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Introduction  

Digitisation in industrial production 

calls for stronger networking and 

smarter information at all levels of 

production. With fischertechnik 

Training Factory Industry 4.04.0, 

these digitisation activities can be 

simulated, learned and applied on a 

small scale before they are 

implemented on a large scale.  

A highly flexible, modular, inexpensive and robust training and simulation model 

which is extremely easy to use. 

 
The fischertechnik learning environment can be used to learn about and 

comprehend Industry 4.0 applications in vocational school and training 

applications, and can also be used for research, teaching and development at 

universities in companies and in IT departments. The simulation depicts the 

ordering process, the production process and the delivery process in digitised 

and networked process steps. 

 

It consists of factory modules like storage and retrieval stations, vacuum 

suction grippers, high-bay warehouse, multi-processing station with kiln, a 

sorting section with colour detection, an environmental sensor and a pivoting 

camera. 

 

After workpieces are ordered via the dashboard in the fischertechnik cloud, 

they go through the individual factory modules. The current status is shown in 

the fischertechnik cloud. The integrated environmental sensor reports values 

for temperature, humidity, air pressure and air quality. The camera sees the 

entire system through the vertical and horizontal pan range and can thus be 

used for web-based remote surveillance. 
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Individual workpieces are tracked using NFC (Near Field Communication): A 

unique identification number (ID) is assigned to each workpiece. This enables 

traceability and visibility of the current status of the workpieces in the 

machining process. 

 

The Training Factory Industry 4.04.0 can be controlled by a SIMATIC S7-1500 

programmable logic controller (PLC) made by SIEMENS (not included in the 

scope of delivery for the Training Factory Industry 4.04.0). 

 

Note: Control systems from other manufacturers may also be used. Then, the 

source codes can be imported to create the programs, depending on the 

controller used. These are available at: 

https://github.com/fischertechnik/plc_training_factory_24v/tree/master

/PLC_SCL_sources 

 

A TXT controller serves as MQTT broker and interface to the fischertechnik 

cloud. MQTT (Message Queuing Telemetry Transport) is an open message 

protocol that enables the transmission of data in the form of messages between 

devices. 

Communication between the PLC and TXT controller is carried out using an IoT 

gateway via OPC UA. OPC UA (OPC Unified Architecture) is a standard for 

exchanging data across different platforms. 

 
 

https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources
https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources
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Industry 4.0 New developments for Training Factory Industry 4.04.0 
The popular, fully-automated fischertechnik factory 

simulation is the basis for developing Training Factory 

Industry 4.04.0. Here is a link to a video for anyone 

interested in the simulation, or anyone just getting started 

working with it. The video provides a good overview of how 

the system works: 

https://youtu.be/BApxuYlsT_w  

The vacuum suction gripper fits the stacker crane with workpieces. This stores 

the workpieces in the high bay, sorted by colour Next, the workpieces are 

brought to the multi-processing station where they are processed. Then the 

machined workpieces are sorted by colour in the sorting line and transported 

to storage locations. From there, the vacuum suction gripper transports the 

workpieces back to the high-bay warehouse. This is a never -ending, 

repetitive cycle.  

 

New additions to Training Factory Industry 4.04.0 include: 

- Additional input/output station with quality control 

- Sensor station with integrated camera and environmental sensor  

- A SIEMENS-SPS SIMATIC S7-1500 as controller  

(not included in the scope of delivery for the Training Factory Industry 4.04.0) 

- Example programs written in standard language for SIMATIC S7-1500  

- Connecting to the fischertechnik cloud 

- A TXT controller as MQTT broker and interface to the 

fischertechnik cloud 

- IoT gateway (Raspberry Pi) with Node-RED 

- Using NFC/RFID to identify workpieces 

- Integrated WiFi router 

- Presenting and using data on a dashboard in the fischertechnik cloud 

- Displaying data and calibrating the stations in a Node-RED dashboard 

- Displaying the current system status via a traffic light 
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The individual innovations are explained in more detail in the following chapters. 

 

The following variants are still available for Learning Factory 4.0 24V: 

¶ 554868 Learning factory 4.0 24V 

Learning Factory 4.0 24V without PLC and without PLC connection board. 

¶ 560841 Learning Factory 4.0 24V with PLC connection board 

Learning Factory 4.0 24V without PLC but with PLC connection board and a desktop power supply 

24V, 280W. A separate PLC can be connected via the PLC connection board. 

¶ 560840 Learning Factory 4.0 24V compl. with PLC S7-1500 

Learning Factory 4.0 24V complete with PLC S7-1500 with PLC connection board and a desktop power 

supply 24V, 280W. 

 

Software  for the SIEMENS PLC SIMATIC S7-1500 

The SIMATIC S7-1500 is programmed using version 16 of the TIA portal and the programming language structured 

text (ST or SCL) 

Software for TXT controller: C/C++ API programming interface  

The software applications are written in C/C++ and are already loaded on the controller in the ready-to-

start status. The corresponding C/C++ library and the API are published on Github: 

https://github.com/fischertechnik/plc_training_factory_24v.  

This library can be used to write customised C/C++ programs for the learning factory. 

Software for the IoT gateway 

A finished Node-RED application is already loaded onto the IoT gateway. 

Node-RED is available here as open-source software from the OpenJS Foundation: 

https://nodered.org. 

