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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/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 loT
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/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/BApxuYIsT_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.
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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

(notincluded 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

- loT 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
The individual innovations are explained in more detail in the following chapters.
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++ APl 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 loT gateway
A finished Node-RED application is already loaded onto the loT gateway.
Node-RED is available here as open-source software from the OpendS Foundation:

https://nodered.org.
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First steps

After carefully unpacking the Training Factory Industry 4.04.0 and
removing the transport lock, visually inspect for any transport
components that have become loose or damaged. If necessary, put
loose components back in the right place. Compare your model with
the Training Factory Industry 4.04.0 comparison images, which are
stored on the elLearning website. Make sure that all cables and
hoses are connected. You can use the assignment diagrams to

connect cables that are not connected correctly.

Connect the Training Factory Industry 4.0adapter
boards to the PLC. You can do so either using
ribbon cables to the corresponding 34-pin ST1
connections, or via terminals.

Note: Further details on fitting the adapter boards are provided in th
section Factory module assignment plans.

Complete the network connections between the PLC SIMATIC S7-1500, nano Router TP-link, 10T
Gateway (Raspberry Pi) and, optionally, with the Browser PC.
Note: See also the section Factory system network structure

Once any errors have been corrected, plug the PLC power supply into the mains
power. It is best to use an outlet strip with mains power switch. This allows you N
to switch the system on and off. " ’m.;'

Switch it on to test the PLC and TXT controller (ON/OFF). If everything works, the
display should go on, the PLC and TXT controller should start up and the indicator
lights should be illuminated.

Finally, load the high-bay warehouse with the 9 empty black containers included
in the delivery.
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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:

“Industrial 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 tasks”.

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 robot's 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 spa
corresponds to a hollow cylinder whose vertical axis coincides with the robot’s axis
rotation.

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

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 H

Encoder engine

Compressor

¢ Positioning of the suction gripper on the workpiece Cylinder
* Mounting the workpiece
* Transporting the workpiece within the work area J

-

* Depositing the workpiece )

L)

Positioning the suction gripper or transporting the workpiece can be defined as a point-to-p 2-way solenoid
a continuous path. Controlling the individual axes takes place sequentially and/or in parallel. valve
influenced by workspace obstacles that exist in the workspace or by predefined interm o
suction gripper is controlled using a 3/2-way solenoid valve and two coupled pneumatic ¢ ( 7
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.

Hiah-bgv onerating vice

High bayl

Convevor techniaue with

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.

10

Photo-transistor

2

Buttons

Mini motor

Encoder engine

|
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Multi-processing station with kiln 24V (MPO)

ji==x | The workpiece automatically passes

ntinn

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.

Kiln slider

"

Mini motor

Photo-transistor

e

Buttons

Vacuum

Compressor

Cylinder

y
2

3/2-way solenoid
valve
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Sorting line with colour recognition 24V (SLD)

The sorting line with colour
recognition is wused 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

Colour recognition |

Bearing locations

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 object’s colour, ambient light, the object’s 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
12

Compressor

Cylinder

-

3/2-way solenoid
valve

=

Buttons

Photo-transistor

-

Colour sensor

Mini motor
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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.

13
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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.

cloud.

Photo-resistor,
environmental
sensor

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 “Dashboard”. 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
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Surveillance camera in the multi-processing station p

The two “multi-processing centre and surveillance
camera” 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.

Control lamp red

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:

*  The input and output unit
*  Colour recognition
o The NFC reader

15
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The photoelectric barrier at the input station detects whether a workpiece to be stored in
itis 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 é

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

. , . . . Colour sensor
workpiece’s 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. Photo-transistor
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. The NFC reader

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.

Adapter board

TXT controller

Factory status display

Three LEDs indicate factory status.

re

Green means all stations are waiting. Status display
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.

16
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Block diagram of the factory

| o |; The block diagram shows you
e e how the individual factory
l components communicate
i il with each other and how the
system is integrated with the
e |'_-] 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.

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

o loT gateway (Node-RED environment as adapter between OPC/UA and MQTT, dashboard to control
the model)

° 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 loT-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 loT Gateway via the OPC/UA standard interface in the local
network. The loT 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 loT gateway via a web browser.

17
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Network structure of the factory

The following image represents the network structure and the standard IP addresses used:

PLC with 3 Ethernet ports
IP: 192.168.0.1
Subnet:  255.255.255.0
Gateway: 192.168.0.252

I0T Gateway (Raspberry Pi)
IP: 192.168.0.5
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

nano Router TP-link (WR802N)
Hotspot Router Mode

Optional Browser PC
(Wired or wireless)

IP: 192.168.0.x
Subnet:  255.255.255.0
Gateway: 192.168.0.252

[ EXC

: WISP
LANT: 192.168.0.252

s 1

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 I0T 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.

18
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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.

PLC

CPU 1512SP-1 PN §

192.168.0.1

The assemblies used in the standard configuration are shown here:

Modul
P PLC

19

DO1+2
DO3+4
DO5+6
DO7-14
DO15-22
DO23-30
DI1+2
DI3+4
DI5

Dlé
Al7-10
End

Steckplatz | E-Adresse A-Adresse Typ

W 00 ~N o & W M -

P S SR R §
W N - O

N ow

.10

N o= N W

CPU 15125P-1 PN

DQ 16x24VDC0.5AST
DQ 16x24VDC0.5AST
DQ 16x24VDCIO.5AST
DQ 4x24VDCI2A HS
DQ 4x24VDCI2A HS
DQ 4x24VDCI2A HS

DI 16x24VDC ST

DI 16x24VDC ST

DI 8x24VDCHS

DI 8x24VDCHS

Al 2xU ST
Servermodul

AArtikel-Nr.

6ES7 512-1DKO1-0ABO
6ES7 132-6BHO1-0BAC
6ES7 132-6BHO1-0BAO
6ES7 132-6BHO1-0BAC
6ES7 132-6BD20-0DA0
6ES7 132-6BD20-0DA0
6E57 132-6BD20-0DA0
6ES7 131-6BHO1-0BAC
6ES7 131-6BHO1-0BAOD
6ES7 131-6BFO0-0DAO
6ES57 131-6BFO0-0DAO
6ES7 134-6FBO0-0BA1

6ES7 193-6PADO-0AAD
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The program solutions are available at:

https://github.com/fischertechnik/plc training factory 24v/PLC S7 1500 exerci

es

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/PLC SCL souces

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

cPUstasp-1PN
s enur

SIMATIC
ET200SP

(D Profile rail unlocking mechanism

(2) Label strips

(3) LEDs for status and error indicators

(4) LED for displaying supply voltage

(5) Operating mode switch

(6 Slot for the SIMATIC Memory Card

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

Cable mount and attachment for port P3 of the PROFINET interface

(9) 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

(1D Individual view of the bus adapter

@2 Port P1R of the PROFINET interface: RJ45 port to bus adapter BA 2xRJ45
(3 Port P2 R of the PROFINET interface: RJ45 port to bus adapter BA 2xRJ45

20
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Status and error indicators
The CPU 1512SP-1 PN and Bus-Adapter BA 2xRJ45 are equipped with the following diagnostic LEDs:

QO o

®

®—F i
] o

@ RUN/STOP LED (yellow/green LED)

(2) ERROR LED (red LED)

(3) MAINT LED (yellow LED)

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

(6) 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. Itis 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 itis 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 | The CPU processes the user program
STOP STOP operating | 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.

21
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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.

ol [ = | SIMATIC MC (D:) - O X
Home Share View 0
“ v 4 &0 > SIMATIC MC (D:) v O | Search SIMATIC MC (D) P

Name Date modified Type Size
## Quick access
SIMATIC.S7S 12/31/2011 11:00...  File folder
@& OneDrive | ] S7.J0B.S7S 12/31/201111:00 .. STSFile 1KB
g This PC EE Scan with Windows Defender...
&2 Share
&0 SIMATIC MC (D
SO ®) Send to >
SIMATIC.S7S
Cut
;;? Network Copy
Create shortcut
Delete
Rename
Properties
<
2items 2 items selected

— 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 itis 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.

Itis 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 B and then click - Network settings.

VMware Network Adapter VMnet1
No Internet

Wi-Fi
Turned off

Network settings

V7 °

Wi-Fi Airplane mode

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

options.
¢ Startseite Ethernet
I Einstellung suchen - I VMware Network Adapter VMnet8
Kein Internet

Netzwerk und Internet
VMware Network Adapter VMnet1
Kein Internet

@B Status
Unidentified network
7% WLAN Kein Internet
I ¥ Ethernet

Verwandte Einstellungen
@ DFU

Adapteroptionen dndern
°%® VPN A < 5
% Erweiterte Freigabeoptionen dndern
g+ Flugzeugmodus Netzwerk- und Freigabecenter
«»  Mobiler Hotspot Heimnetzgruppe

Windows-Firewall
(@S Datennutzung
@ Proxy

23



——,
fischertechnik

— Select the desired — LAN connection you want use to connect the controller, then click —»

Properties.

/& Network Connections

4> & > Control Panel > Network and Internet > Network Connections

Organize ~ Disable this network device Diagnose this connection Rename this connection
o | Bluetooth Network Connection "~ | Etherne* _—
g Not connected ., Uniden Disable ‘
x Bluetooth Device (Personal Area ... Intel(R Status !
G WiFi Diagnose
Not connected
X ld Intel(R) Dual Band Wireless-AC 82... Bridge Connections
Create Shortcut
Delete
Rename
@ Properties

— Now, select the — Properties for — internet protocol Version 4 (TCP/IPv4).

U Ethernet Properties X
Networking  Sharing
Connect using:
5 Intel(R) Ethemet Connection (4) 1219-LM

This connection uses the following items:

438 VMware Bridge Protocol -
U File and Printer Sharing for Microsoft Networks

QoS Packet Scheduler

N intemet Protocol Version 4 (TC

[J 4 Microsoft Network Adapter Muttiplexor Protocol

2 PROFINET I0 protocol (DCP/LLDP)

Wl 4 Microsoft LLDP Protocol Driver v

< >
| [ s
_.

Transmission Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication
across diverse interconnected networks.

OK || Cancel
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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.

Internet Protocol Version 4 (TCP/IPv4) Properties X

General

You can get IP settings assigned automatically if your network supports
this capability, Otherwise, you need to ask your network administrator
for the appropriate IP settings.

() Obtain an IP address automatically

(®) Use the following IP address:

IP address: | 192.168. 0 . 99 |
Subnet mask: | 255.255.255. 0 |
Default gateway: I ]

Obtain DNS server address automatically

(® Use the following DNS server addresses:

Preferred DNS server: [ . . . l

Alternate DNS server: [ . , ; ]

[Jvalidate settings upon exit Advanced...

[ ][ comee

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)

%

'ﬂA Portal
V16

25



fischertechnik

— Select — Online&Diagnostics and then open the — Project view.

T Siemens —ox

Totally Integrated Automation
PORTA

@ Accessible devices

F oniine &
i Diagnostics

D Project view

— Inthe 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.

"J& Siemens OX|
Project Edit View Insert Online Options Tools Window elp Totally Integrated Automation

B R ¥ coonline (¥ Gooffiine o MM ¥ 1] [S | PORTAL

Project tree

Devices

~ i Online access
Y Displayihide interfaces
» [ COM[RS232/PPI multi-master cable]
» [ comset
~ [ Intel(R) Ethernet Connection (4) 1219-LM
2 Update accessible devices
B Display more information
~ [ plc [192.168.0.25]
.| Online & diagnostics
» g8 Software units

» gl Program blocks
» [ Technology objects
» [@ PLCtags
» [ PLC data types
» ['S online card data
» [ Intel(R) Dual Band Wireless-AC 8265
» [} Microsoft Wi-Fi Direct Virtual Adapter
» [} Microsoft Wi-Fi Direct Virtual Adapter 2=
» [ PCinternal [Local]
» [ PLCSIM [PNIE]

» [ UsB [s7UsE] d Properties  |%}Info | %) Diagnostics

rb ;u';eles:rwl:e [Automatic protocol detection] A General ” Cross-references. “ Compile I
» Card Reader/USB memol = e
e - 1] F)
> | Details view ——

4 Portal view S22 Overview i Scanning for devices completed for int..
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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.

4 Portal view =3 Overview

| &/ online & dia..

i Scanning for devices completed for int.

JA Siemens —oX
Project Edit View Insert Online Options Tools Window Help Totally It Aratet Burtorm ation
Cf i saveproject & ¥ T B X O : G M E B R F coonline (¥ cooffine g2 MM X || [Searchinprojece | - PORTAL
Devices ]
. . m o
B » Diagnostics )
it a Assign IP address ES
¥ Functions g
Vel Cilioemcesss 2] Aszign P address g
Y Displayhide interfaces I 5_“ time . Assign IP address to the device @
P i » Firmware update
» L}l COM[RS232/PPI multi-master cable] L] e AR 1 Devices connected to an enterprise network or directly to the intemet must be appropriately —
» [ comset . ] #19 b H protected against unauthorized access, e.g. by use of firewalls and network segmentation. ';
~ [']) Intel(R) Ethernet Connection (4) 1219-LM o, Reset to factory settings For more information about industrial security, please visit a
- : Format memory card iemen i i @
£i2 Update accessible devices z
5 5 5 = Save service data
1§ Display more information
~ (@ plc [192.168.0.25] | |
%/ online & diagnostics H . =
P 2 B =3
» 'g@ Software units > ‘ . 5
F 64 -17 -9D 67 - ccessible device 8
» gl Program blocks M BE-G =17 9D 67 hd e
= a
» [ Technology cbjects =
= : 2
» [ PLCtags IPaddress: 192 .168 .0 ] | |
» [ PLC data types Subnetmask: 255 . 255 . 255 .0 >
» [ online card data ol
- [ use router 2
» [ Intel(R) Dual Band Wireless-AC 8265 ] @
» [} Microsoft Wi-Fi Direct Virtual Adapter L] = — -
» [} Microsoft Wi-Fi Direct Virtual Adapter <2 ] -
» [} PCinternal [Local] - : : hasignibaddumsn
r < [0 N v
» [ PLCSIM [PNIE] p<i] A s
= ) Assign a device address to the module - -
» (8 usB [s7UsB] ) | viopeiucs | Info H&J Diagnostics
I Sen 9
2 _ﬂ:ele):m,(e [Automatic protocol detection] Ur J ] ” S H Compile
» 5 Card Reader/USB memory. ™ —
1 [show
Sl i 3] 2.][@)] [show sl messages

— The — Info — General window provides messages on the status of address assignment.

|| Compile

@, Properties % Info

| %] Diagnostics

J General " Cross-references
@ B@ l Show all messages [71
1 Message

Scanning for devices completed for interface Intel(R) Ethernet Connection (4} 1219-LM. Foun...
The parameters were transferred successfully.

Go to ? Date Time
6/13/2020 8:03:43 AM
6/13/2020 8:05:01 AM

1
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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.

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

7A Siemens

Project |Edit View Insert Online
[3F New... =
B '3 Open... Ctrl+0 Open project X

rfrﬁgrate project... ) | Recantly el
Close Cerl+W Project Path
Delete project... Ctrl+E

H save Ctrl+S
Save as.. Ctrl+-Shift+S  [Smm
Archive... e

- 4

Project server 4

% Card Reader/USE memory

| Memory card file » <] i
Start basic integrity check (] Activate basic integrity check
Exit Alt+F4 , ‘Browse ” Remove [ ] Open H Cancel l

I ——

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

your computer to unpack the project there.

@ LearningFactory_4_0_24V_ V02 13.06,2020 02:45 Siemens TIA Portal V16 compressed project 2.966 KB
Note: The program solutions are available at:
https://github.com/fischertechnik/plc_training factory 24v/PLC S7 1500 exe

rcises
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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.

ierung\LearningFactory_4_0_24V_V02\LearningFactory_4_0_24V_V02

U4 Siemens - C:\Usersimde\Documents\Automati:

Project Edit View Insert Online Window Help

5F DY H saveproject @ ¥
Project tree

Devices

B

Options  Tools

X Dz T)ME B R coonline (¥ Go offline

MR x J

~ [ LearningFactory_4_0_24V_V02
B Add new device
g Devices & networks
~ 1§ PLC[CPU 15125P1 PN|

1§ Device i
4% Online & diagnostics
g Software units
g Program blocks

[ Technology objects

External source files
[ PLCtags
[ PLC data types

[ Watch and force tables

[ online backups
[ Traces

[ oPC UA communication

Device proxydata | General g Cross-references [ Compile |

) Properties |} Info 1) | %] Diagnostics

Totally Integrated Automation
PORTA!

sapeq &

Program info
C supenvisions & alarms
E] PLCalarm text lists

K e —

1 Path Description Goto |? Errors

» [ Local modules
— Ungrouped devices
» 55 Security settings [v

Siemens - C:\Users\imde\Documents\Automatisierung\LearningFactory_4_0_24V_V02\LearningFactory_4_0_24V_)

Warnings

Time

Project Edit View Insert Online Options Tools Window Help .
i Totally Integrated Automation
5F Ch | saveproject & Y B X D:: ZME B R ¥ coonline (¥ cooffine 2 NI ¥ - ||
LearningFactory_4_0_24V_V02 » PLC [CPU 1512SP-1 PN]
Devices IE'? Topology view l@“ Network view Imf Device view I_IHEJ
s 7] e — T
=] E e (g =) =
3 Ll
R PR sﬂ’w o A N - H]
— N F TN e o LD S
~ [] LeamingFactory_4_0_24V_V02 [~ S PP PN QS 3
. =1 a
B Add new device : =( 8
s Devices & networks Sl | 2
~ [ PLC[CPU 15125P-1 PN] S ST A 7 AR e (2 e v e eSS T =
1Y Devicecontgira - ey |
% Online & diagnostics = ol
» [gg Software units °
» g Program blocks =
» [ Technology objects g g;
» 5} External source files (] i E
» [@ PLCtags i
& ag: 00 X
» L PLC data types 00 =
= = 00 &
» :,L Watch and force tables ; Go to topology view 8 8 ;
» (& Online backups o Go to network view 00 2
» [Z Traces 00 @
e =T Compile »|co
» [ oPC UA communication 00 —
5 Download to device )5 |
» (i} Device proxydata =R g (]
? oad from device are =
Frodamint § Go online ctrl+k g
C supervisions & alarms W Ak 3
= e ®
Z] PLCalarm text lists Online & diagnostics curliD a
» [ Local modules A i
> [
» [ Ungrouped devices <o [v]
e et 2 K3 T [5] [100% o] —s— .
> | Details view Up ed ope ]g Properties ‘|‘ji|nfo y”y Diagnostics [ v
4 Portal view X Crosseferences F11 B | v Project LeamingFactory_4_0_24V_V02 ...
j gFactory_4_0_24V_\

5 alivanralinmet hite
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— You will then see a dialogue where you can select from compatible devices.

Change device — CPU 15T2SP-1 PN

You must select the correct BaseUnit for the signal modules:

Current device:

CPU 15125P-1 PN

Article no.: 6ES7 512-1DK01-0AB( | _
Version: V2.6 -
Description:

CPU with work memory 200 KB code
and 1 MB data; 48 ns bit operation
time; 4-stage protection concept,
technology functions: motion centrol,
closed-loop centrol, counting &
measuring; tracing; PROFINETIO
centroller, supports RTIRT,
performance upgrade PROFINETV2.3,
3 ports, I-device, MRP, MRPD, transport
protocel TCP/IP, secure Open User

C ication, 57 ¢

Web server, DNS client, OPC UA:

< 1}

Compatibility information

Information

New device:

[>]

CPU 15105P F-1 PN

Article no.: 6ES7 510-15J01-0AB0| [ =
Version: V2.8 [+]
Description:

Fail-safe CPU with work memory 150
KB code and 750 KB data; can be
used for safetyapplications; supports
consistent safety upload; supports
PROFlsafe V2; 72 ns bit operation
time; 5-stage protection concept,
technelogy functions: moticn control,
closed-loop contrel, counting and
measuring; tracing; Runtime options;
transport protocel TCPIIP, secure Open
User Communication, 57
communication, IP forwarding, Web

: ns
< ]

~ [ Controllers
~ [ SIMATIC ET200 CPU
~ (1§ ET2005P CPU
» [ CPU 15105P-1 PN
» [ CPU 15125P-1 PN
v [l CPU 15105PF-1 PN

» h CPU 15125P F-1 PN

X

[l 657 510-15500-0A80
I l6ES7 510-15101-0AB0]

Cancel ‘

- 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.

emens - C:\Users\mde\Documents\Automatisierung\LearningFactory_4_0_24V_V02\LearningFactory_4_0_24V_V02

TAL

Project Edit View Insert Onllrte Options  Tools Window Help Totally Integrated Automation
G Y B saveproject & ¥ 55 Gooffline Hr [R M@ 2 — || *

Devices

=
~ | ] LearningFactory_4_0_24V_V02 () Z
B¢ Add new device
gy Devices & networks
~ [ PLC[CPU 15125P1 PN] @

IE’ Topology view

HEEB Network view

JIY Device configuration

Q Online & diagnostics

1L}

Baugruppentrage... |

[OF1

AR S R
R R R R

a9
A¥ o of
& o>

0

Bojejes asempiey (5|

]
» [g@ Software units =
» gl Program blocks (] bt g
» [ Technology objects -
— e
» External source files =3
r— L] a5 &
» g PLC tags @
» g PLC data types [#]
» [z Watch and force tables : =
Bl S 00 00 Q0
» ;Js, Online backups 0 50 50 ﬂr
7 5 00 00 - EeXel @
» ’;Trace. o 0 50 00
» L OPC UA communication 00 00 o0 |
e 5 00 00 00 LI
» i, Device proxydata 8 8 8 8 ) 8 8 e
Program info 00 o0 8 oo =
PLC supervisions & alarms 2
E] PLCalarm textlists =
» [ Online card data
— ||
> Local modules V'
» E-lfl-ngmuped devices = — — -
e s 3 K3 [>] [100% M —y— &,
> | Details view 6| Properties |} Info (i) | %] Diagnostics v
4 Portal view B ¥ The project LearningFactory_4_0_24V_..
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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 —» H 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 — 54 Load to device symbol.

JA Siemens - C:\Usersimde\Documents\Automatisierung\LearningFactory_4_0_24V_V02\l earningFactory_4_0_24V_V02
Project Edit View Insert Online Opnons Tools \Mndow Help
JBEISavemJen S XEEX e IMEER F coonine F cooffine §2 NI ¥ T (1]

LearningFactory 4 0_24V_V02 » PLC [CPU 15125P-1 PN]
Go online

df [rcicrvisizsern  [v] B B ()G

|7 LeamingFactory_4_0_24V_V02 [ ]
B Add new device
gy Devices & networks
~ [ PLC[CPU 15125P-1 PN]
f Device configuration
%] Online & diagnostics
» g8 Software units
» gl Program blocks

» [ Technology objects

ﬁomlea asempiey £

Baugruppentrége...

