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Our impactful Power & Motion video content 
features interviews with experts in the fields of 
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one-on-one interviews with industry leaders, 
robust panel discussions on technology trends, or 
dig deep with other fellow engineers.
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[ Editor’s Note ]

SARA JENSEN
Technical Editor

sjensen@endeavorb2b.com

What’s in Store for Fluid Power and 
Electronic Motion Control in 2024?

Starting a new calendar year brings 

many thoughts to mind, including 

those focused on what may lie ahead in 

the coming months.

Although a recession is predicted for 

2024, it is expected to be mild one. Patrick 

Luce of ITR Economics said during the 

National Fluid Power Association’s 

(NFPA) Fall 2023 Economic Update 

webinar that it could actually be a year 

of opportunity for the fluid power and 

many other industries. More normalized 

supply chains and product demand will 

give manufacturers a chance to breathe 

and focus on internal improvements to 

set themselves up for the growth pre-

dicted through the rest of the decade. 

You can read more about Luce’s forecast 

for 2024 starting on page 14. 

To help our audience keep track of 

market conditions, we have launched a 

new monthly newsletter called Market 

Trends in Power & Motion which will 

highlight the latest economic news and 

market trend information related to 

the fluid power and electronic motion 

control space. Visit powermotiontech.

com/subscribe to get this information 

delivered right to your inbox each month.

No year is complete without industry 

events to attend, providing the opportu-

nity to see new technologies in person as 

well as network with others. And 2024 

is set to be another year filled with great 

tradeshows and conferences. In addition 

to annual events such as NFPA’s Annual 

Conference and IEOC, Hannover Messe, 

Automate and Pack Expo will be the 

return of INTERMAT and MINExpo, 

large mobile equipment industry events 

focused on two important customer 

markets for the f luid power sector in 

particular—construction and mining 

equipment. What events, technologies or 

other aspects are you most looking forward 

to in 2024? Let us know! P&M
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[ News ]

Volvo Group and Komatsu have both announced 

plans to acquire battery manufacturers—

Proterra Inc. and American Battery Solutions 

Inc., respectively. Doing so will help the companies 

with their continued development of electric-powered 

construction and other heavy-duty machinery.

Many heavy equipment OEMs like Volvo and 

Komatsu do not have battery expertise in-house. 

By partnering with or f lat out acquiring a battery 

manufacturer, it is possible for the OEM to gain 

that knowledge and advance its technology 

development efforts.

The battery manufacturer can bring its expertise 

to the OEM who can offer its own insights into the 

specific needs of electrifying heavy equipment, 

ensuring the right battery technology for a given 

application is utilized. 

Both Proterra and American Battery Solutions 

have developed battery systems for heavy-duty 

on- and off-road vehicles, making the companies 

a good fit for Volvo and Komatsu’s ongoing 

electrification needs.

Proterra Technology to Benefit  
Various Volvo Businesses
Volvo’s acquisition of Proterra’s battery business came 

about because the company is currently undergoing a 

voluntary Chapter 11 bankruptcy process. As part of 

this, Proterra Inc. and Proterra Operating Company 

Inc. are auctioning off business assets.

Volvo Group was selected as the winning bidder 

for the Proterra Powered business unit which 

includes Proterra’s battery technology and expertise. 

Assets Volvo will gain as part of the acquisition 

are a development center for battery modules and 

packs in California, as well as an assembly factory 

in South Carolina. 

Proterra started in 2004 as a developer of electric 

transit buses and grew over the years to also develop 

its own battery and powertrain technology.

With the battery business, Proterra Power, 

the company brought its expertise to additional 

applications including heavy trucks, off-highway 

equipment and others.

This technology 

expertise will fit in 

well with the Volvo 

Group which has 

been de ve lopi ng 

electrification solutions 

for its trucks, buses, 

and construction and 

mining equipment 

for several years now. 

Volvo said in its press 

release announcing 

its acquisition that 

Proterra’s technology will complement its current 

battery-electric roadmap as well as help accelerate 

future developments.

Komatsu to Power Mining 
Equipment with ABS Batteries
Komatsu’s U.S. subsidiary Komatsu America Corp. 

has agreed to acquire Detroit-based American 

Battery Solutions (ABS) which develops and 

manufactures battery packs for both heavy-duty 

mobile and industrial applications. The company’s 

lithium-ion batteries are available in standard and 

custom configurations to suit a range of industry 

requirements.

With the acquisition by Komatsu, ABS will be 

able to expand its technology into more off-highway 

and commercial vehicle, as well as industrial, 

applications—all of which are increasing their 

electrification efforts at a rapid pace.

Per Komatsu, the acquisition of ABS will enable 

the company to develop and produce its own battery-

operated construction and mining equipment by 

integrating the two companies’ expertise. P&M

Volvo and Komatsu Acquiring Battery 
Suppliers to Aid Electrification Efforts
The OEMs are acquiring battery manufacturers to advance development  
of battery-electric construction, mining and other heavy-duty vehicles.

by Sara Jensen
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The VNR Electric is
a battery-electric
Class 8 truck
available in North
America, and among
the many examples
of the Volvo Group’s
developments in the
electrification space.
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[  Cover Story ]

Transitioning to By-Wire Technology

Steering and drive related technologies have traditionally 

relied on f luid power components, particularly 

hydraulics. But electrically controlled options, known 

as by-wire systems, are increasingly taking the place 

of hydraulics and pneumatics in various applications.

There are numerous factors driving this technological 

shift including the ability to improve vehicle performance, 

especially in terms of safety and control, as well as the increasing 

development of electrified and automated vehicles.

A range of electronic options are now available in the 

market, offering new design opportunities for OEMs in both 

the passenger car market and the heavy-duty on- and off-

highway sectors.

How By-Wire Technology can Benefit 
Steering and Drive Systems
By-wire systems are those which use electrical or electronic 

control instead of a mechanical linkage (see sidebar). They 

can include drive-by-wire, brake-by-wire and steer-by-wire, 

among others.

Use of these systems in the automotive and aviation 

industries has increased over the years due to the many benefits 

they can provide. As the technology has advanced, its use is 

increasing in a range of other industries as well including 

heavy-duty vehicles.

Technology company ZF Friedrichshafen AG stated in a 

press release announcing the launch of its new brake-by-wire 

Why Steering and 
          Drive Systems are

The potential to improve 
design and vehicle 
performance is leading to 
a shift from hydraulic to 
electric options for steering 
and drive systems.

by Sara Jensen
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By-wire systems like 
the REE Corner can 
provide faster response 
times due to the use of 
electronics, helping to 
improve vehicle safety.
REE AUTOMOTIVE

What is a By-wire System? 
“By-wire systems are those with no 

mechanical connection back to the 

control mechanisms from the driver 

to the steering or the pedals. It’s all 

electronic,” explained Peter Dow, 

vice president of Engineering at REE 

Automotive.

Traditionally, driver input has been 

transferred mechanically to a vehicle’s 

motor and wheels via a steering wheel, 

hydraulic brakes and other components. 

But with by-wire systems, these inputs 

are instead processed and communicated 

to the appropriate components by an 

electronic control system.

This enables opportunities for 

improved safety as the electronic 

controls can often react faster or even 

override human inputs to ensure the 

safest maneuvers are taken. In addition, 

the move to a by-wire system allows 

many components to be eliminated—

such as steering columns, pumps and 

hoses—leading to lighter weight and 

more efficient vehicle designs.

Braking force in the ZF brake-by-
wire system is generated by electric 
motors instead of a hydraulic system.
ZF FRIEDRICHSHAFEN AG

PMT2402_8-13_coverStory2.indd   9
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system that replacing the hydraulic braking system with an 

electric option reduces assembly and logistics costs because 

the system has fewer parts. The lack of hydraulic fluid also 

minimizes maintenance needs.

In addition, the company said moving to a purely electronically 

controlled and networked by-wire system offers performance 

benefits including better vehicle control, shorter stopping 

distances, greater driving stability at higher speeds and more.

