In terms of how DSD serves customers, adhering to
budget is paramount, Brentnall asserted, and that
helps build the trust that creates long-term relation-
ships. “Our goal is to get our counterparts at custom-
ers promoted,” he said. “Whatever pains they bring us,
we fix them. And we adhere strictly to budgets.
Customers remember you for that and so the next
time they encounter problems, they’re going to call
you back. That’s how we roll.”
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Customers see “alittle
company that offers the
same level of software
and cutting-edge tools
as the big guys,” says
DSD North America boss
Jon Brentnall.

He recalled that in a previous consulting experience, the orga-
nization was in perpetual search for customers, often because
budgets weren’t protected and the clients were subjected to a
constant churn of staff. “Many of the customers we’ve had since
2007 are still with us; we just built on them,” noted Ben Chiswick,
director of engineering business development. He and Brentnall
said overheads are kept low and each year since its founding,
DSD has reinvested 100% of profits back into the company.

“What our customers see is a little, agile company that of-
fers the same level of software and cutting-edge tools as the
big guys,” he said. “We have world-class test facilities, albeit
on a smaller scale, all for electrified-powertrain development.”
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DSD’s full-factorial ePOP tool produces efficiency maps of all the
elements in the powertrain.

The ePOP tool school

Traditionally, OEMs engaged the industry’s engineering consul-
tancies when a program fell behind in timing, or planners mis-
judged resource requirements, or they encountered other hurdles.
Electrification is causing both startups and incumbent makers to
engage with DSD ever earlier in their development programs.
Some customers come with more direction and specific require-
ments. Others have less focus. For both, DSD offers its propri-
etary system-level product planning tool called ePOP — the
Electrified Powertrain Optimization Process. The ePOP tool helps
product developers understand how to meet program and cus-
tomer requirements within multiple parameters such as battery
size and performance, for example. From that tool, DSD engi-
neers work with them in establishing subsystem requirements.

“It’s part of our R&D investment,” Brentnall explained. “Tier
1s would come to us and ask, ‘What’s the most efficient trans-
mission, a parallel-axis gearset or a planetary?’ But while
they’re just looking at the gearbox, their customer is con-
cerned about the cost of the battery! They should instead be
looking at system-integration synergies. They should be
weighing motor topologies — axial flux vs. radial flux?
Permanent magnet machine vs. induction? Or, in the inverter,
gallium nitride vs. silicon carbide?”

As a full-factorial tool, the e-POP produces efficiency maps
of all the elements in the powertrain. It provides “thousands
of powertrain scenarios all running against the vehicle drive
cycle and produces architecture solutions based on them,”
according to Brentnall.

The e-POP tool is a significant time-saver for engineers and
planners, but it also benefits makers of e-motors and electri-
fied drive modules who sell to Tier 1s and OEMs. “Without an
effective tool, how are those companies going to prove to
their customers that their electric machine could be part of a
system that can help reduce cost of the whole vehicle?”
Brentnall asked rhetorically. “With ePOP, they can put their
machine into the tool and compare it with the competition.
Because if they don’t do it, their customer will.” |
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SPOTLIGHT: PROPULSION

SYSTEM SIMULATION

EV Powertrain Simulation

NI (Austin, Texas) in part-
nership with D&V
Electronics (Woodbridge,
Ontario) has developed
two new offerings to en-
hance testing environ-
ments for electric vehicle
traction-inverter validation.
NI has created a new
Inverter Test System (ITS),
while D&V has developed
the electronics for a pow-
er-level inverter test. The
companies state that these
combined offerings should
accelerate testing for EV
propulsion systems by en-
abling integrating testing
earlier in the product de-
velopment lifecycle. They also state that by simulating EV
powertrains to perform hardware-in-the-loop (HIL) tests of
traction inverter electronic control units (ECUs), the ITS al-
lows EV test engineers to create more life-like scenarios not
easily and accurately reproduced on the road.

For more information, visit http://info.hotims.com/82331-400

PRODUCT
BRIEFS

SPOTLIGHT: ANALYSIS TOOLS

Driving Simulator

I

Ansible Motion (Hethel, U.K.) has announced details of
its production Delta series S3 Driver-in-the-Loop (DIL)
simulator. The company states that this is their most so-
phisticated dynamic driving simulator to date and fea-
tures the all-new AML SMS2 Stratiform Motion System.
The Delta S3’s scalable architecture enables it be built
and delivered in multiple size options, making it suitable
for a broad range of automotive and motorsports prod-
uct development use cases such as expert driver assess-
ments, chassis dynamics, powertrain drivability, ADAS
and active safety function calibration, V2X studies and
HMI design evaluations.

