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The system carries out various process steps fully automatically - from closing the inner bag and sealing the box to weighing, labeling, and palletizing.

tion.” Nordfels has taken a hybrid approach to the system for TIGER. Although
the machine still has a control cabinet, the dimensions of this have been more
than halved compared to a conventional solution. The entire drive control
system and the 48 V power supply have been moved from the control cabinet
directly to the process. This was made possible from a technical perspective by
two separate MX-System units: one in the lower structure and one in the upper
structure of the box sealer. The lower part of the machine transports the boxes,
while the dust-protected upper part houses the sophisticated mechatronics for
closing the inner bags and boxes.

Drive technology enclosed in a decentralized package

The two MX-Systems work as decentralized drive units in this application. In
addition to providing control technology, they include power supply modules,
power supplies, braking resistors, and 1/0s. The upper baseplate supplies
twelve servo axes, which drive multi-axis gantries, for example. Ten additional
axes for conveyor and handling systems are controlled in the lower part of the
machine. Nordfels consistently uses One Cable Automation (OCA) to integrate
its motors, making it possible to transmit power, EtherCAT communication, and
feedback signals via a single cable and standardized hybrid connectors. The
interface on the control cabinet is also very slim, as the two MX-Systems each
represent a single point for accommodating the 400 V AC supply, 24 V DC, and
EtherCAT. Almost all the box sealer axes are moved by AM8000 series motors,
ensuring the system behaves consistently. “We have even replaced some pneu-
matic axes with servo axes because energy efficiency is extremely important
to the end customer, TIGER,” explains Hannes Stdliner. The safety architecture

is seamlessly integrated as well, with the safety functionality required for the
axes being provided directly via the MX-System and FSoE.

A look at the remaining automation components in the control cabinet
reveals a CX5330 Embedded PC being used for centralized machine control.
Nordfels also integrated a C6030 ultra-compact Industrial PC as an edge
server. Infrastructure packages, system visualization, and other software
solutions - used for Al-based quality assurance, for example - run in a vir-
tualized environment with a container architecture. Captured data is seam-
lessly integrated into the higher-level ERP system via REST APL Through
TwinCAT and EtherCAT Terminals, Beckhoff supplies all the necessary inter-
faces for horizontal and vertical integration — from EtherCAT and PROFINET to
I0-Link and OPC UA. A CP39xx Control Panel on a mounting arm is installed
on the machine as an HMIL.

Technology provides competitive advantage

For Nordfels, the decision to use the MX-System was strategic as well as
technical. “The high standards we set for our own automation solutions
mean that we're always first in line when new technologies become available
at Beckhoff,” says Bernhard Hartl. As the MX-System was still a new solution
at the time of the project, Nordfels worked closely with the Beckhoff experts.
Configuration was carried out using the MX-System Designer tool, which can
also generate parts lists, CAD data, and EPLAN macros. “The tool gave us a
quick way of implementing adjustments that we wanted to introduce later
on,” confirms Thomas Oberreiter, MX-System Product Specialist at Beckhoff

© Beckhoff Automation

in Austria. In future, the tool will also have a web-based platform that will
offer users an independent way of planning their decentralized solution and
system configuration for TwinCAT. “This will drastically reduce the amount
of work involved in planning and project configuration,” says Thomas
Oberreiter. A key benefit for Nordfels’ software developers is that project
planning in TwinCAT is always the same, regardless of whether the hardware
is being implemented in a control cabinet or in the form of the MX-System.
This consistency underlines the fact that traditional control cabinets and the
MX-System coexisting is not something atypical - instead, it is a use case
that combines specific advantages of both worlds without the need for any
additional engineering effort.

A blueprint for the future

The box sealer at TIGER Coatings illustrates how decentralized automation
can solve many problems in machine building. The investment costs were on
the same level as a conventional solution - but the added value for the end
user is immense: significant space savings, robust design without having to
handle air conditioning systems, excellent energy efficiency, and simplified
maintenance.

“We also want to use decentralized architectures for other applications in
the future, where it would be technically and economically efficient to do
s0,” summarizes Matthias Mitterlehner. Nordfels is already evaluating the
next step for the box sealer: bringing automation fully to the MX-System,
including an edge server. “The idea of an entirely cabinet-free machine is
very exciting to us, so it’s only natural that we're thinking about this route,”
says Bernhard Hartl, looking ahead. “Our aim is to continue our linear growth
rate so that we can keep adopting new technologies as early as possible in
the future - an approach that works well with our recipe for success. With
its exceptional culture of innovation, Beckhoff is the perfect partner to help
us achieve this.”

All the control technology for the box sealer also comes from Beckhoff.
It includes a CX5330 Embedded PC, a C6030 ultra-compact Industrial PC,

and a CP39xx operating panel in a mounting arm design.

© Beckhoff Automation
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ather to achieve success: Thomas Oberreiter from Beckhoff and the Nordfels
team: Thomas Ilk, Peter Horner, Bernhard Hartl, Matthias Mitterlehner, Hannes Stéllner,

and Samuel Pfleger (left to right)
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The MX-System mounted in the upper part of the machine controls twelve servo axes,

eliminating the need for large control cabinets.

© Beckhoff Automation

The tasks of the MX-System in the lower part include ensuring that the boxes filled with

powder coating are transported smoothly through the system.

More information:

www.beckhoff.com/mx-system
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Norwalt's advanced printing machines print labels
directly on a variety of container dimensions and

materials instead of traditional resource-intensive

adhesive labels.

"

New level of flexibility in consumer goods labeling with XPlanar

Digitally printing

products from blank
to branded in seconds

The innovative Tesseract printing machine began as a sketch concept on a napkin
after the engineers from Norwalt Automation had seen a demo of the XPlanar system
from Beckhoff: Magnetically floating movers position printing parts with six degrees
of freedom in motion. This allows a single print engine to cover a wide range

of geometries, and changeovers to other formats are quick and easy via software.

For five decades, Norwalt Automation Group has engineered its success
through custom machine automation. The third-generation, family-owned
business with facilities in Randolph, New Jersey and Tampa, Florida serves
several industries, including digital printing, packaging, pharmaceuticals, and
food and beverage. The company’s core strength lies in solving complex, cus-
tom automation problems for large CPG (consumer packaged goods) custom-
ers, often Fortune 50 companies. Especially the major brands are seeking fast-
er regional product launches, seasonal releases, and reduced inventory risk.

