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Product information

This manual contains the technical installation and important instructions for correct commissioning
and usage, as well as production information according to the current state before printing.

The content of this manual and the technical product data may be changed without prior notice.
ADDI-DATA GmbH reserves the right to make changes to the technical data and the materials included
herein.

Warranty and liability

The user is not authorised to make changes to the product beyond the intended use, or to interfere
with the product in any other way.

ADDI-DATA shall not be liable for obvious printing and phrasing errors. In addition, ADDI DATA, if
legally permissible, shall not be liable for personal injury or damage to materials caused by improper
installation and/or commissioning of the product by the user or improper use, for example, if the
product is operated despite faulty safety and protection devices, or if notes in the operating
instructions regarding transport, storage, installation, commissioning, operation, thresholds, etc. are
not taken into consideration. Liability is further excluded if the operator changes the product or the
source code files without authorisation and/or if the operator is guilty of not monitoring the
permanent operational capability of working parts and this has led to damage.

Copyright
This manual, which is intended for the operator and its staff only, is protected by copyright.

Duplication of the information contained in the operating instructions and of any other product
information, or disclosure of this information for use by third parties, is not permitted, unless this right
has been granted by the product licence issued. Non-compliance with this could lead to civil and
criminal proceedings.

ADDI-DATA software product licence

Please read this licence carefully before using the standard software. The customer is only granted the
right to use this software if he/she agrees with the conditions of this licence.

The software may only be used to set up the ADDI-DATA products.

Reproduction of the software is forbidden (except for back-up and for exchange of faulty data
carriers). Disassembly, decompilation, decryption and reverse engineering of the software are
forbidden. This licence and the software may be transferred to a third party if this party has acquired a
product by purchase, has agreed to all the conditions in this licence contract and the original owner
does not keep any copies of the software.

Trademarks

e ADDI-DATA, APCI-1500, MSX-Box and MSX-E are registered trademarks of ADDI-DATA GmbH.

e Turbo Pascal, Delphi, Borland C, Borland C++ are registered trademarks of Borland Software
Corporation.

e Microsoft .NET, Microsoft C, Visual C++, MS-DOS, Windows XP, Windows 7, Windows 8,
Windows 10, Windows Server 2000, Windows Server 2003, Windows Embedded and Internet
Explorer are registered trademarks of Microsoft Corporation.

e LabVIEW, LabWindows/CVI, DASYLab, DIAdem are registered trademarks of National Instruments
Corporation.

e CompactPCl is a registered trademark of PCl Industrial Computer Manufacturers Group.

e VxWorks is a registered trademark of Wind River Systems, Inc.

e RTX s a registered trademark of IntervalZero.

e Mozilla Firefox is a registered trademark of Mozilla Foundation.

e SIMATIC S7, S7-300, STEP7, TIA Portal, CPU313C-2DP and CP343-1 Lean are registered trademarks of
Siemens AG.
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Warning!

The following risks result from the improper implementation of the
Ethernet system and from use contrary to the regulations:

A9 -
‘,ﬁ‘: Personal injury
“/ Damage to the Ethernet system, the PC and peripherals
7

‘?’ Pollution of the environment.

B Protect yourself, others and the environment!

B Read the safety precautions (yellow leaflet) carefully!

If this leaflet is not enclosed with the documentation, please contact us
and ask for it.

B Observe the instructions of this manual!

Make sure that you do not forget or skip any step!
We are not liable for damages resulting from the wrong use of the
Ethernet system.

E Pay attention to the following symbols:

2 3
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NOTICE!

Designates hints and other useful information.

NOTICE!

Designates a possibly dangerous situation.

If the instructions are ignored, the Ethernet system, the PC and/or
peripherals may be destroyed.

WARNING!