ZF’s brake-by-wire system generates braking force at each 

wheel using an electric motor and all signals from the vehicle’s 

pedals are sent electrically. Automatic emergency braking is 

possible with this type of system and capable of achieving 

braking distances 9 m shorter than conventional braking 

systems at speeds of 100 km/h. For electric vehicles, this type 

of system improves braking energy recovery to help increase 

the range up to 17%.

Wearing of brake pads and discs is minimized as well 

because there is limited contact with these components 

and reduced residual drag torque—which occurs with 

conventional braking systems—leading to a longer life and 

lower maintenance costs. 

X-by-Wire System Benefits Design
REE Automotive is an e-mobility company which has developed an 

x-by-wire system integrating steering, braking and driving into a 

single unit known as the REE Corner. All of the necessary elements 

for propulsion, steering and braking are contained in a single unit 

which can be placed on any of the four corners of a vehicle.

ZF’s brake-by-wire system transmits 
brake signals electrically, enabling faster 
response times and improved energy use, 
particularly for electric vehicles.
ZF FRIEDRICHSHAFEN AG

[  Cover Story ]
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Peter Dow, vice president of Engineering at REE 

Automotive, said there has been a shift toward 

by-wire systems because of the control and safety 

they can provide. “People get scared when they hear 

by-wire and think it’s not going to be safe,” he said. 

“It’s actually the opposite. It’s much safer because 

you can put so many levels of redundancy and safety 

within the system, and you can control more.”

Safety is ensured by designing mechanical, 

electrical and software redundancies into the REE 

Corner. For instance, the unit’s 48V steering system 

is driven by an electric actuator which allows for 30 

degrees of steering left or right. Dow explained that 

within the actuator there are two electric motors 

instead of a single motor, as is commonly done. If 

one of the electric motors should fail, the other one is 

still there to ensure the vehicle continues to operate 

as it should.

Precise measurement of the actuator is possible as well, 

enabling improved control capabilities.

The use of electronics along with the system architecture 

help to improve response time of the brakes, enabling vehicles 

to stop faster and thus operate in a safer manner. In addition, 

Dow said that because a vehicle will be equipped with four 

identical REE Corners, four-wheel steering is possible—

enabling even the rear wheels to be steered—which can 

provide better maneuverability for larger vehicles and lead 

to improved safety.

He also noted the lack of a physical connection between 

the steering wheel and the vehicle’s front and rear wheels. 

The REE Corner is an x-by-wire system integrating steering, 
braking and driving into a single unit. REE AUTOMOTIVE

PMT2402_8-13_coverStory2.indd   11
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[  Cover Story ]

Instead, electronics communicate driver inputs which Dow 

said allows for more fine tuning of the effort needed to steer 

the vehicle.

This can help make vehicle operation easier and open 

up the pool of potential candidates who could work in the 

transportation industry. “We talk about driving our vehicles, 

not fighting them,” he said. “So to drive a big truck you don’t 

need to have big biceps, you can drive it much more like a 

standard car or an SUV.

“We’ve seen with by-wire systems it opens up opportunities 

for people [and] it opens up what you can do with vehicles—

bringing more comfort, safety and f lexibility,” he continued.

With a by-wire system, it is also possible to implement 

automation. As Dow explained, there is a centralized control 

system which collects and sends all of the necessary electric 

signals, and it doesn’t matter if the inputs it receives are from 

a human driver or an autonomous system—they are the 

same because of the use of electric control, making it easy to 

implement autonomous operation if desired.

Electrifi cation Growth Pushes 
New Drive Options into Market
Scott Wilmoth, marketing manager at Hydro-Gear—a developer 

of hydraulic and electric drivetrain solutions for lawn and 

garden and other off-highway applications—said each year 

the company receives more inquiries about electric options. 

“Everyone sees that electrification is coming,” he said. “This 

trend is not going away but neither are hydraulics.

“It is likely that hydraulics will remain the dominant choice 

in our industry for many more years and we still see significant 

The HGMe is an electrified version of Hydro-Gear’s HGM hydraulic wheel 
motor which utilizes the same hydraulic geartrain but with a brushless 
DC motor attached. HYDRO-GEAR

Despite the move to electric options, many OEMs are still looking 
for hydraulic drive technologies such as Hydro-Gear’s pictured HGM 
fixed-displacement axial piston motor, because of their familiarity with 
the technology and electric alternatives not suiting all applications. 
HYDRO-GEAR

Many customers still use 
hydraulics as part of their 
steering and drive systems 
because of familarity with 
the technology.
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opportunities for innovation and growth on the hydraulic 

side,” he continued.

However, because there is also increasing interest in electric 

drive solutions the company is continually developing both 

types of components to provide customers with the options 

that will best suit their design requirements. 

In October 2023, Hydro-Gear introduced its latest electric 

drive solution the HGMe which is an electrified version of 

the company’s HGM hydraulic wheel motor. Wilmoth said 

it uses the same hydraulic geartrain as the HGM version 

because customers are familiar with the technology, and 

it has been proven in the industry. The difference is the 

attachment of the company’s in-house developed brushless 

DC motor.

Various sizes of the electric motor are available to meet 

specific customer application requirements which Wilmoth 

said is possible by varying the stack height. In addition, the 

motor can be wound for different voltages. The HGMe will 

debut as a 56 mm stack wound for 48V operation.

A key design criterion for the new HGMe was making it 

easy for customers to transition to an electric solution. Its 

similarities to the hydraulic version enabled this. In addition 

to using the same geartrain as the original HGM, the electric 

version fits into the same frame sizes making it an 

easy drop-in replacement.

Wilmoth said the company foresees a lot of 

interest in the new product, particularly from the 

commercial space, as more electric-powered machines 

are brought into the market. Electrification is still 

a niche for Hydro-Gear’s core market of the lawn 

and garden sector, but as regulations increase and 

benefits such as lower operating noises are realized, 

the uptick in electric-powered machines will continue, 

necessitating electric drivetrain solutions.

One area he said the company sees there being 

more interest in electric over hydraulic options is 

in specialty applications, including those in which 

an electric vehicle is designed from the ground 

up to take advantage of the inherent benefits of 

electrification.

Hydraulics Will Continue 
to Play a Vital Role
As Hydro-Gear’s Wilmoth noted, there are still 

customers who want to use hydraulics as part of their 

steering and drive systems because of familiarity with 

the technology or electric options do not yet meet an 

application’s requirements.

There is also the option to use hydraulics as part 

of an otherwise electrically controlled system which 

can help with market uptake. This is a key reason 

REE continues to use the technology for its REE 

Corner’s braking system. 

Although the brakes are electrically controlled, 

conventional hydraulic braking is utilized at the actual wheel 

of a vehicle said Dow. “The wheel itself is controlled the 

same way a conventional hydraulic braking system is apart 

from the hydraulics, which are…being driven by an electric 

actuator [instead of] a pedal,” he explained.

While much of what’s contained in the REE Corner is 

comprised of electronics, components outside of it such as the 

suspension and braking system are standard designs that would 

be found on any other vehicle. “We want dealers and customers 

to be able to use the same technicians,” said Dow. “We’re trying 

to bring something [to market] that is new but reliable.”

Using industry standard designs means customers and 

technicians will still understand how to service the vehicle 

when necessary. “They know how to change brake pads, they 

know how to do inspections on them,” he said. “We’re not 

giving them something that’s completely new.”

Hydraulic solutions are likely to stick around for the 

foreseeable future in steering and drive systems, in some 

capacity, but as electric options continue to increase and 

advance in capabilities, there will be new design opportunities 

possible to help make vehicles on and off the road safer and 

more efficient. P&M

Mechanical, electrical and 
software redundancies are 
designed into the REE Corner   
      to ensure vehicle safety.
           REE AUTOMOTIVE
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With a mild recession predicted for 2024, fluid power manufacturers 
should use this time to invest in their business and prepare for the 
rebound coming in the second half of the decade.

by Sara Jensen

After months of predictions about a potential 

recession in 2024 for the f luid power industry, 

and broader U.S. and global economies, the data 

shows this will in fact be the case.

