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PC-based control for additive machine tools
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IRPD, based in St. Gallen, is a specialist in additive machine tools with over 25 years of experience in
this field. Development is heavily focused on high system throughput and consistently high process
quality. This goal was achieved with the help of PC- and EtherCAT-based control and drive technology
from Beckhoff, among other things.

The main customer segments of the parent company UNITED MACHINING
SOLUTIONS Group — and thus also the areas of application for the additive
machine tools — are automotive manufacturers and suppliers as well as the
aviation industry and cutting tool manufacturers. Stefan Lang, CEO of IRPD,
explains: “In additive manufacturing, parts often have to be reworked at
connection surfaces. Our parent company supplies the appropriate systems
for this, which facilitates the vertical integration of the production process
and offers the customer an end-to-end solution.” Dr. Kai Gutknecht, Head of

Process and Software Development at IRPD, adds: “In our target markets, the
main priority is ensuring an efficient process from beginning to end. Accord-
ingly, machine development specifically focused on achieving a high number
of produced parts and ensuring consistently high quality. This starts with the
large build area, the four 1,000 W fiber lasers, and the container concept de-
signed for fast job and material changes — and extends to the thermally and
mechanically stable production environment, preparation for automation, and
complete monitoring of the production process.”

LPBF system with machine tool standard

At the heart of the IMPACT Fab complete system is the IMPACT 4530 ma-
chine tool for the additive manufacturing of metal parts. Laser powder bed
fusion (LPBF) enables the flexible production of high-quality parts from a
wide variety of metals. In addition, there is the PM1 depowdering and re-
cycling system, which removes the remaining metal powder from the build
container, sieves it under inert conditions, and transports it to the powder
container for future tasks. Other system components include the LS1 loading
station, which is used to lift the build plates out of the container, and the
HM1 handling module, which moves the containers between the individual
production stations.

The IMPACT 4530 itself consists of two main components: the machine core
for the actual additive manufacturing process and the supply unit for pre-

paring various media. Dominik Lenherr, Software Engineer Automation at
IRPD, explains the process flow: “The machine core is largely designed as a
cast construction to ensure a stable and reproducible process both thermally
and mechanically. The machine is set up using two cube-shaped containers,
one for the build process and the other for storing the metal powder as the
starting material. The automated insertion and docking of the containers
speeds up and standardizes the set-up process, resulting in minimal down-
times and allowing the start of a build job to be reproduced.” Once the
containers are hermetically docked in the machine, a high-quality process
atmosphere is created in a time-efficient manner. A horizontal axis then
applies metal powder layers to a build plate. These layers are then melted
by several lasers and welded to the desired component cross-section. After
lowering the build plate by a layer thickness of typically a few hundredths of
a millimeter, new powder is applied and the process is repeated. According
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Build space of the additive machine tool with a complex metal component
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Left: The One Cable Technology of the Beckhoff AM8000 servomotors significantly

reduces cabling work and the risk of wiring errors.

Right: In addition to the EtherCAT and TwinSAFE Terminals from the EL series,
the 1/0 level also includes the compact EtherCAT and TwinSAFE Box modules from

the EP series, which are suitable for decentralized installation.

to Dr. Kai Gutknecht, the key components here are the lasers and the galva-
nometer scanners, which can be used to move the laser beam quickly and
with micrometer precision. The system is rounded off by various monitoring

solutions and the intuitive C.O.R.E. (Customer Oriented Revolution) operat-
ing software used on all UNITED MACHINING SOLUTIONS Group machines,
which communicates with the Beckhoff TwinCAT control system via a simple,
high-performance ADS interface.

Requirements for automation

As Stefan Lang explains, the starting point for the project was ideal when it
came to choosing suitable automation technology: “As the IMPACT project
opened up a completely new technology sector for IRPD, the control platform
could be selected to meet the specific requirements of additive manufactur-
ing. The system openness, the advanced development environment, and the
innovative products from Beckhoff were all arguments in favor of PC-based
control with TwinCAT. Added to this was the PC-based control approach itself,
which opens up interesting possibilities with regard to a lean, easily expand-
able overall system architecture.”

PC-based control from Beckhoff controls all hardware-related machine
functions in the IMPACT 4530 except for the movement of the laser over the
powder bed. These functions include mechanical axes, pneumatics, machine
safety, inert gas circulation, and cooling. The hardware core of the control
system is the C6675 control cabinet Industrial PC. Dr. Kai Gutknecht explains:
“One of our goals was to create a system architecture with low-threshold
interfaces, and as few of them as possible. The basis for this is a powerful
central system that maps the control and high-level language software on
one piece of hardware — the C6675. We are not yet making full use of its
high computing power, although the PLC, the vision application, and the
resource-intensive C.O.R.E. application are already running on it alongside
Windows. Further applications such as process monitoring via cameras, big

©Beckhoff

The C6675 control cabinet Industrial PC (left) offers sufficient computing power — both for machine control and motion control implemented via the AX8000 multi-axis

servo system (right) as well as for future functional expansions, e.g., with TwinCAT Machine Learning.

data and machine learning applications as well as additional process controls
will be added in the course of further development.”