From label to direct printing

Traditional printing methods with plastic and paper labels involve lengthy
setup times, frequent manual interventions, and much larger amounts of
material waste due to misprints or inefficient changeovers. Brands that
wanted to experiment with limited editions, regional designs, or rapid pro-
motional runs were typically forced to either outsource small runs to contract
packaging companies or accept high sunk costs and long waits.

Norwalt saw the need to completely rethink how label-printing machines
are designed - moving toward solutions that accelerate printing, minimize
waste, and lower cost. The resulting approach is direct-to-object printing.
“A lot of time, what happens in the CPG market is costs start shooting

A robot remove

from the product carrie

on the magnetically floating
XPlanar movers when

printing is complete.
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through the roof because you're ordering large reels of labels, you have to
hold them in an air-conditioned unit, and it takes up a lot of space that could
be dedicated to other manufacturing,” says Technical Sales Director Kyle
Seitel. “When you move to direct-to-object printing, you're basically repla-
cing label reels with ink. A bottle of ink goes a long way and doesn’t need to
be put in a special room. Lowering costs.”

Many direct-to-object systems are limited to a single geometry, however, and
cannot handle tapered, irregular, or complex shapes without extensive me-
chanical fixturing. Norwalt's goal was to support a wide variety of geometries
in one flexible machine, allow rapid software-driven changeovers, and scale
throughput by adding modules as needed in the field.

Six degrees of freedom in printing

The direct-to-object printing solution that Norwalt developed is now known
as the Tesseract, a modular machine built around the XPlanar intelligent
transport system and PC-based control technology from Beckhoff. In geome-
try, a tesseract refers to a hypercube that extends a 2D square and a 3D cube
into four dimensions and exhibits complex properties, especially when rotat-
ed. Norwalt's equally advanced Tesseract began as a sketch concept on a bar
napkin after viewing a demo of the mechatronic motion capabilities of the
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XPlanar system: Norwalt engineers imagined using the magnetic movers to
dynamically position parts with six degrees of freedom so that a single print
engine could cover many more geometries. They validated the idea incre-
mentally by testing a small three-by-three array of XPlanar tiles with a single
printhead and then scaling up by adding tiles and additional printheads as
needed. This modular approach allowed Norwalt to quickly grow capacity in
the field with minimal rework. “That's the real beauty of XPlanar - as we run
out of room, we can just keep adding tiles,” says Kyle Seitel.

XPlanar flying movers and TwinCAT software running on a CX2062 Embedded
PC provide the flexible, software-driven, adaptive part handling Norwalt re-
quired. Movers can rotate parts 360°, translate them in X and Y coordinates,
and even adjust Z height up to 5 mm, so even complex geometries are moved
optimally around the printheads for high-quality labeling. With six degrees
of freedom in motion, XPlanar ensures consistent printing results down to
the sub-millimeter. The containers are loaded and unloaded onto the levitat-
ing XPlanar movers by a robot arm.

Motion profiles are software controlled, so changing the path from circular
to linear or adjusting dwell points is a button-press operation via the HMI
rather than an exhaustive mechanical changeover.
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Project participants at Norwalt Automation Group (from left): Trevor Seitel, Digital Print Manager; Keith Harman, Executive Director of Business Development;

Michael Forte, Controls Engineer; Mike Seitel, Chairman/President; Darshan Nayee, Controls Engineer; Kyle Seitel, Technical Sales Director.

For additional motion control, ELM7212 servomotor terminals and AM8100
series servomotors control printhead positioning and any linear axes that re-
quired high precision; these ultra-compact drives are networked via EtherCAT
to ensure low-latency triggering and smooth overlay of multiple ink colors.
EtherCAT provides deterministic, high-speed communication across the
Tesseract's range of distributed I/0 modules, enabling extremely tight sys-
tem-wide synchronization. Instead of spending hours assigning IP addresses
and tracing wiring errors, with EtherCAT’s diagnostic capabilities, engineers
can scan the EtherCAT network and quickly identify all connected devices
and find the exact location of cabling problems, reducing commissioning
and debugging time from days to minutes in many cases. Machine safety is
also integrated via TwinSAFE 1/0 terminals and Safety over EtherCAT (FSoE).

The TwinCAT HMI software, which includes a PackML state machine, is displayed
on CP22xx multi-touch Control Panels and CP3xxx series Panel PCs. TwinCAT
automation software became the unified development environment for XPlanar,
PLC, all motion control, HMI, machine safety, and higher-level PC tasks. Norwalt's
engineers leveraged TwinCAT's structured text and object-oriented program-
ming (OOP) capabilities to build modular, reusable function blocks, properties,
and methods, and standardized motion profiles they could apply across ma-
chines. The text-based workflow also allowed Norwalt to adopt standard soft-
ware version control practices - branching, commits, and merges - which speeds
up development and makes rollbacks and audits straightforward.

This cut programming times substantially; what once required hours of
careful manual work is now achievable in minutes through standard software
workflows. That productivity translates into faster machine iterations, quick-
er fixes in the field, and more predictable delivery schedules.

By working closely with Beckhoff USA's Special Projects Team (SPT) and
technical support, Norwalt's controls engineers climbed the learning curve

quickly and received practical help for complex integrations. “I couldn’t have
asked for better people to get me to a point where I can take projects and
run them on my own,” says Michael Forte, Controls Engineer at Norwalt.

The proof is in the print

The Tesseract program delivered multiple successful outcomes. The most
visible impact is operational flexibility: direct-to-object printing removes the
need for large reels of labels and their associated waste, slashes holding
costs, and lets companies run customized articles on demand.

Norwalt also achieved large reductions in mechanical complexity and im-
proved maintainability since XPlanar replaced many traditional mechanical
components and gearboxes. “Mechanically, it reduces the cost of a machine
by 30% to 40%, saving hundreds of thousands of dollars,” says Norwalt's
Executive Business Director, Keith Harman. The smaller mechanical footprint
also reduced machine size, saving floor space, and fewer mechanical parts
also mean fewer failures. “And for any errors we do get, 95% of all fixes can
be handled remotely because there’s no mechanical failure to correct,” says
Keith Harman.