The data indicates total shipments for fluid power products 

have tentatively peaked and are facing decline in the year ahead, 

said Patrick Luce of ITR Economics during the National Fluid 

Power Association’s (NFPA) Fall 2023 Economic Update webinar. 

He noted there are some headwinds in place which have the 

potential to cause downside pressures to linger into early 2025.

Declining profits, stricter lending criteria and overall 

elevated interest rates are creating tougher financial conditions 

for businesses. Because of this economic evidence, Luce said 

ITR expects contraction in a wide array of f luid power end 

markets. The current expectation is a nearly 10.9% contraction 

in 2024 compared to 2023.

However, those in the hydraulics and pneumatics industry 

should think of 2024 as an opportunity year he said. Companies 

should invest in their business to not only get ready for the 

nearly 10% year-over-year growth expected in 2025 but also 

take advantage of the reductions in pricing that will occur in 

2024. A mild decline is expected for the producer price index 

throughout the year, offering good buy-low opportunities. 

In addition, a light dip is expected for the interest rate 

environment in late 2024 and early 2025 which will benefit 

both the overall economy and businesses looking to make 

capital investments. 

Hydraulic and Pneumatic Shipments  
to Decline in 2024
Both segments of the fluid power industry are expected to 

experience a downward trajectory in 2024 before seeing 

growth again in 2025. Looking at the broader forces within 

the industry, the data trends move in sync with one another, 

said Luce. The cyclical momentum hydraulics and pneumatics 

have experienced since 2020 is beginning to wain and a dip 

in overall activity is starting. This dip will continue into late 

2024 and early 2025 at a variety of paces.

ITR is forecasting hydraulic shipments in 2023 to be up 

6.3% compared to 2022 but down about 11% in 2024 before 

rebounding in 2025 when growth is currently forecast to be 

up 9.1%. Key end markets for this segment of the industry—

including agriculture, mining and construction equipment—are 

facing downside pressures due to the tougher financial conditions 

these sectors, like many others, are experiencing, said Luce.

Softening in the overall economy is presenting headwinds 

for the agricultural and mining equipment markets, both of 

which are already declining, although he noted the oil and 

gas segment is an outlier. This portion of the mining industry 

is showing some resilience and rising at a steady pace. It is 

expected to only experience a mild decline in 2024 and therefore 

could be an area of opportunity for hydraulics manufacturers.

Pneumatics shipments should end 2023 up about 5.3% 

compared to 2022 based on recently revised data from ITR, 

said Luce. In 2024, this segment of the fluid power industry 

is expected to be down 5.9% compared to 2023 but rebound 

to growth of 2.9% in 2025.

Early to mid-2024 is when the pullback in pneumatic 

shipments is primarily expected, he said. This is due in part 

to declines in the manufacturing sector—a key customer market 

for pneumatic components and systems.

Focus on Positive Markets for Fluid Power
Given the forecasted slower growth trends, it will be important 

for companies working in the fluid power space to strategize 

into the market winners in 2024, said Luce.

The agricultural equipment market is among the mobile machinery 
sectors facing headwinds from the slowing global economy. 

2024 Recession Presents
Fluid Power Industry  
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He said companies should be planning now and have 

contingency plans in place for both upside and downside risks 

which could occur in 2024. Some of the leading indicators 

show an economic recovery could happen sooner, presenting 

a possible upside risk for which businesses will want to be 

prepared. Potential downside risks to account for include 

waning profitability and higher interest rates.

While planning for 2024 and beyond, he said companies 

should think about previous economic booms and what they 

wish they had done differently during the downturn to set 

their business up for success. Using this information can help 

better time actions to take so a business can capitalize on and 

be ready for the rise in economic conditions anticipated in 

2025 and much of the second half of the decade.

Companies should look for ways to lean into their competitive 

advantages while also taking the time to address any possible 

competitive disadvantages it has in their marketplace. Identify, 

recognize and address them, said Luce. The slower economy 

provides an opportunity to invest in system upgrades and 

efficiency improvements. Anything a company can do now 

to abate current labor challenges will better set it up for success 

during the last half of the decade.

Manufacturing Production Offers  
Insights into Opportunity Areas
The U.S. Total Manufacturing Production Index has been in 

decline through much of 2023 and expected to remain so into 

2024. However, it will already be in a state of recovery by the 

end of 2024 and into 2025. Luce explained that ITR does not 

define recovery as a market experiencing growth but instead 

as the rates of change becoming less negative.

By year-end 2024, manufacturing production rates of 

change will be getting less negative, he said, and gearing up 

for growth in 2025.

Besides looking at this broader macroeconomic trend, he 

said examining where manufacturing output is most robust is 

beneficial as well by targeting regionally specific opportunities. 

The best way to ride out a recession is to gain market share, 

whether in vertical markets or exploring new ones.

As manufacturing production enters recovery, there may 

be market regions—like the Midwest—where that sector 

plays a greater role in overall GDP and therefore could be an 

opportunity area to explore.

Related to this, Luce said there is a lot of new money coming 

into the U.S. to propel new spending in the economy for more 

production due to reshoring efforts as well as foreign direct 

investment. Monitoring these activities could provide fluid 

power manufacturers with potential new business opportunities. 

Investments in electrification, including battery production, 

and chemicals are strong sectors from a reshoring standpoint.

Fluid power companies should also re-evaluate their product 

offerings and end markets. It is important to place an emphasis 

on the products and services which tend to do well during periods 

of contraction, said Luce. These typically include those capable 

of improving a customer’s return on investment. As such, a 

company’s marketing and other aspects should be focused on 

how they can offer a competitive advantage in this area.

He said now is also the time to evaluate any unprofitable 

business segments. If there are ones which are having trouble 

making profits in 2023, they will likely have more trouble 

What is a Recession?
Patrick Luce of ITR Economics said there are two ways to 

define a recession. The first is the technical definition which 

is when there are two consecutive quarters of GDP (gross 

domestic product) decline.

He said ITR is not forecasting there to be two consecutive 

quarters of GDP decline in 2024. Instead, it will be a little 

bouncy—so quarter one down, quarter two up, quarter three 

down and quarter four up—and have a generally flat trend. 

Ultimately, GDP will not enter into a technical definition of 

a recession.

The more formalized definition from the National Bureau 

of Economic Research says a recession occurs when there 

are decreases in overall employment and overall output and 

industrial production. Luce said ITR does see recession in these 

terms occurring in 2024, and it has already begun.

 Opportunities for Investment

Pneumatic shipments are forecast to primarily be lower in the first 
half of 2024 before picking up again as the various sectors it serves, 
particularly manufacturing, start to recover later in the year.
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doing so in 2024 and therefore a company should de-emphasize 

investments in these segments. Reallocate time and investment 

into more profitable market segments to help maintain overall 

business health.

Potential in Maintenance Services
According to Luce, services have been holding up better than the 

overall economy and spending on durable goods. The rates of 

change for U.S. Commercial and Industrial Equipment Repair 

and Maintenance Services Revenue remain elevated.

As such, this an area the f luid power industry could 

evaluate as a potential avenue for new revenue streams either 

by providing services or offering solutions for those in the 

service industry. The service and repair space is not necessarily 

recession proof but recession resilient, said Luce, and therefore 

an area of opportunity during these economic periods.

The rates of change look to remain elevated in the foreseeable 

future for this space, making it one for those in the hydraulics 

and pneumatics industry to consider while making marketing 

and strategy plans for the coming year.

How Broader Macroeconomic Trends 
Could Impact Hydraulics and Pneumatics
There are several trends happening in the broader 

macroeconomy which could influence the fluid power industry 

and its customer markets in the coming year.

Third quarter 2023 U.S. GDP (gross domestic product) 

figures were generally positive, said Luce, and slightly above 

expectations. The U.S. economy grew during the quarter and 

record high levels were achieved for real GDP.