From IRPD’s point of view, the application-oriented approach to solving auto-
mation tasks was also very well supported by the modular TwinCAT software.
TwinCAT Vision was used to quickly and easily integrate a camera for process
monitoring into the control system. In addition, according to Dominik Len-
herr, executing the image processing algorithms directly within the control
environment makes it possible to capture image data with precise timing and
in sync with the machine sequences, without having to set up and maintain
complex interfaces. He adds: “The TwinCAT libraries — such as TwinCAT HMI,
Moation, and even Vision — provide comprehensive support with their ready-
made function blocks for programming, commissioning, and diagnostics
of the various software components. | see integrated troubleshooting and
analysis in particular as one of the biggest advantages of TwinCAT Engi-
neering. With TwinSAFE, machine safety is also seamlessly integrated, so we
don’t have to work with different tools and only have to maintain one piece
of software.”

Efficiency in motion control and EtherCAT communication

According to Dr. Kai Gutknecht, IRPD also benefits from the TwinCAT function
blocks when it comes to motion control: “We use the standard functions
MC_MoveAbsolute, MC_Jog, and MC_Reset, among others, which signifi-
cantly reduces the programming effort for us. The associated servo axes
are implemented with the very compact AX8000 multi-axis servo system and
AMB000 servomotors. The One Cable Technology (OCT) offers us particular
advantages, as it simplifies the system cabling considerably and reduces
the risk of errors during installation. In addition, our system is easy to take

apart for transport, with the minimized cabling saving a lot of time when
separating the parts.”

The high-performance EtherCAT communication also contributes to system
efficiency, especially during commissioning. Dominik Lenherr explains: “A
good example of this is EtherCAT's hot connect functionality, which we use
for a coater, for example. The coater is available in a version with and without
a drive controller and can be replaced quickly and easily via hot connect if
required, without having to shut down the entire system or interrupt any
necessary diagnostics.” Together with automatic device addressing, this also
comes into play with regard to the modularity of PC-based control. For exam-
ple, if requirements change, a higher-level controller can simply be added via
the EP series EtherCAT Box modules with an IP67 protection rating, without
the need for complex addressing. With regard to the Beckhoff I/0 portfolio,
he concludes: “A clear advantage of the EtherCAT 1/0s from Beckhoff is their
compact design, which saves a lot of space in the system. Added to this is
the extremely wide range of components, which we could not find anywhere
else on the market. Good examples include the multifunction EtherCAT Box
modules with their combined analog and digital inputs and outputs plus the
TwinSAFE Box modules for the direct connection of field sensors for safety
functions.”

More information:

www.irpd.ch/en
www.beckhoff.com/machine-tools



Square One’s patented Tri-Sphere

Robotic Positioning System is a state-of-

the-art parallel robot that accelerates

experiments in high-energy physics.

Tri-Sphere relies on Beckhoff CX2033 Embedded PCs, real-time EtherCAT communication,
and TwinCAT NC PTP software for motion control.
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Square One Systems Design leverages PC-based control and EtherCAT in robots that support

X-ray laser experiments at SLAC National Accelerator Laboratory

Robotic positioning system
reduces changeover times
from two days to 12 hours

At the SLAC National Accelerator Laboratory in Menlo Park, California, an advanced
robotic system by Square One Systems Design and Beckhoff speeds up high-energy physics
experiments. Streamlining operations, the Tri-Sphere Robaotic Positioning System increases
the utilization of “beam time.” This helps with maximizing access for researchers and

improving research outcomes.

Square One's patented Tri-Sphere robot is a state-of-the-art parallel robot
whose design was tailored to meet the rigorous demands of high-energy
physics research. Like revolute jointed industrial robots, the Tri-Sphere offers
six degrees of freedom in movement. However, unlike traditional robots, the
Tri-Sphere robot delivers huge payload capacity, ultra-high precision, and a
compact design that fits seamlessly into tight spaces. The Tri-Sphere also con-
forms to the EPICS standard (Experimental Physics Integrated Control System)
which is widely adopted in the physics community. EPICS provides researchers
and technicians with a standardized control system architecture and software
toolkit to interface with and control high-end equipment. This improves pro-
cess tracking performance and optimizes analysis of the metadata gathered
during experiments.

SLAC's deployment of Tri-Sphere robots is part of larger upgrades to their
Linac Coherent Light Source (LCLS), the world's most powerful X-ray
free-electron laser (XFEL). A recent upgrade (LCLS-I1) increased the capabil-
ities of the original system from 120 pulses per second to 1 million pulses
per second, and a future upgrade (LCLS-11-HE) will increase the X-ray energy.
In simple terms, this opens up an entirely new realm for advanced research
projects that were previously considered impossible by scientists, including
a new generation of solar energy technologies, superconductors, advanced
drug discovery, etc.

Breaking through the limits of physics research

The unique design of the robot offers several advantages to accommodate the
rapid succession (removal and replacement) of complex research setups and
operate in the demanding environment typical of facilities like LCLS. The ro-
bot’s compact geometry means it can fit into the tight confines of a mainstay in
research facilities, the hutch, or the equipment used in research facilities where
X-ray beams pass through test samples. The robot'’s high-precision positioning
system ensures that it can precisely move research equipment into beams as
narrow as 100 nanometers.

Tri-Sphere is not only accurate, it’s also very strong — supporting rapid move-
ment and repositioning of heavy objects with the accuracy required to perform
cutting-edge experiments. “The robot is designed with heavy payloads in mind
and has the ability to handle up to 12,000 pounds equaling 5,440 kg — which is
essential when positioning heavy objects in national labs like SLAC,” explains
Bob Viola, Director of Engineering at Square One Systems Design. “This per-
formance far exceeds that of conventional robots that may be more suited to
industrial use.”

Maximizing beam time is essential to accommodate as many experiments as
possible. “National labs like SLAC are literally priceless national resources,
and every second of beam time counts,” Bob Viola emphasizes. “The ability to
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perform quick changeovers without compromising precision or reliability is a
game-changer.”