 

First steps  

Once you have carefully unpacked the Learning Factory 4.0 and removed 

the transport lock, carry out a visual inspection to see whether any 

components have become loose or damaged during transport. Attach 

any loose components back in the right place. Check whether all cables 

and hoses are connected. You can connect non-connected cables 

correctly with the aid of the assignment diagrams. 
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554868 Learning Factory 4.0 24V  

Connect the Learning Factory adapter boards to 

the PLC. This can be done using either flat ribbon 

cables at the corresponding 34-pole ST1 

connectors or via the terminals. 

Note: For further details on the assignment diagrams, see the 

chapter Assignment diagrams for the factory modules. 

 

560840 Learning Factory 4.0 24V compl. with PLC S7 -1500 

Note that in the case of the Learning Factory with 

PLC, the Learning Factory has already been 

calibrated on delivery. Please check the serial 

number of the PLC, e.g. ŔS1001ŕ (sticker on the 

model and on the PLC connection board). It is 

essential that the PLC and the corresponding 

model are only connected with the same serial 

number. This is the only way to ensure that the 

calibration data match. 

 

 

560841 Learning Factory 4.0 24V with PLC connection 

board  

Mount the PLC on the top-hat rail on the PLC connection board and use 

the PLC with this.  

Note: For further details on the assignment of the PLC connection board, 

see the chapter Assignment diagrams for the factory modules. 
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560841 Learning Factory 4.0 24V with PLC connection board and  

560840 Learning Factory 4.0 24V compl. with PLC S7 -1500 

Connect the PLC using the two cables provided. The connections are marked (I) and (II) on both the model 

and the PLC connection board. 

Note: For further details on the assignment of the connection cables, see the chapter Assignment diagrams 

for the factory modules. 

 

   
 

 

Connect the PLC SIMATIC S7-1500 to the nano router TP-link using one of the network cables provided and use 

the second network cable to connect the PLC to the IOT Gateway (Raspberry Pi 4), see illustration. 

 

Note: Refer also to the chapter Network structure of the factory 
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Now prepare the 24V power supply for the Learning Factory 4.0: 

 

554868 Learning Factory 4.0 24V  

Please use an external 24V power supply (min. 10A recommended). This power supply is not included in the 

scope of supply of this variant. 

 

560841 Learning Factory 4.0 24V with PLC connection board and  

560840 Learning Factory 4.0 24V compl. with PLC S7 -1500 

 

The 24V power supply is connected via the 6-pole connection on the PLC board. Now plug the 24V power 

supply into the socket.  

Check the fuses on the PLC connection board. The six LEDs at the edge of the PLC connection board now 

have to light up green.  

Switch the PLC and the TXT controller on (ON/OFF) to test them. If everything is working, the display should 

start up, the PLC and the TXT controller boot and the control lamps light up. 

 

Finally, equip the high-bay shelf with the 9 empty black containers provided. 

 

560840 Learning Factory 4.0 24V compl. with PLC S7-1500: 

With this variant, the following chapters can be skipped and the factory can be put into operation as 

explained in the chapter Connecting the Learning Factory 4.0 to the internet. 

  



  

11 

 

The individual factory components  

This chapter introduces the individual factory components and briefly explains their function. 

 

What are robots? 

 

The Association of German Engineers (VDI) defines industrial robots in VDI Guideline 2860 as follows: 

 

ŔIndustrial robots are universally applicable multi-axis motion machines whose movements with respect 

to movement sequence and paths or angles are freely programmable and, if necessary, sensor-guided (i.e., 

without mechanical or human intervention). They can be equipped with grippers, tools or other means of 

production and can perform handling and/or manufacturing tasksŕ. 

 

Vacuum Suction Gripper 24V (VGR)  

The 3-axis robot with vacuum suction gripper 

positions workpieces quickly and precisely in 

three-dimensional space. Workspace: X-axis 

270°, Y-axis (forward/backward) 140 mm, Z-axis 

(up/down) 120 mm. The 3D vacuum suction 

gripper, therefore, is an industrial robot that can 

be used for handling tasks. The vacuum gripper 

picks up workpieces and move them within a 

working space. This  

working space is based on the robotœs kinematic structure and defines the area that the robot 

effector can work within.  

In the case of the vacuum suction pad, the vacuum unit is the effector and the working space 

corresponds to a hollow cylinder whose vertical axis coincides with the robotœs axis of 

rotation. 

The geometric shape of the working space is based on the kinematic structure, which is shown 

in the illustration and which is composed of a rotary and two translational axes. 

The typical work order for this kind of robot can be subdivided into the following work steps: 

 

Ş Positioning of the suction gripper on the workpiece 

Ş Mounting the workpiece 

Ş Transporting the workpiece within the work area 

Ş Depositing the workpiece 

Positioning the suction gripper or transporting the workpiece can be defined as a point-to-point movement or as 

a continuous path. Controlling the individual axes takes place sequentially and/or in parallel and it is significantly 

influenced by workspace obstacles that exist in the workspace or by predefined intermediate stations. The 

suction gripper is controlled using a 3/2-way solenoid valve and two coupled pneumatic cylinders to generate 

vacuum pressure. 
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Automated high -bay warehouse 24V (HBW)  

What is a high-bay warehouse? 

