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With over 50 years of sensor experience, Balluff is a leading global 

sensor specialist with its own line of connectivity products for every 

area of factory automation. Balluff is based in Germany and has a 

tight international network of 54 representatives and subsidiaries. 

Balluff stands for comprehensive systems from a single source, 

continuous innovation, state-of-the-art technology, highest quality, 

and greatest reliability. That's not all: Balluff also stands for excep-

tional customer orientation, customized solutions, fast worldwide 

service, and outstanding consultation services. 

We Speak IO-Link
Whether object detecting sensors, state-of-the-art position mea-

surement technology, innovative RFID technology or new solutions 

for industrial communication, Balluff masters the entire technological 

spectrum with different effective principles and provides innovative 

technology of the highest quality. 
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Communication 
from Start to Finish
IO-Link increases effi ciency

What is IO-Link?

IO-Link is the fi rst worldwide standardized IO technology 

(IEC 61131-9) for communicating from the controller to the lowest 

level of automation. The interface can be used universally and is a 

fi eldbus-independent point-to-point connection that operates using 

an unshielded industrial cable. 

What does IO-Link provide?

IO-Link transmits all sensor signals to the controller and, conversely, 

relays control data to the sensor/actuator level. 

With revolutionary results.

This is how IO-Link integrates every sensor into the fi eldbus level. 

And IO-Link enables comprehensive ongoing diagnostics and auto-

mated confi guration of parameters for IO-Link devices via the con-

troller. Even with all these capabilities, IO-Link is quite easy to install: 

one unshielded three-core cable is enough for integrating sensors 

and actuators. This cable can be up to 20 m long. 

The connection has been standardized with M5, M8 and M12 plugs.

IO-Link simplifi es the entire network topology. An IO-Link master is 

used with any fi eldbus connection to connect IO-Link sensors/actua-

tors or IO-Link sensor hubs. This master has multiple IO-Link ports 

so that it can bundle data from various devices and reduce the num-

ber of devices. This stems from the fact that IO-Link sensor hubs 

are capable of incorporating and relaying switch signals from up to 

16 binary sensors. If these hubs are connected to an 8-fold IO-Link 

master, then data from up to 136 sensors is transmitted.

Each port on the IO-Link master can optionally be operated in 

switching mode (SIO mode for processing binary signals) or in IO 

communication mode, thus processing information from all of the 

sensors.

The IO-Link master transmits large volumes of data in almost no 

time in the process. By default, up to 32 bytes of process data are 

available per cycle. It takes just 400 μs to exchange 2 bytes of pro-

cess data and 1 byte of demand data between the IO-Link master 

and the device at a speed of 230 kbaud.
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IO-Link is all you need to make automation even more high-perfor-

mance. This is because IO-Link provides substantial optimization and 

cost reduction potential for the overall production. 

The uniform, simple wiring, continuous diagnostics, and central con-

fi guration via the controller consequently provide an all-encompassing 

effect. And they do this in entirely different ways.

More Effi ciency, Lower Costs 
IO-Link saves time and money in overall production



7www.balluff.com

Simplifi cation of installation 

A standard three-core cable typical for industrial applications is suf-

fi cient for IO-Link. Even for complex devices. This lets the uniform 

standard interface be integrated quickly and easily into the fi eldbus 

world. Digital communication ensures security against interference, 

even without expensive shielded wiring.

Our IO-Link sensor hubs integrate standard sensors into the fi eldbus 

level in the simplest and most cost-effective way. This is because one 

hub can relay the signals from up to 16 binary sensors. Balluff IO-Link 

masters provide up to eight IO-Link ports. Eight different IO-Link devic-

es can be connected to the controller with just one module. And since 

the accessibility of the devices is no longer a concern with IO-Link, 

systems need signifi cantly fewer mechanical installations (hydraulic, 

pneumatic, electrical components).

Requirements-based maintenance 

Continuously receiving diagnostics data for the entire process ex-

tends the time between maintenance work since systems and ma-

chines have to be serviced much less frequently thanks to automatic 

readjustment via IO-Link. Even predictive error detection is possible 

now, because the complete set of process parameters is displayed 

in the controller from start to fi nish. 

