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Executive summary

The industry is aligning behind a single communications
protocol, benefiting all areas of manufacturing, from
electrical and production to quality control and shipping.

Professionals in the industrial sector should consider 10-
Link despite existing innovations. IO-Link is a standardized
communication system that connects intelligent sensors
and actuators to automation systems, enabling bidirectional
data exchange and advanced diagnostics.

|IO-Link transforms any IO-Link-enabled sensor or actuator
into a “smart device” by connecting it to an IO-Link

master for communication and data sharing. It supports
Industry 4.0 and the Industrial Internet of Things (lloT),
complementing other network protocols.

Connecting sensors and devices to an Ethernet network is
possible but requires specialized skills and significant funds.
Ethernet interfaces also do not fit into the smallest sensors
due to space and cost constraints.

While already popular in Europe, I0-Link is emerging

in North America. Industrial plants aiming to enhance
performance, reduce downtime and improve maintenance
should explore I0-Link. This protocol also helps streamline
operations and stay ahead of the competition.
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The value of data in today’s industrial world

Industrial environments are generating more data than ever
before. Whether it’s production volume, downtime or serial
numbers, this information provides unique insights into
processes and productivity.

Today, data is the lifeblood of modern manufacturing
environments. It’s actionable data that offers knowledge,
insight and intelligence, enabling informed decisions backed
by proof.

Many plants already use data for tracking purposes, but this
data can be leveraged for much more: expanding go-to-
market strategies, streamlining maintenance and operations,
improving uptime and increasing yield. The key is finding an
easy way to collect, analyze and display your facility’s data.

Using plug-and-play smart sensors powered by the
standardized IO-Link protocol can help you fully utilize the
data your plant generates.

Historical challenges of device
communication in industrial environments

In the past, every new I/O system had its own connectors
and shells. Deploying these systems required understanding
specific fieldbus protocols, such as DeviceNet and
PROFIBUS. It also involved selecting the correct media,
including different shielded cables and input cards.

Setting up I/O systems was cumbersome and made

it difficult to use solutions from different vendors.
Manufacturers preferred their own I/O system protocols,
preventing interoperability between devices.

To address these challenges, the industry integrated
fieldbus interfaces into sensors and actuators. Although
effective in some cases, this approach was costly

and complicated by the miniaturization of robots and
equipment. Smaller sensors couldn’t accommodate
fieldbus interfaces due to space limitations and cost
concerns.

As equipment became more complex, the need for
advanced data monitoring grew. Industrial environments
required actual values like temperatures, pressure readings
and airflow, beyond basic binary capabilities.

|O-Link technology emerged as a solution to these
challenges. Launched in 2009 with 41 member companies,
|O-Link now has hundreds of manufacturers committed to
using the protocol, revolutionizing device communication in
industrial environments.

I0-Link: offering efficient communication
and integration capabilities

When I0-Link launched, it was unlike anything the industry
had seen. It is not a fieldbus, but |O-Link devices can be
easily integrated via a simple point-to-point communication
protocol in all common fieldbus environments and
automation systems.

|O-Link connects automation devices in a unique way. It uses
a simple, serial, bi-directional point-to-point connection for
signal transmission and energy supply across any networks.
This includes fieldbuses and backplane buses. Sensors

and actuators can communicate information to systems.
This information includes status, events and configuration
parameters.

For comparison, USB is another common point-to-point
communication protocol in the enterprise world. It connects
computer accessories like monitors, mice and keyboards to
your computer.
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As a standardized interface (IEC 61131-9) based on a digital
protocol, IO-Link works in the smallest devices from any
manufacturer worldwide. Created for sensor-level use, |O-
Link typically relies on standard M12 or M8 connectors and
three-wire cables to make sensors “smart.” It communicates
data for up to 32 bytes of process data, including
parameters like temperature, humidity and color, translating
them into actual values. Instead of indicating whether a
temperature level is “high” or “low,” smart sensors using 10-
Link can transmit precise temperature readings.

An 10-Link system consists of an |O-Link device (sensor or
actuator) and an IO-Link master. Each device connects to

a physical port on the master. The I0-Link master acts as a
converter, translating the 10-Link “message” into a fieldbus
message (Ethernet message). It controls communication
with devices and links to networks like EtherNet/IP or
PROFINET to share information with the control system.
Data is transmitted from the IO-Link master via a high-
level fieldbus communications protocol to a Programmable
Logic Controller (PLC) or computer. In the USB example, the
mouse, monitor or keyboard would be the |IO-Link device,
and the computer would be the IO-Link master.