A high-bay warehouse is a storage 

area that saves space and allows 

computer-aided storage and retrieval 

of goods. In most cases, high-bay 

warehouses are designed as pallet-

rack warehouses. This 

standardisation ensures a high 

degree of automation and allows for 

connection to an ERP system 

(enterprise resource planning). High-

bay warehouses include 

Very efficient use of space and a large required investment. Stacker cranes store and 

retrieve goods that are then moved into an alley, which is located between two rows of 

high-bay shelves. This area is part of the pre-zone where the goods are identified. Goods 

are provided and delivered to the stacker crane via conveyor technology, such as chain 

conveyors, roller conveyors or vertical conveyors. No one should be present in this area if 

the storage and retrieval machines are automated. In the case of the automated high bay, 

a conveyor belt transports the goods. 

 

Environment sensor  

 

The environmental sensor was built on the base plate of the high-bay warehouse for space 

reasons. The electrical connections, however, are on the TXT controller. 
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Multi -processing station with kiln 24V (MPO)  

 

The workpiece automatically passes 

through several stations that 

simulate different processes in the 

multi-processing station with kiln. 

Different conveyor technologies, 

such as a conveyor belt,  

turntable and a vacuum suction gripper are used. The machining process starts with the kiln. 

To initiate processing, the workpiece is placed on the oven pusher. In doing so, the 

photoelectric barrier is interrupted, which causes the kiln door to open and then retract the 

kiln slider. At the same time, the vacuum suction gripper, which brings the workpiece to the 

turntable after the firing process, is requested. Following the firing process, the kiln gate is re-

opened and the oven slide re-extended. The positioned vacuum suction gripper that is already 

in place picks the workpiece up, transports it to the turntable and places it there. The turntable 

positions the workpiece under the miller, lingers there for the machining time and then moves 

the workpiece to the pneumatically-actuated ejector. The ejector pushes the workpiece onto 

the conveyor belt, which conveys the workpiece to a photoelectric barrier and then to the 

sorting system. Passing through the photoelectric barrier causes the turntable to return to its 

original position and for the conveyor belt to stop with a time delay. 

The program runs in parallel. The system is divided into the three units: Kiln, vacuum suction 

gripper, and turntable. The individual processes communicate with one another, ensuring, 

for instance, that no collisions occur. 

For example, the kiln triggers the movement of the vacuum suction gripper at two points in 

the program sequence, which ensures that the vacuum suction gripper is not only in the right 

spot at the right time, but also that it does not reach into the void. Likewise, the turntable is 

activated after the workpiece has been deposited by the vacuum suction gripper. 
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      Colour recognition  

Bearing locations 

Ejector 

 

Sorting line with colour recognition 24V (SLD)  

 

 

The sorting line with colour 

recognition is used to 

automatically separate 

workpieces of different 

colours. Components with 

the same geometry but of 

different colours are fed to 

the conveyor belt via a 

colour sensor  

 

 

 

and then separated by colour. A motor drives the conveyor belt and an impulse sensor 

measures the conveying path. Pneumatic cylinders, which are assigned to the 

corresponding storage locations and operated by solenoid valves, eject the 

workpieces. Several photoelectric barriers control the flow of the workpieces and 

whether there are workpieces in the storage locations. 

 

Colour detection is carried out using an optical colour sensor that emits light, and 

determines the colour of a surface based on reflections from the surface. Thus, the colour 

sensor is strictly a reflection sensor that indicates how well a surface reflects light. The 

measured value of the sensor is therefore not proportional to the wavelength of the 

measured colour and assigning colour coordinates or colour spaces (for example RGB or 

CMYK) is not possible. In addition to an objectœs colour, ambient light, the objectœs surface 

and the distance of the object from the sensor affect the quality of the reflection. This is 

why it is critical that the colour sensor is protected from ambient light and the surfaces of 

the objects are comparable. 

It is also important that the sensor is installed perpendicular to the surface of the object. 

Distinguishing among the coloured workpieces is done in thresholds that compare the 

measured values of the individual colours against each other. Since the value ranges of 

different colour sensors differ, these limit values must be adjusted. 

 

Both the process and the conveyor belt start if a workpiece is placed on the conveyor belt 

and the workpiece interrupts the photoelectric barrier. For a colour to be recognised, the 

workpiece passes through a darkened lock in which a colour sensor is installed. During 

this time interval, the minimum value of the measured colour values is determined and 

assigned to the workpiece. In the time required for the workpiece to pass the colour 

sensor, the previous minimum value is compared with the current measured value, which 

may then replace the earlier measured value. 

 

The photoelectric barrier, which is located before the first ejection point, controls whether 

 
Compressor 

 
 

Cylinder 
 

 

3/2-way solenoid 

valve 

 

 
Buttons 
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Colour sensor 
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a workpiece is ejected. Depending on the detected colour value, the corresponding 

pneumatic cylinder is time-delayed triggered after the workpiece interrupts photoelectric 

barrier. Next, the pulse button is activated. It registers the rotation of the gear that drives 

the conveyor. Unlike a time-based delay, this approach is robust in withstanding conveyor 

speed fluctuations. The ejected workpieces are fed through three slides to the respective 

depositories. 

 

The storage locations are equipped with photocells that recognize whether the storage 

location is filled or not. However, the photocell cannot determine how many workpieces 

are in a storage location. 
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Environmental station with surveillance camera 24V (SSC)  

 

The environmental station with 

surveillance camera is used to record 

measured values within the factory. The 

mobile camera station is located on the 

multi-processing station and visually 

monitors the system. 

