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STRUCTURAL BATTERIES COULD
REDUCE ELECTRIC VEHICLE WEIGHT

NEWS

GOTHENBURG, Sweden—Engineers at Chalmers University of Technology have produced a structural battery that performs 10
times better than all previous versions. It contains carbon �ber that serves simultaneously as an electrode, conductor and load-
bearing material. The breakthrough paves the way for “massless” energy storage in electric vehicles.

Although engineers have been working on structural batteries for more than 10 years, it has been di�cult to manufacture them
with both good electrical and mechanical properties. The new battery has properties that far exceed anything yet seen in terms
of electrical energy storage, stiffness and strength.

The battery has a negative electrode made of carbon �ber and a positive electrode made of aluminum foil coated with lithium
iron phosphate. They are separated by a �berglass fabric in an electrolyte matrix.

“The carbon �ber acts as a host for the lithium and thus stores the energy,” says Leif Asp, Ph.D., a professor of material and
computational mechanics who is heading up the R&D project. “Since the carbon �ber also conducts electrons, the need for
copper and silver conductors is avoided, reducing the weight even further.

“Both the carbon �ber and the aluminum foil contribute to the mechanical properties of the structural battery,” explains Asp. “The
task of the electrolyte is to transport lithium ion between the two electrodes of the battery, but also to transfer mechanical loads
between carbon �bers and other parts.

“The batteries in today’s electric cars constitute a large part of the vehicles’ weight, without ful�lling any load-bearing function,”
Asp points out. “A structural battery, on the other hand, is one that works as both a power source and as part of the structure,
such as a car body.

“This is termed massless energy storage, because in essence the battery’s weight vanishes when it becomes part of the load-
bearing structure,” says Asp. “Calculations show that this type of multifunctional battery could greatly reduce the weight of an
electric vehicle.

“It is absolutely conceivable that [future] electric cars, electric planes and satellites will be powered by structural batteries,”
claims Asp.

The battery has an energy density of 24 watt-hours per kilogram (Wh/kg), meaning approximately 20 percent capacity compared
to comparable lithium-ion batteries currently available. But, since the weight of vehicles can be greatly reduced, less energy will
be required to drive an electric car, and lower energy density also results in increased safety. And, with a stiffness of 25
gigapascals (GPa), the structural battery can compete with many other commonly used construction materials, Asp believes.

A new project, �nanced by the Swedish National Space Agency, now underway aims to increase the performance of the
structural battery even further. According to Asp, the aluminum foil will be replaced with carbon �ber as a load-bearing material
in the positive electrode, providing both increased stiffness and energy density. In addition, the �berglass separator will be
replaced with an ultra-thin variant, which will provide faster charging cycles.

Asp estimates that such a battery could reach an energy density of 75 Wh/kg and a stiffness of 75 GPa. “This would make the
battery about as strong as aluminum, but with a comparatively much lower weight,” he claims.

DENSO TO STUDY 5G USE IN
AUTONOMOUS VEHICLES

KARIYA, Japan—Engineers at Denso Corp. are studying
how 5G technology can be used safely and securely in
autonomous vehicle applications. They are working with
KDDI Corp., a Japanese telecommunications company,
on the project.

The two companies are building a test track at Denso’s
global R&D center in Haneda, Japan. Engineers will verify
driver assistance technologies using high-de�nition in-
vehicle cameras and roadside sensors that detect
conditions such as oncoming vehicles and pedestrians.

They will leverage low latency connections, which are achieved through edge computing technology for 5G, including AWS
Wavelength. The goal is to build a system for distributing ever-changing road conditions to autonomous vehicles in real time and
to verify the remote driver assistance technology.

Denso and KDDI plan to conduct veri�cation using end-to-end network slicing. This advanced technology provides unique
communication environment preferences, depending on the application and requirements, by virtually partitioning a network.

NEW TECHNOLOGY ENABLES HIGH-
VOLUME FUEL CELL PRODUCTION

AACHEN, Germany—Traditionally, fuel cell manufacturing has been a complex, slow process. To address the issue, engineers at
the Fraunhofer Institute for Production Technology (IPT) have developed a continuous assembly line that automatically makes
fuel cell components and then assembles them into a stack. The goal is to produce fuel cells on an industrial scale at
competitive prices.

A stack is the heart of a fuel cell. It consists of hundreds of bipolar plates arranged on top of one another.

Gas and air are pulled through an intricate system of millimeter-thick channels in the bipolar plates; hydrogen is fed in at one end
and water produced by the chemical reaction in the stack is fed out at the other.

However, producing these bipolar plates is challenging. The plates are only about 100 microns thick and tend to resemble a �lm
rather than a plate. They must be moved very carefully to make sure nothing gets creased or wrinkled.

First, presses are used to emboss channel structures onto the plate blanks. They are then coated under vacuum to reduce their
electrical resistance and make them more corrosion-proof. A �nished bipolar plate consists of a left half and a right half, with the
�ne channel system between. The two halves then need to be welded together with a high degree of precision. There are also
multiple cleaning steps.

“We need nonstop production lines that are able to process components in cycles lasting just seconds,” says Christoph Baum,
Ph.D., managing director of Fraunhofer IPT. “Right now, various components are manufactured by various producers and then
assembled to create the fuel cell.

“Production steps, such as forming, cleaning, coating and joining the fuel cell components, are spatially separated from one
another in various machine islands,” explains Baum. “All in all, the logistics within production facilities are complex. Parts have to
be picked up, placed and buffered multiple times.”

Fraunhofer IPT engineers developed a production line that enables special pick-and-place handling devices to move all
components and assemble bipolar plates in a �uid process.

“Because some process steps are faster than others, the challenge is to optimize the �ow as a whole so that neither jams nor
waiting times occur,” says Baum. “The blank pressing process, referred to as deep drawing, is done in just about 1 second, while
the deposition of the protective layer takes much longer.

“We are predicting that hundreds of thousands of bipolar plates will be needed for the hydrogen economy of the future,” Baum
points out. “For this reason, we are striving to achieve a throughput of at least one bipolar plate per second across all plants.”

In the CoBIP project (continuous roll-to-roll production of bipolar plates for fuel cells), Fraunhofer IPT engineers developed
equipment for processing bipolar plates in a �lm strip off the roll. The �lm strip passes through the machine and through all
process steps—from the blank to the forming, the deposition of the protective coating to the cleaning through to the laser
welding process.

“Only at the very end are the bipolar plates cut off the strip and isolated,” explains Baum. “This continuous process from the roll
to the �nished item will save a number of handling steps.

“The plant is designed to be so �exible that [companies] are able to exchange and test individual production modules at will,”
says Baum. “We are providing manufacturers with a tool they can use to design and optimize a nonstop production line to suit
their requirements. A high cycle rate allows several devices to operate in parallel or to be connected in series, such as lasers for
joining the plate halves.

“When it comes to fuel cells, the hurdle of industrial production scaling should not be underestimated,” warns Baum. “Similar to
the situation with batteries, transferring systems from the laboratory to mass production is a complex matter.”

ROLLS-ROYCE TESTS SPEEDY ELECTRIC
AIRCRAFT

STAVERTON, England—Britain has a long history of setting speed records on land, sea and air. The latest chapter is being written
by Rolls-Royce and its “Spirit of Innovation” electric aircraft.

Later this year, the engine manufacturer plans to set a world record by breaking the 300 mph barrier. The aircraft recently
completed a successful taxi. For the �rst time, the plane powered along a runway propelled by its 400-kilowatt electric power
train.

“The taxiing of the plane is a critical test of the integration of the aircraft’s propulsion system ahead of actual �ight-testing,” says
Rob Watson, director of Rolls-Royce Electrical. “For the �rst time, the plane propelled itself forward using the power from an
advanced battery and propulsion system that is ground-breaking in terms of electrical technology.

“The �rst �ight is planned for the spring,” explains Watson. “When at full power, the electric power train and advanced battery
system will power the aircraft to more than 300mph, setting a new world speed record for electric �ight.

“[We] will be using the technology from the project and applying it to products,” adds Watson. “We are bringing a portfolio of
motors, power electronics and batteries into the general aerospace, urban air mobility and small commuter aircraft sectors as
part of our electri�cation strategy.”

NEW WELDING PROCESSES IMPROVE
BATTERY ASSEMBLY

COLUMBUS, OH—Lithium batteries are made up of alternating layers of copper and aluminum foils that function as current
collectors and substrates for the active materials inside the cell. These foils can be as thin as 7 microns, and generally no thicker
than 25 microns.

Multiple layers of foils—from a few dozen to more than 150—must be welded (aluminum to aluminum, copper to copper) to
collect the current in each layer and transfer it to one of two thicker collector tabs that exit the battery and are joined to busbars
or other battery tabs.

“Welding of battery pack foils is usually accomplished using ultrasonic processes, but some stacks are laser welded,” says Tim
Frech, senior engineer at EWI. “Neither process requires �ller materials, and both weld at a high productivity rate.

“Laser and ultrasonic welding are both effective processes for attaching battery foils,” explains Frech. “However, neither joining
method can be monitored in process. So, when a battery batch is defective, the problem is not identi�ed until after material, time
and money has been spent. A foil welding process with built-in weld quality measurement could be an enormous time- and
money-saving bene�t to [manufacturers].”

To address the issue, Frech and his colleagues recently tested a resistance spot welding technique that uses a capacitive
discharge power supply. The system has the capacity to collect and measure data in process, thus offering the potential to
monitor quality in real time, and ultimately reduce cost and waste.

“Resistance welding provides precise controls of all process inputs and reliable measurement of all process outputs,” notes
Frech. “This data is critical for establishing and maintaining a weld quality standard not currently available with other processes
for battery foil welding.”

Another new assembly process that could streamline EV battery production is pulsed arc welding. It creates a high-energy
density arc between a tungsten electrode and the workpiece. This results in high local temperatures to melt the metals to be
welded, with minimal heat-affected zones.

“Pulsed arc welding is typically used in small-scale welding processes,” says Frech. “Controlling current and welding duration
allows for a stable welding process. Since the system is closed-loop, there is the possibility of providing in-process quality
assurance.”

EUROPEAN ENGINEERS TACKLE EV
LIGHTWEIGHTING

ZARAGOZA, Spain—Engineers at the Technological Institute of Aragon here are coordinating a new European Union initiative to
develop lightweight components for electric vehicles. The goal of LEVIS 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 for other car components to compensate for this excess weight,” 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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By Austin Weber, Senior Editor

CONTINENTAL STRUCTURAL PLASTICS
FOCUSES ON EV LIGHTWEIGHTING

INDUSTRY INSIGHT

This multimaterial battery enclosure features a one-piece composite cover and a one-piece composite tray. Photo
courtesy Continental Structural Plastics Inc.

Bulky batteries are the heart and soul of electric vehicles. But, their weight creates numerous challenges that demand
lightweight materials.

Continental Structural Plastics Inc. (CSP), a Teijin Group company, is at the leading edge when it comes to creating innovative
composite and multimaterial technologies. The company’s engineers are focusing their attention on developing materials that
address the unique environmental and safety needs of EV manufacturers.

Composites are ideal for reducing weight, improving strength and stiffness, and improving vehicle safety when made from
chemistries that are �ame retardant and help to contain thermal runaway.

CSP recently introduced several new advanced composite formulations that meet stringent EV battery enclosure performance
standards for �ammability, thermal runaway and volatile organic compound (VOC) emissions, while offering the design �exibility
of sheet molding compound (SMC). These new composites include a low-VOC formulation, an alumina trihydrate-�lled system,
an intumescent system and a phenolic system.

Hugh Foran is executive director of CSP’s Advanced Technologies Center, a 47,500 square-foot R&D facility in Auburn Hills, MI,
dedicated to developing a wide variety of next-generation materials and processes.

“We are developing technologies and processes here that leverage [our] expertise in thermoplastic and thermoset composites,
carbon �ber and manufacturing to provide our customers with new options for existing and future vehicle programs,” says Foran.
“We can reduce weight while improving durability and occupant safety—all key features needed for autonomous, connected and
electric vehicles.”

Foran’s team recently developed a full-sized, multimaterial battery enclosure featuring a one-piece composite cover and a one-
piece composite tray with aluminum and steel reinforcements.