In many industrial environments, I0-Link-enabled devices
are already in place but behave like traditional sensors
because they are not connected to an IO-Link master. To
determine if your sensors and actuators are IO-Link enabled,
look for the I0-Link symbol: a black and white double
arrowhead, commonly printed on products or listed in the
product manual.

Connecting the 10-Link device to the IO-Link master

is where the magic happens. This connection supports
advanced diagnostics, automatic device configuration
and more, helping you evaluate performance and improve
uptime.

10-Link communication supports three
data types

1. Bold and blue information from the I0-Link device which
is transmitted cyclically to the IO-Link master—such as a
distance reading measured by a laser.

2. Bold and blue information about the sensor, including
parameter values, model/serial numbers, device
descriptions, etc. which are transmitted cyclically.

Bold and blue notifications—including errors, alerts and
maintenance warnings—about a device, such as a dirty

lens, a broken or blocked sensor, temperature overload,
short circuit, etc.
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Maximizing efficiency with 10-Link Hubs

To utilize the IO-Link protocol, sensors must be 10-Link
enabled. But what if your plant uses standard sensors
without an I0-Link interface? This may be the case if
complex diagnostic information isn’t needed or if your
sensors are older.

In such scenarios, I0-Link Hubs offer a solution. They can
connect up to 16 binary switching sensors or actuators
that deliver high/low signals. These signals are collected
and transmitted via IO-Link in one cable to any 10-Link
master. The I0-Link master then transmits both |O-Link
and standard I/O signals via a fieldbus protocol to your
PLC, providing a cost-effective method for efficient signal
collection and transmission.

Ideal applications and limitations of IO-Link

|O-Link can be integrated into virtually any fieldbus or
automation system where sensors and actuators are
used, making it ideal for factory and logistics automation
environments. It is currently deployed in various industrial
applications, such as:

»  Assembly line automation for simplified product
changeovers and fast installation

« Intralogistics for collision protection in overhead-
conveyor applications

« Machine tools for automatic sensor parameter settings,
such as pressures, temperatures and airflow, to support
fast setup. This reduces human error and simplifies
sensor replacement.

« Packaging to validate machine processes

However, IO-Link is not suitable for every type of sensor

or actuator. The protocol can transmit up to 32 bytes

of process data per cycle, but it is not designed for
transmitting large amounts of data, such as those generated
by cameras or large scanners.

For simple, standalone applications that do not involve
automation, |O-Link may not offer significant benefits. With
a typical cycle time of about 2.3 milliseconds (ms), it is fast
enough for most factory automation environments but may
not be ideal for high-speed applications. If your current
network speed operates with a cycle time of 10 ms or more,
IO-Link is likely a good fit. Additionally, the cable connecting
the 10-Link device and I0-Link master must be 20 meters or
shorter to ensure transmission rates.
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Unlocking the full potential of 10-Link

The benefits of I0-Link span various industrial environments, saving time and money for machine builders, operators,
engineers and plant managers. Here are key ways IO-Link adds value to the production floor:

Data storage

|O-Link stores parameters that impact sensor or actuator functions. When a device
connects to the IO-Link system, the correct parameters are automatically uploaded,
making sensor replacement quick and easy without manual intervention. Device
configurations can be stored in the master and transferred directly to new components,
reducing downtime.

Remote configuration and real-time monitoring

Device and sensor parameters can be changed remotely, saving time during product
changeovers and making it easier to reconfigure devices in hard-to-reach locations.
Sensor outputs and status alerts can be monitored in real time to quickly identify and
resolve problems before they cause downtime.

Diagnostic capabilities for predictive maintenance

Smart sensors with |O-Link can communicate their status, alerting you if a sensor
needs replacement, maintenance or has an error. This optimizes machine maintenance
schedules and allows for diagnosing problems without shutting down the entire line or
equipment.
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Machine availability

|O-Link enables rapid, error-free information exchange,
reducing the time needed to start or restart production.
It automatically updates sensor parameters, eliminating
manual intervention and minimizing human error.

Cost savings

|O-Link reduces system costs by using a cost-effective
communication interface instead of Ethernet. It simplifies
wiring with unshielded cables and eliminates the need for
analog cards. It also reduces the number of cables you need
to purchase and stock.

Visibility into the plant floor

|O-Link provides real-time diagnostic information,
pinpointing sensor issues and their exact locations.
This insight allows for quick decision-making to reduce
downtime.

Vendor Independency

|O-Link’s vendor-independent technology ensures
compatibility with any industrial fieldbus environment,
offering versatile device integration.