More effi cient operation

Using IO-Link, sensors in the machine can be positioned in relation 

to the process directly at the location of action because the sensor's 

accessibility no longer plays a role. Process monitoring, confi guration 

and error analysis of the IO-Link devices now take place in the con-

troller. This makes machine processes time-optimized. Signal delays 

and distortions are eliminated reliably. Digital transmission of data 

also ensures high signal quality. 

Extensive applications requirements can be implemented easily us-

ing IO-Link. This is because standard binary and analog devices can 

be used at the same time as IO-Link sensors/actuators. Based en-

tirely on demand.

Highest machine availability

IO-Link enables quick, error-free sensor replacement and prompt 

commissioning. Downtimes are signifi cantly reduced since the pa-

rameters for a replaced IO-Link sensor are written to the new sensor 

automatically by the IO-Link master. Commissioning processes, for-

mat changes or recipe changes can be carried out centrally via the 

controller's functional components. This saves time and reduces the 

potential for errors to a minimum. 

IO-Link devices also help you prevent device mix-ups, since devices 

can be identifi ed automatically by IO-Link. 
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We Speak IO-Link 
In overall production

Balluff IO-Link ensures transparency throughout an automation 

system. In every area – whether it is logistics, service, production, 

assembly, testing or packaging. And for every individual application – 

whether it involves fl uids, identifi cation, position measurement or 

object detection. 

Balluff provides you with IO-Link for use in high-performance IO-Link 

sensors and the best IO-Link networking and connection equipment. 

All from a single source. This is because Balluff speaks the language 

of IO-Link for every area and effective principle, resulting in the appli-

cation of IO-Link advantages throughout a system: 

■ Easy to install

■ Requirements-based maintenance

■ More effi cient operation

■ Highest machine availability

Balluff offers comprehensive IO-Link solutions. Such as for 

■ Clamping distance and pressure monitoring systems in machining 

centers

■ Part tracking in overall production

■ Object detection during assembly

■ Gripper and workpiece changes 

■ Status displays at assembly, machining and testing centers

■ Part and fi ll level queries

■ Contactless data and energy transmission

This lets you fully utilize all of the possibilities of the digital 

communications standard.
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Pressure Monitoring 
in Production
IO-Link pressure sensors right 

where the action is

Achieving the best results on a machine like a lathe requires a reli-

able grip on the workpiece and the tool. Pressure sensors for moni-

toring clamping pressure are used to ensure this function. They are 

also ideally suited for monitoring process media such as coolants, 

lubricants, hydraulic fl uids and pneumatic components. 

IO-Link pressure sensors continuously relay their measured values 

and data to the controller and let it provide precise readjustment 

when necessary. IO-Link pressure sensors ensure the highest ma-

chine availability. Replacing sensors is possible with simple plug-

and-play, since the data from the replaced sensor is automatically 

taken from the IO-Link master.

A further benefi t

The parameters for IO-Link pressure sensors can be confi gured us-

ing the controller, meaning that they can be installed right where the 

action is, even at hard-to-reach locations. In the best position for 

measurements and perfectly matched to the machine design. This 

ensures quick and precise results. And it saves on costs, since com-

plex mechanical installations of hydraulic lines can be reduced to a 

minimum. 

Pressure sensorP
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Clamping Distance Monitoring 
in a Machining Center
Contactless position measurement with IO-Link

Designed for monitoring the position of drive spindles and clamping 

devices for tools and workpieces, the inductive positioning system 

BIP with IO-Link is perfect for confi ned installation conditions. The 

sensor exhibits a perfect ratio of effective length to overall length. 

And its calibrated measuring range makes it ideal for solutions in se-

ries production.

The inductive positioning system BIP with IO-Link uses an absolute 

measuring principle and transmits an additional out-of-range bit. This 

provides the controller with information telling it that the target has 

left the measuring range. This increases safety.