However, he said there are some cracks showing in the 

economy’s general trends. Consumers continued to spend in 

the third quarter, but delinquency rates are starting to rise, 

an indication financial weakness is beginning for consumers.

The ability of consumers and businesses to weather 

the higher interest rate environment may be dwindling as 

indicated by the supply of money in the economy drying up 

and weakening credit conditions. The latter could make it more 

difficult to get loans and is a key factor for the recessionary 

headwinds ITR sees, said Luce.

How the Federal Reserve interprets the third quarter 

GDP figures could determine when the economic recovery 

begins, said Luce. The Federal Reserve could see the strong 

performance as a reason to keep interest rates at higher levels 

for a longer period of time which could delay the start of the 

2025 rebound.

When digging deeper into what drove third quarter GDP 

growth, he said personal consumption expenditures for 

household services was the number one driver. Utilities are 

included in this and take away from spending on other activities, 

especially durable goods. The pace of growth for goods was 

smaller and most resided in the automotive sector, he said, 

which is not expected to be as robust going forward because 

much of the pent-up demand and supply chain pressures from 

the last few years are abating.

Government spending—at local, state and federal levels—was 

also a strong contributor to GDP growth in the third quarter. 

Luce said this could be an opportunity area for the fluid power 

industry. All levels of government are still spending money 

as well as adding staff, making it one of the stronger market 

sectors currently. The Infrastructure Bill, CHIPS and Science 

Act and Inflation Reduction Act are all helping put money into 

the economy and providing good opportunities for domestic 

production with a lot of reshoring activities occurring as a result.

Take Precaution with Inventory Levels
One GDP growth factor which particularly stood out to Luce—

and was the second largest contributing factor to third quarter 

growth—was the fact increases in non-farm inventories were 

very elevated. Increases in inventory can add to the overall 

GDP level but are not necessarily a signal of economic health, 

he explained. Companies which have rapid rises in their 

inventories must typically pull back on business investment 

so they can rebalance their inventories.

Companies should look to the regions where manufacturing is strongest 
as they may provide economic opportunities when the sector enters a 
recovery phase toward the end of 2024.
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Inventories are likely going to pose challenges for the economy 

going forward and many companies are already feeling the 

effects of the current imbalance as demonstrated by business 

investments currently being down from year-ago levels.

Luce said a key trend to monitor is inventory levels and 

that it is normal for the U.S. economy to overbuild inventories 

when transitioning from growth to contraction. This happens 

because the inventory turnover ratio falls and companies want 

to compensate, which is a normal cyclical relationship.

However, the COVID-19 pandemic exacerbated this because 

of the challenges many businesses were facing. There was an 

elevated lead time situation due to global supply chain pressures 

compounded by a surge of stimulus spending and demand, 

he said. This created a lot of upside pressure on lead times, 

causing businesses to buy forward on their inventory to keep up.

As supply chain pressure and demand began to slow, there has 

been a surge of inventory throughout the last half of 2022 and 

into 2023. Over the next 12 months ITR expects a rebalancing 

of inventories. Businesses will sell off their existing inventories 

and not necessarily build them up or grow them, said Luce.

This could provide opportunities for those in the f luid 

power industry. As businesses look to offload their inventories, 

hydraulics and pneumatics manufacturers could take advantage 

by locking in contracts and stocking up their own inventories 

in the later half of the year in preparation for the growth 

anticipated in 2025. Typically, he said the economy lags in 

inventory planning, but this could be a chance for fluid power 

manufacturers to plan ahead and have the capacity to meet 

demand as it picks up again after 2024.

Ken Baker, CEO of Bailey International, said in an interview 

with Power & Motion the company will be keeping a close eye 

on its inventory levels because it is important to find a good 

balance between not building up too much but being ready 

for the coming rebound.

Key Economic Takeaways for Fluid Power 
Although 2024 will be a recessionary year, it is expected to be a 

mild one—and nothing like what was experienced in 2008. The 

slowdown in economic activity will provide an opportunity for 

many businesses to breathe after the strong uptick which took 

place as the world emerged from the COVID-19 pandemic.

With demand and the overall economy slowing, supply 

chain pressures have eased which is beneficial for many 

businesses as they spent much of the past few years trying to 

overcome this challenge. 

But in general, 2024 should be seen as a year to invest in 

one’s business and maximize competitive advantages to prepare 

for the growth anticipated in 2025 and beyond. P&M
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Integration of the companies’ 
technologies will enable 
deployment of IoT solutions on 
the edge of a network, improving 
design time, connectivity and data 
processing capabilities.

by Sara Jensen

Elevāt has formed a partnership with Microsoft Corp. 

to help improve the development of IoT (Internet 

of Things) solutions in the heavy-duty mobile 

equipment industry.

The company will integrate its Elevāt Machine Connect, an 

IoT platform which monitors machine health, with Microsoft 

Azure Edge, a software that enables cloud computing to occur 

at the edge of a network (see sidebar, page 21). This provides 

faster processing of data collected from solutions like Elevāt’s, 

allowing more timely decision making to occur so unplanned 

machine downtime can be minimized.

Adam Livesay, co-founder and CRO of Elevāt, said the 

company was approached by the Microsoft Azure team because 

they were interested in expanding into the off-highway space. 

To date, the technology is mostly used in healthcare, retail and 

trucking. “We started to look at what it takes to put the Elevāt 

software inside what is called Azure IoT Edge,” said Livesay 

in an interview with Power & Motion.

Elevāt was then able to work with a customer to implement 

the combined solution. Doing so helped demonstrate what 

could be achieved by bringing the two companies’ technologies 

together such as improved connectivity between devices on a 

machine and enhanced analytics capabilities.

Deploying IoT on the Edge  
Reduces R&D Efforts
According to Livesay, one of the major benefits of the 

partnership with Microsoft is the ability to ease the 

development and deployment of IoT solutions—both for 

Elevāt and OEMs. 

He explained that Azure IoT Edge is basically a software 

container which allows companies such as Elevāt to have their 

code reside on the edge. “Previously, any time someone like 

Elevāt would work with different hardware suppliers we would 

have to spend a lot of time deploying and engineering our 

software to that exact piece of hardware,” he said.

Not only did this require a lot of resources going into a 

single project, but it could also limit the number of hardware 

vendors an OEM customer could use. If a different hardware 

configuration was desired, fewer options may have been possible 

because the supplier did not have a device available that worked 

with the IoT and telematics platform.

“An OEM could have three or four different hardware 

suppliers for the different machines it builds,” said Livesay. 

“But if they’re all Azure Edge compatible, then the software 

can stay the same.”

This provides OEMs with greater flexibility because they can 

use any Azure Edge compliant hardware and be assured their 

IoT and telematics platform will work as desired. Livesay said 

this benefits development and scalability for OEMs while also 

helping to mitigate potential supply chain risks by expanding 

the network of hardware suppliers with which an equipment 

manufacturer can choose to work.

Another key benefit is how much Microsoft is investing in 

security. “There are a lot of enhanced security features on Azure 

IoT Edge that inherently comes from using an IoT platform 

that’s deployed on there,” said Livesay.

Microsoft to Enhance  

Edge cloud computing technology can help ease 
development time and allow for built-in features 
including enhanced security.
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In addition, he said there are services available with the 

Microsoft technology which allow users to work with machine 

learning (ML) and artificial intelligence (AI). “Even if your 

company is not ready for [AI and ML] yet, the building blocks 

and foundation are there for when you are ready as a company,” 

said Livesay. “And those services are just going to continue to 

get better over time.”

He said it’s likely at some point an OEM or one of its 

customers will decide to do something in the ML or AI space. 

Because the technology building blocks are already built into 

Azure IoT Edge, the heavy equipment manufacturer will not 

be starting from scratch and therefore investing less time and 

money into development efforts.

Livesay said the partnership is exciting for Elevāt because 

of the investments Microsoft is making in edge and cloud 

technologies as well as IoT. “And it really does help with the 

different types of hardware options out there now,” he said. 