Designates a possibly dangerous situation.
If the instructions are ignored, the Ethernet system, the PC and/or
peripherals may be destroyed and persons may be endangered.
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Documentation MSX-Exxxx and PLC: Principles

1 Documentation

1.1 Content

This documentation describes how to use intelligent Ethernet I/O systems, Ethernet and a standard
protocol such as TCP/IP to carry out complex and fast measuring tasks or signal processing (such as
average value computation) in a simple, reliable and cost-effective way via a PLC.

More detailed information on the respective MSX-E systems'! can be found in the ADDI-DATA product
catalog and in the corresponding manuals.

1.2 Structure

The documentation is divided into two parts:

e Part 1: MSX-Exxxx and PLC: Principles
The first part of the documentation describes the principles of combining a PLC with an MSX-E
system.

e Part 2: Connection to a SIMATIC S7 PLC
Part 2 answers the following questions:
Which requirements are necessary to connect an MSX-E system to a PLC (hardware, etc.)?
How are PLC and MSX-E system configured?
Which settings generally have to be made - and for what reason?
What do | have to be aware of when connecting one (or more) MSX-E systems to a PLC?

e Part 3: ADDI-DATA Modbus TCP client library for a SIMATIC S7 PLC
Part 4 describes how the MSX-E systems can be directly managed and controlled by a PLC using a
Modbus TCP client library.

1 MSX-Exxxx = Common name for the Ethernet I/O systems
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The combination principle MSX-Exxxx and PLC: Principles

2 The combination principle

2.1 More powerful PLC using intelligent Ethernet 1/0 systems

High flexibility and good value components have helped the PLC concept to reach its triumphant
success. Alongside control and regulation, PLCs are increasingly taking over other tasks such as alarms,
visualisation and data logging. Sensors and actuators ceased to be discrete some time ago, but can be
combined directly with the PLC at reduced wiring costs. Ethernet networks have proven themselves in
office IT for a long time now. The link between office IT and manufacturing IT meets the information,
monitoring and security requirements of modern management simultaneously.

Working in series makes programmable logic controllers slower than hardwired programmed logic
controllers. But demanding tasks such as the simultaneous reading of several channels or the
simultaneous acquisition of several signal types which originate from inductive/digital transducers,
shaft encoders or analog inputs are carried out using high-performance electronic measuring
equipment. Examples of this are an acquisition of many measurement values in a buffer in order to
make data available later or a very rapid acquisition and computation of values independent of the
PLC cycle.

2.2 Requirements regarding electronic measuring equipment of the
MSX-E system

e Simultaneous acquisition of different measurement values (e.g. surface quality and position)
» Allows for precise corrections at detected fault locations
e Calculation of minimum and maximum values or average values

> In order to categorise any irregularities within or outside a predefined tolerance or to relieve
the load on the PLC

e Direct use in the production hall near the test item
e Reliable operation at high temperatures and with water jets
e Easy connection to the PLC
¢ Communication via standard Ethernet
> In order to also forward values to the IT level for prompt assessment of production quality
e Configuration without programming, e.g. over an integrated web interface
> Integration as easy as possible
e Diagnostics and monitoring without special programs or PLC
e Onboard cache so that no values are lost

www.addi-data.com 6 QERE)JP;AEO'NATA/’A



The combination principle MSX-Exxxx and PLC: Principles

2.3 Significant benefits of the MSX-E systems for the PLC

They can be cascaded and synchronised in the ps area.

» Simultaneous acquisition of different measurement values, e.g. inductive transducers and
position of the test item

Extended temperature range from -40 °C to +85 °C
Degree of protection IP 65: protection against water jets and dust
> No “protection” through switch cabinets necessary; money- and space-saving

Numerous protective circuits: Optical isolation of up to 1,000 V; short-circuit and reverse polarity
protection

Web interface to configure, control and monitor the acquisition

» Measurement values directly on the screen of the technician's PC

> Saving of time, in particular when setting up measuring facilities, and flexibility
Easy connection to the PLC via TCP/IP

» Problem-free forwarding of measuring data to the IT level

» Remote maintenance with password protection and encryption

Onboard RAM for data storage

Simple software updates can be installed at any time on the MSX-E systems.