In addition, CSP engineers are focusing on developing a new honeycomb manufacturing process that produces ultra-lightweight
Class A panels. Considered a “sandwich” composite, these panels use a lightweight, honeycomb core clad with natural �ber,
glass �ber or carbon �ber skins that are wetted with polyurethane resin. This process enables the molding of complex shapes
and sharp edges, and results in panels that offer very high stiffness at a very low weight.

Steel clips improve seals, reduce assembly costs and
make batteries easier to service when needed.
Illustration courtesy Continental Structural Plastics
Inc.

Battery enclosures typically consist of up to 40 separate
parts. Illustration courtesy Continental Structural
Plastics Inc.

Autonomous & Electric Mobility recently asked Foran to discuss those lightweighting efforts, and some of the challenges that lie
ahead for OEMs and suppliers.

AEM: How can the weight of electric vehicle structures be reduced?

Foran: There is tremendous opportunity to address lightweighting. And, we can go far beyond aluminum. For instance, there is a
lot of opportunity for engineers to use composites for structural member applications, such as A-arms, engine cradles and
frames. It’s just a matter of getting engineers to understand that. Fuel cells will be another big opportunity for lightweighting
efforts. For instance, fuel tanks that hold hydrogen and fuel cell plates can be made out of lightweight materials, such as
composites.

AEM: Why does so much EV lightweighting activity today involve battery enclosures?

Foran: It has the potential to reduce a lot of weight and there are many features we can put in. Even beyond thermal features,
we can add materials to provide EMI and RFI shielding in certain areas, if required. While we design most of our battery
enclosures to withstand 3 psi, some go as high as 10 psi, which almost becomes a pressure vessel.

AEM: Are all battery enclosures basically the same or is there much difference between them?

Foran: They’re all the same basic size and shape, but they are different. However, the geometries and requirements are different
for every customer. For instance, because of electronics and seal requirements, battery boxes can be much different from
vehicle to vehicle. Depending on where the battery pack is within the vehicle, some enclosures may even become structural load
�oors.

Composites are ideal for reducing weight, while improving strength and stiffness. Photo courtesy Continental
Structural Plastics Inc.

AEM: What is the latest trend in battery enclosures? What makes your new design unique?

Foran: Our battery enclosure consists of a one-piece composite cover, a one-piece composite tray with aluminum and steel
reinforcements, and a mounting frame that uses structural foam for energy absorption. This enables a reduced frame thickness
and weight, while improving crash performance.

By molding the cover and the tray each as one piece, we created a system that is easier to seal and can be certi�ed prior to
shipment. The full-size battery enclosure we built measures 1.5 by 2 meters. To produce it, we made a P20 set of molds
consisting of a tray and a cover.

We currently produce more than 30 different battery box covers for different OEMs. However, our new lightweight battery
enclosure is generic. Our goal is to get into complete systems, because customers now want us to perform leak tests. They also
have various types of thermal runaway requirements. Composites can be used to reduce weight, improve strength and stiffness,
and improve vehicle safety when made from chemistries that are �ame retardant and help to contain thermal runaway.

AEM: What type of weight savings have you been able to achieve?

Foran: Our multimaterial battery enclosure is 15 percent lighter than a steel battery box. Although it is equal in weight to an
aluminum enclosure, it offers better temperature resistance than aluminum, especially if a phenolic resin system advanced
composite is used. Just for the frame alone, we’re saving 30 percent. However, overall weight savings depend on the material
and the amount of batteries. Typically, battery packs in electric vehicles can weigh anywhere from 1,000 to 1,100 pounds.

Honeycomb cells made out of sheet molding compound are much lighter than traditional steel body panels. Photo
courtesy Continental Structural Plastics Inc.

AEM: How have you been able to reduce complexity or eliminate parts with your new battery enclosure design?

Foran: Traditionally, a metal battery enclosure features about 40 parts. Those extrusions or stampings are welded together. The
big issue that OEMs are concerned with is leakage—primarily water leakage and rusting in areas where the seams are. Metal
enclosures require more than just a cover and a frame. There needs to be multiple attachment points, such as brackets that
locate and hold batteries down. That requires multiple bosses or studs that have to be welded, in addition to extra
reinforcements. With composites, you can mold in all of those features in one piece. It’s also possible to locally thicken material
where needed. Most areas in a composite enclosure are 2 to 3 millimeters thick. But, we can increase wall thickness anywhere
from 3 to 7 millimeters where necessary.

AEM: How does your new enclosure simplify assembly?

Foran: The traditional battery cover that we make requires us to drill holes. Sometimes, we encounter issues with cracking due
to point loading and seal loading issues. With our composite enclosure, we developed a clip system that replaces the need for
bolts. This improves the seal, reduces assembly costs and makes it easier to access batteries if service is needed.

Each steel clip is about 30 millimeters long and allows us to spread the load. It’s a standard clip that we can use with many
different battery boxes.

These clips a�x to the battery enclosure via molded-in features, instead of using secondary machined holes and welds to join
the top and bottom sections of the box. Unlike a point load created by using a bolt, these clips spread the seal load more evenly
across the upper and lower �ange. We use 68 clips designed to hold 3 psi of internal pressure to replace 72 bolts that would all
need to be torqued to a speci�ed value. Each clip provides 950 newtons of clamp force.

By eliminating the need for bolts or bonding of any sort, a box made with these clips is easier to assemble. It’s also much easier
to service if the internal cells need repair or replacement. By using these clips in place of multiple fasteners and different types of
welds, we can reduce assembly cost, complexity and the amount of scrap involved in the production of each enclosure.

AEM: Besides battery enclosures, what other EV lightweighting applications are you exploring?

Foran: We have been working on honeycomb cells that are more than 50 percent lighter than comparable steel parts. We are
making SMC body panels that are 1-millimeter thick. We’re not just doing �at load �oors with honeycomb. We are molding
shapes such as hoods, lift gates and roofs. The parts are lighter and stiffer. Our process also adds insulation and acoustical
properties. In addition, we can mold in hardware or headliner material. In fact, we can even run the material through an
electrocoat paint oven, which runs about 210 C.
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Fast-paced competition will improve the breed
and lead to new technology.

Racing Into the Future

By Austin Weber, Senior Editor

Formula E is the oldest and most prestigious form of electric car racing. Photo courtesy BMW AG

Traditionally, early summer is when the motor sports world shifts into high gear. May is the month when some of the crown
jewels on the annual motor racing calendar take place, including the Indianapolis 500 and the Monaco Grand Prix. And during
June, speed enthusiasts annually anticipate classic events such as the LeMans 24-hour sports car race and the Isle of Man
motorcycle road race.

For decades, motor racing has been the best way to improve the breed, develop new technology and debut cutting-edge ideas,
not to mention “sell metal.” Today, as the age of the internal combustion engine begins to wane, a variety of electric-powered
racing series are on the horizon. They promise to push the technical envelope while testing the skill of competitors.

As automakers and suppliers shift their focus to autonomous and electric vehicles, technology tested extensively under the
pressures of the racetrack will play a key role in solving complex electri�cation challenges.

Many companies view motor racing as a test bed for next-generation technology, with tangible applications in future AVs and
EVs. It’s a time-proven way for engineers to test new materials, reduce weight, improve heat and thermal management, and
make vehicles safer.

“Being at the forefront of motor sports technologies requires a continuous drive for innovation, based on a constant search for
the most e�cient materials and solutions,” says Riccardo De Filippi, senior vice president and CEO of Marelli Motorsport, which
has deep roots in racing that stretch back more than 100 years. “Our mission is to promote technological advancements that can
�rst of all be decisive on racetracks, and at the same time enable next-generation technologies for the road cars of tomorrow.”

As a result of its involvement in motor racing, Marelli recently developed a new power module that is based on silicon carbide
(SiC) technology. The EDI (enhanced direct-cooling inverter) module features an innovative structural design that reduces the
thermal resistance between the SiC components and the liquid coolant. The new technology enables conversion e�ciencies of
up to 99.5 percent, a 50 percent reduction in weight and size, and 50 percent higher heat dissipation.

Here’s a brief look at 10 fast-paced racing series that will push the envelope for autonomous and electric vehicles on land, sea
and air.

Formula E machines feature cutting-edge battery and power train technology. Illustration courtesy Audi AG

Formula E

The oldest and most prestigious electric racing series
is Formula E. The popular single-seater competition
sponsored by ABB is in the midst of its seventh season.

Automakers such as Audi, BMW, Daimler, DS (Citroen),
Jaguar, Mahindra, Nissan, Porsche and Renault
actively participate in Formula E. It has also attracted
the attention of leading suppliers, including Bosch,
DuPont, Magna, Schae�er and ZF. In addition, several
highly successful racing organizations, such as Andretti
and Penske Autosport, are involved in the series.

The action-packed races take place on the streets of
major cities such as Berlin, London, New York, Paris
and Rome. Each race lasts 45 minutes. This year, there
are 12 two-car teams competing in the Formula E
world championship, where cars can reach speeds of
more than 170 mph.

To control costs, the carbon-�ber chassis and battery
are common components and the same for all the
teams. This allows the focus to be on developing
power trains and suspensions that are e�cient and
lightweight.

Formula E cars feature motors, inverters and control units developed by McLaren Applied Technologies and 250-kilowatt battery
packs supplied by Atieva (the technology division of Lucid Motors). Spark Racing Technology produces a spec chassis for all the
teams, while tires are supplied by Michelin.

“The ABB FIA Formula E World Championship not only brings attractive motor sport to major cities but also dispels still
widespread reservations about electric cars,” says Jean Todt, president of FIA, the governing body of worldwide motor sport.
“Formula E offers innovative cars and exciting races. In this way, it raises public awareness about the important role of electric
cars in future mobility.”

“As technology develops, electric cars will be able to go faster and further,” adds Lucas di Grassi, a leading Formula E driver from
Brazil who drives for Audi. “The pace of development is incredible. The point at which electric cars are cheaper, safer and easier
to operate than combustion-engine cars is not far away at all and Formula E is accelerating that process.”

The 2020-21 Formula E season kicked off earlier this year in Diriyah, Saudi Arabia. The event was split into two races: the �rst
was won by Mercedes and the second by Jaguar. Upcoming events include races in Monte Carlo (May 8), Marrakesh, Morocco
(May 22), and Santiago, Chile (June 5).

Beginning with the 2022-23 season, Formula E will enter a new era called Gen3. It will mark the introduction of lighter, faster,
more powerful cars and new cost control measures. In addition, Williams Advanced Engineering Ltd. will create a 350-kilowatt
battery pack that will enable faster charging.

Racing contributes to next-generation technologies
that are used in the road cars of tomorrow. Photo
courtesy Penske Dragon Penske Autosport

Formula E races are held on urban street circuits
around the world. Photo courtesy Daimler AG

Extreme E

Off-road racing in extreme environments is the concept behind Extreme E, which was founded by the same person behind
Formula E. Its goal is to bring car racing to some of the most remote corners on earth to highlight the climate change challenges
faced by different ecosystems, while showcasing the performance of all-electric SUVs in extreme conditions.

Extreme E will consist of �ve races that include the Desert X Prix in Al Ula, Saudi Arabia; the Ocean X Prix in Lac Rose, Senegal;
the Arctic X Prix in Kangerlussuaq, Greenland; the Amazon X Prix in Para, Brazil; and the Glacier X Prix in Patagonia, Argentina.

A support ship called the “St. Helena” will transport the cars and serve as a �oating pit and paddock for the nine teams
competing in the inaugural season. Batteries will be recharged with a portable fuel cell power system built in England by AFC
Energy.

Another unique aspect of the race series is that teams will be composed of a male and a female driver who will compete
together in every two-lap race as driver and co-driver. Each will complete one lap behind the wheel of an electric vehicle, with a
changeover incorporated into the race format.

All teams will drive a standardized SUV called the Odyssey 21, which features a niobium-reinforced steel alloy tubular frame built
in France by Spark Racing Technology. Williams Advanced Engineering produced batteries for the cars. The battery and a mid-
mounted motor will provide a power output of 400 kilowatts (kW) to propel the 1,650-kilogram machines from 0 to 62 mph in less
than 5 seconds.

