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EV PRODUCTS RECOGNIZED FOR
LIGHTWEIGHTING EFFORTS

NEWS

TROY, MI—Recipients of the 9th annual Altair Enlighten Award include several applications related to electric vehicles. Presented
in partnership with the Center for Automotive Research (CAR), the award recognizes the automotive industry’s most impressive
sustainable engineering initiatives, focusing on lightweighting and the use of innovative materials, technologies and techniques
to cut CO2 emissions.

“Lightweighting is central to the quest for greater fuel economy and electri�cation, which in turn is vital to the future of the whole
sector,” says Carla Bailo, president and CEO of CAR.

Electric vehicle applications honored for their lightweighting efforts include:

Ford Motor Co.—2021 Mustang Mach-E. “The all-electric Ford Mustang Mach-E emits zero CO2 while driving, and its

sustainable credentials are further supported by a 100 percent vegan interior that eliminates the use of animal
products,” explains Bailo.

Dura Automotive Systems—Modular EV Battery Tray. “A modular and scalable design that can be tailored to multiple
platforms and vehicles of all types and sizes, the Dura modular EV battery tray delivers a 10 percent weight savings
over the surrogate design and a reduction in CO2 emissions of 3.8 tons over the program life,” Bailo points out.

American Axle & Manufacturing (AAM)—Electric Drive Unit (eDU). “AAM’s eDU [see photo above] saves more than 25
percent in mass compared to similar units on the market,” notes Bailo. “Integrating the electric motor, gearbox and
inverter in a compact package, it also demonstrates a higher power-to-weight ratio than competitor products.”

AAM is committed to advancing lightweighting and sustainability objectives in all of our product, process and systems
technologies,” adds David Dauch, chairman and CEO of AAM. “We are honored to receive the Altair Enlighten Award for an
innovation that is so important to the future of AAM and the global automotive industry.

“The next-generation eDU…delivers signi�cant weight reduction when compared to other similar units, without sacri�cing any
power or performance,” claims Dauch. “[It] is compact and scalable for use in any global vehicle segment, from the smallest
microcar to the largest SUV or pickup truck application.

“[Our] engineering team is innovative, creative and laser focused on developing superior electric drive technology,” says Dauch.
“Our newest system is signi�cantly lighter than the competition, but still provides unparalleled performance and power. We are
very excited about the opportunity we have to help our customers improve the e�ciency and appeal of their electric vehicles
with this ground-breaking technology.”

EUROPEAN UNION TO BAN ICE
VEHICLES IN 2035

BRUSSELS—The European Union plans to ban the sale of internal combustion engine (ICE) vehicles in 2025. It is part of an
ambitious effort to spur the use of electric vehicles.

The European Commission has proposed a 55 percent cut in CO2 emissions from cars by 2030 vs. 2021 levels, which is much

higher than the existing target of 37.5 percent. It has also mandated a 100 percent cut in CO2 emissions by 2035, which would

make it impossible to sell new ICE vehicles in 27 European countries. To further boost sales of EVs, the EU has also proposed
legislation that would require countries to install public charging points no more than 37 miles apart on major roads by 2025.

In addition, the Spanish government has announced that it will invest $5.1 billion to promote the production of EV vehicles and
components. After Germany, Spain is Europe’s second-largest auto producer and the world’s eighth biggest.

CANADA AIMS TO BE HOT
SPOT FOR AV TESTING

TORONTO—Traditionally, most autonomous vehicles have been tested in warm-weather locales, such as Arizona, California and
Texas. But, a new initiative at the University of Toronto aims to make Canada a hot spot for testing AVs in wintry conditions.

WinTOR: Autonomous Driving in Adverse Conditions is a new collaboration that hopes to transform Ontario into a global hub for
R&D related to autonomous driving in winter. Corporate partners in the effort include General Motors and LG Electronics.

“Winter conditions aggravate the remaining challenges in autonomous driving,” explains Steven Waslander, an associate
professor at the Institute for Aerospace Studies at the University of Toronto. “Reduced visibility limits perception performance,
and slippery road surfaces are a big challenge for vehicle control.”

To drive safely in all conditions, including winter, Waslander says AVs need to fully observe their surroundings, despite limits to
their sensor range, to get advanced warning of challenging situations and to react quickly to changing conditions.

Last year, Waslander and his colleagues published the Canadian Adverse Driving Conditions dataset. Created using the
Autonomoose, a self-driving vehicle designed by Waslander and his team, the open-source data record real winter driving
conditions on roads in southwestern Ontario. The data is already being used by researchers from around the world to train new
AI software.

The WinTOR project is divided into three broad themes:

Sensor �ltering for object detection. New ways of analyzing the data from sensors, such as visual cameras, radar and
lidar, will help to separate the signals that represent real objects from the noise caused by falling or blowing snow.
Strategies will include both preprocessing techniques and improved arti�cial intelligence algorithms trained to be
aware of the limits of their own performance.

Sensor fusion, localization and tracking. While today’s self-driving cars can reliably determine where they are in relation
to their surroundings, the techniques they use begin to break down under adverse driving conditions. The engineers
will leverage new algorithmic strategies in vision and lidar registration, as well as new sensing options, such as ground-
penetrating and automotive radar, to make localization algorithms more resilient in adverse conditions.

Prediction, planning and control. AVs will need to change the way they drive in response to winter hazards. For
example, they might take a slightly different path to avoid a snowdrift or slow down when driving over a section of road
that their sensors have perceived as particularly slippery. They will learn the implications of adverse weather on the
vehicles around them and be able to assess the increased uncertainty of outcomes, enabling them to plan actions that
can be executed reliably in winter conditions.

ASSEMBLY SHOW TO FEATURE EV
MANUFACTURING WORKSHOP

ROSEMONT, IL—The 9th annual ASSEMBLY Show (Oct. 26-28) will feature a special workshop focused on electric vehicle
manufacturing. “Electric Vehicle Assembly: Challenges & Opportunities,” on Oct. 26, will discuss the important role that assembly
tools and techniques play in the mass-production of EV batteries, motor and other components.

Panelists will include Thomas Parker, automotive market sales manager at In�con Inc., who will discuss Battery Leak Testing;
Neil Dueweke, vice president, FANUC America Corp., who will discuss How Robots Are Helping the EV Market Grow at a Rapid
Pace; and Tim Frech, senior engineer at EWI, who will talk about Connecting Batteries and Cells to Tabs and Busbars with Pulsed
Arc Welding.

Additional workshops later in the day will cover “Fastening & Joining: New & Alternative Methods” and “Robotics Assembly:
Beyond the Basics.”

Sudhanshu Gaur, chief architect for smart manufacturing at Hitachi Astemo, will deliver a keynote speech on Oct. 27. The event
will also include the presentation of the 18th annual Assembly Plant of the Year award.

The 9th Annual ASSEMBLY Show will bring together thousands of industry professionals with hundreds of exhibiting companies
providing manufacturing engineers and managers the opportunity to uncover new resources, experience equipment hands-on,
evaluate the latest technologies and products, and connect face-to-face with industry experts. Attendees will have access to an
expansive exhibit hall, providing the perfect opportunity to meet with exhibitors.

Registration is now open for the EV workshop and for the entire event. For more information, click www.theassemblyshow.com.

NEW SYSTEM TESTS EV
POWER ELECTRONICS

HOLZKIRCHEN, Germany—Bosch has developed a new way for engineers to test power electronics used in electric vehicles. The
high-voltage lab rig (HVLR) integrates a high-voltage power supply and electronic safety functions for the circuit of the
component under test in a portable control cabinet.

“Many power electronics [tests] can [now] be shifted from the test bench to the high-voltage laboratory,” says Andreas
Nachreiner, head of product management for e-mobility at Bosch Engineering. “This frees up valuable bench capacity for other
testing and validation tasks, thereby reducing development time and costs”

Because of its modular design, the test system can be �exibly adapted to individual customer requirements. For example,
different voltage levels of up to 1,200 volts, as well as different communication interfaces, can be selected. Subsequent
upgrading is possible as well.

The system is operated via a touch-screen display that provides a clear-cut overview of all operating parameters, such as status
messages, information on system settings and any error warnings.

A key focus in the design of the high-voltage lab rig was safety in everyday test operations.

“In the laboratory, a large number of tests have to be carried out directly on the live components of power electronics,” explains
Heinz-Georg Schmitz, director of mechatronic solutions at Bosch Engineering. “Any mistakes here are life-threatening. Our
protection concept covers potential causes of accidents and reduces the risks when working on the high-voltage circuit.

“Another advantage is the protection of the test object from damage during testing,” says Schmitz. “This is particularly
advantageous for prototype components that are only available in small quantities and where defects would lead to delays in the
development process.”

The safety functions are implemented by a separate unit. The high-voltage safety box was developed in accordance with DIN EN
ISO 13849 and offers isolation monitoring, an interlock circuit, integration into a laboratory emergency shut-off concept and a
PLC interface that can be operated remotely.

JOHN DEERE ACQUIRES AUTONOMOUS
TRACTOR STARTUP

MOLINE, IL—Deere & Co. is acquiring Bear Flag Robotics Inc., an autonomous tractor startup based in Newark, CA. The four-year-
old Silicon Valley �rm specializes in unmanned driving technology compatible with existing machines.

The $250 acquisition accelerates the development of agricultural autonomy and supports Deere’s long-term strategy to create
smarter machines with advanced technology to support individual customer needs. Four years ago, the farm equipment
manufacturer acquired Blue River Technology Inc., a Sunnyvale, CA-based company that specializes in autonomous weed-
spraying technology.

“[We view] autonomy as an important step forward in enabling farmers to leverage their resources strategically to feed the world
and create more sustainable and pro�table operations,” says Jahmy Hindman, chief technology o�cer at John Deere. “Bear
Flag’s team of talented agriculture professionals, engineers and technologists have a proven ability to deliver advanced
technology solutions to market.”

Deere �rst started working with Bear Flag in 2019 as part of its startup collaborator program.  Since then, Bear Flag has
successfully deployed its autonomous system on a limited number of farms in the United States.

“One of the biggest challenges farmers face today is the availability of skilled labor to execute time-sensitive operations that
impact farming outcomes,” explains Igino Ca�ero, CEO of Bear Flag Robotics. “Autonomy offers a safe and productive alternative
to address that challenge head on.”
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By Austin Weber, Senior Editor

FAST RADIUS SEES PRINTED PARTS AS KEY
TO SUCCESSFUL EV MANUFACTURING

INDUSTRY INSIGHT

Additive manufacturing enables engineers to consolidate parts and produce components in complex shapes. Photo
courtesy Fast Radius Inc.

Additive manufacturing is a popular alternative to traditional plastic injection molding, metal casting and metal stamping,
because it enables engineers to consolidate parts and produce components in complex shapes. The technology is used in a
variety of industries, ranging from aerospace to medical devices. In recent years, it has gone from a low-volume prototyping tool
to a high-volume process that can mass-produce small, nonstructural metal or plastic parts.

Electric vehicle manufacturers and suppliers are also intrigued by production-ready printed parts. In fact, automakers ranging
from Ford and Volkswagen to startups such as Arash Motor Co. and Rivian are investing in additive manufacturing technology.

Another EV manufacturer that is bullish on the technology is Curtiss Motorcycle Co. The 30-year-old Leeds, AL-based company is
named after Glenn Curtiss, an early aviation pioneer who was a contemporary of the Wright Brothers. Curtiss also was an
innovator who created a variety of motorcycles and recreational vehicles.

Curtiss Motorcycle has developed several high-end niche vehicles, such as the Curtiss One and the Zeus 8, that use printed
parts. In fact, the vast majority of the Curtiss One’s parts are produced by Fast Radius Inc., a digital manufacturer that ships the
parts to Curtiss for �nal assembly.

Fast Radius is an additive manufacturing company that specializes in production-ready parts. It mass-produces plastic parts for
customers such as Husqvarna, Rawlings, Steelcase and TE Connectivity.

See us at The ASSEMBLY Show Booth 1039

The Curtiss One electric motorcycle features a variety of printed plastic parts. Photo courtesy Fast Radius Inc.

Fast Radius also recently formed a strategic partnership with UPS that enables on-demand additive manufacturing to play a key
role in supply chain logistics. In addition to its �agship factory on the West Side of Chicago, Fast Radius operates a microfactory
at the UPS Worldport facility in Louisville, KY.

“With our cloud manufacturing platform and our expertise in additive, we are able to execute on complex production processes
and get [new products] to market faster,” says John Nanry, chief manufacturing o�cer at Fast Radius. “Our mission is to make
new things possible.”