“You don’t have to do really large deployment projects. You 

can find partners that fit the [Azure IoT Edge] criteria and you 

can start working with them pretty quickly.”
Azure IoT Edge allows the code for Elevat’s IoT platform to reside on the 
edge, easing development and speeding up processing time for machine 
performance data. ELEVAT

 IoT Deployment in Off-Highway Machines
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How Technology Partnerships  
are Benefitting the Industry
Partnerships like the one between Elevāt and Microsoft have 

become increasingly more common as a means of accelerating 

development and scalability of new technologies as well as 

helping to mitigate some of the risk involved with deploying 

new products in the market.

Livesay said having major cloud players like Microsoft now 

looking at how they can create tools to help accelerate IoT 

services and solutions is a big deal. “Before, companies would 

have to spend a ton of resources on ‘How do we do this? How 

do we manage this?’ Now you have this massive giant behind 

you with Azure that’s helping with that,” he said.

Elevāt’s technology partnership with Microsoft will benefit 

both OEMs and component suppliers in the off-highway 

equipment industry, as well as many other industries. As 

the number of smart, connected components and services 

increases, the biggest headwinds for component suppliers 

will be scalability, prototyping and security. Many of them 

work with various hardware suppliers to implement these 

smart, connected capabilities. “If those suppliers become 

Azure compliant, it gives them more options as well,” said 

Livesay.

He said the partnership also helps to differentiate Elevāt in 

the market. Many of the companies it works with are already 

using the Azure cloud for other aspects of their business, such 

as their IT department, so it can help to ensure compliance 

across an enterprise. “From a solutions provider perspective, 

it really helps us because they are investing so much in this 

[IoT] area,” he said. “They’re investing in the machine learning 

and AI space, they’re investing heavily into the security space; 

partnering up with companies that do that helps solution 

providers like Elevāt.”

From an OEM’s standpoint, there is the ability to work with an 

IoT provider which can scale up its offering as the manufacturer 

Edge computing allows remotely located devices 
to process data near a device or on a local 
server, making it easier for large amounts  
of data to be processed quickly.
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looks to further improve its own solution. “We’re working with 

the OEM for its next deployment of service,” said Livesay, which 

can include remote updates, service alerts and more.

“We’re looking at utilization, helping them drive non-

machine revenue, like aftermarket parts and services; we’re 

helping them with their over-the-air software updates, running 

their service tools remotely…those are all the things we’re 

focused on. And the more you do [those], the more security 

and scalability you need,” he said which is possible because of 

Elevāt’s partnership with Microsoft Azure.

When working with an OEM or component supplier, Elevāt 

will first determine if the customer’s hardware devices have 

the possibility of becoming Azure compatible, which Livesay 

said Elevāt can help facilitate, or if they are already compatible.

The latter is what happened with the current OEM Elevāt is 

working with—the OEM already had Azure Edge approval which 

made the development time much faster. “All we had to do was put 

our software on there [the hardware device] and development to 

deployment time was days instead of weeks or months,” said Livesay.

Edge Computing Required to Handle 
Increasing Amounts of Data
Livesay said the partnership with Microsoft enabling the use of 

edge cloud computing is likely the first time it is being brought 

to the off-highway equipment market. However, he thinks it 

will be a common theme over the next 3-4 years because more 

intelligence is going to move to the edge.

As devices become smarter, more capabilities will be added 

to them which technology like Azure IoT Edge enables. And 

it enables these capabilities to be deployed in a fast and 

secure manner. 

He said this type of technology will be key to companies 

establishing their edge infrastructure by allowing a combination 

of standardization and flexibility.

As an example, an OEM may have several brands under its 

umbrella which utilize various hardware devices from a range 

of suppliers. It might then decide that going forward its brands 

can use whichever hardware devices and IoT solution they like as 

long as they are Azure IoT Edge compliant. This provides some 

standards at the corporate level to aid with security and scalability 

while still offering the individual brands some design flexibility.

Specifying some criteria a chosen hardware device must 

meet not only helps to provide standardization within a 

corporation, and even the industry, but will also be necessary 

as components and machines become smarter. “As you get 

smarter on the edge and there’s more data processing, you’re 

going to need more systems like this,” said Livesay.

Deployment of Elevāt’s IoT platform on the Azure Edge 

software will provide more capabilities for data processing, data 

batching, analytics and more. He equates it to when companies 

ran their servers in house then shifted to running the majority 

of them on the cloud. This allowed companies to move at a 

faster pace and bring more applications into their fold.

“Now we’re saying you can move the cloud to the edge,” 

said Livesay. “This is going to be the next wave of IoT.

“[There will be] more connected machines, systems and 

tools running out [in the market] and having a really good 

edge strategy with the foundation of Azure IoT Edge, with 

partners like Elevāt that are working with it, are going to be 

key to that long-term strategy,” he concluded. P&M

Edge Computing: What is it and Why Does it Matter?
Microsoft defines edge computing as a distributed computing 

framework which allows remotely located devices to process 

data at the edge of a network—either near the device or 

on a local server. This enables large amounts of data to be 

processed quickly because it is done at or near where the 

data is collected instead of sending data to a centralized cloud 

which could be thousands of miles away, causing potential 

delays in analyzing the data.

Processing data at the edge ensures more accurate, timely 

decisions can be made. For those in the heavy equipment 

industry, this can help to ensure any component or system 

malfunctions are detected right away and immediate actions 

can be taken to fix the issue or alert maintenance personnel.

The amount of data being produced around the world is 

expected to significantly increase in the coming years. Edge 

computing is seen as a potential way to efficiently handle 

it because of the ability to process data at the edge of a 

network instead of a data center—which not only uses a lot 

of energy but can also slow processing and reaction time.
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Use of linear position sensors in the 
hydraulic cylinders of a pile driver 
ensure accurate placement of piles 

by Sara Jensen

Incorporation of sensors into hydraulic cylinders can help 

them move in a more precise manner, enabling improved 

accuracy and the ability to automate machine movements. 

These capabilities were demonstrated when Rota Limited 

worked with heavy equipment manufacturer Vermeer on the 

development of its PD10 pile driver for solar field installations.

A high level of accuracy is required when driving the piles 

used to support solar panels into the ground during a solar 

field installation. Understanding this, Vermeer contacted Rota 

about integrating its linear position sensors into two of the 

PD10’s hydraulic cylinders. Adding the sensors would help to 

ensure accuracy when driving piles into the ground as well as 

help to automate this typically difficult and repetitive task.

Piles need to be driven into the ground 10 ft. apart, at just 

the right angle, thousands of times a day during a solar field 

installation. “[This is] a very repetitive process that really 

needs to be automated and [cohesive] so there is 

a nice, feng shui look of the solar panels when you’re 

done,” said Jake Hewes, PMP, international sales manager 

at Rota Limited.

With the Rota sensors, Vermeer was able to design the 

PD10 so operators could more easily install piles at the correct 

location, depth and angle to achieve the accuracy and aesthetics 

desired by the project at hand.

Hydraulic Cylinder Position Sensor 
Enables Precise Control
Rota’s linear position sensors are based on Hall Effect 

technology—an absolute technology which is robust and 

resistant to high-vibration applications, said Hewes, which 

benefits its use in the Vermeer PD10. The sensors provide x 

and y axis readings to help accurately align the pile driver.

Integrating the sensors enables electronic feedback to be 

added to the hydraulic cylinders for more precise control 

and adjustment of the stroke length. “Say it is a 12-in. stroke 

cylinder. Each time it moves a fraction of an inch, you get a 

reading on your electronics,” explained Hewes.

This feedback can be communicated to the machine’s 

CANbus and software to better calculate and adjust the pile 

driver to the desired angle.

The driving depth of the pile can be better controlled as well, 

mitigating the risk of over- or under-penetration to ensure the 

structural integrity of the solar panels. This helps to minimize 

any possible rework, improving productivity and efficiency of 

the solar field installation.

Two different types of Rota sensors were used in the PD10. 