Extreme E features teams that are composed of male
and female drivers. Photo courtesy Continental AG

The goal of Extreme E is to bring car racing to some of
the most remote corners on earth and highlight
environmental issues. Photo courtesy Continental AG

Pure ETCR

Four- and �ve-door production cars are the stars of the Pure Electric Touring Car Racing (ETCR) championship, which kicks off
this summer. The series is scheduled to begin at the Vallelunga road circuit in Italy on June 18-20. Other races will be held in
Denmark, Holland, South Korea and Spain.

ETCR has attracted teams from several automakers, including Alfa Romeo, Cupra (a Volkswagen brand) and Hyundai. Cars will
use a 798-volt battery pack designed and built by Williams Advanced Engineering.

Each battery pack provides 500-kW of peak power and 300-kW of continuous power with a 62-kilowatt-hour (kWh) capacity. The
pack can be recharged in less than an hour from 10 percent to 90 percent at 60-kWh. The pack will also allow four “push-to-pass”
events over the 21-minute race distance.

One of the most unique aspects of ETCR will be how the races start. Instead of a traditional starting grid and red-to-green
countdown lights, four cars at a time will line up side by side inside a giant starting gate that stretches across the width of the
track, similar to what’s used in horse racing. After the gates open, each driver will be able to unleash extra push-to-pass power to
give them a chance to overtake the car ahead.

Before each 10-kilometer race, drivers will be drawn randomly into “battle groups” before charging off against each other in a �at-
out, door-bashing format similar to NASCAR.

Autonomous Indy Car

One of the most anticipated events on the 2021 racing calendar will feature no drivers behind the wheel. The Indy Autonomous
Challenge (IAC) on Oct. 23 will be the world’s �rst head-to-head, high-speed autonomous race. It will feature a $1.5 million prize
purse from sponsors such as Ansys, Aptiv, Bridgestone, Microsoft and Schae�er.

The Indy Autonomous Challenge will be the world’s
�rst head-to-head, high-speed autonomous race.
Photo courtesy Indy Autonomous Challenge

Pure ETCR will feature a unique format, including a
starting gate. Photo courtesy Eurosport Events

Teams comprised of college students will program the cars that compete at the Indianapolis Motor Speedway, the home of the
world-famous Indy 500. Thirty teams made up of academic institutions from four continents, 11 countries and 14 U.S. states
plan to participate.

“[This] race car is the most advanced, fastest autonomous vehicle ever developed,” claims Paul Mitchell, president and CEO of
Energy Systems Network, co-organizer of the IAC. “Our sponsors are providing radar, lidar, optical cameras and advanced
computers, bringing the value of each vehicle to $1 million.

“The primary goal of the IAC is to advance technologies that can speed the commercialization of fully autonomous vehicles and
advanced driver-assistance systems, leading to increased safety and performance,” explains Mitchell. “In addition, the IAC is a
challenging competition to excite the best and brightest university students from around the world to engage in hands-on
engineering �rsts.”

The sleek open-wheel vehicles that will compete in the event are being built by Dallara Automobilli at its factory in Varano de
Melegari, Italy. No physical modi�cations to the vehicle are allowed. All teams will bring their own software and download it on
the computers within the car prior to testing or race events.

“The modi�ed Dallara IL-15 is retro�tted with hardware and controls to enable automation to enhance safety, control and
performance,” says Stefano dePonti, CEO and general manager of Dallara USA. “Components include rugged-edge onboard
computing, vehicle-to-vehicle communications, perception systems, high-end graphics processing units, drive-by-wire, arti�cial
intelligence and powerful central processing units to run IAC teams’ software and algorithms.”

MotoE competitors will reach speeds of more than 150
mph on electric motorcycles. Photo courtesy Energica
Motor Co.

Autonomous car racing competitions such as
Roborace pose a number of hardware- and software-
based challenges for engineers. Photo courtesy
Michelin

Roborace

Another autonomous competition is called Roborace. However, unlike the Autonomous Indy Challenge, it involves a series of
races on European road courses. In addition, RoboRace is open to nonuniversity teams

“Roborace was created to accelerate the development of autonomous software by pushing the technology to its limits in a range
of controlled environments, as well as educate and inform the world about autonomous driving,” says Chip Pankow, chief
championship o�cer. “In 2019, the Alpha series held six events. Next, we commenced a Beta series with six competing teams
featuring 12 races.” The next Roborace season is scheduled to begin in September.

“The technology in our cars and competition structure has been created to expose teams to a variety of edge-case scenarios
that are relevant to real-world problems facing the industry today,” explains Pankow.

Teams compete using standardized cars powered by their own arti�cial intelligence algorithms in a series of races that test
capabilities such as speed and object detection.

“Autonomous auto racing is an enabler for solving several of the challenges associated with the so-called ‘edge-cases’ in the
autonomous vehicle development,” says Alexander Wischnewski, a professor of mechanical engineering at the Technical
University of Munich who runs a student team that has competed in Roborace and also plans to participate in the Autonomous
Indy Challenge. “If you can drive in this highly uncertain environment of multivehicle racing, you learn a lot about the design of
algorithms required to handle unforeseen situations in everyday tra�c, even though these might have completely different
characteristics.

“The control of vehicles at the limits of the physical capabilities in every corner helps us to understand what is needed to build
the next generation of vehicle safety systems, including features such as autonomous evasion maneuvers in situations where
an emergency brake might not be feasible anymore,” explains Wischnewski.

According to Wischnewski, autonomous car racing poses a number of hardware- and software-based challenges. “[It forces us
to] develop algorithms that are capable of operating in an environment which is inherently di�cult to predict, as only very few
rules for interaction between the vehicles are de�ned,” he points out.

“[We also have to] identify the right balance between the computational resources and algorithm �delity required,” says
Wischnewski. “To race an autonomous vehicle at high speeds, [we have to] deliver reliable software within short timeframes and
development cycles.”

High-tech eSkootrs will be capable of unbelievable acceleration and extremely high cornering speeds. Illustration
courtesy Electric Scooter Championship

MotoE

Two-wheeled electric vehicles participate in the MotoE World Cup, which began in 2019. Riders compete in 15-minute sprints
onboard high-powered machines supplied by Energica Motor Co.

Energica is based in Modena, Italy, the hometown of Ferrari and Maserati. The bikes accelerate from 0 to 60 mph in 3 seconds
and reach a top speed of more than 150 mph.

“We have convinced even the most skeptical motorcycle racing enthusiasts and we aim at continuing to ensure them with an
exciting and thrilling show,” says Livia Cevolini, CEO of Energica. “Our Ego Corsa machines have been highly praised by the riders
taking part in this innovative series, and MotoE has proven to be an invaluable platform for [our] business strategies and
technological advancements.

“The �rst two seasons have helped build a tremendous amount of experience, which is constantly transferred to our road
models,” notes Cevolini. “We are writing a new chapter in the history of motor sport and motorcycle racing.”

The 2021 MotoE season will consist of six races on European road circuits. The �rst event is scheduled for May 2 in Spain,
followed by other races throughout the summer in Austria, Holland, France and Italy.

ESkootr

Electric scooter enthusiasts are also getting in on the racing action. Electric Scooter Championship (eSC) machines will feature
carbon-�ber chassis eSkootrs that will enable competitors to reach speeds of more than 60 mph.

“The Electric Scooter Championship is an international race series that promotes the cost, convenience and sustainability
bene�ts of micromobility in our cities,” says Hrag Sarkissian, CEO of eSC. “[Our machines] will be capable of unbelievable
acceleration and extremely high cornering speeds.

“It’s clear that micromobility will play an increased role in the urban lives of millions of people, and the eSC provides a fantastic
opportunity for manufacturers to develop and showcase new technology before it’s brought to market,” notes Sarkissian.

Williams Advanced Engineering will supply the S1-X, which will be powered by 1.5-kWh lithium-ion batteries and two 6-kW motors
—one housed in each wheel.

The high-speed scooter will also feature a torque vectoring system to distribute power to the front and rear wheels. During races,
this system will be able to be overridden by competitors to provide a boost in acceleration.

“The opportunity to further explore the sector with the eSkootr provides an opportunity for us to re�ne the packaging,
ergonomics and systems required for deployment on a micromobility scale,” says Iain Wight, business development director at
Williams Advanced Engineering. “Capable of cornering angles of 50 degrees on specially designed circuits between 400 and
1,000 meters long, it is an example of how racing technology can transform an everyday vehicle, and develop and accelerate
pioneering future technologies for the road.”

The 2021 competition is scheduled to begin this year, but a calendar of events has not yet been released.

E1 Series

The E1 World Electric Powerboat Series will feature electric craft skimming across lakes, rivers and seas around the world. The
hydrofoil-equipped boats will have a top speed of 70 mph.

“E1 will act as a technology test bed for marine electric technology,” says Rodi Basso, CEO, a former aerospace engineer who has
worked at NASA and Ferrari. “The advances achieved in E1 will be used to improve all kinds of electric watercraft, supporting the
transition to cleaner water mobility for the global industry. It will also showcase electric boat performance in a sporting
environment.”

Potential race locations include Detroit, London, Monaco, New York City, San Francisco and Sydney. While there’s no set
timeframe yet for the �rst event, Basso anticipates it will take place in late 2022.

Competitors will pilot identical Racebird O1s designed by SeaBird Technologies Ltd. The sleek boats are being built in Italy by
Victory Marine. They will be equipped with batteries that produce 30-kWh of usable capacity and a peak power of 150-kW. Each
race will last 40 minutes and include multiple heats.

“The courses will be tight and technical, so it will look much faster than it sounds,” claims Sam Mallinson, head of
communications for the E1 Series. “The powerboats will progressively get faster and more e�cient each season as the
technology develops.”

The goal of Airspeeder is to develop electric vertical
take-off and landing aircraft technology. Photo
courtesy Airspeeder

The E1 series will feature hydrofoil-equipped electric
power boats. Illustration courtesy E1 Series

Air Race E

Next year, the world’s �rst all-electric airplane competition will take to the skies with Air Race E. Eight planes at a time will �y
wingtip to wingtip at speeds up to 250 mph around a tight 1.5-kilometer oval circuit marked by large pylons.

Organizations such as Airbus and Ansys Inc. are involved in Air Race E, which poses a number of aerospace engineering
challenges. The goal is to help drive the development and adoption of cleaner, faster and more technologically advanced electric
engines that can be applied to urban air mobility vehicles and commercial aircraft.

“The power electronics and battery management system must safely and optimally handle the rapid discharge of signi�cant
battery energy during a race,” says Jeff Zaltman, founder and CEO of Air Race Events. “This presents considerable thermal
management issues, requiring extensive external and internal aerodynamic and aerothermal con�guration redesign.
Additionally, the electric power train must be integrated and optimized to deliver a race-winning performance.

“Lacking historical design precedent for these highly sophisticated electric aircraft, simulation [is] the only way to safely develop
innovative technologies under incredibly tight deadlines,” claims Zaltman. “[Aerospace engineers] are developing cleaner, faster
and highly advanced electric aircraft using Ansys simulation tools. These advances will help usher in the next chapter of electric
aviation.”

“[Our software] will help engineers signi�cantly improve batteries and battery management systems to deliver more power with
less weight penalty, create small electric machines that are reliable and e�cient, design electric power trains equipped with
power electronics to overcome thermal and high-voltage challenges, and perform safe system-wide integration,” explains Shane
Emswiler, senior vice president of Ansys. “[We] are accelerating the journey to sustainable aviation, empowering Air Race E
teams to cost-effectively develop new aircraft that will shape the future of electric �ight.”

During Air Race E events, eight planes at a time will �y wingtip to wingtip around a tight oval circuit. Photo courtesy Air
Race E

Airspeeder

One of the newest electric racing series is also the most futuristic. Airspeeder features full-sized �ying electric racing cars and
claims to be the “most exciting and progressive motor sport on the planet.”

This year, teams will compete with a remotely operated electric vertical take-off and landing (eVTOL) vehicle dubbed the Mk3. It
will act as a technical test bed for a manned racing series in 2022 featuring more advanced Mk4 vehicles.