“The quality of Fast Radius’ work and the e�ciency of their manufacturing allows us to make our dream motorcycle a reality,”
adds H. Matthew Chambers, CEO of Curtiss.

Rather than using off-the-shelf parts to convert a traditional gasoline-powered design into an electric machine, Chambers and his
colleagues developed a next-generation motorcycle speci�cally designed for electric propulsion.

“Electric power gives us huge advantages in terms of design and performance that we simply haven’t had before,” claims
Chambers. “This technology gives us the ability to transcend the traditional motorcycle design limitations and take our bikes to a
whole new level in every respect.”

Additive manufacturing enables Curtiss to quickly scale up production of its motorcycles to meet demand.

Brackets and electrical connectors are two popular applications for additive manufacturing technology. Photo
courtesy Fast Radius Inc.

Autonomous & Electric Mobility recently asked Nanry to discuss how additive manufacturing technology can aid other EV
manufacturers.

AEM: What role do you see additive manufacturing technology playing in the future of electric vehicles?

Nanry: The basic characteristics of the EV market make it a really good �t for additive manufacturing as a production process.
Electric vehicles �t right into the sweet spot of additive manufacturing, because most manufacturers are currently faced with low
production volumes and highly uncertain demand. Whether it’s a new startup or a legacy automaker, speed to market matters.
At the end of the day, it’s about materials and costs.

AEM: Are you seeing more interest in additive manufacturing today?

Nanry: Absolutely. We have de�nitely seen an overall increase in awareness of what the technology can do. More companies are
looking for a cost-effective alternative to traditional plastic injection-molding processes, especially if they need fewer than 50,000
parts a year.

AEM: What speci�c types of vehicle components are ideal candidates for 3D printing applications?

Nanry:  Electrical connectors are a really big area. They can be very tiny and precise, which drives up the cost of tooling needed
for traditional plastic injection molding. Interior brackets are another common application. With additive manufacturing, we can
do design iteration in days rather than weeks or months.

AEM: What will it take before we see wider adoption of additive manufacturing in the EV industry?

Nanry: It all comes back to materials and costs. Additive manufacturing has become more cost-effective vs. plastic injection
molding, but there’s still a long way to go.
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Despite many lightweighting success stories,
automotive engineers have only scratched the surface.

Lightweighting Drives EV
Range and Performance

By Austin Weber, Senior Editor // webera@bnpmedia.com

The transition to electric vehicles is
driving new lightweighting initiatives
in the auto industry.

Illustration courtesy Jaguar Land
Rover

“A re we there yet?” is an age-old question that back-seat passengers have been asking for decades. Automotive engineers
on the lightweighting journey are faced with a similar quandary.

Today, cars and trucks use more lightweight materials than ever in various body, chassis, interior and power train applications.
While much of the low-hanging fruit has already been picked, engineers are scrambling to �nd new opportunities, while also
addressing age-old cost, performance and safety concerns.

The transition to electric vehicles is driving new lightweighting initiatives in the auto industry. Whether it is aluminum, carbon-
�ber composite or high-strength steel, lightweight materials enable next-generation sedans, sports cars, pickup trucks and sport
utility vehicles to achieve increased range and load capacity.

“Lightweighting is bene�cial to all classes and types of vehicles,” says Allen Haynes, Ph.D., a materials science engineer who
specializes in automotive power train applications at Oak Ridge National Laboratory (ORNL). “It enables reduction in either fuel
consumption or battery power demand, lowers emissions, reduces vehicle life cycle carbon footprint, improves vehicle
performance, improves safety by reducing braking distances, and allows more cargo in freight vehicles.

“A 10 percent reduction in vehicle weight can result in a 6 percent to 8 percent fuel economy improvement for a conventional
vehicle,” explains Haynes.

“The era of rapidly increasing adoption of EVs has clearly arrived, but most forecasts of sales growth require at least 20 years for
those vehicles to reach 50 percent of global annual market share,” notes Haynes. “Based on annual global sales, it’s anticipated
that approximately 1 billion additional internal combustion engines (ICEs) will be manufactured and sold globally over the next
two decades.

“Concurrently, climate science indicates that it’s imperative to immediately reduce the transportation carbon footprint as rapidly
as possible,” warns Haynes. “Thus, reducing ICE weight, while simultaneously improving their e�ciency, is a crucial (and often
overlooked) step in the race to rapid decarbonization of transportation, due to the massive global sales volumes of such
vehicles.”

Topology optimization software enables automotive engineers to create designs with minimal mass and maximum
stiffness. Illustration courtesy Altair Engineering Inc.

“There’s always opportunity to cut weight in vehicles,” adds Andrew Halonen, president of May�ower Consulting LLC. “But,
performance and crashworthiness must be taken into consideration. Electric vehicle lightweighting efforts require a �ne balance
between cost, affordability, range and loads.

“Bolt-on parts, such as steering knuckles, are generally much easier to reduce weight,” explains Halonen, who specializes in
metal castings and extrusions. “By using aluminum brake calipers, automakers can shave an average of 6 pounds from a
vehicle. An average of eight out of 10 brake calipers on ICE cars are iron, but 80 percent of electric vehicles use aluminum parts.

“For instance, the Rivian R1T pickup truck is 260 kilograms heavier than traditional ICE competitors, such as the Ford F-150,
Chevy Silverado 1500 and Ram 1500,” says Halonen. “To address that issue, Rivian engineers decided to use aluminum control
arms and knuckles instead of the welded steel counterparts used in those Big 3 pickups."

Success Stories

“Replacing material is only part of the lightweighting story,” says Richard Yen, senior vice president at Altair, a leading supplier of
simulation software. “In addition to weight reduction, a robust design also has to satisfy safety, stiffness, NVH (noise, vibration
and harshness) and durability performance, as well as manufacturing constraints. That requires engineers to consider the
correct materials for different performance requirements.

“Multimaterial design is a trend for lightweight automotive structures,” notes Yen. “And, topology optimization provides engineers
essential insights to help place the right materials in the right places.

“With topology optimization software, engineers provide boundary conditions and loads,” explains Yen. “The program shows load
paths, suggesting the best places to put the material for a particular design.

“It’s a technology for developing optimized structures while considering design constraints like expected loads, available design
space, materials and manufacturing methods,” says Yen. “Embedded early in the design process, topology optimization enables
the creation of designs, with well-balanced performance considered.

“Today, we’re seeing the convergence of simulation with high-performance computing and arti�cial intelligence,” Yen points out.
“With AI and data analytics technology, historical data and machine learning models can be easily applied to future design
iterations faster than starting from scratch each time.”

See us at The ASSEMBLY Show Booth 1223

Marelli engineers created this sheet compression
molded suspension steering knuckle for use on the
Jeep Compass. It is 50 percent lighter than a cast iron
version. Photo courtesy Altair Engineering Inc.

The 2021 Toyota Sienna minivan features a rear
seatback that is lighter, easier to assemble and less
expensive to produce than its predecessor. Photo
courtesy Altair Engineering Inc.

Every year, the Altair Enlighten Award honors achievements in automotive lightweighting and sustainability. In addition to full
vehicle mass reduction, a panel of judges consider advancements that enable OEM lightweighting initiatives, such as materials,
production processes, design methods and joining technologies.

Last year, Toyota Motor Corp. was honored for a third-row seat back design used in the 2021 Sienna minivan. The injection-
molded �ber-reinforced thermoplastic seat back is lighter, easier to assemble and less expensive to produce than alternatives.

“This is a perfect example of parts consolidation, cost reduction and performance improvement,” explains Yen. “The
lightweighting effort consolidated 15 steel components to one part with one injection, while driving down costs by 15 percent,
reducing mass by 30 percent and improving safety performance two times.”

“Lightweighting doesn’t always have to be more expensive,” adds Todd Muck, senior principal engineer for body design at the
Toyota Technical Center in Saline, MI, who worked on the seat project. “Traditionally, resin components for seating have had
metal reinforcement, which can add more cost to the process.”

“It is the �rst of its kind in the way it is designed without inserts as a fully injected seat back,” claims Matt Parkinson, manager of
applications development engineering and composite technologies at BASF Performance Materials, which worked with Toyota
on the project. “One of the challenges was to ensure a high elongation and impact qualities for the crash requirements.

“At the same time, we focused on strength and stiffness, because the seat serves as a load �oor,” says Parkinson. “Toyota also
wanted an injection-molded [component] that was a shoot-and-ship part, meaning it was made in one piece, without complex
and costly post-processing.”

The award-winning application uses a 35 percent glass-reinforced and impact-modi�ed polyamide PA6 grade of BASF Ultramid.

This aluminum SUV door is 45 percent lighter than its
steel counterpart. Illustration courtesy Alumobility

This generic platform for electric and autonomous
vehicle applications is made out of lightweight sheet
molding compound material. It weighs 20 percent less
than an equivalent aluminum subassembly and
simpli�es the production process. Photo courtesy
Teijin Group

Numerous Options

In addition to polymers, automotive engineers have experimented with many other types of lightweight materials.

“A continuing trend is increased usage of aluminum, substituting for steel and cast iron where possible,” says ORNL’s Haynes.
“Aluminum offers much lower density than steel, but substitutions for steels can be limited by tradeoffs with stiffness, fatigue
strength, formability, weldability or cost of some of the higher-strength aluminum alloys.

“Another continuing trend is the development of various families of advanced high-strength steels (AHSS) engineered for
increased strength, ductility, toughness and fatigue properties, allowing thinner sections to reduce weight,” notes Haynes.
“Currently, a third generation of AHSS alloys are under development.”

Demand for affordable, lightweight composites also continues to increase in the auto industry. In spite of challenges related to
cost and production volume, use of carbon-�ber composites is gradually expanding. And, one technology that may spur greater
use of the material is additive manufacturing.

“Printed polymer composites, often whisker- or �ber-reinforced, are being evaluated [as potential alternatives] for some vehicle
components where injection molding or other processes do not provide adequate solutions,” says Haynes. “Printing is more
costly, but it can be an ideal route for prototyping, low-volume production (since in some cases it can eliminate the need for
expensive �xturing, tooling and molds), customization, or for providing legacy parts no longer in [daily production].”

Another increasing trend is the use of mixed-material applications where a variety of different steels, aluminum alloys,
magnesium components (usually die-cast interior parts), plastics and composites are integrated to reduce weight locally, by
component, wherever possible.

“Of particular importance in supporting this trend is the development of advanced multimaterial joining strategies appropriately
tailored to each pairing of materials to enable adequate joint strength, fatigue life, corrosion resistance and manufacturing rates,”
says Haynes. “Joining of multimaterial systems continues to be an area of signi�cant focus.

“The use of multimaterial lightweighting strategies in automobiles requires joining of dissimilar materials, which can create
signi�cant challenges associated with bond strength, microstructural stability, manufacturing rates or corrosion,” Haynes points
out.

This thermoplastic honeycomb sandwich panel is
lightweight, rigid and recyclable. Photo courtesy
EconCore N.V.

This lightweight battery enclosure enables parts count
consolidation, packaging ef�ciencies and mass
reduction. Illustration courtesy Forward Engineering
North America LLC

Lightweight Metals

Haynes and his colleagues at ORNL are currently working on several R&D projects involving lightweight materials for automotive
applications. For instance, late last year, the U.S. Department of Energy’s Vehicle Technologies O�ce launched a new
Lightweight Metals Core Program that involves engineers at ORNL, Argonne National Laboratory and Paci�c Northwest National
Laboratory (PNNL).

“This program focuses on developing a scienti�c understanding of methods that allow local microstructural modi�cation and
improvement of cast aluminum, sheet aluminum, and cast magnesium alloys used for automotive body and frame applications,”
says Haynes. “The concept of the program is to research and develop novel methods of materials processing that improve the
localized formability, strength, functionality, corrosion resistance or joining strategies of existing lightweight alloys.”

One of ORNL’s research efforts within this program is to print reinforcing material or additional structures on top of existing
aluminum alloy sheet or castings. The goal of the project is to “create a hybridized process where the application of additive
manufacturing is limited to a very localized area of a component, enabling a speci�c additional functionality or bene�t only in the
area of a part where it is needed.” According to Haynes, this could bene�t both traditional automobiles and EVs.

ORNL has also developed an additive manufacturing process for metal-metal composites. The process prints an internal mesh
or skeleton from a high-strength, high-temperature, high-density material and then overcasts and in�ltrates it with a lower
density, lower melting point material, such as aluminum. The result is a metal-metal composite structure with a lower density
that can be used for locally tailored mechanical, acoustic or thermal properties within the structure.