For more information, visit http://info.hotims.com/82331-401

Application Testing

Rohde & Schwarz
(Columbia, MD) has intro-

duced the R&S CMX500 e >® ¢ 55
one-box tester for high- LI iy
performance 5G automo- ClLeodg
tive measurements. The Cedeainas

tester provides compre-
hensive test coverage
including RF, protocol,
and application testing. It
can cover the entire development cycle from chipsets to TCUs
as well as complete vehicles. The R&S CMX500 also provides
extensive testing capability, supporting all 5G NR deploy-
ments covering LTE, 5G NR FR1 and FR2 in non-standalone
(NSA) and standalone (SA) mode, for both FDD and TDD and
is capable of reading data rates of 10 Gbps and beyond.
Rohde & Schwarz will also exhibit a C-V2X test solution that
allows traffic scenarios involving multiple simulated vehicles
and the communications between them.

For more information, visit http://info.hotims.com/82331-402

AUTOMOTIVE ENGINEERING

ADAS Processing Chip

Renesas Electronics
Corporation (Tokyo, Japan) re-
cently announced the R-Car
V4H system on chip (SoC) for
central processing in advanced
driver-assistance (ADAS) and
automated driving (AD). The
R-Car V4H achieves learning
performance of up to 34 Tera
Operations Per Second (TOPS) which enables high-speed
image recognition and processing of surrounding objects by
automotive cameras, radar and lidar. With a high level of inte-
gration, the R-Car V4H allows customers to develop single-
chip ADAS electric control units (ECUs). These control units
may support driving systems appropriate for SAE automated
driving Levels 2+ and Level 3, including full NCAP 2025 fea-
tures. The R-Car V4H also supports surround view and auto-
matic parking functions with 3D visualization effects such as
realistic rendering, the company said.

For more information, visit http://info.hotims.com/82331-403
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PRODUCT BRIEFS

Voltage Breakout Modules

CSM GmbH
(Filderstadt
Germany) has
introduced a
new measure-
ment technol-
ogy solution for electric and hybrid ve-
hicles. Their new High-Voltage Breakout
Module (HV BM) Split technology not only
measures currents and voltages directly in
the HV power cables, but also in busbars.
The system provides high-frequency mea-
surement of current, voltage and power
directly and safely in high-voltage power
cables, according to the company. The
compact design of the HV BM Split
Modules allow measurements in vehicles
even where installation space for mea-
surement technology is limited, such as in
production intent vehicles.
For more information,
visit http://info.hotims.com/82331-404

Simulation Software

Siemens (Munich, Germany) announced
that it has collaborated with NVIDIA
(Santa Clara, CA) on new Computational
Fluid Dynamics (CFD) simulation soft-
ware. Siemens states that the STAR-
CCM+ 2022.1 software brings CUDA-
enabled GPU acceleration to deliver fast-
er turnaround times at lower hardware
investment costs to CFD simulation. By
running a set of industrial-grade external
vehicle aerodynamics simulations, engi-
neers at Siemens and NVIDIA were able
to demonstrate how usage of GPUs
could reduce required hardware com-
pute investments by up to 40%. Power
consumption also was demonstrated to
be down to 10% of the CPU equivalent,
while maintaining identical simulation
turnaround times.
For more information,
visit http://info.hotims.com/82331-405
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Uhnder dives into the Ocean with digital radar

While the semi-conductor shortage continues to make headlines,
a radar-technology company is readying a first-to-market digital
radar chip application on the 2023 Fisker Ocean EV, as part of
Magna’s ICON system. With its staff of some 200 engineers and
technology specialists, Austin, Texas-based Uhnder has netted
multiple patents for its digital imaging technology. CEO and co-
founder Manju Hegde spoke with SAE Media during a recent
drive in Michigan demonstrating Uhnder’s technology.

How important is it to be first-to-market with digital radar

chips in the passenger vehicle market?

We have been very deliberate in bringing digital radar chips
into the automotive market. We’ve done multiple tape-outs

and extensive testing and validation to
ensure maturity of the technology, and
we’ve obtained the full complement of
certifications. In any technology market,
being first is a competitive advantage,
but especially so in automotive because
products are built to the exacting re-
quirements of the industry. We are not
resting on our laurels. We have already
begun working on our next-gen product
to be in-sync with the increased safety
needs as OEMs and consumers push for
more [driving] automation.