Product quality and print performance improved as well. Precise control and
tightly synchronized EtherCAT communications allowed multiple color passes
with the registration accuracy required for high-quality results. The result is
a machine and process that fit the company’s long-term goal of delivering
the factory of the future to CPG and pharmaceutical companies through
adaptable, future-ready automation and mechatronics.

More information:

www.beckhoff.com/xplanar

© Beckhoff Automation

XPlanar movers can float and fly with 6 degrees of freedom, so containers

are moved optimally around the printheads for high-quality labeling.

The Tesseract from Norwalt is an advanced
direct-to-object printing machine, enabling
6D product positioning based on the XPlanar
intelligent transport system.
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ELM7212 servomotor terminals and connected AM8100 servomotors control

printhead positioning to ensure smooth overlay of multiple ink colors.




42 | worldwide | united states  rc control 03 | 2026 pCControl 03 | 2026 Worldwide | united states | 43

i
0
T
" ek
| |

N
*TEQIT &
X..

2

The Mech h id
EtherCAT and PC-based control for Al-assisted robotics in modern warehousing i G i,

robot features two arms
with a unique sense of touch,

infusing human-like dexterity

Superhumanoid robots 3
excel in unpredictable |

environments

with physical Al
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Robots have been a mainstay in manufacturing for decades, but the intralogistics industry is having
its own kinematic moment. New technology providers are rising to meet the occasion with robots
geared toward the highly variable and unpredictable tasks common to parcel and package delivery.
Based in Redwood City, California, Dexterity is transforming robotics technology for intralogistics by
using physical Al to imbue robots with human-like reasoning and agility.

Delivery giant FedEx has already collaborated with Dexterity to optimize trailer
loading and unloading, freeing employees for other critical tasks while im-
proving safety and improving already high service levels. With capabilities like
machine learning-driven packing algorithms and a “sense of touch” for precise
box placement, Dexterity's solutions highlight how robotics can deliver both
operational resilience and customer satisfaction in a fast-changing market.

Dexterity's latest groundbreaking invention, named Mech, is the world’s first
industrial superhumanoid robot designed specifically to transform logistics for

© Beckhoff Automation
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Above: Dexterity uses PCB-mounted EJ series EtherCAT I/0 terminals
in place of traditional wired I70 terminals to minimize Mech's wiring

requirements and maximize mass production efficiency.

Below: Mech features a 5+ meter arm span and can handle payloads
up to 60 kg allowing the system to manipulate millions of different

types of parcels and packages.

a wide range of enterprises. To meet the real-world challenges and complexi-
ties of modern warehouses, Dexterity chose to rely on automation technology
from Beckhoff, which checked several boxes that traditional PLC-based control
systems could not.

“If you go to any warehouse in the world and ask, ‘What would you most like
to outsource to a robot?, every person in that facility will tell you it's truck
loading/unloading,” says Michael Perry, Vice President of Marketing and Busi-
ness Development at Dexterity. The task requires not only physical dexterity,
but also skill and planning as workers try to maximize product density and
maintain load stability in environments that are often subject to high variability
and drastic changes based on the season or even time of day. Add factors like
time constraints, the variable temperatures in trailers, the presence of heavy
products and fast-moving equipment, and it's no wonder why this environment
is at best uncomfortable, and at worst injury prone.

To protect workers, Mech needed to be able to operate safely in dynamic,
human-centric environments without compromising throughput, reliability, or
performance. With two robot arms mounted on a rover, Mech roves across in-
dustrial sites to perform stressful, repetitive tasks that would otherwise require
strenuous manual labor, allowing employees to focus on safer, higher-level
cognitive work. Each robotic arm can operate independently to greatly boost
throughput, or work in coordination to handle heavier and larger loads that
would normally require separate automated or manual systems.

Mech doesn't just improve warehouse automation; it redefines how humans
and robots will collaborate in the future.

From patchwork to powerhouse tech

For Dexterity, one of the biggest challenges in developing Mech was overcom-
ing system fragmentation. Many traditional automation solutions rely on a
patchwork of hardware components, networks, and software platforms that
can be difficult to integrate, slowing down development cycles and complicat-
ing large-scale deployment. “We needed a solution that simplified integration
without sacrificing performance, safety, or reliability,” explains Gil Matzliach,
Vice President of Hardware Product Engineering at Dexterity. “Beckhoff provid-
ed a fully integrated ecosystem for both safety and motion control, meeting all
our requirements and, in many cases, exceeding them.”

At the beginning of 2025, Dexterity kicked their engineering work with Beck-
hoff into high gear, collaborating with Beckhoff USA's Special Project Team
(SPT) to complete the software development required for this application. This
approach allowed Dexterity to streamline everything from initial commission-
ing to fleet-wide software updates and remote debugging. Instead of having
to manage disparate systems that struggled to communicate, Beckhoff’s
universal and open control architecture created a consistent foundation for

Mech'’s ultra-compact rover base moves, spins,
and climbs ramps with four steerable wheels.

interoperability and the required modularity to scale. Dexterity's engineering
team also attended Beckhoff training courses, shortening the learning curve
and speeding up commissioning.

The use of EtherCAT also proved pivotal, with its determinism, low latency,
almost non-existent jitter, and open communication architecture. By reducing
hardware complexity and cabling requirements, Beckhoff helped Dexterity im-
prove system uptime and minimize points of failure. “From day one, Dexterity
was heavily invested in EtherCAT,” says Avinash Verma, Vice President of Supply
Chain at Dexterity. With Beckhoff providing the hardware, software, and net-
working, integration became seamless across the Mech system architecture.
EtherCAT also provides built-in system diagnostics and integrated machine
safety that communicates over the main network via a “black channel”, even
wirelessly, and can be installed in the same line as non-safety equipment.

While EtherCAT heavily factors into the design, the breadth of Beckhoff’s com-
munication portfolio to incorporate other networks also played an important
role in bringing Mech to life. Dexterity uses CAN bus alongside EtherCAT,
overcoming the typical barriers between legacy and next-generation sys-
tems. Together, the combination of PC-based control, EtherCAT networking,
TwinSAFE functional safety, and modular I/0 provided Dexterity with the per-

(From left): Shawn Lange, Beckhoff;
Doug Schuchart, Beckhoff;

Robert Sun, Dexterity; Gil Matzliach,
Dexterity; David Turney, Dexterity;
Michael Perry, Dexterity; Nathan Hibbs,
Beckhoff; Peng Chen, Beckhoff.
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formance, safety, and scalability needed to bring physical Al-powered robots
into production environments.