“A very recent and signi�cant development is the emergence of new printed aluminum alloys with substantial increases in
strength and temperature tolerance compared to conventional high-temperature aluminum materials,” says Haynes. “[We have]
developed multiple new families of advanced aluminum alloys that are printable. They are speci�cally designed to take
advantage of the rapid solidi�cation rates offered by certain additive manufacturing processes.

“This is a particularly intriguing area of lightweight materials research, since additive manufacturing has traditionally been
viewed as having the primary advantage of offering geometric design freedom,” Haynes points out. “But, additive manufacturing
can add even more value for certain lightweight alloys.”

“For instance, laser powder bed printing of certain types of aluminum alloys provides rapid solidi�cation effects that result in
extreme microstructural re�nement and formation of highly stable non-equilibrium solid phases, some of which have never been
previously identi�ed,” claims Haynes.

“These new microstructures can result in substantial increases in alloy strength, as well as stability at higher temperatures, as a
direct result of the cooling rates of the laser powder bed printing process,” explains Haynes. “[We are currently] printing the �rst
set of pistons from one of these newly designed aluminum alloys for engine testing later this year.

“These newly designed lightweight alloys have potential to change the paradigm for printing aluminum parts, since it offers both
geometric complexity and improved material properties,” Haynes points out. “As cost margins change in the years ahead, and as
general printing volumes scale up and begin to reduce the cost of equipment and feedstocks, additive manufacturing will offer
some unique pathways to further design-driven weight reductions in vehicle frames, chassis, interiors and power trains, as well
as enabling stronger materials.

“Stronger and stiffer alloys for frame, body and chassis applications will enable thinner sheet materials, extrusions and castings,
allowing further weight reductions,” predicts Haynes.

Carbon nanotube technology enables engineers to develop
electrical conductors that feature better mechanical
strength, lighter weight and higher current capacity.
Illustration courtesy Oak Ridge National Laboratory

Engineers are developing lightweight battery
enclosures for electric vehicle applications. Photo
courtesy Continental Structural Plastics Inc.

iElectric Vehicles

Traditionally, the goal of lightweighting has been to improve the fuel economy of ICE vehicles. However, the transition from ICEs
to electric vehicles changes both the goals and design considerations of lightweighting efforts.

“EVs have a fundamentally different architecture than ICE vehicles, with large battery packs as the dominant feature rather than
a large engine bay,” says Anthony Schiavo, a senior analyst at Lux Research Inc. “The need to secure a large, heavy battery pack
at the bottom of the vehicle and the desire to use one platform for multiple vehicles will drive the automotive industry back into a
body-on-frame arrangement.

“[A] body-on-frame structure favors high-strength steels and aluminums as the primary structural elements, as the extra weight
of these metals will mostly be at the bottom of the vehicle, where it will have a minimal impact on performance,” claims Schiavo.

However, higher strength, affordable lightweight alloys need to be developed for battery enclosures and electric motor housings.

“[They must] offer excellent impact protection, while also providing very good thermal properties, for improved management of
the heat generated by batteries and electric motors in EVs,” says ORNL’s Haynes. “This is a signi�cant metallurgical science
challenge, since the microstructures and mechanisms that improve mechanical properties in an alloy often simultaneously
reduce thermal transport through the material.”

Those challenges could open the door for composites.

“The shift to electri�ed vehicles has created an incredible opportunity for us to work on fresh, clean-sheet designs,” says Adam
Halsband, managing director of Forward Engineering North America LLC. “These new design opportunities allow us to employ
the latest composite materials, and develop highly integrated mass and cost-e�cient structures. Now, more than ever, OEMs
depend on upstream suppliers to support innovative product development.

“The shift has been disruptive in terms of how people look at mass on a vehicle,” adds Halsband. “But, the things that really
matter to automakers today are cost effectiveness, �exibility and scalability. Any lightweight automotive material needs to be
cost effective and easy to integrate.”

“The performance of new EVs is mind boggling,” notes Halsband. “The idea that a typical EV sedan today can deliver acceleration
that even the fastest sports car of a few years ago struggled to deliver is amazing.

“Right now, the race is on to drive down the cost of these new products and scale up these new platforms,” says Halsband.
“Composites are perfectly positioned to cost e�ciently deliver the performance, packaging e�ciency and scalability that the
automotive industry is demanding.”

The new R1T pickup truck uses aluminum control arms and knuckles to help reduce weight. Photo courtesy of Rivian
Automotive Inc.

EV Applications

Battery enclosures may be one way for composites to gain more acceptance in the cost-conscious auto industry. Traditionally,
most housings are made out of aluminum or steel.

“OEMs are pushing the envelope of passenger vehicle design, [forcing engineers] to come up with more e�cient and �exible
ways to package the energy storage within electric vehicles,” says Halsband.

“A second, and equally important, driver is the evolution of regulations [governing] rapidly evolving power train technology,”
Halsband points out. “New global safety standards are driving more stringent performance requirements from battery
enclosures, which requires engineers to ensure their designs meet these evolving requirements.”

Forward Engineering was recently involved in an R&D project that developed a lightweight battery enclosure made out of sheet
molding compound (SMC). Other companies participating in the collaborative effort included Evonik, LION Smart, Lorenz and
Vestaro.

“The modular, mixed-material design exploits the structural and thermal properties of SMC,” says Halsband.  “[We were] able to
design structural modules which mitigate the need for cross members within the enclosure, resulting in parts count
consolidation, packaging e�ciencies and mass reduction.

“Through our simulation-driven design approach, [we were able] to meet the most stringent new regulatory requirements and
realize weight savings of approximately 10 percent vs. a comparable capacity pack,” explains Halsband. “In addition to the mass
savings, packaging e�ciencies of the design provide engineers with more design freedom in the pack-to-body integration.

“The new SMC compound developed by Lorenz provides us with exceptional design freedom thanks to its mechanical
performance and ease of processibility,” explains Halsband. “These attributes enabled the design of a highly integrated pack
cover that incorporates multiple elements into a single molded structure.

This new honeycomb core features higher heat
performance, better dimensional stability and lower water
absorption vs. honeycomb structures made with
incumbent thermoplastics. Photo courtesy EconCore N.V.

“Integration of the cross member function into the structural
module housings eliminated redundant components and
fasteners,” adds Halsband. “Using a mix of materials, and
clean sheet approach to the pack segmentation, allowed the
team to simplify the design, further enabling parts
consolidation and reduction in the number of joints in the
system.”

Another lightweight battery enclosure project in Europe
involves engineers from EconCore N.V., a Belgian company
that has developed thermoplastic honeycomb sandwich
panels that are recyclable.

“There’s no doubt there are some interesting opportunities to
reduce weight using composite materials,” says Tomasz
Czarnecki, chief operating o�cer at EconCore. “We believe
there are even greater potential bene�ts from using
honeycomb sandwich materials, which have incredible
rigidity, while being extremely light, compared to aluminum or
steel alternatives, or compared even to monolithic
composites.”

EconCore already has experience using thermoplastic honeycomb material in vehicle interiors, which can be compression
molded to produce three-dimensional shapes. One of the company’s customers, a Tier 1 supplier, recently supplied Hyundai with
a sandwich part featuring polypropylene honeycomb and glass mat thermoplastic composite skin. By using the material,
Hyundai engineers were able to reduce the weight of trunk �oors in the Creta SUV by 20 percent.

“In addition, [this] is offering bene�ts regarding recyclability and short-cycle, cost-effective convertibility by compression
molding,” explains Czarnecki. “Other commercial applications for the technology [include] vibration dampeners.”

“In the future, we expect to see more applications involving interior parts, such as door panels, headliners, seatbacks and parcel
shelves,” notes Czarnecki. “Anything that needs to be lightweight, rigid and recyclable is a potential candidate for thermoplastic
honeycomb sandwich structures.”

EconCore recently launched next-generation honeycomb made from recycled PET (RPET) and high-performance thermoplastics
(HPT).

“These developments started as a result of a pull from the market demanding more sustainable materials and the shift to focus
toward performing and easily processable thermoplastic solutions with high-end applications, for instance within the aerospace
and public transportation markets,” says Czarnecki.

According to Czarnecki, the use of RPET honeycomb provides a sustainable solution with a good life cycle assessment and low
carbon footprint, which �ts world-wide sustainability targets. HPT honeycombs meet the demand for cost-effective, short cycle
processable high-end thermoplastic composites that are lightweight, strong, fatigue resistant and recyclable.

EconCore has also developed new honeycomb cores for laminated sandwich panels for EV battery structures. They are made
with SABIC’s NORYL GTX resin, a polyphenylene ether blend, and EconCore’s proprietary technology.

“Thermoplastic honeycomb structures deliver a high performance-to-weight ratio and e�cient energy absorption under impact,”
explains Czarnecki. “Combined with an effective, in-line integrated sandwich panel production technology, this weight reduction
has positive implications for overall production cost savings and environmental responsibility. In addition to reducing raw
material use, the honeycombs support recyclability.

“The new honeycomb structures deliver higher heat performance, greater dimensional stability and lower water absorption than
alternative materials,” claims Czarnecki. “It also exhibits high load-bearing capacity up to 180 C.”

Source: U.S. Department of Energy

How Lightweight Materials Compare

Material Potential Mass Reduction

Carbon-�ber composites 50-70%

Titanium 40-55%

Magnesium 30-70%

Aluminum and aluminum matrix composites 30-60%

Glass-�ber composites 25-35%

Advanced high-strength steel 15-25%

High-strength steel 10-28%

Making Motors and Batteries Lighter

Electric traction motors and batteries are another focus of EV lightweighting efforts.

Engineers at PNNL have increased the conductivity of copper wire by 5 percent. Higher conductivity means that less copper is
needed for the same e�ciency, which can reduce the weight of electric vehicles.

PNNL recently worked with General Motors to test out the copper wire in EV motor components. As part of the R&D project,
engineers validated the increased conductivity and found that it also has higher ductility.

“In other physical properties, it behaved just like regular copper so it can be welded and subjected to other mechanical stresses
with no degradation of performance,” says Glenn Grant, a PNNL engineer who served as principal investigator on the project.
“This means that no specialized manufacturing methods are necessary to assemble motors.

“GM engineers veri�ed the higher conductivity copper wire can be welded, brazed and formed in exactly the same way as
conventional copper wire,” claims Grant. “This indicates seamless integration with existing motor manufacturing processes.”

Engineers at ORNL are also experimenting with new ways to make lighter EV motors.

“Electric motors are basically a combination of metals—steel laminations and copper windings,” says Burak Ozpineci, manager of
ORNL’s Electric Drive Technologies Program and leader of the Power Electronics and Electric Machinery group. “To meet electric
vehicle targets and goals, we need to increase power density of the electric drive and reduce the volume of motors by eight
times, and that means improving material properties.”

Ozpineci and his colleagues are experimented with carbon nanotube technology to develop electrical conductors that feature
better mechanical strength, lighter weight and higher current capacity. The goal is to improve performance, reduce volume and
increase the power density of EV traction motors.

ORNL engineers recently created a composite that increases the electrical current capacity of copper wires, providing a new
material that can be scaled for use in ultra-e�cient, power-dense motors. The material can be deployed in any component that
uses copper, including more e�cient bus bars and smaller connectors for EV traction inverters.

To produce a lighter weight conductive material with improved performance, the engineers deposited and aligned carbon
nanotubes on �at copper substrates. That resulted in a metal-matrix composite material with better current handling capacity
and mechanical properties than copper alone.

Batteries are always the proverbial thorn in the side of EV lightweight efforts. In electric cars, battery packs account for
approximately one-third of a vehicle’s total weight. To address that issue, automotive engineers are using generative design
software and simulation tools to create lighter batteries.

“Batteries are the new fuel tanks in electric vehicles,” says Rani Richardson, composites and additive manufacturing industry
consultant at Dassault Systemes. “They need to store as much energy as possible to minimize range anxiety, as well as
maintain safety in case of unexpected events. Batteries are highly complex systems, requiring advanced engineering methods
at all levels: from chemistry to cell engineering, to module and pack engineering, and �nally integration into full vehicles.

“[We] provide battery solutions for all of these scales,” claims Richardson. “Our CATIA brand, for instance, provides battery
libraries to e�ciently use 1D simulation for cells, modules and packs. In this system-level representation, the aging, thermal and
electrical behaviors of each cell are combined to understand how an entire module of cells behaves. 