Complex computing tasks (such as calculating several sensors in one result) can be realised if
required.

The MSX-E systems are available for different signal types:

Digital I/0, 24 V

Analog inputs, voltage or current, 16 bit

Analog outputs, voltage or current, 16 bit

Inductive transducers (HB, LVDT, Mahr-compatible)

Incremental shaft encoders and transducers

Sin/cos signals (1 V,,/ 11 pA,,) for shaft encoders or digital transducers
Etc.

The mode of operation is identical for all MSX-E systems, i.e. each system has a control side and a
signal side. The connection to the control side is the same for all systems.
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The combination principle

MSX-Exxxx and PLC: Principles

Fig. 2-1: MSX-E system: Structure
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2.4 Connection of an MSX-E system to a PLC

The MSX-E systems are connected to the PLC via Ethernet. Thus no special lines or communication
buses are needed. Additional systems can be added to the network very easily.

By means of an Ethernet controller, which manages the TCP/IP protocol, the PLC is able to access the
additional systems. There are both hardware solutions (communication processor, CP) and software
solutions for this, whereas a hardware solution may be more suitable, depending on the application.
A separate hardware controller enables faster communication and reduces the load on the PLC CPU
more than software Ethernet management over the PLC CPU.

Fig. 2-2: MSX-E systems: Connection to a PLC
PLC System 1 _gﬂ! System 2
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The combination principle MSX-Exxxx and PLC: Principles

2.5 The connection of an MSX-E system and a PLC

2.5.1 Acquisition start without programming (Autostart)

The actual acquisition is configured and saved on the MSX-E systems using the web interface. You can
use the Autostart function to load the acquisition settings when the system is booted and to execute
them automatically. As such, no additional programming is required for the PLC.

Example: 16 analog inputs (8 x + 10 V, 8 x + 5 V), each with a speed of 25 kHz, should be acquired for
a total of 0.5 seconds. The acquisition should only be started once the test item is in the correct
position, that is, the PLC signals the start of the acquisition to the MSX-E system using a digital 24 V
output (hardware trigger).

If the acquisition has been previously configured and saved in the MSX-E system, the system boots up
after it has been switched on and waits for the hardware trigger. As soon as the hardware trigger has
been detected, the acquisition starts and the system acquires the measurement values for 0.5 seconds.
It subsequently waits for the next trigger.

Via the receive function (FC6), the PLC can access the values and save these in a data block (DB)

(1 DWORD per channel). Afterwards, the values can be further processed as required. Due to their own
intelligence (ARM9), the systems can carry out calculations, e.g. of the minimum, maximum and
average values, independently.

Fig. 2-3: PLC: Retrieval of external measurement data
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The configuration of PLC and MSX-E systems is described in detail in Part 2 of the Ethernet I/0 systems’
Instruction Manual.
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The combination principle MSX-Exxxx and PLC: Principles

2.5.2 Acquisition start with TCP/IP Modbus

The acquisition of the measurement values can also be started using TCP/IP Modbus. Here, the data
acquisition is not configured in the MSX-E systems and loaded when they are booted; instead, they are
called in the PLC through Modbus functions.

More detailed information on this can be found in Part 3 of the Ethernet I/O systems’ Instruction
Manual as well as in the MODBUS Interface Description on the MSX-E CD
(“msxexxxx_modbus.html” file in the directory “\[MSX-E system]\Modbus\Documentation\htmI"”).
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Appendix

3 Appendix

3.1 Glossary

Counter
A counter is a circuit which counts pulses or
measures pulse duration.

Ethernet

The Ethernet is a baseband bus system
originally developed in order to connect mini-
computers. It is based on the CSMA/CD access
method. Coaxial cables or twisted-pair cables
are used as the transmission medium.