§.|o01 auluQ E[

» External source files
» m PLCtags
» [ig PLC data types
» (32 Watch and force tables
» (& Online backups
» E Traces
» (& OPC UA communication
» i Device proxydata
Bos Program info
. PLC supervisions & alarms
E] PLC alarm text lists
» [ online card data
» [l Local modules
» H Ungmuped devices

00000000
000000000
000000000 K.
000000000 d
000000000

sapeIqr]
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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 ...
- Connection with interface/subnet — Directly to port ,1 X1

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—)

Extended downlo

Configured access nodes of "PLC"
Device Device type Slot Interface type | Address Subnet
PLC CPU 15125P-1PN 1 X1 PNIIE 192.168.0.1
Type of the PGIPC interface: “__ PNIIE F]
PGIPC interface: {m Intel(R) Ethernet Connection (4) 1219-LIM [+ © @
Connection to interface/subnet |E;|rec'_a'. slot "1 X1’ IV| @
istgateway: | [~ @
Selecttarget device: Show all compatible devices i
Device Device type Interface type Address ‘ Target device
CPUcommon CPU 15125P-1 PN PNIIE 192.168.0.1 CPUcommon
— - PNI/IE Access address =
Startsearch
Online status information: [ pisplay enly error messages
7 Connection established to the device with address 192.168.0.1. E
€ scan completed. 1 compatible devices of 2 accessible devices found.
Scan and information retrieval completed. E’
%2 Retrieving device information... [v]
Load ‘ [ Cancel ]
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— First, you will see a preview with information on the loading process, data security, etc... Continue with —

loading.
S . I
Load preview X
@ Check before loading
Status ! Target Message Action
i @ ~ PcC Ready for loading. Load 'PLC'
1 ¥ Protection Protection from unauthorized access
Devices connected to an enterprise network or directly to the
internet must be appropriately protected against unauthorized
access, e.g. by use of firewalls and network segmentation. For
more information about industrial security, please visit
R http:liwww.siemens.comlindustrialsecurity
H » Different modules Differences between configured and target modules (enline)
& » Software Download software to device Consistent download
(V] Text libraries Download all alarm texts and text list texts to device Consistent download
Refresh
] Finish |2 Load : cencel |

=

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

"Load results X
@ Status and actions after downloading to device
Status ! Target Message Action
‘I', Q ¥ PLC Downleading to device completed without errer. Load 'PLC'
(V] ¥ Start modules Start modules after downloading to device. Start module B
(V] The module "PLC" can be started.
f Finish 1 | Load ' ( Cancel ]

I |

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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iemens - C:Wsersimde\Documents\Automatisierung\LearningFactory_

Project Edit View Insert Online

5F T H saveproject & Y &

Options.

Tools

Window Help

LNHER

2\LearningFactory_:

& Goonline &¥ Gooffine f2 MMM 3 — ] *

Totally Integrated Automation
PORTAL

Devices

X 0 s

Go enline

|5"’ Topology view M Network view |mf Device view I_

¥ 7] LearningFactory_4_0_24V_V02
B¢ Add new device
gy Devices & networks
~ g PLC[CPU 15125P-1 PN]
IIY Device configuration

%] Online & diagnostics

g8 Software units

gl Program blocks

[ Technology objects

@} External source files

a PLCtags

f PLC data types

Watch and force tables
L&} Online backups

&5"‘ Traces

[@ oPC UA communication

v VvvTvvvvvvww

Device proxydata
Program info

PLC supervisions & alarms
PLC alarm text lists

=

»
» [l Local modules
» Tﬂ Ungrouped devices

2 Online card data

(<] W ]

Ust2seen]  [v] G B

g¢ [Pcicrun

*

Baugruppentrége...

SiEmEns

Q00000000
000000000
000000000
000000000
000000000

= |

Gojejes asempiey £

51003 autju [

T~ | L =al

-7
)
w
=
@

000000000

sapeIqr] E"

N settings

? | Details view

4 Portal view £23 Overview

B

|f'5‘.|nfo i) | %} Diagnostics

Vv The project LearningFactory_4_

Note: The symbol should be green here if there are no errors.

— To setthe time, open — Online & Diagnostics, then select — Set time under — Functions and then

— Accept, to adopt the time from your laptop/PC.

Project Edit View Insert Online

Of DY H seveproject | & ¥

Options.

Tools

Window Help

Totally Integrated Automation
PORTAL

Devices

| X 9 (2

= |

7 J LearningFactory_4_0_24V_V02
B¢ Add new device
gy Devices & networks
~ (g PLC[CPU 15125P1 PN]

JIY Device configuration

%] Online & diagnostics

g8 Software units

gl Program blocks

[ Technology objects

@} External source files
PLCtags

[ PLC data types

[z watch and force tables

(& online backups

YT}

Eﬁ Traces

[@ oPc UA communication

Ral
&

vVvvvvvvvvwvew

Device proxydata
Program info
PLC supervisions & alarms

E] PLCalarm textlists
['2 online card data

>

» [l Local modules
» i Ungrouped devices

Efoe s

l

Online access
» Diagnostics
¥ Functions
Assign IP address

» Firmware update

Assign PROFINET device na...

Reset to factory settings
Format memory card

Save service data

T

o
g
Set time E
o
-
o
o
o

PG/PC time:
[(uTc+01:00) Amsterdam, Berlin, Bemn, Rome, Stockholm, Vienna [+] 5
=
[2une 13, 2020 [~] 0:02:50 PM @
. (]
Module time =
o
[June 13, 2020 [x] [10:02:50 Pm [7] 3
z
[V Take from PGIPC Apply .
>
o
=
=
a

C: ttinge

? | Details view

4 Portal view
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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.

PLC
CPU 1516F-3 PN...

factory_PROFI...
IM 155-6 PN HF

PLC

[PN/IE_1: 192.168.0.2 |
192.168.1.1 '

I
[PN/IE_1: 192.168.0.1 |[2]

PN/IE_1 |

The assemblies used in the alternative solution are shown here:

Module Slot |lIaddress Q address Type Article no.
100
0
P PLC 1 CPU 1516F-3 PNIDP 6ES7 516-3FNO1-0ABO
Module Slot |laddress |Q address |Type Article number
300
» factory PROFINET 0 IM 155-6 PNI2 HF 6ES7 155-6AU01T-O0CNO
DO1+2 1 2 DQ 16x24VDCI0.5AST 6ES7 132-6BHO1-0BAD
DO3+4 2 3.4 DQ 16x24VDCI0.5AST 6ES7 132-6BHO1-0BAO
DO5+6 3 5.6 DQ 16x24VDCI0.5AST 6ES7 132-6BHO1-0BAO
DO7-14 = 7..14 DQ 4x24VDCI2A HS 6ES7 132-6BD20-0DA0
DO15-22 5 15..22 DQ 4x24VDCI2A HS 6ES7 132-6BD20-0DA0
DO23-30 6 23..30 DQ 4x24VDCI2AHS 6ES7 132-6BD20-0DA0
DI1+2 7 1.2 DI 16x24VDC ST 6ES7 131-6BHO1-0BAO
DI3+4 8 3.4 DI 16x24VDC ST 6ES7 131-6BHO1-0BAO
DI5 9 5 DI 8x24VDCHS 6ES7 131-6BFO0-O0DAD
DI6 10 6 DI 8x24VDC HS 6ES7 131-6BFO0-ODAOD
Al7-10 11 7.0 Al 2xU ST 6ES7 134-6FBO0-0BAT
Servermodul_1 12 Server module 6ES7 193-6PAD0-0AAD
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The program solutions are available at:
https://qgithub.com/fischertechnik/plc_training factory 24v/PLC S7 1500 exercises

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/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

Overview

(1) LED indicators for the current operating status and diagnostic status of the CPU

(2) Display
(3) Operating buttons

36


https://github.com/fischertechnik/plc_training_factory_24v/PLC_S7_1500_exercises
https://github.com/fischertechnik/plc_training_factory_24v/PLC_SCL_sources

fischertechnik

Status and error indicators
The CPU is equipped with the following LED indicators:

(1) RUN/STOP LED (yellow/green LED)
(2) ERROR-LED (red LED)
(3) MAINT-LED (yellow LED)
(4) LINK RX/TX-LED for Port X1 P1 (yellow/green LED)
(5) LINK RX/TX-LED for port X1 P2 (yellow/green LED)
(6) 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

bh bbb bb bb

=\

(1) LED indicators for the current operating status and diagnostic status of the CPU
(2) Display connection

(3 Slot for the SIMATIC Memory Card

(4) Operating mode switch

(5) LED indicators for the 3 ports on the PROFINET interfaces X1 and X2
(6) MAC addresses of the interfaces

(7) PROFIBUS interface (X3)

PROFINET interface (X2) with 1 port

(9) PROFINET interface (X1) with 2 ports

Connection for supply voltage

(1D 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:

e You can select from 6 different display languages.

e Diagnostic messages are shown in clear text.

e Interface settings can be changed on site.

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

View of the display of an S7-1500:

O2000

Ubersicht
CPU 1516-3 PN/DP
_@
6ES7 516-3AN00-0AB0
—@

(1) CPU status information

(2) Designation of the sub-menu

(3) Display field for information

(4) 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. Itis 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 whenitis 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 | The CPU processes the user program
STOP STOP operating | 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 (7) and is composed of an
interface module (1) with bus adapter (6),up to 32/64 peripheral modules inserted on BaseUnits (2), 3) (4) and a
final server module(5).

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 1/0 assemblies are queried normally in the S7 program via
the input addresses (%l) 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.
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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.

$0 | [F [ = | SIMATIC MC (D) - a X
Home Share View o
- v 4 &0 > SIMATIC MC (D:) v & | Search SIMATIC MC (D) ye)
Name Date modified Type Size
## Quick access
SIMATIC.S7S 12/31/2011 11:00....  File folder
@ OneDrive {_j S7.JOB.S7TS 12/31/201111:00 ... S7SFile 1KB
g This PC E Scan with Windows Defender...
& Share
&0 SIMATIC MC (D
St ©) Send to >
SIMATIC.S7S
Cut
¥ Network Copy
Create shortcut
Delete
Rename
Properties
< : >
2items 2 items selected =]

—> 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 itis 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.

Itis 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.

VMware Network Adapter VMnet1
No Internet

Wi-Fi
Turned off

Network settings

7 B°

Wi-Fi Airplane mode

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

options.
Settings
€2 Home Ethernet
I Find a sefting i | E VMware Network Adapter VMnet8
No Internet

Network & Internet
E VMware Network Adapter VMnet1

B Status No Internet
o Unidentified network
7 Wi-Fi No Internet
%3 Ethernet
Related settings
@ Dial-up
Change adapter options
B VPN Change advanced sharing options
%= Airplane mode Network and Sharing Center
«» Mobile hotspot HomeGroup

® Dat Windows Firewall
ata usage

@ Proxy
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— Select the desired — LAN connection you want use to connect the controller, then click —»

Properties.

/& Network Connections

4> /& > Control Panel > Network and Internet > Network Connections

-

Organize v Disable this network device Diagnose this connection Rename this connection
~ | Bluetooth Network Connection = | Etherne* -
Not connected . Uniden Disable
x Bluetooth Device (Personal Area ... Intel(R Stikas )
Sl WiFi Diagnose
r Not connected
xR -‘d Intel(R) Dual Band Wireless-AC 82... Bridge Connections
Create Shortcut
Delete
@ Rename
@ Properties

— Now, select the — Properties for — internet protocol Version 4 (TCP/IPv4).

U Ethernet Properties X
Networking  Sharing
Connect using:
P Intel(R) Ethemet Connection (4) 1215-LM

This connection uses the following items:

B8 Mware Bridge Protocol A

"B File and Printer Sharing for Microsoft Networks

QoS Packet Scheduler

A intemet Protocol Version 4 (TCP/IPv4)

[] 4 Microsoft Network Adapter Multiplexor Protocol

. PROFINET IO protocol (DCP/LLDP)

4 Microsoft LLDP Protocol Driver v
>

<
-

Transmission Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication
across diverse interconnected networks.

OK | Cancel
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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.

Internet Protocol Version 4 (TCP/IPv4) Properties X

General
You can get IP settings assigned automatically if your network supports

this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(O) Obtain an IP address automatically

(®) Use the following IP address:

IP address: | 192.168 . 0 .99 |
Subnet mask: [ 255.255.255. 0 |
Default gateway: |

Obtain DNS server address automatically

(®) Use the following DNS server addresses:

Preferred DNS server: l

Alternate DNS server:

[Jvalidate settings upon exit Advanced...

o[ o

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)

TIA Portal
V16
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— Select — Online&Diagnostics and then open the — Project view.

"7 Siemens —ox

Totally Integrated Automation
PORTA

Accessible devices

P oniinea
i Diagnostics

D Project view

— Inthe 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.

"J& Siemens TOX|

Project Edit View Insert Online Options Tools Window Help -
Totally Integrated Automation
Gy Hsavepoject @ ¥ 2 E X O ZME B R ¥ coonline ¥ Gooffiine g MM ¢  [|] [Search | - PORTAL
Project tree m 4

Devices
EES

~ [ Online access.
Y Displayhide interfaces
» [ COM [RS232/PPI multi-master cable]
» [} Comset
~ [} Intel(R) Ethernet Connection (4) 1219-LM
£? Update accessible devices
1§ Display more information
~ [ plc [192.168.0.25]
0| Online & diagnostics.
» [gg Software units
» [l Program blocks
» [ Technology cbjects
» [g PLCtags
» [ PLC data types
» [ online card data
» (7 Intel(R) Dual Band Wiireless-AC 8265
» [ Microsoft Wi-Fi Direct Virtual Adapter
» [ Microsoft Wi-Fi Direct Virtual Adapter <2
» [7 PCinternal [Local]
» (7 PLCSIM [PNIE]
» [ use [s7UsB]
» [] Teleservice [Automatic protocol detection]
» (5 Card ReaderiUSB memory
> | Details view

4 Portal view i Scanning for devices completed for int.

JaH

[, Properties H‘_i.‘.lnfo 2} Diagnostics

FgxEEdd
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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.

4 Portal view =3 Overview

| &/ online & dia..

i Scanning ford

completed for int.

T4 Siemens O X
Project Edit View lInsert Online Options Tools Window Help Totally Integrated Automation
G il saveproject @ M 05 3 X D@ 5 ME B R ¥ coonline (¥ Gooffline dp M M ¢ || [Searchinprojece | G PORTAL
Devices ]
s Ml )
% » Diagnostics
i 9 Assign IP address E
¥ Functions z
~ [ Online access (Al Assign IP address z
= = : . o
Y Displayhide interfaces Settime Assign IP address to the device b
(@ i = » Firmware update .
» L) COM[RS232/PPI multi-master cable] L4 e ] Devices connected to an enterprise network or directly to the intemet must be appropriately —
» [ Comset L] = H protected against unauthorized access, e.g. by use of firewalls and network segmentation. =
~ [0 Intel(R) Ethernet Connection (4) 1219-0M o, Reset to factory settings For more information sbout industrial securlty, please viit B
&2 Update accessible devices Eormat memoty cand iemen: z
1 Display more information E Sace service ddta
~ [ plc [192.168.0.25] | I
%/ Online & di b E
» @@ Software units b ; [ 3
» [ Program blocks [l ! AC.-64:-17 9D -67. =P -
s “
» (3 Technology objects =]
. . 192
» [ PLCtags IPaddress: 192 .168 .0 .1 | |
& 2 Subnetmask: 255 . 255 . 255 .0
» [ PLC data types >
i >
(B : e
5 » [ online card data = [] use router 5
» [} Intel(R) Dual Band Wireless-AC 8265 ] = e
» A Microsoft Wi-Fi Direct Virtual Adapter L] FotRed e RO S, | |
» [ Microsoft Wi-Fi Direct Virtual Adapter <2> L]
» (4 pCinternal [Local] ] - ] Assign IP address
» (8 PLCSIM [PNIE] i} <] L J5[> i
= ) Assign a device address to the module - .
» [ use [s7UsB] ] [ rioperucs | asInfo |2 Diagnostics
[ R = :
e | :e!e,:m;e [Automatic protocol detection] u[ J Geranl H S — ” Gamnila ]
» [0 Card Reader/USB memory M E
' TShow ~
Dl [E3][2.] (@] [show sl messages i)

— The — Info — General window provides messages on the status of address assignment.

@, Properties % Info

| %] Diagnostics

J General " Cross-references || Compile |
IQ B 0 l Show all messages [71
1 | Message Goto |? Date Time
Scanning for devices completed for interface Intel(R) Ethernet Connection (4} 1219-LM. Foun... 6/13/2020 8:03:43 AM Lﬂ
The parameters were transferred successfully. 6/13/2020 8:05:01 AM
v

1
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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.

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

7 Siemens

Project |Edit View Insert Online

b »
_3F New... i=
il Open... Ctrl+0
Migrate project...
Close Ctrl+W Open project %
Delete project... Ctrl+E Recently used
Project Path
Q Save Ctrl+S -
Save as.. Ctri+Shift+S [
Archive... ke
3 4
Project server 4
5 Card ReaderiUSB memory b
T Memory card file »
[<] Il ]
Start basic integrity check () Bctiumie baiic itbeasiy chack
Exit Alt+F4 ’ -Browse H Remove | ! Open H Cancel

I ]
— Then, click the compressed V16 project — LearningFactory_4_0_24V_PROFINET and select a

target path on your computer to unpack the project there.

3]
w
—
w
ray
m

13.06.2020 21:39 Siemens TIA Portal V16 compressed project

Q LearningFactory_4_0_24V_PROFINET_V02

Note: The program solutions are available at:

https://qgithub.com/fischertechnik/plc_training factory 24v/PLC S7 1500 exercises
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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.

74 Siemens - C:\Usersimde\Documents\Automatisierung\LearningFactory_4_0_24V_PROFINET_V02\LearningFactory_4_0_24V_PROFINET_V02

Project Edit View Insert Online Options Tools Window Help
CfF 3 Hsaveproject & X 2 2 X D 5 M N B R § coonline ¥ Gooffline fp RM % |

Project tree m 4

Devices

Totally Integrated Automation
PORT.

=

syse | it

¥ ] LearningFactory 4_0_24V_PROFINET_VO02
B Add new device

o Devices & networks

[ PLC [CPU 1516F-3 PN/DP]

sapeiq &

...... %/ Online & diagnostics
g8 Software units

5: Program blecks

[ Technology objects
External source files
[& PLCtags

(g PLC data types

[Z2 Watch and force tables
(& online backups

[ Traces

[ oPC UA communication

vYvvvvvvvvyvw

[, Device proxydata
5 Program info
[ PLC supervisions & alarms

] PLC alarm text lists g Properties [’} Info |2 Diagnostics

» [l Local modules _J General h Cross-references ” Compile ‘
» [ Distributed l0 . e
tl | Show all >
» [ Ungrouped devices ‘@D@ 0 8L MEsages [
» -E~'.‘ Security settings

» '8 Cross-device functions L[ Goto |2 Date Time
» g§ Common data
e S v
> | Details view 7 [ [[>
Portal vie 23 Overview =
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— Mark one of the different components and then click - Exchange device.

J4 Siemens - C:\Usersimde\Documents\Automatisierung\LearningFactory_4_0_24V_PROFINET_V02\LearningFactory_4_0_24V_PROFINET_V02

Project Edit View Insert Online Options Tools Window Help -
5 ; Totally Integrated Automation
F (Y B saveproject & X X D& @ 5 0 R & Goonline X Gooffline gp M M € || [<earchinpr E PORTAL
LearningFactory_4_0_24V_PROFINET_V02 » PLC [CPU 1516F-3 PN/DP] - X
Devices [E Topology view uﬁh Network view ||Ef Device view Llﬂgj
2
3
¥ | ] LearningFactory_4_0_24V_PROFINET_V02 | a
B Add new device 8
iy Devices & networks 100 0 S
~ [m PLC[CPU 1516F-3 PN/DP) Profilschiene_0 =
N U}
%] online & diagnostics i A
» [gg Software units = ¥ cut Ctrlax o
» g Program blocks =| Copy cerlsC 5
» [ Technology objects Paste culv ;
> External source files Delete Del %
» [g PLCtags
N PLC data types Go to topology view =]
Go to network view
» Watch and force tables &l =
» (& Online backups Compile > 8
» := aces L8 Download tc device » oF
» (i@ OPC UA communication [ Upload from device (software |—!
» [i: Device proxydata g Soronling i (]
s py ko (— &° Go o tri+ e =
St <[ w ] @ Online & diagnostics culep [ [3][100% [~1 g
Cf PLC supervisions & alarms e o > | s = ci
E] PLC alarm text lists < loperties u 4y Info ﬂg'l Diagnostics | =
» [l Local modules J General H Cross-references ﬂ Compil: =)
» [ Distributed 110
, kfl‘ e B3] 2.][@][show sl messsges 2| perand >
ingrouped devices — 2
Seirtyetings 2@ Fro. references ) ] f” i <
» (3@ Cross-device functions e - é g ' Lo G 2 i 3
2 1| Call structure
» r" Common data : i g ==
: v Assignment list
< Show catalog

4 Portal view

Ctrl+Shift+C

I_ pLC

— You will then see a dialogue where you can select from compatible devices.

P

Current device: New device:

~ @ cru

» [ CPU 15111 PN

» [ cPU 1511C1 PN

~ [ CPU 1512C-1 PN
Il 6E57 512-1CK00-0...
[ jces 5121co10

» [ CPU 1513-1 PN

» [ CPU 15152 PN

» [ CPU 1516-3 PNIDP

[>]

CPU 1516F-3 PNIDP CPU 1512C-1 PN

1]

i

Article no.:  |6ES7 516-3FNO1-0AB( Article no.: | 6E57 512-1CK01-0AB( » [ CPU 1517-3 PNIDP =
I =
Version: V2.8 > Version: V2.8 v y -ﬂ CELLIDADLENIO
» [ﬂ CPU 1518-4 PN/DP ODK
Description: Description: » [ CPU 15184 PNIDP MFP

» [l CPU 1511F-1 PN
» [l CPU 1513F-1 PN

CPU with display; work memory 250 KB |
< code and 1 MB data; 48 ns bit

Fail-safe CPU with display; work
memory 1.5 MB code and 5 MB data;

48

can be used for safety applications;
supports consistent safety upload;
supports PROFisafe V2; 10 ns bit
operation time; 5-stage protection
cencept, technolegy functions: motion
centrol, closed-ocp contrel, counting
and measuring; tracing; Runtime
options; isochronous mede (central);
for all PROFINET interfaces: transport
protocol TCPIIP, secure Open User

operation time; 4-stage protection
concept, technology functions: motion
control, closed-loop control, counting
and measuring; tracing; Runtime
options; for all PROFINET interfaces:
transport protocol TCP/IP, secure Open
User Communication, 57
communicatien, 57 routing, IP
forwarding, Web server, DNS client,
OPC UA: Server DA, Client DA,

bl z

icatian €7

3 I B

Q000

Compatibility information

Information

‘Al 5/AQ 2* will be created!
‘DI 16/DQ 16" will be created!
‘DI 16/DQ 16" will be created!
*HSC' will be created!

< il ; ]

Object 'DP interface’ is not supported in the new cenfiguration and will be removed.

» [l CPU 1515F2 PN

» [ CPU 1516F-3 PNIDP

» (@ CPU 1517F-3 PNIDP

» [[| CPU 1518F-4 PNIDP

» [l CPU 1518F-4 PNIDP ODK
» [ CPU 1518F-4 PNIDP MFP

» [ CPU1511T-1 PN

(<]

il P

-

oK ] I Cancel
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— To see an overview of associated IP addresses in a project, click the — Display addresses symbol

in the = Network view.