Jace Walsh, Chief Controls Engineer at Square One, explains further, “The
Tri-Sphere’s asymmetric work envelope and software-tunable rotation point
provide unmatched versatility and precision, allowing it to adapt to a wide
range of experiments. This flexibility is crucial for experiments, where the
ability to quickly and accurately reposition
experimental setups can significantly im-

from Beckhoff with the EL7041 and EL7047 stepper motor terminals and the
EL5042 dual channel interface terminals for the connection of absolute encod-
ers with BiSS® C or SSl interface.

Beckhoff TwinSAFE 1/0 terminals and Safety over EtherCAT (FSoE) technology
provide robust machine safety functionality that integrates seamlessly with
SLAC's personnel and equipment protection system for monitoring the safety
status whenever personnel are in a hutch and initiating e-stops if they're ever
needed. “TwinSAFE supports these unique safety requirements, ensuring safe
access to the hutches at all times and reliable control of these powerful posi-
tioners,” emphasizes Bob Viola.

The Tri-Sphere system is also compatible with the seismic anchoring require-
ments typical of installations in California. This ensures that the systems can
withstand seismic activity and maintain their precise positioning.

A promising future for leading research
projects

pact research outcomes.”
Mathew Garcia,
The Tri-Sphere upgrade integrates automa-

tion and control technology from Beckhoff Beckhoff USA

across multiple experimental hutches, “ It's exciting to see how our
technology is helping improve
research outcomes and
efficiencies at SLAC and other

allowing SLAC to conduct high-precision
experiments with minimal downtime. The
staff can set up a new center for the beam
in the Tri-Sphere’s user-friendly front-end
software, dial in new configuration set- facilities.”
tings, and enter new height parameters

Business Development Leader,

“When SLAC can prepare an experimental
work setup on a Tri-Sphere outside of the
working hutch without shutting down the
beamline, it speeds things up,” Bob Viola
says. “The system reduced the time required
for SLAC experiment changeovers from two
days to just 12 hours.”

Mathew Garcia, Business Development Lead-
er at Beckhoff USA, echoes this sentiment.
“The Tri-Sphere project is a testament to

and rotation settings.

The SLAC robotic systems are mounted on air casters. This enables the robots
to be quickly moved in and out of different hutches. The Tri-Sphere can handle
delicate samples with precision, another key advantage. “The robot features a
vacuum transfer system to ensure that the system can handle a wide variety of
container types without damage, including delicate products with soft-touch
finishes,” says Bob Viola. “This is crucial for experiments using highly sensitive
sample materials.”

Automating what'’s next in research and discovery

Instrumental to the success of the Tri-Sphere Robotic Positioning System
has been the integration of PC- and EtherCAT-based control technology from
Beckhoff. The Tri-Sphere currently relies on Beckhoff CX2033 Embedded PCs as
the primary controller, leveraging real-time EtherCAT communication and high
processing speeds to seamlessly handle all automation and control tasks. The
CX2033 runs TwinCAT NC PTP software for motion control.

EtherCAT's automatic addressing of the highly modular devices, numerous
wiring topology options, and high device count — up to 65,535 devices in one
network — ensure a robust and scalable network infrastructure. In addition,
the compact size of the EtherCAT Terminals easily fit in compact enclosures
distributed throughout the Tri-Sphere robot. Not just relegated only to data
acquisition, EtherCAT Terminals can also incorporate compact drive technology

the collaborative efforts of Square One and

Beckhoff. It's exciting to see how our technol-
ogy is helping improve research outcomes and efficiencies at SLAC and other
facilities.” The Tri-Sphere, as demonstrated by its successful deployment at
SLAC, is helping overcome key challenges in many areas of scientific research.
With proven flexibility and performance to adapt to a wide range of difficult
testing spaces, the system has since been deployed at other world-renowned
laboratories to help reach the next big discovery.

© Square One Systems Desigh™ 5

The Square One engineering team during their

annual ski day in Wyoming in 2025. Left to Right:

Sam Johnson (Mechanical Engineer),

Wilton Springer (Mechanical Engineer),

Connor McCullough (Electrical Engineer), Erik LaCourt
(Controls Engineer) Bob Viola (Director of Engineering),
Jace Walsh (Controls Engineering Manager),

Ryan Freeman (Mechanical Engineer),

Dena Horstkotte (Mechanical Engineer)

The Tri-Sphere robot’s high-
precision positioning system
ensures that it can precisely move
research equipment into beams

as narrow as 100 nanometers.

A detailed view of
one of the three jack
units that comprise

a Tri-Sphere robot.

© Square One Systems Desi

© Square One S)}ster‘ns Design
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www.sgr-1.com
www.beckhoff.com/science
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Modular control platform facilitates innovation in the hydrogen industry

Reliable and safe

N ele

C

Lrolysis testing

© Beckhoff

From standard 1/0 to bus couplers to other fieldbus protocols,
the comprehensive EtherCAT Terminal portfolio from Beckhoff

covers all bases of communication.

Greenlight electrolysis
test stations are critical for
fuel cell development to
validate and ensure safety

under various loads.

© Beckhoff
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With a seamless modular control solution from Beckhoff
featuring over 500 data points and numerous ELX series
terminals with intrinsically safe interfaces, Greenlight
Innovation is breaking new ground in hydrogen testing.
This advanced setup allows for precise and safe monitoring
and management of complex hydrogen processes, en-
hancing both reliability and efficiency in testing operations.