The initial goal was to embed them in the machine’s hydraulic 

cylinders to protect the sensors from the shocks and vibrations 

that would likely be experienced in this application.

One of the sensors is embedded in a hydraulic cylinder used 

on the substructure of the pile driver. Hewes said keeping the 

pin-to-pin dimensions of a hydraulic cylinder unchanged can 

An independent mount version of the Rota position sensor was mounted 
in parallel to the hydraulic cylinder used with the mast of the Vermeer 
pile driver to keep its necessary wire harnesses safe from damage. 
ROTA LTD.

Hydraulic Cylinder Sensors
Aid Pile Driver Accuracy

Embedding a Rota linear 
position sensor into a hydraulic 

cylinder enabled more accurate position 
of piles in a pile driver machine. ROTA LTD.
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be difficult when embedding a sensor. 

“A lot of times the cylinder will need 

to grow in length to add a sensor,” he 

explained. “Because our technology is 

Hall Effect and fits in a small package, 

it allowed us to fit one of the sensors in 

the cylinder without increasing the pin-

to-pin [dimensions] which was key to fitting it 

underneath this machine.”

The second sensor in the mast of the machine is an 

independent mount sensor. While Rota had a solution which 

could be embedded into a hydraulic cylinder, its location made it 

difficult to run necessary wire harnesses or connectors without 

them getting damaged. “The solution was to remove the sensor 

from the cylinder and bolt it in parallel with the cylinder a safe 

distance away from it where we could run the wire harness 

safely through the machine to prevent it from being damaged 

in the field,” explained Hewes.

For this sensor, Rota used a heavy-duty stainless-steel version 

to ensure it could withstand the high-vibration environments 

in which the pile driver would be working.

To ensure optimal integration of the Rota sensors, the 

company worked closely together with Vermeer and its 

hydraulic cylinder supplier. Multiple groups at Vermeer 

needed to be involved, including its electronics department 

to specify the CANbus signal. “It really becomes a three-

way conversation” between Rota, Vermeer and the cylinder 

manufacturer said Hewes.

Electronics Improve Pile Driver 
Accuracy and Ease of Use
Integration of the Rota sensors and other electronics as well 

as software on the PD10 enabled better drilling accuracy and 

ease of use to be achieved, key goals for Vermeer when it was 

developing the pile driver for use in solar field installations.

Without the sensors or other electronics, ensuring the pile 

is driven at the correct angle and depth would be a more visual, 

hands-on type of job which could lead to errors. Hewes said that 

the operator “it becomes extremely advantageous to have a 

position sensor inside of [the cylinder] so that you can see [the 

drilling angle] on your dash.”

The PD10 features an integrated control system, providing 

operators with a range of machine information such as pile 

angle, height as well as maintenance needs, much of which is 

Two different Rota position sensors were embedded with hydraulic 
cylinders on the Vermeer PD10 to help accurately align the machine’s 
pile driver. ROTA LTD.
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possible because of the inclusion of the position sensors in the 

hydraulic cylinders said Hewes. Providing operators with easy 

access to this information helps them to stay on task and ensure 

they are installing the piles as desired by the project at hand.

The linear position feedback provided by the Rota sensors 

also enables real-time monitoring and analysis of the 

machine’s driving force and impact. Immediate 

adjustments can be made to these when necessary 

because of the electronic control capabilities provided 

by the sensors, helping to prevent potential damage to piles 

Electronic feedback provided by the sensors can be used for 

pre-calculated automation or angle figures as well. “If you want 

to drive the piles at a 20-degree angle…that can be calculated 

in the machine’s control system,” he said.

With this capability, automated functions can be added 

to a machine as Vermeer did with the PD10. An auto plumb 

or the machine itself.

if machine operators can see the hydraulic cylinders, it may be 

easier for them to ensure accurate drilling.

However, he said as soon as the cylinders are no longer 

visible—as is the case with the Vermeer pile driver—

POWERMOTIONTECH.COM    

A heavy-duty stainless-steel version of the 
Rota linear position sensor ensures durability 
when used in high-vibration environments. ROTA LTD.

because they are tucked into a machine or behind 

http://powermotiontech.com
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feature on the pile driver automatically 

moves the mast to a plumb orientation 

with a simple push of a button which 

Vermeer says can reduce cycle time—

aiding overall productivity and efficiency 

of an installation. This also makes the 

task easier for operators, an increasingly 

important aspect with construction 

equipment of all types due to the lack 

of skilled labor entering the industry.

Making the machines easier to use 

helps get novice operators up to speed 

faster while also helping even the most 

experienced operators do the job correctly 

the first time, which is critical to ensuring 

projects are completed in a timely manner.

Hewes said customers he’s spoken to 

have found the Vermeer PD10 pile driver 

to be extremely precise, to the point 

where they can create solar fields with 

Growing Use of Sensors and 
Automation in Off-Highway Machinery

Jake Hewes, PMP, international sales 

manager at Rota Limited, said the 

company is definitely seeing a massive 

uptick in the use of sensors within 

hydraulic systems. As such, the company 

is continuing to add more personnel to 

help work with the growing number of 

OEM and hydraulic cylinder manufacturer 

customers using its sensors.

Use of hydraulic cylinder sensors 

continues to gain ground in mobile 

agricultural equipment, in particular. 

Hewes said it is a different driving force 

in this market because you are selling 

to farmers who are willing and ready to 

pay for added features, like automation, 

that will save them time.

On the construction equipment 

side, the machines are typically sold 

to a rental company. The addition of 

sensors and automation is not so much 

for time savings and benefits but to 

start overcoming the skills gap facing 

the construction industry he said.

“You may have a senior operator 

on an excavator that has hours and 

hours of [experience]. There’s a 

decent learning curve to operating 

an excavator,” said Hewes. But as you 

make it more automated, it can become 

easier through use of joystick controls 

similar to a video game. “That has a 

much shorter learning curve and has 

a lot of built-in safety aspects to it.”  

He said this greater demand for 

sensors and automation is just starting to 

see it take off in the construction sector. 

The agricultural equipment market is by 

no means mature, but it has been ahead 

of the construction industry in regards 

to uptake of these technologies.

 Hewes noted Vermeer actually 

offers two versions of the PD10 pile 

driver; the PD10R model has no operator 

cab but instead enables wireless remote 

control of the machine. All other aspects, 

including use of the Rota sensors, are 

the same as the original PD10 pile driver 

but with the ability to remotely operate 

the machine.
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an aesthetically pleasing flow—making 

them more attractive to the communities 

in which they are installed and potentially 

helping further the market uptake of solar 

fields to meet increasing sustainability 

initiatives. P&M      

The Vermeer PD10R pile driver, 
equipped with Rota linear 
position sensors, allows remote 
operation to help ease solar 
field installations. VERMEER

Use of Rota linear position sensors for 
hydraulic cylinders in a Vermeer pile driver 
enables better accuracy during solar field 
installations by ensuring piles are driven at 
the precise angle desired. VERMEER
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Building machines from the ground up enabled one heavy equipment 
 

and market requirements.

by Sara Jensen

The U.S. heavy equipment industry is dominated by 

the use of diesel. HEVI, a developer of all-electric 

machines, wants to change this by offering clean and 

sustainable alternatives to the heavy machinery space.

“Any organization looking to be a little cleaner about their 

work has no option today,” said Raymond Wang, CEO of 

HEVI, in an interview with Power & Motion. “We wanted 

to change that.”

In 2022, the company launched its first product line of 

all-electric heavy equipment which includes two front loaders 

(aka wheel loaders) and one excavator ranging in size from 

about 12,000 to 40,000 lbs. “These are the large-scale products 

ready for the job site to move some material and get some 

work done,” he said.

Wang noted the company is a subsidiary of Greenland 

Technologies whose core business is the manufacture of 

drivetrains and transmissions for various types of machines 

including forklifts, front loaders and excavators. “So, we took 

that know-how to try to electrify a space that no one else was 

touching—construction [and other] heavy equipment.