Under the hood:

Embedded controller brains, one cable magic, and more

In an industry where every second and every movement matters, Mech is
built to tackle some of the most grueling logistics challenges, while making
warehouse jobs safer and more sustainable. With Dexterity’s physical Al plat-
form backed by Beckhoff automation technology, the superhumanoid robot
can sense, think, and move with precision in environments where traditional
robots fall short.

Dexterity’s Mech relies on a tightly integrated Beckhoff control ecosystem
that manages everything from overall automation to motion execution to
safety-critical functions. By leveraging Beckhoff’s broad portfolio of industrial
controllers, 1/0 hardware, safety products and software framework, Dexterity
has been able to build a robotic platform that is not only high performing, but
also modular, serviceable, and scalable for fleet-level deployment.

At the core of Mech’s control architecture is Beckhoff’s CX5240 Embedded
PC with Intel Atom® x5-E3940 running Windows 10 IoT Enterprise. The
space-saving DIN rail-mounted controllers handle motion control and safety
logic at the lower machine-control layer, complementing Dexterity's Al-driven
decision-making “brain.” The DIN rail mountable form factor was chosen for
its ability to integrate cleanly into the robot's compact design and improve
field serviceability.

Dexterity leverages Beckhoff's PCB-mounted E] series EtherCAT 1/0 terminals
in place of traditional wired I/0 terminals to drive additional labor savings
as production scales and larger volumes of superhumanoid robots are built.
Terminals plug in quickly and easily, minimizing Mech’s wiring requirements
and maximizing mass production efficiency.

worldwide | united states | 45
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Machine-mountable EtherCAT Box I/0 is also vital in minimizing the Mech's
wiring and keeping its size manageable. In addition to general data acquisition
over multiple networks, these IP67-rated /0 modules add special functions to
the mix. “We use the IMU (Inertia Mea-
surement Unit) to track the max position

worker safety and reduced risks of injury, Mech brings higher throughput and
savings in operational efficiency, commissioning time, and equipment cost. All
these benefits are further enhanced with the promise of reduced downtime
through advanced diagnostics and re-
mote support capabilities. To improve

and adjust motion controls accordingly,”
says Matzliach. For this, Dexterity takes
advantage of Beckhoff's EP3751-0260
EtherCAT box which features an accel-
erometer and gyroscope (IMU) all in
one IP67 unit.“That seamless process
eliminated additional challenges we had
with other devices in the past, and it ac-
celerated our ability to develop mature,
production level products.”

Doug Schuchart,

Global Intralogistics Industry Manager for Beckhoff

“ Dexterity’s strategy - starting with
a standard roving base that can be
adapted for multiple applications -
offers end users a highly flexible and
advantageous approach.”

sustainability, companies are working
to eliminate wasted space in trucks.
Mech’s physical Al optimizes package
arrangements, maximizing every inch
of available storage capacity.

With the power of Mech, Dexterity en-
visions a future where superhumanoid
robots become standard in warehous-
es for the grueling work of truck load-
ing/unloading, palletizing/depalletiz-

This full stack approach was integral

to reaching the performance, safety,

and flexibility standards needed to bring physical Al-powered robots into
real-world production environments and ensure that Mech performs at its best
in the field for years to come.

Better, faster, stronger warehousing
Dexterity's EtherCAT-enabled Mech delivers marked improvements for teams
tasked with integrating the superhumanoid robots. In addition to improved

ing and more. Soon, warehouse teams

will include specialists - Mech ‘pilots’ -
dedicated to managing and optimizing robot utilization. These pilots will en-
sure Mechs are deployed to handle the right tasks and restructure workflows
so that the robots can operate at peak efficiency. Meanwhile, fleet captains will
oversee performance across an entire warehouse, identifying underutilized
robots, redeploying them where needed, and seeking opportunities to expand
automation that can increase their location’s productivity, all without placing
workers at additional safety risk or stress.

Human operators can use Mechs to deliver superhuman feats and increase their productivity. One pilot can

manage ten or more Mechs while Fleet Captains oversee entire sites or networks.

Beyond individual warehouses, the real breakthrough comes at the net-
work level. Because Mechs generate streams of high-quality data, such as
throughput metrics and operational bottlenecks, organizations will be able to
dynamically implement continuous improvement measures and shift capacity
across distribution centers. For example, if one facility faces delays due to late
shipments, additional capacity can be allocated to nearby sites, ensuring that
the overall logistics network remains resilient and efficient. In short, Mech is
poised to reshape logistics by unlocking new capabilities and elevating the
entire supply chain ecosystem.

Scalable robotics: Mech beyond the warehouse

As Dexterity continues to evolve Mech to best fit the intralogistics industry’s
ever-changing needs, Beckhoff's technology ensures that they have the flexibil-
ity to scale solutions across new applications without redesign.

“There are a wide variety of environments where there’s a high need for man-
ual work, but low availability of people, or where it's better for the process if
people are not involved,” explains Perry. One such area is with the production
of pharmaceuticals. Decreasing the number of human touches on pharmaceu-
tical products is incredibly important: this increases quality, safety, security,
and ultimately, health. “Humans will always be involved in the pharmaceutical
industry,” Perry adds. “But when you're talking about manipulating pharma
products, picking them, packing them, moving them from one clean area to
another, having a robot do that work will be very important to protect the
supply chain.”

As Mech and its physical Al continue to adapt to diverse industries, Beckhoff's
scalable automation technology empowers Dexterity to deploy robots that
enhance safety and efficiency by reducing human contact in critical, high-risk
processes. This approach not only safeguards people and products but also
paves the way for expanded automation in environments where precision and
safety are paramount.

Dexterity's work with global players like FedEx, Sagawa Express, and UPS has
already proven how its physical Al platform can solve one of today’s most
pervasive logistical challenges with the power of human-like reasoning and
Al-enabled robotics. Now with Mech, Dexterity extends its vision across the
warehouse and beyond, offering a scalable solution that not only protects
workers but also ensures consistent performance and resilience in demanding
applications. In distribution and fulfillment centers, robots are often posi-
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tioned as solutions to labor shortages and unsafe tasks. “Dexterity’s strategy
- starting with a standard roving base that can be adapted for multiple appli-
cations - offers end users a highly flexible and advantageous approach,” says
Doug Schuchart, Global Intralogistics Industry Manager for Beckhoff. “The
results are already quite apparent for truck loading and unloading, but the
future possibilities are limitless for Mech.”

