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NEW CABLE ENABLES EVS TO CHARGE

WITHIN FIVE MINUTES

NEWS

A new cable (undergoing tests above) could reduce an electric vehicle's charging time to under �ve minutes. Photo
courtesy Purdue University

WEST LAFAYETTE, IN—Engineers at Purdue University have invented a new charging station cable that can fully recharge some
electric vehicles in less than �ve minutes. That’s approximately the same amount of time it currently takes to �ll up a gas tank.

Today, chargers are limited in how quickly they can charge an EV’s battery due to the danger of overheating. To charge an EV
faster, a higher current needs to travel through the charging cable. The higher the current, the greater amount of heat that must
be removed to keep the charging cable operational. The cooling systems that chargers currently use remove only so much heat.

Using an alternative cooling method, Purdue engineers designed a charging cable that can deliver a current 4.6 times that of the
fastest available EV chargers on the market today by removing up to 24.22 kilowatts of heat. The research effort was funded by
Ford Motor Co.

“Electric vehicle charging time can vary widely today, from 20 minutes at a station alongside a roadway to hours using an at-
home charging station,” says Issam Mudawar, Ph.D., a mechanical engineering professor at Purdue. “Wait times and charger
location are both cited as major sources of anxiety for people who are considering electric vehicle ownership."

Though the prototype hasn’t been tested on EVs yet, Mudawar and his students demonstrated in the lab that their prototype
accommodates a current of over 2,400 amperes—far beyond the 1,400-ampere minimum that would be needed to reduce
charging times for large commercial EVs to �ve minutes. Currently, the most advanced chargers in the industry deliver only
currents up to 520 amperes, and most chargers available to consumers support currents of less than 150 amperes.

“Ultimately, charge times will be dependent on the power output ratings of the power supply and charging cable, and the power
input rating of the EV’s battery,” explains Mudawar. “To obtain a sub-�ve minute charge, all three components will need to be
rated to 2,500 amperes.”

The prototype mimics all the traits of a real-world charging station. It includes a pump, a tube with the same diameter as an
actual charging cable, and the same controls and instrumentation. It also has the same �ow rates and temperatures.

EV charging stations and other types of electronics rely on liquid cooling systems to remove heat from within their wires.
Increasing the current through a charging cable using this method would require larger conductive wires and more liquid coolant,
making the cable heavier and di�cult for customers to handle.

Mudawar has spent more than 30 years developing ways to more e�ciently cool electronics by taking advantage of how liquid
captures heat when boiled into a vapor. By capturing heat in both liquid and vapor forms, a liquid-to-vapor cooling system can
remove at least 10 times more heat than pure liquid cooling. These cooling bene�ts make it possible to use a smaller wire
diameter inside the charging cable while dissipating a higher current.

Mudawar and his colleagues plan to work with automakers and charging station manufacturers to test the prototype on EVs
within the next two years. The testing will determine more details on charge speeds for speci�c vehicle models.

“The industry doesn’t really need EVs to charge faster than �ve minutes, but we think we can increase the current even more by
modifying both the state of the incoming liquid and the design of the cooling space around the conductor wires in the charging
cable,” says Mudawar.

APTERA MOTORS MOVES INTO

CALIFORNIA ASSEMBLY PLANT

Aptera Motors plans to assemble its three-wheeled solar-powered EV at a new factory in
Carlsbad, CA. Photo courtesy Aptera Motors

CARLSBAD, CA—Aptera Motors Corp. recently moved into its new assembly plant here. The 77,147-square-foot facility will be the
�rst of several microfactories that the company plans to build around the world to produce its three-wheeled solar vehicle.

“We’ll start by producing our �rst few hundred vehicles, the Paradigm Edition,” says Pablo Ucar, vice president of production and
procurement at Aptera Motors. “As our supply chain becomes more established, we’ll ramp to 250 per month, and eventually
reach our target of producing 40 vehicles per day.”

“Over the coming months, we will be completing our beta vehicles, validating our production parts, and moving into testing and
certi�cation,” adds Chris Anthony, CEO of Aptera Motors. “We have over 13,000 customers on our reservation list and our
engineering team is working around the clock with a goal to begin delivering vehicles in 2022.”

The vehicle’s carbon-�ber composite body will be covered in 3 square meters of solar cells. According to Anthony, at least 90
percent of the power produced by the solar panels will go toward propelling the vehicle. Boasting 100 watt hours per mile, he
claims it will be “the most e�cient vehicle on the planet.”

“Integrated solar can be con�gured to provide up to 45 miles of range per day,” explains Anthony. “[This will be the] �rst vehicle
capable of meeting most daily driving needs using solar power alone.”

ZIMMER SHOWCASES EV BATTERY

GRIPPERS AT THE ASSEMBLY SHOW

The Zimmer booth at the recent Assembly Show featured a Tesla Model 3 sedan. Photo by Austin Weber

ROSEMONT, IL—Zimmer Group US Inc. showcased its innovative robotic gripper technology at the recent Assembly Show here
with a special booth that featured a Tesla Model 3 sedan. It also displayed a six-axis high-speed palletizing robot from ABB
Robotics lifting a 20-kilogram battery module.

“Tesla is a good customer of ours,” says Russell Tyler, sales manager for system technology at Zimmer Group. “They use our
grippers for assembling battery modules, handling battery packs and unloading aluminum die-castings.

“Many people who stopped by our booth asked why we had the car on display,” says Tyler. “It was a good way to create some
brand awareness and explain our participation in the electric vehicle industry, which is a big growth area for us. In addition to EV
battery handling applications, our grippers are used in electric motor assembly, especially when it comes to handling rotors and
stators.

“While EV applications certainly are popular today, we’ve been involved in the auto industry for a long time,” Tyler points out. “Our
products are routinely used throughout the sector to handle heavy parts such as engine blocks, tires, wheels and windshields.
And, batteries aren’t even the heaviest item they’re used with; we’ve been involved in applications where the parts weigh up to 2
tons.

“The gripper that we had on display at the Assembly Show was a custom unit, but it incorporated our standard tool changer and
our GPH8000 Series gripper,” says Tyler. “The GPH8000 is a two-jaw, parallel, long-stroke gripper that features up to 150-
millimeter stroke per jaw. It’s designed for picking up wide, heavy parts.”

GERMAN TEAM WINS

AUTONOMOUS INDY CAR RACE

The Technical University of Munich won $1 million at the recent Indy Autonomous Challenge. Photo by Austin Weber

INDIANAPOLIS—A team of students from the Technical University of Munich (TUM) won the Indy Autonomous Challenge (IAC)
here. They competed in a �eld of nine teams from 21 universities to win the $1 million grand prize at the Indianapolis Motor
Speedway.

The rules of the IAC competition required each team to compete in a fastest lap competition that included an obstacle avoidance
component. The winning team recorded the fastest two-lap average speed of 135.944 mph on the world-famous 2.5-mile oval
race track.

“Participating in the Indy Autonomous Challenge allowed our team to advance autonomous driving technology, and being able to
take �rst place after two years of hard work acknowledges that we had an outstanding team,” says Alex Wischnewski, team
leader of TUM Autonomous Motorsport. “Our next goal is to win a high-speed autonomous head-to-head race.”

According to Wischnewski, the prize money will help support TUM’s efforts to further autonomous technology research and
development.

A variety of automotive and high-tech suppliers were involved in the IAC, including Ansys, Bridgestone, Cisco, Dallara, Hexagon,
Intel, Microsoft and Schae�er.

Prior to the on-track time trials, a package delivery drone from Telegrid Technologies Inc. dropped off a box containing a
checkered �ag. Boston Dynamics Inc.’s Spot mobile robot served as the o�cial IAC �ag waver for the event.

The next round of the Indy Autonomous Challenge will be held on Jan. 7, 2022, at the Las Vegas Motor Speedway.

CHANGES IN PRODUCTION

AND MATERIALS CAN

IMPACT EV BATTERY LIFE

Prototype lithium-ion batteries undergo diagnostic measurements inside an environmentally controlled chamber.
Photo courtesy University of Michigan

ANN ARBOR, MI—Engineers at the University of Michigan have developed a method for predicting how changes to manufacturing
processes and materials can impact battery life. They have discovered that internal resistance, measured immediately after
cells are made, are a key indicator of how long a battery will last. The measurements can be done in just seconds at the tail end
of the production process at little to no additional cost.

Previous research has shown lifespan prediction is possible, but it requires repeated cycling—charging, discharging and
recharging—to gather data needed to train the algorithm. Aging tests needed to determine lifespan can also take weeks to
months to complete. For this reason, the tests are typically performed on a limited basis.

But, accurate battery lifetimes can be predicted with the help of one resistance measurement, or a measure of how much the
battery �ghts the �ow of current inside it. That resistance can come from the materials used for internal components, or
electrochemical factors that affect how well ions move between the battery electrodes.

Measuring resistance at low levels of charge is the key. The resistance measurement, at low state of charge, can, in principle, be
obtained without any cycling, making the model training process much faster.

“It can give an indication of how much lithium merged with the liquid electrolyte that ferries ions from one electrode to the other
inside the battery,” says Anna Stefanopoulou, Ph.D., a professor of technology who is leading the research effort at the University
of Michigan Battery Lab. “That combination layer, known as the solid electrolyte interphase, can protect the surface of the
electrode and enable longer lifetimes.

“The amount of lithium that goes into the solid electrolyte interphase is usually di�cult to measure,” notes Stefanopoulou. “But,
at a low state of charge, the battery’s internal resistance is closely related to how much lithium went into the solid electrolyte
interphase. This provides a quick measure of that protective layer, as well as the operating capacity of the battery, with ordinary
equipment.