“With the molecular level modeling characteristics, the mechanical, thermal, diffusion and electrical behavior of the individual cell
can then be simulated in 3D,” explains Richardson. “SIMULIA capabilities are extensively used on cell and full battery modules to
improve strength, stiffness and safety in abuse test scenarios. Finally, battery packs integrated into full vehicle models can be
simulated for realistic test conditions.”

European Engineers Tackle EV
Lightweighting Challenges
Engineers at the Technological Institute of Aragon (ITAINNOVA) in Spain are coordinating a new European Union initiative to
develop lightweight components for electric vehicles. The goal of the LEVIS project is to create multimaterial production
technologies that include recyclable resins and bio-based carbon �ber composites.

Thirteen other organizations are involved in the two-year project, including Cenex Nederland, Marelli Suspension Systems and
Steinbeis-Europa-Zentrum.

“[Because] electric vehicles are powered by batteries that often carry considerable weight, car manufacturers and suppliers must
seek new lightweighting technologies to compensate for this excess weight in other car components,” says Agustín Chiminelli,
scienti�c coordinator of the LEVIS project. “These technologies can directly contribute to improving vehicle
e�ciency in terms of kilowatt hours consumed per kilometer, as well as vehicle autonomy, and also reduce environmental
impact.”

Chiminelli and his colleagues will be focusing on three different components: a cross beam, a suspension control arm, and a
battery clamping and packing system.

"We will use multimaterial solutions based on thermoplastic carbon-�ber compounds integrated with metals, which will be
produced through a set of pro�table and scalable manufacturing technologies," explains Chiminelli. “Thanks to their excellent
mechanical properties, these composites, properly combined with metals, are ideal for light applications.

“LEVIS aims to develop [new technology] for these multimaterial components based on resins and environmentally friendly
reinforcement systems, cost-effective manufacturing processes, optimized joints, advanced simulation methodologies and
structural integrity monitoring technologies,” Chiminelli points out. “The combination of these developments will allow us to
obtain lightweight components.”

“The new lightweight components will be developed using a circular approach,” adds Theodora Skordili, business development
manager at Cenex Nederland. “This means that we will pay special attention to the use of recyclable materials and the design of
the components so that, at the end of the useful life of the components, nothing will be wasted and each part can be recycled or
reused for the same component or for others. The useful life of these components will be optimized, and they will be designed to
allow simple and e�cient disassembly and reuse.”
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Currents are slowly pushing autonomous ships
into the mainstream.

AV Ahoy!

By Nathan Eddy, Contributing Writer

Autonomous shipping is the future of the maritime industry, with smart ships changing the way that cargo vessels are
designed, built and operated. Illustration courtesy Wärtsilä

A utonomous vehicle technology is being adapted for use in everything from container ships to tankers. Engineers are also
equipping other types of commercial vessels, including ferries, tugboats and warships, with state-of-the-art navigation

systems that can be safely used in harbors and on lakes, rivers and oceans.

Autonomous shipping is the future of the maritime industry, with smart ships changing the way that cargo vessels are designed,
built and operated. Advanced technology will also revolutionize how ships communicate with ports, with each other and with
human operators on land.

These crewless and remotely controlled ships must be able to monitor their own health, establish and communicate what is
around them, and make decisions based on that information.

To realize the bene�ts autonomous ships can bring the global economy, an extraordinary number of players in the ecosystem,
from the International Maritime Organization (IMO) and technology providers to government agencies and port authorities, will
need to develop common standards for automation, communication, navigation and cybersecurity.

The May�ower Autonomous Ship recently sailed between Plymouth, England, and Cape Cod, retracing the historic
voyage of the Puritans 401 years ago. Photo courtesy IBM

On the upside, most of the technologies needed to make autonomous ships a reality already exist, including different types of
high-de�nition cameras, lidar, radar, satellites and thermal imaging systems.

The major question now is how to fuse multiple sensor inputs in a way that provides the best results, in the most cost-e�cient
way, considering the unique challenges of the maritime environment, such as corrosion, salty air, solar �ares and unpredictable
weather conditions.

“The main players in the shipping industry see automation as something extremely important to the future,” says Pedro Pacheco,
an analyst at Gartner Inc. “The question now is when? Nobody is really in a position to answer this.”

Another big hurdle is the fact there is a certain level of aversion to risk from shipping companies and their customers.

“It will be hard to convince the insurance companies, the owners of the cargo and the shipping companies themselves that
autonomous technology is worth it,” explains Pacheco. “This conundrum must �rst be broken. In the shipping world, it’s not so
much a matter of enthusiasm for a new technology; it’s more about whether it makes a sound business case.”

See us at The ASSEMBLY Show Booth
323

This ship is the �rst U.S.-�ag harbor tug to integrate autonomous systems in real-world commercial operations.
Photo courtesy Foss Maritime

Thomas Pedersen, director of Smart Vessel at Wärtsilä Voyage, which already supplies digital navigation systems to thousands
of commercial ships, believes a step-by-step approach will be required.

“We don’t have the expectation to do a research project over the next four years and then out comes a fully autonomous ship,”
says Pedersen. “We are looking toward automating smaller parts of a ship’s operation, either to increase e�ciency or safety, and
to �rst automate ships that have a simpler operating pro�le. For example, equipping a ship to sail automatically between port A
and port B.”

When it comes to modernizing ship technology, Pedersen believes connectivity is the critical enabling platform, because the
further you get from shore, the more expensive and the more complicated it becomes.

“When you reach a certain distance, the only thing you have left is satellites, which are expensive and relatively slow, especially if
you want redundancy, monitoring and control segregation,” Pedersen points out. 

The deployment of low-orbit satellites tasked with providing better connectivity may eventually help alleviate that issue. 

“It’s going to be a mix between different technologies, so you have a prime and a fallback if the prime stops working,” explains
Pedersen. “It also depends on the operational pro�le.”

For example, Wärtsilä is working on an unmanned project that involves a container ship traveling between two piers. According
to Pedersen, it will be a simple operation in a �xed area, with one player controlling the infrastructure. “It’s an obvious �rst step,”
he says. 

Advanced technology will revolutionize how ships communicate with ports, with each other and with human
operators on land. Illustration courtesy Kongsberg

Making the First Waves

As autonomous shipping evolves, the �rst commercial applications will be con�ned to inland waterways and short-distance
ferries, as well as restricted areas of ports where leisure craft are not allowed.

Wärtsilä recently announced plans to develop an autonomous, zero emission barge for the Port of Rotterdam through a research
project dubbed MAGPIE (sMArt Green Ports as Integrated E�cient multimodal hubs). The effort was borne out of a collaboration
between the port authorities of Rotterdam, DeltaPort in Germany, HAROPA in France and Sines in Portugal.

The installation will include the Wärtsilä SmartMove Suite, which pairs sensor technology with navigation systems to facilitate
automated ship movement.

“Rotterdam is really helping to drive innovation, which they have been doing for many years,” says Pedersen. “MAGPIE is a small
part of a bigger project.”

Tugboat operators also have a keen interest in using unmanned technology for near-shore applications, because autonomy
offers the potential to improve safety and e�ciency.

Autonomous operation enables unmanned tugboats to maneuver alongside traditional manned vessels without the risk of
serious injury. That’s because one of the most perilous elements of a towage operation is when a tug has to engage with a much
larger cargo ship.

U.S. Navy autonomous ships “Ranger” (foreground) and “Nomad” recently completed a long journey, including passage
through the Panama Canal. Photo courtesy U.S. Navy

The tugboat crew has to physically catch the ship’s weighted heaving line from the deck, which can be particularly dangerous in
bad weather conditions or heavy seas. Once the heaving line is captured, a crew member also has to attach the tug’s towing line
to it so it can be winched aboard the connecting ship and secured for towage.

One of the �rst attempts to integrate autonomous systems in real-world commercial tugboat operations was launched earlier
this year. The 100-foot-long Rachael Allen, which was built at Nichols Brothers Boat Builders, in Freeland, WA, will operate off the
coast of California towing ships for Foss Maritime.

It features a SM300 autonomous-command-and-control system supplied by Sea Machines Robotics Inc. Capabilities include
transit autonomy, as well as remote access to the tugboat’s onboard machinery, a feature that allows personnel to manage and
support operations from anywhere on board the vessel or from shore. The tugboat is also equipped with navigation obstacle
detection and avoidance capabilities.

The project marks Sea Machines’ �rst installation of an autonomous system on a vessel over 5,000-hp.

Control centers will enable land-based operators to
monitor �eets of cargo ships. Illustration courtesy
Kongberg

Autonomous cargo ships may become a common sight
on the shipping lanes of the world. Illustration courtesy
Rolls-Royce Commercial Marine

“While our space has seen a number of government-innovation backed prototype initiatives for autonomous tugs in Europe,
Japan and Singapore, it’s notable that Foss is launching the �rst commercially funded project in U.S. waters,” says Michael
Johnson, CEO of Sea Machines. “Our technology has been in use aboard commercial vessels around the world for nearly three
years and is backed up by thousands of hours of testing and validation.

“This is yet another real-world example of how autonomy is reshaping the way work is being done by vessel crews on the water,”
notes Johnson.

Capitalizing on Sea Machines’ remote command and control capabilities, Foss will use its existing Fleet Monitoring Center
personnel to survey the tugboat’s systems and operating domain via streaming video and sensor data.

“By having an extra set of eyes and hands with access to vessel command and control, the Sea Machines system allows [us] to
maximize productive time, safety and crew welfare,” explains Will Roberts, president and CEO of Foss Maritime. “[We are]
leveraging cutting-edge technology to take on the routine work and allow crew to focus on higher-level tasks and improve safety,
while also increasing productivity and e�ciency during harbor operations.”

Back to the Future
The �rst attempt by an autonomous ship to cross the Atlantic Ocean has revealed just how hard implementing such technology
can be. In mid-June, the May�ower Autonomous Ship (MAS400) set off to retrace the historic 1620 voyage of the Puritans from
Plymouth, England, to Cape Cod, MA.

But, a few days later, the 49-foot vessel operated by IBM and Promare, a nonpro�t ocean research organization, encountered a
"minor technical issue" and was forced to abort the attempt and return back to port. They plan to try again later this year.

The state-of-the-art trimaran is equipped with 30 sensors, 15 edge devices and six cameras that will be monitored by a land-
based crew. GPS, lidar, radar and other devices will also help the new-age May�ower safely navigate around buoys, cargo ships
and other ocean hazards.

The next-gen May�ower is powered by a hybrid propulsion system that uses a solar-powered electric motor, in addition to
batteries and a diesel generator for emergency backup power.

With no human captain or onboard crew, the research vessel uses automation, arti�cial intelligence and edge computing
technology developed by IBM engineers. The 5-ton ship will assess its status, environment and mission, and make decisions
about what to do next while at sea.

One goal of the MAS400 project is to help scientists gather data they need to advance understanding of key global issues
affecting ocean health, including acidi�cation, microplastics and marine mammal conservation.

A European project called RECOTUG will enable a tugboat to be fully operated from a remote operation center on shore in the
port of Copenhagen. Kongsberg Maritime will provide the remote control systems and autonomous technology. The American
Bureau of Shipping and Svitzer A/S, a leading tugboat operator, are also involved in the project.

According to Anders Thybo, program lead for operational innovation at Svitzer, the primary technical challenge to widespread
adoption of unmanned technology is the development of algorithms for object detection and decision making, as well as the
interface between human operated ships vs. autonomous ships.

“It would be key to control how an autonomous vessel should behave if it encounters a manned vessel that does not obey the
international regulations for preventing collisions at sea,” says Thybo. “From a towage perspective, our mission is to explore and
exploit how advanced autonomous technology and innovation can improve safety and [create] more operational e�ciency.”

However, despite recent advancements, humans will likely play an important role in the maritime industry for years to come.

“Vessels will still need to have small maintenance and repair jobs done while in operation, such as simple things like changing
engine �lters or painting surfaces,” explains Thybo. “As such, we foresee a human in the loop of our operations for the
foreseeable future.”

Autonomous ships rely on lidar, radar and vision systems to detect obstacles and avoid collisions. Illustration courtesy
Sea Machines Robotics Inc.

Common Standards

The IMO aims to integrate autonomous technology into the regulatory framework, balancing the bene�ts derived against
important factors such as safety and security concerns, environmental impact and potential costs to the maritime industry.
Among other things, it must ensure that standards for Maritime Autonomous Surface Ships (MASS) keep pace with rapidly
evolving technological developments.

In May, the organization’s Maritime Safety Committee completed a regulatory scoping exercise to analyze relevant ship safety
treaties to assess how MASS could be regulated. The IMO identi�ed various degrees of automation ranging from crewed ship
with automated processes and decision support (Degree One); remotely controlled ship with seafarers on board (Degree Two);
remotely controlled ship without seafarers on board (Degree Three); and fully autonomous ship (Degree Four).