Above: Mech's ultra-compact rover base moves, spins, and

climbs ramps with four steerable wheels.

Below: Dexterity’s Mech uses PC-based control and EtherCAT
from Beckhoff to navigate unpredictable warehouse

environments with human-like flexibility and reasoning.

By combining their robotics expertise with Beckhoff's integrated automation
technology, Dexterity is redefining what's possible in logistics: smarter, Al-
driven operations, safer workplaces, and a future where humans and robots
work side by side to keep supply chains moving at full speed.

Watch Dexterity unleash the
power of physical Al in
Mech superhumanoid robots.

More information:

www.dexterity.ai
www.beckhoff.com/intralogistics
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Further development of 3D laser cutting machines for pipe machining with PC-based control

PC-based solution
overcomes limitations
and reduces cycle times

Pipe machining with
TTEngineering's 3D laser

cutting machine

© Beckhoff Automation

TTEngm.ee”ng specu?hzgs In maChmmg equm_ent used to process ShEIEt metal coils into pIpF?S for various appllcatllons, such In an industry like the machine tool industry, innovation is not just the key to over 30 years of experience, it specializes in the development and manufacture
as heatmg and ventilation systems, flue gas pIpes, and the automotive mdUStrY- The architecture of the TOp series of 3D achieving better results - it is essential in order to remain competitive and of process automation systems for machining sheet metal coils. “Our machines

laser cutting machines has now been completely redesigned using a control system based on Beckhoff technology, which keep providing customers with ever more powerful and efficient products. have always been designed to offer users added value,” says Massimiliano
has made it possible to overcome several technical limitations and reduce cycle times. TTEngineering, a company based in Lomazzo (CO), Italy, knows this well. With Crespi, Managing Director of TTEngineering. “With this goal in mind, we
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Above: The control architecture includes a CX2033 Embedded PC, the AX8000
multi-axis servo system with AM8000 servomotors, and EtherCAT and TwinSAFE
Terminals - all connected via ultra-fast EtherCAT communication.

Below: Top-series pipe laser cutting machine with CP29xx multi-touch Control

Panel and CNC-specific multifunction keyboard
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decided to take it one step further and completely redesign our Top series of
orbital laser cutting systems using a Beckhoff control system, and we achieved
very satisfactory results.”

The challenge of microjoints

The Top series includes two 3D laser cutting machines that can be operated
as standalone units or integrated into a robot-controlled production line. They
are all-in-one machines, as they meet all production requirements, including
curved cuts as well as 90-degree and lateral connections. “We'd already had the
opportunity to test the potential of Beckhoff's solutions, and we knew we could
take a significant step forward,” Massimiliano Crespi continues. “It's not that
the machines we builtin the past were underpowered, but they were limited by
certain technical constraints inherent in traditional CNC solutions.”

A typical example of such a limitation was the fabrication of microjoints. These
are small sections of material that are intentionally left uncut during machining
to hold the scrap in place and ensure the stability and geometric precision of
the workpiece. These microjoints, which are less than one tenth of a millime-
ter in length, can be removed easily at the end of the process with minimal
mechanical finishing.

With the CNC machine used previously, it was not possible to precisely mod-
ulate the laser power near the micro-cutting point. This meant that it was
necessary to slow down the axes, set the laser source power to zero, and then
start a new cutting cycle. However, this was accompanied by a significant
drop in performance. With the high computing power of the Beckhoff CX2033
Embedded PC, equipped with a dual-core AMD Ryzen™ V1202B processor
(2.3 GHz clock frequency), as well as the powerful AX8000 multi-axis servo
system and the high EtherCAT transmission speed, it was possible to eliminate
the repeated stop-and-go cycles that had previously been required. As a result,
the new Top series offers improved efficiency and significantly shorter cycle
times. According to Massimiliano Crespi, the AX8000 multi-axis servo system
in particular has proven to be the perfect choice, as - in combination with
ultra-fast EtherCAT communication and the Beckhoff AM8000 servomotors - it
enables the precise execution of complex motion profiles with very short cycle
times, high dynamics, and smooth operation - in sync with all other networked
components of the machine, including the laser source.

High performance in an integrated environment

The machines in the Top series use a rotary axis and a linear axis, which are
interpolated by the NC algorithms to create the cutting profile produced by
the laser head. Since the pipes are never perfectly round, a capacitive sensor
measures their respective heights. The sensor feedback makes it possible
to calibrate the height of the laser head in real time to maintain a constant
cutting distance.

While the interpolation speed of the axes, combined with the need to handle
complex additional tasks - such as fabricating microjoints - fully demon-
strated the potential of the Beckhoff hardware, the programming functions
offered by TwinCAT took care of the rest, as Roberto Angeli, a software de-
veloper at TTEngineering, explains: “TwinCAT is a very flexible development
platform that has proven to be perfect for our needs. The entire development
process could be controlled with precision, including even the most complex
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functions. And we were able to integrate parts of the C# code that we had
already developed over time. We were also impressed by the precision and
simplicity with which the transition from kinematic simulation to the actual
execution of machine movements can be made. This allowed us to develop
a large part of the application and achieve reliable results even during the
prototyping phase.”

One aspect that should not be underestimated - and that simplified the devel-
opers’ work — was the ability to access most variables directly; that is, without
going via the PLC. This advantage resulted in less complexity during integra-
tion and significant savings with regard to time and resources. There were also
additional benefits in terms of safety: TwinSAFE eliminated the need for a sep-
arate safety architecture. Standard and safety logic run on the same platform,
simplifying project planning, cabling, and even maintenance. This is because
all functions - including the STO, SLS, and SBT functions of the servo axes - are
configured and managed within the same development environment.

An open solution - including for image processing
According to TTEngineering, the advantage of a control system based on a scal-
able, high-performance embedded PC and a standard communication system
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Massimiliano Crespi,

Managing Director of TTEngineering:

‘ We completely redesigned our Top series
of orbital laser cutting systems using a
Beckhoff control system, and we achieved
very satisfactory results.”
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such as EtherCAT is that new functions can be added as market requirements
dictate, without being constrained by limited computing capacity. For example,
a stand-alone machine can be connected to a loading and unloading robot
without significant technical effort.