The transmission speeds are 10 Mbit/s
(Ethernet), 100 Mbit/s (Fast Ethernet) and

1 Gbit/s or 10 Gbit/s (Gigabit-Ethernet).

This widely used technology for computer
networking in a LAN has been standardised
since 1985 (IEEE 802.3 and 1SO 8802-3).
Ethernet technology is now common practice in
the office environment. After making even very
tough real-time requirements possible and
adapting the device technology (bus cables,
patch fields, junction boxes) to the harsh
application conditions of the industrial
environment, Ethernet is now also increasingly
used in the field areas of automation
technology.

IP address

The IP address is a unique string of numbers
separated by full stops that identifies each
computer attached to the Internet. Usually, it
also has a version containing words separated
by full stops.

LSB
= Least Significant Bit

LSB is the lowest order bit in a digital quantity.

Modbus TCP

The Modbus TCP protocol is an open
query/response protocol for the communication
between master and slave or client and server.
A PLC, for example, can act as a master that
initialises the communication processes.

The data is transferred in the form of TCP/IP
packets.

www.addi-data.com 11
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MSB
= Most Significant Bit

MSB is the highest order bit in a digital
quantity.

PLC
= Programmable Logic Controller

The PLC is a computer-based control unit
whose functionality is defined by an
application program. With standardised
technical languages, this application program is
relatively easy to produce. Because of its serial
mode of operation, reaction times of PLCs are
slower than those of VPS. As a family of devices
with graduated and matched components, PLCs
can now cover all levels of an automation
hierarchy.

Socket

A socket is a bidirectional software interface to
interprocess (IPC) or network communication.
Sockets are a standardised interface (API)
between the network protocol implementation
of the operating system and the actual
application software.

Trigger

A trigger is a pulse or signal for starting or
stopping a special task. Triggers are often used
for controlling data acquisition.

ADDI-DATA
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Appendix MSX-Exxxx and PLC: Principles
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Contact and support MSX-Exxxx and PLC: Principles

4 Contact and support

Do you have any questions? Write or call us:

Address:  ADDI-DATA GmbH
Airpark Business Center
Airport Boulevard B210
77836 RheinmUnster

Germany
Phone: +49 7229 1847-0
Fax: +49 7229 1847-222
E-mail: info@addi-data.com

Manual and software download from the Internet:
www.addi-data.com
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Product information

This manual contains the technical installation and important instructions for correct commissioning
and usage, as well as production information according to the current state before printing.

The content of this manual and the technical product data may be changed without prior notice.
ADDI-DATA GmbH reserves the right to make changes to the technical data and the materials included
herein.

Warranty and liability

The user is not authorised to make changes to the product beyond the intended use, or to interfere
with the product in any other way.

ADDI-DATA shall not be liable for obvious printing and phrasing errors. In addition, ADDI DATA, if
legally permissible, shall not be liable for personal injury or damage to materials caused by improper
installation and/or commissioning of the product by the user or improper use, for example, if the
product is operated despite faulty safety and protection devices, or if notes in the operating
instructions regarding transport, storage, installation, commissioning, operation, thresholds, etc. are
not taken into consideration. Liability is further excluded if the operator changes the product or the
source code files without authorisation and/or if the operator is guilty of not monitoring the
permanent operational capability of working parts and this has led to damage.

Copyright
This manual, which is intended for the operator and its staff only, is protected by copyright.

Duplication of the information contained in the operating instructions and of any other product
information, or disclosure of this information for use by third parties, is not permitted, unless this right
has been granted by the product licence issued. Non-compliance with this could lead to civil and
criminal proceedings.

ADDI-DATA software product licence

Please read this licence carefully before using the standard software. The customer is only granted the
right to use this software if he/she agrees with the conditions of this licence.

The software may only be used to set up the ADDI-DATA products.

Reproduction of the software is forbidden (except for back-up and for exchange of faulty data
carriers). Disassembly, decompilation, decryption and reverse engineering of the software are
forbidden. This licence and the software may be transferred to a third party if this party has acquired a
product by purchase, has agreed to all the conditions in this licence contract and the original owner
does not keep any copies of the software.