74 Siemens - C:\Usersimde\Documents\Automatisierung\LearningFactory_4_0_24V_PROFINET_V02\LearningFactory_4_0_24V_PROFINET_V02

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
3 PORT.

Of hHl soveproject & M 25 T X e ¥ T WG B R S Goonline (F coofiine fp MR x o )

LearningFactory_4_0_24V_PROFINET_V02 » Devices & networks
Devices HEE‘A Network view “I]T Device view | (2]
s T T
B £~ Newvork| 1§ Connections = i
, 2
[ =
[a] = 2
¥ ] LearningFactory 4_0_24V_PROFINET_VO02 (2] ié r
B Add new device = g
o Devices & networks P:;C e fI;::nryé_:l:?‘El... g
~ (8 PLC[CPU 1516F-3 PN/DP] Ct i 55- &
11§ Device i PLC
@ Online & diagnostics o]
» @ Software units M-roree —___ [PNMET: 192.166.02] iz
I Program blocks T g? Z —— {PNAE 1} W =
L 2 PN 192.153_0ﬂ 3
» L Technologyobjects _——— l z
» '@} External source files s
» [ g PLCtags
» g PLC data types =
» 5 Watch and force tables = _z
» (& Online backups z
» (33 Traces a
» [ OPC UA communication [ ]
» Device proxy data E] (]
E —_——— e
28§ Program info T”iuu B “DD% m i | 5
[ PLC supervisions & alarms - - — — - 3
PLC alarm text lists |g Properties u "iy Info ﬂ | Diagnestics | 5
» [ Local modules _J General | Cross-references | Compile | 4}
» [ Distributed Il0 Q1@ [howan =
= ! | Show all messages |E2] >
» /i Ungrouped devices [jl:‘D 9 ! z
ecurity settings 2 5
» [38 Cross-device functions e v Goto |2 Date Time @
» g§ Common data |
Details view < il

| & Devices &ne...
—

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.

74 Siemens - C:\Usersimde\Documents\Automatisierung\LearningFactory_4_0_24V_PROFINET_V02\LearningFactory_4_0_24V_PROFINET_V02

Project Edit View Insert Online Options Tools Window Help

Of HH sveproject S X 2= = X e ¥ B M B R S Goonline (F coofiine fp MR x - |
LearningFactory_4_0_24V_PROFINET_V02 » Ungrouped devices »

Devices IE‘ Topology view M-g Network view ||I|f Device view LEEJ
= i 23
d¢ [Lernfabrik_PROFINET[IM 1554 +] &) M @ @ @ s i
LLembrik-FROEINE T % E
R ©
~ ] Le:a mingFactory_4_0_24V_PROFINET.V02  [A] £ B R P NS SR R S ,,é‘ :
& Add new device B 4
gﬁa Devices & networks :—'
w '_{. PLC [CPU 1516F-3 PN/DP] B
1IY Device configuration BAUGUBpeiEages i}
| Online & diagnostics W
» [gg Software units = °
» gl Program blocks =
» [ Technology objects E
» g} External source files =3
= @
» (@ PLCtags o
» (g PLC data types 00 =
» (5 Watch and force tables i 8 8 -z
» (& Online backups 8 8 o
oy =
» [z Traces g 8 o
» [ OPC UA communication 00 |—
» 3} Device proxydata T - S (]
< il >|[100% v —
= ] ) G| Bl v e
PLC supenvisions & alarms [d Properties  |%}Info_| & Diagnostics | b
PLCalarm text lists J General n 10 tags H System constants H Texts &
» [l Local modules = q =l
il ; ~ Genera . !
» [ Distributed Ii0 Froectinkmmation i Potential group 3
» /i Ungrouped devices = 2 = =
ST i EatnaE Catalog information = e
: ;; . .;y,‘ ﬁ?. - Identification & Mainten... F (®) Use potential group of the left module (dark BaseUnit) H
7 e " () Enable new potential (light BaseUnit)
» (4§ Common data ’ potential group (light BaseUni —
R - = [v] ~ Module parameters =
Details view (<] [ 3]

4 Portal view

| & Lernfabrik ...
=
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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 —» i 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 — "4 Load to device symbol.

74 Siemens - C:\Usersimde\Documents\Automatisierung\LearningFactory_4_0_24V_PROFINET_V02\LearningFactory_4_0_24V_PROFINET_V02

Project Edit View Insert Online Options Tools Window Help
i U sveproient | @ X % G X0 x s BB B R | coonine o cooine | dp I I8 3¢ ] (1]
Project tree m 4 Download to device

Devices l;Topologyview ]15&5 Network view lmeeviceview L
i =2 | dr [rcicruisiersrvorl o) B (][] @2 =

Totally Integrated Automation
POR

TAL

s

~ ] LeamingFactory_4_0_24V_PROFINET.V02 A |
B¢ Add new device (]
sy Devices & networks
~ [ PLC[CPU 1516F-3 PN/DP]
[IY pevice configuration
%} Online & diagnostics
» [gg Software units 00 0
» gl Program blocks Profilschiene_0
» [ Technology cbjects
» [} External source files
» [ PLCtags
» (g PLC data types
» [53 Watch and force tables il
(&) online backups

fojejes atempiey

[ Traces
[ oPc UA communication

v v owvw

[§§, Device proxydata . N v
oot 1l [5] [100% > —g—
j Program info <] ‘ L] — ‘ B
Lf PLC supervisions & alarms G, Properties ﬂj:.lnfo yﬂg; Diagnostics |
:E: PLC alarm text lists J General u 10 tags " System constants ” Texts
» Ui Local modules ﬁ
f" ?ca‘ i Time-ofday synchro... ’7\
» L Distributed IiO ||
Operating mode —
~ Advanced options Eti NTP mode
Interface options H
Media redundancy

‘ Sul-ppy H sauelqr] E” snselkun" 51003 BUIUQ \EH

‘ Time-of-day synchronization
» &_ Ungrouped devices
» 55 Security settings
» |38 Cross-device functions
» f.i Common data — =
\ a 3 o v ¥ Real time settings [+l
<] i B0
=2 Overview lﬁ PLC

==

Note: |Time synchronization for all PROFINET interfaces take place within the settings
| for time synchronization of the PROFINETinterface [X1].

Details view

4 Portal view V' The project LearningFactory_4_0_24V_...

— 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 ...
- Connection with interface/subnet — Directly to port,1 X1’

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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Extended download to device X

Configured access nodes of "PLC"

Device Device type Slot Interface type  Address Subnet
PLC CPU 1516F-3 PNi... 1 X1 PN/IE 192.168.0.1 PN/IE_1
CPU1516F3 PNI.. 1X2 PNIIE 192.168.1.1
CPU 1516F-3 PNi... 1X3 PROFIBUS 2
Type of the PGIPC interface:  [|_PNIE [+
PGIFCinterface: (Rl Intel(R) Ethernet Connection (4) 1219-L\ [+] @L@
Connection to interface/subnet: i Directatslot "1 Xt1' rﬂ @

15t gateway I I" @

Selecttarget device: I Show all compatible devices E]
Device Device type Interface type Address Target device
- PLC CPU 1516F-3 PNIDP PNIIE 192.168.0.1 PLC
. | = = PNIIE Access address =

Startsearch

Online status informaticn: [] Display only error messages
= Connection established to the device with address 192.168.0.1.

€ scan completed. 1 compatible devices of 2 accessible devices found.

Scan and information retrieval completed.

<] ]

%2 Retrieving device information...

r Load 1 [ Cancel ]

— First, you will see a preview with information on the loading process, data security, etc... Continue

with — loading.

Load preview X
9 Check before loading
Status ! Target Message Action
1] & ~ rcC Ready for loading. Load 'PLC
H ¥ Protection Protection from unauthorized access

Devices connected to an enterprise network or directly to the
internet must be appropriately protected against unauthorized
access, e.g. byuse of firewalls and network segmentation. For
more information about industrial security, please visit
http:/iwww.siemens.comiindustrialsecurity

» Different modules  Differences between configured and target modules (online)
(v} » Software Download software to device Consistent download

(V] Text libraries Download all alarm texts and text list texts to device Consistent download

Refresh

Finish IE Load ; [ Cancel ]
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— Now, select the option — Start assembly before completing the loading process with — Complete.

"Coad results

9 Status and actions after downloading to device

Status ! Target
¥, @ -~ rc

]
]

¥ Start modules

Message

Downloading to device completed without error.

The module *PLC" can be started.

Start modules after downloading to device.

Action
Load 'PLC'

Start module

[=]

X

l

Finishww||  Load [

Cancel

Assign the device name for the PROFINET- 10- Device ET200SP

The device name is used by the 10-Controller CPU 1516F-3 PN/DP to detect the 10-Device ET200SP and establish
communication. Because of this, it must be assigned separately.
Use the following steps to do so.

" |

— In the — Network view, mark the ET200SP with the device name — factory_PROFINET and select

@
-

Assign device name.

74 Siemens - C:\Usersimde\Documents\Automatisierung\LearningFactory_4_0_24V_PROFINET_V02\LearningFactory_4_0_24V_PROFINET_V02

4 (Y saveproject | &

Project Edit View Insert Online Options Tools Window Help

XX e DMK B R ¥ coonline ¥ Gooffiine | &9 MM 3| - ||| [<eerchinprojece |

Devices

¢ Add new device
s Devices & networks
~ [} PLC [CPU 1516F-3 PN/DP]
Y Device configuration
% Online & diagnostics
» |88 Software units
» g Program blocks
» [ Technology objects
» G External source files
» [@ PLCtags
» (g PLC data types
153 Watch and force tables
(&g Online backups
(5 Traces
(% OPC UA communication

[ Device proxy data
5 Program info

Z) PLC alarm textlists
» [ Local modules
» [ Distributed IO
» i3 Ungrouped devices
» 55 Securitysettings
» [38 Crozs-device functions
» [g§ Commen data

~ ] LeamingFactory_4_0_24V_PROFINET_VO2

 PLC supenvisions & alarms

LearningFactory_4_0_24V_PROFINET_V02 » Devices & networks

N
> | Details view

4 Portal view

[ Topology view [ Network view |[¥ Device view |
[Z] 2 | ¥ nework 13 connections [ - B e e H
[~
o E
PLC tactory PIOFL... - T
CPU 1516F-3 PN.., IM 155-6 PN HF B Device configuration
fc Change device
] S——— _ [PnpE_i: 192768.02] | ¥ Cut Culex
=] [192768.11 | PNIE_1 | 1 18 Copy CtrlsC
[PNRE_T: wzlsigigg T Peste Culev
X Delete Del
Aszign to new DP master /10 controller
=l Disconnect from DP master system /10 system
[C] Highlight DP master system /10 system
& Go to topology view
Compile » [v]
<[ m Download to device y— &
# Goonline CurlsK
r |
|| General | Crossreferences | Compile g/ Online & diagnostics cul:D
! = by Ao 1
(][ 1.]@] [show all messages - R A UE LR T
\XJ = g
! Message
] Hardware configuration = : ke IS
Show catalo tri+Shift-
| @  scanning for devices completed for interface Intel(®) Ethemet Connection (4) 11 i) A
Y3 ®  Loading completed (errors: 0; warnings: 0). = Export module labeling strips ™
< [ g Properties >

Totally Integrated Automation
PORTAL

Bojeies asempiey (§

[ surppy | seneiqri G syseriil]  sjoor suijuo i |

Note: The IP address set in the project is assigned later by the CPU 1516F-3 PN/DP controller when establishing
the communication connection.
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— Online access must be set correctly in the dialogue used to assign PROFINET device names. Then,
you can select the device and filter by devices of the same type. If a new device is connected, the
list must be updated. ( — PROFINET device name: factory_profinet — Type of PG/PC interface:
PN/IE — PG/PC interface: here: Intel(R) Ethernet Connection ... —» = Only display devices of the

same kind — Update list). Determine the right device using the MAC address printed on the device

before marking it, then click - Assign name to assign the device name.

"Assign PROFINET device name. . .= —.npbynoonnononnnnnnoviiiirrmmmm/mm/m/mmmmmmx

Configured PROFINET device

PROFINET device name: l.,fEG‘E'}i-_EE?.ﬁ'JEt rﬂ
Device type:  |IM 155-6 PN/2 HF \
Online access
Type of the PGIPC interface: || PNIE T:}
PGIPC interface: [W Intel(R) Ethernet Connection (4} 1219-LM !"‘ @ [3:

Device filter

[ Only show devices of the same type

[] only show devices without names

Accessible devices in the network:
IP address MAC address Device PROFINET device name

["] only show devices with bad parameter settings

Status

.0.0.0.0 AC-64-17-53-6A-74 ET200SP =

I No device name assigned

1 =

[~ Flash LED

Update list | [ Assignname

Online status information:

o Search completed. 1 of 2 devices were found.

Assign device name

i i “ i

Finally, check online to ensure the configuration was loaded correctly and the PROFINET device was successfully
connected by the controller. Then, set the time in the CPU if the set NTP server is not available for automatic time

synchronisation.
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— Mark the CPU — PLC[CPU 1516F-3 PN/DP] and select — Connect online.

emens - C:\Usersimde\Documents\Automa

Fr(:ject Edit View Insert Online s Tools Window Help Tolally Intagitad Autamation
CF i H saveprojecr @ X B 2 PORTAL
Go online
|7 Topology view [ Network view [} Device view ||k
= =
[Z] 2 | % network| £ Connections [Fin -] s =2 i
4
|~ =
et 3
3
=g
PLC factory PROFI... __| Ll 5
CPU 1516F-3 PN... IM 155-6 PN HF S
i Device configuration ELE L
%) Online & diagnostics o
» g8 Software units e (o]
% PNJIE_1 s
» [ Program blocks ® ) =
» (3§ Technology objects ;
» g} External source files L2
» [@ PLCtags [ ] i
» [ PLC data types (] (=
» [ Watch and force tables ol
» [ online backups ;
» [ Traces @
» (i@ oPC UA communication Lu
» 5, Device proxydata L1
Program info E
PLC supervisions &alarms El
PLCalarm textlists H
» [2 Online card data
» [l Local modules
B Distri L
» Distributed /0 v
02 Ao 1 : : 2
Al 3 £ [3] 106 i =
> | Details view | g Properties  [?}Info | Diagnostics v

4 Portal view E ay Devices &ne... ¥ The PROFINET device name “lernfabrik_...

Note: The symbol should be green here if there are no errors.

— To setthe time, open — Online & Diagnostics, then select - Settime under — Functions and then

— Accept, to adopt the time from your laptop/PC.

iemens - C:\Usersimde\Documents\Automatisi

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
UF D H saveprojet & ¥ X s (4 PORTAL
Devices 8
§ Online access Ml ) =4
: Set time =
» Diagnostics H
~ ] LeamingFactory_4_0_24V_PROFINET. [ @ [~ ™ Functions g
I Add riew device Assign IP address 2
 Devices & networks Settime
~ [ PLC [CPU 1516F-3 PN/DP] ° » Firmware update [g
It o Assign PROFINET device na... ~1 =
evice configuration : [~] )
0 Online & Reset to factory settings ‘%
» g Software units Format memory card
» [ Program blocks ® Save service data LLl_
» [ Technology objects Module time =
= &
» @} External source files [June 14, 2020 [-] [oB:05:45 am [Z] 3
» (g PLCtags ) ,E
» [ PLC data types o [V Take from PGIPC Apply
» [ Watch and force tables H |
» [ Online backups >
» (3 Traces g
» [ OPC UA communication a
» [, Device proxy data =
Program info
LC supervisions & alarms
) PLC alarm text lists
» [2 online card data
» [l Local modules
» [ Distributed /0
=Y o [v] i
< i B E L] B
> | Details view |_C§Prope ies | Diagnostics

4 Portal view

@ Devices & ne... | %/ Online & dia... v The PROFINET d
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Connecting Training Factory Industry 4.04.0 to the Internet

To connect Training Factory Industry 4.04.0 to the internet and thereby to the fischertechnik cloud, connect
the nano Router TP-Link in WISP mode (Hotspot Router Mode) to a wireless WAN.

Then, you can access the Dashboard of the fischertechnik cloud via mobile devices like a tablet,
smartphone, laptop, or PC.

Connecting the nano Router TP-Link (WR802N) in WISP mode

The nano router TP-Link is connected to the I0T Gateway (Raspberry Pi) for power supply via USB. Alternatively,
however, it can also be connected to the included plug-in power supply.

The Ethernet cable of the nano Router TP-Link is connected directly to a free port on the PLC.

O

Fischertechnik
Cloud

PLC

Internet

p—
I0T Gateway (Raspberry Pi) [:"D..l ] =
] - 3 ——
*wr]ﬁ > g
B
usB ®
o=
Plug-in power supply L L]
T | ’:
L&—E | ®
|

alternativ I_ —

‘i|

nano Router TP-Link (WR802N)
Hotspot Router Mode

: WISP
LANT: 192.168.0.252
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— The TP-Link must be configured to connect the nano Router TP-Link in WISP
\ \/ mode (Hotspot Router Mode) to a wireless WAN.

m - Use your PC or a tablet to do so.

Important: Unplug your computer’s (WiFi capable) existing internet connection with the router. To do so,
unplug the Ethernet LAN cable from the computer, and terminate any existing WiFi connection.

The nano Router TP-Link is permanently installed in your system. You must first perform a reset before you
integrate (configure) it into your working environment. Unplug the plug for the power supply on the TP-Link,
then plug it back in so that it restarts. The green light will flash on the TP-link. Use a pointed object (small
screwdriver) to press the reset button for 5 seconds. The lamp will go off. The TP-Link will restart. The lamp

will flash again.

ugfischer.com E
Y=l Connected Press the —» Internet access button to open the

Internet access context menu on your computer. A
/ﬁ; fischenntern

ks screen will appear showing the networks in your area.
The TP-Link should appear in the list. Click on ->WiFi

once and then ->WiFi once again if it doesn't. This will

i -1093
G e

restart the WiFi, and another search will be completed

TP-Link_75E8 S
o 0% for all WiFi networks.

Gkt
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( TP-Link 75E8 In the next step, activate the displayed TP-link. An additional

context menu will appear. Select the—Connect button.
I:] Connect automatically

@ TFT‘LT,‘(.JSEg

Enter the network security key After a short while, a pop-up window will appear asking you
to enter the network security key for your TP-link.

You can also connect by pushing the button on|
the router.

Cancel

This can be found on the bottom of the TP-link.

gl

Enter the network security key

After entering the key, confirm by pressing the = Next button.

You can also connect by pushing the button on|
the router.

Next Cancel

H . . . TP-Link_75E8
The next step is to check the security key and the TP-link is now Secured

connected to your computer via WiFi.

Checking network requirements

Cancel

TP-Link_75E8

No Internet, secured

The last pop-up window will show you that the connection is
successful.

Properties

Disconnect
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Next, you need to configure the TP-link for your network. To do
this, open a WEB browser (Firefox or Chrome).

Access the page http://tplinkwifi.net Important note: Do not enter www. before the address
and go to this page. The following page will appear:

o . TP-Link Wireless N Nano Router WR802N
- tp-link Model No n

N

[ & Jsemame

[ 2 Password

Scan the QR code to download TP-Link Tether app.

Compiete Coctra Bom Bue paim of your Band

Enter “admin” as the user name and “admin” as the password, and confirm by pressing “Log In”.

Confirm this page with setup information by pressing - Next.

o y TP-Link Wireless N Nano Router WR802N
] tp-link Model No. TL-WR802N

Status

Quick Setup
Operation Mode Quick Setup - Start
Network
Wireless
P — Run the Quick Setup to manually configure your internet connection and wireless settings.
u etworl
To continue, please clickthe Next button.
DGt To exit, please clickthe Exit button.
Forwarding
Security

Parental Controls

Access Control

Advanced Routing
Bandwidth Control
IP & MAC Binding
Dynamic DNS
IPV6

System Tools
Logout
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The password should not be changed, otherwise it has to be changed on the TXT Controller. Confirm by

pressing > Next

10 tp-link

Status
Quick Setup
Operation Mode
Network

Wireless

Guest Network
DHCP

Forwarding
Security

Parental Controls
Access Control
Advanced Routing
Bandwidth Control
IP & MAC Binding
Dynamic DNS
IPv6

System Tools

Logout

I [JChange Login Password I

TP-Link Wireless N Nano Router WR802N
Model No. TL-WR802N

Quick Setup - Password

[ Change Login Password

Then, select — Operation Mode — WISP and confirm the selection with — Next.

10 tp-link

|

System Tools

Logout

59

TP-Link Wireless N Nano Router WR802N

Model No. TL-WR802N

Quick Setup - Operation Mode

Operation Mode

Network

Wireless Choose Operation Mode:
Guest Network () Wireless Router
DHCP ® wisp

Share Internet connection anywhere public Wi-Fi exists. For example: hotel room, trade show, ...
() Access Point

(O Range Extender

(O Client

Back ] Next ]
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For the - WAN Connection Type, select - Dynamic IP and confirm the selection with — Next.

TP-Link Wireless N Nano Router WR802N

10 tp-Iink Model No. TL-WR802N

Operation Mode Quick Setup - WAN Connection Type

Network

Wireless The Quick Setup is preparing to set up your internet connection, please choose one type below according to your ISP. The detailed description will be
displayed after you choose the corresponding type.

Guest Network

DHCP (@ Dynamic IP (Most common option)

System Tools O Static 1P

Logout (O PPPoE/Russian PPPoE
(O L2TP/Russian L2TP
(O PPTP/Russian PPTP

Note: For users in some areas{such as Russia, Ukraine efc.), please contact your ISP to choose connection type manually.

Back | Next |

Next, the — AP List will appear with nearby available WiFi Access Points (APs). Select your WiFi access point by
clicking » Connect

TP-Link Wireless N Nano Router WR802N
Model No. TL-WRB02N

Operation Mode AP List

Wireless
Guest Network

The scanned APs are as follows

AP numbers: 45 | Refresh

| ID BSSID SSID [ Signal strength Channel [ Encryption [ Connect

System Tools DC:39:6F: © 30 | FRITZ!Box 94 1 | WPA2-PSK/AES Connect
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Adopt the — Client Settings and — AP Settings with — Next.
Note: The AP Settings should not be changed; otherwise the settings of the TXT controller will have to be adjusted.
You can take the Client Settings and Wireless Password from the configuration pages for your WiFi access point,

o tp-link
"1

Status

or request them from your network administrator.

TP-Link Wireless N Nano Router WR802N

Model No. TL-WR802N

Quick Setup - Wireless

) Operation Mode
Network
Wireless Client Setting
Guest Network
DHCP SSID(to be bridged):  [FRITZIBox |
System Tools MAC Address(to be bridged): | DC:39: 30 .. 00:1D:0F:11:22:33 H
Logout — Wireless password for
ey Type: the WiFi access point
Wireless Password: || |
AP Setting
Security:
@ WPA2-PSK (Recommended)

Wireless Password 33387901

(Enter ASCII characters between 8 and 63 or Hexadecimal characters between 8 and 64.)
(O Disable Wireless Security

Then you will see an overview of settings. Adopt them by clicking — Finish.