The same applies to the integration of special functions, such as searching for
weld seams using an image processing system. TTEngineering already has
an optical seam detection system that uses a laser beam and a camera. With
a view to further improvements, the use of Al and pattern recognition is cur-
rently being evaluated, both in terms of the capabilities of the relevant TwinCAT
functions and Beckhoff's vision hardware components.

More information:

www.ttengineering.it
www.beckhoff.com/machine-tools



PC-based control as a platform for harmonizing a development tool in semiconductor research

The future of 3D printing
for microelectronics

3D printing is increasingly becoming a key area of focus in the
manufacture of microelectronics. At Holst Centre, the joint venture
between TNO and imec in Eindhoven, Netherlands, a facility is
being built where researchers will be able to carry out the necessary
process development. In Time Tec was commissioned to optimize
the control technology and harmonize all software components on
the Beckhoff platform. Venkatesh Bachu: “Together, we are working

on the OT - operational technology - of the future.”
Researchers

at Holst Centre

in Eindhoven

© Verse Beeldwaren 2025
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The Holst Centre’s 3D printer for process development in microelectronics

The collaboration began four years ago,” recalls Venkatesh Bachu, managing
director of In Time Tec Europe in Eindhoven, a subsidiary of the American
company In Time Tec. The software company focuses on embedded software
solutions, UI/UX design, and front-end development, as well as test automa-
tion and DevOps.

From MATLAB® to PLC

At the time, the project involved a proof of concept for a laser transfer tool
(LDT), explains Venkatesh Bachu: “We wanted to transfer MATLAB® algorithms
to a PLC for machine control purposes. We chose Beckhoff because its platform
features an open architecture and a PC-based controller, and can be easily
programmed using C++ and Structured Text — similar to how we work in IT. We
started by transferring and adapting software to the platform that was intend-
ed to be the process orchestrator in a MainDevice/SubDevice configuration.”

At Holst Centre, they were also working on another tool. Jeroen Sol-van Beun-
ingen, a researcher working on behalf of TNO (the Netherlands Organisation
for Applied Scientific Research) who is responsible for software development
within the 3D-printed electronics team, describes the work: “The ground-
work had previously been laid by TNO, and we had picked up where they left
off. The machine was already running on a Beckhoff backbone. As is typical
for a development tool, various components were installed on it, such as a
high-resolution UV light projector and an alignment tool, each of which ran
on its own software.”

Harmonization based on one interface

The software for the various components was not always compatible, as Jeroen
Sol-van Beuningen explains: “This was a bottleneck for the researchers work-
ing with the tool. There were up to five windows they had to use to control the
various parts of the system. Based on our positive experience with the LDT tool,

we asked In Time Tec if they could harmonize all the controllers on the Beckhoff
platform so that the machine could be controlled via a single interface.”

Sol-van Beuningen adds that work has been underway on this for the past two
years: “We worked together to define the process within the machine and the
user experience. We wrote the software for the primary printing process, while
In Time Tec handled the higher-level automation, including communication
between the various components. Users can now simply have the machine
print what they need and thus continue to refine their process; they no longer
have to constantly adapt the software.”

An intermediary between researchers and software developers

Jeroen Sol-van Beuningen really enjoyed working with In Time Tec. “They
contribute their expertise in advanced software development, integration of
communication protocols, user experience, and a web-centric approach. A
colleague of Venkatesh Bachu was on site with us to install, test, and validate
new software releases. She served as an intermediary between our researchers
and their software developers. Within a year, she had become so familiar with
the system that she could work with it just as well as our researchers.”

Bachu adds: “Our engineers in Eindhoven worked alongside the TNO team to
understand what was required. We then had our software team in India take
over the actual programming and conducted tests at Holst Centre so that we
could proceed iteratively. This is how we operate as a global software company
- both on site and offshore.”

Integration of OT and IT

One result of this collaboration was that In Time Tec was named as a certified
Beckhoff Solution Provider this spring. In this role, the software company
focuses on industrial automation, HMI design, controllers based on image

processing, cloud engineering, IoT connectivity, and cybersecurity. “We're
seeing that OT (operational technology) and IT are becoming increasingly
intertwined in our world,” explains Stijn de Bruin, Eindhoven site manager at
Beckhoff Netherlands: “Machines no longer operate independently; instead,
they're connected to the cloud. That’s why we needed a solution provider that
focuses on the IT side of industrial automation, as well as a partner to provide
application support to our customers.”

Venkatesh Bachu is delighted with this: “A typical solution provider in this
region has its roots in the OT sector, whereas we have a strong IT foundation.
Many companies still do their programming right at the workstation. While
this works, it makes version control and approval more difficult. In Time Tec
helps companies modernize this process so that engineers can focus on their
core tasks.”

Faster time to market

Jointly, the two partners are setting up a module for the Factory of the Future
at the Brainport Industries Campus (BIC), explains Stijn De Bruin: “This module
is intended as a demonstration model and will serve as a great showcase for
the collaboration between our hardware and In Time Tec's software. Many of
our customers are not yet familiar with the company as an OT provider.” Bachu
confirms: “Together, we are working on the OT of the future. Developments are
advancing so rapidly - in the context of Industry 4.0 and 5.0, with data-driven
and Al-supported process control in mobile, web, and cloud environments -
that machine builders can no longer keep track of everything on their own.
We help them get to market faster and, ultimately, enable their customers to
start production sooner.”

Published in: High-Tech Systems Magazine, Techwatch, https://techwatch.nl

Innovation
through automation

In addition to automation and harmonization, the projects
also focused on technical innovation, Venkatesh Bachu
adds. “Tam proud of the automatic fiducial detection
feature we developed for the LDT tool. Gari Arutinov from
TNO played an important role in the research that made
this possible. When aligning printed circuit boards using
fiducials, an operator was able to achieve an accuracy

of 60 to 80 pm through a laborious process, but that was
not enough. We automated this alignment using a cam-
era. Now, accuracy of 30 to 50 pm can be achieved with

a single push of a button.” For the 3D printer, the most
important factors were to increase throughput speed

and reproducibility, as well as to eliminate human error
through automation. One challenge was that the camera
software was not compatible; the Beckhoff Vision camera
was not yet on the market at that time. “We were able

to solve that problem, too.” As image processing was
time-critical, a distributed clock based on the EtherCAT
protocol developed by Beckhoff was used. “All in all, this is
a great example of innovation resulting from the combina-
tion of TNO's process expertise, Beckhoff's hardware, and
In Time Tec's software expertise.”