“Automakers are always trying to decrease the cost of producing cars, and right now, they’re looking to make EV batteries as
cost-effective as possible,” explains Stefanopoulou. “So the question we’ve tried to answer is ‘How fast can you learn about
battery lifetime during the manufacturing process itself?’

“It turns out that the answer is, ‘Immediately, if you know the critical signal that can be acquired in high-throughput testing,’” says
Stefanopoulou. “Finding such key measurable features can be used for continuous improvements and scaling up domestic
battery manufacturing.”

NEW PROCESS MAKES EV BATTERY

RECYCLING MORE ECONOMICAL

Direct recycling and reusing battery cathode materials closes the
loop. Illustration courtesy Argonne National Laboratory

LEMONT, IL—Engineers at Argonne National Laboratory’s ReCell Center have discovered a way to make lithium-ion battery
recycling more economically viable. They’re using an innovative process for separating the valuable materials that make up the
cathode, a battery’s positively charged electrode.

“The recycling processes being used today enable the recovery of metals in forms that are of low value to battery
manufacturers,” says Jessica Durham, a materials scientist at Argonne working on the project, which involves scaling up a
separation process originally developed at Michigan Technological University.

“An enormous problem looms on the horizon,” warns Durham. “In less than a decade, [projections indicate] that 2 million tons of
end-of-life lithium-ion batteries from EVs will be retired each year. The number of end-of-life EV batteries is currently low, but it’s
about to rise substantially as older model vehicles reach the end of their useful life, and the current recycling infrastructure is not
ready for the in�ux.

“If the battery industry is going to buy recycled cathode material to reuse in new batteries, [it is] not going to sacri�ce purity,”
Durham points out. “Because the cathode materials of EV batteries vary depending on the automaker and the production year, a
recycler must take a mixture of lithium metal oxides, such as lithium cobalt oxide, lithium nickel manganese cobalt oxide, lithium
nickel cobalt aluminum oxide and lithium iron phosphate, and separate out each in order for those materials to be reused.”

According to Durham, that once impossible task suddenly seems feasible, thanks to a new twist on an old process called froth
�otation. Used for many years by the mining industry to separate and purify ores, froth �otation separates materials in a �otation
tank based on whether they repel water and �oat, or absorb water and sink.

Generally, cathode materials sink, which makes them di�cult to separate from each other. That’s true of lithium nickel
manganese cobalt oxide (NMC111) and lithium manganese oxide, two common EV battery cathode materials that the ReCell
team used in its experiments.

What the engineers found was that separation can be achieved by making one of the cathode materials, NMC111, �oat via the
introduction of a chemical that makes the target material repel water.

Once the cathode materials were separated, they determined through testing that the process had a negligible impact on the
electrochemical performance of the materials. Both also had high purity levels (95 percent or above).

“That’s very important,” says Durham. “[This] promises to have wide-ranging implications, such as reducing the cost of recycling
lithium-ion batteries; spurring the growth of a pro�table recycling market for end-of-life lithium-ion batteries; driving down the
cost of EVs for both producers and consumers; enabling the United States to compete in the global battery recycling industry;
strengthening U.S. energy independence by increasing the use of domestic sources of recycled battery materials; and reducing
U.S. dependence on foreign sources of materials.”

But, for now, Durham and her colleagues are focused on creating, step by step, a complete recycling process for lithium-ion
batteries that is economically viable.

“Whatever method is used to do this recycling, the recycler has to be able to pro�t from it,” says Durham.  “We’re putting the steps
together knowing that, in the end, the total process is going to have to be pro�table.”

NURO TO BUILD AV'S IN LAS VEGAS

Nuro plans to assemble its autonomous delivery vehicles at a new factory in Las Vegas. Photo courtesy Nuro Inc.

LAS VEGAS—Autonomous vehicle manufacturer Nuro Inc. is investing $40 million in a state-of-the-art assembly plant to mass-
produce its third-generation delivery vehicle, the R2.

“This is a signi�cant moment for [us],” says Jiajun Zhu, CEO of Nuro. “Building on our tremendous momentum—including
strategic partnerships with industry leaders such as Domino’s, Kroger and FedEx—we are now able to invest in the infrastructure
to build tens of thousands of robots.”

Encompassing more than 125,000 square feet of space and 80 acres of property development, including a test track, the new
factory will enable Nuro to quickly produce AVs with help from BYD North America.

BYD will deliver an assembled-in-America electric vehicle platform that Nuro will transform into AVs. Nuro plans to design,
develop and operate all software and digital infrastructure from United States-based servers to ensure safety and privacy.

As part of the project, Nuro will be taking over 74 acres of the Las Vegas Motor Speedway to build a world-class, closed-course
testing facility that will allow engineers to develop autonomous vehicles for on-road applications. The test track will focus on a
broad range of scenarios, from avoiding pedestrians and pets to giving bicycles space on shared roadways, as well as
environmental tests and vehicle systems validation.

The assembly plant and test track are expected to be fully operational in 2022.
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By Austin Weber, Senior Editor

SCHAEFFLER HITCHES ITS FUTURE

TO AV AND EV COMPONENTS

INDUSTRY INSIGHT

This two-in-one electric axle combines the reduction gear and electric motor in a single compact unit. Photo courtesy
Schaef�er Group

The Schae�er Group is a family-owned German auto parts manufacturer that supplies automakers around the world. Like many
companies, it is shifting its product portfolio to electric vehicles.

After decades of mass-producing bearings, clutches and other metal parts used in internal combustion engine drivetrains and
transmissions, Schae�er is focusing on autonomous and electric vehicle applications. However, it still makes a variety of
products for other industries, including parts that help drive everything from aircraft engines to wind turbines and machine tools
to monorails.

E-mobility is a key technology for Schae�er as well as a strategic focus for future growth. Three years ago, the company
established a division at its headquarters in Herzogenaurach, Germany, to develop new products for electri�ed cars and trucks.

With more than €2 billion in e-mobility orders received in the �rst half of 2021, Schae�er has already exceeded its full-year
targets in this area. And, it projects that orders for products such as e-drive axles, motors, power electronics and thermal
management systems will accelerate in the future.

Schae�er recently received some prestigious recognition for its EV prowess. In Germany, it garnered the Golden Steering Wheel
award for a two-in-one electric axle system. It features a reduction gear and an electric motor in a single compact unit that offers
extremely high power density and exceptional acoustic performance.

In the United States, Schae�er received a PACE award for its P2 hybrid module used in rear-wheel drive transmissions. The
module consists of an electric motor and an automatic disconnect clutch that are mounted between the engine and
transmission.

This modular rolling chassis serves as a �exible platform for self-driving shuttles and other autonomous vehicle
applications. Photo courtesy Schaef�er Group

“Our systems understanding, unsurpassed quality, as well as high level of manufacturing and technological expertise across all
of the components in electric drive systems, are essential keys to producing products that offer both state-of-the-art technology
and cost-effectiveness,” says Jochen Schröder, Ph.D., president of the e-mobility division of Schae�er AG. “From an e-motor to a
three-in-one system for hybrid or e-axle applications, we are able to offer our customers a complete product portfolio, regardless
of whether it involves a system, a subsystem or a single component.”

Schae�er is also developing components for autonomous vehicles. It recently unveiled Space Drive, which features advanced
steer-by-wire technology. Because there is no mechanical column, steering commands are transmitted purely digitally via cable.

In addition, the company has developed a modular rolling chassis designed to serve as a �exible platform for self-driving shuttles
and other autonomous vehicles. A wide variety of options can be implemented, depending on customer requirements. For
instance, corner modules, which each allow a steering angle of up to 90 degrees, include wheel hub motors, wheel suspension,
actuators for electromechanical steering and a brake.

This 800-volt power electronics system increases the range of electric vehicles. Photo courtesy Schaef�er Group

Autonomous driving is an important component of Schae�er’s “Vision Chassis 2035” initiative. It predicts that by 2035, around
30 percent of all new cars and light commercial vehicles produced worldwide will be at least partially automated, while half of
them will offer the capability for highly automated driving.

“The increasing automation of driving functions on the road to autonomous vehicles imposes more rigorous requirements on
chassis applications in respect of reliability and safety,” says Viktor Molnar, president of the chassis systems division of
Schae�er. “We are continuing to ramp up our activities at the component and system level, and are well on track to becoming a
preferred technology partner for intelligent drive and chassis solutions.”

Schae�er Group USA Inc. is based in Troy, MI. One of its major U.S. factories is Schae�er Transmission Systems LLC in
Wooster, OH, where Chris Shamie serves as vice president of hybrid drives, e-axles and project management.

Autonomous & Electric Mobility recently asked Shamie to discuss how Schae�er is tackling the fast-paced world of e-mobility.

This integrated thermal management system reduces required installation space by 60 percent. Photo courtesy
Schaef�er Group

AEM: How do you see EV components changing in the next three to �ve years?

Shamie: We are starting to see the �ood gates open in terms of EVs reaching the market; all of the predictions and promises
from industry are starting to come to fruition. When our industry goes from selling 95 percent of vehicles with regular combustion
engines (which have been in production for over 100 years) to eventually selling a majority of vehicles with hybrid or battery
electric architectures (which we have far less practice building), our price per vehicle could be in jeopardy as battery prices are
still relatively high. We will have to work hard from a design point of view to ensure our costs are under control so that a buyer
can pay for a hybrid or BEV just as easily as the cars they purchase today. To minimize the on-cost from the battery, we need to
make overall vehicle e�ciency as high as possible, which allows us to reduce the battery size and cost for a given needed
vehicle range.