What'’s the biggest advantage of being
a start-up in the digital radar space?
Digital radar is transformative technology
for mobility. It addresses the safety short-
comings of analog radar. In addition, the
software-defined aspect stimulates inno-
vation by the Tier 1s and OEMs, which will
accelerate the enhancement of safety.
Only a start-up could take a step as bold
as this, because a start-up can dream big,
is not hostage to the legacy IP of existing
products and not subject to the dogma of
the incumbent. Our team brings decades
of experience working for some of the
biggest names in automotive-specific
technology, including TI, Qualcomm,
NVIDIA, AMD, NXP, Continental, Aptiv,
and QNX. Our start-up dynamic allows us
to move quickly and creatively to pioneer
new technologies to meet the needs of
the industry.

What is Uhnder’s core business plan?
Uhnder is targeting global Tier 1 suppli-
ers and OEMs making automated mobil-
ity applications for the movement of

AUTOMOTIVE ENGINEERING

start in 2015?

Manju Hegde

says a paradigm

shift away from legacy
analog radar is underway.

We refrained

from making any
promises about the
product until... we
had validated all
our claims.

people and the movement of goods. Our products are already
in delivery robots for last-mile delivery and autonomous con-
tainer transports for container shipping, and we’re excited to
make our debut in the electric vehicle market on the Fisker
Ocean later this year. We see a huge opportunity to help
make automated passenger vehicles safer, while supporting
the growth of autonomy in agriculture, construction, mining,
shipping, last-mile delivery and warehousing.

Why has Uhnder been an under-the-radar company since its

Uhnder, as a start-up, has had a very close collaboration with
Magna, an automotive engineering powerhouse. From that

relationship, we learned that the auto
industry takes announcements very seri-
ously and expects delivery on what is
promised. We adopted this philosophy.
And while we discussed the advantages
of digital radar technology, we refrained
from making any promises about the
product until it was done, and we had
tested and validated all our claims.

Is analog radar an outdated technology
for vehicle applications?
Recent reports from AAA and IIHS have
raised serious concerns about the
shortcomings of ADAS features in many
vehicles currently equipped with tradi-
tional analog radar. Legacy analog ra-
dar arose from legacy applications,
such as cruise control and blind spot
detection, where the need was to de-
tect other cars whether at antenna
boresight or in an adjacent lane. As the
industry moves toward (SAE) Level 2,
Level 3, Level 4, the needs are much
more stringent: We must detect bicy-
clists next to the curb, children next to
parked cars, stalled cars under bridges,
and so on. It is in these use cases that
the shortcomings of legacy analog ra-
dar, such as insufficient resolution, poor
contrast, limited range, and interference
susceptibility get exposed and compro-
mise safety. The legacy radar manufac-
turers are all feverishly putting together
many, many, legacy analog radar chips
on a system to try and address these
deficiencies but these solutions create a
new set of issues, such as complexity,
power, and ambiguity.

Kami Buchholz
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UPCOMING WEBINARS

LIDAR’S NEWEST TRICKS
Thursday, April 7, 2022 at 12:00 pm U.S. EDT

Speakers:
Today’s expanding operational design domains are placing new
and greater demands on the onboard sensors of advanced driver-
assistance systems and automated vehicles that employ high
levels of driving automation. LiDAR sensing is a vital aspect of
engineering a robust sensor suite, and developers are responding
with increasingly sophisticated technology. This 60-minute Alex Coney, Ph.D. Jun Pei, Ph.D.
Webinar from the editors of Automotive Engineering examines the Photonics/LIDAR  CEO and
latest developments in LiDAR technology that will help advance Expert, co-Founder,

- - 4 Autonomous Cepton
the capabilities of onboard vehicle sensing. Group, TTP

PR
N e Labsphere

Sponsored by: Hosted by:

YOKOGAWA
Test Measurement

INTERNATIONAL«

For additional details and to register visit: www.sae.org/webcasts

TRANSFORM EV DESIGN AND
DEVELOPMENT THROUGH PERVASIVE
ENGINEERING SIMULATION

Tuesday, April 12, 2022 at 11:30 am U.S. EDT
Speaker:

Engineering simulation technology is helping organizations to significantly ‘

reduce the number of physical prototypes and testing, which helps speed < -

development cycles and reduce cost. Simulation can also help engineers have

deeper insights into their products, improving product design optimization and

quality. In addition, it helps facilitate team collaboration in an organization, as

well as between OEMs and suppliers. Zed Tang, Ph.D.
This 30-minute Webinar highlights the aspects of simulation in electrification Global Solution

and provides examples of successes from several OEMs and major suppliers. An Architect,

. N X Electrification,
audience Q&A follows the technical presentation. Ansys

Sponsored by: \n sys Hosted by: %

INTERNATIONAL.