As the world increasingly looks to hydrogen as a clean energy solution, the
companies developing these technologies face a critical challenge: safely and
accurately testing their innovations before they reach the market. Greenlight
Innovation, headquartered in Burnaby, British Columbia, has emerged as a
global leader meeting this need, as the company says.

In 1992, Greenlight was founded as a supplier to the fuel cell industry. “Since
then, electrolysis has become a major focus,” says Greig Walsh, Chief Commer-
cial Officer at Greenlight. “As the hydrogen industry evolved, we saw increased
demand for equipment to test hydrogen production technologies.”

Reliable control platform for complex test processes

Among Greenlight's product portfolio are test stations for industrial-scale elec-
trolyzers — systems that split water into hydrogen and oxygen using electricity.
Their largest systems, capable of testing 4 MW electrolyzer stacks, represent
their most complex engineering challenge. “The equipment is very complicat-
ed and technologically demanding,” says Christian Bosio, Managing Director
at Greenlight. “That machine has thousands of components that we're putting
together, and it has to work as one. Everything has to be top-notch, very high
quality, and reliable.”

These test stations must control high-pressure gases up to 50 bar, regu-
late temperature across multiple zones, and manage potentially explosive
hydrogen-oxygen mixtures — all while ensuring continuous operation with
minimal operator intervention. Under these conditions, safety presented the
most demanding challenges. “Electrolyzer test equipment operates at higher
pressures, so the safety requirements are significant,” Christian Bosio says. “As
we get into these megawatt-class systems, the safety requirements have been
compounded, making safety a critical factor in all of our designs.”

Greenlight's systems needed to support different safety protocols depending
on deployment location while maintaining the same high performance stan-
dards as well as meeting customer-specific requirements.
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The Greenlight team and Beckhoff at their Burnaby, British Columbia facility:

(from left) Christian Bosio, Greig Walsh, Amir Kassaian (Beckhoff), Martin Greyling,

Christian Bordin and Kriss Koutzarov

Standardizing on flexible automation from Beckhoff

Before finding the right control platform, Greenlight overcame a number
of specific challenges, including struggling with bulky 1/0 modules and
communication reliability issues with their previous systems. “We were very
conscious that this equipment needs sophisticated electronics and control
systems, so we wanted to make an educated choice at the beginning,” ex-
plains Greig Walsh.

Kriss Koutzarov, Electrical Engineer at Greenlight, highlighted the technical
advantages that drove their decision to select Beckhoff: “The modularity and
flexibility were key factors. With Beckhoff, we had different options for I/0
module channel density. Also, each module was very compact — they were
just half an inch compared to five inches with other solutions. As a result, we
managed to save a lot of space in the cabinet.”

. GREENLIGHT
INNOVATION

__.
i) @

The Greenlight electrolyzer test station evaluates

and validates performance, durability, and efficiency.

To connect the hundreds of sensors, valves, and controls needed in their
systems, Greenlight uses various EtherCAT input/output terminals throughout
their machines. These terminals handle everything from basic valve control
to sophisticated analog measurements, with systems often incorporating up
to 500 data points. This modular approach allows Greenlight to easily add or
modify capabilities as project requirements evolve.

Building on the safety challenges mentioned earlier, Greenlight implemented
Beckhoff’s TwinSAFE terminals to create comprehensive safety systems. The
TwinSAFE architecture integrates digital inputs through EL1904 and EL1918
terminals and digital outputs via EL2904 and EL2912 terminals, providing
Safety Integrity Level (SIL) 3 protection. Moreover, the system utilizes TwinSAFE
SC terminals to monitor analog parameters such as temperature, pressure,
and other critical parameters to ensure safe operation under all conditions up
to SIL 2 level.

For areas with potential hydrogen exposure, Greenlight uses the Beckhoff ELX
terminals with intrinsically safe inputs and outputs. These specialized terminals
integrate isolation barriers and remote 1/0 in a single compact housing, elim-
inating the need for external barriers while enabling direct connection to field
devices in hazardous environments up to Zone 0/20. “Wherever there might
be fuel and oxidant, we must eliminate the ignition source. The ELX terminals’
outputs don't have the energy to cause a spark, even if you shorted them,”
says Kriss Koutzarov.

The ELX terminals provide significant space and cost advantages. With up to eight
intrinsically safe inputs available in a 12 mm housing, they eliminate the need
for external barriers, reducing control cabinet space requirements. Certified for
ATEX, IECEX, and NEC/CEC, these terminals meet all industry-specific guidelines
for explosion protection and support Greenlight's global deployments.

© Beckhoff

PC-based control simplifies system development

At the heart of their 4 MW electrolyzer test station is the CX5130 Embedded
PC, which manages the entire testing process. With its dual-core processor and
fanless design, the CX5130 provides the ideal

balance of computing power and reliabili-

PC Control 04 | 2025

Beyond standard EtherCAT
Terminals from Beckhoff,
Greenlight also uses TwinSAFE
terminals for integrated
functional safety and ELX
terminals for safe connection
of field devices installed in

hazardous areas.

tomer, cellcentric, has found Greenlight's test stations invaluable for their
fuel cell development, allowing them to evaluate performance under varying
gas flow rates, humidities, temperatures, pressures, and electrical loads.
Using Greenlight's Emerald software, they
can develop and execute automated test

ty for demanding industrial environments.
This compact PC-based controller handles
everything from data acquisition to com-
plex control algorithms while offering the
connectivity needed to integrate with their
extensive 1/0 network. The ability to perform
PLC and measurement tasks simultaneously
makes the controller particularly well-suited
for Greenlight's sophisticated test sequenc-

Christian Bordin,

Greenlight Innovation

Automation and Controls Developer,

scripts, view real-time data, and log precise
instrumentation outputs — providing fast
and reliable feedback to validate design
changes and ensure product quality before

“ It's just plug and play, which shipment.
is amazing. There’s no need
for writing complex drivers.”