Nuts & bolts of an I0-Link system

Streamlined power and connection: IO-Link devices
connect to I0-Link Masters using unshielded, standard
cables up to 20 meters long. This setup ensures noise
immunity and digitizes analog signals without conversion
losses.

Quick and cost-effective connections: Utilizes
standardized, low-cost M12 or M8 connectors for faster
connections, adhering to IEC 60947-5-2 specifications.

Versatile port classes: |O-Link master ports come in two
classes: Class A and Class B. Class A ports use M12 or M8
connectors with four pins, while Class B ports use M12
connectors with five pins. Pins 1 and 3 provide 24V DC
power and Pin 4 handles IO-Link signal transmission. Class
B ports also use Pins 2 and 5 for additional power supply to
larger devices like valves.

Flexible configuration options: Many |O-Link Masters offer
configuration options for Pin 4 to support digital inputs

(D), digital outputs (DO) and backward compatibility with
proximity sensors or electrical switches. This flexibility
enhances system integration and functionality.
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Simplified 10-Link installation

Effortless integration: If your plant already uses a PLC
controller, setting up 10-Link is straightforward. Within
minutes, you can integrate an 10-Link sensor via an 10-Link
Master into your PLC environment.

Minimal programming required: No complex programming
is needed for protocol setup or maintenance. Basic data
mapping gives meaning to the data sent to the controller,
often facilitated by built-in function blocks or add-on
instructions.

Gradual deployment: |IO-Link can be implemented
gradually, allowing you to start with existing |O-Link enabled
sensors and actuators. This approach lets you experience
the protocol and plan further integration as time and
budgets permit.

Partnering with Belden: your IO-Link expert

Innovative solutions: Belden’s new LioN-X® family, building
on the successful LioN-Power product line, offers unique
features such as OPC UA communication protocol support,
ACHILLES-certified security and up to 2 A current output
per port.

Seamless integration: Adjust the |IO-Link Master to fieldbus
protocol for fast, reliable and efficient data transmission to
your PLC environment.

Advanced communication: Enable cloud communication
with OPC UA, MQTT, CoAP and REST API protocols.

Efficient parameterization: Use the LioN-Management
Suite and embedded IODD interpreter to parameterize 10-
Link devices.

Proactive diagnostics: Evaluate diagnostic data from
sensors and actuators to prevent failures.

Versatile application: LioN-X IO-Link masters are flexible,
reliable and secure solutions for collecting, converting
and transmitting critical data in automated production
environments. They are suitable for various factory and
logistics automation settings.

Cost-effective options: The LioN-X family includes
LioN-X and LioN-Xlight®, a budget-friendly alternative
equipped with essential features for applications that
may not require full security options. Solutions can be
customized for any environment.

Conclusion

PwC’s 2024 report highlights the exponential growth
of machine-generated data. It emphasizes the need for
effective data management strategies, noting:

«  44% of companies report challenges with transparency
on performance

«  37% of companies indicate a lack of process control in
production

«  80% of manufacturing data created in the last two years
has not been used to its full potential

Belden’s LioN-X® family of I0-Link masters provides
advanced features for efficient data collection, conversion
and transmission. These solutions support various
communication protocols, real-time diagnostics and flexible
integration, making them ideal for handling large volumes of
OT data in automated production environments.

Connecting IO-Link-enabled sensors and actuators to

an 10-Link master transforms them into “smart sensors,”
facilitating communication and data sharing. This prepares
operations for the next generation of machines, data and
technologies such as Industry 4.0 and lloT. Notably, this
transition can be implemented at individual pace, utilizing
existing sensors and devices.

By enabling the collection, analysis and display of valuable
data within a plant, I0-Link enhances operational efficiency,
expands go-to-market strategies, streamlines maintenance,
boosts uptime and increases yield.

1Marr, Bernard. “How Much Data Do We Create Every Day? The Mind-Blowing Stats Everyone Should Read.” Forbes, Forbes Magazine, 5 Sept. 2019, https://www.pwc.be/en/news-publications/archive/achieving-bet

ter-digital-organisation-through-IT-OT-convergence.html
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About Belden

Belden Inc. delivers complete connection solutions

that unlock untold possibilities for our customers,

their customers and the world. We advance ideas and For more information, visit us at:
technologies that enable a safer, smarter and more
prosperous future. Throughout our 120+ year history we
have evolved as a company, but our purpose remains -
making connections. By connecting people, information
and ideas, we make it possible. We are headquartered

in St. Louis and have manufacturing capabilities in
North America, Europe, Asia and Africa.
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