IMO o�cials also highlighted several high-priority issues that need to be addressed at a policy level to determine future work.
These involve the development of MASS terminology and de�nitions, including an internationally agreed de�nition of MASS and
clarifying the meaning of the term “master,” “crew” and “responsible person,” particularly in degrees Three (remotely controlled
ship) and Four (fully autonomous ship).

Other key issues include addressing the functional and operational requirements of a remote-control station or center, and the
possible designation of a remote operator as a “seafarer.” The organization is currently seeking input from shipping companies,
equipment providers and other stakeholders as it develops a regulatory framework.

With the pace of technology changing rapidly, the IMO plans to address the bene�ts derived from these technologies against
safety and security concerns.

In the future, autonomous cargo ship convoys may be widely used to move goods between ports.
Illustration courtesy Wärtsilä

Aligning Currents of Development

Kongsberg’s recent acquisition of Rolls-Royce Commercial Marine enabled the company to consolidate its own developments in
autonomous docking with Rolls-Royce’s autonomous transit technology, resulting in a product that could cover an entire voyage
from port to port.

“Our focus used to be on vessel capabilities and how to navigate safely with sensors, but if you want to remove the crew, you still
need to have an environment with a remote operation center with the right data and connectivity links with redundancy and
security,” says An-Magritt Tinlund Ryste, director of next-generation shipping at Kongsberg.

Then there’s the question of what technologies to use and where. As Ryste points out, lidar can be good for a harbor, but not cost
optimal for deep sea operations. “You have to think of the cost bene�t of adding more equipment,” she points out. “We’re not
doing autonomy for the sake of it; we’re doing it to solve safety, emissions or logistical challenges.”

Part of the focus at Kongsberg is adding optical sensors for navigation that can pan, tilt and zoom to track objects and apply
machine learning to predict the movement of an obstacle. The devices also need to recognize an obstacle’s shape, how it will
move and in which direction.

Ship technology has changed dramatically over the last 400 years. Illustration courtesy IBM

“Then, you have to think about how you’re able to collect data from multiple sources and make sense of it, and utilize those data
sets, as well as have trust that what you have detected is actually accurate,” explains Ryste. “Remote piloting has been more
heavily investigated in the last year. It has changed our way of thinking and has set the scene for a change of pace that hasn’t
been there before.”

According to Ryste, another challenge the maritime industry faces when developing autonomous shipping technology is �nding a
balance between complex algorithms fed into arti�cial intelligence and machine learning systems and the hard-won knowledge
that comes from years of captaining and seamanship. For instance, while rules of sea take into account a meeting of one or two
vessels, in a more chaotic environment the correct course of action to take comes down to good seamanship.

“Finding the right operational patterns is essential when writing code for these algorithms, because it’s about capturing that
operational knowledge into the technology,” says Ryste. “It’s just expertise, knowledge and experience.”

That requires hiring software developers and AI specialists who are can follow, monitor and ask the right questions to the right
group of veteran sea captains over time.

A variety of projects are developing autonomous ship technology. Photo courtesy Sea Machines Robotics Inc.

“Finding that combination is really rare,” warns Ryste. “We look for those kinds of people who are great at listening and observe
what the captain is doing.”

While it’s easy to design reactive technology that responds to a certain event, software developers who can design proactive
technology are the ones who understand the complexity of what companies like Kongsberg are trying to do.

“How do you plan to avoid something that hasn’t occurred yet?” argues Ryste. “That’s where seamanship comes into play.”

Gartner’s Pacheco also points out the myriad edge cases—from heavy fog to heavily armed pirates—that require evasive
maneuvers or complicated interactions with land-based operation centers.

“How does an autonomous cargo ship deal with that situation in terms of having the right awareness to make the correct
response?” asks Pacheco. “It’s about having that discernment.”

He points to other critical situations where a technical problem on board arises, noting that maintenance is a big part of
merchant crew responsibilities today.

“If something happens and the ship gets stranded, and nobody is on board to deal with that situation, someone will need to go
out and solve that problem,” says Pacheco. “A situation like that could easily derail the cost savings.”

Two unmanned warships named Sea Hawk (left) and Sea Hunter have been
undergoing trials off the coast of California. Several larger unmanned surface
vessels are also under construction at shipyards on the Gulf Coast. Photo courtesy
U.S. Navy

Time and Tide

While some autonomous ships are
currently in operation, it will be several
more years before the technology is
widely adopted. Some experts
cautiously predict it will be at least �ve
years before fully autonomous cargo
vessels will be plying global trade
routes without human crews. 

The maritime industry is gradually
moving toward using smaller onboard
crews. This will be followed by a
period of testing more automated
functionality until shipping companies
receive external approval to operate
vessels with no crew on board.

Kongsberg already boasts an autonomous passenger ferry that operates between two Norwegian cities. The short crossing is
fully automated, but monitored by an onboard captain. Many passengers don’t even realize the ship is navigating by itself.

There’s broad consensus throughout the maritime industry that the operation of autonomous ships will need to be at least as
safe as existing vessels if they are to secure regulatory approval, as well as the support of ship owners, operators and seafarers.

However, when new, emerging technology is involved—particularly in a relatively conservative industry like shipping—wider and
deeper understanding of potential risks, as well as known and unknown hazards, is needed, which will take time.

“The type of automation we will see in ships will come progressively, so the technology [will need to be] tested and proven,” says
Pacheco. “You start automating some functionalities, then you move onto the next level, until you reach full automation.”

Wärtsilä’s Pedersen views the situation similarly, but predicts there will be a tipping point where shipping companies will go from
a fear of the technology not working to a fear of missing out. Once this feeling starts to take effect, he believes it will have a
signi�cant impact on the global maritime industry.

“Efforts to automate shipping are already happening in small areas where like-minded people get together from different
companies and make it happen,” explains Pedersen. “Would it be nice to have a more streamlined process? Absolutely. Is it
something I expect to happen anytime soon? No.”

U.S. Navy Anchors
Autonomous Ship R&D E�orts
Naval engineers see a bright future for unmanned surface ships. In fact, the U.S. Navy has several autonomous vessels currently
operating in sea trials.

Recently, two supply ships successfully travelled more than 4,500 miles, via the Gulf Coast and the Panama Canal, to the West
Coast. It’s part of the Navy’s secretive Ghost Fleet Overlord program that is studying the bene�ts of unmanned vessel
technology. Except while transiting the Panama Canal, the ships operated almost entirely in autonomous mode as engineers
collected data.

Earlier this year, the U.S. Navy Paci�c Fleet conducted an exercise dubbed Unmanned Integrated Battle Problem 21 (IBP21). A
variety of unmanned aerial, surface and underwater vehicles were put into real-world, “blue-water” environments, working in
sync with manned platforms in combat drills.

“Advancements in technology have created the opportunity to provide our military with an operational advantage by developing
improved command and control capabilities,” says Dorothy Engelhardt, director of unmanned systems for the deputy assistant
secretary of the Navy for ships. “This enables our military to be more agile, lethal and decisive.”

“Large-scale exercises such as IBP21 are critical for the Navy and Marine Corps to make the transition to a hybrid manned-
unmanned force in the future,” adds Rear Admiral Lorin Selby, chief of naval research. “These demonstrations ensure what
works in theory will work in the �eet—in an environment that is messier, dirtier and wetter than a lab. They also allow us to get
valuable feedback from the Sailors and Marines themselves.”

According to Selby, the purpose of IBP21 was to explore a variety of questions about how unmanned systems can be
incorporated into �eet operations. For example, how can unmanned and manned systems work together effectively in diverse
war�ghting scenarios, and how can unmanned systems be seamlessly integrated into existing platforms?

“Unmanned systems are resilient, enable better beyond-line-of-sight targeting, and improve battlespace awareness and
command and control,” explains Selby. “They also provide signi�cant advantages in ISR (intelligence, surveillance,
reconnaissance) and targeting and �ring capabilities, without creating additional risks to the mission or war�ghters. The result—
more effective offensive and defensive postures.”
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Sound absorption and noise dampening
present huge challenges in electric vehicles.

The Quest for Quiet

John Challen, Contributing Writer

Automakers and suppliers are scrambling to reduce noise in electric vehicles. Photo courtesy Audi AG

A utomotive engineers have been tackling unwanted vehicle noise for decades. Their focus consists of a combination of
sounds and vibrations from a vehicle’s drivetrain, as well as ambient road noise from outside vehicles.

Reducing noise, vibration and harshness (NVH) becomes even more challenging with electric vehicles. Increasing levels of
electri�cation mean even subtle noises are more pronounced than ever.

The emergence of EVs has led the automotive industry to a conundrum based around the dual issues of weight and noise. In
most cases, the weight of cars powered purely by internal combustion engines (ICE) was not really an issue, so huge amounts of
sound deadening materials could be used to mask the sound of that engine (and other noises) entering the cabin.

However, in the world of battery-powered transportation, every mile of vehicle range counts, which means that vehicles have to
be as lightweight as possible to go as far as possible. While there might not be any noise coming from an engine, you can’t
underestimate the whine of electric motors, the rumble of low-rolling resistance tires or the sound of rushing wind that can all
disrupt quiet interiors.

According to a recent study conducted by BIS Research, the acoustic and thermal insulation material market for EVs will grow 21
percent annually over the next decade.

“Ancillary noises hamper the driving experience and disturb the acoustics from sound systems or haptic feedback while driving,”
notes Shivam Priyadarshi, principal analyst at BIS Research. “The increasing application areas for insulation in electric vehicles
have led to surging demand for various insulation materials, such as foams, �bers and rubber pads.”

However, EVs will also demand new types of sound absorption and sound dampening technology to ensure a quiet ride. This
challenge is forcing automakers and suppliers to consider using a number of innovations that go beyond traditional foams,
sealants and tapes. Here’s a look at a few of the options currently available to automotive engineers.

Electric vehicles demand new types of sound absorption and sound dampening technology to ensure a quiet ride for
drivers and passengers. Illustration courtesy Molex LLC

May the “Frunk” Be With You

“The mitigation of noise and vibration is a complex challenge that’s increasingly critical as the number of electric vehicle models
proliferate,” says Davide Caprioli, head of acoustics and thermal management at Autoneum. “In the absence of ICE noise, the
relative silence of an electric car accentuates the sounds emitted by the motor and caused by the vibration of structural
components.

“The accelerated development of electric vehicles places enormous pressure on automotive OEMs to �nd optimal acoustic
treatments and explore new sustainable materials as early as possible,” explains Caprioli.

Autoneum’s Ultra-Silent underbody system, which is up to 50 percent lighter than conventional plastic products, is currently used
to absorb sound in a variety of vehicles. The company also recently developed a “frunk” speci�cally for use in EVs.

Replacing the space left by removing the engine from ICE cars and trucks, frunks provide extra storage space in a variety of
vehicles. One example is the new Ford F-150 Lightning pickup truck, which provides a covered storage area at the front of the
vehicle.

“The Ultra-Silent-based frunk improves vehicle acoustics,” claims Caprioli. “With no engine noise, external and internal sound
sources, such as motors and compressors, are more audible in EVs.

See us at The ASSEMBLY Show Booth 1613

With no engine noise, external and internal sound sources, such as motors and compressors, are more audible
in electric vehicles. Illustration courtesy Free Field Technologies

“Due to their sound-absorbing textile material composition, Ultra-Silent components reduce annoying noises at the source,”
Caprioli points out. “Additionally, synergies with other acoustic components have a positive impact on the vehicle’s overall
acoustic comfort. The frunk made of Ultra-Silent is highly sustainable as well. It is made entirely of polyethylene terephthalate
and contains up to 70 percent recycled material.”

Caprioli predicts that future innovations in EV noise reduction will come from a strategic partnership between Autoneum and
software specialist Free Field Technologies (FFT), a division of Hexagon. The goal of the joint venture is to use computer-aided
engineering technology to help engineers design quiet and comfortable EVs without adding unnecessary weight.

The companies plan to incorporate Autoneum’s simulation methods for vehicle acoustics into FFT’s Actran modeling software.

“Accurate prediction of acoustic performance signi�cantly reduces the time that engineers invest in design,” says Diego Copiello,
product manager at FFT. “From the whine of the electric motor and vibration in the power train to noise from heating and air-
conditioning units, wind resistance and tires, there are multiple variables that make acoustic design a complex challenge to
solve.”