Thanks to its digital IO-Link signal, the positioning system BIP oper-

ates absolutely interference-free and does so with an unshielded ca-

ble. In addition, IO-Link saves you the need for an analog input card.

Can alternatively be used for 

clamping distance monitoring:

Inductive positioning system

BIP 14

PF IO-Link profi le for 

Micropulse transducer BTL6 

e.g. for a format change

Inducttiviv

BIP 1414

Inductive positioning system

BIP 40

IndInd

BIPBIP

Inductive IO-Link distance 

sensor BAW with M18 or 

in Z01 housing optimized for 

a tool spindle

Optical IO-Link distance sensor 

BOD for distance measurement

O

B

M

e.g

OptO
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Complete Identifi cation Solutions 
for Transfer Systems
IO-Link RFID simplifi es the integration of sensors 

and actuators

There is no real alternative to RFID when talking about the traceabil-

ity of parts in automation. This is due to the fact that self-controlled 

systems ensure process optimization. Balluff RFID BIS V represents 

fast data transmission, short cycle times and high data integrity in HF 

and LF applications. In such applications, the rugged evaluation unit 

with a fi eldbus interface ensures simple installation. This streamlines 

network structures, keeps costs low and saves time. 

BIS V has an integrated IO-Link master and four antenna channels 

that can be confi gured independently from each other and allow 

up to four read/write heads to be connected. A node for additional 

information is available with the IO-Link master port. Fieldbus-inde-

pendent IO-Link sensors or a hub can be connected directly – as 

in our example – to up to 16 binary sensors at the port. This allows 

I/O signals to be processed in the simplest fashion using any net-

work technology.

Identifi cation

BIS V
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RFID BIS M – reading and writing possible 

RFID BIS L – if data only needs to be read

Alternatively, IO-Link identifi cation systems can be used for smaller 

volumes of data and lower read/write speeds. They are as easy to 

use as connecting a sensor to the IO-Link master and operate with-

out an evaluation unit. This makes IO-Link the most cost-effective 

option for implementing RFID.



16

Position Monitoring 
in Assembly
Set up best with IO-Link

We can hardly imagine assembly without robotics. After all, they 

ensure the greatest number of cycles possible. IO-Link ultrasonic 

sensors are installed directly at the robot's vacuum gripper in order 

to detect the height of stacks of sheet metal. Thanks to small de-

signs with low weight, Balluff ultrasonic sensors BUS provide the 

best conditions for such tasks. In addition, BUS sensors can detect 

both the height of stacks and position of pieces of sheet metal. 

Furthermore, they work reliably in any environment and are not sen-

sitive to refl ections or dirt.

The sensor has multiple switching points that can be adjusted using 

teach-in, confi guration using function modules or manually using 

an engineering system. Digital transmission of data also ensures high 

signal quality.

Replacing sensors is possible with simple plug-and-play, since the 

IO-Link master is responsible for automatic data transmission.

Series positioning switch BNS 

for position sensing

Ultrasonic sensor BUSUltUltrara
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Diffuse sensor BOS 50K 

for object detection

Through-beam fork sensor BGL 

for part monitoring 

on a spiral conveyor

Color sensor BFS 26K – 

if differences in color 

are important
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Bidirectional Transmission of 
Data and Energy
Inductive couplers transmit IO-Link without contact

Balluff inductive couplers are a boon for robotics. This is because 

they contactlessly transmit data and energy simultaneously over an 

air gap, so that cable breakage is no longer an issue. Inductive cou-

plers ensure prompt gripper changing using IO-Link (see applica-

tion) and increase system availability, because their contactless data 

transmission ensures the exchange in almost no time with maximum 

fl exibility. And they are maintenance-free since there is no mechani-

cal wear.

The quickly separable units provide exceptional fl exibility for machine 

design. This allows components that have been diffi cult to access 

until now to simply be connected to IO-Link. This is due to the 

fact that all IO-Link-capable devices can now be connected to the 

IO-Link master and the controller fl exibly and contactlessly. 