From an electric motor point of view, this means choosing a topology and winding scheme that optimize for the broad vehicle
drive cycle over a single high e�ciency point, as well as harvesting the waste heat to replace expensive battery and cabin
heaters. On the gearbox side of things, we almost always have a tradeoff between e�ciency and noise, vibration and harshness
(NVH), and we will see suppliers and customers alike designing gearboxes right to the edge of the NVH e�ciency cliff. We will
see the use of ultra-low friction bearings and low viscosity gear oils to further reduce losses.

The Space Drive steer-by-wire system enables autonomous driving. Photo courtesy Schaef�er Group

We also need to make sure that we launch e-mobility in a sustainable way, and that we don’t simply replace one pollution source
with another. We made this mistake before. In the early 1900s, the internal combustion engine vehicle was viewed as a way to
actually clean up the earth! It solved the problem that large cities were having. For instance, at one time, New York City had to
deal with 15,000 pounds of horse droppings per day, and an automobile driven by internal combustion seemed to solve this
problem in just a few years. However, it wasn’t until the 1950s and 1960s that chemist Clair Patterson discovered that, by using
the gasoline of the day to power our cars, we had coated the entire earth and its inhabitants with 1,200 times more lead than
what previous generations were exposed to.

If we want to launch e-mobility, we will need to make sure we get magnets for motors in a sustainable way. This means
responsible mining, and possibly the use of electromagnets for rotors in place of permanent magnets. We also need to ensure
that [materials] for batteries are gathered in a sustainable way, which will likely lead to new battery chemistries.

In addition, we need to �nd ways to reduce charging times. A Tesla supercharger sends around 150 kilowatts of power from the
charging dock to the vehicle. While this is impressive, a good old-fashioned fuel pump transfers chemical energy at a rate of
around 4,000 kilowatts. We will likely see higher voltage vehicle architectures put in place to reduce this charging time without
driving the need for charging cables the size of a body builder’s arm. From a component level, the electric motor and power
inverters for 800-volt systems will need extra measures to ensure isolation between phase leads.

Schaef�er engineers participated in the recent Indy Autonomous Challenge at the Indianapolis Motor Speedway. Photo
courtesy Schaef�er Group

AEM: Schae�er recently unveiled an 800-volt power electronics system at the IAA Mobility show in Munich. What makes this
unique and how will it increase the range of future electric vehicles?

Shamie: By increasing battery voltage and on-board voltage, the system has two main advantages. First, the charging time for
the vehicle is cut in half relative to a 400-volt system. Second, the silicon carbide switches that are used in the 800-volt power
electronics system reduce losses, which improves vehicle range. Our engineers have integrated a unique cooling structure into
the silicon carbide modules that improves e�ciency and lifetime. We’ve also implemented a scalable microcontroller
architecture that is designed to meet current and future requirements for cybersecurity and functional safety.

AEM: Can you also tell us more about your new thermal management system? How does it continuously regulate the
temperature of batteries and other EV components?

Shamie: For years, we have worked with OEM customers to develop thermal management systems that send heat where it is
needed for components to operate at their most e�cient operating points. For EVs, there is still a lot of low hanging fruit that we
can take advantage of. Perhaps the biggest opportunity is to scavenge power train waste heat and use it for HVAC systems,
which will really help in terms of vehicle range. We see a huge opportunity in the way that we get batteries to their ideal
operating temperatures.

Many of the current EVs on the market use positive temperature coe�cient (PTC) heaters to bring batteries up to operating
temperature. Replacing the PTC heater with a heat pump can achieve the same function, while using a fraction of the input
energy, which in turn increases battery range. We are integrating the heat pump into our thermal management module to
provide automakers with a more turnkey way to quickly increase the distance their customers can drive. Additionally, the heat
pump can be used for battery cooling during fast charging.

This electric motor for trucks delivers a maximum continuous output of 180 kilowattts and generates up to 950 newton-
meters of torque. Photo courtesy Schaef�er Group

AEM: Schae�er recently unveiled the Space Drive 3 Add-ON drive-by-wire system at the IAA Mobility show in Munich. What
makes this unique and how does it enable autonomous driving?

Shamie: To answer this question, let’s start with something we know: power steering in a traditional automobile. Today, a driver
steers the vehicle through a mechanical connection between the steering wheel and the road. The power steering system
provides an assist torque to ease the effort of the driver.  If the power steering system fails, the driver can still steer the car
through the mechanical connection, albeit with more effort. But, what happens if your steering system fails in your level 5
autonomous vehicle when there is no driver or mechanical back-up? The vehicle still has to be able to safely navigate the road,
so additional layers of redundancies within the steering system are needed to ensure that steering can still be achieved after a
fault.

In an AV, sensors replace the eyes of the driver, a computer replaces the decision of the driver and a steer-by-wire system
replaces the action of the driver. Our Space Drive technology is a steer-by-wire system that has already been used for years and
logged billions of miles as a solution for handicapped drivers. Now, it can be paired with newly developed sensors and AI
controllers to provide an autonomous driving system with built-in fail-safes.

AEM: Speaking of autonomous driving, can you tell us more about Schae�er’s role in the recent Indy Autonomous Challenge?

Shamie: We have a long history of showcasing our technology in motor sports. From Formula E to the DTM series (Germany’s
version of NASCAR) to the Indy Autonomous Challenge, we want to prove to our customers that our products work not only in
the parking lot, but also at breakneck speeds. For the Indy Autonomous Challenge, we implemented our Space Drive steer-by-
wire system to bring the race cars through the turns both safely and e�ciently, yet again proving that “We Pioneer Motion.”

AEM: How is Schae�er adapting and converting its assembly lines to produce next-generation EV components?

Shamie: It’s not as hard as one might imagine. We have been making products for the automotive industry for 75 years, and in
that time we have continually evolved from bearings and clutches to high-precision components for engines, transmissions and
suspensions. For us, the current change in market demand is simply a continuation of our 75-year evolution. One thing Schae�er
is known for is our cold-forming technology. If you dissect an electric motor, what do you have? By mass, the biggest type of
component to make up the motor is the stamped rotor and stator laminations.

Lucky for us, we’ve been in the stamping business for our entire history, so we can use both our knowledge and our
manufacturing equipment to build motor components as market demands change. When it came to conductor winding, we had
experience winding industrial machines for decades through our industrial drives division, but we didn’t have experience winding
at cycle times needed for automotive products. To remedy this gap, we purchased Elmotec-Statomat GmbH in 2018. It is an
electric motor winding company that has decades of experience making machines for high-volume production.

AEM: Can you tell us more about your new factory in Szombathely, Hungary? How does this facility use automation to assemble
electric motors?

Shamie: The Szombathely plant provides around 15,000 square meters of space for the production of innovative power train
components, such as electric motors and hybrid drives. Designed as a “factory for tomorrow,” it features a high degree of
automation, modular production buildings and end-to-end digitalization. Automated production lines and extensive use of
industrial robots guarantee a clean, dust-free environment required by sensitive production processes used for assemblies such
as stators and rotors, and the integration of magnets for synchronous and asynchronous motors.

The construction of this plant also demonstrates our commitment to sustainability. Electricity is supplied by photovoltaic arrays
in combination with rooftop solar panels, which together will save up to 4,000 metric tons of CO2 annually. To help conserve

natural resources, the plant reuses treated wastewater and incorporates a rainwater collection basin. It is also extremely energy
e�cient, featuring heat pumps, a smart heating and cooling system, and a smart LED lighting system. The factory’s total
sustainability concept also includes on-site outdoor nature zones and an organic pond for enhanced local biodiversity.
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New tools and technology help battery-powered vehicles control heat.

Keeping it Cool

By John Challen // Contributing Writer

Battery thermal management is a
huge challenge in electric vehicles.
Illustration courtesy Audi AG

B attery thermal management is a huge challenge in electric vehicles. In addition to increasing the risk of �re, high
temperatures can have a direct in�uence on range. By e�ciently controlling EV temperature levels, battery range can be

maximized.

Just like internal-combustion engine vehicles, when an electric power train works harder, it gets hotter. Therefore, EVs require
effective, e�cient and durable cooling systems. Heat management can have a major impact on not only the components within
a vehicle, but also its overall performance.

Heat management in EVs is a delicate balancing act. Fortunately, automotive engineers have a variety of options to choose
from.

Electric vehicles require effective, ef�cient and durable cooling systems. Photo courtesy ESI Automotive

“In EVs, higher energy density batteries, smaller more powerful e-motors and ultra-fast charging create thermal management
challenges for both safety and e�ciency,” says Gilles Le Borgne, executive vice president of engineering at the Renault Group,
which is a leading producer of electric vehicles, such as the newly launched Mégane eVision. “As a result, thermal management
for battery modules is essential to safety and long service life.”

Renault engineers have worked with DuPont Mobility & Materials to tackle several heat-related issues. For instance, they rely on
Betatech thermal interface material to help safely manage and control heat from higher-density batteries during both charging
and operation of EVs.

According to Le Borgne, this is accomplished by maintaining thermal conductivity through good contact with no gaps between
the battery cells and the cooling plate over a wide operating temperature range. Betatech thermal interface material is available
as a one-part or two-part dispensable thermal-conductive polyurethane product applied between the battery module and
heatsink. It’s formulated for fast-dispensing in high-volume assembly environments.

Thermal management is essential to the safety and long service life of battery modules. Photo courtesy Renault Group

Cool Products

Another supplier helping EV automakers stay cool is Webasto Group, which has been developing new types of batteries and
charging systems.

“The optimum temperature range for lithium-ion cells is between 10 and 45 C,” says Michael Poehner, manager of system
engineering and battery systems at Webasto. “If the cell temperatures rise any higher, the battery’s aging process will accelerate
at �rst. Temperatures well above 100 C could lead to dangerous situations, such as thermal runaway of the battery and,
ultimately, self-ignition.