Trademarks

e ADDI-DATA, APCI-1500, MSX-Box and MSX-E are registered trademarks of ADDI-DATA GmbH.

e Turbo Pascal, Delphi, Borland C, Borland C++ are registered trademarks of Borland Software
Corporation.

e Microsoft .NET, Microsoft C, Visual C++, MS-DOS, Windows XP, Windows 7, Windows 8,
Windows 10, Windows Server 2000, Windows Server 2003, Windows Embedded and Internet
Explorer are registered trademarks of Microsoft Corporation.

e LabVIEW, LabWindows/CVI, DASYLab, DIAdem are registered trademarks of National Instruments
Corporation.

e CompactPCl is a registered trademark of PCl Industrial Computer Manufacturers Group.

e VxWorks is a registered trademark of Wind River Systems, Inc.

e RTX s a registered trademark of IntervalZero.

e Mozilla Firefox is a registered trademark of Mozilla Foundation.

e SIMATIC S7, S7-300, STEP7, TIA Portal, CPU313C-2DP and CP343-1 Lean are registered trademarks of
Siemens AG.
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Warning!

The following risks result from the improper implementation of the
Ethernet system and from use contrary to the regulations:

A9 -
‘,ﬁ‘: Personal injury
“/ Damage to the Ethernet system, the PC and peripherals
7

‘?’ Pollution of the environment.

B Protect yourself, others and the environment!

B Read the safety precautions (yellow leaflet) carefully!

If this leaflet is not enclosed with the documentation, please contact us
and ask for it.

B Observe the instructions of this manual!

Make sure that you do not forget or skip any step!
We are not liable for damages resulting from the wrong use of the
Ethernet system.

E Pay attention to the following symbols:

> @@

www.addi-data.com

NOTICE!

Designates hints and other useful information.

NOTICE!

Designates a possibly dangerous situation.

If the instructions are ignored, the Ethernet system, the PC and/or
peripherals may be destroyed.

WARNING!

Designates a possibly dangerous situation.
If the instructions are ignored, the Ethernet system, the PC and/or
peripherals may be destroyed and persons may be endangered.
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Chapter overview

Chapter overview

In this manual, you will find the following information:

Connection to SIMATIC S7 PLC

Chapter Content

1 Principles of the MSX-E system and PLC configuration
2 Description of the PLC parameterisation or Ethernet configuration
3 Explanation of the S7 function blocks
4 Description of the S7 sample networks
5 Recommendations in terms of acquisition mode, trigger, etc.
6 Appendix with glossary and index
7 Contact and support address
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MSX-E system and PLC configuration Connection to SIMATIC S7 PLC

1 MSX-E system and PLC configuration

1.1 Requirement

In order to use MSX-E systems with a PLC, it is required that the PLC has an Ethernet interface and can
open an active TCP connection (TCP sockets).

1.2 Principle structure

Each MSX-E system has a data server that provides the acquired measurement values. The PLC can
access these measurement values using a TCP connection, thereby reading the data.

The acquisition itself can be started either by an external trigger (digital 24 V input) or automatically.

Fig. 1-1: MSX-E system and PLC: Principle structure

| MSX-Exxxx i
| |
1 1
e e —— 1
1 // \\\ 1
| e 2| !
1
i ,/ Acquisition !
1 / :
| / .
1 / :
| / '
| / :
| / i
! /’ Data server I
1 1
1 | 1
| | |
1 | !
e o !
Do . ; K !
oo Trigger input | Network connector |
[ | 1
o a I
1 ‘ 1
. S R
\\
No TCP connection
\\
~N
H

1 . \\\ 4

: Opt'onal Te—— PLC

1

In the PLC, the data is read using the FC6 function (receive function) and then stored in a data block
(DB). From here, it can be further processed as required.
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MSX-E system and PLC configuration Connection to SIMATIC S7 PLC

1.3 Program overview

Fig. 1-2: Retrieval of external measurement data

Function

Retrieval of

sation OB external
Block Kk measurement

Data data
Block

OB1: This organisation block calls up the receive function (FC6).