For additional details and to register visit: www.sae.org/webcasts
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UPCOMING WEBINARS

TOTAL APPEARANCE MEASUREMENT
SYSTEM FOR AUTOMOTIVE
APPLICATIONS

Thursday, April 21, 2022 at 2:00 pm U.S. EDT

For maximum impact, the surface quality of an automotive paint finish must

instantly produce an appealing visual sensation for the customer. This 30-minute

Webinar discusses a new way of quantifying appearance quality by using double-

focus image technology to imitate the functions of the human eye and mimic the

sensations that take place in the brain.
Topics will include how to define quality and harmony in appearance with Mark Lombardi

a single value, and using contrast, image sharpness, waviness and dominant Technical Support

structure size to produce a comprehensive description of the visual sensation. Manager,

Konica Minolta
Sensing

Speaker:

sponsored by: &g KONICA MINOLTA | SENSING AMERICAS Hosted by:

INTERNATIONAL:

For additional details and to register visit: www.sae.org/webcasts

DEVELOPING DISPLAYS AND HUMAN
MACHINE INTERFACES FOR
ELECTRIC VEHICLES

Thursday, April 28, 2022 at 2.00 pm U.S. EDT

This 30-minute Webinar covers the wide range of engineered material components
and stack-ups as well as the design considerations that go into developing high-
reliability EV displays, dashboards, and next-generation human-machine interface
(HMD consoles.

Insight on design tips, how components interact, and how to achieve thinner,
clearer, better performing multifunctional material solutions through design
integration and streamlined design for manufacture will be shared.

Sponsored by: Bo I D Hosted by: %

c 0 R P 0 R A T I o N INTERNATIONAL.

For additional details and to register visit: www.sae.org/webcasts
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3 BorgWarner

BORGWARNER INC. Products/Services Offered

3850 Hamlin Road

Auburn Hills, Ml 48326 We’re making eMobility available to all with our cutting-
Phone: 248-754-9200 edge technology and deep electrification expertise. Some of
borgwarner.com the innovative solutions we’re bringing to market include

battery systems, chargers, electric drive modules, power
electronics, thermal-management systems and more.

About Our Company

At BorgWarner, we design and manufacture the systems
that define the way the world moves forward. With the
world’s foremost technologists, engineers and OEMs, we’re
accelerating the world’s transformation to eMobility.

As a global product leader for over 130 years, we supply
original equipment to nearly every major automotive OEM
in the world. We continue to advance our emissions-
reducing and fuel-efficient combustion technology while
bringing successful electric innovations to market,
empowering everyone to drive sustainably.

Guided by our commitment to inclusion, integrity,
excellence, responsibility and collaboration — and our
pledge to reach carbon neutrality by 2035 — we’re leading
the automotive industry to a future that is cleaner,
healthier and safer for all. A future where driving well
means living well.

Electric Drive Modules

Power Electronics Chargers Battery Systems
s. : o e
o o =

borgwarner.com
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THE LEE COMPANY

THE LEE COMPANY

2 Pettipaug Road

Westbrook, CT 06498

Phone: 860-399-6281

E-mail: inquiry@theleeco.com
www.theleeco.com/automotive

About Our Company

Leighton Lee Il was an innovator. He founded our company
on that spirit, and it’s how we solve tough problems today.

Every product we make was developed to solve a custom- performance. We also design with manufacturing pro-
er’s fluid control challenge. Since 1948, we’ve been deliver- cesses in mind — ours and yours — to ensure that we

ing engineered solutions for a wide variety of demanding help keep you on schedule while meeting the cost and
applications. We have the experience, product breadth, quality requirements typical of the automotive industry.
and technical know-how to provide engineered perfor- There’s no substitute for experience, and for a supplier
mance, with zero risk. that controls every step of product development, produc-

tion, and customer service. That’s the unique collective

Target Markets advantage of working with The Lee Company.

The Lee Company offers a proven track record for engineer-
ing precision components and solving unique problems for
major auto manufacturers and OEMs.

Products/Services Offered

The Lee Company manufactures a wide range of minia-
ture fluid control components, including miniature check
valves, pressure relief valves, shuttle valves, calibrated
flow orifices, safety screens, flow controls, and Betaplug®
expansion plugs. Our products are rugged, reliable, and
engineered to provide the highest levels of quality and

SAE WCX Booth #443
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umicore

Automotive Catalysts

UMICORE AUTOCAT USA INC.
2347 Commercial Drive

Auburn Hills, Ml 48326

Phone: 248-340-1040

Email: cleanmobility@umicore.com
www.ac.umicore.com

About Our Company

Umicore is a global leader in advanced emission control
technology and offers solutions for gasoline vehicles, on-
road and non-road diesel vehicles/applications, hybrid and
electric vehicles, fuel cells, motorcycles, small engines, and
stationary. Umicore’s engineers help manufacturers de-
velop and test lighter-weight vehicles, new GDI and diesel
engines, new drivetrains, and other approaches with an
extensive technology portfolio.