Automotive engineers are exploring new ways to make electric vehicles quiet. Photo courtesy Autoneum

Interior Noise Simulation

When looking at noise reduction in EVs, it’s not just damping and sound absorption that has to be taken into account. Indeed, the
total transmission process from source to excited sound has to be carefully considered and analyzed.

“The perceived sound quality in the vehicle interior is determined by tonal noise shares induced by the electric drivetrain, which
are often unpleasant to the ear,” says Norbert Alt, Ph.D., executive vice president and chief operating o�cer at FEV Group GmbH.
“In combination with other awkwardly perceived high noise shares of wind and tire sounds, the optimization process of the total
interior sound of electric vehicles is challenging.”

To address the issue, FEV is applying simulation methods to describe the noise generation chain. Analysis tools, which are
increasingly based on machine learning approaches, enable engineers to get a deep insight into the component sound parts.

In combination with acoustic investigations at the vehicle and component level, noise excitation mechanisms can be identi�ed
and disturbing noises reduced or even avoided. In addition, advanced equipment such as acoustic cameras and near-�eld
holography are used for this purpose.

Sound-absorbing textile
materials can help reduce
annoying noises. Photo
courtesy Autoneum

“An intensive knowledge about the vehicle’s relevant transfer paths is also necessary,” explains Alt. “Sophisticated tools based on
transfer path analysis such as FEV VINS (Vehicle Interior Noise Simulation) are used to reveal recommendations for additional
damping.

“These include mounts and absorbing by secondary measures,” says Alt. “Being under the constraint of weight and costs, these
measures are therefore rated against these criteria.

“In addition to active and passive methods of noise reduction, the possibility of sound design arises,” Alt points out. “The
frequency content of the dominating drivetrain, wind and tire shares must be considered to form a base to design a vehicle’s
sound pack.”

FEV has already developed a modular tool to generate customized and unique sounds, with the possibility of real-time sound
synthesis based on simulated driving data.

The new F-150 Lightning pickup truck features a “frunk” that provides extra storage space at the front of the vehicle.
Photo courtesy Ford Motor Co.

Acoustic Pads

Acoustic systems for EVs need to be light, easy to handle and invisible after installation. Electric drives generate much less noise
than ICEs. That means other sounds, such as the rolling of tires, airstream or creaking sounds, are much more noticeable.

Inverters are another common source of noise. Frequency is typically around 8 kilohertz (kHz), although it may range anywhere
between 4 and 12 kHz. In other words, more noise at lower and higher frequencies needs to be absorbed.

Combining acoustics with thermal insulation is becoming increasingly important. In winter, an electric car’s air conditioning
system is used to generate heat, which means it requires some of the battery’s power and therefore reduces battery range. So,
thermal insulation for components is attracting a great deal of interest.

Acoustic Pads developed by the Freudenberg Group meet all these requirements. By maximizing the �ber-air distribution, the
company’s traditional absorbers already provide some thermal insulation. Thermal conductivity of just 0.02 watts per meter-
kelvin is achieved through the use of aerogels.

Electric vehicles require new types of sound and vibration testing equipment. Photo courtesy FEV Group GmbH

“Generally speaking, the sound absorption performance of porous absorbers can be �ne-tuned by adjusting the weight, the
thickness and the proportion of �ne-�bers,” says Svetlana Schoenhals, sales manager at Freudenberg. “[We have] combined two
core competencies from [our] apparel padding business and �ltration activities to achieve this. These two �elds of expertise are
ultra-light, maximum-volume dry-laid nonwovens and micro�ber nonwovens. Both have a de�ned �ow resistance and convert
the kinetic energy of the sound into thermal energy.

“We use the ultra-light, maximum-volume dry-laid nonwovens, because absorption in the lower to mid-frequency range improves
as the thickness increases,” explains Schoenhals. “An ultra-light, high-volume absorber, plus an air �ow resistance layer that is as
dense as possible, achieves other effects similar to those of a �exible panel absorber, thus helping to absorb sound. Combining
porous absorbers and plate transducers allows us to cover a broader bandwidth by selecting the absorber thickness.”

The sound absorption performance of porous materials
can be �ne-tuned by adjusting the weight, thickness and
proportion of �ne �bers. Illustration courtesy
Freudenberg

Advanced sensor technology can be used to capture and
cancel road noises. Illustration courtesy Molex LLC

Quiet Aluminum

Many startup EV manufacturers turn to aluminum to save weight. However, the fact that it is lightweight doesn’t automatically
eradicate noise levels or sources. Mass is actually very good for a quiet car, but when you lighten up the vehicle many of the
systems and components used to reduce sound end up adding a lot of weight.

During a research exercise, engineers at Material Sciences Corp. (MSC) discovered that many types of damping treatments are
used in aluminum vehicles. To avoid this, they developed Quiet Aluminum, which consists of two skins of aluminum bonded
together with a viscoelastic core. In essence, the core is a very thin polymer that is approximately 0.02-millimeter thick. The
skins are generally the same thickness for formability, but they can be formed of different widths.

“Quiet Aluminum is a lightweight, formable engineered laminate that delivers the weight-saving advantage of aluminum
components without the need for additional thickness or add-on sound deadening materials to meet NVH targets,” says Matt
Murphy, chief technical o�cer at MSC. “It is an ideal material for EV applications where both qualities—light weight and reduced
NVH—are at a premium.

“The viscoelastic core was developed to allow the two aluminum layers to sheer at a micro level, creating high-quality damping,”
explains Murphy. “That eliminates add-on treatments, which translate into big weight savings.”

According to Murphy, some treatments used on aluminum components can be very thick. For instance, mastics up to 4
millimeters thick are used on some light-duty trucks, because noise is such a problem. So, in some cases, damping treatments
can end up weighing just as much as the aluminum parts.

MSC uses several different recipes for its viscoelastic core. One is designed for a higher temperature environment, while the
other is for ambient temperature applications. As a result, some MSC customers use Quiet Aluminum on inverters, which have
high-frequency noise issues.

Quiet Aluminum is a lightweight, formable engineered laminate that delivers weight-savings without the need for
additional thickness or add-on sound deadening materials. Photo courtesy Material Sciences Corp.

Noise Cancelling Sensors

Advanced sensor technology can be used to capture and cancel road noises. Sound reduction is managed by capturing noise
signatures using microphone- and accelerometer-based devices. These sensors play a critical role in combatting unwanted road,
wind and HVAC car noise, while reducing low-frequency sounds that increase driver fatigue.

Molex LLC and Silentium Ltd. are currently working together to develop active noise cancellation systems. Early this year, Molex
unveiled an accelerometer-based device that is the �rst product in a new family of automotive active noise cancellation sensors.
Molex also announced that its RNC sensor has been tested and validated with Silentium’s Active Acoustics software, which
removes up to 90 percent of unwanted noises across a broad band of frequencies (from 20 Hz to 1 kHz) to improve driver
comfort and safety.

“As the transition to electri�ed vehicles intensi�es, it will become critical to reduce road noise, which today is masked by internal
combustion engines,” says Carrieanne Piccard, vice president and general manager of the Transportation Solutions Business
Unit at Molex. “In particular, the elimination of frequent humming or droning noises coming from roads and tires is critical to
decreasing ‘highway hypnosis’ and driver fatigue.”

Active noise cancellation technology uses sensors on each wheel to constantly monitor vibrations from the road surface. It then
calculates the opposite phase sound wave needed to remove the noise heard by vehicle occupants. By monitoring in real-time,
unexpected noises from potholes or rough surfaces can be isolated and removed via an advanced cabin sound system.

Silentium’s noise cancelling system is already being adopted by leading automotive suppliers and OEMs, such as Jaguar Land
Rover.

“The technology, introduced on the Jaguar F-PACE, Jaguar XF and Range Rover Velar, is capable of lowering unwanted noise
peaks by 10 decibels (dB) and overall noise levels by 3 to 4 dB, which is the equivalent of turning down the in-car sound system
by four ‘steps,’” claims Yoel Naor, CEO of Silentium. “This signi�cant reduction in exposure to low-frequency noises up to 300 Hz
can help prevent driver fatigue on longer journeys.”

This lightweight acoustic
meta-material uses a
combination of a lattice
structure and plastic �lm
to control air vibrations.
Photo courtesy Nissan
Motor Corp.

New-Age Acoustic Insulation

Other automakers are also developing new technology to make EV interiors quieter. Engineers at Nissan Motor Corp. recently
developed a lightweight acoustic meta-material that uses a combination of a lattice structure and plastic �lm to control air
vibrations. This con�guration limits the transmission of wide-frequency band noise (500 to 1200 Hz), such as road and power
train sounds.

Prior to the introduction of the new insulation material, other items used to isolate this frequency band consisted mainly of
rubber board. Nissan’s meta-material weighs 25 percent less than these, while providing the same degree of sound isolation.

Because of its simple structure, the material is cost-competitive vs. traditional types of insulation. Therefore, it can also be used
in vehicles where the use of sound insulation materials is currently limited due to cost or weight.

“We plan to use acoustic meta-material in a wide range of applications, not only in luxury cars and electric vehicles,” says
Susumu Miura, an advanced material engineer at Nissan in charge of the project. “Through development and use of this
material, we aim to make our customers’ driving experience more comfortable and enjoyable.”

Automakers rely on a variety of sound and vibration measurement equipment to develop quieter electric vehicles.
Photo courtesy Bruel & Kjaer

Active Road Noise Control

Noise damping is a way of preventing vibration in vehicle bodies by converting the vibrations into heat. It works by reducing
energy stored in an oscillation. The goal is to slow down an oscillatory system as fast as possible by adding noise damping
materials into the system. Reduction of the duration and size of vibration a vehicle experiences will result in a reduction in noise.

For decades, Bose Corp. has been known for high-quality speakers and audio systems. However, its engineers have now turned
their attention to minimizing unwanted sound in EVs caused by driving over rough roads, grooved concrete and uneven
pavement.

Conventional approaches to solving this problem typically include adding thick insulation to the vehicle body, using customized
tires that trade drive performance for lower noise, and other passive countermeasures that can increase vehicle weight and
drive down fuel e�ciency.

To address the issue, Bose’s automotive division recently developed a smarter, more �exible and adaptable electronic solution
that uses a vehicle’s existing sound system. QuietComfort relies on a combination of accelerometers, proprietary signal-
processing software, microphones and the vehicle’s audio system to electronically control unwanted sound.

Accelerometers mounted on the vehicle body enable an algorithm to continuously measure vibrations that create noise. This
information is then used to calculate an acoustic cancellation signal, which is delivered through the vehicle’s speakers to reduce
the targeted noise. Microphones placed inside the cabin monitor residual noise levels, allowing the system to adapt the control
signal for optimized performance over different road surfaces, while automatically adjusting over time as the vehicle ages.

“For years, we’ve been asked why we can’t simply adapt our noise cancelling headphone technology to vehicle cabins for a
quieter driving experience,” says John Feng, manager of active sound management solutions at Bose Automotive. “But, it’s much
more di�cult to control noise in a large space like a car cabin compared to the relatively small area around your ears. Through
research advances and our relentless efforts to solve tough problems, we’ve [now achieved a level of road noise reduction that
sets us] apart from competitive offerings.”
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Testing challenges and opportunities pave the road to electromobility

Are We There Yet?

Alessandro Messina // Electric Vehicle Technologist// Marposs S.p.A.

Electric vehicles (right) pose different unique challenges vs. traditional internal combustion engine vehicles.

Illustration courtesy Marposs S.p.A.

T he automotive industry has been experiencing an unprecedented transition that will lead to a complete revision of the
mobility concept. Totally new principles around the idea of driving—autonomous, connected, electric, shared—are

proceeding decisively, albeit at different speeds. While fully autonomous driving is still considered a long-term goal, the spread of
electric vehicles is a de�nite trend affecting all automakers and suppliers.

The electri�cation process is creating a radical revolution in a market that has traditionally been populated with well-known, long-
established rules and players. In the past, the process of continuous innovation in power train technology, aimed at improving
performance and reducing environmental impact, has focused on technologies related to the internal combustion engine (ICE).
Today, the advent of the electric power train has reset this situation, essentially putting everyone back on the same starting line.

It is no coincidence that the best-selling brand of EVs today—Tesla—did not start with existing ICE technologies. Similarly, leading
producers of lithium-ion batteries have seen new opportunities open up with access to the automotive market.

OEMs and Tier One suppliers that have traditionally focused on the automotive market have had to adopt their products and
convert their production facilities to compete in the EV era.

This situation has somewhat favored suppliers that were already supplying components similar to those used in electric power
trains. The need of automotive OEMs to quickly get to market with hybrid or full electric solutions initially tipped the scales
toward the use of external suppliers for main components, such as batteries and motors.