The initial aircraft will �y at speeds of more than 74 mph with a 96-kW electric power train. The carbon-�ber fuselages are being
designed and built by Alauda Aeronautics in Adelaide, Australia.

“Racing will play a vital role in hastening the arrival of eVTOL technologies, which promise to revolutionize urban passenger
mobility, logistics and even remote medical transport,” says Matt Pearson, CEO of Airspeeder. “Airspeeder is built on the
philosophy that nothing accelerates technical progress like sporting competition.

“The next-generation sport plays the same role the pioneers of Formula 1 did nearly a century ago in driving technical
development and building public acceptance for a new mobility revolution,” explains Pearson.

Electric Car Racing Is Nothing New
Despite all the recent buzz about electric car racing, it’s nothing new. Indeed, when the �rst auto race in America took place 126
years ago, it featured several battery-powered machines.

In 1895, the Chicago Times-Herald newspaper sponsored a contest for “motocycles” and “motor carriages.” The race was held on
Thanksgiving Day and attracted 90 entries from around the United States. Only six vehicles started the race in Jackson Park on
the South Side of Chicago. But, the event included two electric models.

One was the Electrobat from mechanical engineer Henry Morris and chemist Pedro Salom of Philadelphia, which featured a
1,600-pound lead battery. The other electric vehicle was built by William Morrison of Des Moines, IA. It was driven by Harold
Sturgis, an executive at the American Battery Co. in Chicago. Unfortunately, both electric vehicles broke down and did not �nish
the 52-mile race.

Although the race wound through many neighborhoods in the Windy City, stretching as far north as Evanston, few people
witnessed the historic event due to an early winter storm that dumped almost a foot of snow on Chicago the night before.
Slippery, slushy streets and cold, blustery air made driving conditions atrocious. As a result, only two vehicles managed to �nish
the grueling event.

J. Frank Duryea won the race (and received $2,000) in a gasoline-powered contraption that he designed and built with his
brother, Charles. The vehicle consisted of a wood buckboard wagon mounted on top of a metal frame. It featured a 2-cylinder
internal combustion engine and pneumatic tires.

It took Duryea and his intrepid passenger more than 10 hours to navigate the course. The runner up was a machine built in
Germany by Karl Benz and imported by the H. Mueller Manufacturing Co. of Decatur, IL (a manufacturer of plumbing �xtures and
water distribution products).

The world’s �rst auto race, the Paris-Bordeaux event of June 1895, also featured an electric vehicle: a Jeantaud.
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Engineers are scrambling to �nd cost-e�ective ways to mass-produce EV
motors.

Motor Manufacturing Charges Ahead

By John Challen, Contributing Writer

Stators are a key component used to assemble electric traction motors. Photo courtesy ZF Friedrichshafen AG

The shift from the internal combustion engine to batteries and electric motors is, in automotive terms, monumental. But, there is
no denying that it’s a challenge that manufacturers and suppliers are tackling head on.

Faced with new regulations to help reduce global carbon emissions, original equipment manufacturers (OEMs) had no choice but
to shift focus away from diesel and gasoline to batteries. Almost every OEM has now gone public about their plans for electric
vehicles. That paradigm shift has piqued the interest of both traditional motor manufacturers and a handful of startups
developing new technology.

Whether it’s an electric car, truck or tractor, traction motors are vital to making wheels spin. That’s why many automakers, such
as BMW, Ford, General Motors and Volkswagen plan to assemble motors in-house.

For instance, Ford is spending $150 million to refurbish its 53-year-old Van Dyke Transmission Plant in Sterling Heights, MI, to
mass-produce e-motors. General Motors is also taking a vertically integrated approach with its modular Ultium Drive power train
family, which consists of three interchangeable motors.

“As with other propulsion systems that are complex, capital intensive and contain a great deal of intellectual property, we’re
always better off making them ourselves,” says Adam Kwiatkowski, executive chief engineer for global electrical propulsion at
GM.

Many automakers are producing EV motors in-house.
Photo courtesy BMW AG

Electric motors come in a variety of sizes and power
capacities. Photo courtesy BorgWarner Inc.

“Most of the Ultium Drive components, including
castings, gears and assemblies, will be built with globally
sourced parts at [our] existing global propulsion facilities
on shared, �exible assembly lines,” explains Kwiatkowski.
“[This will allow us] to more quickly ramp up EV
production, achieve economies of scale and adjust [our]
production mix to match market demand.”

“Taking over the role of the internal combustion engine in
car engineering, e-motors are a fundamental building
block of electric cars, together with the battery and
power electronics,” adds Henrik Green, chief technology
o�cer at Volvo Cars, which has committed to assembling
electric motors at its power train plant in Skövde,
Sweden.

“Bringing the development of electric motors in-house
will allow [our] engineers to further optimize the entire
electric driveline,” explains Green. “This approach will
[enable us] to make further gains in terms of energy
e�ciency and overall performance.”

While there are many different types of e-motor designs,
every device has four basic components: a rotor, stator,
body assembly and battery control module. And, there
are fewer parts overall than with an internal combustion
engine (ICE). An e-motor typically has only about 20
moving parts vs. 200 or more in an ICE.

Automated Assembly

As OEMs and suppliers ramp up EV production, more robots will be used to assemble smaller parts and subassemblies, in
addition to the entire motor itself. One area that is an ideal candidate for automation is rotor assembly, where close tolerances
present numerous challenges.

Rotor and stator assembly applications use robots to pick, wind and shape coils or windings. Robots can also be used for making
connections, pressing the rotor shaft, welding and gluing, plus bolting the body together.

In the future, most electric vehicle traction motors will
be assembled by robots. Photo courtesy ABB Robotics

As EV production volumes increase, many
manufacturers will need to automate manual assembly
processes. Photo courtesy Groupe Renault

“Accurate, automated injection of glue into magnet housings is essential to ensure retention of the magnets, even at very high
rotational speeds of 15,000 rpm or more,” says Patrick Matthews, global power train group manager at ABB Robotics. “Test and
inspection also is a continuous activity throughout e-motor production, with robots constantly monitoring quality and correct
assembly within very tight tolerances.”

Suppliers such as ABB have seen an uptick in business due to the automotive industry’s recent shift to electri�cation. In
particular, they’re producing more automated systems for assembling electric motors. According to Matthews, two themes in
the electric motor market are constant change and ongoing product improvements.

“For everyone involved in electric vehicles, the whole race is about producing cars faster and at higher quality,” says Matthews.
“To do that, you need to really scale up development, and that is what we see as both a challenge and a new horizon. Through
the years, OEMs have found it easy to build at low volumes, but the challenge comes when you need to build thousands of
components in a month.”

ABB engineers are developing robotic assembly cells that can help manufacturers achieve those high-volume levels.

“We want to help them get to volumes of 500 to 1,000 units, and then scale up further,” explains Matthews, adding that
maintaining high levels of quality is vital. “Electric motors are no longer a niche product; they are going mainstream and they
need to be [assembled] right.”

The Axial Flux Traction motor is modular, lightweight and affordable. Photo courtesy Saietta Group

ABB has used its vast experience in traditional body shop and power train applications to develop a more �exible approach to EV
motor manufacturing.

“Our serial processes on a standard line mean that all parts come into the station one after the other,” explains Matthews. “We’ve
now taken that process apart and are looking at parallel production. With more parallel stations, parts come down the line
together so that all the parts for one particular component are [joined] together. Complete assemblies—or major portions—are
then completed, before going to the next station.”

According to Matthews, there are four key advantages of parallel vs. serial production for electric motor manufacturers. “The
�rst advantage is that you overcome the ‘one down, all down’ concept, which can slow down or stop series production,” he points
out. “In a parallel process, you can continue to run one or two of the cells without closing the whole line down.

“The second advantage is onboarding or [capital equipment spending],” says Matthews. “Volumes of spend are based on a
scaled-down volume. With the parallel process, you can scale the cells, so you don’t have to invest capital at the beginning.”

Another advantage is the ability to add more products into the mix while keeping production online. In addition, Matthews claims
that the parallel production system is more �exible.

This silicon-based printed circuit board stator (right) is
much easier to mass-produce than a traditional heavy
iron core stator (left). Photo courtesy In�nitum Electric

Startup manufacturers of electric traction motors need
to �nd a way to scale production as demand increases.
Photo courtesy Saietta Group

“We’ve had customers who have taken cells from one plant and moved them to another plant because the volumes were going
down in one [facility] but increasing in another,” notes Matthews. “They took the cell, moved it to the plant, installed it in a week
and got production back by the end of the week.

“There are tangible advantages of the new approaches,” says Matthews. “We see there is a 5 percent to 10 percent e�ciency
improvement using these �exible methods. A lot depends on how the plant is structured—whether it was brown�eld or
green�eld—but there are de�nitely scalability and savings to be made over the traditional series production process.”

An assembly line for electric motors has much different processes than an ICE line, Matthews points out. For instance, there is
much less metal cutting and machining involved.

“There are no longer big banks of machine centers, and there’s less drilling, tapping and milling,” explains Matthews. “We’re
seeing more assembly, molding machines, and ovens for heating and curing. There’s also a lot more wire winding.”

Small, Lightweight Beginnings

Many entrepreneurs and start-up companies are scrambling to develop innovative EV motor technology. One of them is Saietta
Group, a UK-based �rm pinning its hopes on a new motor that is suitable to a wide range of electric vehicle applications.

Its Axial Flux Traction (AFT) motor is modular, lightweight and affordable. The unique design features a dual-rotor, axial-�ux
permanent magnet combined with distributed windings and a yokeless stator. Saietta’s �rst commercial offering, the AFT140, is
designed for use in midsized motorcycles and �nal-mile delivery vehicles. But, the company claims that other versions of the
AFT motor can be used in other types of EVs.

Easy-to-assemble components are critical to cutting-edge electric motors that will drive next-generation electric
vehicles. Illustration courtesy In�nitum Electric

Thanks to a grant from the UK’s Advanced Propulsion Centre, the company is in discussion with a variety of automakers and Tier
1 suppliers. The grant enables production to be ramped up to 150,000 units a year at a pilot plant in Oxfordshire. But, Saietta’s
long-range plan is to mass-produce millions of motors annually. To help achieve that goal, the company is collaborating with
Brandauer and AEV Group.

“Brandauer specializes in stamping, and it is helping us scale up the cutting and packaging of grain-oriented steel,” says Wicher
Kist, CEO of Saietta. “AEV specializes in potting electric components, which need to be conductive for heat rejection, but
insulated from an electrical point of view.”

According to Kist, the unique design of the motor’s coil will affect how the AFT is mass-produced.

“Around 99 percent of electric motors have a steel structure, which is used as a bobbin to coil the copper around,” explains Kist.
“But, we’ve created a discrete coil, which is similar to the coil of an antenna.

“With that, we kink it to make sure the current on one side is aligned with one magnet and aligned on the other side to make a
circuit.” Kist points out. “We’ve done that 96 times, [then inserted] six busbars on each side to create the circle.

“The coils are then laid in a circle and arranged in a spiral,” adds Kist. “The assembly, at that point, is designed to be automated
as we ramp into mass production, as opposed to hand built, which is the initial phase.”

Next, the individual discrete coils go down a conveyor belt and are paired up—to get the current in and out—before being dropped
into a stator ring, potted in a curing machine and placed back onto the assembly line.

“One of the companies we’ve worked with is Royal En�eld, which makes motorcycles in India,” explains Kist. “However, it wants
to make the motor slightly bigger and glue two together. The have also expressed an interest in keeping motor manufacturing in-
house.”

Electric motors are one of the most important parts of EV drivetrains. Illustration courtesy In�nitum Electric

To In�nitum and Beyond

Another fresh approach has been developed by engineers at In�nitum Electric, which has created an electric motor that uses a
printed circuit board (PCB) silicon stator. The company has developed a device for household appliances called the IEh series
that is 50 percent lighter, 30 percent quieter and 10 percent more e�cient than traditional electric motors. It also recently agreed
to provide its IEm series motors to a North American supplier that is involved in the development of a hybrid vehicle.