Poehner also warns that if the operating temperature drops well below 0 C, the maximum possible power output and power
consumption (charging) decrease. “If such a cold battery is nevertheless charged with high power, lithium plating can occur,” he
points out. “This causes metallic lithium to form and accumulate, which reduces the service life and, in extreme cases, could
even lead to short circuits and �res.”

Webasto offers several products to tackle high temperatures. First, there’s the eBTM2.0 battery thermal management unit,
which provides optimal cooling when battery packs are under stress or used during hot weather conditions. 

This high-voltage coolant heater solves two problems in a single device. Photo courtesy BorgWarner Inc.

In addition, it delivers heat during extremely cold ambient conditions and sets the perfect temperature for battery cells during
charging phases or before operation. The unit can also adjust the temperature during different driving phases, while plug-and-
play installation is possible thanks to standardized connections.

Webasto’s eBTM thermal management system is speci�cally designed for use in commercial vehicles. Modular in design, it
provides optimum temperature conditions for drivers, as well as components such as e-drives, traction battery packs and
electronics. Within the system, thermal energy can be shared between the system components. Therefore, energy consumption
is reduced, leading to vehicle range improvements of more than 25 percent.

A high-voltage heater (HVH) preheats batteries to get the most out of their performance. Thanks to e�cient coating heating
technology, it converts the stored electrical energy into heat with almost no loss and with an e�ciency of more than 95 percent.

The new Zeekr 001 electric sedan features a high-voltage coolant heater to improve battery performance. Photo
courtesy Zeekr Intelligent Technology Co.

Engineers at BorgWarner Inc. recently developed an advanced high-voltage coolant heater (HVCH) that will be used in the new
Zeekr 001 electric sedan being produced in China by the Geely Auto Group. It solves two problems in a single device.

The HVCH helps improve range by controlling the battery temperature at an optimal level, while addressing passenger comfort
by delivering an ideal interior climate. By offering consistent temperature distribution inside the battery pack and its cells, the
heaters can also improve battery energy performance.

“HVCH technology was developed to meet the demand for fast-acting solutions as the thermal management systems of
vehicles increasingly become decoupled from the internal combustion engine—permanently in the case of EVs and for longer
parts of the drive cycle in hybrid electric vehicles,” says Joe Fadool, president and general manager of BorgWarnerv Emissions,
Thermal and Turbo Systems.

How Audi Tackles Heat

The lithium-ion battery system used in Audi’s e-tron GT quattro and RS e-tron GT relies on a complex thermal management
system. It integrates 33 cell modules, each of which comprises 12 pouch cells with �exible outer skin. Each module is �tted with
its own computer that monitors temperature and voltage.

The inner structure of the battery housing, the frame surrounding it and the upper cover plate are made of aluminum. Beneath
the cell space of the battery, there is a compound structure of �at extruded sections through which a glycol-water mixture �ows.
The mixture circulates in its own low-temperature circuit.

The temperature is transferred between the cooling plates and the cell space via a heat-conducting paste. The battery’s optimal
temperature is between 30 and 35 C, while its operating range extends from -30 C to 50 C.

Four separate coolant circuits, each at its own temperature level, regulate temperature in the high-voltage components precisely
and quickly. They can be interconnected �exibly as required. If the driver demands a high output several times in a row, valves
couple the coolant circuit of the battery with the refrigerant circuit of the air-conditioning system. This intensive cooling keeps the
performance of the drive at a consistently high level.

The refrigerant circuit also helps with cooling during fast DC charging, which can heat the battery up to 50 C. The thermal
management system is connected to the navigation system.

When the driver sets an HPC (high power charging) terminal as the destination, the cooling of the battery is already intensi�ed on
the way to the charging station so that it can be charged as quickly as possible. Should the battery still be very cold shortly after
the car is started in winter, it is heated for fast charging.

Four separate coolant circuits regulate temperature in the high-voltage components. Illustration courtesy Audi AG

“In addition, it allows comfortable cabin temperatures to be generated in a short time, enabling a better driving and passenger
experience,” claims Fadool. “With high thermal power density and fast response time due to their low thermal mass, these
heaters also extend pure electric driving range as they use less power from the battery.”

The HVCH features state-of-the-art thick �lm element technology. Heating elements are immersed in coolant so that power
losses are minimized. The technology also enables direct temperature sensing.

“The HVCH is available in two versions—single plate and dual plate—both integrated into robust aluminum housings that provide
excellent electromagnetic shielding,” explains Fadool. “Suitable for applications with supply voltages between 180 and 800 volts,
the HVCH offers a power range of 3 to 10 kilowatts. The devices are protected from overheating, as the system switches off
automatically in the event of a failure occurring.”

Silver sintering technology can improve the thermal conductivity of electric vehicles. Illustration courtesy ESI
Automotive

Immersion Cooling

M&I Materials Ltd. is leading the development of immersion-cooled battery technology. Project i-CoBat, which also involves
Ricardo Ltd. and Warwick Manufacturing Group at the University of Warwick, hopes to create a novel approach to thermal
management.

The core technology is a biodegradable dielectric �uid called MIVOLT. This �uid allows faster charging than conventional
systems, as well as a higher performance EV battery. The liquid is environmentally friendly, cost effective and expected to have a
long service life, with few maintenance requirements.

“With immersion cooling, we can get charging down to less than seven minutes for 200 miles in range: enough for you to plug in
your EV, go and have a coffee, and have enough charge to be well on your way,” says Mark Lashbrook technical director at M&I
Materials.

“Immersion cooling’s �rst application [will involve a luxury vehicle], but this project will also address the challenges of applying it
to mainstream applications,” claims Lashbrook.  “Validation of the new cooling concept and �uid will be achieved through
modelling and testing against the current cold plate cooling method used widely in the automotive industry. In addition, testing
will be conducted to evaluate the ability of immersion cooling with ester liquid to prevent thermal runaway within a battery
module.”

Faraday Future’s FF 91 will use a liquid cell submerged onboard cooling system. Photo courtesy Faraday Future
Intelligent Electric Inc.

M&I Materials has been working with engineers at Faraday Future Intelligent Electric Inc. on the startup company’s FF 91 luxury
EV, which will feature a fully submerged battery cooling system. Production on the much-anticipated vehicle is scheduled to
begin in July 2022 at a state-of-the-art factory in Hanford, CA.

MIVOLT’s advanced dielectric coolant materials will be used in Faraday Future’s patented liquid cell submerged onboard cooling
system, which includes a self-contained and fail-safe architecture battery pack design.

“We are working with leading-edge technology partners to advance our technological innovations and MIVOLT continues to build
on a reputation for innovative products and superior technical knowledge,” says Bob Kruse, senior vice president, product
execution and vehicle engineering at Faraday Future.”

Immersion cooling can be used to decrease battery size and shorten charging times. Illustration courtesy Mahle GmbH

“[We] explored numerous cooling methods as [our] variable platform architecture was designed,” explains Kruse. “[We] eventually
devised a fully submerged system where all major battery components are submerged in coolant.

“Battery cells perform their best at room temperature, but as they release or store energy, they tend to get hot,” Kruse points out.
“Therefore, the cooling scheme becomes crucial to ensure top performance during the useful life of the vehicle. The coolant [we]
chose is a nonconductive liquid with thermal properties that allows the battery pack to have uniform temperature across all its
components.”

The cooling system also eliminates potential risk of corrosion, because all electrical components and their connections are
submerged in the �uid. Faraday Future engineers reduced the spacing between cells and increased the total energy density of
the pack so the coolant can �ow freely.

It also provides a natural dampening effect relative to component vibration. The battery pack used in the FF 91 incorporates an
innovative coolant �ow design that enables each cell to be individually cooled.

Engineers at Mahle GmbH are also developing immersion cooling technology to allow faster vehicle charging.

“[Our] immersion cooling concept includes an electrically nonconductive coolant that �ows around the cells,” says Martin Berger,
vice president of corporate research and advanced engineering at Mahle. “This coolant ensures that the maximum temperature
of the battery drops markedly during charging. As a result, the overall temperature is distributed much more homogeneously.

EV Fire Risk on the Road

A recent report from IDTechEx illustrates the risks posed by insu�cient attention to and investment in EV thermal management
technology.

While a �re might be expected after a crash or battery damage, one-third of EV �res occur when a vehicle is stationary. Fires also
take place when batteries are not charging and often there is no obvious trigger.

This situation presents opportunities for component and materials suppliers, argues IDTechEx. Thermal interface materials,
�ame-retardant materials or �re protection materials all have a role to play.

Thermal interface materials, for example, can help with the thermal management of EV batteries, making it less likely they will
overheat. Fire-retardant construction materials and �re protection materials are bene�cial to enclose a �re or prolong the time
between a thermal runaway event and the �re exiting the battery pack.

Illustration courtesy IDTechEx

“Immersion cooling paves the way for a whole new generation of battery systems,” claims Berger. “Because immersion cooling
shortens the charging times in electric cars, batteries can be smaller. Therefore, electric cars can become cheaper and more
resource-e�cient.”

At the recent Battery Show in Novi, MI, ESI Automotive showcased a system that could also have a major impact on EV
e�ciency. The company uses silver sintering to help OEMs achieve up to a sixfold improvement in thermal conductivity of a die
bond in an EV’s inverter.

The application uses ESI Automotive’s Alpha Argomax silver sintering technology, which helps improve vehicle performance and
reduces production cost.