HEVI’s GEL-5000 electric wheel loader is powered by a 282 kW,  
660V battery which is placed at the back of the machine. HEVI

Use of standard hydraulic lines 
in HEVI’s electric machines help 
to provide operation similar to 
that of diesel versions. HEVI

Purpose-Built Design
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Why Machine Owners Have Mixed  
Feelings on Quiet Operation

A key benefit of electric machines is their quieter operation. 

But Raymond Wang, CEO of HEVI, says there is still some 

debate about this. While collecting feedback from customers, 

he said there are differing opinions about whether machine 

noise is desired on a work site or not.

Many clients who have one to three pieces of equipment 

on their site want more noise with the machinery for safety 

reasons; they feel it provides an extra level of security being 

able to hear a machine coming.

But other customer sites, particularly those running 

multiple pieces of equipment during a shift, or running 

machines indoors, want less noise. If every machine is making 

noise when it backs up and moves forward, workers may 

become desensitized and thus susceptible to safety issues.

“It’s really based off need, so what we’re leaning more 

towards is customized options to be able to provide the right 

sound,” said Wang.

“At any given point in time, in the U.S., we have about 1.2 

million machines operating, and each machine will burn about 

10 gallons of diesel per hour of use,” explained Wang. “That is 

equivalent to about 200 lbs. of CO
2
 [carbon dioxide] burned 

per machine per hour…[creating] a major dent in the carbon 

emissions pie for our country. So, we want to try to convert as 

many as we can from diesel to a cleaner source.”

Why a Ground-Up Design is Beneficial
Although there are many heavy equipment manufacturers 

developing electric-powered construction equipment, much 

of it is still in the prototype stage. The few machines which 

are available on the market are in the compact size range and 

availability is still limited.

HEVI, however, has developed larger machines to 

help suit a range of application needs. And unlike some 

manufacturers, the company’s equipment is purpose-built 

for electrification and the needs of the applications in which 

it will be used. 

PMT2402_26-29_purpose.indd   27

http://powermotiontech.com


28    JANUARY/FEBRUARY 2024    POWERMOTIONTECH.COM

[  Electrification ]

“These are not retrofits in any way, shape or form,” said 

Wang. “These are built from the ground up, designed entirely 

for the application.”

He said a lot of the electric vehicles in the market currently 

are designed for road applications where aerodynamics plays an 

important role. In those vehicles, the batteries are embedded 

in the chassis to keep a low profile and still have space for 

passengers. “But for heavy equipment, it’s a completely different 

application. Those skateboard battery systems don’t apply; 

they’re not good fits.”

At any job site, the bottom of a machine is likely to get 

bumped and dented while maneuvering over rough terrain, 

he explained, so you don’t want the power source located at 

the bottom of that piece of equipment.

Instead, HEVI places the batteries at the back of its machines. 

“The entire backside of our front loaders—everything behind 

the cab—it’s all batteries,” said Wang.

He explained that all of HEVI’s equipment is designed to 

operate for 9 hours on a single charge. To achieve that, a lot of 

battery power is required—typically batteries which are over 

2 tons in size. For instance, the company’s larger loader uses 

a 282 kW, 660V battery.

Despite the large size of the battery, Wang said machine weight 

was actually reduced. “Because it’s not a retrofit, all of the motors 

and other system components related to an internal combustion 

engine were removed. It actually ends up being lighter…we had 

to add further ballasts to the back to make sure [the front loader] 

can handle the load without any risk of tipping over.”

In HEVI’s machines, the engine is completely replaced by 

the battery and electric motors. According to Wang, removal 

of the engine and its various accessory components, such as 

the oil tank, belts and spark plugs provides a lot of opportunity 

to enjoy the benefits of electric because maintenance costs 

are significantly reduced. “A lot of your standard routine 

maintenance—replacing spark plugs, changing the oil, replacing 

the belt—all of that is eliminated,” he said.

Besides keeping the electric motors clean, the only other 

maintenance necessary is keeping coolant topped off for the 

alternator system as well as following a standard lubrication 

routine for the hydraulics system.

Hydraulics Benefit Ease of  
Use and Market Uptake
When developing its machines, HEVI wanted to make the 

move to electric an easy one for customers. “To get people 

to try new technology, we had to make sure we proceeded by 

baby steps,” said Wang.

In its machines, HEVI uses hydraulics to power digging and 

lifting functions. This helps to ensure familiarity for operators 

as well as performance similar to that of other equipment in 

the market. “Someone that’s been driving loaders or excavators 

all their life can get behind the wheel of [our machines] and 

be comfortable in 5 seconds,” he said.

The company chose to use standard, industry recognized 

hydraulic lines to not only ease operation but also maintenance. 

If someone were to work on the hydraulics system of a 

comparable diesel machine, he or she would be able to just as 

easily work with the hydraulics on HEVI’s equipment.

Wang said a major aspect of importance for HEVI’s electric 

machines is that they can be maintained by the owner. “We 

actually promote the right to repair for our equipment,” he said. 

“What that means is anyone that is an owner of our equipment, 

if they wanted to be able to replace the hydraulic lines themselves 

or do any type of maintenance they don’t have to work with a 

dealer in our network or use proprietary [technology].”

He explained that customers can call HEVI to get the 

information, and components if desired, necessary to perform 

the required maintenance. The company is also establishing a 

network of authorized service providers for those customers 

who may want such an option.

“We want to empower our clients to be able to repair 

[the equipment]. And the way that we can enforce that is by 

The line of HEVI electric heavy machinery 
currently includes two front loaders (aka 
wheel loaders) and one excavator ranging in 
size from about 12,000 to 40,000 lbs. HEVI
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using as many standardized parts as we could throughout the 

machinery, including our hydraulic lines,” said Wang.

Multi-Motor Configuration  
Ensures Efficiency
The HEVI electric construction equipment uses seven primary 

electric motors. Only those motors required for specific tasks 

are used, keeping power expenditure low.

Wang explained that instead of having one major power 

source for all machine functions, the company separated that 

out into individual components based off their application 

in the machine. This multi-motor design helps to drive the 

efficiency of HEVI’s equipment.

Construction equipment and other heavy machines will have 

different working scenarios throughout the day—sometimes 

they are doing heavy work, other times they are sitting and 

waiting. Creating a multi-motor system ensures the needs of 

all those working scenarios can be met efficiently.

The system works by activating certain electric motors based 

on what the machine needs to be doing at the time. Those 

motors not being used are not running and therefore not 

drawing power from the batteries, ensuring efficiency and 

extended life.

Wang provided an example from a customer demo 

in which a machine was left running yet lost very little 

battery power. “Being electric, our machinery is mouse 

quiet, which is drastically different from diesel equipment 

today,” he said.

After running the machine for some time, an operator got 

out of it and left for the day without realizing the machine 

was still on because it was so quiet. He came back hours 

later, realized the machine was running but when he stepped 

inside the operator cab to turn it off, he saw the battery charge 

had dropped by less than 1% in the 4 hours he was gone.

“He was amazed at the longevity of it,” said Wang. 

“While [the machine] is just sitting there, it’s not running 

every motor constantly. For efficiency purposes, it’s only 

running what it takes to be in that state.”

Demand is Growing for Electric Machines
The electric machines from HEVI are suited for applications 

where the equipment is not leaving the job site or will have access 

to power, such as waste management, agriculture, landscaping, 

urban construction or public works yards. Demand for the 

company’s machines has been extremely high said Wang.

He said the company is the first to offer electric heavy 

equipment, categorized as over 10,000 lbs., in the U.S. and 

because of that, the company works more as educators than 

manufacturers at this stage due to diesel being the dominant 

power source for over a century. “The only thing that came 

before was steam power, so it’s going to take a lot to get people 

to try it out,” he said. “But that’s exactly what we’re doing. Our 

whole inventory right now is dedicated to demos.”

HEVI will bring its machines to a work site and let potential 

customers use them for a few days so they can see firsthand 

how they work. “To get them comfortable, they have to be in 

the seat behind the wheel. And that’s exactly what we’re doing,” 

said Wang. “And we’re seeing a ton of demand.