Actuators, such as valve clusters, can be activated and sensor 

signals can be gathered simultaneously with the new bidirectional 

generation of inductive couplers. The bidirectional inductive 

couplers support complete IO-Link functionality, making it possible 

to confi gure parameters and run diagnostics for intelligent sensors 

without any contact.

Can be used as an 

alternative to gripper changing:

Unidirectional 

inductive couplers BIC 

in cubical and cylindrical

design

Bidirectional 

inductive couplers BIC

in cubical design

C

a
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Connection Technology 
with Minimal Effort 
IO-Link devices ensure simple installation 

and substantial handling fl exibility

Modern robot systems need a lot of sensors – particularly in a ro-

bot arm, but the arm should have the lowest mass possible for rea-

sons related to dynamics and energy consumption. Another diffi culty 

stems from the complex wiring of multi-pin cables. 

IO-Link provides the fi x. This stems from the fact that simple installa-

tion with a conventional industrial cable is an integral part of the digi-

tal communications standard. It ensures security against interference 

without shielded conductors, even for intelligent devices. Regardless 

of fi eldbus and up to 20 m away. 

From Profi bus and Profi net to CC-Link and DeviceNet all the way to 

Ethernet/IP and EtherCAT – Balluff IO-Link masters enable IO-Link in 

any controller. 

Balluff also makes the largest possible assortment of devices 

IO-Link-capable. Extremely complex tasks in robotics are not the 

only tasks that can be easily solved with this high degree of 

handling fl exibility. 
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For instance, the universal IO-Link interface integrates intelligent 

devices, such as the vision sensor BVS, into the controller. Similarly, 

standard analog sensors are integrated into the controller using our 

IO-Link analog adapters. 

A Balluff IO-Link sensor hub can bundle the signals from up to 

16 sensors or actuators. If these hubs are connected to our 8-fold 

IO-Link master, then a module can transmit up to 136 inputs/out-

puts. Available in plastic or metal, the low weight of our sensor hubs 

also give them plenty of appeal. They are available in IP 67 or IP 20.

Even actuators like valve clusters can be controlled via Balluff IO-Link 

by the master. To do so, the valve cluster is simply connected to 

the IO-Link master using a terminal connector. With full functionality 

using a standard cable.

Universal IO-Link interface

Alternative for analog sensors: 

IO-Link analog converter

Plastic or metal hub

8x IO-Link master

Valve terminal connectors
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Easily Visualizing 
Operating States
IO-Link SmartLight – the intelligent light 

for displaying machine states

For many testing and inspection procedures, visualizing operating 

states directly in the system means additional security. But conven-

tional lights only allow a few notifi cations since their display is heav-

ily restricted.

This is not the case for our IO-Link SmartLight. The LED signal tower 

light has an inexhaustible, individually defi nable color spectrum for all 

common physical variables. This opens up unimaginable possibili-

ties. 

For instance, its color scale can be used to represent machine states 

that range from important to critical. And it can even be used to eas-

ily read tendencies, patterns and trends of physical variables so that 

temperature states and fi ll levels of systems can be viewed.

Thanks to IO-Link, the light is incredibly easy to install and has up to 

20 separately controllable LED circuits. This means that simply con-

necting the sensor cable establishes full functionality. The controller 

is used for your programming. Different colors can be assigned with 

a few commands, without having to mechanically change the LED 

tower lights. Conversions can even be made during ongoing pro-

cesses.



23www.balluff.com 23www.balluff.com

SmartLight 

as a status indicator

IO-Link SmartLight – the intelligent lamp

■ The fi rst LED signal tower light with an IO-Link interface

■ Maximum fl exibility 

■ Very easy to program 

■ Extremely fast and easy to install 

■ Different colors can be easily assigned without having 

to mechanically change the LED tower lights

The SmartLight has three central function modes for displaying 

different warning and indicator signals, which are controlled by the 

process data and the SPDU index.

■ Segment mode: Display of different color signals in 

up to fi ve different segments

■ Level mode: Color gradient display for showing 

aspects such as levels or temperature values

■ Running light mode: Automatic running light with freely 

confi gurable foreground and background color
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IO-Link Services
Customized. According to your specifi cations. In the best quality.