However, this is a transitory condition that is not sustainable for automakers in the long term, as it excessively shifts the costs of
the car to the “buy” side. In fact, all major car manufacturers are gearing up to become more vertically integrated.

While this complex scenario is rapidly evolving, engineers must �nd a way to deal with pre-existing technical and production
realities. It is the norm to expect new teams of technology specialists within the R&D and prototyping departments to meet the
new power train requirements. However, production environments are seeing personnel with great experience in the ICE world
now being converted to EV projects.

EV startups are also facing production problems and quality standards that are typical in the automotive world. There are skill
and experience gaps that will take years to �ll.

Testing of different, and often interconnected, parameters are required to determine the functional behavior of EV
components. Illustration courtesy Marposs S.p.A

ICE vs. EV Testing

The EV market presents a dynamic and rapidly evolving
scenario, but it is still a sector that is taking its �rst steps
when compared to the traditional automotive industry.

The scenario is made even more complex by the very
nature of the key components involved in this transition.
From a purely mechanical point of view, an electric power
train has a much lower level of complexity than an ICE. On
the other hand, to guarantee quality and reliability, other
parameters become relevant, such as electrical and
magnetic quantities.

In the case of batteries and fuel cells, compliance with
extremely restrictive safety conditions plays a fundamental
role. This can only be satis�ed by means of controls that
address the electrochemical behavior of the system.

With these premises, it is practically impossible to bring the
topic of quality control back to the �eld of pure metrology. It
is necessary to develop transversal skills to problems that
no longer include only measurement, but also inspection
and testing of different heterogeneous parameters that are
often interconnected, to determine the functional behavior
of the component.

The main characteristics of these components and the
peculiarity of the processes with which they are produced
require the use of different technology, even in cases where
purely dimensional checks are required. See us at The ASSEMBLY Show Booth 437

For instance, continuous �ow processes are often used on extremely sensitive and delicate materials. Noncontact technologies
are becoming increasingly widespread, both for measurement and for inspection and nondestructive testing. In many cases, the
best solution to EV measurement challenges can only be achieved by combining different techniques.

The universally recognized quality standards for the production of ICE vehicles are the result of a progressive �ne-tuning
operation that was able to make use of more than a century of laboratory experiments, design and production experiences,
combined with feedback from a vast �eet traveling in diverse environmental and use conditions.

This breadth of �eld evidence is not yet available for EVs, and laboratory simulations can only partially compensate. This is a
condition that we must carefully consider, and whose effects we see every day in addressing the issues of quality and process
control on electric power train components.

Nondestructive leak testing machines can help identify the presence of leaks in prismatic or cylindrical battery cells,
modules and battery pack assemblies. Photo courtesy Marposs S.p.A

Testing Standards Variability

A striking example is represented by the tightness controls required on EV battery packs. All automakers de�ne sealing
standards (from IP67 up to IP6k9k) which ultimately refer to the need to ensure the impermeability of the pack from water or
other forms of in�ltration that could compromise its functionality.

However, the IP speci�cation actually refers to a functional type of performance that may depend on various factors, including
the methods of design, execution and assembly. These variables are unlikely to translate into univocal test speci�cations. As
proof of this, the leak test speci�cations de�ned by different producers can differ by various orders of magnitude, although the
required function is always the same: to guarantee the perfect sealing of the pack.

In cases like these, engineers must be able to adapt to different speci�cations, with different parameters that can range from
tests in air (pressure drop or mass �ow) to more sensitive tests with tracer gas, by sni�ng technologies or in accumulation or
vacuum chambers.

Engineers must also take into account the fact that testing speci�cations could change and become more stringent when
particular types of failure are found in the �eld. As a result, it’s important to provide a su�cient degree of �exibility and be able to
adapt to regulatory standards that may be still evolving.

Another critical challenge with EVs concerns the insulation tests on electric motor components (typically stators or wound
rotors). The tests imposed by the regulations (such as surge or hi-pot) can, in fact, only identify the existing insulation defects.
They are not able to highlight latent defects, which can trigger perforation of the insulation and generate defects that will appear
only with the use of the motor.

However, the use of partial discharge test techniques that we usually suggest to identify latent defects is not yet imposed by
automotive regulations. In the future, more OEMs and suppliers will be forced to adopt them to improve the reliability of their
products.

In-line insulation testing of a stator with partial discharge measurement can prevent motor insulation failures. Photo
courtesy Marposs S.p.A

Optoquick is a �exible dimensional measurement machine
that is ideal for testing rotors used in EV motors. Photo
courtesy Marposs S.p.A

Increasing Speed and Complexity

Intense competition and the drive for continuous innovation
also involve other particularly signi�cant aspects for
companies that want to play a leading role in quality and
process control in the world of electromobility.

The typical timing for the launch of a new car model is
progressively shortening. This entails the need to be involved
in the de�nition of control and measurement in a very early
stage of the project. EVs present an even greater need to
operate in concurrent engineering mode than what was
already required for ICE projects.

The proliferation of new models in the face of still low sales
volumes, and the need to collect experience and data, also
demands measurement, inspection and testing technology
that can guarantee maximum �exibility, even at the expense
of the cycle time.

But, growth in sales volumes with the spread of EVs on the
market will reduce production costs and improve the
e�ciency of assembly lines.

This will lead to a reduction in cycle times, even in
measurement and testing operations. Investments in process
control along the entire line will be intensi�ed to reduce scrap
percentage on the �nished product.

In some areas of EV power train production, overall equipment effectiveness might not compare yet with the traditional
standards, but this must change. There will be more opportunity for companies that have quality and process control experience
within the automotive sector to transfer this knowledge to address problems associated with EV power train components.

It will be essential to know how to adapt to the rapid innovations that will characterize the EV sector in the coming years.
Manufacturers that succeed will apply state-of-the-art technology dedicated not only to measurement and inspection in the strict
sense, but more generally to control of new processes and execution of functional tests.
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By Austin Weber, Senior Editor // webera@bnpmedia.com

EVBOX CHARGES AHEAD
WITH NEW U.S. FACTORY

PRODUCTION LINE

The new Iqon charger is designed for use in parking lots. Photo courtesy EVBox Group

Today, gas stations are a ubiquitous part of the urban landscape. They are found at numerous intersections and off-ramps. But,
once upon a time, service stations were few and far between. As a result, one of the biggest fears of early motorists was running
out of gas while on a long-distance road trip.

Today, history is repeating itself when it comes to electric vehicle charging stations. Range anxiety is preventing many
consumers from taking the plunge into EVs.

In fact, according to a recent survey conducted by EVBox Group, a European supplier of charging equipment, most EV drivers (78
percent) say they don’t have enough options for charging their cars at work.

But, that may be about to change in the near future, especially if Congress passes President Biden’s controversial $2 trillion
infrastructure plan, which calls for 500,000 new public charging stations by 2030. Even if half that number of stations are
installed over the next decade, it would go a long way toward spurring widespread EV adoption in the United States.

EVBox believes that electric vehicle chargers will soon be just as common as gas pumps are today. The Dutch company has
already installed more than 250,000 charging ports in more than 70 countries, and is aiming for 1 million units by 2023. In Europe,
it is the sole supplier of public charging infrastructure in cities such as Amsterdam, Monaco and Rotterdam.

EVBox recently unveiled a Level 2 AC commercial charging station called Iqon that is designed for use in parking lots. The sleek,
UL-certi�ed device is 6 feet tall and features an 8-inch LCD touch screen.

EVBox’s new factory in Libertyville, IL, is patterned after its �agship facility in Bordeaux, France. Photo courtesy EVBox
Group

“Iqon alleviates many of the common problems faced at EV charging locations at shopping centers, hotels, parking facilities or
workplaces, and improves the charging experience for drivers and operators alike,” says Gianpaolo Casciano, head of marketing
and growth for North America at EVBox. “By creating Iqon for the North American market, we are expanding our AC charging
options and directly responding to the rapidly growing EV charging needs in public spaces across the U.S. and Canada."

EVBox is currently in the process of ramping up its �rst factory in North America. The facility in Libertyville, IL, a northern suburb
of Chicago, will assemble several varieties of chargers.

Autonomous & Electric Mobility recently asked Casciano to discuss his company’s production philosophy and assembly strategy.

AEM: Why did EVBox decide to establish a factory in the Midwest? 
Casciano: In February 2020, we leased a 60,000-square-foot facility in Libertyville that is an ideal location, because it is central to
both the U.S. and Canada. This will help with product distribution to these markets, and it’s close to Detroit and Indiana, which
are hubs for many OEMs and component manufacturers. The proximity to O’Hare International Airport is also key for customers
and our employees.

AEM: Did you build a new factory or move into an existing facility?

Casciano: We moved into an existing brown�eld facility that was previously owned by Motorola Inc. The facility is ideal for
production and warehousing. It’s also an ideal spot to help us meet the current needs of our employees and customers, while
offering opportunities for expansion in the future. When complete, our space will provide two distinct areas: a 60,000-square-foot
operations center for warehousing and production, and an 8,000-square-foot o�ce suite.

See us at The ASSEMBLY Show Booth 219

EVBox produces a variety of electric vehicles charging stations. Photo courtesy EVBox Group

AEM: Will you be building your full product line in the U.S.?

Casciano: This location will enable us to produce around 200 DC fast-charging units per week, which is a level of production we
expect will create between 80 and 120 new jobs in the immediate region, if not more. In the future, the factory will produce all AC
and DC products for the U.S. market, and we plan to grow as the EV market grows to help meet demand.

AEM: How does your new U.S. facility compare to your existing factory in Bordeaux, France?

Casciano: Our design and manufacturing facility in France helped create a foundation for our Libertyville location. Across all of
our facilities, we pool our experience, knowledge and success to sustain consistency, growth and continuous improvement.
While we come from European roots, our goal is to grow into a strong U.S.-based manufacturer and distributor of electric vehicle
chargers.

AEM: How are you laying out your assembly lines in your new facility and how �exible will they be?

Casciano: Our production lines are linear, based on a single-piece �ow principle. Our intention is to have lines capable of
producing a maximum diversity of products and product options. Currently, the distinct difference in design and complexity
between our AC and DC charging stations means we will operate with separate AC charger and DC charger value streams.
However, our development teams are working to signi�cantly reduce assembly time and improve e�ciency through modular
design and construction. In the future, this will allow for �exibility and options that offer increased e�ciency with a production
mix tuned to customer needs.

Electric vehicle chargers will soon be just as common as gas pumps are today. Photo courtesy EVBox Group

with AEM: Approximately how many components are contained in one of your typical chargers?

Casciano: Our basic, external structures for DC fast chargers are a mix of steel and aluminum for maximum strength and
durability. Our smaller AC unit casings use high-strength plastic. The number of internal components varies by model. Our typical
AC charger holds approximately 100 parts, while our typical high-powered DC charger contains more than 300 components.

AEM: What is the most complex component and assembly step?

Casciano: The electrical architecture of our PC control boards, the on-board control unit and our power converter unit provide a
complex and technical mix to offer the best performance results.

AEM: Does one person typically assemble an entire charger from start to �nish?

Casciano: No, but we use manual assembly processes. It includes a progressive assembly line, with a 100 percent functional test
zone at the end of the line.

AEM: What type of production techniques do you use to assemble your products?

Casciano: The main chassis (structure) is fabricated from a mix of welded galvanized steel sheets, brackets and fasteners.
There is no "hot work" or welding in our internal assembly process. The parts requiring this process are subcontracted and
supplied to our lines.

AEM: What type of testing do you do at the end of your assembly line?

Casciano: All of our units are fully tested to full power with simulated vehicle charges. In the U.S., we also perform
precommissioning checks to simulate customer installation and vehicle charge tests. We have an electric vehicle in our factory
with which we functionally test 100 percent of our main charger models.
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By Austin Weber, Senior Editor // webera@bnpmedia.com

POWER INVERTERS CREATE LONGER
RANGE FOR ELECTRIC CARS

AV/EV TECH TRENDS

Silicon carbide semiconductors dissipate less power as electric current �ows through them. Photo courtesy Fraunhofer

Electronic control units optimize energy �ow between batteries and electric motors. A large amount of current �ows through the
power inverter and its transistors. To prevent the device from heating up like a toaster, the heat has to be discharged through
cooling elements.

Engineers at the Fraunhofer Institute for Reliability and Microintegration (IZM) believe silicon carbide (SiC) semiconductors can
solve this challenge. They are using the technology to develop transistors that dissipate less power as current �ows through
them. The goal of the SiCe�zient project is to redesign the cooling elements of the power inverters to keep semiconductor
cooler while maintaining the same dissipation rate.