“Thermal conductivity is one area where silver sintering can make a difference in EVs,” says Chris Klok, director of vehicle
electri�cation at ESI Automotive. “Research has shown that silver sintering can produce a bulk silver bond with a melting point of
962 C and extremely high thermal conductivity, in the range of 200 to 300 watts per meter-kelvin (W/m-K), compared with 26 to
55 W/m-K for solders.

“Argomax can improve e�ciency by 40 percent and reduce die count and inverter weight by up to 75 percent and 34 percent,
respectively,” claims Klok. “In addition, it can double the power density of a product, increase peak power and deliver reliable
performance through 2 million power cycles.”
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AVs and EVs spur tiremakers to develop new products.

Re-Inventing the Wheel

Nathan Eddy // Contributing Writer

The automotive industry is developing new types of tires that meet the unique
challenges of electric and autonomous vehicles. Photo courtesy Michelin

T he automotive industry is evolving toward new types of tire technology to meet the unique challenges of electric and
autonomous vehicles. Long-time suppliers such as Bridgestone, Continental, Goodyear, Michelin and Pirelli, which have

made rubber products since the dawn of the horseless carriage era, are scrambling to adapt to 21st century demands.

Increased vehicle weight and instant power delivery are just two speci�c considerations to account for when developing tires for
electric vehicles. EVs have increased the need to develop innovative materials for tires that deliver lower rolling resistance
compared to an internal combustion engine (ICE) car, while at the same time improving resistance to wear and increasing
performance on all surfaces.

The rise of self-driving vehicle concepts like autonomous shuttles, which will have heavier load requirements, will also result in
tires that must be more durable and more connected, capable of self-diagnosis and predictive analytics.

To achieve those objectives, some industry experts believe a 360-degree approach is needed in the design process, along with
the development of a wide variety of materials that are both multifunctional and have the possibility to bypass traditionally
accepted trade-offs.

Electric vehicles such as the Porsche Taycan demand a new breed of tires that reduce rolling resistance. Photo courtesy
Pirelli

“The development of these materials doesn’t focus on just a single component of the tire, but instead takes in every element of
the tire as a whole,” says Piero Misani, senior vice president of research, development and cyber at Pirelli.  “It’s a process based
on modelling and predictive measures, creating virtual tire characteristics that accelerate the whole process from development
to [production].”

According to Misani, new products aimed at EVs, such as Pirelli’s P Zero Elect tire, need to be designed holistically using
innovative materials that reduce rolling resistance, while at the same time reducing wear without altering the thickness of the
tread pattern. This is developed alongside a structure that supports the vertical load and can also adequately put extra torque on
the ground in all sorts of driving conditions.

“All this without compromising on acoustic comfort, which we achieve by reducing road noise thanks to a speci�c design of tread
pattern and other technologies such as the Pirelli Noise Cancelling System (PNCS),” explains Misani.

PNCS technology consists of a special sound-absorbing material that is placed within the tire. It helps deaden air vibrations that
would otherwise be transmitted to the inside of the vehicle. The bene�ts of this system can be felt both inside and outside of an
EV.

According to Misani, some of the objectives Pirelli engineers have to address, such as noise, rolling resistance, wear and
resistance to vertical loads, are technically opposed to each other. “For example, the need to reduce rolling resistance would lead
you to design tires that are lighter with a thinner tread pattern—but this could, in turn, lead to a reduction in overall tire life,” he
points out.

“On top of that, the increased weight of these vehicles and the extra torque available places bigger demands on the tires,
increasing wear, as the tires are constantly working to put that power on the ground, even though the driver might not be aware
of it,” notes Misani.

Pirelli recently introduced a high-load index tire for EV applications. Designed to provide low rolling resistance, the tire is able to
support 20 percent more weight compared to a standard product. Its �rst application will be on the new Lucid Air sedan, which is
being assembled in Casa Grande, AZ.

Reducing Road Noise

Electric vehicles require tires that can carry the heavier loads incurred by batteries, as well as withstand more torque than
conventional ICE vehicles.

“There is also a need to mitigate road noise, which can be an issue with EVs because there is no engine to drown out the [sound]
of the tires travelling over the roads,” says Russell Shepherd, technical communications director for Michelin North America.
“This is something most of us don’t think about in ICE vehicles. But, when you spend time in an EV, it can become very
noticeable.”

Michelin has been working on low resistance tire technology since the 1980s, when it experimented with adding silica in tread
compounds. More recently, Michelin has been the tire supplier to the Formula E series.

The company’s Pilot Sport EV tires, which are being used on the Tesla Model Y, bene�t directly from the progress Michelin has
achieved over seven seasons of Formula E competition. It incorporates ElectricGrip Compound technology that features a hard
compound for the center of the tread to provide the grip required to cope with the high torque characteristics of electric cars.

Special sound-absorbing material placed
within a tire can help deaden air vibrations.
Illustration courtesy Pirelli

The Pilot Sport EV line of tires use two tread compounds and represents the company’s �rst full line that is made to maximize
the performance of EVs. It was developed as an EV tire and supports high torque loads, addresses noise and improves range. In
addition, there is a separate tread compound on the shoulders, which is designed to lower rolling resistance.

“Low rolling resistance tires give electric vehicles greater range, which means longer distance before recharging or possibly less
recharging needed during a typical week,” notes Shepherd. “These [new] compounds provide the handling that consumers
expect from a high-performance vehicle, while preserving range.”

Michelin engineers also recently developed a Unique Puncture-proof Tire System (UPTIS) prototype, which is a combined airless
tire and wheel assembly for passenger cars. It has already been successfully tested on the Chevrolet Bolt, and General Motors
plans to equip other vehicles with the airless tire in 2024. UPTIS features an aluminum wheel and a �exible load-bearing
structure made from glass-�ber reinforced plastic.

The Lucid Air will use tires that can withstand more torque and carry heavy battery loads. Photo courtesy Pirelli

EVs typically use regenerative braking systems, which can lead to faster tire wear.

“It’s also crucial that tires �tted to EVs offer ultimate e�ciency, as range is critically important in the current EV environment
given there isn’t a robust charging infrastructure in place and battery life is limited,” says Todd Buxton, vice president of product
engineering at Bridgestone Americas Inc.

“We are focused on designing tires that offer unprecedented low rolling resistance without compromises on wet, winter or wear
performance, but this is a delicate balance,” warns Buxton.

For instance, Buxton points out that the increased weight of EVs is a key factor, with Bridgestone developing, in partnership with
car manufacturers, high-load tires that are able to carry the higher weight of powerful electric and hybrid vehicles.

“Our engineers must consider these higher loads when optimizing designs to manage the increased stress and strain on the tire,”
explains Buxton.

Formula E racing has helped Michelin engineers develop high-performance tires for road cars. Photo courtesy Michelin

While tire design has long been a collaborative process involving OEM vehicle engineers and engineers from Bridgestone, Buxton
says electri�cation is coming at a pace faster than many anticipated.

“The product portfolios of our customers will be transitioning rapidly, which will require a new way of partnering together,” notes
Buxton. “We will utilize advanced virtual models and a system engineering approach to optimize designs to reduce the product
development cycle. It will require a new level of collaboration, with more sharing of rich data such as vehicle models, usage
pro�les and tire models.”

According to Buxton, Bridgestone’s ENLITEN technology reduces tire rolling resistance by up to 30 percent and decreases overall
tire weight by up to 20 percent. It also extends the driving range of EVs and contributes to reduced environmental impact, thanks
to improved resource productivity. The tires are currently used on vehicles such as the Audi e-tron and Q4 e-tron, the Fisker
Ocean, and the Volkswagen ID.3 and ID.4.

The tires will also be used on the Lightyear One, the world’s �rst long-range solar electric vehicle. In fact, Bridgestone developed
custom-engineered Turanza Eco tires for Lightyear One, combining its lightweight ENLITEN and ologic technologies. That
enables engineers to reduce weight through the use of fewer raw materials throughout the manufacturing process, while cutting
rolling resistance through innovative treads, larger diameters, high in�ation pressures and slim designs. The very low rolling
resistance of the tires also means Lightyear One can bene�t from a lighter battery.

General Motors plans to start using airless tires by 2024. Photo courtesy Michelin

AVs Need Unique Tires

Tires �tted to autonomous vehicles need to be designed for maximum durability, long wear life and extended mobility should a
puncture or loss of pressure occur. An AV’s ability to stop and avoid obstacles is highly dependent on the capabilities of its tires.
That’s an emerging application where airless tires may be bene�cial, due to additional redundancy and greater durability.

“We anticipate AVs will be largely �eet owned and operated in the future,” says Buxton. “With no driver behind the wheel, there
will be no one to change a �at tire. Downtime will be more than inconvenient—it will be costly.”

In addition to tires, technology that measures air pressure, wear life, road conditions and more will be paramount for successful
autonomous vehicle operation.

“These [systems] will relay valuable information to �eet operators, allowing them to monitor tires in real-time and ultimately
predict maintenance to avoid downtime and keep AVs on the road,” explains Buxton.

“Once you move toward a service platform where you have a �eet of AV vehicles coming and going, any types of unpredicted
service requirements, like a �at tire, becomes a very big barrier to total cost of ownership and operation times,” adds Michael
Rachita, senior program manager for nonpneumatic tires at Goodyear Tire & Rubber Co. “An airless solution has a greater
opportunity to be redundant, because if one of the veins were to break, the driver can lose a few and it doesn’t affect
performance.”

The Lightyear One uses tires that cut rolling resistance through innovative treads, larger diameters and high in�ation
pressures. Photo courtesy Bridgestone Americas Inc.

Rachita sees airless tires �tting into certain categories where AV technology will be used off-highway, such as mining and
construction, and other places where users deal with debris and need a puncture-proof product.