The new environmental sensor and a photo 

resistor allow the air temperature, 

humidity, air pressure, air quality and 

brightness to be measured. The values are 

displayed graphically. 

 

 

 

 

The camera can be rotated using a virtual joystick and it 

can be tilted to monitor the factory. The images are also 

displayed on the monitor screen. 
 

 

 

 

 

The different sensor data is controlled on an ongoing 

basis on a user interface, the ŔDashboardŕ. The 

movement axes of the camera can also be controlled 

here. A LED display indicates when the set limit values 

have been exceeded. The red LED always lights up when 

an image from the camera is being transferred to the 

cloud. 
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Surveillance camera in the multi -processing station      p 

 

The two Ŕmulti-processing centre and surveillance 

cameraŕ modules have been combined into one 

overall module at the factory. The advantage here is 

that the camera is at the highest point in the factory 

and can thus monitor the entire system. The  

surveillance camera also has a 

visual indicator (red light). 

Blinking indicates images are 

being recorded. 

 

Environmental sensor and photo resistance in high -bay warehouse  

 

The environmental sensor and photo-resistor are 

located on the high-bay module. Both of them are 

connected to the TXT controller, 

 

 

 

 

 

 

 

 

Input/output station with colour detection and NFC Reader 24V (DPS) 

 

The in- and output station consists of a total of 3 

work areas: 

 

Ş The input and output unit 

Ş Colour recognition 

Ş The NFC reader 

 

  

 

Control lamp red 
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The photoelectric barrier at the input station detects whether a workpiece to be stored in 

it is present. If this is the case, the information is sent to the 

continuing program (vacuum suction gripper picks up the workpiece). 

Before the workpiece is processed any further, the colour sensor determines of the 

workpiece colour. 

After colour detection, different data are assigned to the workpiece. To detect a 

workpieceœs colour, the vacuum suction gripper places the workpiece on the NFC reader. 

 

First, all data in the memory is deleted and the workpiece marked 

as raw. 

The reader then writes data relevant to the workpiece on the 

NFC tag NTAG213 in the workpiece. 

 

 

 

Important note:  An NFC tag has a unique ID.  This cannot be changed. 

 

If one or more workpieces are ordered, they will be sent to the output area after various tasks have been carried 

out. Previously, additional production data for each workpiece could be stored in the available memory on the 

NFC tag. 

 

 

TXT controller with adapter board 

 

The TXT controller and an adapter board to connect the environmental sensor and photo 

resistor are also located on the input / output station. The camera is also connected here 

via a USB interface. 

 

 

 

 

 

 

Factory status display  

 

Three LEDs indicate factory status. 

 

Green   means all stations are waiting. 

Yellow   means that at least one station is active. 

Red  means an error that must be acknowledged on the dashboard in the cloud 

for the Training Factory Industry 4.0to continue. 
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Block diagram of the factory  

The block diagram shows you 

how the individual factory 

components communicate 

with each other and how the 

system is integrated with the 

Internet and the fischertechnik 

cloud. The block diagram also 

shows which information the 

user can retrieve via his PC, 

tablet or smartphone. 

 

In the Training Factory Industry 4.04.0 24V, three different controllers communicate with one another, and 

are connected to one another via a Switch/Router. 

Ş PLC (process control of the model, PLC program) 

Ş IoT gateway (Node-RED environment as adapter between OPC/UA and MQTT, dashboard to control 

the model) 

Ş TXT controller (fischertechnik sensors and connection to the fischertechnik cloud) 

The PLC (not included in the scope of delivery) contains process control for the entire Learning Factory.  

Since the MQTT interface in the PLC controller is not a standard interface, an additional IoT-Gateway 

(Raspberry Pi) with a Node-RED environment serves as an adapter to the MQTT interface. The PLC acts as 

a server, providing the data required to the IoT Gateway via the OPC/UA standard interface in the local 

network. The IoT Gateway then forwards the messages to the TXT controller. 

The TXT controller serves as a gateway to the fischertechnik cloud https://www.fischertechnik-cloud.com.  

In addition, the components camera, RFID/NFC reader, environmental sensor, BME680 and a brightness 

sensor are connected here and deliver data to the cloud. 

Users can access the dashboard for the Node-RED application in the IoT gateway via a web browser. 

  

https://www.fischertechnik-cloud.com/
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Network structure of the factory 
The following image represents the network structure and the standard IP addresses used: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Training Factory Industry 4.0can be connected to wireless WiFi via a nano router TP link (WR802N) in 

WISP mode (hotspot router mode) to a wireless WAN. The Ethernet interface of the nano router must have 

an IP address of: 192.168.0.252 and is connected to the PLC (IP: 192.168.0.1). The IOT gateway must have 

IP:192.168.0.5, and is also connected to the PLC. 

DHCP is activated on the nano router, ensuring that the TXT controller is always supplied with the same IP 

address 192.168.0.10. Details on settings for the nano router are provided in the section Connecting Training 

Factory Industry 4.04.0 

NTP time synchronisation can also be completed via the Internet NVP server. Remote maintenance is not 

possible.  