“Particularly when a vehicle is accelerating, braking and traveling at high speeds, power is lost from the inverter as large
quantities of current �ow back and forth between motor, power inverter and battery,” says Eugen Erhardt, head of the SiCe�zient
project at Fraunhofer IZM. “SiC semiconductors reduce these losses.

“By optimizing the drivetrain this way, the range of electric cars [could] be extended by up to 6 percent,” explains Erhardt. “Six
percent may not sound like much. But, when it comes to electric car batteries, this kind of performance boost can only be
achieved by increasing the number of batteries or through considerable research effort.”

To cool the SiC transistors, Erhardt and his colleagues created a thin-walled cooling element with additive manufacturing
technology. The transistors sit on a metal plate that is just a few millimeters thick. As a result, the transistors move closer to the
cooling water, and this intensi�es the cooling effect.

To prevent the thin metal plate from deforming under load, the cooling �ns are modeled in a 3D printer in such a way that they
support the metal plates just like the columns in a dome. This structure is so stable that the cooling element can withstand both
the pressure of the cooling water and the forces occurring when the transistors are sintered onto the cooling element.

Traditionally, power modules are composed of dissimilar materials. When heated, they expand at such different rates that
stresses occur in the structure. This can cause the power inverter to crack and fail.

The new Fraunhofer IZM cooling element solves this problem. Because the metal plates are kept extremely thin, they are able to
compensate for the stresses occurring as they are heated or cooled by deforming slightly. As a result, the entire thermoelectrical
structure is very �exible. This spares the expensive SiC semiconductors and extends their service life.

And, the new power inverter modules are not connected to other electronic components in the usual way by solid, copper
conductor tracks. Instead, the structure comprising the cooling element and the SiC transistors is linked to the rest of the
electronic system by stranded, �exible, �ne copper wires.

The power inverter will be tested at project partner Robert Bosch over the next few months. Then, Porsche plans to install the
device in a newly designed drivetrain that is precisely matched to the SiC structure.

ULTRA-SENSITIVE LIGHT DETECTOR
GIVES SELF-DRIVING TECH A JOLT 

Autonomous cars require technology that can quickly sense
and react to obstacles and other vehicles in real time. To
address the issue, engineers from the University of Texas at
Austin and the University of Virginia recently created a new
light-detecting device.

It can more accurately amplify weak signals bouncing off of
faraway objects than current technology allows, giving
autonomous vehicles a fuller picture of what’s happening on
the road. The device is more sensitive than other light
detectors, because it also eliminates inconsistency, or noise,
associated with the detection process. Such noise can cause
systems to miss signals and increase the risk of accidents.

“Autonomous vehicles send out laser signals that bounce off
objects to tell you how far away you are,” says Joe Campbell,
Ph.D., a professor of electrical and computer engineering at
the University of Virginia. “Not much light comes back, so if
your detector is putting out more noise than the signal
coming in, you get nothing.

Physical steps in energy that electrons roll down, multiply
along the way and create a stronger electrical current for
light detection as they go. Illustration courtesy University of
Texas/University of Virginia

“What makes [our] new device stand out is its staircase-like alignment,” claims Campbell. “It includes physical steps in energy
that electrons roll down, multiplying along the way and creating a stronger electrical current for light detection as they go.”

“The electron is like a marble rolling down a �ight of stairs,” adds Seth Bank, Ph.D., a professor of electrical and computer
engineering at the University of Texas. “Each time the marble rolls off a step, it drops and crashes into the next one.

“In our case, the electron does the same thing, but each collision releases enough energy to actually free another electron,”
explains Bank. “We may start with one electron, but falling off each step doubles the number of electrons.”

According to Bank, the new pixel-sized device is ideal for lidar receivers, which require high-resolution sensors that detect optical
signals re�ected from distant objects. Adding steps increases the sensitivity and consistency of the device. And, the consistent
multiplication of electrons with each step makes the electrical signals from the detector more dependable, even in low-light
conditions.

"The less random the multiplication is, the weaker the signals you can pick out from the background,” Bank points out. “The
science behind this breakthrough comes in a new way of growing materials.

“Instead of growing materials with randomly distributed atoms, [we] created layered alloys composed of binary compounds—
those made up of two elements—stacked on top of each other,” says Bank. “This allows [us] to change the electron’s energy
landscape in a very simple way.”

The device can operate at room temperature. Today, the most sensitive light detectors need to be kept at temperatures
hundreds of degrees below zero, making them too expensive and impractical for applications such as lidar.

The engineers also plan to marry their multistep staircase device with an avalanche photodiode they built last year that is
sensitive to near-infrared light, which opens up new applications such as �ber-optic communications and thermal imaging.

“This should give us the best of both worlds: response to a wider range of colors and greater sensitivity to weak signals because
of the lower noise ampli�cation that comes naturally from the staircase architecture,” claims Bank.

See us at The ASSEMBLY Show Booth 331

SOLID-STATE LITHIUM BATTERY IS
LONG-LASTING AND STABLE

For decades, engineers have tried to harness the potential of
solid-state, lithium-metal batteries, which hold substantially
more energy in the same volume and charge in a fraction of
the time compared to traditional lithium-ion batteries.

“A lithium-metal battery is considered the holy grail for
battery chemistry because of its high capacity and energy
density,” says Xin Li, Ph.D., an associate professor of
materials science at Harvard University. “But, the stability of
these batteries has always been poor.”

Li and his colleagues believe they have solved this
challenge. They recently designed a stable lithium-metal,
solid-state battery that can be charged and discharged at
least 10,000 times at a high current density. They paired
their new design with a commercial high-energy-density
cathode material.

A new solid-state, lithium battery sandwiches different
materials of varying stabilities between the anode and
cathode. Illustration courtesy Harvard University

According to Li, this battery technology could increase the lifetime of electric vehicles to that of the gasoline cars—10 to 15 years
—without the need to replace batteries. With its high current density, the battery could also pave the way for EVs that can fully
charge within 10 to 20 minutes.

“Our research shows that the solid-state battery could be fundamentally different from the commercial liquid electrolyte lithium-
ion battery,” explains Li. “By studying their fundamental thermodynamics, we can unlock superior performance and harness their
abundant opportunities.”

The big challenge with lithium-metal batteries has always been chemistry. Lithium batteries move lithium ions from the cathode
to the anode during charging. When the anode is made of lithium metal, needle-like structures called dendrites form on the
surface. These structures grow like roots into the electrolyte and pierce the barrier separating the anode and cathode, causing
the battery to short or even catch �re.

To overcome this challenge, Li and his colleagues designed a multilayer battery that sandwiches different materials of varying
stabilities between the anode and cathode. This multilayer, multimaterial battery prevents the penetration of lithium dendrites
not by stopping them altogether, but rather by controlling and containing them.

“Think of the battery like a BLT sandwich,” says Li. “First comes the bread (the lithium metal anode), followed by lettuce (a
coating of graphite). Next, a layer of tomatoes (the �rst electrolyte) and a layer of bacon (the second electrolyte). Then, you
�nish it off with another layer of tomatoes and the last piece of bread (the cathode).”

The �rst electrolyte is more stable with lithium, but prone to dendrite penetration. The second electrolyte is less stable with
lithium, but appears immune to dendrites. In this design, dendrites are allowed to grow through the graphite and �rst electrolyte,
but are stopped when they reach the second. In other words, the dendrites grow through the “lettuce and tomato,” but stop at
the “bacon,” which prevents the dendrites from pushing through and shorting the battery.

“This proof-of-concept design shows that lithium-metal, solid-state batteries could be competitive with commercial lithium-ion
batteries,” claims Li. “And, the �exibility and versatility of our multilayer design makes it potentially compatible with mass-
production procedures in the battery industry. Scaling it up to a commercial battery won’t be easy and there are still some
practical challenges. But, we believe they will be overcome.”
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PRODUCTS SPOTLIGHT
PRODUCTS

Gap Filler Helps Dissipate Battery Heat

Bergquist Gap Filler TGF 3010 APS extends the life of batteries through high-
performance heat dissipation. The two-part, room-temperature curable gap
�ller is suitable for use in high-throughput assembly applications. Its 3 watts
per meter kelvin thermal performance provides excellent heat transmission
from the battery to the cooling system. The low pull-off force of the gap �ller
also enables easier repair and recycling of battery packs.

Henkel Adhesive Technologies
Find out more here at www.henkel-adhesives.com

Robotic Grippers Handle Heavy Battery Modules

Electric vehicle manufacturers are looking for �exible automation to make
their production processes simple, reliable and productive. To actively
accompany the technological transition from internal combustion engines to
electromobility, several modular solutions for electric vehicle manufacturing
have been developed. A variety of end-of-arm tooling, including electric and
pneumatic robotic grippers, are available to assist with battery module and
electric motor assembly applications.

Zimmer Group
Find out more here at www.zimmer-group.com

Epoxy Is Ideal for Assembling AV Cameras and Lidar

9803 low-shrinkage cationic epoxy is ideal for automotive active alignment
applications, such as camera modules, lidar and optical components used in
advanced driver assistance systems. It offers low-volumetric shrinkage, a
high glass transition temperature and a low coe�cient of thermal expansion.
It meets NASA ASTM E595 low-outgassing speci�cations. The �exibility to
cure very fast with broad spectrum UV light, LED light or low-temperature
heat accommodates a variety of assembly needs.

Dymax Corp.
Find out more here at www.dymax.com

White Paper Focuses on Battery Chemistry Performance

An eight-page white paper examines the critical parameters that affect
battery design, including the electrical properties of nickel-based and lithium-
ion chemistries. It is intended to help engineers evaluate various design
parameters, including voltage and power needs, length of duty cycle,
temperature conditions and price. Effects on voltage, energy density,
recharge capability, self-discharge, cycle life and overall safety are also
examined.

Aved Electronics LLC
Find out more here at www.aved.com

Angle Sensors Are Ideal for Robust Off-Road AV Applications

The RFE 3200 Series of resilient angle sensors are designed for use in off-
highway equipment. They can operate in harsh environments where ingress
protection to IP69K, EMC immunity and other features are essential. Sensors
measuring from 0 to 360 degrees can be ordered with one partially redundant
or two fully redundant channels. Shock and vibration tolerances are 50 and 20
g, respectively. Temperature range is -40 to 125 C.

Novotechnik U.S. Inc.
Find out more here at www.novotechnik.com

Structural Adhesives Bond Dissimilar Materials

Betamate structural adhesives and Betaforce multimaterial bonding
adhesives enable engineers to design lightweight body structures and battery
assemblies. They help bond dissimilar substrates, including aluminum,
carbon-�ber composites, high-strength steel and plastics. Continuous bond
lines in the structures add stiffness and strength for safety, while eliminating
weight associated with heavier metal structures that use mechanical
fasteners.

DuPont
Find out more here at www.dupont.com

Flexible Laser Welder Improves Battery Production

The BLS 500 battery laser system is designed for welding tabs used in
lithium-ion modules. The modular machine is suitable for all applications,
enabling manufacturers to produce different product variants without having
to change format parts. A �exible system enables tool-free clamping.

Manz AG
Find out more here at www.manz.com

Silicones Feature Thermal Conductivity Properties

Three new silicone adhesives are designed for EV power electronics
applications. DOWSIL TC-2035 CV delivers high thermal conductivity, a fast
cure and room temperature shelf life stability for the assembly of electronic
control units. DOWSIL TC-4551 CV gap �ller features controlled volatility,
which supports sustainability and regulatory compliance, and also helps avoid
electrical contact failure that can occur due to the evaporation of volatiles.
DOWSIL TC-4060 GB250 thermal gel supplies stress relief and shock damping
needed for applications such as converters, inverters and onboard battery
chargers.

Dow
Find out more here at www.dow.com
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ASG Divison of Jergens Inc.
www.asg-jergens.com

888-486-6163

FEC Automation Systems
www.fec-usa.com

586-580-2622

Fluke Corp.
www.�uke.com
800-443-5853

ITS America 2021
www.itsamericaevents.com/annual-meeting

Marposs
www.marposs.com

Nitto Seiko America
nittoseikoamerica.com

248-588-0133

Torqtec
www.torqtec.net

919-561-5536

Tutelar Technologies Inc.
www.watchover.us

905-331-6808

ViscoTec America Inc.
www.viscotec-america.com

770-422-4281

Weiss North America
www.weissna.com

888-WEISSNA

Zimmer Group
www.zimmer-group.com

828-855-9722
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