IO-Link application consultation by our TecSupport

Discuss your technical requirements and take advantage of our 

expertise. Your own Balluff consultant is at your side throughout the 

process to ensure a solution for your task. 

Additional offer: We can test the application before installation if 

needed. 

Real-world examples

■ IO-Link concept as a cost-effective alternative 

to conventional wiring

■ Consulting for IO-Link topology 

■  Retrofi t concept with IO-Link

■ Continuous diagnostics thanks to IO-Link

Workshop on industrial networking with IO-Link: 

Manage signals intelligently and cost-effectively

In our workshop, you will receive well-founded manufacturer ex-

pertise. In small groups, you will learn the best ways to implement 

IO-Link for real-world applications. Along the way, you will get an 

overview of versatile potential uses and learn what kind of savings 

potential IO-Link has. The course also covers the functional principle 

and confi guration. 

Using practical exercises in teams of two, you will use a Siemens 

PLC to give yourself an idea of how simple using IO-Link is. Practical 

confi guration tasks tie in with your company-specifi c applications.

Contents at a glance

■ Foundations and functional principle of IO-Link on a Siemens S7 

with Profi bus/Profi net components

■ Step-by-step confi guration and parameterization of 

IO-Link hardware

■ Application examples

■ Practical exercises in teams of two
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Easily insertable connections and cost-effective three-wire lines in-

stead of multi-pin cables that require complex wiring, automatic

confi guration of sensors and actuators instead of manual input or 

just simply having a longer cable service life in a drag chain – these 

are the main arguments that make users decide in favor of IO-Link – 

despite how relatively young the technology is. 

Machine tools are ideally suited to IO-Link. They often contain more 

than ten fl uid sensors, i.e. pressure, fl ow and temperature sensors. 

Each of those usually has more than ten parameters. According-

ly, the effort required for manually confi guring the parameters using 

the sensors' local operating elements is just as substantial. This is 

true for both the machine builder during the machine's development 

phase and for the end user if a sensor needs replacement.

 

Confi guring parameters is a thing of ease for automatic lathe man-

ufacturer Index, which has been using IO-Link right from the start. 

First, the identifi cation data that each IO-Link device carries is read 

out using function modules. In step 2, the controller can use this 

identifi cation data to check whether the substituted device is permit-

ted at this location. Then, in step 3, the associated parameter set is 

read and then written to the device via IO-Link in step 4. The user 

only has to worry about mechanical replacement; everything else is 

quickly and reliably taken care of automatically by the controller. 

In special purpose machine manufacturing, however, separate soft-

ware development for this kind of parameter provision automation 

may be prohibitive due to the low number of units. A further refi ne-

ment of the IO-Link specifi cation is now providing integrated data 

storage and automatic parameter replication for this reason.

More time for what matters

An assembly system from SMR provides an appealing example of 

installation simplifi cation. The system uses full automation to install 

valves for white goods. A total of 22 4-channel IO-Link masters are 

connected to Profi bus. And 17 RFID readers, 19 valve clusters and 

28 sensor hubs are connected to those masters. Of note is the fact 

that entirely different tasks, such as reading in an RFID reader, con-

trolling a valve cluster and gathering binary sensor system informa-

tion are all taken care of in the same uniform way. The result is that, 

generally speaking, there are just two cable types in the system: Pro-

fi bus cables and standard sensor cables. All special cables, including 

those for the originally planned RS232C reader, have been banished 

from the system. The setup has saved on more than 500 individual 

wiring connections. "IO-Link eliminates complex parallel wiring and 

the incredible time requirements it entails," reports Christian Wüst, 

CEO at special purpose machine manufacturer SMR. He goes on to 

list the advantages during daily use. 

"IO-Link simply gives us more time to test the machine and to pre-

pare for fi nal acceptance."

A light touch for handling heavyweights

Dörries Scharmann Technologie headquartered in Mönchenglad-

bach, Germany also discovered IO-Link as a pioneering standard. 