9 tp-link

Status

Operation Mode

TP-Link Wireless N Nano Router WR802N

Model No. TL-WR802N

Quick Setup - Review Setting

Network
Wireless Congratulations! The settings is finish, please click finish button to make it work.For detailed settings, please click other
Guest Network menus if necessary.
Changing work mode should be reboot!

DHCP
System Tools
Togo Confirm the configuration you have set. If anything wrong,please go Back to reset.

& it's recommented to take a note of these settings that you'll need later for reference.

Wireless Settings

Operation Mode:  WISP
Wireless Channel: 1
Wireless Network Name(SSID):  TP-Link_59A8
Wireless Security Mode: WPA2-PSK
Wireless Password: 33387901
LAN Settings
Default Access:  hitp://tplinkwifi.net
LAN Type:  Static IP
IP Address:  192.168.0.1

pack | (MR
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Confirm the following message by clicking — OK.

The change of operation mode will not take effect until the device reboots. Would you like to change the op

[ ok | | Abrechen

The settings will be saved, and the system will restart (rebooting).

o J TP-Link Wireless N Nano Router WR802N
- tp-link Model No. TL-WR802N

Status

Rebooting

Wireless The system is rebooting. Please wait...
Guest Network
ye—————

Forwarding

Parental Controls
Access Control
Advanced Routing
Bandwidth Control
IP & MAC Binding
Dynamic DNS

The status display shows the progress of the reboot.

Important note: It is possible that the connection from the
computer to the TP-link will be interrupted during the reboot.
G Connect them by clicking —>Connect.

Checking network requirements

Cancel
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The status screen will open once the reboot is done. You can read different values for the status of the LAN and
WiFi connection here.

TP-Link Wireless N Nano Router WR802N
Model No. TL-WR802N

Status

Quick Setup Status

Operation Mode
Network

Wireless

Guest Network
DHCP
Forwarding
Security

Parental Controls

0.9.1 3.16 v0001.0 Build 170421 Rel.74156n
TL-WRB02N v4 00000004

Firmware Version:

Hardware Version:

MAC Address:
IP Address:
Subnet Mask:

D8:0D:17:15:75E8
192.168.0.1
255.255.255.0

Access Control

Advanced Routing

Bandwidth Control Wireless 2.4GHz

IP & MAC Binding Operation Mode:  Hotspot
Dynamic DNS Wireless Radio:  Enabled
IPv6 Name(SSID): TP-Link_75E8

System Tools Mode:  11bgn mixed
Auto(Channel 3)
Auto

D8:0D:17:15:75:E8

Logout Channel:
Channel Width:
MAC Address:

MAC Address:
IP Address:
Subnet Mask:

D8:0D:17:15:75:E9
0.0.0.0(Dynamic IP)
0.0.0.0
0.0.0.0
0.0.0.0 0.0.0.0

Default Gateway:
DNS Server:

System Up Time: 0 day(s) 00:01:41 Refresh
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Then, set the IP address of the nano Router on LAN and for DHCP.
To do so, select - Network in the menu at left and then — LAN. Assign the TP-Link the
— IP address 192.168.0.252 with the — Subnet Mask 255.255.255.0.

o]
ﬁTLVWRSGZN x |- =8 BB =5

i::(—_:'—) a6 ‘@ £ 192.168.0.252 - @ T}‘ n @ &

TP-Link Wireless N Nano Router WRB02N

10 tp-Iink Model No. TL-WR802N

Status
Quick Setup

: LAN Help
Operation Mode LAN Settings
- You can configure the IP parameters of LAN
on this page.
- WAN « MAC Address - The physical address
AN MAC Address:  D:0D:17:1573:76 of the LAN ports, as seen from the
IP Address: LAN. The value cannot be changed.
- MAC Clone 192.168.0.252 « IP Address - Enter the IP address of
Wireless SubnetMask.  255.255.255.0 your Device in dotted-decimal notation
- - (factory default - 192.168.0.1)
Guest Network = Subnet Mask - An address code that
— determines the size of the network.
DHCP Usually it is 255.255.255.0.
Forwarding Save Hote:
Security 1.If you change the IP address, you

must use the new IP address to login
to the Device.
If the new LAM IP address you set is
_— not in the same subnet with the
Advanced Routing previous ane, the IP Address poal in
-1 the DHCP server will be configured
Bandwidth Control automatically, but the Virual Server
IP & MAC Binding and DMZ Host will not take effect until
et— they are re-configured

Parental Controls

[

Access Control

Dynamic DNS
IPve

System Tools

Click the Save button to save your settings

Logout

Then, activate = DHCP by clicking — Enable and change the settings displayed here for the IP addresses. Accept
these settings with — Save.

o x

'<—'—) c ‘@ & 192168.0.252 o @ {}‘ N O & =

TP-Link Wireless N Nano Router WR802N

Model No. TL-WR802N

Status s

Quick Setup

Operation Mode

The device is setup by default as a DHCP
Network (Dynamic Host Configuration Protocol)
Wireless server, which provides the TCPIP

configuration for all the PCs that are
Guest Network DHCP Server. - @ Disable @ Enable connected to the device in the LAN

DHCP Settings DHCP Settings Help

End IP Address:  192.168.0.20 the senver. If you disable the Server,
- DHCP Settings you must have another DHCP |
- DHCP Clients List Lease Time: 120 minutes (1~2880 minutes, the defaultvalus is 120) server within your network or else |~
. — you must configure the IP address
- Address Reservation Defaull Gateway.  192.168.0.252  (optional) of the computer manually.
S i— .
— « Start IP Address - This field
Forwarding Default Domain. (optional) specifies the first address in the IP
Securi — . Address pool. 182.168.0.100 is the
| Security | DNS Server:  0,0.0.0 (optionaly default start IP address
Parental Controls. ] « End IP Address - This field

Secondary DNS Server:  0,0.0.0 (optional) specifies the |ast address in the IP

Access Control Address pool. 192 168.0.199 is the
Advanced Routing default end IF address.

Lease Time - The Address Lease

Bandwidth Control Save Time is the length of tme a |
_— network user will be allowed to
IP & MAC Binding keep connecting to the device with
— the current DHCP Address. Enter
Dynamic DNS the amount oftime, in minutes, that
\PVB— the DHCP address will be
“leased”. The time range is
System Tools 1~2880 minutes. The default value
_— is 120 minutes.
Logout = Default Gateway - (Optional)

Suggest to input the IP Address of
the LAN port of the device, default
value is 192.168.0.1

ADJQ « Default Domain - (Optional) Input

the damain namea nf wnur netwnrk:
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Once the TXT controller is switched on, it will be displayed in the — DHCP Clients List with its MAC and IP address. If
itis not, turn on the TXT controller, wait until it has started up, and then update the view by clicking — Refresh.

== |
e x

‘O # 192.168.0.252 .- @ n o & =

TP-Link Wireless N Nano Router WRB02N

10 tp-link Model No. TL-WRB02N

Status
Quick Setup

i DHCP Clients List Hel
Operation Mode DHCP Clients List P
— This page shows Client Name, MAC
Network Address, Assigned IP and Lease Time of

Wireless This page displays information of all DHCP clients an the network. S8 2P EIELE I EE R IE (ELEE
Guest Network = Client Name - The name of the DHCP
D Client Name MAC Address Assigned IP Lease Time client

* MAC Address - The MAC address of
1 fi-d_3939 T4DAEAD8:4DED 192.168.0.10 Permanent the DHCP client.

- DHCP Settings « Assigned IP - The IP address tha the
- DHCP Clients List :wcte has allocated to the DHCP
lent
- Address Reservation * Lease Time - The time of the DHCP
.~ =
clientleased.

Forwarding Refresh
You cannot change any of the values on this

L page. To update this page and to show the
Parental Controls current connected devices, click on the

Refresh button.

Access Control

Advanced Routing
Bandwidth Control
IP & MAC Binding
Dynamic DNS
IPvE

System Tools

Logout

The TXT controller should have a fixed IP address of 192.168.0.10. In the — Address Reservation menu, this address
can be re-assigned under — Edit and then adopted by clicking — Save.

i TL-WRB02N ¥ ey =&
\(—:'—) c @ ‘O # 192.168.0.252 @ {}\ n @ &

TP-Link Wireless N Nano Router WRB02N
Model No. TL-WRB02N

Status
Quick Setup o q -
i ress Reservation nel
Operation Mode DHCP Address Reservation P
When you specify 3 reserved IP address
Network for a PG in the LAN, that PG will always
i : " " receive the same IP address each time
Wireless ;Téii:agtsed‘ciﬂ:f tﬂmedﬁ:at%cel‘zsaddrsss assigned by the DHCP Server and allows you to adjustthese configurations by when it accesses the DHCP server.
Guest Network g P! g Reserved IP  addresses could be
assigned 1o servers  that  require
_ MAC Address IP Address Status Edit permanent IP settings
- DHCP Settings T4:DAEA98:4D:6D 192.168.0.10 Enabled | Edit » MAC Address - The MAC Address
_ DHCP Clients List of 1‘7'139 F;(d: Inalfyuu want to reserve | =
an IP address for.
- Address Reservation Addew | | Enable Selected | | Disable Selected | | Delete Selected | « IP Address - The IP address thal
the device reserved.
Forwarding = Status - It shows whether the entry

is enabled or not

Securi
ty Refresh = Edit - To edit or delete an existing

Parental Controls entry.
Access Control DHCP Address Reservation To Reserve IP Addresses, you can follow
— these steps:

Advanced Routing
1. Enter the MAC Address (The format

Bandwidth Control The static IP address of the DHCP Server can be configured on this page. = Tm o oRE . erms
IP & VAC Binding W - e e |
Dynamic DNS MAC Address: | 10.CE:A9:28:81:B7 ofthe computer you wish to add.
e Padress (12168010 | 2. Clickthe Save button.
- Status: To edit a IP Address, you can follow
System Tools these steps:
Logout 1. Select the reserved address entry
_sae || Back | as you desired, editit. If you wish to

delete the entry, select the entry
and click the Delete Selected

Now, you can unplug the WiFi connection to the nano Router TP link.
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Training Factory Industry 4.0dashboard in the fischertechnik

cloud
The dashboard can be accessed and operated via mobile devices such as tablets and
smartphones as well as laptops and PCs. It enables factory scenarios to be displayed
from three different perspectives:
oL
Customer view i
Supplier view v w N
[~ ]
Production view @ - -~ It
@ - [ )
User login

You have to log in before you can use the dashboard.
Tolog in, call up

www.fischertechnik-cloud.com

. The two best Internet browsers to use are “Firefox” or “Google Chrome”.
Enter the address (URL). It will now appear on the following screen.

Log in at fischertechnik

technik-hw

New at fischertechnik? Register now ...

Forgot password?

Important: If this page doesn’t load, press “CTRL + F5” at the same time to reload the
page. This is a general browser problem.
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Click “here” to log in for the first time: Join fischertechnik

Are you new to fischertechnik? Sign up now...

Fill out all fields and accept the data privacy policies. Check the box,
“l am not a robot” and answer the questions.

Confirm log-in by clicking:

After signing up, you will be able to log in using your user name and
password. As soon as you have done this, the dashboard will start
up. After carrying out the next item, the dashboard will populate with Fnota tobot e

reCAPTCHA

data.

Cloud connection

Only one TXT controller will link from the Training Factory Industry 4.04.0 to the ‘
cloud, which also controls the movable camera. The WiFi connection to the
nano Router TP-link is a default setting.

By registering | agree to the privacy policy.

The following settings are required for this TXT to connect
to the fischertechnik cloud:

On the TXT, activate the “Settings — Properties
- Cloud Client”. Now click on the “Home" button to return to the “Home"” screen.

: TIRE— Now connect the TXT controller to the fischertechnik B TXT-7084 01:15
4d 6 cloud using “Settings — Network — Cloud Settings — 4d %
Role Pairing New". Cloud Setup

www.fischertechnik-cloud.com
Master No Pairing data for the cloud!
Create a fischertechnik cloud
account and start pairing new.

Cloud Client

MQTT Broker

Extension

4
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If the TXT controller is able to connect to the cloud, then a QR-code and
pairing code will display. You now have 30 minutes to add your TXT controller
to your account in the cloud. If this period of time elapses before you have
=rmersl  done this, you will have to start all over with the pairing process.

i

[1) TXT-7084 09:36

.4 . 29:48

Cloud Setup

You can scan the QR code, e.g., by using the “Quick Scan” app, whereupon you
will be automatically directed to the fischertechnik cloud.

Contrale o Alternatively, you can go to the
L . fischertechnik cloud page to “Settings -
Add controller” and manually enter the
pairing code there.

At this point enter any name you wish for the
TXT controller, e.g., its ID, “TXT-7133".

Register controller Register controller

TXT-7133

Name of the controiler *

Code

Pairng Cc
Pairing Code * alad

Now the TXT controller is connected to the cloud.
Under “File - Cloud”, load the application
TxtGatewayPLC to the TXT Controller.

Timestamp
2019-06-27 09:36:12 = 31} TXT-3850 17:49

Delete 111}
New v

START
PROGRAM

TxtGatewayPLC
the applications on the TXT controller. T File

As soon as you have connected to the cloud, start

Settings

~ Test

68



fischertechnik

Factory dashboard

This will disply with the following screen:

p— f \ Hello
= Eseestne cloud) technik-hw Y ENw

W TXT_5797: Order 2 X pyl TXT_5797: Factory status A8 ¢

Blue workpiece Red workpiece Whit

®® TXT_5797: Order raw material i X pad TXT_5797: Stock 2 X

. Blue workpiece 3 . . .
. Red workpiece 3 . . .
2

White workpiece 3 O O O 3

You can change the sequence of the individual screens to adjust your
requirements.

Click this button to close or expand the main menu for the cloud.

Hello
technik-hw

=2 smart Home W TXT_5797: Order 8 X py| TXT_5797: Factory status 2%
h e Factonyindiaty a0 Blue workpiece Red workpiece
° Settings g
> E T
Availability: @ not in stock Availability: @ not in stock
755 el High-Bay  Vacuum Gripper S
Stock: 0 Stock: O Warehouse Robot :
5o
Delivery / Shipping
L]
®® TXT_5797: Order raw material o X pad TXT_5797: Stock i X
A B C

. Blue workpiece 3 . . .
. roioee 2 (@) @) @
2

e 3 () O O :
> fischerTiP Ne——
> fischer group e

> elearning-Portal

> fischertechnik
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The individual windows and their functions at a glance:

Order raw material ®® TXT-5797: Order raw material X

The “Order raw material” view: The view indicates . Gmnaibdian - N N

which raw material is missing and needs to be
Red workpiece 3 . . .

reordered.
White workpiece 3 O O O

——
|nventory pad TXT_5797: Stock B X
A B C

You can see how many raw materials were stored
in the high-bay warehouse in the “Inventory” '
window. The stock is changed according to the g
number and colour if goods are removed.

3
Order ®® TXT-5797: Order raw material PR B¢

This window shows how much raw material (blue, Bhos worigiacs N N M
red, white) is in the warehouse. If, for example, a

red workpiece is placed on the shelf, the colour . Red workpiece N B N
display and stock value changes.
White workpiece 3 O O O

019, 16:40:38.996
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Factory status

g TXT_5797: Factory status £ X
The current working status of the overall
factory is displayed in the “Factory status” i
window. “Icon is highlighted in blue” will
be displayed if, for example, the vacuum B: L. %
suction gripper is currently being used. Sy VaumGrgper Soungine
o

Production status

wad TXT_5797: Production process &0 %

In this window, you see the blueprint of the production oo N
. . . V4
process right after you have ordered a workpiece. This 1 >
allows you to keep track of where the workpiece L o
currently is in the factory. b o’
The NFC reader
This window always displays the NFC reader’s il TXT_S797: NEC reder oox

current status.

But you can also hang a workpiece and read out the
data of the NFC tag.

Click “Delete” to delete the contents on the NFC tag.
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Dashboard camera

Camera B 1r_5757 Camers gy
The “Camera” screen displays the camera
section of your factory.

This corresponds to a live recording of the

factory.
actory o
@0
Camera control
This screen gives you the power to control your
camera live. You can thus get an overview of
the entire factory.
Stepsize 10° ~ Control the camera
— =gy with the virtual joystick. The red dot indicates where the centre of the camera
is. Use the “Step size” button to set the degree by which the camera rotates
when the arrow is clicked. The two red buttons can be used to centre or stop
E the camera.
Take a snapshot
The “Snapshot for the Current Image” button lets you place the current image
in the Gallery screen.
Gallery
All the images you have created are = = ooem Poox
io

saved in the “Gallery” window. Use the
arrow keys to scroll through the gallery.
The current picture is displayed zoomed. ,
Click “Delete” to remove an image from e =

the gallery.

Use the command “Download” to store the image for further use. Specify a storage
location in the context menu that opens.

[o][=]

12



fischertechnik

Dashboard Environmental Station

In addition to the camera function, you can view and process the information
from the environmental sensor.

Current air quality

PRE— T o The "Current air quality” window lets you see a value of the
air quality, which is indicated by the three rectangles. The
displays will be switched on depending on the quality of the
air when it is measured. Green means that the air quality is
very good; green and yellow indicate that it is good; yellow

] means satisfactory; yellow and red signify that the air quality
is adequate and red means that the air quality is bad.
The “More” button (this appliesto all """ Dot
environmental sensor windows) let's = g v

you choose between “Graph”,
“Single value” and “Download”.

Curve

& Download

You will get a graphical representation of the measured values if you select “Graph”. Use the scroll
bar to scroll through all recorded data.  [& O]

:"“' : —— N Ifyou select “Download”, the data will be downloaded as a .csv file
]rsgg?gl.);;;.’&:so.ez;o A 1 1 1
H 5201017002010 and can be downloaded and displayed in OpenOffice Calc or Excel.
52019;17:12:26;63:0
SaenT 080 The data can then be further processed.

52019;17:17:05;63,0
52019;17:18:05.76,0
52019;17:19:05;110:0
52019;17:20:38;195,0
52019;17:21:38,267.0
52019,17.22:38,288.2

NN NN NN NN NN

Current brightness I 7x7_5797: Currnt brightness PoooX
The “Current brightness” window displays a 2 ol
brightness value in %, as well as the time at which the N 2"
measured value was taken. Also visible are the W omw
brightness variations. L Tl B
Z N

13
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Current air pressure

bt s ¢ @ x  The “Current air pressure” window displays
_om g the air pressure in hPa (Hecto-Pascal) and
7 e the time at which the measured value was
= generated.

B3 1XT_5797: Current air humidity

Current humidity

The “Current humidity” window displays a UL
value for relative humidity as a %. : \(U . )2
[+
B3 x C tem, X
Current temperature
The "Current temperature” window displays
l the  current temperature (ambient
temperature) of the measuring sensorin ° C.

Other buttons

Use the "Add window” button to add a hidden window. If you
activate the button, a context menu appears from which you can

show a dashboard window.

TXT_5797

O customer view
O supplier view
> [0 Production view

> [ Monitoring

Use this button to shoot the current window. m

Use this button to zoom the current window to full screen mode.

=] [
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This button shows and hides the left status bar.

The button shows which profile you are logged in under. Clicking on o el
the arrow will bring up a context menu. Here, you can select “Profiles” Sechie o
or “Logout”. Selecting “Profiles” will open another context menu in [ "

which you can set settings for your profile. Click “Logout’ to log out of

the fischertechnik cloud.

A context menu for selecting the language will display if you activate the arrow EN ~
that comes after “DE".

The status bar shows three selections that you can activate by clicking on them.
The first two buttons let you choose whether you want to work with the factory
simulation dashboard or just the environmental station dashboard. 8¢ Smart Home

h Training Factory Industry...

Activating the "Settings" button will display a context menu where you can view

. . Q Settings
and change various parameters relating to your TXT controller.

Settings
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Operating the factory with the fischertechnik cloud

s To start factory operation, first load the PLC
program and then set CPU1512SP to RUN.

B
This is described in the section Commissioning and adapting the SIMATIC controller CPU1512SP.

Then start the application on the TXT controller as described here:

When the TXT controller is switched on, the = I¥ ) TXT-3850 17:49

program is loaded automatically by “Auto Load,”

and just needs to be started by pressing “Start START

Program” on the touch display. o PROGRAM
TxtGatewayPLC

The following application will run on the T File

TXT Controller:

Settings

TxtGatewayPLC + Test

= =Y (1) TXT-7084 09:37

4d e

Filegroups This application is on the TXT Controller under:
e File - Cloud

B cioud
B c-Program

Control at end: The program on the TXT Controller must run. This is recognizable by
the red symbol on the controller display.

Then the 10T gateway should be restarted. Do so using the “fischertechnik Node RED Dashboard”. In the

“HMI — Main” view, click Adisia¥ll in the “Factory Control via OPCUA” window to easily switch the
power supply on and off.

Once the programs on the PLC, the I0T gateway and the TXT Controller are started, the Training Factory Industry
4.04.0 will be ready for operation.

16
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You will learn to operate the factory and the dashboard by carrying out the
following tasks.

@ @ @ - ‘e E (T
@ N bt (o L (o
L) e 3 o jelie w w T
Purchase order Raw materials order Inventory
Blue, red, white not No order placed Inventory empty, since no raw
available, stock 0 materials were stored

Important note: If this is not the case, you can use
the included key fob (with integrated NFC tag) to reset
the dashboard windows to their default settings.
Alternatively, you can also use the Node-RED
dashboard

17
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e TXT_5797:Productonpocess = x  Enter a white stone in the material input.
The workpiece (raw material) interrupts

F i = . the photoelectric barrier. This process is

f ";’ identified as “Inbound Delivery” and

rb “,‘" highlighted in green in the “Production

Process” dashboard window with the

“Delivery” icon.

Then the vacuum suction gripper moves to the storage position, picks up the raw
material and moves it to the NFC reader.

The dashboard window displays the b s it 8 %

process as follows: .
N
Mool - o
Delivery and vacuum suction grippers ,r'
are active and are displayed in green. w =

At this point, all data is deleted that is located on the NFC tag for the raw
material (already described).

18
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The raw material colour is determined in the next step. To
do this, the vacuum suction gripper moves the raw material
over the colour sensor. The data is then available to the
NFC reader for further processing. Before the raw material
is stored, the determined colour data and further

information such as delivery data and quality controlling data are written on
the NFC tag using the NFC reader. Since both factory modules (delivery and
vacuum pads) are still active, this will continue to be displayed in green on the
production process dashboard.

i °* This data is displayed in the “NFC Reader” dashboard window.

The high-bay warehouse provides an empty
container to hold the raw materials. For the raw
material to be placed in the empty container, the
gripper arm moves into the position for an empty
container, picks it up with its slider and deposits it
on the input/output device.

The container is transported via container to the input position.

The vacuum suction arm rotates to the discharge
position, moves down and places the raw material
into the waiting container.

gripper arm’s receiving position. At this point, the
container is picked up, transported to the storage
location in the high bay and stored there.

19
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The “Production process” dashboard window shows the next . e aox
steps in the storage process. The icons for all active factory
modules light up in green when the factory modules are in Lol R
action. B %
I
r r
4

- =
Look at the following dashboard window - TXT: Order raw material, TXT: Inventory and TXT: Order.