“[We] pull out the iron and copper windings from the stator of every motor and etch copper conductors into a circuit board”, says
Ben Schuler, CEO and founder. “The removal of the iron makes for a [much more e�cient], smaller, lighter, quieter and more
durable motor.

“Our contract with an automotive supplier is for R&D and applying oil-cooling techniques to the stator,” explains Schuler. “We’ve
found throughout the process we can increase power density and performance of the stator by applying oil to cool the motor
instead of air, like we do on other products.”

“We build the whole motor, but the IEm Series—unlike [our] general purpose product—is not a standard product line, because we
don’t have a standard mobility offering,” he explains. “Although we design products to our customer’s needs, there are a lot of off-
the-shelf solutions. A lot of the cars are different, so they have different power and voltage requirements.”

Schuler says the long-term goal for his company is to become an e-motor supplier to large automotive OEMs. He’s con�dent
vehicles equipped with In�nitum motors will be on the road in the next two to three years.

“[Our unique attribute is something] that no one else has done on the EV side of the market,” claims Schuler. “That’s removing the
iron and using a circuit board that is already in the car. With that, we can get higher e�ciency and remove the core losses.”

Another advantage is in raw material savings. “Our electric motors are smaller and lighter than most others, which is important,
as the whole movement to electric vehicles is built around climate change and being more e�cient,” says Schuler.
“Transportation of raw materials is a massive contributor to climate change and something that we want to reduce.”

According to Schuler, the biggest challenge to EV motor manufacturing is the long development times. “It’s more about OEM
development cycles and less about motor [production], although you still have to create and approve the motor,” he points out.

“We have a proprietary design software platform where we can input the speci�cations of the user, hit enter and our design �le
can then be sent to PCB shops all over the world,” explains Schuler. “We can create samples in days or weeks, as opposed to
months or years, which some products take.”

Another advantage of In�nitum Electric’s innovative design is that is doesn’t need the traditional capital investment required for a
traditional motor assembly line.

“They go through a lot of different production stages, but ours is a simple silicon-based PCB and we can print out thousands of
them very easily,” claims Schuler. “It is a drastically streamlined production process.

“Our process is fabless,” says Schuler. “Much like some of the models of some semiconductor manufacturers, we’re ordering off-
the-shelf components, and the only capital costs are the molds and castings for the housing. And, if a customer wants us to use
their housing, we’ll do that.

“We’re really only aggregating the components, testing them and shipping to the customer, as opposed to a traditional electric
motor manufacturer that has to stamp the laminations, wind the windings and everything else,’” adds Schuler. “Their way is
much more labor-intensive.”

In�nitum Electric’s production is currently around 5,000 units, but through a combination of scaling up its own facility and also
using contract manufacturing partnerships, Schuler says the company will reach “hundreds of thousands of units a year” by
2023.

“Electric motors consume more than 53 percent of electricity globally every year,” claims Schuler. “That number is only going to
increase as electri�cation of everything takes over. But, if all those motors were ours, we’d be able to reduce CO2 emissions by

almost a gigaton every year and save up to 1.2-trillion kilowatt-hours.

“I know those numbers are pie in the sky, but it shows the difference that using lighter, more e�cient motors can make,” argues
Schuler.

Back to the Future?

Draper Laboratory Inc. is also developing a new family of electric motors that promises to be more powerful, e�cient, lighter
weight and less expensive to manufacture than traditional EV motors. Among other things, they do not require rare earth
materials.

“Electric vehicles require ever-increasing performance from electric motors, but are limited by the weight and cost of materials
needed to make a conventional motor—steel, copper coils and rare earth magnets,” says Sabrina Mansur, automotive business
development manager at Draper. “[Our] recently patented approach to electric motors replaces those materials with thin, light
and widely available materials.

“Almost all electric motors use magnetism to generate torque,” explains Mansur. “For centuries, engineers have known that
forces from electric �elds can also be harnessed to build motors, but these so-called electrostatic motors were considered too
weak to compete with their electromagnetic cousins.

“By leveraging state-of-the-art materials, novel designs and decades of fabrication expertise, [we are] developing powerful new
electric motors that break the torque barrier suffered by previous electrostatic motors,” claims Mansur.

“Our e-motors use thin electrodes and electrets which reduce weight by 80 percent or more compared to conventional motors,”
Mansur points out. “This translates to a range extension of up to 25 percent for electric vehicles (and up to 40 percent for
drones), based on our simulations.”

Bentley R&D Project to Study Electric
Motor Recycling
Bentley Motors Ltd. is embarking on a three-year R&D study that aims to revolutionize the sustainability of electric motors. It is
part of the luxury automaker’s initiative to only produce hybrid and electric vehicles by 2026.

The goal of the RaRE (Rare-earth Recycling for E-machines) project is to use recycled rare-earth magnets in e-motors. Bentley
engineers hope to build on work completed at the University of Birmingham in devising a method of extracting magnets from
waste electronics.

“Adding to the sustainability bene�ts that RaRE will provide, the bespoke motors created through this method promise to
minimize complexity through manufacture while supporting the development of the UK supply chain for both mass production
and low-volume components,” says Matthias Rabe, Ph.D., a member of the board for engineering at Bentley Motors.

“As we accelerate our journey to electri�cation, offering only hybrid or electric vehicles by 2026, and full electric by 2030, it is
important that we focus on every aspect of vehicle sustainability, including sustainable methods of sourcing materials and
components,” explains Rabe.

“RaRE promises a step-change in electrical recyclability, providing a source of low-voltage motors for a number of different
applications, and we are con�dent the results will provide a basis for fully sustainable electric drives,” notes Rabe.

“This study will run in parallel to [our] OCTOPUS research program that aims to deliver a breakthrough in electric power trains,
utilizing a fully integrated, free from rare-earth magnet e-axle that supports EV architectures,” adds Rabe.
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Demand for unpaved applications is driving unmanned vehicle
development.

Forging a Path to O�-Road Autonomy

By Nathan Eddy, Contributing Writer

Many autonomous vehicle engineers are focusing on agricultural applications. Illustration courtesy Continental AG

Autonomous cars and trucks are still in development and years away from real-world deployment. But, many types of off-road
vehicles are already emerging for daily use in agriculture, construction, mining, port logistics and other applications.

Recent technological advances promise lower barriers to investment, higher cost savings, and improved safety and reliability.
However, rugged and harsh operating environments are typically devoid of the typical guidance infrastructure critical to the
seamless operation of blacktop-bound autonomous vehicles.

In addition, strenuous demands for reliability and the need to perform coordinated, complex tasks raise several barriers to
widespread adoption.

But, those challenges haven’t stopped engineers at some companies, such as Volvo Construction Equipment, from forging
ahead. It recently established a new business venture called Volvo Autonomous Solutions.

“While great strides have been taken in the switch to hybrid and all-electric drive, creating autonomous transport is proving
harder to perfect,” says Perjohan Rosdahl, head of off-road at Volvo Autonomous Solutions. “Automation has struggled in the
mainstream automotive world because [engineers] are trying to get autonomous vehicles to work everywhere and safely coexist
with all the variables of life—cars, trucks, bikes, people, dogs, cats, you name it.

“Solving all of these issues at the same time is proving to be an enormously complex challenge, even for the world’s biggest
automotive and technology companies,” explains Rosdahl. “Our approach is to start small in a tightly con�ned environment and
build on our successes over time. A perfect place to start is quarries, which have clearly de�ned load-and-dump locations over
generally short circuits.”

One of the �rst commercially available AV products developed by Volvo engineers, called TARA, is already being deployed at
several mining sites in Europe. The TARA system consists of a �eet of TA15 unmanned haulers, plus infrastructure such as
charging stations and a control tower. A series of autonomous vehicles can be connected together to form a “train” of machines
for maximum loading, hauling and unloading e�ciency.

This autonomous baggage tractor is being tested at
Cincinnati/Northern Kentucky Airport. Photo courtesy
ThorDrive Inc.

Off-road applications that require high levels of
productivity and around-the-clock operation are ideal
candidates for AV technology. Photo courtesy Volvo
Autonomous Solutions

The TA15 machines, which feature a 15-ton hauling capacity, are assembled at Volvo’s factory in Braas, Sweden. They operate
on a battery-electric drivetrain that is based on shared technology from the Volvo Group. The machines use GPS, lidar, radar and
other sensors that enable them to interact closely with traditional manned loading equipment, such as excavators and wheel
loaders.

The charging process is fully autonomous, using a 150-kilowatt high-power charger that connects via a pantograph on the
ground to a pick-up on the bottom side of the TA15. Charge times vary from one to three minutes, depending on the amount of
energy needed.

“There’s no need for drivers to control these machines, which makes it attractive for several reasons,” says Luca Delgrossi, head
of technology at Volvo Autonomous Solutions. “There’s the cost savings, of course, but also increased safety.”

However, Delgrossi warns that some use cases are not yet possible. He says everything becomes more complicated when
things are hard to control, like the presence of people on the site that are not trained or do not know how to behave around AVs.

“All these factors increase complexity,” notes Delgrossi. “The more the environment is controlled, the easier the safety case is to
build. If a customer comes to us with a use case, we determine how it maps into our safety case diagram. From there, we decide
whether or not we can immediately take the challenge or if more study is required.”

According to Delgrossi, there are ways to compensate for the loss of road-based infrastructure, such as building it at the site
where the vehicles are operating. However, ideal candidates for off-road AV applications require extremely high productivity—
close to 100 percent, in some cases.

Robotic tractors enable farmers to be much more
productive. Photo courtesy AgXeed

Many driverless vehicles are already in use transporting
shipping containers at large port facilities. Photo
courtesy VDL Groep bv

“You really need to be �awless and work 24/7 the entire time,” claims Delgrossi. “This, of course, adds to the complexity. For
example, when a vehicle completes a mission, it must assess what the battery level is, go charge automatically and then return
for the next mission without any human intervention.”

One technology that can help bring order to this complexity is using cloud-based services to orchestrate the �eet. Volvo also
offers the option to package the same services into an edge computer installed on site, which can be helpful for remote
locations or special security needs enforced by the customer.

Partnerships with chipmakers like NVIDIA, which supplies perception systems along with machine learning and arti�cial
intelligence, are also helping the company expand and scale up in the mining and construction industry.

“We’re starting to learn how to walk,” says Delgrossi. “We want to address more complicated scenarios, but we are also trying to
be careful and not do too many things at the same time. We know our machines are suitable for agriculture, too. It’s a just a
matter of priorities.”

Hazards, Labor and Cost Bene�ts

Komatsu Ltd. is another leading construction equipment manufacturer that is bullish on autonomous mining operations. Since
2008, its FrontRunner Autonomous Haulage System has moved more than 3 billion metric tons of material. Several hundred
unmanned Komatsu vehicles are used to haul coal, copper, iron ore and oil sands in remote regions of the world ranging from
Australia to Chile.

“This is practical technology that’s been used for quite a while,” says Pedro Pacheco, an analyst at Gartner Inc., a research and
advisory �rm that specializes in cutting-edge technology. “It’s not theoretical or experimental—it’s being put into practice.”

As the talent pool for heavy machinery operators dwindles, the need for autonomous vehicles in less-than-desirable locations or
for the handling of hazardous materials will increase.

“When you think in terms of safety and e�ciency, if you don’t pay a person to drive the truck you have a machine that works
e�ciently with less risk of destruction or fatigue operating in places where health and safety are of extreme importance,”
explains Pacheco.

Autonomous technology enables engineers to reshape
the look and feel of farm tractors. Photo courtesy
Kubota Corp.

GPS, lidar and radar enable autonomous haulers to
interact with wheel loaders and other manned
equipment. Photo courtesy Komatsu Ltd.

For instance, in Germany, the country’s federal agency for handling radioactive waste is currently developing a project in
partnership with IAV GmbH, an automotive engineering company. A �eet of autonomous vehicles will transport nuclear waste to
underground disposal facilities remotely through Wi-Fi 6 technology.

For the project, IAV is setting up a test vehicle including a workstation for the control system. Engineers are equipping a scaled
vehicle with sensors, control hardware and software, and communication technology, and installing a control station for remote
control. IAV is also implementing a control body for communication and recording of measurement data.