PLC with 3 Ethernet ports 

IP: 192.168.0.1 

Subnet: 255.255.255.0 

Gateway: 192.168.0.252 

TXT controller (wireless) 

IP: 192.168.0.10 

Subnet: 255.255.255.0 

Gateway: 192.168.0.252 

 

IOT Gateway (Raspberry Pi) 

IP: 192.168.0.5 

Subnet: 255.255.255.0 

Gateway: 192.168.0.252 

 

Internet 

 

Optional Browser PC 

(Wired or wireless) 

IP: 192.168.0.x 

Subnet: 255.255.255.0 

Gateway: 192.168.0.252 

nano Router TP-link (WR802N) 

Hotspot Router Mode 

WAN: WISP 

LAN1:  192.168.0.252 
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Commissioning and adapting the SIMATIC controller CPU1512SP 
 

The next few pages show how to connect the programmable logic controller (PLC) SIMATIC S7-1500 to the CPU 

1512SP and how to load the program solution for complete factory operation. 

This program solution is available as archive LearningFactory_4_0_24V_V02.zap16 for the TIA Portal V16, and is 

the standard solution for the Training Factory Industry 4.04.0. However, the solution can also be adapted very 

easily. for example, it can be adapted to different configurations with different CPUs in the SIMATIC ET200SP 

series, or with different ET200SP input/output modules. 

 

 
 

The assemblies used in the standard configuration are shown here: 
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The program solutions are available at: 

https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources 

Note:  

This section describes an example of commissioning for a SIEMENS SIMATIC S7-1500 controller with CPU1512SP. 

If a different controller is used, then other software tools must be used to create, and load the programs, and to 

operate the Training Factory Industry 4.04.0. 

The source codes can be imported to create the programs, depending on the controller used. These are available 

at: 
https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources 

. 

 

Structure and operation of the CPU 1512SP-1 PN 

Here is an overview of the elements of the CPU 1512SP-1 PN with bus adapter 

 
 Profile rail unlocking mechanism 

 Label strips 

 LEDs for status and error indicators 

 LED for displaying supply voltage 

 Operating mode switch 

 Slot for the SIMATIC Memory Card 

 Connection for supply voltage (included in the scope of delivery) 

 Cable mount and attachment for port P3 of the PROFINET interface 

 LEDs as status indicators on the PROFINET interface to ports P1, P2 and P3 

 Port P3 of the PROFINET interface: RJ45 port on the CPU 

 Individual view of the bus adapter 

 Port P1 R of the PROFINET interface: RJ45 port to bus adapter BA 2×RJ45 

 Port P2 R of the PROFINET interface: RJ45 port to bus adapter BA 2×RJ45  

https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources
https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources


  

23 

 

Status and error indicators 

The CPU 1512SP-1 PN and Bus-Adapter BA 2xRJ45 are equipped with the following diagnostic LEDs: 

 
 RUN/STOP LED (yellow/green LED) 

 ERROR LED (red LED) 

 MAINT LED (yellow LED) 

 LINK RX/TX-LED for the ports X1 P1 and X1 P2 (green LEDs on bus adapter) 

 POWER LED (green LED) 

 LINK RX/TX-LED for port X1 P3 (green LED on CPU) 

 

SIMATIC Memory Card 

A SIMATIC Micro Memory Card is used as the storage module for the CPUs. It is a specially pre-formatted memory 

card which is compatible with the Windows file system. 

The MMC must be inserted to operate the CPU, since the CPUs do not have an integrated load memory for the 

programs. A common SD card reader is required to read/write the SIMATIC Memory Card with a laptop/PC. It can 

be used, for instance, to copy files directly to the SIMATIC Memory Card using Windows Explorer, or delete all 

program data. 

 

Note: We recommend only inserting or removing the SIMATIC Memory Card into/from the CPU when it is powered 

down. 

 

Operating mode switch 

The operating mode switch can be used to set the current CPU operating mode. The operating mode switch is a 

toggle switch with 3 settings: 

 

Setting Meaning Explanation 

RUN RUN operating 

mode 

The CPU processes the user program 

STOP STOP operating 

mode 

The CPU processes the user program 

MRES Memory reset Setting to reset the CPU 

 

STEP 7 Professional programming software in the TIA portal 

The programming tool STEP 7 Professional is used to program and load the SPSen SIMATIC S7-1500. 

Program solutions for the Training Factory Industry 4.04.0 have been created with version V16 of STEP 7 

Professional in the TIA Portal. 

 

Further details are provided in the SIEMENS handbooks at: 

http://support.automation.siemens.com. 

  

http://support.automation.siemens.com/
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Resetting the controller and setting the IP address 

Before you can load program solutions to the SIMATIC S7-1500, you should reset it to default settings and set the 

IP address of the CPU 1512SP. 

 

The following steps can be used to reset the CPU 1512SP to default settings. 

­ First, switch off the power supply to the controller and then remove the SIMATIC Micro Memory 

Card inserted in the CPU 1512SP. 

­ To delete all program data from the SIMATIC Micro Memory Card in the CPU, you can simply insert 

the SIMATIC Memory Card into a common SD card reader and delete data on the card using 

Windows Explorer. 

 
 

­ Then, insert the SIMATIC Memory Card back into the CPU 1512SP and switch on the power supply 

to the controller. 

 

Note: We recommend only inserting or removing the SIMATIC Memory Card into/from the CPU when it is powered 

down. Otherwise, it may be damaged.  

 

Note: You should not format the SIMATIC Memory Card, just delete the data. 
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To be able to program a SIMATIC S7-1500 controller from a laptop/PC from the CPU, you will need a TCP/IP 

connection.  