TXT: Order raw material

There are 3 workpieces available for ordering raw materials.

The maximum number of white stones will be reduced by one in the

“TXT: order raw materials” dashboard e - - 000
v

®% TXT_5797: Order raw material O X

window. After you have done this, you will still have two workpieces
available for storing.

TXT: Inventory 70797 50 e
You will now see a white stone displayed in the storage system in the : :
“TXT: Inventory status” dashboard window This means that you can
order this workpiece as a customer and have it processed.

OCLC
CCC
B

TXT: Purchase order

The dashboard window “TXT: Order” will now be displayed, showing
that there is a white stone in the warehouse and it can be ordered.

W TXT_5797: Order 2 Tl <
Blue workpiece Red workpiece White workpiece
@ v ® o
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As described in Task 2, insert a blue stone in the high-bay warehouse. The
dashboard will display the results once the foot-away work has been

accomplished.
W TXT_5797: Order o X
®% TXT_5797: Order raw material s X 1 TXT_5797: Stock o X ol s i iiplace
A 8 2
Blue workpiece 2 . . . ‘
' J J J >
Red workpiece 3 . . . 4 . ::r:[\:ml;:v ® instock 2::\::»42:»1 @ rotinstock
e : 00O e w w T T
020820 120830 aee 02082019, 14:28.04.560

®® TXT_5797: Order raw material o X pad TXT_5797: Stock B> ¢

Blue workpiece 2 . .
Red workpiece 2 . .
2

White workpiece 0 3

De®-
DOCLC -
[ 1) Y -

cee

02.08.2015, 13:47:07.845 02082019, 13:47:26.174
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Task b

Put yourself in the position of a customer, who, for example, would like to
order a white workpiece. Order a white workpiece.

LBt o 2 To do this, click on the blue “Purchase order” button in the “TXT: PO”
dashboard window.

- - >

This happens at the factory: The transport arm of the high-
bay warehouse moves into the “white workpiece” insert
position.

The transport arm picks this up and put it in the high-bay
warehouse’s in-/output station. From there, it is
transported to the receiving position on the vacuum
suction gripper.

The vacuum suction gripper picks up the workpiece at the
picking position and places it on the slider in the kiln.

The workpiece isinserted, fired and moved out of the oven
again.

The available small transport carriage with vacuum
suction takes over the transport to the processing
machine referred to as the “milling machine”.

The transport carriage with vacuum suction places
the part on the turntable, which then turns it to the
milling machine. After the milling process has been
carried out, the workpiece is rotated another 90
degrees and pneumatically pushed onto a conveyor
belt.
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On the way to the sorting device, the workpiece
undergoes colour detection.

Depending on the detected colour, the workpiece is
pushed pneumatically from the conveyor belt on a
material chute. The workpiece is located in a
receiving area and can be transported from here
using the vacuum suction gripper.

The gripper places the workpiece on the NFC reader for
the final inscription. There it is loaded with workpiece-
related data such as the order date, manufacturing or
delivery data.

Finally, the workpiece is placed in the output tray at
the input-output station.

You can also follow the steps on the dashboard:

Raw material is taken from the high-bay warehouse and fed to the processing

process.

Raw material is processed in the multi-processing station (kiln, milling

machine).

A machined workpiece is sorted by colour and the NFC reader provides it with
workpiece-relevant data.

The workpiece is ready for delivery and can be removed from the system.
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The system must be at rest to do this. Place the workpiece on the NFC
reader and activate the “Read NFC” button in the “TXT: NFC Reader”
dashboard window.

The NFC reader reads the data and displays it in the s
dashboard window. S

U
If necessary, you can delete the data using the “Delete NFC” e
button.

History

282019, 1:45:47.238: In Delivery
282019, 1:45:49.816: Quality Assurance

02082019, 134559395
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Single value

Curve

© Download
Determine data on B X7 _5757:Current rightoess § 8 x
brightness of the environment in ,\\f?’v I /T,/,,
your factory. HEETR
+

B TXT_5797: Current temperature £ 82X

Determine current temperature data for your factory and edit in
a spreadsheet program. 0

i 268°C

50
40 I 60
. L . . (RRRRRY
Determine the humidity values over a longer period of time and 30 \\\\\ ////, 70

. . N 7
have them displayed graphically on the dashboard. § 4/
2 O <. 80
i =
= 42.7 % rH. =
10 -_— 12:37:58.106 = S0
o - ™~ 100
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[]

B TXT_5797: Camera control i B %

To move the camera, use the “TXT:

Stepsize 10" ~

Camera control” dashboard window.

The buttons used for this task have already been explained
previously in the description of the dashboard.

Move the camera around your factory. Move the vertical and
horizontal axes of your camera using the “blue arrow buttons”. B 1r_s797 Camera P ox

The factory section that the camera is currently recording is also
displayed in the “TXT: Camera” dashboard window.

Select three pictures and save them in the “TXT: Gallery”
dashboard window. Use the “Take snapshot for the current
image” button.

Select 1 picture from the gallery, one that you would like to further
process in an image editing program. To do this, click on the
“Download” button

. A context menu appears in which you specify the storage
location and the file name.

Click the “Delete” button to delete unwanted pictures.
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Training Factory Industry 4.0fischertechnik Node-RED dashboard

The fischertechnik Node-RED dashboard is designed to be a local HMI operating interface (Human
Machine Interface) in a local network (LAN). It can be started easily in a web browser (recommended:
Firefox or Chrome) by entering:

192.168.0.5:1880/ui
(IP address of the loT gateway: Port 1880 / ui as the name of the application)

The following views are available here:
HMI — Main

The camera image and the workpieces stored in the high-bay warehouse are displayed in this menu.

In the “Factory Control via OPCUA" window, you can click to reset assignment of the high-bay
warehouse.

Click IS to acknowledge errors in the Training Factory Industry 4.04.0.

Click D

to restart the 0T gateway. This is required when the PLC program has been restarted.

fischertechnik Node-RED Dashboard

HMI - Main Camera view Factory Control via OPCUA

il AR S timestamp Cam 2020-6-9 14:28:45  Clear HBW rack:  CLEAR

HMI - VGR Positions
Acknowledge Errors: v ACK
HMI - SSC Positions
Restart OPCUA/MQTT Interface +/ RESTART
HMI - Calibration

HBW View

w III
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HMI — HBW Positions

The positions of the stacker crane in the automated high-bay warehouse station (HBW) can be calibrated
and monitored in this menu.

fischertechnik Node-RED Dashboard

| H = i s S
an HMI=Maln HBW move to Position Position Belt -
= . o
o GRS LA | Activate pos. move [ _ horizontal: v 18 A
B3 HMI - VGR Positions i
HBW Positions:  select position . vertical: v 2800 A
BS HMI - SSC Positions
B e Peiso Pos. value horizontal: 0 vertical Offset: v 370 A
BY HMI - Calibration B vert. setpoint: 2800
= Pos. value vertical: 0 Position Rack -
B3 HMI - Config Data
Start positioning: LU Position Rack Row A hd
M ftCloud : 9 -
BE Lernfabrik 4.0 - Overview Final positioning: Position Rack Row B v
B3 Lernfabrik 4.0 - Graph Start offset: Position Rack Row C v
B hor. setpoint: 2020 Home e
positioning: X

HMI - VGR Positions

The positions of the 3-axis robot in the vacuum suction gripper (VGR) station can be calibrated and
monitored in this menu.

fischertechnik Node-RED Dashboard

= - Mai sis -
2m HMI-Main VGR move to Position Position Color Reader -
= : iti
B3 HMI - HBW Positions Activate pos. move . horizontal: v 150 A
BS HMI - VGR Positions | L

VGR Positions:  select position v vertical: v 2450 A

B3 HMI - SSC Positions
Pos. value horizontal: o rotate: v 410 A
B3 HMI - Calibration
B hz act. Pos.: 0 Pos. value vertical: [ Position DSI -
B3 HMI - Config Data B hz setpoint: 0 vert. act. Pos.: 0
& ftCloud Pos. value rotation: o Position DSO v
T ou
BY Lernfabrik 4.0 - Overview Start positioning: Position HBW v
5 X
BY Lernfabrik 4.0 - Graph B rot. act. Pos.: 0 Final positioning: Position MPO -
B rot. setpoint: 0,
Start offset: Position NFC -
Home
positioning: Position NiO v

Position SLD -
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HMI — SSC Positions

The positions of the camera in the sensor station with camera (SSC) can be calibrated and monitored in
this menu.

fischertechnik Node-RED Dashboard

B3 HMI - Main ssc

move to position Position Centre -
B3 HMI - HBW Positions .
L] horizontal: v 3000 A
BE HMI - VGR Positions » t. act. Pos.: 958

H vert. act. Pos.: . i

= vert. setpoint: 950 Activate pos. move [ _ vertical: v 1400 A
B3 HMI - SSC Positions

SSC Positions:  Select position - Position HBW s
B3 HMI - Calibration

Pos. value horizontal: [} horizontal: v 5400 A
BS HMI - Config Data
G ftCloud Pos. value vertical: [ vertical: v 950 A
1) ft Clou
B3 Lernfabrik 4.0 - Overview Start positioning:  START

hor. setpoint: 5400

BY Lernfabrik 4.0 - Graph Hor.n? i / HOME
=u : positioning:

HMI - Calibration

The colour sensors in the sensor station with camera (SSC) and the colour sensor and positions on the
sorting line with colour detection (SLD) can be calibrated in this menu.

fischertechnik Node-RED Dashboard

B8 HMI - Main

Color sensor calibration « | SLD push out counter -
= 5 23
=n: HM=HEW Resitions Calibrate color sensor . Calibrate push out .
BS HMI - VGR Positions .

Sensor selection:  Select sensor 2 pushout val. white: v 5 A
BS HMI - SSC Positions

pushout val. red: v 16 A

B3 HMI - Calibration

Color sensor actual value: 0 pushout val. blue: v 26 A
B3 HMI - Config Data
@ ftCloud Color value white: L] Set calibration value: Vv SET
1] ft Clou
B Lernfabrik 4.0 - Overview Color value red: W
B Lernfabrik 4.0 - Graph Color value blue: []

i

value:

Threshold white-red ]

Threshold red-blue o

Calculate threshold:  CALCULATE
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HMI - Config Data
After calibrating the colour sensors and positions, the data in the “Save Data” window from the PLC can

be stored in a *.csv file in this menu.

The calibration data from a *.csv file can be loaded to the PLC in the “Load Data” window.

fischertechnik Node-RED Dashboard

3 HMI - Main

Save Data Load Data

n= : iti
28 HMI - HBW Positions save Config Data to file = load Config Data to PLC ﬂ

B3 HMI - VGR Positions

Download ConfigData.csv

BS HMI - SSC Positions

55 HM

- Calibration

B3 HMI - Config Data

@ fCloud

B3 Lernfabrik 4.0 - Overview

8BS Lernfabrik 4.0 - Graph

ft Cloud

The fischertechnik cloud can be accessed in this menu. There must be an internet connection to do so.
technik-hw e' EN ~

22 Smart Home W TXT_5797: Order £33 X p TXT_5797: Factory status o X

llgg Training Factory Industry 4.0 Dok Red workplece White workpiece

£ Settings ﬁ :
v - L
1 s
B, I, %,
v @ notins Avaiabitty: @ not i
5o
9 TXT_5797: Order raw material o oXx pd TXT_5797: Stock s
B
. Blue workpiece 3 . . .
. Red workpiece 3 . . .
2
J J J
White workpiece 3 O O O
— J J J
> eLearning-Portal
> fischertechnik pad TXT_5797: Production process X B3 7x7_5797: Camera b oo

> fischerTiP
> fischer group g e
= ~
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Training Factory Industry 4.04.0 — Overview

The camera image and the sensor data are displayed in this menu.

In addition, a camera controller is available in the “Camera Control” window.

An order for a white, red, or blue workpiece can be executed in the “Order” window.

Errors can be acknowledged and commands to delete, read and write NFC tags can be executed in the
“Factory Control” window.

fischertechnik Node-RED Dashboard

g HMI - Main

Camera 4 | Camera Control Monitoring - Sensors -

| H = i
=n; HM=HEW Rositions timestamp Cam 2020-6-9 14:28:45 timestamp BMEGS0 2020-6-9 15:47:33
B3 HMI - VGR Positions

<< >> w £ Temperatur 21.6°C
m Luftfeuchtigkeit 60.6 % r.H.

B3 HMI - SSC Positions

BS HMI - Calibration

Order a | Luftdruck 979.3 hPa
B3 HMI - Config Data
=i g
@ fCloud ﬂ Sl 2
1) ftClou
B3 Lernfabrik 4.0 - Overview Factory Control Luftqualitat Genauigkeit 3

B3 Lernfabrik 4.0 - Graph

NFCREAD  IINFC READ_UID ght R eeee ol 2020-6-9 15:48:02

NFC WRITE NFC DELETE

Helligkeit 78.7 %

Training Factory Industry 4.04.0 — Graph

Graphs for environmental data can be accessed in different windows in this menu.

fischertechnik Node-RED Dashboard

52 HMI - Main

Monitoring - Helligkeit v
BE HMI - HBW Positions L

Monitoring - Temperatur v
BY HMI - VGR Positions

Monitoring - Luftfeuchtigkeit v
BE HMI - SSC Positions

Monitoring - Luftdruck v
B2 HMI - Calibration
B3 KM - Config Data Monitoring - Luftqualitat -

Luftqualitat Graph
ft Cloud

® 200
B3 Lemfabrik 4.0 - Overview
B2 Lernfabrik 4.0 - Graph 150

100

5‘)%

0
14:43:00 14:53:00 14:58:00 15:03:00 15:08:00 15:13:00 15:18:00 152300 15:28:00 15:33:00 15:38:00 15:43:00  15:49:00
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Calibrating the system in the Training Factory Industry 4.0fischertechnik Node-RED Dashboard

If positions in the individual factory modules are no longer correct, or if the colour sensors need to be
recalibrated, this can be completed in the fischertechnik Node-RED dashboard of the Learning Factory.

Calibrating the colour sensors:

The colour sensors are calibrated in the “Colour sensor calibration” window in the dashboard under

“HMI - Calibration”.

Color sensor calibration -

Calibrate color sensor @

Sensor selection: pg -

Color sensor actual value: 18375
Color value white: 6534
Color value red: 14742
Color value blue: 18374
Set calibration
value:

Threshold white-red 10638
Threshold red-blue 16558

Calculate threshold:  CALCULATE

Calibration of colour sensors in the sorting station (SLD) is completed in the same way, although in this
case each workpiece is placed on the start of the belt for measurement. The conveyor belt then
transports the workpiece past the colour sensor to the light barrier behind the colour sensor.

92

The process is started by activating “Calibrate colour

sensor” “@® and selecting the relevant colour sensor.
Here, for example, this is “DSI".

- DSI stands for the colour sensor on the input / output
station

- SLD stands for the colour sensor on the sorting station

First, place the white workpiece in the centre of the

sensor and confirm the value by clicking , then
place the red workpiece and confirm by clicking

and finally place the blue workpiece and

confirm by clicking Al
Finally, click Mbssassbll 0 calculate threshold
values.

Note: At the end, do not forget to deactivate “Calibrate
colour sensor” &
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Calibrating positions on the sorting line with colour detection (SLD):

The positions to push out the workpieces in the sorting line with colour detection (SLD) are calibrated in
the “SLD push out counter” window in the dashboard under “HMI - calibration”.

The process is started by activating “Calibrate

push out” “@®
SLD push out counter - Then, first test whether the current positions are
Clibrate pushiout @ correct for all 3 colours (white/red/blue).
e : Do so by placing the workpieces on the start of the
RESRRE Y conveyor belt. The conveyor belt will then
SR e % A8 A transport the workpiece past the colour sensor to
the set positions on the relevant ejection point. The
pushout val. blue: v 26 A part is ejected there.
Set calibration value: . SET

If the position is not correct, it can be corrected and adopted by clicking . Then the test
should be completed again. Repeat this process as long as necessary for all 3 colours
(white/red/blue) until the positions are correct.

Note: At the end, do not forget to deactivate “Calibrate push out"‘ .
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Calibrating a position on the sensor station with camera (SSC):

The camera positions in the sensor station with camera (SSC) are calibrated in the windows “move to
position”, “Position Centre” and “Position HBW” in the dashboard under “HMI - SSC Positions”.

The process is started by activating
“Activate pos. move” @

move to position

Then, one of the two positions “Centre”
(central position looking toward the vacuum
suction gripper) or “HBW" as shown here
(position with view of the high-bay
warehouse) can be selected.

Clicking will cause the camera to

move first to the reference position (0/0) and

@
(1]
0
Start positioning: then to the position “HBW"”.

Activate pos. move

SSC Positions:  Hpw

Pos. value horizontal:

Pos. value vertical:

Test both positions.

Home

T HOME
positioning: v

If one of the positions is not correct, it can be corrected in the “Position Centre” or “Position HBW"
windows. Then the test should be completed again.

Repeat this process until all positions are correct.

Position Centre a Position HBW a
horizontal: v 3000 A horizontal: v 5400 A
vertical: v 1400 A vertical: v 950 A

Click to move to the reference position (0/0).

Note: At the end, do not forget to deactivate “Activate pos. move".
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Calibrating a position for the vacuum suction gripper (VGR):

The positions of the 3-axis robot in the vacuum suction gripper station (VGR) are calibrated in the
dashboard under “HMI - VGR Positions”. Here, there are the window “move to position” and 13 windows
for the positions

P "o u H iti I d v
“Position Colour Reader”, “Position DSI o4
collect”, “Position DSl discard”, “Position Position DSl "
DSO collect”, “Position DSO discard”, T—— &
“Position HBW collect”, “Position HBW "
discard”, “Position MPQO", “Position e
NFC”, “Position NOK"”, “Position SLD Position MPO ¥
white”, “Position SLD red” and “Position G s g
SLD blue”.
Position NiO v
Position SLD v
The process is started by activating “Activate
move to Position pos. move” “@
e @ Then one of the positions, for example position
ctivate pos. move '-'- " . ”
R DSO discard” can be selected.

VGR Positions:  DSO discard v Click to cause the 3-axis robot to
move first to the reference position (0/0/0) and

Bod valhis horstntar 2070 then to a position above (offset by the value
Offset) the position “DS0 discard”.

Pos. value vertical: 1480 . L .
Click o and it will move to the final
position, then back to the reference position

Pos. value rotation: 950 (0/0/0).

The button is non-functional here.

Test all 13 positions in this way.

Start positioning:

Final positioning:  FINAL
Start offset:  OFFSET
Home

positioning:
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If one of the positions is not correct,
it can be corrected in the position
horizontal: v 2070 A windows, here for example “Position

DS0”. Then the test should be

Position DSO -

vertical Collect: v 1480 A Completed again_

e e S TR & Repeat this process until all positions
oate T are correct.

vertical Offset: v 200 A

Clickto move to the reference position (0/0/0).

Note: At the end, do not forget to deactivate “Activate pos. move"‘

Calibrating a position for the automated high-bay warehouse (HBW):

The positions of the stacker crane in the automated high-bay warehouse station (HBW)
are calibrated in the dashboard under “HMI - HBW Positions”. Here, there are the
window “move to position” and 5 windows for the positions

Position Belt”, Position Belt =
“Position Rack”
with the offset for the rack, Position Rack &

“Position Rack Row A”,

Position Rack Row A v
“Position Rack Row B”,
and Position Rack Row B v
“Position Rack Row C”, v

Position Rack Row C v

Only the positions Rack A1, Rack B2 and Rack C3 are approached and calibrated in the warehouse.
The other 6 position values are calculated on this basis.
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The prorass is started by activating “Activate pos.

move to Position move”

. ® Then one of the positions, for example position “Rack
AcHiate pos. move B2" (position B2 in the warehouse) can be selected.
HEWPesitons:  Rack B2 v Clicking will cause the stacker crane to

move first to the reference position (0/0/Cantilever rear)
Pos. value horizontal: 5240 and then to the position “Rack B2” before the
warehouse.
Pos. value vertical: 1750
Click to move the cantilever into the

Start positioning:  START warehouse.

Click to move the stacker crane up by the

Final positioning:  FINAL _
value offset to lift a pallet.

ST s iand Click IK@akiSdll once again to move the stacker crane
T— back down by the value offset, then move the cantilever
positioning: VN in and finally back to the reference position

(0/0/Cantilever rear)
Test all 3 positions in the warehouse (A1, B2, C3) and the positions on the belt.

If one of the positions is not correct, this

Position Rack - . e .
can be corrected in the position windows,
VenicaliofisE ¢ = & here for example“Position Rack Row B”
Bpiiis i B o i . (Position Rack B2). Then the test should
be completed again.
B2 horizontal: v 5240 A
Repeat this process until all positions are
B2 vertical: v 1750 A

correct.

. HOME . :
Click to move to the reference position (0/0/Cantilever rear).

Note: At the end, do not forget to deactivate “Activate pos. move".
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Components description

The mostimportant components of the factory modules are described on the following pages.

Actuators

Both encoder motors and fischertechnik-specific mini motors are installed in
the individual stations.

Encoder motor:

The encoder motors are permanently energised DC motors. The encoder
motors used here can be used to determine paths with a quadrature
encoder (signal A, B).

The encoder motors operate at a nominal voltage of 24 VDC and have a
maximum power of 0.9 W and at a maximum speed of 200 RPMs. Power
consumption at maximum power is 180 mA.

The encoders generate 3 pulses per rotation of the motor shaft. The
integrated transmission has a ration of 20.4:1. Therefore, one rotation of
the shaft coming out of the transmission corresponds to 61.2 pulses of
the encoder.

A four-wire cable is used to connect the encoder.
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Mini motor

If conveyor belts or processing machines are used in the individual stations,
they are driven by a mini-motor. This compact motor is a permanently
energised DC motor that can be used in conjunction with a plug-in U
transmission

. The motor’s rated voltage is 24 V and the current consumption is a maximum
of 400 mA. The motor has a maximum torque of 6.92 mNm and an idling speed
of 10,910 RPMs. The U-transmission has a ratio of 64.8: 1 and a lateral output.

Compressor:

A diaphragm pump is used if a compressed air source is required at the
stations.

Such a diaphragm pump consists of two chambers, which are separated by
a membrane (see Figure 1). In one of these two chambers, a piston is moved
back and forth by an eccentric, which reduces or increases the volume in
the other chamber. When the piston moves to the right, the diaphragm is
pulled back, sucking air into the second chamber via the inlet valve. If the
piston moves to the left,

the diaphragm pushes the air out of the pump head via the outlet valve. The
compressor here uses a rated voltage of 24 VDC and generates an
overpressure of 0.7 bar. The compressor’s maximum current consumption is
36 mA.

Piston
A/exhaust valve

N

Cover Diaphragm
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Crankshaft

Figure 1
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3/2-way solenoid valve:

3/2-way solenoid valves are used to control the pneumatic cylinders. These
switching valves have three connections and two switching states. A coil (a)
that works against a spring (c) carries out the switching operations. When a
voltage is applied to the coil, the coil’'s mounted core (b), which is mounted so
that it can slide, moves against the spring and thereby opens the valve due to
the Lorentz force.