Looking ahead, Greenlight is focused on
standardizing its electrolyzer test systems
across a wider range of sizes. As Greenlight

es, where precise timing and coordination
are essential.

The system architecture leverages TwinCAT automation software for process
control and the EtherCAT industrial Ethernet system for seamless integration.
“It's just plug and play, which is amazing,” said Christian Bordin, Automa-
tion and Controls Developer at Greenlight, explaining the advantages of
EtherCAT's simplicity. “There’s no need for writing complex drivers. With the
TwinCAT engineering environment, we can easily configure the system and
communicate with all our components.”

Testing the future of hydrogen production

The impact of Greenlight's standardized Beckhoff control platform has been
significant for both the company and its customers. Their test stations now
provide comprehensive data collection and analysis capabilities that enable
manufacturers to validate and improve their system designs. One such cus-

continues to scale, their approach remains

consistent: deliver flexible, high-perfor-
mance systems that let customers focus on their core technologies while
Greenlight handles the complexity behind the scenes. “The key to our success
has been adaptability, which allows us to meet the changing needs of this
growing industry,” Christian Bosio concludes.

More information:

www.greenlightinnovation.com
www.beckhoff.com/elx
www.beckhoff.com/ethercat
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PC-based control for digitalization in the machine tool sector

Integrated and open
control platform

maximizes project
development efficienc

Shenyang CASNC Technology’s CNC solutions rely on the integration of sensors, data acquisition
systems, and network communication technologies to monitor and analyze machine tool
operating statuses, process sequences, and machine conditions in real time. By seamlessly
integrating advanced information technology, the company is driving digitalization in this area.
TwinCAT 3 automation softwake from Beckhoff serves as the cornerstone for the successful

implementation of digitalization and virtualization strategies.

Machine tools are central pieces of equipment in the manufacturing sector,
with a wide range of applications, such as in aerospace and automotive man-
ufacturing, as well as in the energy sector. From the perspective of Shenyang
CASNC Technology Co., Ltd. (CASNC Technology), the performance of machine
tools is directly related to a country’s industrial competitiveness, which is why
they are regarded as “pillars of the nation” in China.

The Chinese high-tech company specializes in the development and manufac-
ture of CNC systems, servo drives, robot controllers, automation equipment,

digitalized manufacturing as well as mechanical and electrical products. The
results are advanced machine tools such as 5-axis machining centers.

Digitalization and virtualization in TwinCAT

The Beckhoff TwinCAT software is used as an important cornerstone. Firstly,
it enables the use of standard programming languages in accordance with
IEC 61131-3, which is consistent with customers’ established debugging
practices. What’s more, TwinCAT 3 also benefits the digitalization and virtual-
ization of systems. MATLAB® and MapleSim offer user-friendly graphic design

BEENNZ 2R

=

o
x 5657584148 mm

Z 0913230948 mm

pCControl 04 | 2025 Worldwide | china | 53

CASNC Technology
is driving forward the
digitalization and
virtualization of

its machine tools,
particularly with
Beckhoff TwinCAT 3.

. © CASNC Technology

environments with which even sophisticated systems can be modeled using
simple and intuitive operations, making them a universal option in areas
such as model simulation. For the current project, these simulations can be
executed seamlessly within TwinCAT using TwinCAT 3 Target for FMI in the XAE
development environment and on the corresponding XAR models exported
from MapleSim. Position commands interpolated by TwinCAT 3 NC | are fed
into the model, while the model outputs the collected voltage and current data.
TwinCAT 3 ADS is used todynamically display the actual position of the machine
tool movement in the interface. This not only facilitates hardware-in-the-loop

(HIL) simulation, but also enables digital twins to be generated without the
need for physical objects. This allows aspects such as the rationality of path
planning and the efficiency of milling machine processing to be evaluated at
an early stage.

From CASNC Technology's perspective, the digitalization and virtualization of
machine tools is primarily based on an open software platform. In this context,
TwinCAT offers inherent advantages due to its integration in Visual Studio, the
robust compilation environment, and its own real-time operating kernel. In the

© iStock/Vitalii Pasichnyk
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project development and design phase, the ECAD tools can be integrated via
TwinCAT 3 XCAD Interface in order to import the data directly into the TwinCAT
PLC with ease. This reduces errors between hardware and software and
increases programming efficiency. TwinCAT 3 PLC Static Analysis can be used
to analyze the source code to minimize ambiguities and optimize its usability.
TwinCAT 3 PLC Profiler enables the runtime behavior of PLC projects to be
analyzed in order to identify time-intensive calls and program segments for
subsequent code optimizations. In addition, TwinCAT 3 Realtime Monitor
ensures precise diagnostics and optimization of the temporal behavior of
the controller. The tool analyzes the execution sequence and priority of the
code during the operation of multi-core or multitasking programs. TwinCAT 3
Scope View can also be used to collect data with precise timestamps to form
XY, YT, or even XYZ diagrams in TwinCAT 3 Vision, which, among other things,
enriches debugging methods and enables event-driven recordings.