In the laboratory at Holst Centre

(from left to right): Stijn de Bruin (Beckhoff),
Venkatesh Bachu (In Time Tec),

and Jeroen Sol-van Beuningen (TNO)

More information:

www.beckhoff.com/semiconductor-industry
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A €6032 ultra-compact Industrial PC
controls the entire handling unit of the

pouching machine.
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XTS Hygienic in food packaging

Intelligent, flexible
product transport for
washdown applications

Syntegon has been benefiting from Beckhoff's intelligent linear product transport
for more than ten years, with advantages including a reduced machine footprint,
user-friendly software functionality, and greater system flexibility. With XTS Hygienic,
these advantages now also extend to washdown-capable Syntegon pouching
machines for packaging frozen cookie dough.

»

egon is a leading global technology company and strategic lifecycle partner
0 the pharmaceutical, biotech, and food industries. Rolf Steinemann, Senior
Product Manager Packaging Systems, explains, “With around 6,900 employees
at 47 locations and 160 years of tradition behind us, we position ourselves as a
strategic lifecycle partner to our customers. Our actions are guided by our motto
‘CoCreate. CoSucceed.” We work closely with our customers to create targeted
solutions that deliver measurable results. Syntegon’s site in Beringen, Switzer-
land, specializes in automated high-performance packaging systems. The first
highly flexible, high-performance XTS linear transport system from Beckhoff was
integrated into a Syntegon packaging system back in 2014. This represented
a real innovation with tangible customer benefits, including a smaller system
footprint, high format flexibility, and fast changeovers when switching products.”

PC Control 03 | 2026

The XTS movers not only enable precise
positioning of the frozen cookie dough portions,
but also exceptionally gentle transport.

XTS Hygienic as a central handling element

With XTS Hygienic - featuring an IP69K protection rating when assembled and
a hygienic design with no concealed edges or undercuts - Syntegon has now
also been able to bring these advantages to a customer project with particu-
larly stringent hygiene requirements. As a central machine component, XTS
picks up the frozen cookie dough portions and feeds them into the horizontal
flow wrapping machine with maximum positioning accuracy. Pascal Rohlk,
Senior Manager Software/Electrical Design Handling at Syntegon, explains
how important precise positioning is for the packaging process when products
arrive at different spacings and in different orientations: “The products must
be positioned exactly in line with the film print so that the sealing tools can seal
the film between the products and ensure the specified shelf life.”
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Rolf Steinemann, Senior Product Manager Packaging Systems at Syntegon, says,
“Another important factor in favor of XTS is its exceptionally gentle handling.”

A (6032 ultra-compact Industrial PC serves as the controller for the product
handling process and also ensures the precise positioning of the frozen cookie
dough portions during transfer to XTS. For this purpose, a total of three
AMBB00 stainless steel servomotors — featuring a hygienic design like XTS - are
controlled via the AX8000 multi-axis servo system. These drive the infeed belt
and two additional conveyor belts supporting the transfer process, and keep
the products moving at a constant speed while they are picked up by the XTS
movers, also ensuring gentle handling. The position of each individual dough
portion is known based on the respective axis positions, allowing the movers
to be positioned accordingly for product pickup. XTS then forms a buffer
section in which the continuously arriving products are transported onward
at precisely defined spacings while compensating for any variations. During
transport, the dimensions of the products - specifically the length and height
of the dispensed cookie dough portions - are also monitored, with defective
items rejected via an air-blast unit.

Pascal Réhlk adds, “When the individual products are transferred to the sealing
unit of the pouch packaging machine, a key advantage of XTS is that the mover
speed can be easily matched to the speed of the sealing film. This allows us to
achieve precise synchronization of the two motions at the point of contact. The
movers then return to their starting point as quickly as possible so that enough
movers are always available for the products that follow.” Rolf Steinemann sees

jyntegon PACB-MBC1

The XTS Hygienic linear transport system is key for the handling capabilities
of Syntegon’s horizontal flow wrapping machine in washdown design.

another advantage in PC-based control technology from Beckhoff: “TwinCAT
enables seamless synchronization of all motion functions, even across multiple
control systems. In the handling unit, this synchronization extends not only
to the product and film infeed and the XTS, but also to the rotary servo axes.
The same applies to interaction with the machine’s primary control system.
This ensures independence from machine speed, allowing the central product
handling functions to adapt precisely to an accelerated or decelerated main
machine axis.”

Compact, modular, easy-to-clean product transport

Compared with conventional infeed solutions, the XTS system used in the
current flow wrapping machine for frozen cookie dough is extremely compact,
featuring a closed oval design with a 4-meter track circumference, a system
length of 2.5 meters, and 22 movers. According to Pascal Réhlk, XTS offers
major advantages not only because of its compact dimensions, but also
through its modular scalability: “Thanks to XTS, the current Syntegon system is
around 30 to 40% shorter than conventional conveyor-belt solutions. XTS can
also be optimally adapted to specific performance requirements. In standard
applications, we use between 22 and 36 movers. But if required, we can also
implement greater XTS track lengths and even more movers with minimal re-
design effort. This flexibility also applies to the individual machine, since new
product formats can be handled with ease through software configurations.
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Image below: Detailed view of the

XTS version featuring IP69K protection
(when assembled) and a hygienic design
without concealed edges or undercuts
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Pascal Rohlk, Senior Manager
Software/Electrical Design Handling
at Syntegon, explains, “Thanks to XTS,
the current Syntegon system is around
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30 to 40% shorter than conventional

conveyor-belt solutions.”

If no major modifications to the flow wrapper are required, the machine can
often even be reconfigured remotely.”