The Auburn Hills, Michigan Technical Center features a
state-of-the-art analytical room equipped with six analyti-
cal benches for HC, CO, and NO, measurement, two FTIRs
for other gas measurements (NH;, N,O) and equipment to
measure particle mass and particle number. In addition,
dual-roll, 48-in. dynamometers can test 4x4s, all-wheel
drive (AWD) vehicles, and hybrids per the U.S. Federal
drive cycles and for Europe and Japan.

Target Markets

Umicore targets manufacturers of gasoline-powered cars,
trucks, and motorcycles; electric, hybrid, and fuel cell-driven

vehicles; on-road and non-road diesel vehicles/applications,
plus small and stationary engines.

Products/Services Offered

Catalysts for all diesel applications:

« Selective Catalytic Reduction (SCR)

¢ SCR on Diesel Particulate Filters (SDPF)

« Catalyzed Diesel Particulate Filters (cDPF)
« Diesel Oxidation Catalysts (DOC)

* NO, Storage Catalysts (NSC)

* Passive NO, Adsorbers (PNA)

* HC-based NO, Control (HC-DeNO,)

* Ammonia Slip Catalysts (ASC)

» Corrugated SCR Catalysts

For gasoline and hybrid vehicles:

* Three-way catalysts (TWC)

« Catalyzed Gasoline Particulate Filters (cGPF)
* Gasoline Direct Injection (GDI) Lean NO,

* HC Adsorbers

For hybrid and electric vehicles:
* Rechargeable battery materials

For fuel cells:
« Catalysts
» Anode/cathode materials

www.ac.umicore.com
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Products/Services Offered

Coilcraft offers a broad selection of products engineered
to withstand extreme heat and cold. These include RF chip

COILCRAFT, INC. inductors, surface mount and leaded power inductors,

1102 Silver Lake Road coupled power inductors, current transformers, Flyback

Cary, IL 60013 transformers, planar transformers, ultrasonic sensing trans-

Phone: 847-639-6400 formers, Class-D inductors, RFID transponder coils, broad-

Fax: 847-639-1469 band chokes and EMI filters. Most of these parts have am-

E-mail: sales@coilcraft.com bient temperature ratings of +140°C, +125°C or +85°C and

www.coilcraft.com meet the stringent quality standards of AEC-Q200, making
them suitable for use in harsh automotive environments.

About Our Company o .
Coilcraft offers a wide range of off-the-shelf products and oo A8 e
custom engineered solutions to meet the automotive indus- Frmmmm———— i

try’s need for high-reliability, high-volume magnetics.

We are one of the world’s largest manufacturers of coils
and transformers for RF, power, EMI and sensing applications.
Our global technical support and engineering centers help
you select the best solution from our extensive catalog of
standard parts or work with you to develop, prototype and
qualify a custom design.

Redundant manufacturing capabilities around the globe,
along with our well-tuned logistics capabilities, assure you
of a steady parts supply and quick response to changing

BEV Powes Inverter

market demands. Ergmcortiodies K00 Lenigrine

Free Info at http://info.hotims.com/82331-715

XGL Family

Ultra-low Loss Power Inductors

o The industry’s lowest DCR and ultra-low AC losses across
a wide frequency range

o Available in a variety of sizes with inductance values
from 82 nH to 47 uH

o Current ratings up to 43 A with soft saturation

o AEC-Q200 Grade 1 (-40°C to +125°C) with no
thermal aging — perfect for high-temp applications

amw  Free Samples @ coilcraft.com/XGL
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Your Test System - Optimized!
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Pickering's continually expanding portfolio of 1000+ PXI, PXle, LXI & USB
products ensures that you can optimize your system Switching or Simulation
to fit your exact needs.

Get Pickering’s 30+ years of switching & simulation expertise—we offer
a collaborative, creative and agile approach to test system design.

Reduce your PXI switching cost by 30-40%—having a switching & simulation
vendor with the products and expertise you need will help you get the job
done, on time and within budget.

pickeringtest.com/optimized

<™

1000+ " » .
PXI Modules

pickeringtest.com
781-897-1710 | ussales@pickeringtest.com

Free Info at http://info.hotims.com/82331-717
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