“It’s such a challenge to redevelop a highly optimized product like a traditional tire—there’s 100 years of innovation there and it
works really well,” notes Rachita. “To think we’re going to go in there and do it without air is a huge challenge.”

Goodyear recently unveiled what the tire of tomorrow may look like. Its Eagle 360 spherical concept is a ball-like tire that was
showcased on the Citroën Autonomous Mobility Vision prototype vehicle, which features an electric multidirectional platform.
The Citroën Skate can accommodate multiple types of pods, allowing it to cater to a variety of mobility applications.

“The Eagle 360 prototype is compact and its shape makes it agile and maneuverable, ideal for future urban and autonomous
mobility [uses],” claims Hans Vrijsen, managing director for original equipment at Goodyear.

New technology reduces tire rolling resistance by up to 30 percent and decreases overall tire weight by up to 20
percent, while extending the driving range of EVs. Photo courtesy Bridgestone Americas Inc.

According to Vrijsen, the Eagle 360 offers several bene�ts, including:

Goodyear engineers also worked with Citroën on an autonomous vehicle concept to mark the French automaker’s centennial.
The Citroën 19_19 is equipped with Goodyear C100 prototype tires.

Each C100 tire is nearly 1 meter in diameter, compared to 60 centimeters for an average tire. This larger diameter would lower
rolling resistance to increase the energy e�ciency and range of the vehicle.

The C100 features a nature-inspired tread design that provides both comfort and handling bene�ts. With nearly 100 more blocks
in its tread band than an average tire, the C100 would deliver a far quieter ride. In addition, the tread groove compound is inspired
by the attributes of a natural sponge.

“With its ability to stiffen in the dry or soften in the wet, this adaptable tread would enhance handling, grip and braking in both
conditions,” explains Mike Rytokoski, chief marketing o�cer for Europe at Goodyear.

High maneuverability. With its spherical shape, this multiorientation tire can move in all directions, delivering both
maneuverability and passenger comfort. The Eagle 360 prototype provides a smooth ride by creating a �uid, lateral
movement that enables AVs to easily overtake obstacles.

Maintenance-free. The Eagle 360 is a nonpneumatic tire. With no need for pressure monitoring or risk of puncture, it
minimizes downtime.

Long-lasting. With four times the tread surface of a standard tire, the Eagle 360 would also wear four times slower than a
traditional tire, leading to less frequent replacement.

Extended range. By using a stiff inner structure and low rolling resistance rubber compound, the Eagle 360 is designed for
low de�ection at the point of contact with the road. This can contribute to reducing energy loss and lowering rolling
resistance, which can help to extend the battery range of an electric vehicle.

Consistent grip. By using hexagonal siping, the Eagle 360 is designed to provide consistent grip independent of the driving
direction.

Larger diameter tires could lower rolling resistance to increase the energy ef�ciency and range of electric vehicles.
Photo courtesy Goodyear Tire & Rubber Co.

Embedded Sensors

Goodyear engineers have also been developing embedded sensor technology. For instance, the C100 tire would be able to sense
road surface and weather conditions, then communicate directly with the Citroën 19_19’s autonomous control system to
improve driving performance. It would also feature advanced active wear technology to assess the state of the tire, allowing for
proactive tire maintenance.

Goodyear recently unveiled a tire intelligence system called SightLine. The technology, which is initially available to monitor
cargo van �eets, features a suite of services designed to predict which issues will arise before they happen, and then proactively
alert users.

The predictive maintenance system can help address challenges facing drivers and �eet managers today, such as predicting
breakdowns, minimizing downtime, and monitoring tire pressure and wear for enhanced safety and more cost-e�cient mobility.

“In the future, Goodyear SightLine technology will not only provide feedback on the tire, but provide feedback on road conditions,
enabling connected, autonomous mobility,” says Rachita. “Initial testing has shown integrating the technology into a vehicle’s
controls system can reduce stopping distance loss by 30 percent.

“A wear rate predictor is something we’re working on through a digital algorithm, which is a sensor that will tell you in real time
where the wear is,” adds Rachita.

As this cloud-based connectivity evolves, Rachita predicts there will be applications where tire sensor data can be sent to
municipalities to �gure out things such as what mile of road needs to be plowed or salted in the wintertime.

“The future is sensing the road through that tire to get the information to the consumer or the organization,” says Rachita. “But,
it’s going to be a huge effort to create usable intelligence from the tires.”

To help tackle this challenge, Goodyear is setting up innovation hubs in several parts of the world, beginning with Silicon Valley.

“We have an innovation lab in San Francisco that started with one person who had to go �nd data scientists and coders,” explains
Rachita. “Now, that’s grown to a fully staffed organization.”

Spherical tires could make autonomous
vehicles more agile and maneuverable.
Photo courtesy Goodyear Tire & Rubber Co.

Sustainable Tires

Tire manufacturers are also looking for new ways to become more sustainable. That’s no mean feat when your central product is
designed to be rugged to the point of near indestructability. To address the issue, tire engineers are now turning to sustainable
plant-derived materials as substitutes for a variety of traditional rubber components.

“We continuously invest in developing new technologies, alternative materials and environmentally friendly production
processes,” says Holger Lange, Ph.D., head of tire development for original equipment business at Continental AG. “We put in a
lot of efforts here, centered around the strategic topics of climate action, low-emission mobility, the circular economy, and
sustainable supply chains, thus embracing all phases of the value chain.”

Continental’s goal is to switch its worldwide tire production to completely sustainable materials by 2050 at the latest. At the
recent IAA Mobility trade show in Munich, the company unveiled the Conti GreenConcept.

It features a high percentage of renewable and recycled raw materials, including silica from the ash of rice husks, various
vegetable oils and resins, natural rubber from regionally grown dandelion �owers, and responsibly sourced natural rubber.

“We were also able to replace a large share of conventional raw materials such as rubber, carbon black and steel by recycled
alternatives,” claims Lange. For instance, the GreenConcept also features the �rst-ever use of polyester yarn from recycled
polyethylene terephthalate in the manufacture of tires.

“We rely on innovative lightweight construction and a weight-optimized tread strip that can be retreaded multiple times, with a
minimum investment of both time and materials, a specially designed sidewall and a new casing featuring a weight-optimized
core, among other things,” explains Lange.

According to Lange, this leads to signi�cantly lower material consumption, as well as greater sustainability under real driving
conditions.

Many autonomous vehicles will use embedded sensors to monitor tire wear and improve performance. Illustration
courtesy TKD Corp.

In view of its special lightweight design, the GreenConcept is destined for use in sensor-equipped smart vehicles. By means of
on-board sensors, intelligent vehicles of the future will continuously monitor their surroundings to detect and avoid potential
obstacles such as curbs, thus preventing damage to elements like tire sidewalls. This means that less material can be used in
making the tire, particularly for the sidewalls.

In Europe, Continental is supplying Ford Motor Co. with an EcoContact 6 summer tire that has been further improved in terms of
rolling resistance and now surpasses the EU Tire Label’s “Class A” highest ranking by more than 15 percent. Maximum range of
EVs can be increased by as much as 3 percent to 4 percent as a result.

Bridgestone is also expanding the use of sustainable materials across its full tire portfolio, including tires for next-generation AVs
and EVs. It’s part of an ongoing effort to achieve sustainability targets of becoming carbon neutral and making tires from fully
renewable materials by 2050.

“As mobility evolves, tires will play a key role in creating safe, sustainable [products] by reducing a vehicle’s overall environmental
footprint,” predicts Buxton.

As the company progresses on its sustainability journey, Bridgestone engineers are exploring a number of renewable materials,
including natural rubber made from guayule, a desert shrub, soybean oil and rubber �ller from biomass.

Tire engineers are turning to sustainable plant-derived
materials as substitutes for a variety of traditional rubber
components. Photo courtesy Continental AG

“We’re also focused on advancing the circular economy by increasing our use of recyclable materials in our tires, while also
reducing our overall material usage,” says Buxton. “What’s just as important is that we are working to extend the useful life of
tires through retreading and developing ways to ensure end-of-life tires �nd new purpose and are removed from the waste
stream.”

According to Pirelli’s Misani, the topic of sustainability means making a more careful selection of innovative materials, adopting
cutting edge production processes and using new technologies.

By 2025, Pirelli expects more than 40 percent of its tires to be made of renewable materials, more than 3 percent made from
recycled materials, and less than 40 percent made from fossil-derived materials. By 2030, the use of renewable materials will
exceed 60 percent, recycled materials will be more than 7 percent and materials derived from fossils will be less than 30 percent.

Misani says tires of the future won’t necessarily have to be lighter or more durable. Instead, they will need to be products that are
capable of carrying out a wide variety of complicated tasks—absorbing less energy, putting more force on the ground, supporting
big loads and making less noise.

“There will always be a goal of reducing more weight, which is desirable not just in terms of performance but also to help
sustainability,” notes Misani. “That will also be the case with tires for conventional cars over the coming years, as well.

“To the casual observer, these tires won’t look a lot different, but the package of technologies needed to hit those targets is
extremely innovative,” adds Misani.
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Fast, �exible automation can maximize throughput.

Gigafactories Help Battery
Manufacturers Meet
Growing EV Demand

John Miles // Global Head of Future Mobility // Rockwell Automation

More than 100 battery gigafactories will be needed over
the next decade to meet skyrocketing demand for
electric vehicles. Illustration courtesy Ford Motor Co.

O ver the next decade, tens of millions of batteries will be necessary to keep up with skyrocketing demand for electric
vehicles. A new breed of supersized battery factories must deploy state-of-the-art automation while harnessing advanced

supply chain strategies. 