It is important for the IP addresses of the two devices to match, to ensure the computer and SIMATIC S7-1500 can 

communicate with one another via TCP/IP. 

First, we will show you how to set the IP address of a computer using a Windows 10 operating system. 

­ Mark the network symbol below in the task bar  and then click ­ Network settings. 

 

­ In the network settings window that opens, click ­ Ethernet and then click ­ Change adapter 

options. 
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­ Select the desired ­ LAN connection you want use to connect the controller, then click ­ 

Properties. 

 

­ Now, select the ­ Properties for ­ internet protocol Version 4 (TCP/IPv4). 
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­ Now you can use the following IP address, for instance ­ IP address: 192.168.0.99 and enter the 

following ­ subnet mask 255.255.255.0. Then accept the settings by pressing ­ OK. 

 

 

Now, you can assign the IP address to the CPU1512SP as shown in the following steps. 

­ Connect your laptop/PC directly to one of the three Ethernet interfaces on the CPU1512SP and 

switch on the power supply to the controller. 

­ Now, start the Totally Integrated Automation Portal by double clicking on it. ( ­ TIA Portal V16)  
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­ Select ­ Online&Diagnostics and then open the ­ Project view. 

 
 

­ In the project navigation, select the previously set network card under ­ Online access. When 

you click ­ Update available devices, you will see the IP address (if already set) or the MAC 

address (if the IP address has not yet been assigned) for the connected SIMATIC S7-1500. Here, 

select ­ Online&Diagnostics.  
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­ You will find ­ Assign IP address under ­ Functions. Here, enter the following IP address, for 

instance: ­ IP address: 192.168.0.1 ­ Subnet mask 255.255.255.0. Now, click ­ Assign IP address 

and your SIMATIC S7-1500 will be assigned this new address.  

 
 

­ The ­ Info ­ General window provides messages on the status of address assignment. 
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Open the program solutions for the Training Factory Industry 4.04.0 

 

Open the program solutions for the Training Factory Industry 4.04.0 using the following steps. 

­ In the menu of the TIA portal, select ­ Project ­ Open and then ­ Search.  

  

­ Then, click the compressed V16 project  ­ LearningFactory_4_0_24V and select a target path on 

your computer to unpack the project there. 

 

 

Note: The program solutions are available at:  

https://github.com/fischertechnik/plc_training_factory_24v/tree/master

/PLC_SCL_sources 

 

 

  

https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources
https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources
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Adapting the hardware configuration 

 

The project is now open and will be displayed in the project navigation at left. 

If your hardware components differ from those in the program solutions, these components must be adjusted in 

the TIA portal. 

­ To do so, first open the ­ Device configuration.  

 

 

­ Mark one of the different components and then click ­ Exchange device.  
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­ You will then see a dialogue where you can select from compatible devices.  

 

 

You must select the correct BaseUnit for the signal modules: 

- Use potential group for the left module (dark BaseUnit) 

- Facilitate new potential group (light BaseUnit) 

­ You can change these settings under ­ Properties ­ General ­ Potential group. 
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Load the control program to the CPU1512SP 

 

The following steps can be used to load the CPU 1512SP. 

­ Before you continue, you should click the ­  Save project button to save your project. 

­ To load your entire CPU, including hardware configuration and program solutions, to the device, 

mark the ­ PLC [CPU1512SP-1 PN] folder and click the ­  Load to device symbol. 
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­ The Manager will open for configuring connection properties (expanded loading). First, select the correct 

interface. This involves three steps. 

- Type of PG/PC interface ­ PN/IE 

- PG/PC interface ­ here, for instance.: Intel(R) Ethernet Connection é 

- Connection with interface/subnet ­ Directly to port ā1 X1ó 

Then, activate the field ­ Display all compatible devices, and start the search for devices on the network 

by clicking the ­ Start search button. 

If your CPU is displayed in the list, select it and start loading. 

(Load ­ CPU 1512SP-1 PN­) 
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­ First, you will see a preview with information on the loading process, data security, etc... Continue with ­ 

loading. 

 

­ Now, select the option ­ Start assembly before completing the loading process with ­ Complete. 

 

Finally, you can check online to ensure the configuration was loaded correctly. Then, set the time in the CPU if the 

set NTP server is not available for automatic time synchronisation. 

­  Mark the CPU ­ PLC[CPU 1512SP-1 PN] and select  ­ Connect online. 
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Note: The symbol should be green here if there are no errors. 

 

­ To set the time, open ­ Online & Diagnostics, then select ­ Set time under ­ Functions and then 

­ Accept, to adopt the time from your laptop/PC. 
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Commissioning and adjusting the SIMATIC controller 

CPU1516F with ET200SP on PROFINET IRT 

The next few pages show how to connect the programmable logic controller (PLC) SIMATIC S7-1500 to the CPU 

1516F-3 PN/DP and how to load the program solution for complete factory operation.  

This solution includes a decentralised connection of system signals to an ET200SP, which communicates with the 

CPU via PROFINET IRT (Isochrones Realtime). This section also describes commissioning of this ET200SP. 

 

This program solution is available as archive LearningFactory_4_0_24V_PROFINET_V02.zap16 for the TIA Portal 

V16, and is an alternative solution for the Training Factory Industry 4.04.0.  

However, the solution can also be adapted very easily. for example, it can be adapted to different configurations 

with different CPUs in the SIMATIC S7-1500 series, or with different ET200SP input/output modules. 