“That will translate over because people can actually see 

they can do their work cleaner, can do it in a more sustainable 

manner for the future. This is feasible. This is technology that 

exists today. And that’s exactly the stage that we’re in.”

Because these electric machines are a business asset, the 

potential return on investment (ROI) they can provide is what 

initially draws customers to them. “From an ROI standpoint, 

we’re extremely cost advantageous,” said Wang.

The HEVI machines are priced the same as a comparable 

diesel, eliminating the sticker shock sometimes associated 

with electric vehicles. This is further benefited by the fact 

the company sells directly to customers instead of through 

dealers, enabling them to be upfront about costs and other 

machine aspects.

In addition, the reduced maintenance and fuel costs benefit 

the machine’s ROI. Recharging can take place on site, and 

electricity costs are much lower than diesel. Wang said in New 

Jersey where HEVI is headquartered, electricity is about 11 cents 

per kW hour, equating to about $4-6 per hour of operation. 

Meanwhile, diesel is about $4 per gal. and the typical machine 

burns 10 gal. per hour, leading to $40 per hour of operation. 

“Major savings [can be realized] just on a single shift in the 

first year,” he said. “And that gets better as the diesel [machine] 

becomes less efficient.

“That’s how we turn heads to begin with. And then we’re 

able to talk about the sustainability impacts, such as that piece 

of electric equipment offsetting 400 tons of CO
2
 per year on 

a single shift. That’s the equivalent of replacing about six to 

eight transit buses, or over 80 passenger cars—a major impact 

to a company’s environmental goals,” he concluded. P&M

HEVI developed its own line 
of mobile chargers which can 
recharge its equipment to 
provide 9 hours of operation. 
HEVI
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Webtec RFIK270 
Hydraulic Tester
Webtec now offers the RFIK270 mechani-

cal hydraulic tester with an increased flow 

capacity of 270 lpm (70 gpm). The tester 

can be used for measurement of flow, pres-

sure and temperature. 

Key features of the hydraulic tester 

include: 

• modified load valve to reduce pressure 

drop

• broad flow range from 20-270 lpm

• self-contained for ease of use

• internal safety protection system 

to protect hydraulic circuit and 

operators.

powermotiontech.com/21279761 
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Proportion-Air QB3 
Pressure Control 
Valve
The Proportion-Air QB3 

proportional electro-

pneumatic pressure reg-

ulator provides pressure 

regulation for high-flow 

applications in a single, 

compact unit. 

Key features of the 

QB3 include: 

• monitoring output pressure for closed loop control

• accuracy of 0.5%

• ability to monitor flow rates up to 30 SCFM

• compact package with flexible mounting options.

powermotiontech.com/21279713

ALT Bearings HRA-i Roller Screw
ALT Bearings (Advanced Linear 

Technologies) has developed the HRA-i 

which integrates an inverted roller screw 

with an ultra-high capacity roller bearing 

known as the Herringbone Roller Bearing 

(HRB). 

Features of the HRA-i include: 

• reduced weight and improved reliability

• need for flange and locknut to secure loca-

tion eliminated

• high power density

• variety of application uses.

powermotiontech.com/21281134

Festo DHPL Long-Stroke Parallel Gripper
The DHPL from Festo is a long-stroke, parallel pneumatic 

gripper designed for use in high load and torque applications. 

Key benefits of the DHPL pneumatic gripper include: 

•  ≤ 0.03 mm repetition accuracy

• compact and lightweight design

• high load and torque grip

• flexible mounting options.

powermotiontech.com/21281136
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SMAC LPL80 Electric Actuators
SMAC Moving Coil Actuators (SMAC) has 

added the LPL80 electric linear moving 

coil actuators to its offering. The actua-

tors are designed to offer a replacement to 

pneumatics in liquid filling machines. 

Features of the LPL80 actuators include: 

• fully programmable

• peak force of 170 Newton 

• soft-land capability       

• standard dimensions for filling 

machines.

powermotiontech.com/21271660

Thomson Customizable Compact 
Linear Motion Systems 
Thomson Industries Inc. now offers a family of 

linear motion systems to provide an easy-to-inte-

grate solution for designers who need thrust and 

bearing support in a single, compact unit.

Components within these linear motion sys-

tems include:

• integrated stepper motors

• lead screws

• profile rail linear guides

• linear Ball Bushing bearings.

powermotiontech.com/21267668  
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Use of artificial intelligence (AI) 

is increasing in manufacturing 

and a range of other industries. AI’s 

ability to continually learn and process 

information enables it to help anazlyze 

data and solve problems.

With these capabilities, manufacturers 

and other users of AI have the potential 

to improve efficiency and productivity 

of their operations.

Power & Motion spoke with Murad 

Kurwa, vice president, Advanced 

Manufacturing Engineering at Flex—a 

global technology, supply chain, and 

manufacturing solutions provider—

about the benefits of AI in manufacturing 

as well as trends the company sees related 

to this technology.

*Editor’s Note: Questions and responses 

have been edited for clarity.

Power & Motion: How are you 
seeing AI being used within the 
manufacturing industry?

Murad Kurwa: Several manufacturing 

processes can benefit from artificial 

intelligence. When deciding how to 

deploy AI technologies on the factory 

floor, it’s important to start with an end 

goal in mind, and then use the technology 

to help meet that goal. Some examples 

include factory line optimization, 

predictive maintenance, anomaly 

detection, inventory management and 

bottleneck prevention.

Based on the end goal, an AI model 

life cycle can be created by gathering 

and curating data, selecting the type of 

AI model you want to use, training the 

model, determining if the model performs 

well enough to achieve the final goal and 

finally deploying it in production.

In addition, ensuring that the 

model works and can scale to meet 

required manufacturing speeds is also 

important to derive the value out of AI. 

By constantly learning and improving 

over time, these programs promote 

significant progress in quality and 

efficiency and facilitate more informed 

and data-driven decisions.

P&M: 
achieved by using AI within 
manufacturing operations?

MK: AI can help improve efficiency, 

enhance quality and bolster productivity. 

Take some of the use cases I listed earlier, 

for instance.

When we think about predictive 

maintenance, AI solutions can help 

collect, analyze, and detect shop floor 

machine issues before they happen. With 

significant upstream data from connected 

machines, AI models can indicate that an 

adverse event might happen before it does, 

allowing manufacturers to stop potential 

failures and eliminate downtime.

When you think about anomaly 

detection, manufacturers can train AI 

models for quality control by detecting 

product defects and anomalies, 

reducing the need for manual 

inspection and helping drive product 

consistency and quality. 

In general, using AI can help people 

at all levels of the organization make 

informed, data-driven decisions in 

real-time that can lead to huge cost and 

efficiency savings.

P&M: Do you have an example 
you can share for how you’ve 
seen AI deployed in an effective 
manner?

MK: At a few of our Flex locations, we 

deployed AI to improve the quality 

inspection process. Traditionally, this was 

a task done by human operators.

Here is a fitting example of how 

this type of technology works. On a 

particular manufacturing line, we 

had two almost identical capacitors. 

The only difference between the two 

components was the valves. This made 

it incredibly difficult for the human eye 

to detect anomalies. And if the wrong 

capacitor was used, the product wouldn’t 

work properly.

By using vision data and an AI model, 

our advanced manufacturing technology 

could see if an operator placed the 

components in the correct spot and provide 

feedback to fix any issues in real time. This 

not only resulted in greater performance 

and yield but also enabled us to reduce 

scrap by identifying key issues before a 

part was sent to another step in the line

Read the full article at powermotiontech.

com/21276201. P&M

How Artificial Intelligence
Benefits Manufacturing
Artificial Intelligence can help improve efficiency, enhance quality,  
and bolster productivity in manufacturing operations.

by Sara Jensen

Use of artificial intelligence alongside other 
Industry 4.0 technologies can help create 
smart factories which are more productive 
and efficient.
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