In this case, opening means that the compressed air
connection (current designation: 1, old name: P) is connected
to the cylinder port (2, formerly A). If this voltage drops, the
spring pushes the core back and closes the valve again. In
this position, the cylinder port (2, formerly A) is connected to
the vent (3, formerly R). The figure shows a schematic
representation of the 3/2-way solenoid valve.
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Pneumatic cylinders:

The factory has a total of 5 single-acting cylinders with spring installed. These are
controlled by the 3/2-way solenoid valves. A piston divides the volume of the
cylinder into two chambers on pneumatic cylinders. A pressure difference
between these two chambers results in a force that acts on the piston, thereby
displacing it. This shift corresponds to a volume change in both chambers.
Installing a return spring saves on a second air connection with 3/2-way valve.
When the 3/2-way solenoid valve is opened, the air produced in the compressor
flows to port 1 on the cylinder and pushes the piston forward against the spring
force. To do this, the piston rod extends forwards. When the solenoid valve closes
the air supply, the spring pushes the piston back to the initial position.

@

The suction function on the vacuum suction device is achieved by using two
pneumatic cylinders which are controlled by means of a 3/2-way solenoid valve.
In order to generate a negative pressure, i.e., a pressure which is lower than the
ambient pressure, two cylinders are mechanically coupled in the vacuum gripper.
If a cylinder is then subjected to overpressure, both piston rods extend, resulting
in an increase in volume in the chamber that the vacuum closes. This increase in
volume causes a pressure drop in this chamber.

Vacuum cups: (

Mini-button:

Mini-pushbuttons are used as reference switches. They are used for position
determination using a point-to-point movement, for example, at the turntable. The
miniature pushbutton used here is equipped with a changeover contact and can
be used both as a normally closed contact and as a make contact.

Pressing the button creates a conductive connection between nicht betatigt betatigt
contact 1 and contact 3, whereas the connection between contact 1 @ | @
and contact 2is disconnected. The figure shows the schematic circuit 1 ) g | g

diagram of the mini-pushbutton.
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LED

An LED is an electronic component which converts electrical energy into light. The abbreviation LED stems
from the English “Light Emitting Diode”.

LED for creating light in a light barrier and as a lamp

This LED's light frequency controls a photo-resistor. The "+" and "L” identify the module.
Another feature is the vitreous body. It bundles rays, so that the light beams hit the photo-
transistor in parallel to one another, and not scattered.

Sensors
Photo-transistor

Photo-transistors are electronic components that react to light. Photo-transistors
usually only have two connections, the collector and the emitter. The base is replaced
by the incident light. Light from the LED that hits the photo-transistor switches the
current flow. This behaviour can be evaluated using program technology.

Photo-resistor

A photo-resistor is an electronic component whose electrical resistance changes when
light strikes it. In many descriptions you will also find the name LDR. This term comes from
the English word, “light-dependent resistor”.

Important: The photo-resistor has a resistance value of
0 ->1MOhm (in complete darkness). The TXT Controller software lets you read a maximum value of 15,000

sensors
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Environment sensor

The sensor, which is located on a
circuitboard inthe housing, is used
to measure gas, air pressure,
humidity and air temperature. The
component is

connected to the TXT controller via a ribbon cable.

The data is continuously measured and stored in a CSV file that can be opened in Excel, for example. The
values can be viewed in the fischertechnik cloud.

These images show a part of the dashboard of the environmental station.

983.1 hPa = = )
123828107 = | 42.7%CH.
12:37:58.106

Colour sensor

Colour sensors are used in the automation technology to check the colour or

a colour print. For example, this is done to ensure that the correct components
were installed. The fischertechnik colour sensor emits white light, which
different colour surfaces reflect to different degrees. The photo-transistor is
used to measure the intensity of reflected light and

a voltage value between 0V and 9V is output. The measured value depends on
the ambient brightness as well as the distance of the sensor from the coloured
surface. The connection is made via three cables. The red cable is attached to a
9V output (generated from 24V), the green cable is connected to ground, and the
black cable for the measured value is connected to a 0-10V analogue input on the
PLC. This measured value (0-9 V) is digitised into a whole number between 0 and
24883.
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NFC-Tags NTAG213 22mm

Each workpiece has its own unique ID and displays the following data: Status,
colour and time stamp from delivery to dispatch. This information is saved on the
tags. The tags are integrated into the workpiece, which lets them be used directly.

PN532 V3 NFC-reader

This component describes and reads out the NFC-tags.
The production view on the NFC/RFID reader displays the
workpiece data and can be used to read or delete
workpieces manually. The raw data on the

NFC tags can be read out using a standard NFC app from mobile devices with NFC readers. The NFC-
reader is connected to an 12C interface and a 3.3 V power supply at the EXT connection on the TXT

controller.

nano Router TP-Link

The connection to the fischertechnik cloud is established via the WiFi
router supplied and integrated into the learning factory. We recommend
using the web browsers such as Chrome or Firefox. The cloud can be
used via a personal access, which is created once
(www.fischertechnik-cloud.com). The cloud servers

are located in Germany and ensure that strict European requirements apply to data storage.

Personal data is protected in an account with password access that uses extremely secure "OAuth2"
industry standard. All data sent to the cloud is transmitted encrypted with certificates (https standard, green

lock in web browser).

Camera

fischertechnik cloud.
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The surveillance camera mounted on the multi-processing
station (MPO) is connected to the TXT controller via a USB
interface. It can be controlled using the dashboard in the
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TXT controller

The

www.fischertechnik.de/simulieren, here are the most important features:

105

complete  performance data for the TXT controller can be viewed

Dual Processor: ARM Cortex A8 (32-bit/600MHz) + Cortex M3
Storage capacity: 256 MB DDR3 RAM, 128 MB Flash

Storage extension: Micro SD card slot

Display: colour 2.4-inch touch display (320x240 pixels) 8 universal inputs: Digital/Analogue 0-
9VDC, Analogue 0-5 k2

Display: colour 2.4” touch display (320x240 pixels)

4 quick counter inputs: Digital, frequency up to 1 kHz

4 motor outputs 9 V/250 mA (max.: 800 mA): Infinitely variable speed, short-circuit-proof,
alternatively 8 individual outputs, e.g. for lamps

Combined Bluetooth/WiFi wireless module: BT 2.1 EDR+ 4.0, WiFi 802.11 b/g/n

Infrared receiver diode

USB 2.0 client: Mini USB port for connection with the PC

USB Host port: USB-A port for fischertechnik USB camera, USB sticks, etc.

Camera interface: via USB host, Linux camera drivers integrated in the operating system
10-pole pin row to increase inputs and outputs as well as 12C-port

Integrated loudspeaker

Integrated real-time clock with replaceable buffer battery for recording the measured values
in a defined period

Linux based Open-Source operating system

Programming possible with ROBO Pro, C-Compiler, PC-Library, etc.

Power supply: 9V DC 3.45 mm port, or fischertechnik 2.5 mm ports
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24V adapter board
There is an adapter board on every Factory module for connecting to the PLC; it is structured as follows:

Header for connecting model

V1V2\V3V4,
b
_ Relay for
Terminals for Bi-directional
Valves Motors
\ W
EPI- OL”El [x] IIIHLE e g og = -
|:|:t [__l_.n ?5 .Emli |I,|?°?:':':1: %l: e R e HHHHHH
e = = = ]
A V56 [n = ® puNa H
H O j .pmzﬂ 7 3 1 O
= ] L sT1 = epuns L (]
DDDDDDDDD/%/QBDDDDUDUDDEDDDUDUDDDD
cooool|lcocoo||lecfdoo|loooollooocc|locooo||loocoo|oooo
T T e ket | sl | etz el | e Torlzd | s e loe =] )

Terminals to connect PLC
17x2 header for connecting PLC (ST1) (alternative to ST1)

PLC / controller system requirements:

If a different controller besides a PLC SIMATIC S7-1500 is used, such as an Arduino, the following requirements
must be fulfilled.

- Interface to the adapter board compatible with 24V
- Maximum cycle time of 10 ms
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Assigning the 17x2 header (ST1) for PLC connection:

Terminals
+24V (actuators) 1 2 +24V (sensors)
0V (GND) 3 4 0V (GND)
I 5 6 12
13 1 8 14
15 9 10 16
17 1" 12 18
13 14
15 16
Q1 17 |: 18 Q2
Q3 19 20 Q4
a5 21 22 Q6
Q7 23 24 Q8
25 26
27 28
29 30
31 32
GND 33 34 GND
Assigning the adapter boards to the individual stations:
High-bay Vacuum Sensor  station
warehouse suction Processing Sorting line with camera
(HBW) Gripper (VGR) | Station (MPO) (SLD) (SSC)
R1/R2 | Conveyor belt | Vertical Turntable
R3/R4 | Horizontal Horizontal Camera height
R5/R6 | Vertical Turntable Oven pusher Turn camera
R7/R8 | Cantilever Gripper
Vi Vacuum White ejector
V2 Lower Red ejector
V3 Oven door Blue ejector
V4 Vacuum Slides
ST
(Model) | 20 pin 16 pin 20 pin 20 pin 10 pin
ST
(Model) | 14 pin 10 pin 20 pin 14 pin 14 pin
ST
(Model) 10 pin
ST1
(PLC) |34 pin 34 pin 34 pin 34 pin 34 pin
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Pulse width modulation:

Bi-directional motors are converted via a relay and can be supplied either via 24V (actuators) or the associated
PWM terminal.

The jumpers are on the adapter board

................

OUCI:
gl °

(]

OooO0O0|0o0o0O0||0o00O0|0o000d||oo0o0O0|0oo0o0O0|oooo|oooan
COOCCQ|IIO0O0OOCOO0OQOOOOO0O|O00O|OC0CO|0OO0O00QO|(0O0O0C

e s+ 5 e | o relet {42 lis et leol e [ k7 lroesl 26 [ Tooloslod [po os oAl 2 | polse st a2] )

High-bay Vacuum suction | Processing station | Sorting line Sensor station with
warehouse gripper (VGR) (MPO) (SLD) camera (SSC)
(HBW)
PWM 1 Conveyor belt Y(Vertical) Turntable - not assigned - - not assigned -
PWM 2 X(Horizontal) Z(Horizontal) - not assigned - - not assigned - Camera height
PWM 3 Y(Vertical) X(Turn) - not assigned - - not assigned - Turn camera
PWM 4 Cantilever Suction (Horizontal) | - not assigned - - not assigned -
Assigning the PWM jumper:

Jumper left: PWM selected, motor converted via relay and
Supplied with power via the associated PWM terminal
Jumper right: Power supply via +24V (actuators), motor can be converted via a relay
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Factory module assignment plans

Assignment plan for the vacuum suction gripper

Terminal | Function Designation | 1/0 address Variable name

no. (ST1) S7-1500 S7-1500

1 Power supply (+) actuators 24V DC

2 Power supply (+) sensors 24V DC

3 Power supply (-) ov

4 Power supply (-) ov

5 Vertical reference switch 11 %11.6 IX_VGR_RefSwitchVerticalAxis_I1

6 Horizontal reference switch | 12 %I13.6 IX_VGR_RefSwitchHorizontalAxis_|2

7 Turn reference switch 13 %13.7 IX_VGR_RefSwitchRotate_I3

9 Encoder vertical pulse 1 B1 %16.0 IX_VGR_EncoderVerticalAxisimp1_B1

10 Encoder vertical pulse 2 B2 %16.4 IX_VGR_EncoderVerticalAxisimp2_B2

11 Encoder horizontal pulse 1 B3 %16.1 IX_VGR_EncoderHorizontalAxisimp1_B3
12 Encoder horizontal pulse 2 B4 %16.5 IX_VGR_EncoderHorizontalAxisimp2_B4
13 Turn encoder pulse 1 B5 %16.2 IX_VGR_EncoderRotatelmpl_B5

14 Turn encoder pulse 2 B6 %16.6 IX_VGR_EncoderRotatelmp2_B6

17 Vertical motor up Q1 (M1) %Q2.0 QX_VGR_M1_VerticalAxisUp_Q1

18 Vertical motor down Q2 (M1) %Q2.1 QX_VGR_M1_VerticalAxisDown_Q2

19 Horizontal motor backwards | Q3 (M2) %Q2.2 QX_VGR_M2_HorizontalAxisBackward_Q3
20 Horizontal motor forwards Q4 (M2) %Q2.3 QX_VGR_M2_HorizontalAxisForward_Q4
21 Turn motor clockwise Q5 (M3) %Q2.4 QX_VGR_M3_RotateClockwise_Q5

22 Turn motor anti-clockwise Q6(M3) %Q2.5 QX_VGR_M3_RotateCounterclockwise_Q6
23 Compressor Q7 %Q2.6 QX_VGR_Compressor_Q7

24 Valve vacuum Q8 %Q2.7 QX_VGR_ValveVacuum_Q8

25 PWM horizontal PWM (M1) %QW15 QW_VGR_PWM_Vertical_M1

26 PWM vertical PWM (M2) %QW17 QW_VGR_PWM_Horizontal M2

27 Turn PWM PWM (M3) %QW19 QW_VGR_PWM_Rotate_M3
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Model wiring

Terminal Header ST1 Ribbon cable Sensors + actuators model

17 Vertical up 1 Q1/2 (M1)

18 Vertical down 2

34 GND 3

9 24V (Sensor) 4 Epcoder power supply
Signal A

9 A d Signal B

10 B 6

5 Reference vertical 7 I

2 24V 8

19 Horizontal back 9 Q3/04 (M2)

20 Horizontal forward 10

34 GND 1"

9 24V (Sensor) 12 Epcoder power supply
Signal A

n A 13 Signal B

12 B 14

6 Reference horizontal 15 2

2 24V (Sensor) 16

Header ST2

7 Turn reference 1 3

2 24V (Sensor) 2

21 Turn clockwise 3 Q5/6 (M3)

22 Turn anti-clockwise 4

34 GND 5

9 24V (Sensor) 6 Epcoder power supply
Signal A

13 A 7 Signal B

14 B 8

34 GND 9
Q7 (compressor)

23 Compressor 10

34 Terminal V4

24 Q8 (Valve vacuum)

red = power supply
yellow = Motor poles reversible via relay
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Assignment plan for automated high-bay warehouse (HBW)

Q3/04 + B1/B2

Q5/Q6 + B3/B4

Terminal | Function Designation | I/0 address Variable name
no. (ST1) S7-1500 S7-1500
1 Power supply (+) actuators 24V DC
2 Power supply (+) sensors 24V DC
3 Power supply (-) ov
4 Power supply (-) ov
Reference pushbutton . . .
5 . I IX_HBW_RefSwitchHorizontalAxis_I1
horizontal %I1.0
6 Light barrier inside 12 %I11.1 IX_HBW_LightBarrierlnside_I2
7 Light barrier outside 13 %I1.2 IX_HBW_LightBarrierOutside_I3
8 Reference pushbutton vertical | 14 %I11.3 IX_HBW_RefSwitchVerticalAxis_l4
1" Encoder horizontal pulse 1 B1 %I5.1 IX_HBW_EncoderHorizontalAxisImp1_B1
12 Encoder horizontal pulse 2 B2 %I5.5 IX_HBW_EncoderHorizontalAxisimp2_B2
13 Encoder vertical pulse 1 B3 %15.2 IX_HBW_EncoderVerticalAxisimp1_B3
14 Encoder vertical pulse 2 B4 %15.6 IX_HBW_EncoderVerticalAxisimp2_B4
Reference pushbutton probe IX_HBW_SwitchCantileverFront_I5
15 15
arm front %I1.4
16 Reference pushbutton probe 6 IX_HBW_SwitchCantileverBack_16
arm rear %I1.5
17 Conveyor belt motor forwards Q1 (M1) %0Q1.0 QX_HBW_M1_ConveyorBeltForward_Q1
18 Conveyor belt motor backwards | Q2 (M1) %Q1.1 QX_HBW_M1_ConveyorBeltBackward_Q2
19 Motor horizontal towards rack | Q3 (M2) %Q1.2 QX_HBW_M2_HorizontalTowardsRack_Q3
Motor  horizontal  towards QX_HBW_M2_HorizontalTowardsConveyorBelt_Q4
20 Q4 (M2)
conveyor belt %Q1.3
21 Vertical motor down Q5 (M3) %Q1.4 QX_HBW_M3_VerticalAxisDownward_Q5
22 Vertical motor up Q6 (M3) %0Q1.5 QX_HBW_M3_VerticalAxisUpward_Q6
23 Cantilever motor forwards Q7 (M4) %01.6 0X_HBW_M4_CantileverForward_Q7
24 Cantilever motor backwards Q8 (M4) %Q1.7 QX_HBW_M4_CantileverBackward_Q8
25 PWM conveyor belt PWM (M1) % QW7 QW_HBW_PWM_ConveyorBelt_M1
26 PWM horizontal PWM (M2) %0W9 QW_HBW_PWM_HorizontalAxis_M2
27 PWM vertical PWM (M3) %QAW11 QW_HBW_PWM_VerticalAxis_M3
28 PWM cantilever PWM (M4) %QAQW13 QW_HBW_PWM_Cantilever_M4
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Model wiring
Terminal Header ST1 Ribbon cable Sensors + actuators model
5 Reference horizontal 1 I
2 24V (Sensor) 2
6 Photo-transistor internal 3 2
2 24V (Sensor) 4
7 Photo-transistor external 5 3
2 24V (Sensor) 6
17 Conveyor belt forwards 7 Q1/a2 (M1)
18 Conveyor belt backwards 8
34 GND 9
2 9V (generated from 24V sensor) 10 reserved
9 reserved 1
10 reserved 12
34 GND 13 Lights .
9 24V (Sensor) 14 for light barrier
19 Motor horizontal towards rack 15
Motor horizontal towards conveyor Q3/04 (M2)
20 belt 16
34 GND 17 _
5 24V (Sensor) 18 Horizontal encoder
power supply
N A 19 Signal A
12 B 20 Signal B
Header ST2
8 Reference pushbutton vertical 1 "
2 24V (Sensor) 2
21 Vertical axis down 3 Q6/07 (M3)
22 Vertical axis up 4
34 GND 5 _
: 24V (Sensor : Vertl encoder
13 A L Signal A
14 B 8 Signal B
Reference pushbutton probe arm
15 forward 9 15
2 24V (Sensor) 10
23 Probe arm forward 1 Q7/08 (M4)
24 Probe arm back 12
Reference pushbutton probe arm
16 rear 13 16
2 24V (Sensor) 14

red = power supply
yellow = Motor poles reversible via relay
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Assignment plan for the multi-processing station with kiln (MPO)

Not shown: Q1, Q2, Q5, Q6, Q9, Q11, Q12, Q13, 14, I5, I6, 17
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Terminal | Function Designation | I/0 address Variable name
no. (ST1) $7-1500 $7-1500
1 Power supply (+) actuators 24V DC
2 Power supply (+) sensors 24V DC
3 Power supply (-) oV
4 Power supply (-) ov
5 Reference switch turntable I

(suction position) %l1.7 IX_MPO_RefSwitchTurnTable_PosVac_I1
6 Reference switch turntable 2

(conveyor belt position) %I2.0 IX_MPO_RefSwitchTurnTable_PosBelt_I2
7 Light barrier end of conveyor 3

belt %l12.1 IX_MPOQO_LightBarrierEndOfConBelt_I3
8 Reference switch turntable 1

(saw position) %l2.2 IX_MPO_RefSwitchTurnTable_PosSaw_I|4
9 Reference  switch  suction I5

(turntable position) %I2.3 IX_MPO_RefSwitchVac_PosTurnTable_I5
10 Reference switch oven feeder 16

inside %12.4 IX_MPOQO_RefSwitchOvenFeederInside 16
1 Reference switch oven feeder 17

outside %l2.5 IX_MPO_RefSwitchOvenFeederOutside_I7
12 Reference switch vacuum (kiln 18

position) %l2.6 IX_MPO_RefSwitchVac_PosOven_|I8
13 Light barrier kiln 19 %l12.7 IX_MPOQO_LightBarrierOven_I9
17 Turn motor turntable Q1 (M1)

clockwise %Q3.0 QX_MPO_M1_TurnTableClockwise_Q1
18 Turn motor slewing ring anti- Q2 (M1)

clockwise %Q3.1 QX_MPO_M1_TurnTableCounterclockwise_Q2
19 Conveyor belt motor forwards | Q3 (M2) %Q3.2 QX_MPO_M2_ConveyorBeltForward_Q3
20 Motor saw Q4 (M3) %Q3.3 QX_MPO_M3_Saw_Q4
21 Retract oven feeder motor Q5 (M4) %Q3.4 QX_MPO_M4_OvenFeederRetract_Q5
22 Extend oven feeder motor Q6 (M4) %Q3.5 QX_MPO_M4_OvenFeederExtend Q6
23 Vacuum towards oven motor Q7 (M5) %Q3.6 QX_MPO_MS5_VacuumTowardsOven_Q7
9 Vacuum towards turntable Q8 (M5)

motor %Q3.7 QX_MPO_MS5_VacuumTowardsTurnTable_Q8
25 Lamp kiln Q9 %Q4.0 QX_MPO_LightOven_Q9
26 Compressor Q10 %Q4.1 QX_MPO_Compressor_Q10
27 Valve vacuum an %Q4.2 QX_MPO_ValveVacuum_Q11
28 Valve lowering Q12 %Q4.3 QX_MPO_ValvelLowering_Q12
29 Valve kiln door Q13 %Q4.4 QX_MPO_ValveOvenDoor_Q13
30 Valve feeder Q14 %Q4.5 QX_MPO_ValveFeeder_Q14
31 PWM turntable PWM (M1) %QW23 QW_MPO_PWM_TurnTable_M1
32 PWM vacuum PWM (M5) %QW25 QW_MPO_PWM_Vacuum_M5
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Model wiring
Terminal ~ Header ST1
5 Turntable reference button
2 24V (Sensor)
6 Turntable reference button
2 24V (Sensor)
7 Light barrier end of conveyor belt
2 24V (Sensor)
17 Turn motor turntable clockwise
18 Turn turntable anti-clockwise
34 GND
2 24V (Sensor)
9 Vacuum reference button
2 24V (Sensor)
8 Turntable reference button pos. saw
2 24V (Sensor)
34 GND
19 Conveyor belt
34 GND
20 Saw
not assigned
not assigned
ST2
not assigned
not assigned
21 Retract oven feeder
22 Extend oven feeder
10 Oven feeder inside
2 24V (Sensor)
1 Oven feeder outside
2 24V (Sensor)
12 Vacuum on oven
2 24V (Sensor)
23 Vacuum to oven
24 Vacuum to turntable
34 GND
25 Lamp kiln
34 GND
26 Compressor
13 Oven light barrier
2 24V (Sensor)
34 GND
2 24V (Sensor)
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Q1/Q2 (M1)

Light barrier lamp

15
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Q5/06 (M4)
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Q9 (oven light

Q10 (compressor)
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2'4 Terminal V1 Q11 (Valve vacuum)
7
3.4 .
2 Terminal V2 Q12 (lower valve)
34 .
2 Terminal V3 Q13 (oven door valve)
34 .