While EVs represent less than 3 percent of all new vehicle sales today, that �gure is expected to skyrocket to almost 60 percent
by 2040. During the next �ve years alone, global production capacity for batteries will need to more than triple to meet the
world’s estimated EV production target.

If you help run one of the many EV battery megafactories or “gigafactories” that are in operation today, or you’re helping launch
one of the more than 100 gigafactories that are projected to be needed over the next 10 years, you may feel con�dent that this
goal will be met.

However, delivering the billions of watts of energy that EVs will need in the coming decades will require more than scaling up
traditional production techniques. It will also require adopting new ways of thinking about manufacturing processes to maximize
speed, �exibility and throughput. This includes investing in automation and utilizing new Industry 4.0 technologies, such as digital
threads and intelligent conveyance systems.

Keeping up with growing EV demand while also accommodating changes in battery technology will require �exible
assembly lines. Photo courtesy Webasto Group

Intelligent Conveyance

Keeping up with growing EV demand, while also accommodating changes in battery technology, will require �exible assembly
lines. Traditional conveyance systems may only slow you down.

For decades, automotive manufacturers have relied on chain-based conveyors to advance parts through the production process.
These systems use motion-control technologies with hundreds of mechanical parts, like rotary-driven chains, belts and gear
boxes. Moving large parts across the factory �oor can result in unforeseen safety incidents and transportation ine�ciencies.

These �xed systems have limited �exibility, as well as operational speeds and maintenance requirements that may fall short of
your gigafactory’s needs. A better alternative is a motion control system with independent cart technology.

Independent carts that ride on a roller-supported �exible track give you control over positioning. They also enable you to put
multiple products in different package and format sizes on the same line, utilizing integrated position sensing to allow individual
control of separate carriers on a loop-style track.

Independent cart conveyance systems rely on linear motor technology. Linear synchronous motors (LSM) use electromagnetic
force to index carriers more quickly and e�ciently than traditional conveyance systems. Linear motors use components that
don’t wear or come into contact with one another, which drastically reduces maintenance needs and decreases downtime.

The system’s capabilities range from individual cell sorting to full battery module and pack assembly, while also performing
required testing. The machine incorporates linear servo motors that position loads in precisely the correct direction at high
speeds. And changeovers simply involve selecting the correct mode from the operator interface.

Free from the constraints of a traditional conveyor, this system can improve your operations by helping you create faster, more
�exible battery lines using independent, programmable movers. Time to market is improved by new LSM technology thanks to
built-in full-line simulation capabilities that include an integrated track-and-trace system that eliminates the need for external
sensing.

Intelligent conveyors also reduce changeover times with simple software pro�les that allow you to change products just by
pushing a button. The software houses comprehensive code libraries that reduce program complexity, making vehicle routing
more straightforward. Anti-collision programming and automated queuing are built-in, increasing both safety and e�ciency.

Fewer moving parts also means higher machine reliability. These systems can mitigate maintenance-related downtime by
reducing the probability of widespread issues.

While gigafactories have a large physical footprint due to their production output, that doesn’t mean the plants have space to
spare. Linear synchronous motors offer a 20 percent to 30 percent reduction in �oor-space and eliminate the need for buffer
zones. That can help increase production e�ciency and better meet swiftly increasing demand for EV batteries as more
factories become operational.

A digital thread is weaved using data from smart machines and digital twins. Illustration courtesy Rockwell
Automation/Shutterstock

In addition to LSM technology and independent cart systems, engineers interested in intelligent conveyance should consider
adding autonomous guided vehicles (AGVs) to their gigafactories. AGVs are information-enabled machines that perform material
handling tasks via routing data from your manufacturing execution system (MES).

AGVs can navigate freely throughout a facility without human intervention, providing real-time data while undertaking tasks such
as transporting pallets, rolls, racks and other important materials. AGVs can be used throughout the production process, from
transporting raw materials out of storage to handling �nished products ready for shipping.

Although an intelligent conveyance system can provide innumerable bene�ts to a gigafactory’s e�ciency, productivity and
throughput, the real impact is delivered by connecting that system to the factory’s other digital assets.

Digital Threads

As the EV industry projects unprecedented growth through the next several decades, battery makers must continuously scale
and improve their operations to meet that demand. With such a fast-growing industry, the ability to innovate and bring products
to market quickly is crucial.

A digital thread is one of the most effective ways engineers can continue to learn from and �ne-tune their production process. It
is a continuous �ow of information that turns insights into actions and connects previously siloed business functions, improving
their ability to work together. A digital thread is weaved using data from smart machines and digital twins to deliver valuable
insights into your facility’s capabilities.

Digital twins reduce upfront investment in physical manufacturing capabilities for battery makers. Instead, manufacturers can
create virtual simulations—twins—to model prototypes and production outcomes before ever engaging with a physical machine.
That enables engineers to troubleshoot issues and �ne-tune their approach with less time and resources lost.

Battery manufacturers must adopt new ways of thinking about production processes to maximize speed, �exibility and
throughput. Photo courtesy Skoda Auto

By speeding up design timelines and reducing the cost of troubleshooting problems, digital twins allow manufacturers to get to
market more quickly and create higher quality output faster. A digital thread makes these bene�ts even more tangible,
communicating that data between business units seamlessly.

Digital threads increase connectivity of information across business functions. Data sharing and programming makes the
automation of complex processes possible, allowing engineers to focus their efforts on increasing e�ciencies and optimizing
other operations.

Similarly, automating other regular work�ows eliminates cross-system coordination, allowing your machines to orchestrate
production without requiring intensive oversight or introducing potential human error.

The high demand expected in gigafactories can also be managed more effectively when the issues of timeliness and employee
workload are mitigated by automation. This lights-out approach utilizes data and machine learning to download and execute
orders with little to no human intervention. While an expert workforce is a critical part of meeting EV demand, fully automated
capabilities are an important resource when scaling production.

Engineers interested in intelligent conveyance should consider adding autonomous guided vehicles to their
gigafactories. Photo courtesy Daimler AG

Maximizing Productivity

A digital thread is an important tool in maximizing productivity within a factory’s workforce. Engineers can use augmented reality
technology to improve standard operating procedures by documenting and sharing process information. This documentation can
also be an important tool in on-the-job training for new operators.

In today’s connected world, many manufacturers rely on operators across the world to maintain the success of their entire
enterprise. Several leading automakers have announced plans to build gigafactories in multiple states or countries, making
seamless collaboration a priority regardless of location to ensure consistency.

With digital thread technology, important data and insights are available across all facilities, giving operators the resources to
problem-solve effectively. This empowers teams with differing skillsets to learn from each other, strengthening an organization’s
workforce across the board.

An MES is one popular way to harness your digital thread, because the software allows you to integrate your control and
business systems to execute and track orders across your enterprise. The program can also gain the additional context needed
to turn production data into actionable information, thanks to the large amounts of data provided by a digital thread.

With this integration, the technology is also scalable to manage speci�c site needs and goals. For example, within an MES, a
quality application can be utilized to track, identify and alert management when a machine or operator’s processes go outside of
their prescribed limits, stopping a problem before it impacts production on a larger scale. A track-and-trace application can also
be applied to gain complete traceability of batteries through the manufacturing process.

A digital thread is the key to operating a factory of the future. By implementing one in your gigafactory, your facility will reach its
full potential.

The fast-growing EV market requires highly e�cient, �exible and data-driven assembly plants that can produce batteries in high
volumes, at high speeds and at a consistently high quality.

Not only does this require battery makers to scale their operations, but it presents the industry with an opportunity to design and
build a new class of digitalized smart manufacturing facilities that set the stage for the future of sustainable production.
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By Austin Weber, Senior Editor // webera@bnpmedia.com

SOLID-STATE BATTERY IS LONG-

LASTING AND ENERGY DENSE

AV/EV TECH TRENDS

The all solid-state battery consists of a cathode composite layer, a sul�de solid electrolyte layer and a carbon free micro-
silicon anode (left). A chemical reaction (middle) causes expansion and densi�cation of the micro-silicon particles,
forming a dense lithium-silicon alloy electrode (right). Illustration courtesy University of California San Diego

A team of engineers at the University of California San Diego have created a new type of battery that weaves two promising
sub�elds into a single product. They used both a solid-state electrolyte and an all-silicon anode to produce a silicon all-solid-state
battery. Initial rounds of tests show that the new battery is safe, long lasting and energy dense.

“With this battery con�guration, we are opening a new territory for solid-state batteries using alloy anodes such as silicon,” says
Darren Tan, Ph.D., who headed up the project at the Sustainable Materials and Energy Laboratory. Tan worked with LG Energy on
the project and recently co-founded a startup company called UNIGRID Battery that has licensed the technology.

“Silicon anodes are famous for their energy density, which is 10 times greater than the graphite anodes most often used in
today’s commercial lithium-ion batteries,” explains Tan. “On the other hand, silicon anodes are infamous for how they expand and
contract as the battery charges and discharges, and for how they degrade with liquid electrolytes. These challenges have kept
all-silicon anodes out of commercial lithium-ion batteries, despite the tantalizing energy density.

“Next-generation, solid-state batteries with high energy densities have always relied on metallic lithium as an anode,” Tan points
out. “But, that places restrictions on battery charge rates and the need for elevated temperature (usually 60 C or higher) during
charging. The silicon anode overcomes these limitations, allowing much faster charge rates at room-to-low-temperatures, while
maintaining high energy densities.”

Tan and his colleagues demonstrated a laboratory-scale full cell that delivers 500 charge and discharge cycles with 80 percent
capacity retention at room temperature.