With TwinCAT 3 EtherCAT Simulation, virtual debugging is achieved without
the need for real hardware. This not only supports basic PDOs, but also of-
fers corresponding functions for CoE, SoE, AoE, and even distributed clocks.
Errors can also be simulated in order to
test the corresponding mechanisms and

machine tool applications. The diverse, sophisticated path planning in this
area places high demands on the computing power of the controllers. In
addition, further performance is required for digital simulation, virtual oper-
ations, and extensive data acquisition as a basis for data analysis, predictive
maintenance, and life cycle tracking of machine tools.

For the control core, CASNC Technology has opted for the C6030 ultra-com-
pact Industrial PC, which is equipped with an Intel® Core™ i5 processor.
TwinCAT allows its high multi-core computing power to be fully utilized.
Based on CASNC Technology’s experience, this leads to faster processing
times for the controller and shorter control cycles for the servo axes, which
has further increased control accuracy. In combination with the EtherCAT XFC
terminals from Beckhoff, precise control can be achieved through multi-time-
stamps independent of the task cycle.

The EtherCAT master interface of the C6030 provides a simple connection
to the dynamic and cost-effective EtherCAT servo drives. EtherCAT also
offers topology freedom: Linear networks can be set up with EtherCAT Cou-
plers such as EK1100 and EK1110 and star
topologies using EtherCAT junctions such

codes. TwinCAT 3 Interface for Inventor®
provides an interactive connection between
TwinCAT and 3D CAD systems for simple
3D simulation of models. TwinCAT 3 Target
for Simulink®, for MATLAB®, for Embedded
Coder®, and for MATLAB® and Simulink®
enable model-in-the-loop (MIL), HIL, and
software-in-the-loop (SIL) simulations.

Mit TwinCAT 3 Interface for
Inventor® provides an interactive
connection between TwinCAT
and 3D CAD systems for simple
3D simulation of models.

as EK1122. In connection with the EL3351
analog EtherCAT input terminal, a flexible
static and dynamic weighing function and
strain measurement can be implemented.
With the EL3632 analog input terminal,
IEPE vibration sensors can be connected
directly, and a current source of 2 to 8 mA
can be integrated without the need for an
additional converter. The data obtained can

In this cooperation project, CASNC Technol-
ogy used TwinCAT 3 Target for FMI to export
the machine tool axis models generated by
the MapSim software to TwinCAT 3 for execution in real time. The models
record the initial positions from the Beckhoff interpolation algorithm, which
converts the position signals internally into current and voltage signals. By
simulating the inertia and other factors of the actual hardware load, the al-
gorithm recalculates the actual speed and position that the axis can achieve.
This position is then sent to another host software for simulation and display
of the actual motor position. Fast communication is facilitated by ADS and the
correspondingly low latency in the millisecond range. According to CASNC
Technology, this approach allows MIL and HIL simulations to be realized in
an optimum manner and used as an implementation basis for digital twins
via third-party tools. In addition, vibration sensors are included in new proj-
ects in order to carry out predictive maintenance and life cycle management
using the sensor data and algorithms developed in-house.

Powerful and EtherCAT-based hardware

CASNC Technology not only relies on the integration and openness of
PC-based control for the digitalization and virtualization of its machine
tools: The powerful, flexible Beckhoff hardware, which benefits from the IT
environment, is also used to implement new technologies and functions in

be evaluated in TwinCAT 3 with the vibration
analysis library for frequency range, time
range, envelope diagrams, etc. or — owing
to the system openness — also via customer-specific algorithms or standard
analysis libraries from third-party providers. Analog temperature measure-
ment terminals such as EL3204 and EL3314 can directly access information
on resistance and thermoelectric voltages and convert this into precise
temperature information using integrated characteristic curves, which also
supports the predictive maintenance of machine tools, according to CASNC
Technology.

Further advantages for CASNC Technology are the extensive range of EtherCAT
hardware and the powerful, simple, and flexible EtherCAT fault diagnosis and
localization. Added to this is the openness of the PC- and Windows-based
Beckhoff control technology, which enables seamless interaction with high-
er-level planning systems. By using sockets, web servers, FTP, SMTP, etc. to
integrate numerous IT concepts into the automation technology, the systems
are also freely expandable and easy to develop further.

Dynamic and precise servo drive technology
Machine tools place high demands on the accuracy and speed of axis
movements in particular. The position, speed, and current control loops of

AW

The C6030 uItra-corrﬂ)act Industrial PC forms the powerful control

core of CASNC Technology’s machine tools.

Test setup for machine tool control

© CASNC Technology
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the AX5000 servo drive from Beckhoff can achieve a cycle time of 62.5 ms.
According to CASNC Technology, this is sufficient to meet the requirements
of the control algorithms. Regardless of whether it is a 1-channel or 2-chan-
nel version of the drive, each channel is equipped with up to two feedback
signals. By selecting the AX5805 TwinSAFE drive option card, various safe
stopping methods can be implemented, such as SLS, SSR, and STO. For ap-
plication scenarios with higher synchronization requirements for stops, this
can be implemented in connection with the gantry function of the AX5000.

Both internal and external brakes are supported for vertical axes; corre-
sponding parameter settings for counterbalance systems are provided.
A PID parameter autotuning function can also be used. TwinCAT 3 Bode
Plot is suitable for analyzing the overall system and can be used to identify
resonance points and apply suitable filters by means of slight, controllable
oscillations. This approach enables the stability of the system to be improved,
the rigidity to be increased, subsequent faults to be reduced, and the service
life to be extended.