“Setting up a test vehicle and integrating it into a corresponding communications infrastructure is now day-to-day business for us
as automotive developers of interconnected systems,” says Mirko Taubenreuther, head of the Automated Driving Functions
department at IAV. “The appeal of the project stems from the unfamiliar terrain for us and the opportunity to contribute toward
the safe operation of underground applications.

“After initial trials on the surface, we will take the system to around 700 meters underground and test it there in different
environments,” explains Taubenreuther. “If the project succeeds, we would have proven that Wi-Fi 6 remote-controlled vehicles
can be used safely under the required conditions.”

During tests, IAV engineers will validate the propagation of radio waves in different rock environments, such as clay, rock or salt,
the latency, shadowing and signal stall of the WLAN standard Wi-Fi 6 underground. In the process, they will also test whether the
system functions without interference at higher travel speeds. Speci�c overloads will also be simulated.

In addition to heavy-load applications in agriculture, mining and construction, many companies are developing automated
systems for last-mile delivery, operating on sidewalks. Similar AV technology has already been deployed on large campuses of
hospitals, research centers and universities. According to Pacheco, it’s much easier to deploy AV technology is those types of
closed environments vs. running a vehicle on public roads.

The former Google division that developed the Waymo
self-driving car is tackling autonomous farming using
robotic row-crop “buggies” that can count plants and
analyze yields. Photo courtesy Alphabet Inc.

The U.S. Army is developing many types of autonomous
off-road vehicles. Photo courtesy Pratt & Miller
Engineering

“The most important factors are that the tech can expand in terms of different use cases, and you have more customers
adopting them,” says Pacheco. “It’s about proof of concept to potential customers and being able to develop the applications
beyond speci�c use cases.”

The Ultimate Self-Driving Machine

Continental AG is a 150-year-old company that develops radar, lidar and Wi-Fi-enabled camera systems, as well as hardware
components, for off-highway autonomous vehicles in the agriculture, construction and mining sectors.

“Full autonomy is the ultimate goal, where you eliminate the operator and the vehicle is driving fully autonomously—a typical
example of this is in material handling, like automated guided vehicles in factories or warehouses,” says Mario Branco, who
heads business development for off-highway applications across all Continental business areas. “Our focus is on OEMs, but we
also offer retro�t solutions that a mining company could buy directly from us.”

For Branco, what makes the off-road autonomy market interesting is that the business case from an end user perspective is
clearer than it is in other industries.

“Those OEMs selling automated guided vehicles or forklifts to organizations can sell a return on investment of less than two
years, and I’ve seen even better numbers,” notes Branco. “If the business case can be calculated and sold, the increased
productivity and e�ciency is attractive.”

In addition, certain objectives, such as sustainability, can be achieved with off-road vehicles. For example, agricultural producers
are increasingly being asked to limit their use of fertilizers, herbicides and insecticides. Autonomous off-road vehicles can be
used to remove weeds between rows of crops or to apply chemicals more judiciously.

“You get to a point where the technology you need is available and affordable, like sensors, arti�cial intelligence and software,”
Branco points out. “Thanks to those synergies, the off-highway industry is bene�ting, and the target to increase this operational
e�ciency is achievable.”

A series of unmanned haulers can form a “train” of machines to maximize loading and hauling ef�ciency. Photo
courtesy Scania AB

However, what doesn’t work is to take AV technology developed for use on public roads or highways and apply it to the off-
highway world, where there is a much different environment. In other words, you can’t take the road environment to the
construction site or the �eld.

“One of the points with off-highway is that we are talking about mobile machines that are doing a process; simply driving is not
enough,” says Branco. “You need to make sure all those processes are automated. Otherwise, you’re not reaping the full
bene�ts, and the complexity of the use cases has to be considered.”

Sensors and Sensibilities

Aceinna Inc., a leading supplier of current sensors, �ow sensors and inertial measurement unit (IMU) sensing, has been applying
its cutting-edge technology to off-road autonomous applications in the agricultural and construction markets.

In agriculture, IMUs can be used in precision driving for row-crop spacing, with additional corrections for centimeter-gauge
accuracy, as well as in determining angular rates for planting seeds while a tractor makes a turn.

In construction, IMUs attached to the chassis, boom and arm of an excavator enable operators to compute the location of the
bucket. If all the angles and the geometry of the excavator are known, through trigonometry one can piece together an accurate
position of the bucket doing the digging.

“IMU technology, unlike cameras or lidar, is based on gravity, so rain, dust and storms don’t affect it,” says John Newton, vice
president of Aceinna. “If you put one of these real-time kinematic (RTK) global navigation satellite system (GNSS) systems on
the vehicle, then you know where you are, and you know exactly where you’re digging. That’s the next step that will allow more
autonomous use, but the cost of those needs to come down signi�cantly.”

“Autonomous vehicle systems require position accuracy better than 10 centimeters to achieve [critical] performance targets and
safety goals,” claims Yang Zhao, chairman and CEO of Aceinna. “Unfortunately, GNSS alone falls short, enabling only meter-level
position accuracy even under ideal operating conditions. A navigation system that includes an RTK positioning engine and GNSS
corrections delivered from a ground-based network of secure base stations will reliably improve position accuracy to centimeter-
level accuracy.”

This robotic weeder adapts to different crops, soil and
growth stages. Photo courtesy FarmWise Labs Inc.

This autonomous harvester is designed to help dairy
farmers produce more fresh grass to feed their cows.
Photo courtesy Lely International NV

To address the issue, Aceinna recently launched OpenARC, a precise positioning hardware and software platform that offers
easy system integration of GNSS corrections with high-performance inertial navigation system and RTK hardware. OpenARC is
powered by Point One Navigation, a leading supplier of precise positioning technology. The OpenARC positioning platform
combines Point One’s Polaris GNSS correction service with Aceinna’s OpenRTK330 hardware and software system.

For robustness, Aceinna’s devices are sealed in casings with an IP69 rating for use in highly ruggedized environments. That’s
because many quali�cation requirements are more stringent for off-highway applications where vibration, testing reliability,
accelerated life tests, temperature cycles, chemical resistance and pressure washing tests have to be addressed.

“There also is not as much of a consensus on safety as there is in automotive,” explains Newton. “There’s not one dominant
standard that everyone’s deciding to comply with. It would be easier if everyone knew what to comply with, but we’re not at that
stage. It’s not clear how that’s all going to work out.”

However, one recent development that promises to improve off-road autonomous machine performance is a strategic alliance
between Trimble Inc. and VayaVision, an Israeli company that is a division of LeddarTech Co. The companies plan to bring
advanced perception hardware and software to the agriculture, construction and mining markets.

The integration of VayaVision’s raw data sensor fusion and perception software platform with Trimble’s existing machine control
technology will enable intelligent automation in complex work environments.

The alliance is focused on advancing data fusion for multi-sensor systems such as lidar, cameras and GNSS. These sensors are
used to produce reliable environmental mapping, which is critical for autonomous systems. The result is expected to enable
improvements in the performance of autonomous machines operating in challenging work environments or when supporting
safety-critical applications.

Trimble and VayaVision engineers will collaborate to advance autonomous development and adoption with a customizable
portfolio that can potentially bene�t agriculture, construction and mining professionals in several ways.

“[Goals include] augmenting or replacing human control to create a safer work environment through path optimization, obstacle
avoidance and situational awareness,” says Finlay Wood, business area director for Trimble's Autonomous Solutions Division.
“[We also hope to improve] sustainability by optimizing vehicle functionality and utilization with automation to reduce idle time,
fuel consumption and environmental impact.

“We see the demand for operator assistance, autonomous machines and work�ow optimization accelerating dramatically,”
explains Wood. “Alliances such as this are a critical part of how we will bring added value to our customers in all levels of
autonomy.”

Off the Blacktop, Onto the Battle�eld

Practical applications for off-road autonomy go far beyond farm �elds and rock quarries. In the near future, military convoys
could be made safer for soldiers by using AV technology to reduce the number of people needed to operate trucks, tanks and
other vehicles.

Safety is a key driver for defense departments when considering unmanned vehicle technology, such as replacing a solider in a
front-line location—or behind enemy lines—with autonomous vehicles. It allows soldiers to see things and go places that they
traditionally can’t.

“It’s tremendously compelling from a human impact perspective,” says John Lizzi, executive leader for robotics and autonomous
systems at GE Research. “The next frontier is moving autonomy into these more complex environments, up that ladder from the
factory to the road and into environments like the forest, and it’s extremely exciting.”

Lizzi and his colleagues are currently working on a project with the U.S. Army through its Scalable Adaptive Resilient Autonomy
Program. The goal is to develop a new kind of “risk-aware” autonomous technology that enables military ground vehicles to
move safely in complex off-road conditions.

“If you step back and look at the AV industry today, they’re building systems that operate in somewhat structured and
constrained environments, with lines on the road, signs and tremendous amounts of map data,” explains Lizzi. “When you think
about the domain the army and our defense partners operate in, there’s a lot less structure; you don’t necessarily have map data
to rely on.”

The challenge, from Lizzi’s perspective, is to build autonomy in complex, unstructured environments. The current phase of the
R&D program is focused on developing and demonstrating a system that can navigate through a forest.

The process requires designing a system that can look at the terrain, perceive it, �gure out which parts are less risky and
navigate through it. And, if it’s not able to go through it, the navigation system will fall back to a different behavior, and �gure out
how to reduce its risk.

“The reason this uncertainly aware capability is so important is because you’re trying to make a real-time determination of
whether it’s safe or not,” Lizzi points out. “You need to have some concept of how your algorithms are performing and do some
introspection on how aggressively you should pursue your path."

GE Research engineers have been testing the AV technology at the Army Research Laboratory’s R&D facility in Middle River, MD.
The next step is transitioning to their proving grounds, where everyone will see how the system performs in the types of
environments they’re meant to work in.

“Right now, the hardware is much more capable than the software that runs on it,” says Shiraj Sen, a senior scientist at GE
Research. “[We have] done a lot of work on rugged systems and sensing is built-in, as well.

“Where the systems have been lacking is in the autonomy itself,” adds Sen. “We are trying to �ip that and make the autonomy as
capable as the vehicle it’s running on, or more capable.”

To learn more about the latest military AV applications, see Army R&D Advances Autonomous Off-Road Navigation in this issue.
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By Austin Weber, Senior Editor

ATLIS RETHINKS THE EV PICKUP TRUCK
PRODUCTION LINE

The XT pickup truck will feature a 500-mile range and a battery that recharges in less than 15 minutes. Photo courtesy
Atlis Motor Vehicles Inc.

Numerous companies are developing electric pickup trucks. But, Atlis Motor Vehicles Inc. thinks it has a better idea than its
competitors. The start-up company is developing an EV pickup that features a 500-mile range and a battery that recharges in
less than 15 minutes.

The target audience for the XT is commercial users in the agriculture, construction, service and utility industries. The vehicle will
meet the size, refueling, towing and payload capabilities of conventional diesel-powered pickup trucks.

The XT will be built on a modular XP platform that will enable Atlis to produce commercial vehicle in other con�gurations, such as
ambulances, delivery vans, �retrucks, step vans or box trucks. The “skateboard” architecture features a drive module that is
scalable all the way up to a 10,000-pound capacity per axle without requiring hardware upgrades. Each module contains brake
systems, drive systems, suspension and steering systems, which all use drive-by-wire technology. The XP also contains the
battery pack and the frame structure.

“Traditional automakers are dependent on their suppliers, sourcing much of the same off-the-shelf-technology as their
competitors,” says Mark Hanchett, CEO of Atlis Motor Vehicles. “We are taking a vertically integrated approach, developing all
technology in-house to create a vehicle that meets speci�c customer needs. We innovate with purpose and our strong
intellectual property portfolio is a huge differentiator.”

Atlis has applied for numerous U.S. patents, including one that covers battery tabs, terminal position and interlocking cells. “An
interlocking terminal design eliminates the need for conductors to be welded between cells to create a completed circuit,”
explains Hanchett.

Atlis plans to produce its vehicles at a factory in Mesa, AZ, where it has been setting up automated assembly lines for battery
cells and battery packs. Autonomous & Electric Mobility recently asked Hanchett to discuss his company’s unique production
philosophy and assembly strategy.