Terminal V4 Q14 (feeder valve)
30

red = power supply
yellow = Motor poles reversible via relay
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Assignment plan for the sorting line using colour recognition (SLD)

Coupling to the multi-
processing station

Not shown: Q1, @3, Q4, @5

Terminal | Function Designation | 1/0 address Variable name
no. (ST1) $7-1500 $7-1500
1 Power supply (+) actuators 24V DC
2 Power supply (+) sensors 24V DC
3 Power supply (-) ov
4 Power supply (-) ov
5 Pulse key 11 %13.0 IX_SLD_PulseCounter_I1
6 Light barrier input 12 %13.1 IX_SLD_LightBarrierinlet_I2
7 Light barrier after colour 13 . ) ) )

sensor %I3.2 IX_SLD_LightBarrierBehindColorSensor_|I3

Colour sensor A4
9 Analogue

0-10vDC %IW7 IW_SLD_ColorSensor_A4

10 Light barrier white 15 %13.3 IX_SLD_LightBarrierWhite_I5
11 Light barrier red 16 %13.4 IX_SLD_LightBarrierRed_|6
12 Light barrier blue 17 %13.5 IX_SLD_LightBarrierBlue_|7
17 Motor conveyor belt Q1 %Q5.0 QX_SLD_M1_ConveyorBelt_Q1
18 Compressor Q2 %Q5.1 QX_SLD_Compressor_Q2
20 Valve first ejector (white) Q3 %Q5.2 QX_SLD_ValveFirstEjectorWhite_Q3
21 Valve second ejector (red) Q4 %Q5.3 QX_SLD_ValveSecondEjectorRed_Q4
22 Valve third ejector (blue) Q5 %Q5.4 QX_SLD_ValveThirdEjectorBlue_Q5
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Model wiring
Terminal Header ST1
5 Pulse key
2 24V (Sensor)
6 Light barrier input
2 24V (Sensor)
7 Light barrier after colour sensor
2 24V (Sensor)
34 GND
18 Compressor
34 GND
17 Conveyor belt
34 GND
2 9V (generated from 24V )
9 Colour sensor (0-10V)
not assigned
34 GND
2 24V (Sensor)
34 GND
2 24V (Sensor)
not assigned
not assigned
Header ST2
not assigned
not assigned
10 Light barrier white
2 24V (Sensor)
12 Light barrier blue
2 24V (Sensor)
11 Light barrier red
2 24V (Sensor)
34 GND
2 24V (Sensor)
34 GND
2 24V (Sensor)
34 GND
2 24V (Sensor)
264 Terminal V1
34 Terminal V2
21
34 Terminal V3
22

red = power supply
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Q2 (compressor)

Q1 (Conveyor belt)

Colour sensor (A4)

Light barrier lamp

Light barrier lamp

Light barrier lamp
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Light barrier lamp
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Q4 (Valve second ejector, red)

Q5 (Valve third ejector, blue)
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Assignment plan for sensor station with surveillance camera (SSC)
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Environmental sensor Photo-resistor

The NFC reader is connected to the TXT controller via the 12C interface.
The mounted surveillance camera is connected to the TXT Controller via a USB interface.
Data from the environmental sensor and photo-resistor is also read in by the TXT Controller.

TXT-Controller (TxtGatewayPLC)
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Terminal | Function Designation | 1/0 address Variable name
no. (ST1) $7-1500 $7-1500
1 Power supply (+) actuators | 24V DC
2 Power supply (+) sensors 24V DC
3 Power supply (-) ov
4 Power supply (-) oV
5 Reference switch 1 I %14.0 IX_SSC_RefSwitchVerticalAxis_I1
6 Reference switch 2 12 %l4.1 IX_SSC_RefSwitchHorizontalAxis_I2
7 Light barrier outsourcing | I3 %14.3 IX_SSC_LightBarrierStorage 13
8 Light barrier storage 14 %14.2 IX_SSC_LightBarrierOutsourcing_l|4
Colour sensor Al
9 Analogue 0-
10vVDC %IW9 IW_SSC_ColorSensor_A1l
1" Encoder vertical pulse 1 B1 %15.3 IX_SSC_EncoderVerticalAxisimp1l_B1
12 Encoder vertical pulse 2 | B2 %15.7 IX_SSC_EncoderVerticalAxisimp2_B2
13 Encoder horizontal pulse B3
1 %16.3 IX_SSC_EncoderHorizontalAxisimpl_B3
" Encoder horizontal pulse B4
2 %16.7 IX_SSC_EncoderHorizontalAxisimp2_B4
19 Vertical motor up a1 (m1) %Q6.0 QX_SSC_M1_VerticalAxisUp_Q1
20 Vertical motor down Q2 (M1) %Q6.1 QX_SSC_M1_VerticalAxisDown_Q2
21 Turn . motor anti- Q4 (M2) QX_SSC_M2_HorizontalAxisCounter
clockwise %Q6.2 clockwise_Q4
22 Turn motor clockwise Q3 (M2) %Q6.3 QX_SSC_M2_HorizontalAxisClockwise_Q3
23 LED green 05 %Q6.4 QX_SSC_LED_Green_Q5
24 LED yellow Q6 %Q6.5 QX_SSC_LED Yellow_Q6
25 LED red Q7 %Q6.6 QX_SSC_LED_Red_Q7
26 LED red online status Q8 %Q6.7 QX_SSC_LED_Red_Online_Q8
27 PWM vertical PWM (M1) | %QW27 QW_SSC_PWM_Vertical_M1
28 PWM cantilever PWM (M2) %QW29 QW_SSC_PWM_Horizontal_M?2
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Model wiring
Stiftleiste ST1
Klemme
5 Referenz Kamera vertikal
2 24V (Sensor)
19 Kamera hoch
20 Kamera runter
3,4 GND
2 24V (Sensor)
11 A
12 B
6 Referenz Kamera horizontal
2 24V (Sensor)
Stiftleiste ST2
21 Kamera links
22 Kamera rechts
3,4 GND
2 24V (Sensor)
13 A
14 B
3,4 GND
23 LED grun
3,4 GND
24 LED gelb
3,4 GND
25 LED rot
3,4 GND
26 LED rot(Kamera)
Stiftleiste ST3
3,4 GND
2 9V (Aus 24V Sensor erzeugt)
7 Lichtschranke Auslagerung
2 24V (Sensor)
3,4 GND
2 24V (Sensor)
8 Lichtschranke Einlagerung
2 24V (Sensor)
9 Farbsensor
nicht belegt
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Programming tasks

In order to handle programming tasks, you will require prior knowledge of the programming language Structured
Text (ST or SCL) and on how to handle the programming tool you are using.

The provided programming solutions have been created with the TIA Portal V16 for a programmable controller
SIMATIC S7-1500 with CPU1512SP
Alternatively, other control systems can also be used with appropriate software.

An introduction to programming with the TIA Portal is available, for instance, here from SIEMENS:

http://www.siemens.com/sce/S7-1500

https://new.siemens.com/global/en/company/sustainability/education/sce/learning-training-
documents/advanced-programming.html

Further information is available at:
https://qgithub.com/fischertechnik

The global fischertechnik library Library_LearningFactory_4_0_24V and program solutions are available at:
https://github.com/fischertechnik/plc training factory 24v
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https://github.com/fischertechnik
https://github.com/fischertechnik/plc_training_factory_24v
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Programming task 1:
Configuring and commissioning the SIMATIC controller with CPU1512SP

Task:

The complete hardware configuration for the controller must be created, loaded and tested for the
LearningFactory_4.0_24V, with all input and output modules.

A non-specified CPU will be created in order to determine all components.

This project with hardware configuration serves as the basis for all subsequent programming tasks.

Planning

1.
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Wire a START button as normally open contact (NO) and a STOP button as normally closed contact (NC) to
two free inputs on the controller. Connect the LearningFactory_4_0_24V to the PLC and switch on the

controller.
Create the project LearningFactory_4_0_24V_Task01_HWConf in the TIA portal.

Inthe TIA portal project LearningFactory_4 0_24V_Task01_HWConf, add a controller SIMATIC ET 200SP CPU
or SIMATIC S7-1500 as a new device. Do so as a non-specified CPU, as described in the following

programming information.

Connect the programming device to the CPU and determine the configuration of the connected device

according to the programming information.

Set the input/output addresses of the detected modules according to the programming information and

configure the module.

As shown in the programming information, dearchive the global library Library_LearningFactory_4_0_24V ,
and from there insert the global Start-Stop variable table into your project.

Load and test the hardware configuration with variable table into the controller.

Create an observation table named Beobachtungstabelle_watch table, insert signals from the global variable
table there and check it by monitoring the button functions.

Save and archive the project LearningFactory_4_0_24V_Task01_HWConf.
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Programming information:

Information on connecting the START and STOP buttons:

Two buttons are required for the following programming tasks. A START button as a NO contact
(NormallyOpen) and a STOP button as a NC contact (NormallyClosed). Fischertechnik mini-buttons can be
used for this purpose.

The mini-buttons are equipped with changeover contacts and can be used as both normally closed and
normally open contacts. The figure shows a circuit diagram of the mini-pushbuttons.

nicht betétigt betatigt

@ [ ®
@ o ®

@ | ®
Contacts 1 and 2 are wired to a digital input on the PLC for use as NC contacts (NormallyClosed).
Contacts 1 and 3 are wired to a digital input on the PLC for use as NO contacts (NormallyOpen).

Details on connecting SIMATIC assemblies are provided in the handbooks.
Here is an example of connecting the digital input module DI 16x24VDC ST to the BaseUnit BU type A0 without

AUX terminal (1-wire connection):

P2
AUX

25A
—
—
cHe TN DI,
e,
cHa oLl 3 oI,
CH4 oI, 5 DI,
® R Bl 7 oI,
il IR DI,
—_—
SHR T B DI,,
e
e I DI,
Cii4 BT, 15 DI,
L+ {@I d
P1 j
S
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Information on configuring a non-specified CPU1512SP:

Before a SIMATIC S7-1500 PLC can be configured, its hardware must be configured.

The fastest way to do so is to create a non-specified CPU and then have all components detected.

To do so, the programming device must be connected to the controller via Ethernet, and the IP addresses must be
set so that both devices are in the same subnet.

Setting the IP address is described in this document in the section Commissioning and adjusting the SIMATIC
controller CPU1512SP.

The configuration for our Training Factory Industry 4.04.0 can be completed using the following steps.

— First, start the Totally Integrated Automation Portal by double clicking on it. ( — TIA Portal V16)

\' =
TIA Portal
V16

— In the portal view, click — Start — and then Create new project. Change the project name, path,

author and comment accordingly and then click — Create

V\T,l;’g Siemens S

Totally Integrated Automation

Create new project

R Tl e mingFactory 4 0 V14 Task01_HWConf

) Open existing project

Path: [C:‘.U:erslmdechcuments‘Au(cmation

Author: ‘ mde
Migrate project 7
Comment:

l

[.]

Create new project Version: | V16 [+
|

~

Welcome Tour Create

Installed software

Help

User interface language

P Project view
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— Then select — Start —» Devices & Networks — and Add new device in the portal.

Create a new CPU. To do so, use a non-specified model of the SIMATIC ET200 CPU with order number

BES7 HXX-XXXXX-XXXX.

(Controller - SIMATIC ET200 CPU — ET 200SPCPU — Non-specified ST200SP CPU — 6ES7 5XX-XXXXX-

XXXX — V2.8)

Assign a device name (device name — PLC), select Open device view and then click — Add.

T4 Siemens - C:\UsersmdelDocuments\AutomationiLearningFactory_4_0_V14_Task01_HWConf\LearningFactory_4_0_V14_Task01_HWConf

Add new device

—ox

Totally Integrated Automation
PORTAL

| Devices & @ Show all devices Device name:

networks

@ Add new device

~ [ Controllers
» (3 SIMATIC57-1200
» [ simaTIC S7-1500
» [ SIMATIC Drive Controller
» [ siwaTC 57300
» (@ SIMATIC 57400
[ SIMATIC ET200 CPU
~ (@ ET2005P CPU
» [ CPU 15105P1 PN
» [ CPU 15125P1 PN
» (@ CPU 15105P F-1 PN
» (@ CPU15125P F-1 P
» (@ CPUSIPLUS
v [l Unspecified ET2005P CPU
Tl 6ES7 SXX-XYIOHKKK

. |

=N

Controllers
HM

» Project view Opened project:

25 G » [l Unspecified ET200SP CPU SI.
» (@ ET2005 CPU
r » [ ET200pr0 CPU
| I » B Device proxy
Drives.
B i B
) Open device vie. w

Device:

Unspecified ET2005P CPU

Article no.: [ 6ES7 5X6XN006X000 ]

Description:
Unspecified ET2005P CPU

C:\Users\mde\Documents\Automation\LearingFactory_4_0_V14_Task01_H..\LeamingFactory_4_0_V14_Task01_HWConf

— The TIA Portal will switch automatically to the project view, and will display a notification that this device

is not specified. To have the hardware configuration identified automatically, start the detection by

clicking Identify in the yellow info box. ( — identify)

T8 Sier

Project Edit View Insert Oy
Cf 3 H saveproject &

mens - C:\UsersmdelDocuments\Automation\LearningFactory_4_0_V14_Task01_HWConflLearningFactory_4_0_V14_Task01_HWConf

de MM 3¢ O [} [ Scorchinprojece | 5

Totally Integrated Automation
PORTAL

Devices

[ Topology view [ Network view _[lIY Device view ||

2w eama:

1 2 Rl P (555 el 57

» i External source fil

vyVvVvVvVvwvw |=

e £

[ surppy | soweiqn ] swseLdi] sioorsupuofs] bojewes

4 I T

v
[>][100% e e %‘

> | Details view.
4 Portal view 23 overview | ¥ sextings

I_ PLC

| d Properties  [%i4Info i)| % Diagnostics |
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— First, select the type of PG/PC interface you are using and the network card you want to use to
create a connection to the PLC via Ethernet. (— Type of PG/PC interface: PN/IE — PG/PC interface:
Intel(R) Ethernet ...)

Now, start the search for devices on the network by clicking the — Start search button

Then, all available devices will be detected and listed. If you have selected the right CPU, then

clicking — Detect will cause the CPU in question and connected modules to be detected.

"Hardware detection for PLC

Type of the PGIPC interface:  |[§LPHIIE [~]
PGIPCinterface: Kl Intel(R) Ethernet Connection (4) 1219-LM [~ @[]

Compatible accessible nodes of the selected interface:

Device Device type Interface type Address MAC address
plc CPU 15125P-1 PN PNIIE 192.168.0.1 AC-64-17-9D-67-A4
[| Flash LED
Startsearch
Online status information: [ pisplay only error messages
I Found accessible device Accessible device E

0 Scan completed. 1 compatible devices of 2 accessible devices found.
Scan and information retrieval completed.
%2 Retrieving device information... E

Detect ‘ [ Cancel |

Note: If your CPU is not in the list, ensure you have selected the right network card and that your

laptop and CPU are connected.



fischertechnik

— The TIA portal will now show the complete device configuration for the selected CPU. Now, you

can configure the CPU and the input/output assemblies according to your specifications.

U4 Siemens -
Project Edit View
O (3 seve
|[Pr

Insert  Online  Options  Tools

uments\Automation\LearningFactory_4_0_V14_

Window  Help

k01_HWConf\LearningFactory_4_0_V14_Task01_HWConf

8 G B | Gocnine X Goofiine | g2 I8 I8 3¢ ) (1) [Feornmpoece ]

Totally Integrated Automation
o PORTAL

[&° Topology view _[gh, Network view

| Y Device view

~ [ LeamingFactory_4_0_V14_TaskO1_HWC...
B Add new device
o Devices & networks

~ [mPLCicPU 15125P1
[IY Device configuration
% Online & diagnostics
» [g@ Software units
» gl Program blocks.
» [ Technology objects
» @i External source files
» g PLC tags
» [ PLC data types
Watch and force tables
» [ Online backups
» [ Traces
» [ oPC UA communication
» [i§. Device proxydata
B Program info.
L PLC supervisions &alan
PLCalarm text lists
» [ Local modules
» &4 Ungrouped devices
» 5§ Securitysettings.
» [38 cross-device functions
» [§§ common data
» []) Documentation settings.
» [@ Languages & resources
» [& Version control interface
» g Online access
» [ Card Reader/USB memory

General | IO tags

o7 X7 T X7 N g
S F F o e o
FFFEEE
o ORI
A A
SRS
S L Lo e

000000000
000000000
ooooooooo
000000000
000000000
Q000000000

System constants Texts

Ethemnet addresses
Time-ofday synchroniz.
Operating mode

» Advanced options
Web server access

Startup

Cycle

Communication load

System and clock memory

SIMATIC Memory Card

v System diagnostics

B General

| [> | Details view

PLC alarm:
|

[ |

Ethemet

Interface networked with

Subnet: | Not networked

(@ SetIPaddress in the project

1P address:
Subnetmask: [ 255 . 255 . 255 . 0

4 Portal view 23 Overview

| % sectings

& pLC

130




fischertechnik

Information on configuring the input/output assemblies

The addresses of the assemblies should be set as shown here.

LearningFactory_4_0_24V_Task01_HWConf » PLC [CPU 1512SP-1 PN]

[E Topology view "ﬁh Network view “m Device view l_
gt [PcicPuisizspaen] ] G B ; Device overview
Y2 .. Module Rack Slot | address | Q address  Type Article no. i
» PLC 0 1 CPU 15125P-1 PN 6ES7 512-1DK0O1-0ABO E
’ DO1+2 o 2 12 DQ 16x24VDCI0.5... 6ES7 132-6BHO1-0BAO
DO3+4 0 3 3.4 DQ 16x24VDCI0.5... 6ES7 132-6BHO1-0BAO N
DO5+6 0 4 5..6 DQ 16x24VDCI0.5... 6ES7 132-6BHO1-0BAO =
1 2 DO7-14 0 5 7..14 DQ 4x24VDCI2AHS  6ES7 132-6BD20-0DA0
Baugruppentréage... S0 GEmens DO15-22 o 6 15..22 DQ 4x24VDCI2AHS  6ES7 132-6BD20-0DA0
: D023-30 0 7 23..30 DQ 4x24VDCI2AHS  6ES7 132-6BD20-0DA0
= DIT+2 0o 8 12 DI 16x24VDC ST 6ES7 131-6BHO1-0BAD
1 DI3+4 0 o 3.4 DI 16x24VDCST 6ES7 131-6BHO1-0BAD
|4 DI5 o 10 5 DI 8x24VDC HS 6ES7 131-6BFO0-0DAC
: DI6 0o 1 6 DI 8x24VDC HS 6ES7 131-6BFO0-0DA0
o Al7-10 0 12 7..10 Al 2xU ST 6ES7 134-6FBO0-0BA1
8 End 0 13 Server module 6ES7 193-6PA00-0AAD
=] o 14
2 0 15
o 0 16
O 0 17
0 18
0 19
0 20 [v]
[<[uw [100% B —%— Sil] i I

Pulse width modulation (PWWM) should be set as the operating mode for the output modules with addresses DO 7

- DO 30.

LearningFactory_4_0_24V_Task01_HWConf » PLC [CPU 1512SP-1 PN]

IE‘ Topology view "ﬂ-ﬁ Network view Hﬂf Device view l_
d¢ [PLCICPU 15125P-1 PN] [+ Device overview
Y2 .. Module Rack Slot | address | Q address | Type
& » PLC 0 1 CPU ..
LN DO1+2 0 2 1.2 DQ 1.
DO3+4 o 3 A DQ1..
DO5+6 0 4 5..6 DQ1..
1 DO7-14 0 5 7.4 DQ4...
B o DO15-22 0 6 15..22 DQ 4.
= . D0O23-30 0 7 23..30 DQ 4.
= o DI1+2 0 8 1.2 DI 16...
— i DI3+4 0 9 3.4 DI 16...
DI5 0 10 5 DI 8x...
_ DI6 0 1 6 DI 8x...
00 60 oo AI7-10 o 12 7..10 Al 2.
00 00 00
6 aolk 155 End 0 13 Serve...
o0 00 3 OO 0 14
o0 o0 00
00 00 00 0 15
00 o0 00 o 16
00 00 {oo
o0 (o] 00 0 17 hd
<[ > (<] il
7 Q Ig. Properties %} Info @) | % Diagnostics »
_J General H 10 tags " System constants || Texts I
» General Il y n
X DQ configuration
Potential group E
¥ Module parameters
b
General ‘ Operating mode: | Pulse width modulation F‘
B couknliistion P Outputrate: |1 ValuesiCycle |
» Output0-3 d
il Outputinterval: {O ps]
Value status
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Operating mode DI\ Oversampling should be set for the input modules with addresses DI 5to DI 6 for the encoder

LearningFactory_4 0_24V_Task01_HWConf » PLC [CPU 1512SP-1 PN]
|,E Topology view "5& Network view "I“ Device view |_
d¢ [PLCICPU15125P1 PN] [v] g g : _IW
2 . |Module Rack Slot | address |Q address | Type
| » PLC 0 1 CPU ..
DO1+2 o 2 2 DQ 1.
DO3+4 o 3 3.4 DQ 1.
DO5+6 o 4 5.6 DQ1..
DO7-14 0 5 7.4 DQ 4.
b DO15-22 o 6 15.22 DQ4..
5 DO23-30 o 7 23.30 DQ4..
i DI1+2 0 8 1.2 DI 16.
f DI3+4 o 9 3.4 Di16
— DI5 0 10 5 DI 8x..
. DI6 (] 1 6 DI 8x...
TS B 50 AI7-10 o 12 7..10 Al 2.
00 00 00
66 50 66 End 0 13 Serve
00 00 00 o 14
00 00 00
o0 Q0 00 o 15
00 00 00 0 16
00 00 00
00 00 00 0 17
(] 18
<[ w [>] [100% = -y — ] i ]
| 24VI | |8 Properties  [?iInfo @) %l Diagnostics | L
J General " 10 tags " System constants " Texts |
» General Il g
3 DI Configuration
Potential group
¥ Module parameters
General ) R Operating mode: | DI\ Oversampling m
BicTEty L Sampling rate: |1 SamplesiCycle |
¥ Channel template b S
Inputs E Sampling interval: [0 ps]
» Input0-7 [[) value status

The measurement type voltage should be set with a measurement range of 0-10V for the channels of the analogue

input modules.

LearningFactory_4 0_24V_Task01_HWConf » PLC [CPU 1512SP-1 PN]

|§'? Topology view "é Network view ||if Device view |_

d¢ [PLCICPU 15125P-1 PN] =] Gl B = Device overview
~ T
Y{ - Module Rack  |Slot |laddress | Qaddress | Type
- e b e ¥ & ,g}”Q A » PLC ) 1 CPU..
N y
D P E PP PSP & DO1+2 0 2 i DQ1..
In DO3+4 [ 3 3.4 DQ1...
DO5+6 o 4 5... DQ1...
1 NS G e s n 13 DO7-14 0 5 7.4 DQ4..
. . R e DO1522 0 6 15.22 DQ4..
= it = ] D02330 O 7 23.30 DQ4...
b DI1+2 (5} 8 1.2 DI 16...
L Di3+4 (] 9 3.4 DI 16...
4 DIS o 10 5 DI 8x..
i DI6 0 1 6 DI 8x...
o0 B0 Y AI7-10 o 12 7..10 Al 2
8 8 8 g 8 8 End (1} 13 Serve...
o0 00 o0 0 14
o0 00 o0
o0 o0 00 0 15
00 00 00 = e
o0 00 60
00 00 00 0 17
[v] o 18
100% =) —— 95— H ] i ]

_‘.]ﬁ‘Properties H"illnfo y!ﬂ Diagnostics [

J General || 10 trags HSystemconstants ﬂTexts |

» General Rad
> Input parameters =

Potential group

» Module parameters Overview of input parameters
¥ Input0-1 ’j
General il Channel number type K ing range | hing Interference frequency suppressio |
~ Configuration overview W 0 Voltage [#]o.10v [=] none  [+] 50 Hz (60 ms3)
Input parameters [ 1 Voltage 0.10V None 50 Hz (60 ms)

» Inputs
10 addresses

132



fischertechnik

Information on global libraries:
The global variable tables and a module for encoder evaluation in a compressed library

Library_LearningFactory_4_0_24V.zal16 are provided for programming tasks.