The AX8000 multi-axis servo system, which mainly consists of a power supply
module and several axis modules — or alternatively a combined power sup-
ply and axis module — is also suitable for controlling the Beckhoff AM8000
servomotors. There is also a capacitor module to support the DC link and
the AX8820 universal regenerative unit for feeding regenerative energy back
into the supply grid. AX8000 not only makes it easier to save energy, but also
increases the efficiency of servo axis movements, decreases overall power
consumption, lowers the cost of braking resistors, reduces the temperature
rise in the control cabinet, and minimizes its magnitude.

The trend toward control cabinet-free automation can also be implemented
with PC-based control from Beckhoff: firstly, with the MX-System as a plug-
gable system solution to completely replace control cabinets and, secondly,
with the AMP8000 distributed servo drive system consisting of distributed
servo drives as well as supply, distribution, and coupling modules. The latter
can replace the servo drive technology in the control cabinet, saving a sig-
nificant amount of space.

More information:

http://casnc.com.cn
www.beckhoff.com/machine-tools
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Dynamic control of industrial solar plants and energy storage systems

Scalable energy supply
without system limits

Spanish Group Power Electronics has demonstrated its comprehensive expertise in sustainable energy supply
in over 3,000 solar and energy storage projects with a total installed capacity of 120 GW. To control its
modular systems, the company relies on open, high-performance Beckhoff control technology: powerful embedded
PCs combined with TwinCAT enable flexible scaling and dynamic load changes of 330 MW within 110 ms.

Based in Lliria near Valencia, Power Electronics specializes in inverters for utility
and battery storage systems and is a leading manufacturer of solar inverters
for photovoltaic systems around the world. Founded in 1987, the company is
represented in 36 countries and has implemented more than 3,000 solar and
energy storage projects with 120 GW of installed capacity (AC), preventing the
release of almost 120 million tons of CO.. In addition to the production of solar,
battery, and hybrid inverters, Power Electronics also supplies its own control
system for plants — with the battery controller interface (BCI) and power plant
controller (PPC) as core elements.

A plant consists of many individual power blocks with solar and/or battery
modules, each of which is monitored and controlled by a BCI that uses PC-
based control. A power block contains an inverter for the solar modules and
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— if battery storage is also used — a DC/DC converter. The inverter converts the
direct voltage of the solar modules into alternating voltage to supply either the
grid or the batteries bidirectionally, depending on demand. The central PPC is
responsible for the higher-level control and coordination of all power blocks in
a plant according to the grid operator’s requirements.

Higher economic efficiency through dynamic control

With its decades of expertise, the company complies with the demanding ener-
gy supplier regulations which vary across the globe and, among other things,
define how plants need to behave in order to ensure the stability of energy grids
during certain events. “If a plant also meets even stricter requirements in terms
of response times, it can provide what are known as support services,” says
David Dohén, Applications Engineering Manager at Power Electronics, empha-
sizing the importance of high-performance control technology. The advantage
for the operators is that they can sell the energy fed into the grid at a higher
price point. “Initially, we were able to switch our systems from consuming
150 MW of power to delivering 180 MW in 130 ms, for example. Now we can do
thatin as little as 110 ms,” adds Agustin Cano, Team Leader Control Systems at

CX2033 Embedded PCs with AMD Ryzen™ processors are used for the power plant

controllers (PPC) and the individual power blocks are controlled via TwinCAT and ADS.

Power Electronics. Extremely short switching times like these require a fast and
sophisticated automation system, which Power Electronics implements using
hardware and software from Beckhoff. It can thus control all three power block
variants: solar, battery, and hybrid.

The challenge of hybrid power blocks

“The most sophisticated scenario arises when the inverter of a BCl manages
both solar modules and batteries at the same time,” describes Hector Ortega,
Team Leader Software at Power Electronics. These hybrid power blocks then
function as small autonomous solar plants and must essentially manage them-
selves to maintain an energy balance.

Power Electronics uses Beckhoff CX series Embedded PCs with TwinCAT 3 PLC
(TC1200) to control the various battery controller interfaces. “Depending on
the configuration of a power block, a CX5120 or CX5240 Embedded PC with an
Intel Atom® processor is used, for example,” explains Javier Menchén, Technical
Support at Beckhoff Spain. The BCls communicate with the inverters, batteries,
and other components via Modbus TCP and execute sophisticated control algo-
rithms with very short cycle times.

Agustin Cano,
Team Leader Control Systems,

Power Electronics

“ The TwinCAT real-time task
management is essential for
ensuring the short response
times of the solar plants and
battery storage systems.*

TwinCAT 3 PLC HMI Web (TF1810) is also installed as a visualization system on
the embedded PCs of the controls. This enables service personnel to access
the parameters of the connected devices directly on site or remotely via a web
interface.

Future functional enhancements and software optimizations are expected to
require additional computing power. In this case, performance can easily be
adjusted by switching to an CX5330 Embedded PC with two CPU cores. Miquel
Coca, sales at Beckhoff Spain, comments: “Beckhoff regularly expands its port-
folio of industrial PCs and embedded PCs with more powerful variants, while
at the same time ensuring the long-term availability and easy scalability of its
control computers.”

Battery storage as a dynamic control reserve

The PPC monitors and controls multiple BCls and is responsible for coordinat-
ing all power blocks in a plant as a key element. Here, Power Electronics relies
on a CX2033 Embedded PC with an AMD Ryzen™ processor. “In one project,
we have already coordinated 160 BCls with the embedded PC and have not
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In its solar and battery storage projects, Power Electronics benefits from the openness and broad scalability of Beckhoff’s

control hardware and software, and uses CX5120 Embedded PCs, for example, for the battery controller interfaces.

yet come close to its power reserve,” says David Dobon. The PPC records and
processes the information from each BCI via the ADS communication protocol
and provides them with the operating setpoints. “ADS is very fast, is flexible,
and enables communication via the plant's Ethernet network,” emphasizes
Miquel Coca. Expansions are also planned for the PCC software, with a CXx2043
Embedded PC featuring four CPU cores set to be used in future.