The XP platform contains brake systems, drive systems, suspension and steering systems, in addition to the battery
pack and the frame structure. Photo courtesy Atlis Motor Vehicles Inc.

AEM: Why did you decide to build your factory in Arizona?

Hanchett: Because the cost of living is so high in California, many individuals are moving to Arizona, which is attracting a lot of
former Silicon Valley technical talent. I’m also originally from Arizona, where I worked for a company called Axon, which is based
in Scottsdale. However, I grew up in Traverse City, MI. We plan to set up micro assembly factories around the country. Our long-
term goal is to enable customers to con�gure, buy and deploy a vehicle in their �eet within two days. To be able to do that, we
can’t ship every vehicle from Arizona.

AEM: Did you build a new factory or retro�t an existing space?

Hanchett: Our current 43,000-square-foot factory is a rented facility, but there’s space available to double that footprint. However,
the next building that we move into by early 2022 will be built from the ground up. It will be about 500,000 square feet and will be
full of all the latest automated equipment we need to mass-produce our vehicles. We will have a moving assembly line, but it will
combine traditional and new approaches to manufacturing.

AEM: As you ramp up production, what type of tools and equipment are you looking for?

Hanchett: We’re looking for �exibility. If we �nd a problem, we want to be able to address it and �x it quickly. Our focus is on
continuous improvement. Additive manufacturing will be used, especially for more complex components. Long term, we intend
to print a lot of basic structural parts. Within a few years, we envision having multiple machines printing things such as control
arms and frames. We’re just waiting for the technology to catch up to where we need it to be.

AEM: Why are you making a lot of components in-house instead of purchasing them from suppliers?

Hanchett: We do not work with Tier One suppliers for core technology that we own and produce in-house. Instead, we work with
Tier Two and Tier Three suppliers to bring in components that we manufacture ourselves. However, we do have a short-term
strategy to work with partners on noncritical systems. For instance, we’re not going to manufacture our own glass, tires, brake
pads, rotors or calibers. But, we will be producing motors, gearboxes, battery packs, battery management systems and power
electronics in-house.

The target audience for the XT is commercial users in the agriculture, construction, service and utility industries. Photo
courtesy Atlis Motor Vehicles Inc.

AEM: What is your production philosophy?

Hanchett: My production philosophy is crawl, walk, run. We want to get products in customers’ hands as early as possible. To do
that, we will hand-build vehicles to get started. As we continue to understand where production problems exist as we grow, we
will continue to ramp up production. That’s different than the philosophy typically used in the auto industry, where you don’t
launch a new product until you can produce at least 50,000 to 100,000 vehicles per year. As a young startup, you have to get
product to market to build brand con�dence. If you wait for that to happen, it can extend time lines by years.

AEM: What steps are you taking to reduce assembly costs and complexity?

Hanchett: A lot of it depends on simpli�cation of the vehicle architecture. The most expensive thing is the battery pack itself. We
are designing our own battery cells, which are being developed to directly integrate within the pack assemblies. We are not
buying off-the-shelf cell form factors and then trying to �gure out how to make them work in a vehicle application, which is the
traditional approach.

To reduce parts count and costs, we have tried to cut the number of wires and connections as much as possible. We also use a
lot of common components. For instance, things such as controls for doors, HVAC, lights and seats are built off the same
module. They use the same chip, the same basic software platform and the same basic Ethernet-based connectivity. We build it
once and then we use it 15 times. That type of philosophy is used to produce every piece of our vehicle.

AEM: As a start-up manufacturer, what are some of the challenges that you’re faced with?

Hanchett: The largest challenge is pushing past tradition. There’s a misbelief that “this is how it’s always been done and
therefore this is how it should be done.” We don’t look at things that way. We examine the core of the problem and see if there’s
a different approach that is cheaper, faster, better quality or something that differentiates us in the market.
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By Austin Weber, Senior Editor

NEW PROCESS ENABLES FAST,
LOW-COST BATTERY PRODUCTION

AV/EV TECH TRENDS

A new fabrication technique could make solid-state batteries using production facilities and infrastructure developed
for lithium-ion. Photo courtesy Georgia Institute of Technology

Solid-state batteries appeal to automotive engineers searching for a more powerful, lighter, less expensive and safer alternative
to lithium-ion chemistries. But, the EV industry is still seeking a breakthrough that would enable manufacturers to use their
existing production facilities and infrastructure.

Engineers at the Georgia Institute of Technology believe a new fabrication technique could allow solid-state batteries to adopt
non�ammable ceramic electrolytes using the same production processes as batteries made with conventional liquid
electrolytes. They have developed melt-in�ltration technology that uses electrolyte materials that can be in�ltrated into porous
yet densely packed, thermally stable electrodes.

“The one-step process produces high-density composites based on pressureless, capillary-driven in�ltration of a molten solid
electrolyte into porous bodies, including multilayered electrode-separator stacks,” says Gleb Yushin, a professor of materials
science and engineering at Georgia Tech. “While the melting point of traditional solid-state electrolytes can range from 700 C to
over 1,000 C, we operate at a much lower temperature range.

“Depending on the electrolyte composition, [this would be] roughly 200 to 300 C,” explains Yushin. “At these lower temperatures,
fabrication is much faster and easier. Materials at low temperatures don’t react. The standard electrode assemblies, including
the polymer binder or glue, can be stable in these conditions.”

According to Yushin, the new production technique could allow large automotive-grade batteries to be safely made with 100
percent solid-state non�ammable ceramic. As a result, high-quality multi-layered cells of any size or shape could be rapidly
manufactured at scale using proven tools and processes developed over the last 30 years for lithium-ion batteries.

“Melt-in�ltration technology is the key advance,” claims Yushin. “The cycle life and stability of lithium-ion batteries depend
strongly on the operating conditions, particularly temperature.”

If batteries are overheated for a prolonged period, they commonly begin to degrade prematurely, and overheated batteries may
catch on �re. That has prompted nearly all EVs to include complex, expensive cooling systems. In contrast, Yushin says solid-
state batteries may only require heaters, which are signi�cantly less expensive than cooling systems.

Last year, battery cell prices hit $100 per kilowatt hour for the �rst time. But, they will need to drop below $70 per kilowatt hour
before the consumer EV market can fully blossom. Yushin and his colleagues are currently developing other electrolytes that will
have lower melting points and higher conductivities that promise to help drive down production costs.

“So many incredibly smart scientists are focused on solving very challenging problems while completely ignoring economic and
technical practicality,” notes Yushin. “They are studying and optimizing very high-temperature electrolytes that are not only
dramatically more expensive to use in cells, but are also up to �ve times heavier compared with liquid electrolytes. My goal is to
push the research community to look outside that chemical box.”

ARMY R&D ADVANCES AUTONOMOUS
OFF-ROAD NAVIGATION

Autonomous vehicles are learning how to traverse off-road environments that are unpredictable and constantly
changing. Photo courtesy Army Research Laboratory

Soldiers navigate a wide variety of terrain to successfully complete their missions. As arti�cial intelligence and sensor
technology advances, the same �exibility will be required for autonomous vehicles to maneuver across diverse landscapes.

Existing autonomy data sets either represent urban environments or lack multimodal off-road data. To address the issue,
engineers at the Army Research Laboratory have developed a system that provides the resources needed to develop more
advanced algorithms that enhance robotic navigation.

As part of RELLIS-3D research conducted for the lab’s Arti�cial Intelligence for Maneuver and Mobility program, they have
created the data needed for autonomous vehicles to traverse rugged environments with characteristics similar to those
encountered on battle�elds.

“Autonomous navigation systems that rely solely on lidar lack higher-level semantic understanding of the environment that could
make path planning and navigation more e�cient,” says Maggie Wigness, Ph.D., a computer scientist at the U.S. Army Combat
Capabilities Development Command. “Urban environments provide many structural cues, such as lane markings, crosswalks,
tra�c signals, roadway signs and bike lanes, that can be used to make navigation decisions. These decisions often need to be in
alignment with the rules of the road.

“These structured markings are designed to cue the navigation system to look for something such as a pedestrian in a
crosswalk, or to adhere to a speci�cation such as stopping at a red light,” explains Wigness. “In off-road environments, this is not
necessarily the case, which can cause a much more signi�cant class imbalance than those seen in urban datasets.”

Off-road data sets contain non asphalt surfaces that present completely different traversability characteristics than roadways.
For example, Wigness says an autonomous vehicle might have to decide between navigating through grass, sand or mud, any of
which could present challenges. Tall grass vs. short grass is also very different in terms of traversability, with tall grass
potentially hiding unseen obstacles, holes or other hazards.

Additionally, while roadway driving is not universally �at, for the most part roads are relatively smooth and �at. In sharp contrast,
off-road driving can contain uneven hills and sudden drops, and there are a larger number of potentially dangerous conditions
that could cause unsafe decisions from a navigation planner.

“These sudden and constant changes in terrain require an off-road navigation system to constantly re-evaluate its planning and
control parameters,” warns Wigness. “This is essential to ensure safe, reliable and consistent navigation.”

RELLIS-3D provides data that can be used to evaluate navigation algorithms, including SLAM (simultaneous localization and
mapping), in challenging off-road conditions, such as climbing and then descending a large hill. It also provides annotated lidar
and camera data that can be used to train machine learning networks to better understand the terrain conditions in front of a
robot, which can facilitate improved path planning based on semantic information.

Two years ago, Wigness and her colleagues released a data set called Robot Unstructured Ground Driving (RUGD). It is
comprised of annotations for imagery only, but was designed to provide the necessary resources to get academic and industry
researchers thinking about perception for autonomous navigation in off-road and unstructured environments.

“RELLIS-3D takes the next step by publicly providing an entire sensor suite of data for off-road navigation,” says Wigness. “This
allows [us] to leverage multimodal data for algorithm development. It can also be used to evaluate mapping, planning and
control, in addition to perception components.”

NEW MATERIAL IS NEXT STEP TOWARD
SODIUM-ION BATTERIES

Sodium-ion batteries may become popular in the future, because unlike
lithium, sodium is inexpensive and readily available. Engineers at the
University of California San Diego have been coordinating a research project
that is studying the technology.

They recently designed and manufactured a new sodium-ion conductor for
solid-state batteries that is stable when incorporated into higher-voltage oxide
cathodes. The new solid electrolyte could dramatically improve the e�ciency
and life span of this class of batteries.

A proof-of-concept battery built with the new material lasted more than 1,000
cycles while retaining 89 percent of its capacity—a performance unmatched
by other solid-state sodium batteries to date.

The engineers developed a class of halide sodium conductors made up of
sodium, yttrium, zirconium and chloride. The material, which they named
NYZC, is both electrochemically stable and chemically compatible with the
oxide cathodes used in higher voltage sodium-ion batteries.

“NYZC is based on Na3YCl6, a well-known material that is unfortunately a
very poor sodium conductor,” says Shyue Ping Ong, Ph.D., a professor of
nanoengineering. One of his colleagues suggested substituting zirconium for
yttrium because it would create vacancies and increase the volume of the cell
battery unit—two approaches that increase the conduction of sodium ions.

New materials could enable sodium-ion
batteries to be safer, cheaper and longer
lasting that lithium-ion alternatives.
Illustration courtesy University of California
San Diego

“In conjunction with the increased volume, a combination of zirconium and chloride ions in this new material undergoes a
rotating motion, resulting in more conduction pathways for the sodium ions,” explains Ong. “In addition to the increase in
conductivity, the halide material is much more stable than materials currently used in solid-state sodium batteries.

“These �ndings highlight the immense potential of halide-ion conductors for solid-state sodium-ion battery applications,” claims
Ong. “It also highlights the transformative impact that large-scale material data computations coupled with machine learning can
have on the materials discovery process.

“Next steps include exploring other substitutions for these halide materials and increasing the battery’s overall power density,
along with working to scale up the manufacturing process,” adds Ong.
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NEW TECHNOLOGY IMPROVES TWO-
PART MATERIAL DISPENSING

ASSEMBLY TOOLS AND TECHNIQUES

By Austin Weber, Senior Editor

Electric vehicle applications are driving demand for automated equipment.