¥
This can be opened by clicking on the = symbol in Global Libraries to open a library, then selecting the

fileLibrary_LearningFactory_4_0_24V.zal16.

JA Siemens - C:WUsersimde\Documents\Automatisierung\LearningFactory_4_0_24V_Task01_HWConf\LearningFactory_4_0_24V_Task01_HWConf
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=
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2 s =
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Information on observation tables:
Observation tables can be created to test the function of factory modules and to determine position values later

on. Variables can then easily be moved to the observation tables via drag & drop from the detailed view of variable

tables.

C:\Users\imde\Documents\Automatisierung\LearningFactory_4_0_24V_Task01_HWConf\LearningFactory_4_0_24V_Task01_HWConf
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In the expanded view ~"I, the inputs and outputs used in the program can also be controlled | continuously. If

there are no buttons for the START and STOP functions, then these can be simulated in this manner.
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Programming task 2:

Sen

sor station with camera (SSC), colour detection with colour sensor

Task:

The colour sensor on the input/output station should be used in the sensor station with camera (SSC) to detect different
blue/white/red workpieces.

When there is a workpiece on the colour sensor, the measured value of the colour sensor is evaluated, and the

result is displayed on an assigned LED. The evaluation only runs for as long as the START button is pressed.
Colour assignment:

Blue green LED (Q5)

White yellow LED (Q6)

Red red LED (Q7)

No colour detected red LED online status (Q8)

The program should be created in the programming language Structured Text (ST or SCL).

Planning

1.

© oo N o
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In the TIA Portal, open the projectLearningFactory_4_0_24V_Task01_HWConf and save it under the name
LearningFactory_4 0_24V_Task02_SensorsSSC.

Copy the global variable table SSC Sensor Station, as shown in programming task 1, from the library
Library_LearningFactory_4_0_24V and insert it into your project.

As shown in programming task 1, expand the observation table, determine value ranges for the 3 colours
blue/white/red there by placing the different workpieces on the sensor, and check the function of the buttons
and sensors.

Create a library-capable code module in the programming language structured text (ST or SCL).

Create a new organisational module Main [0B1] in the programming language Structured Text (ST or SCL),
access the library-capable code module there and connect these with global variables.

Load the complete program to the controller.

Test the program on the sensor station using a camera (SSC).

Monitor the program online and correct any errors.

Save and archive the project LearningFactory_4_0_24V_Task02_SensorsSSC.
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Programming information
Information on creating library-capable programming modules:

Library-capable code modules are preferred for structured programming of PLC programs. This means that the
input and output parameters of a function or function module are determined generally in local variables, and are
only assigned current global variables (inputs/outputs) when using the module.

The advantage of this is that the module can be accessed multiple times.

Information on the colour sensor

The fischertechnik colour sensor emits white light, which different colour surfaces reflect to different degrees.
The photo-transistor measures the intensity of the reflected light and measures read as a voltage value ranging
between 0V and 9V on an analogue input 0-10V on the PLC. This measured value (0-9 V) is digitised into a whole
number between 0 and 24883 by the analogue input assembly.

The measured value depends on the ambient brightness as well as the distance of the sensor from the coloured
surface.

Therefore, the values for the 3 different workpieces in blue/white/red should be determined through multiple
measurements.

This makes it possible to calculate an average value for each colour. For the analysis, you should also stipulate a
tolerance range around this average value, since measurement results always involve a certain amount of
inaccuracy.
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Programming task 3:
Sensor station with camera (SSC), camera movement without pulse width modulation (PWM)

Task:

The camera movement should be activated via the outputs directly in the sensor station with camera (SSC),
without pulse width modulation (PWM).

Press the START button to start a reference run. The camera will move horizontally and clockwise to the position
of the reference switch, horizontally and vertically down to the reference position for the vertical axis.

Press the STOP button to move the camera up for 2 seconds horizontally in an anti-clockwise direction, and
vertically up.

If START or STOP are pressed while the camera is moving, the direction will be reversed.

The program should be created in the programming language Structured Text (ST or SCL).

Planning

1. In the TIA Portal, open the projectLearningFactory_4_0_24V_Task01_HWConf and save it under the name
LearningFactory_4 0_24V_Task03_CameraSSC.

2. Copy the global variable table SSC Camera Station, as shown in programming task 1, from the library
Library_LearningFactory_4_0_24V and insert it into your project.

3. Insert the jumpers to provide a power supply to the bi-directional motors, so that the motors are fed directly
via the +24V actuators.

4. Add to the monitoring table as shown in programming task 1, and check the function of 1/0 signals.

5. Create alibrary-capable code module in the programming language structured text (ST or SCL).

6. Create a new organisational module Main [0B1] in the programming language Structured Text (ST or SCL),
access the library-capable code module there and connect these with global variables.

7. Loadthe complete program to the controller.

8. Testthe program on the sensor station using a camera (SSC).

9. Monitor the program online and correct any errors.

10. Save and archive the project LearningFactory_4_0_24V_Task02_CameraSSC.

11. Insert the jumpers for the power supply to the bi-directional motors so that they are fed via the associated PWM

terminals 2 and 3.

137



fischertechnik

Programming information

Information on pulse width modulation (PWM):

The bi-directional motors for the horizontal axis (turn camera) and the vertical axis (camera height) are controlled
by relays and can be fed either directly via 24V of the actuators, or via the associated PWM terminals 2 and 3.

Sensor station with

camera (SSC)
PWM 1 - not assigned -
PWM 2 Camera height
PWM 3 Turn camera
PWM 4 - not assigned -
Assigning the PWM jumper:

The jumpers should be inserted at the right for this task for power supply via +24V (actuators).

The jumpers are on the adapter board
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Programming information

Since the positive signal flank of the START button should be analysed in this task, and a timer is used, a function
block (FB) must be programmed here as a coding module.
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Programming task 4:
Sorting line with colour detection (SLD); sequence with simple positioning function without
colour detection

Task:

Workpieces should be transported in the sorting line with colour detection (SLD) from the start of the belt to the
second storage location, regardless of their colour.

If there is a workpiece on the belt at the entrance to the light barrier, and if the second storage location is free,
press the START button to switch on the belt. The pulse button counts the pulses from the light barrier to the colour
sensor, in order to detect position. The belt should be stopped once the workpiece is in front of the second
extension cylinder.

There, the workpiece is moved to the second storage position by the second extension cylinder.

The workpiece must then be removed manually there.

Press the STOP button to stop the process. Workpieces must be removed from the system before the sorting line
can be started once again.

The program should be created in the programming language Structured Text (ST or SCL).

Planning

1. In the TIA Portal, open the projectLearningFactory_4_0_24V_Task01_HWConf and save it under the name
LearningFactory_4_0_24V_Task04_SortingSLD.

2. Copy the global variable table SLD Sorting Line with Detection, as shown in programming task 1, from the
library Library_LearningFactory_4_0_24V and insert it into your project.

3. Add to the monitoring table as shown in programming task 1, and check the function of 1/0 signals.

4. Create alibrary-capable code module with the sequence in the programming language structured text (ST or
SCL).

5. Create a new organisational module Main [0B1] in the programming language Structured Text (ST or SCL),

access the library-capable code module there and connect these with global variables.

Load the complete program to the controller.

Test the program on the sorting line with colour detection (SLD).

Monitor the program online and correct any errors.

© © N o

Save and archive the project LearningFactory_4_0_24V_Task04_SortingSLD.
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Programming information

Information on programming sequences in the programming language structured text (ST or SCL).

In addition to other options for programming a process control or a sequence in the programming language
Structured Text (ST or SCL), the control or sequence can be programmed, for instance, in a case instruction.
The number of the step that is currently being completed is always in the statistical variable #Step_number.

Only the commands programmed for the relevant step number are executed.

The system transitions to the next step by incrementing the variable #Step_number in the step by +1.

The variable #Step_number is set to 0 to transition from the last step to step 0 and reset the sequence.

EICASE #5tep number OF

0: /7 Initial step

1l: J/F S5tep 1

2: // Step 2

ELSE f/ Statement section ELSE
| END_CASE;

Since statistical variables are also required in the sequence, a function block (FB) must be programmed here as
a code module.

Information on positioning

Since the conveyor belt does not move very quickly, and since the position in front of the extension cylinder does
not have to be very exact, itis enough to detect signals from the pulse sensor in the normal cyclical organisational
block OB1 for this simple positioning function.

A simple counter can be used to count the pulses in the program. The value can then be compared.

You can determine the number of required pulses by activating the conveyor belt motor and observing the counter
value.
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Programming task 5:
Vacuum suction gripper (VGR); sequence with pulse width modulation (PWM) and simple
positioning function

Task:
The vacuum suction gripper station (VGR) should be used to transport workpieces independent of their colour
from the material storage to the material scrap area.

The motors for gripper movements are controlled via a relay and supplied with power via the associated PWM
terminals. The motor speed can be set using the output signals from pulse width modulation (PWM). The speed
should be set fairly low in this task, so that positioning is simpler.

Press the START button to start the process. First, the suction gripper moves back horizontally to the reference
switch, then up vertically, and finally in a clockwise direction to the reference position at the material storage.
Then, it positions the vacuum down vertically to the pick-up position at the material storage,

then switches the vacuum on and moves back up to the reference switch.

Now the suction gripper turns anti-clockwise to set down material scrap, then vertically down to the discharge
position, where it switches the vacuum off again.

Press the STOP button to stop the process.

The program should be created in the programming language Structured Text (ST or SCL).

Planning

1. In the TIA Portal, open the projectLearningFactory_4_0_24V_Task01_HWConf and save it under the name

LearningFactory_4 0_24V_Task05_VacuumGripperVGR.

2. Copy the global variable table VGR Vacuum Gripper Robot, as shown in programming task 1, from the library
Library_LearningFactory_4_0_24V and insert it into your project.

3. Checkwhether the jumpers for the power supply to the bi-directional motors are inserted so that they are fed
via the associated PWM terminals 1,2 and 3.

4. Add to the monitoring table as shown in programming task 1, and check the function of 1/0 signals.

5. Create a library-capable code module with the sequence in the programming language structured text (ST or
SCL).

6. Create a new organisational module Main [0B1] in the programming language Structured Text (ST or SCL),
access the library-capable code module there and connect these with global variables.

7. Load the complete program to the controller.

8. Testthe program using the vacuum suction gripper (VGR).

9. Monitor the program online and correct any errors.

10. Save and archive the project LearningFactory_4_0_24V_Task05_VacuumGripperVGR.
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Programming information

Information on pulse width modulation (PWM):

The bi-directional motors for turning, for the horizontal axis and the vertical axis are controlled by relays and can
be fed either directly via 24V of the actuators, or via the associated PWM terminals 1, 2 and 3.

Vacuum suction gripper
(VGR)
PWM 1 Y(Vertical)

PWM 2 Z(Horizontal)
PWM 3 X(Turn)
PWM 4

Assigning the PWM jumper:
The jumpers should be inserted on the left for PWM for this task. The motors are controlled via a relay and supplied
with power via the associated PWM terminals.

The jumpers are on the adapter board
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You can specify whole numbers (integer format) on the outputs for the PWM signals in the PLC program, and
thereby control the speed. A low speed should be specified here for all axes with a value of 400.
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Information on positioning

Due to the low speed of the 3 axes, itis enough to detect pulse 1 from the respective encoder in the normal cyclical
organisational block OB1 for positioning.

A simple counter can be used to count the pulses in the program. The value can then be compared.

You can determine the number of pulses for the required positions by activating the individual axes and observing
the counter value.

Programming task 6:
Multi-processing station with oven (MPO); sequence with pulse width modulation (PWM) and
parallel actions

Task:
In the multi-processing station with oven (MPO), workpieces should undergo a burning process before they are
sawed and then transported to the next station.

The motors for vacuum suction and turntable movements are controlled via a relay and supplied with power via
the associated PWM terminals. The motor speed can be set using the output signals from pulse width modulation
(PWM).

First, a workpiece must be placed manually on the turntable.

Press the START button to start the process for a workpiece.

At the same time, the oven will open, the turntable will turn to the position at the vacuum, and the vacuum will
move to the turntable.

Then the vacuum will move down, switch on and lift the workpiece from the turntable.

While the linear axis moves to the oven, the extension there is extended.

Once it has arrived at the oven, the vacuum gripper will place the workpiece on the extension. The extension will
retract, the oven door will close and the burning process will be carried out for 5 seconds.

Then the oven door will open again, the extension will be extended, and the vacuum gripper will pick up the
workpiece once again to move it back to the turntable.

The turntable will then position the workpiece under the saw. The saw will process it for 5 seconds.

Then the workpiece will be turned into position on the belt and pushed to the extension cylinder on the belt there.
The conveyor belt will transport the workpiece to the light barrier at the end of the belt, where it can be removed
manually.

The program should be created in the programming language Structured Text (ST or SCL).

To shorten the time for a production cycle, complete multiple actions at the same time in a single step if possible.
The signals for pulse width modulation (PWM) and for the compressor should not be specified in the steps of the
sequence, but rather in subsequent ongoing operation.
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Planning

1.

10.
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In the TIA Portal, open the projectLearningFactory_4_0_24V_Task01_HWConf and save it under the name
LearningFactory_4 0_24V_Task06_MultiProcessingMPO.

Copy the global variable table MPO-Multi-Processing station with oven, as shown in programming task 1,
from the library Library_LearningFactory_4_0_24V and insert it into your project.

Check whether the jumpers for the power supply to the bi-directional motors are inserted so that they are fed
via the associated PWM terminals 1 and 3.

Add to the monitoring table as shown in programming task 1, and check the function of I/0 signals.

Create a library-capable code module with the sequence in the programming language structured text (ST or
SCL).

Create a new organisational module Main [0B1] in the programming language Structured Text (ST or SCL),
access the library-capable code module there and connect these with global variables.

Load the complete program to the controller.

Test the program using the vacuum suction gripper (VGR).

Monitor the program online and correct any errors.

Save and archive the project LearningFactory_4_0_24V_Task06_MultiProcessingMPO.
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Programming information

Information on pulse width modulation (PWM):

The bi-directional motors for the turntable and for horizontal movement of the vacuum on the linear axis are

controlled by relays and can be fed either directly via 24V of the actuators, or via the associated PWM terminals
1and3.

Multi-processing station (MPO)
PWM 1 Turntable
PWM 2 - not assigned -
PWM 3 Suction (Horizontal)
PWM 4 Oven pusher
Assigning the PWM jumper:

The jumpers should be inserted on the left for PWM for this task. The motors are controlled via a relay and supplied
with power via the associated PWM terminals.

The jumpers are on the adapter board
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You can specify whole numbers (integer format) on the outputs for the PWM signals in the PLC program, and
thereby control the speed.
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Programming task 7:
Automated high-bay warehouse (HBW); sequence with pulse width modulation (PWM) and
positioning function with encoder

Task:
The automated high-bay warehouse (HBW) station is designed to move a pallet from the top front position (position
A1) and set it on the conveyor belt.

The motors for stacker crane movements are controlled via a relay and supplied with power via the associated
PWM terminals. The motor speed can be set using the output signals from pulse width modulation (PWM).
The encoder should be used to precisely position the axes.

Press the START button to start the process. First, the stacker crane moves the cantilever to the rear, then at the
same time to the reference switch horizontally and forward out of the storage area, as well as upward vertically.
In this reference position, positioning values are set to a reference value of 0.

Then the stacker crane moves to the front top position (position A1) to extend. There, the cantilever is extended
to move the vertical axis up briefly to lift the pallet. The cantilever will then move back.

Then the stacker crane will move to the discharge position on the conveyor belt. There, the cantilever is extended
once again to move the vertical axis down briefly to set down the pallet.

The cantilever then moves back, while the conveyor belt transports the pallet to the light barrier at the outside
end of the belt. The pallet must be removed manually before the process can be started once again.

Press the STOP button to stop the process.

The program should be created in the programming language Structured Text (ST or SCL).

To shorten the time for a production cycle, complete multiple actions at the same time in a single step if possible.
The signals for pulse width modulation (PWM) should not be specified in the steps of the sequence, but rather in
subsequent ongoing operation.
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Planning

1.

10.

11.
12.
13.
14.
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In the TIA Portal, open the projectLearningFactory_4_ 0_24V_Task01_HWConf and save it under the name
LearningFactory_4_0_24V_Task07_HighBayWarehouseHBW.

Copy the global variable table HBW automated high-bay warehouse, as shown in programming task 1, from
the library Library_LearningFactory_4 0_24V and insert it into your project.

Under programming modules, create a Positioning group and insert a wake alarm OB Cyclic Interrupt [0B30]
there according to the programming information with a cycle of 1000 ps. Read in the Encoder inputs in the
sub-process screen for this wake alarm OB.

Copy the library module FB_INC_DEC for encoder evaluation from the library

Library_LearningFactory_4.0_24V and insert it into your project in the Positioning group.

Create a global data block Positioning [DB90] in the Positioning group with a global variable for position (INT)
and direction (BOOL) for the horizontal and vertical axis.

Access and activate the module FB_INC_DEC for encoder evaluation in the wake alarm OB Cyclic Interrupt
[0B30] for both the horizontal and vertical axes.

Check whether the jumpers for the power supply to the bi-directional motors are inserted so that they are fed
via the associated PWM terminals 1, 2.3 and 4.

As shown in programming task 1, add all input/output signals and the values from the global data block
Positioning [DB90] to the observation tables. Check the functions of the I/0 signals and encoder analysis with
the help of the observation table, and determine position values for the positions required in the program.
Create a library-capable code module with the sequence in the programming language structured text (ST or
SCL).

Create a new organisational module Main [0B1] in the programming language Structured Text (ST or SCL),
access the library-capable code module there and connect these with global variables.

Load the complete program to the controller.

Test the program using the automated high-bay warehouse (HBW).

Monitor the program online and correct any errors.

Save and archive the project LearningFactory_4_0_24V_Task07_HighBayWarehouseHBW.
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Programming information

Information on pulse width modulation (PWM):

The bi-directional motors for the cantilever, for the conveyor belt, for the horizontal axis and the vertical axis are
controlled by relays and can be fed either directly via 24V of the actuators, or via the associated PWM terminals
1,2.3and 4.

High-bay warehouse
(HBW)
PWM 1 Conveyor belt

PWM 2 X(Horizontal)
PWM 3 Y(Vertical)
PWM 4 Cantilever

Assigning the PWM jumper:
The jumpers should be inserted on the left for PWM for this task. The motors are controlled via a relay and supplied
with power via the associated PWM terminals.

The jumpers are on the adapter board
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You can specify whole numbers (integer format) on the outputs for the PWM signals in the PLC program, and
thereby control the speed.

148



fischertechnik

Information on creating a wake alarm OB and reading in the encoder inputs

Wake alarm OBs can be used to start program components at equidistant time intervals and read in inputs

accordingly. Create a wake alarm OB with a Tms cycle time as follows:

Add new block

Name:

ICyclic interrupt

]

Organization
bleck

=¥

Function block

in

Functicn

e

Data block

& Program cycle

¥ Startup

& Time delayinterrupt
& Cyclic interrupt

¥ Hardware interrupt

& Time error interrupt
¥ Diagnostic error interrupt
& Pull or plug of modules
48 Rack or station failure
4 Programming error
48 10 access error

& Time of day

& MCnterpolator

& MCServo

& MC-PreServo

& MC-PostServo

& Synchronous Cycle
48 Status

& Update

& Profile

> | Additional information

X

Language: SCL ¥
Number: 30 B
() Menual
(s) Automatic

Cyclic time (ps):

Description:

A*Cyclic interrupt® OB allows you to start
programs at periodic intervals,
independently of cyclic program execution.
The intervals can be defined in this dialog or
in the properties of the OB.

more...

[«) Add new and open

f OK - Cancel

I

1

The settings must be changed so that inputs in the sub-process screen (TPA 1) for this wake alarm OB must be

read in for the assemblies for encoder inputs.

J4& Siemens
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Information on positioning with the encoder and fischertechnik library module FB_INC_DEC

In this programming task, tracks A+B and pulses 1 and 2 for the encoders must be recorded for the horizontal and
vertical axes in a wake alarm organizational module with a cycle time of Tms, in order to ensure precise positioning
even with high speed movements.

A module FB_INC_DEC has already been provided in the available library Library_LearningFactory_4_0_24V for
encoder evaluation. It can simply be copied from there into the project.
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The module FB_INC_DEC for encoder evaluation assesses the pulses for the two channels at the inputs #inx_CHa
and #inx_CHb.
This is used to determine the direction #outx_dir and a position value #outi_cnt and provide these as outputs.
The input #inx_RST can be used to reset the position value to a reference value #ini_REF_val.

... PLC[CPU 15125P-1 PN] » Program blocks » Positioning » FB_INC_DEC [FB9]
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#1x_axb := #inx CHa XOR #inx CHb;
{* create pulses for channel a *)
#1x clka := #inx CHa XOR #lx_edgea;
#1x_edgea := #inx CHa:
{* create pulses for channel b *)
#1x clkb := #inx CHb XOR #1x edgeb;
#1x_edgeb := #inx CHb;
(* create pulses for both channels *)
#1x clka := #lx_clka OR #1x clkb;
{* set the direction output *)

GIIF #lx_axb AND #1x clka THEN

#lx dir := TRUE;

| END_IF;

EIF #lx_axb AND #lx_clkb THEN

#1x dir := FALSE;

7 | END_IF;

{* increment or decrement the counter *)
BIIF #1x_clka AND #1x dir THEN

#1i_cnt := #1i_cnt + 17
| END_IF;
BJIF #1x clka AND NOT #lx dir THEN
#li_cnt := #1i_cnt - 17
| END_IF;
(* reset the counter if rst active *%)
EIF #inx RST THEN
#1i_cnt := #ini_Ref_wval;
| END_IF;
#outx dir := #lx dir;
#outi_cnt := #li_cnt;
Ln:31  C:1  INS

[100%

The module FB_INC_DEC for encoder evaluation should be accessed and activated in a wake alarm OB for both
the horizontal and vertical axes.

"FB_INC DEC DB"(inx CHa:=fa

inx CHb:=

gy  — ” vy
outx dir=> bool out ,

outi cnt=> int out );

The position values can be determined for the positions required in the program by activating the individual axes
and monitoring the position values in the observation table. The reference position in each case is 0.
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