Openness facilitates system integration

“The use of a control PC with an open operating system enables the integra-
tion of .Net code, which is a major advantage for us,” says Hector Ortega,
highlighting an important feature of PC-based Control from Beckhoff. Power
Electronics was thus able to implement the DNP3 telecontrol protocol used by
many energy suppliers for communication between the higher-level SCADA
system and the substations. In addition, .Net is used to manage the databases
and develop the visualization.

“The TwinCAT real-time task management, together with the powerful em-
bedded PCs, is essential for ensuring the short response times of the solar

plants and battery storage systems,” emphasizes Agustin Cano. What's more,
the diagnostic tools provided by TwinCAT are extremely helpful for monitoring
the execution time of each task across all cores and cycles. The compatibility of
the hardware and software was another criterion for choosing Beckhoff as a
supplier. Cooperation between the teams at Power Electronics and Beckhoff in
clarifying technical issues was quick, smooth, and efficient to boot.

More information:

www.beckhoff.com/electrical-power-distribution
www.beckhoff.com/embedded-pc
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The Industrie 4.0 System

Industrial Ethernet Done Right.

EtherCAT: It's

Well-attended EtherCAT
Technology Seminar in Beljing

Numerous trade visitors from the automation and electronics industry
recently attended the EtherCAT Technology Seminar in Beijing, which was
organized by the EtherCAT Technology Group in cooperation with Beckhoff.
The all-day event offered a varied program covering the latest developments
in EtherCAT technology and its successful application in various industries.

syl %

Looking forward to the joint work on the interoperability of EtherCAT devices at EtherCAT Plug Fest

—

i

In several specialist presentations, participants

Successful EtherCAT Plug Fest at the
Beckhoff Silicon Valley Technical Center

The EtherCAT Technology Group (ETG) has hosted another successful EtherCAT

Plug Fest — this time at Beckhoff’s Silicon Valley Technical Center in California.

Numerous developers came together to test their devices in a practical environment

and verify the interoperability of their EtherCAT products.

Focused work and extensive sharing of experience

A Plug Fest is a practice-oriented developer
meeting at which manufacturers network their
EtherCAT devices — both MainDevices (con-
trollers) and SubDevices (e.g., /0 modules
or drives) — and operate them in realistic test
setups. The aim is to ensure smooth interaction
between the different implementations. The
Plug Fests therefore make a key contribution to
interoperability within the EtherCAT ecosystem.

The event was accompanied and supported by
EtherCAT experts from Beckhoff Germany and

USA, who were on hand to provide advice and
assistance to the participants. An important
part of every Plug Fest is the testing of SubDe-
vices with the official EtherCAT Conformance
Test Tool (CTT) from the ETG. This ensures that
all devices meet the high EtherCAT quality and
compatibility requirements.

In addition to the technical tests, the partici-
pants particularly appreciate the opportunity
to share experiences directly with each other
and with the ETG experts. Many companies
regularly take part in Plug Fests — not because
their devices would not be compatible if they
didn't, but because they always come across
new devices and developers at the events. This
allows potential interoperability problems to
be identified and resolved in advance, before
they occur in the field.

The atmosphere during the Plug Fest was
relaxed but focused, as is usually the case
at these events. The size of such meetings
is usually only limited by the capacity of the
event spaces. Particularly noteworthy at this

Plug Fest was the unusually high number of
controller manufacturers, i.e., MainDevice par-
ticipants. This underlines both the openness
of EtherCAT technology and its outstanding
market position.

While EtherCAT was originally developed by
Beckhoff, Beckhoff is still actively involved
in the ETG and supports the global EtherCAT
community and the open EtherCAT ecosystem.
In doing so, the company promotes technology
to ensure the best possible compatibility and
innovative strength.

The EtherCAT Technology Group organizes four
to five Plug Fests worldwide every year — usu-
ally two in Europe, one in America, and two in
Asia. In addition, there is a specialized Plug Fest
on Safety over EtherCAT, which deals exclusive-
ly with safety-related implementations.

}

ElherCAR

gained a comprehensive overview of the tech-
nical features and market trends of EtherCAT,
success stories from the semiconductor in-
dustry, and the possible applications of open
PC-based control systems in high-tech indus-
tries. Beckhoff applications in the new energy
industry were also showcased.

In the afternoon, the focus was on practice-ori-
ented topics, including diagnostic functions,
network planning, and system integration with
EtherCAT, as well as the presentation of the
wide range of 1/0 products and PC-based
control architectures from Beckhoff. During the
breaks, participants took the opportunity to at-
tend demonstrations and technical discussions
with the experts on site.

The huge interest in the event underlines the
strong presence and growing importance of
EtherCAT in China, especially in dynamic in-
dustries such as the semiconductor and new
energy sectors. Beckhoff supports the local
industry with its open, high-performance auto-
mation technology.

More information:

www.ethercat.org

Above: A full house at the EtherCAT Technology Seminar in Beijing

Bottom: Huge interest, a close look, and in-depth technical discussions




K@gwnt rol

More about Beckhof

EligdE  EEgE gl ELEEE
h. ] | . ¥ | "|_ -_|
E':{'E:; ? : -L : -.;: '..'IE-JE: f(—Erl ;

Company Global Events & dates Products Industries
presence