Many parts of electric vehicles are assembled with two-part adhesives and dispensing equipment. Illustration courtesy
Scheugenp�ug Inc.

Dispensing two-part adhesives to assemble electric vehicles can be a challenge, particularly if the mix ratio is wide or the two
components have different viscosities. For a good bond and maximum adhesive performance, the resin and hardener must be
precisely metered and thoroughly mixed. But, new dispensing technology makes it easier than ever to dispense acrylics, epoxies,
silicones, urethanes and other two-part materials.

Those adhesives have a number of performance properties often not available in single-component alternatives. They provide
better storage stability, faster handling and shorter curing times. The disadvantage is a more complex process due to the
dispensing parameters required for different mixing ratios and the selection of a suitable static mixer.

“Material is getting higher in thermal conductivity with better sustainability that doesn’t separate in dispensing,” says Tu Pham,
an application engineer at Scheugenp�ug Inc. USA. “And, there is lower viscosity to improve the dispensing process and
production.”

“Manufacturers are looking for consistent, precise, sustainable equipment to handle thick materials with faster dispensing,”
explains Pham. “The equipment also needs to be user-friendly and low maintenance.”

To address those needs, Scheugenp�ug has developed several new products, including the DosP DP803 piston dispenser, and
the DispensingCell DC803 and the LiquiPrep LP804 preparation unit.

“Two-component �uids offer a lot of versatility and the ability to have locally mixed material,” adds Sonia Aldridge, product
manager at Nordson Asymtek. “That enables manufacturers to have more �exibility with a larger �uid supply that lasts longer
than just one 8-hour shift.

“Since we started offering two-component systems seven years ago, we’ve seen a lot of changes in the marketplace,” notes
Aldridge. “Lately, we’ve been seeing more demand for precision at the low-volume end as well as at the high-volume end.”

Sensors are encapsulated to permanently protect
sensitive electronic components from heat, moisture
and vibration. Photo courtesy ViscoTec-America Inc.

Many electric traction motors are assembled with two-
part adhesives and dispensers. Photo courtesy
ViscoTec-America Inc.

According to Aldridge, there has been growing interest in potting, encapsulation and sealing applications. In particular, she says
piston pumps and progressive cavity pumps are becoming increasingly popular.

“Progressive cavity pump technology offers bene�ts that include the highest volumetric accuracy compared to other needle-
based dispensing, enabling very small volumes,” explains Aldridge. “Because of a closed-pump design, dispensing is independent
of variables like �uid pressure and ambient temperature changes, resulting in high consistency and accuracy. Dispensing is
faster during production because no �uid re�ll cycle is needed.”

Nordson Asymtek recently unveiled the Vortik series of progressive cavity pumps for dispensing one- and two-component �uids.
It features an Automated Ratio Control system for mixing two-component materials. The Vortik line features three families—VPs,
VPm and VPg—that are based upon general volume ranges.

“Easy set-up and very low �ow rates for two-component �uids result in precise, small deposits and narrow lines,” claims Aldridge.
“With a �ow rate of 0.2 microliters per second, the VPs pump produces lines narrower than 300 micrometers. The VPm and VPg
dispense volumes from 2 to 400 microliters per second for applications such as encapsulation, potting and sealing.”

“We’re seeing more demand for highly engineered materials with precise mixing ratios,” adds Patrick Kieselbach, sales manager
at ViscoTec-America Inc. “As the amounts get smaller and the mixing ratios get higher, it presents some dispensing challenges.

“For instance, we recently had a request from someone looking to dispense 0.001-milliliter of adhesive mixed at a 5-to-1 ratio,”
explains Kieselbach. “Most of those requests are for epoxies used in electronics and medical device applications.”

One of ViscoTec’s newest products is the vipro-DUOMIX. The static-dynamic mixer is designed for compressible, two-component
materials with very different viscosities, extreme mixing ratios and high-pressure sensitivity.

“All thermoset materials can present challenges,” adds Fred Krautz, general manager of Fluid Research Corp., an Ellsworth
Adhesives company. “Some materials are very simple, as the ratio is 1-to-1 and the viscosities are either matched or very similar.

“The challenges begin to surface when you �nd materials with wildly different viscosities and wide mix ratios,” Krautz points out.
“Throw high �ller content into the equation, such as aluminum oxide, quartz and silica, and you are presented with more
challenges than to just meter-mix these materials.

“You must also address the highly abrasive nature of the �llers and their propensity to separate or pack out in �uid lines or
metering pumps,” says Krautz. “Every material and application needs to be thoroughly understood before determining the correct
metering technology.”

Two-component dispensers are used for many types of
electronic assembly applications. Photo courtesy
Nordson Asymtek

To guarantee optimum temperature range and
prevent overheating, large quantities of thermally
conductive potting material are used in EV batteries.
Illustration courtesy Scheugenp�ug Inc.

Electric Vehicle Applications

The multibillion-dollar race to develop electric vehicles is good news for suppliers of two-part adhesives and dispensing
equipment. That’s because those products are used to assemble many parts of EVs, such as charging modules, interior displays,
electric traction motors, high-voltage batteries, LED headlights and power electronics.

Thermal in�uences have tremendous effects on battery performance. With automotive engineers scrambling to improve battery
range, dissipating heat is becoming more of a challenge.

To guarantee an optimum temperature range and prevent overheating, large quantities of thermally conductive potting materials
are used in battery packs. They provide reliable heat transfer between high-voltage batteries and housings, through which
cooling takes place.

“We have seen an unusually large number of inquiries for highly �lled thermal management materials, primarily silicones and
thermal greases, associated with the lithium-ion battery industry,” says Krautz.

“The growing electric vehicle market has multiple applications mostly related to chargers, collector plates and battery packs,
along with thermal event mitigation materials for battery packs,” explains Krautz. “Some new materials are being introduced that
will perform identically to traditional thermosets, but with a focus on weight reduction.”

“Two-part adhesives come into play to help with sealing and releasing heat [via] thermal conductivity,” adds Scheugenp�ug’s
Pham. “In batteries, silicones are widely used because of their safety, long range of operation temperature, low cure shrinkage,
good electrical properties, high-thermal conductivity, and excellent chemical and environmental resistance.

“Thermally conductive materials also protect sensitive electronic components from shocks and vibrations,” notes Pham. “For
potting high-voltage batteries, we have developed a new system consisting of the Dos HP dispenser and the PailFeed 200
Abrasive material feeding system.

“It enables dispensing rates of up to 80 milliliters per second, even when using highly abrasive thermally conductive materials,”
Pham points out. “The Dos HP is typically mounted to a robotic arm to ensure a su�ciently large traversing range for potting
high-voltage batteries. The PailFeed200 Abrasive, which has been designed for 200-liter barrels (55-gallon drums), ensures fast
and reliable transfer of heat-conducting material to the dispenser.”

In addition to batteries, many electric traction motors are assembled with two-part adhesives and dispensers. And, with electric
vehicle production volumes starting to ramp, manufacturers are turning to more automated dispensing technology.

“The mechanical �xing of magnets is proving to be a big challenge in relation to the automation of this process, especially since
it’s associated with high costs,” says ViscoTec’s Kieselbach. “However, the bonding of magnets in a laminated core provides a
solution and offers numerous advantages.

“Noise caused by vibration is prevented, because no mechanical connecting elements are required,” explains Kieselbach.
“Contact corrosion is avoided, the components can be processed more quickly, and strength is optimized. Tolerances resulting
from the manufacturing process can be compensated.

“One- or two-component acrylic and epoxy adhesives are commonly used,” Kieselbach points out. “The component, preheated by
the shrinking process, favors a faster curing of the resin, and therefore optimizes the process time.

“Two-component materials can have an additional positive in�uence on the entire process duration, thanks to the shorter curing
time,” claims Kieselbach. “Further process steps, such as balancing the rotor, can be started immediately whereby long heating
sections are ultimately reduced. Depending on the size of the rotor, the quantities of adhesive to be dispensed can vary widely to
suit the requirements of the particular application.”
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PRODUCTS SPOTLIGHT
PRODUCTS

High-Precision Actuator for Battery and EV Assembly

HyperCyl-EMA is a servo-driven electric actuator that provides �exibility and
accuracy for a wide array of electric vehicle applications. It features a
universally adjustable output force range from 5 to 230 kilo-newtons. The
actuator includes a HyperView-Press for in-process quality control to reduce
costs and part nonconformance. Roller screw and ball screw designs are
available. Image courtesy of Aries Engineering Co.

Aries Engineering Co.

Find out more here at www.hypercyl.com

Quick Connectors for Hybrid and Electric Vehicles

A new series of quick connectors meet German VDA automotive quality
standards. Used for heating and cooling lines, including thermal regulation of
battery packs in electric and hybrid vehicles, the new VDA Low-Push Quick
Connectors feature an improved design that is easily integrated into thermal
management systems, solves assembly challenges and improves overall
vehicle safety. The connectors have been designed so that less insertion
effort is required to achieve connection. Image courtesy of ARaymond

ARaymond

Find out more here at www.araymond.com

Fastening Tools Are Designed for Electric Vehicles

Electric vehicle production demands new requirements for fastening tools,
including unique tightening applications in different environments, plus higher
levels of automation, quality and traceability. It also requires higher safety
standards for operators during the assembly of components with high-voltage
contact. An 18-page digital catalog describes a wide variety of insulated tools
for manual and automated assembly applications. Image courtesy of
Desoutter Industrial Tools

Desoutter Industrial Tools

Find out more here at www.desouttertools.com

Adhesive Tapes for EV Battery Assembly Applications

A wide variety of acrylic-, rubber- and silicone-based adhesive tapes feature
functional bonding properties, including dielectric strength and �ame
retardance. They meet UL 94 V-0 requirements for enhanced �re safety. The
tapes can be used for a variety of battery pack assembly applications,
including thermal runaway protection, cell to cell bonding and compression
pads. Adhesive tapes eliminate cure times and equipment required with liquid
adhesives. Image courtesy of Avery Dennison Performance Tapes

Avery Dennison Performance Tapes

Find out more here at www.averydennison.com

Interactive Virtual Showroom Features EV Test Equipment

A new interactive showroom features state-of-the-art products for gauging,
inspecting and testing electric vehicle components. Engineers can use the
360-degree navigation tool to view content that is divided into electric drive
units, batteries and fuel cells. Topics include dimensional gauging, functional
testing, leak testing and thickness measurement. The navigation tool enables
users to click on topics they are interested in to see a video and other
supporting documentation on that particular technology. Image courtesy of
Marposs Corp.

Marposs Corp.

Find out more here at www.marposs.com

eBook Offers Tips on Thermal Management

A key challenge in developing higher power density electronics for electric
vehicles is managing heat. A 22-page e-book covers a variety of topics related
to thermal management, including CoolTherm thermal management
materials for potting and encapsulation, plus gap �llers, adhesives, gels and
greases. Metering, mixing and dispensing systems are also included. Image
courtesy of Parker LORD

Parker LORD

Find out more here at www.lord.com

Radar System Tests ADAS and AV Functions

The AVL DrivingCube features a cutting-edge radar test system that enables
engineers to validate advanced driver assistance systems and automated
driving technology. Complex driving scenarios can be generated and tested in
a safe, reproducible vehicle-in-the-loop environment. The system combines
both simulation and real vehicles on a chassis dynamometer and power train
test bed. Antenna array technology allows complex arti�cial objects to be
generated for the sensors at variable distances and with variable radial
velocity, size and azimuth, without physically moving antennas or devices.
Image courtesy of Rohde & Schwarz

Rohde & Schwarz

Find out more here at www.rohde-schwarz.com

Adhesive Is Thermally Conductive and Flame Retardant

DUOPOX TC8686 is an adhesive designed for low-voltage batteries found in
mild hybrid and conventional hybrid vehicles, as well as in e-bikes and e-
scooters. It is thermally conductive and �ame retardant. Instead of
mechanically connecting battery cells and then using gap �llers for heat
dissipation, the adhesive combines connection of the thermal management
system and structural bonding into one step, which simpli�es production.
Image courtesy of DELO Industrial Adhesives

DELO Industrial Adhesives

Find out more here at www.delo-adhesives.com
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