For decades, battery manufacturers have looked to silicon as an energy-dense material to mix into, or completely replace,
conventional graphite anodes in lithium-ion batteries. Theoretically, silicon offers approximately 10 times the storage capacity of
graphite.

In practice, however, lithium-ion batteries with silicon
added to the anode typically suffer from real-world
performance issues. In particular, the number of times
the battery can be charged and discharged while
maintaining performance is not high enough.

“Much of the problem is caused by the interaction
between silicon anodes and the liquid electrolytes they
have been paired with,” says Tan. “The situation is
complicated by large volume expansion of silicon
particles during charge and discharge. This results in
severe capacity losses over time.”

Tan and his colleagues eliminated the carbon and the
binders typically used with all-silicon anodes. In addition,
they used micro-silicon, which is less expensive than
nano-silicon. In addition to removing all carbon and
binders from the anode, the engineers removed the liquid
electrolyte. Instead, they used a sul�de-based solid
electrolyte.

“The solid-state silicon approach overcomes many
limitations in conventional batteries,” claims Tan. “It
presents exciting opportunities for us to meet market
demands for higher volumetric energy, lowered costs and
safer batteries.”

NEW TECHNOLOGY GIVES

AUTONOMOUS VEHICLES

‘X-RAY VISION’

Australian engineers have developed a system that enables
autonomous vehicles to track moving pedestrians hidden
behind buildings and cyclists obscured by cars, trucks or
buses. The technology enables vehicles to break the
physical and practical limitations of onboard perception
sensors, and embrace improved perception quality and
robustness, by using x-ray style vision that penetrates
through to pedestrian blind spots.

“This is a game changer for both human-operated and
autonomous vehicles which we hope will substantially
improve the e�ciency and safety of road transportation,”
says Eduardo Nebot, Ph.D., professor emeritus at the
University of Sydney’s school of aerospace, mechanical and
mechatronic engineering. He conducted the research with
the Australian Centre for Field Robotics, Cohda Wireless and
the iMOVE Cooperative Research Centre.

A new system enables autonomous vehicles to track
moving pedestrians hidden behind buildings and cyclists
obscured by cars, trucks or buses. Illustration courtesy
Cohda Wireless

“Using collective perception, the connected vehicle was able to track a pedestrian visually obstructed by a building,” explains
Nebot. “This was achieved seconds before its local perception sensors or the driver could possibly have seen the same
pedestrian around the corner, providing extra time for the driver or the navigation stack to react to this safety hazard.”

Using roadside intelligent transportation system (ITS) stations, vehicles can share what they “see” with others using vehicle-to-X
(V2X) communication. This system signi�cantly increases the vehicles’ range of perception by allowing them to tap into various
viewpoints.

According to Nebot, the technology could bene�t all vehicles, not just those connected to such a system. The applications, which
are being commercialized by Cohda, involve an emerging ITS technology called cooperative or collective perception (CP).

Another experiment conducted by Nebot and his colleagues demonstrated how collective perception could allow vehicles to
safely interact with walking pedestrians, with the vehicle’s response based on the perception information provided by the
roadside ITS station. The three-year project also demonstrated the expected behavior of a connected vehicle when interacting
with a pedestrian rushing toward a designated crossing area.

“Using the ITS system, the connected autonomous vehicle managed to take preemptive action: braking and stopping before the
pedestrian crossing area based on the predicted movement of the pedestrian,” says Nebot.

“The pedestrian tracking, prediction, path planning and decision making were based on the perception information received from
the ITS roadside stations,” explains Nebot. “Collective perception enables smart vehicles to break the physical and practical
limitations of onboard perception sensors.

“[Our] research con�rms that using CP could improve awareness of vulnerable road users and safety in many tra�c scenarios,”
adds Nebot.

HIGH-RATE MAGNESIUM

RECHARGEABLE BATTERIES MOVE

ONE STEP CLOSER TO REALITY

Magnesium rechargeable batteries (MRBs), in
which high-capacity magnesium is used as the
anode material, are promising candidates for next-
generation batteries due to their energy density,
safety and cost. However, the lack of high-
performance cathode materials impedes their
development.

To address the issue, engineers at Tohoku
University have developed liquid-sulfur, sul�de-
composite cathodes that enable high-rate
magnesium batteries. The materials can be
spontaneously fabricated by electrochemically
oxidizing metal sul�des, such as iron sul�de, in an
ionic liquid electrolyte at 150 C. The composite
material showed high performance in capacity,
potential, cyclability and rate capability.

Liquid-sulfur, sul�de-composite materials fabricated by
electrochemical oxidation of metal sul�des can work as high-
performance cathode materials for magnesium rechargeable
batteries. Illustration courtesy Tohoku University

“Like their lithium-ion counterparts, transition metal oxides are the staple cathode materials in MRBs,” says Kohei Shimokawa,
assistant professor of materials and energy at Tohoku University. “Yet the slow diffusion of magnesium ions inside the oxides
poses a serious problem. To overcome this, some researchers have explored sulfur-based materials. But, sulfur-based cathodes
for MRBs have severe limitations, such as low conductivity.

“Our material allowed for a stable cathode performance for more than 50 cycles,” claims Shimokawa. “Such a high cyclability
could be attributed to the high structural reversibility of the liquid state active material and the low solubility of polysul�des into
the ionic liquid electrolyte.

Despite the progress, Shimokawa says several problems remain. “We need electrolytes that are compatible with both the
cathode and anode materials, because the ionic liquid used in this work passivates the magnesium-metal anode,” he points out.
“In the future, [we hope] to develop new electrochemically stable electrolytes to make MRBs more practical for widespread use
in next-generation batteries.”
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PRODUCTS SPOTLIGHT

PRODUCTS

Brochure Details Battery Manufacturing Technology

A brochure on factory automation for battery manufacturing provides a
detailed look at key challenges in every major process, including electrode
production, cell production, module assembly and end-of-line testing. It
reviews how critical throughput, process control, productivity and quality
control issues can be addressed with advanced automation equipment such
as conveyors, drives, servomotors, screwdrivers and welders.

Bosch Rexroth Corp.

Find out more here at www.boschrexroth.com

Ultrasonic Metal Welder Assembles Batteries

The Telso Terminal TT7 is an ultrasonic metal welder designed for
electromobility applications, such as attaching large cables to battery

terminals. It features the latest version of PowerWheel welding technology
that ensures maximum reliability and optimum process control for welding
metal cable cross sections up to 200 square millimeters. Additional bene�ts
include the ability to quickly change tools.

Telsonic Ultrasonics Inc.

Find out more here at www.telsonic.com

System Provides Functional Test of EV Motor Components

The LT400 is a windings quality analyzer designed for use in laboratories and
quality departments. The machine is ideal for partial discharge (PD)
measurements on components such as coils, generators and motors. It can
perform standard high-voltage tests (AC and pulse) with PD measurements,
enabling the discovery of defects not detectable with standard tests.

Marposs Corp.

Find out more here at www.marposs.com

Collaborative Robot Is Ideal for EV Assembly Applications

The CRX-10iA/L collaborative robot is a �exible, easy-to-use machine
designed for a variety of EV manufacturing applications, including inspection,
machine tending, palletizing and welding. Built-in sensors on each axis allow
the cobot to work safely alongside people without the need for expensive
guarding. Interactive programming enables users to teach points using hand
guidance or a new tablet interface with drag and drop icons.    

Fanuc America Corp.

Find out more here at www.fanucamerica.com

Lab Management Software Enables Remote Battery Testing

Enerlab 2.0 battery test lab management software features a new enhanced
design, including a state-of-the-art GUI focused on improving user interaction
and productivity. It monitors, controls and manages battery test stations using
Enerchron. Capabilities range from live camera views to full control of test
programs, and customizable dashboards and reporting tools.

NH Research Inc.

Find out more here at https://nhresearch.com

Test Adapter Works With EV Charging Stations

The FEV100 is designed to test the safety and performance of type 1, level
1 or level 2 electric vehicle AC charging stations (EVSEs). It simulates the
presence of an electric vehicle, allowing users to conduct tests in
combination with appropriate instruments such as a digital multimeter or an
oscilloscope. A variety of tests can be performed, including ground fault
checks, insulation of wires, measuring voltage and duty cycle.

Fluke Corp.

Find out more here at www.�uke.com

Dispenser Discharges Thermally Conductive Materials

The vectomix TC metering and mixing system is designed to dispense
thermally conductive materials used in battery production and electromobility
applications. It is ideal for use with materials that contain a large amount of
abrasives or �llers. The dispensing system is equipped with components
made of wear-resistant materials that ensure consistently reliable processing
with signi�cantly reduced maintenance costs. Material can be discharged in
shot or bead form. Multiple shots with one piston volume enable short cycle
times.

Dopag US

Find out more here at www.dopag.us

Battery Management System Is Compact

The i-BMS battery management system is designed for EV applications
up to 60 volts, such as all-terrain vehicles, automated guided vehicles,
motorcycles and scooters. The unit is cell chemistry agnostic and
compact, measuring only 65 by 200 millimeters. It is equipped with
everything required to manage and maintain a battery system without
the need for any external components.

Sensata Technologies Inc.

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

888-486-6163

FEC Automation Systems
www.fec-usa.com

586-580-2622

Nitto Seiko America
www.nittoseikoamerica.com

248-588-0133

Auto Sens Academy 
www.auto-sens.com/academy

Torqtec
www.torqtec.net

919-561-5536

Tutelar Technologies Inc.
www.watchover.us

905-331-6808

ViscoTec America Inc.
www.viscotec-america.com

770-422-4281

Weiss North America
www.weissna.com

888-WEISSNA

Zimmer Group
www.zimmer-group.com

828-855-9722
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