The Heavyspeed 2 ram-type boring mill for medium to very heavy 

workpieces in mechanical and systems engineering weighs in with a 

total weight of about 200 tons. As part of the conversion of the elec-

trical and control concept, the agenda called for optimization of the 

installation concept in the Heavyspeed series. Today, three-wire lines 

are used to connect IO-Link masters to the IO-Link pressure sensors 

that are responsible for monitoring central lubrication and the hydro-

static pressure of the axes. 

The numerous, simple switching sensors and actuators for the sys-

tem are integrated into the IO-Link topology using sensor/actuator 

hubs also connected directly to the IO-Link masters. These kinds of 

sensor/actuator hubs are used on the Heavyspeed's tool magazine, 

Getting to the 
Goal Faster with IO-Link
Application report

IO-Link provides movement for the last few meters of automation. Using the intelligent 

communications standard, sensors can be connected to machines, packaging systems or change tools 

quickly and reliably. In addition, new automation concepts are possible.

Image: Dörries Scharmann Technologie
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for instance: Seven sensors and seven valves are connected per hub, 

each of which has its own power supply. All of the signals are trans-

mitted to the IO-Link master's slot on a hydrostatic unit about 20 

meters away via three-core standard lines, thereby making the sig-

nals available to the control level via Profi bus DP used by the system. 

"The most impressive example of the installation-related advantages 

of IO-Link comes from connected valve clusters. Each of the clus-

ters, connected by a simple three or fi ve-wire line, has up to 16 out-

puts," says Christian Nientimp, Head of Electrical Hardware at Dörries 

Scharmann Technologie GmbH (DST). Moreover, IO-Link is respon-

sible for making additional space free in the control cabinet, which is 

already crowded and moves together with the platform. A large por-

tion of the peripheral sensors and actuators that were bundled using 

bus modules with IP 20 degree of protection before are now directly 

connected via IO-Link masters in a signifi cantly more simple installa-

tion process in conjunction with sensor/actuator hubs with IP 67 de-

gree of protection. 

Standard connectors instead of tool-specifi c cable fabrication 

The Läpple pressing plant is taking advantage of IO-Link standard-

ization in another way. Pressing tools ready for substitution are 

equipped with sensors and actuators and connected with a cable by 

hand. The length of this cable and the number of signals is specifi c to 

the tool. An identifi cation code that identifi es the tool is generated us-

ing cable links. Damage to this cable during operation would result in 

two hours of downtime - the time required to fabricate a new cable. 

Now the tool has an IO-Link sensor/actuator hub that can be confi g-

ured for inputs and outputs as needed. As is typical for IO-Link, it can 

be connected to the controller with a standard sensor cable. While 

the old wiring using soldering from before had to be fabricated spe-

cifi c to a tool, today the IO-Link solution is ready to be plugged in at a 

moment's notice. IO-Link also provides an elegant solution for identi-

fying tools. Like every IO-Link device, the sensor/actuator hub con-

tains read and write-capable parameters. There is a special parame-

ter called the "application-specifi c tag". The company now writes the 

2-byte identifi cation code for the tool into this tag once during an of-

fl ine parameter confi guration operation using a USB IO-Link master.

Image: Comau

In the Smart Cell from Comau, an assembly cell for cylinder heads, two robot arms operate in alternating fashion. While one works on assembly, the other 

prepares for the next work step by substituting the required tool. The inductive IO-Link couplers transmit 12 W of power to the change tool; the data from the 

sensors is transmitted in the opposite direction.

Image: Dörries Scharmann Technologies

IO-Link components from three different manufacturers are used in the 

Heavyspeed 2 system, all of which work fl awlessly with each other.

Outlook

IO-Link still has a lot of unused potential. For instance, the new com-

munications standard does not just represent a time-saving, lean 

wiring solution, but a solution for simplifi ed confi guration and diag-

nostics concepts as well. In particular, if a large number of IO-Link 

sensors and actuators are present in a system, then their parameters 

can be confi gured using software from a centralized location, there-

by saving an abundance of time. Moreover, IO-Link provides a view 

of the process level, resulting in new, in-depth diagnostics concepts 

and new options for remote maintenance.
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