Syntegon draws on experience from 350 standard XTS applications and is also
leveraging the advantages with XTS Hygienic in washdown applications, where
packaging processes involving allergen-containing or sticky products place
particularly high demands on the system. Rolf Steinemann explains, “In addi-
tion to the more demanding cleaning requirements, extensive documentation
and therefore reliable traceability are also required in some cases. This can
be handled very effectively with PC-based control technology from Beckhoff.
Another beneficial feature of the XTS is exceptionally gentle handling. Products
such as cookies or crackers are delicate and break easily. Transport via XTS
movers has proven ideal in that regard, increasing overall machine uptime and
significantly reducing waste.”

A collaborative approach to application-oriented solutions

Rolf Steinemann confirms that a close, collaborative partnership contributes
significantly to the implementation of solutions for Syntegon customers,
“Mutual exchange and support are especially important when developing new
solutions. In the case of XTS in 2014, this worked right from the start, thanks
primarily to our close contact with Beckhoff Switzerland, but also with product
management at the company’s headquarters in Verl. We also benefit from
Beckhoff's short innovation cycles, which open up further optimization poten-
tial for the future. Prime examples include the TwinCAT Automation Interface,
the MX-System for control cabinet-free automation, and the economy drive
system with AX1000 servo drives and AM1000 servomotors.”

More information:

www.beckhoff.com/xts-hygienic
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Record attendance at the 2026 European EtherCAT Plug Fest: 69 developers collaborated to test 48 devices for interoperability.

Technology Group
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Record turnout and strong outcomes
at 2026 European EtherCAT Plug Fest

The 36th EtherCAT Plug Fest concluded after two intensive days (July 15-16) at SICK's SIA Campus in Waldkirch,
attracting a full house of 69 developers from 30 manufacturers. The event set a new participation benchmark and
highlighted the ongoing industry interest in hands on interoperability testing.

During the event, developers executed 365 tests and
evaluated a total of 48 devices: 16 MainDevices, 31
SubDevices and two tools. That mix showcased the
diversity of the EtherCAT ecosystem and the practical
focus of the event - connecting real products, test-
ing device combinations and validating behaviour
under various conditions.

Plug Fests are interoperability focused developer
gatherings organized by the EtherCAT Technology
Group (ETG). Vendors bring their hardware and
firmware, while ETG technical experts provide on
site support and the official testing infrastructure. At
Waldkirch, most device combinations performed as
expected; any remaining edge cases led to proposed
fixes and actionable insights that will shorten devel-
opment cycles and improve cross vendor interoper-
ability in the field.

Participants emphasized the value of direct collabo-
ration: running conformance and combination tests
side by side allowed rapid troubleshooting, immedi-
ate knowledge exchange and quicker validation of
implementation changes than typical remote work-
flows. Rainer Hoffmann, a member of ETG's techni-

cal team and one of the on-site contact persons in
Waldkirch, remarked: “ I'm always impressed by how
openly and solution-focused representatives from
different, sometimes competing, companies discuss
behaviours and potential problems to find the best

technological solution.” As one of ETG's most popu-
lar formats, the Plug Fest once again demonstrated
how hands on cooperation strengthens the overall
EtherCAT community, and most importantly, en-
hances device interoperability.

A focused working environment and lively technical discussions defined both days of the Plug Fest.

EtherCAT. ©

ETG Member Meetings in Asia

The EtherCAT Technology Group (ETG) held its annual member meetings in Japan and Korea in June and July.
Members received updates on the activities of the technical working groups, ETG developments, and global trends

in industrial communication.

The 20th ETG Member Meeting in Japan took place
in Yokohama, where Dr. Junichi Koguchi of Beckhoff
Automation Japan presented on “High-Speed Mon-
itoring and the Application of Data Analysis for
Machine Tools Realized by EtherCAT.” Dr. Koguchi,
a contracted researcher at Tokyo University of Agri-
culture and Technology and a technical committee
member of the Japan Machine Tool Builders' Associ-
ation, explained how EtherCAT facilitates high-sam-
pling-rate monitoring during cutting processes. This
data can support analysis and machine-learning ap-
plications aimed at improving machine tool control,
including feedback loops. In addition, nine exhibi-
tors showcased EtherCAT devices and development
tools, highlighting the variety of products available
within the EtherCAT ecosystem.

The 15th ETG Member Meeting in Korea, held in
Seoul, also attracted strong attendance. Dr. Taemin
Kim, Principal Engineer at Samsung Electronics,
outlined the company’s contribution to the devel-
opment of additional standardized device profiles
by the ETG Semiconductor Technical Working Group
(Semiconductor TWG). He emphasized the impor-
tance of interoperability across the semiconductor
manufacturing supply chain. The Semiconductor
TWG develops device profiles, installation guide-
lines, and test procedures for semiconductor manu-
facturing applications.

In addition to equipment suppliers and tool man-
ufacturers, the working group has increasingly in-
cluded end users. Their involvement helps define

Well attended
member meetings

in Japan and Korea
(see picture) informed
about current ETG

activities.
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practical requirements for actuator and sensor da-
ta. As a major producer of semiconductors and
memory chips, Samsung Electronics provides a cru-
cial end-user perspective on this work. The Seoul
meeting also featured presentations by Hyeonhoe
Kim, General Manager at DAINCUBE, and Professor
Woonchul Ham from Jeonbuk National University.

At both events, ETG Executive Director Martin Rostan
reviewed current ETG activities and developments
within the technical working groups. Cybersecurity
emerged as a central topic. EtherCAT's certification
by UL Solutions demonstrates that the technology
meets nearly all application requirements without
modifications or additions while maintaining unre-
stricted physical access to equipment.

With 44% of ETG members worldwide now based in
Asia, these meetings underscore the region’s signif-
icant role in the EtherCAT community and highlight
the importance of cross-industry collaboration in
advancing interoperable communication solutions
for automation and semiconductor manufacturing.

ETG holds Global Strategy Meeting

In June 2026, the EtherCAT Technology Group (ETG) convened its biennial Global
Strategy Meeting in the historic city of Regensburg, Germany. This important

event brought together marketing and technical teams from ETG offices located
in across various countries, including Germany, the United States, China, Japan,

and Korea.

The meeting provided a vital platform for team
members to exchange regional updates, review
ongoing activities, and align on strategic priorities.
Presentations from the regional offices offered in-
sights into the specific challenges and opportunities

in each market, while also outlining future initia-
tives. The discussions strengthened coordination
across the international ETG network and supported
a collaborative working environment.

The international ETG team, reunited in Regenshurg

More information:

www.ethercat.org
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