 

 
 

The assemblies used in the alternative solution are shown here: 
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The program solutions are available at: 
https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources 

 

 

Note:  

This section describes an example of commissioning for a SIEMENS SIMATIC S7-1500 controller with CPU 1516F-3 PN/DP. 

If a different controller is used, then other software tools must be used to create, and load the programs, and to 

operate the Training Factory Industry 4.04.0. 

The source codes can be imported to create the programs, depending on the controller used. These are available 

at: 
https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources 

 

Structure and operation of the CPU 1516F-3 PN/DP. 

Here is an overview of the elements of the CPU 1516F-3 PN/DP with bus adapter 

 

 LED indicators for the current operating status and diagnostic status of the CPU 

 Display 

 Operating buttons 

  

https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources
https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources
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Status and error indicators 
The CPU is equipped with the following LED indicators: 

 

 RUN/STOP LED (yellow/green LED) 

 ERROR-LED (red LED) 

 MAINT-LED (yellow LED) 

 LINK RX/TX-LED for Port X1 P1 (yellow/green LED) 

 LINK RX/TX-LED for port X1 P2 (yellow/green LED) 

 LINK RX/TX-LED for port X2 P1 (yellow/green LED) 

Operating and connection elements of the CPU 1516F-3 PN/DP behind the front flap 

 
 LED indicators for the current operating status and diagnostic status of the CPU 

 Display connection 

 Slot for the SIMATIC Memory Card 

 Operating mode switch 

 LED indicators for the 3 ports on the PROFINET interfaces X1 and X2 

 MAC addresses of the interfaces 

 PROFIBUS interface (X3) 

 PROFINET interface (X2) with 1 port 

 PROFINET interface (X1) with 2 ports 

 Connection for supply voltage 

 Attachment screws 
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Note: The front flap with display can be removed and inserted while operations are ongoing. 

The S7-1500 CPU has a front flap with a display and operating buttons. Controlling and status information can be 

shown on different menus on the display, and a wide variety of settings can be changed. Use the operating buttons 

to navigate through the menus. 

The CPU display offers the following functions: 

ǒ You can select from 6 different display languages. 

ǒ Diagnostic messages are shown in clear text. 

ǒ Interface settings can be changed on site. 

ǒ A password can be assigned to operate the display via the TIA portal.  

 

View of the display of an S7-1500: 

 
 CPU status information 

 Designation of the sub-menu 

 Display field for information 

 Navigation tool, e.g. OK/ESC or the page number 

SIMATIC Memory Card 

A SIMATIC Micro Memory Card is used as the storage module for the CPUs. It is a specially pre-formatted memory 

card which is compatible with the Windows file system. 

The MMC must be inserted to operate the CPU, since the CPUs do not have an integrated load memory for the 

programs. A common SD card reader is required to read/write the SIMATIC Memory Card with a laptop/PC. It can 

be used, for instance, to copy files directly to the SIMATIC Memory Card using Windows Explorer, or delete all 

program data. 

 

Note: We recommend only inserting or removing the SIMATIC Memory Card into/from the CPU when it is powered 

down. 

 

Operating mode switch 

The operating mode switch can be used to set the current CPU operating mode. The operating mode switch is a 

toggle switch with 3 settings: 

Setting Meaning Explanation 

RUN RUN operating 

mode 

The CPU processes the user program 

STOP STOP operating 

mode 

The CPU processes the user program 

MRES Memory reset Setting to reset the CPU 
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Structure and operation of the SIMATIC ET 200SP 

The decentralised peripheral device SIMATIC ET 200SP is a modular, decentralised peripheral system for 

connecting the process signals to a central automation system like SIMATIC S7-1500.  

Decentralised peripheral devices are often used when signals need to be transmitted across a large distance, and 

when this requires a large amount of wiring work. This allows signals to be collected in a decentral manner on 

site and connected to the central controller via a bus system. The ET 200SP is connected via PROFINET IRT 

(Isochrones Realtime) for the solution program for the Training Factory Industry 4.04.0. 

The decentralised peripheral device ET 200SP is mounted on a standard profile rail  and is composed of an 

interface module  with bus adapter ,up to 32/64 peripheral modules inserted on BaseUnits ,   and a 

final server module . 

 

The decentralised peripheral devices provide inputs and outputs for on-site process connection that can be read 

and written by the central assembly via PROFINET. The I/O assemblies are queried normally in the S7 program via 

the input addresses (%I) and output addresses (%Q) are addressed. 

 

STEP 7 Professional programming software in the TIA portal 

The programming tool STEP 7 Professional is used to program and load the SPSen SIMATIC S7-1500 and 

commission the ET200SP. 

Program solutions for the Training Factory Industry 4.04.0 have been created with version V16 of STEP 7 

Professional in the TIA Portal. 

 

Further details on the programming software and PROFINET are provided in the SIEMENS handbooks at: 

http://support.automation.siemens.com. 

  

http://support.automation.siemens.com/
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Resetting the controller and setting the IP address 

Before you can load program solutions to the SIMATIC S7-1500, you should reset it to default settings and set the 

IP address of the CPU 1516F-3 PN/DP. 

 

The following steps can be used to reset the CPU 1516F-3 PN/DP to default settings. 

­ First, switch off the power supply to the controller and then remove the SIMATIC Micro Memory 

Card inserted in the CPU 1516F-3 PN/DP. 

­ To delete all program data from the SIMATIC Micro Memory Card in the CPU, you can simply insert 

the SIMATIC Memory Card into a common SD card reader and delete data on the card using 

Windows Explorer. 

 
 

­ Then, insert the SIMATIC Memory Card back into the CPU 1516F-3 PN/DP and switch on the power supply 

to the controller. 

 

Note: We recommend only inserting or removing the SIMATIC Memory Card into/from the CPU when it is powered 

down. Otherwise, it may be damaged.  

 

Note: You should not format the SIMATIC Memory Card, just delete the data  
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To be able to program a SIMATIC S7-1500 controller from a laptop/PC from the CPU, you will need a TCP/IP 

connection.  

It is important for the IP addresses of the two devices to match, to ensure the computer and SIMATIC S7-1500 can 

communicate with one another via TCP/IP. 

First, we will show you how to set the IP address of a computer using a Windows 10 operating system. 

­ Mark the network symbol below in the task bar  and then click ­ Network settings. 

 

­ In the network settings window that opens, click ­ Ethernet and then click ­ Change adapter 

options. 
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­ Select the desired ­ LAN connection you want use to connect the controller, then click ­ 

Properties. 

 

­ Now, select the ­ Properties for ­ internet protocol Version 4 (TCP/IPv4). 
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­ Now you can use the following IP address, for instance ­ IP address: 192.168.0.99 and enter the 

following ­ subnet mask 255.255.255.0. Then accept the settings by pressing ­ OK. 

 

 

Now, you can assign the IP address to the CPU 1516F-3 PN/DP as shown in the following steps. 

­ Connect Port 1 of the Ethernet interface [X1] on the CPU 1516F-3 PN/DP with Port 1 of the Ethernet 

interface on the ET200SP. Connect your laptop directly to Port 2 of the Ethernet interface [X1] on 

the CPU 1516F-3 PN/DP. Switch on the power supply to the controller. The other components of the 

Training Factory Industry 4.0can be connected to Port 2 of the Ethernet interface on the ET200SP. 

Note: A correct network topology is required here, since this topology was determined for PROFINET IRT 

communication in the project. 

­ Now, start the Totally Integrated Automation Portal by double clicking on it. ( ­ TIA Portal V16)  
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­ Select ­ Online&Diagnostics and then open the ­ Project view. 

 
 

­ In the project navigation, select the previously set network card under ­ Online access. When 

you click ­ Update available devices, you will see the IP address (if already set) or the MAC 

address (if the IP address has not yet been assigned) for the connected SIMATIC S7-1500. Here, 

select ­ Online&Diagnostics.  
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­ You will find ­ Assign IP address under ­ Functions. Here, enter the following IP address, for 

instance: ­ IP address: 192.168.0.1 ­ Subnet mask 255.255.255.0. Now, click ­ Assign IP address 

and your SIMATIC S7-1500 will be assigned this new address.  

 
 

­ The ­ Info ­ General window provides messages on the status of address assignment. 
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Open the program solutions for the Training Factory Industry 4.04.0 

 

Open the program solutions for the Training Factory Industry 4.04.0 using the following steps. 

­ In the menu of the TIA portal, select ­ Project ­ Open and then ­ Search.  

  

­ Then, click the compressed V16 project  ­ LearningFactory_4_0_24V_PROFINET and select a 

target path on your computer to unpack the project there. 

 

 

Note: The program solutions are available at:  

https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources 

  

https://github.com/fischertechnik/plc_training_factory_24v/tree/master/PLC_SCL_sources
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Adapting the hardware configuration 

 

The project is now open and will be displayed in the project navigation at left. 

If your hardware components differ from those in the program solutions, these components must be adjusted in 

the TIA portal. 

­ To do so, first open the ­ Device configuration.  
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­ Mark one of the different components and then click ­ Exchange device.  

 

­ You will then see a dialogue where you can select from compatible devices.  
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­ To see an overview of associated IP addresses in a project, click the ­ Display addresses symbol 

in the  Network view. 

 
 

You must select the correct BaseUnit for the signal modules of the ET200SP: 

- Use potential group for the left module (dark BaseUnit) 

- Facilitate new potential group (light BaseUnit) 

­ You can change this setting in the ­ Device view of the ET200SP under ­ Properties  

­ General ­ Potential group. 
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Load the control program to the CPU 1516F-3 PN/DP 

 

The following steps can be used to load the CPU 1516F-3 PN/DP. 

­ Before you continue, you should click the ­  Save project button to save your project. 

­ To load your entire CPU, including hardware configuration and program solutions, to the device, 

mark the ­ PLC [CPU 1516F-3 PN/DP] folder and click the ­  Load to device symbol. 

 

 

­ The Manager will open for configuring connection properties (expanded loading). First, select the 

correct interface. This involves three steps. 

- Type of PG/PC interface ­ PN/IE 

- PG/PC interface ­ here, for instance.: Intel(R) Ethernet Connection Ŏ 

- Connection with interface/subnet ­ Directly to port Ŗ1 X1Œ 

Then, activate the field ­ Display all compatible devices, and start the search for devices on the 

network by clicking the ­ Start search button. 

If your CPU is displayed in the list, select it and start loading. 

(Load ­ CPU 1516F-3 PN/DP­) 
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­ First, you will see a preview with information on the loading process, data security, etc... Continue 

with ­ loading. 

 

 

 