Counter
Digital /O
System
MSX-E1701

Ethernet

i
i

Trigger!
[

FC6: With this function, data is read from a TCP connection (socket) and subsequently saved in a data

block.

1.4 Data conversion

Please note that the MSX-E systems send data from the data server in the Little Endian format (Intel
format), whereas an S7 PLC works with the Big Endian format (Motorola format).

As a result, the values of the MISX-E systems have to be converted on the PLC into the Big Endian
format (Motorola format). This data coding plays an important role, as otherwise, the measurement
results will be interpreted incorrectly. ADDI-DATA provides you with a corresponding conversion

function:
¢ Function: FC1
¢ Name: INTEL_TO_MOTOROLA
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MSX-E system and PLC configuration

1.4.1 Little Endian format (Intel format

The least significant bit (LSB) is transferred first:

16-bit 0x1234 >> 0x34 0x12

32-bit 0x12345678 >> 0x78 0x56 0x34 0x12
1.4.2 Big Endian Format (Motorola Format
The most significant bit (MSB) is transferred first:

16-bit 0x1234 >> 0x12 0x34

32-bit 0x12345678 >> 0x12 0x34 O0x56 0x78
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Parameterising the PLC Connection to SIMATIC S7 PLC

2 Parameterising the PLC

2.1 Software

ADDI-DATA provides you with a software package that displays the connection between an MSX-E
system and an S7 PLC. The programming sample is based on a SIMATIC S7 PLC from Siemens.

If you want to apply an S7-compatible PLC from a different manufacturer (such as IBHsoftec, VIPA,
etc.), you have to use the relevant manufacturer’s original FCs. You may also have to adapt the data
blocks, etc. (Siemens: 9 DWORDs; VIPA: 36 bytes).

The mentioned sample for the $7 from Siemens is called BasicSample and has been developed for the
Ethernet connection of the S7-300 with CP343-1. It serves for reading values from the TCP connection
(TCP socket).

2.2 S7 Ethernet configuration

The following configuration is based on an $7-300 with CP343-1. Your PLC may display other menus,
but the settings are the same.

Fig. 2-1: SIMATIC Manager: S7 Ethernet configuration

H SIMATIC Manager - [BasicSample -- C:\Programmel\Siemens\Step /s 7proj\BasicSam]

@ Datei Bearbeiten Einfiigen  Zielsystem Ansicht  Extras  Fenster  Hife -8 %
Dle| 87| [ sa|[o 2af =a|i|fmE m|[<Kenfie> =13 =] =3|m| 2
% BasicS ample | Objektname Symbolischer Name | Tvp | Gloﬂel Aubor | Anderungsdatum Kommentar
= SIMATIC 300 SIMATIC 300 SIMATIC 300-5tation 21112008 154125
= Il CPUSISC20P) @8y ) MPI 2984 13.06.2007 15:0519
=120 Progiamm S7(1) | armemmr [ — 13.06,2007 15.0619

(B Quellen
Bausteine
# fF CP 3431 Lean

Driicken Sie F1, um Hilfe zu erhalten, PC Adapter{MPI) 2264 Bytes

E  Open the SIMATIC Manager and then the BasicSample project.

E To configure the TCP connection, double-click on the object name (Objektname) Ethernet.
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Parameterising the PLC Connection to SIMATIC S7 PLC

Fig. 2-2: Ethernet configuration: TCP connection

& NetPro - [BasicSample (Metz) -- C:\Programme\...\Step /s 7 proj\BasicSam] |Z”E”E|
%E Metz Bearbeiten Einfligen Zielsystem Ansicht Extras  Fenster Hife - 8 X
2|8 % S| e ol 8 oS8 BE A
MPI{1) ! — g
WP Suchen: ot dhi
T Auszwahl der Metzobjekte
SIMATIC 200 £ %?- PROFIEUS-DF

2 PROFIBUS-PA,
+-55 PROFINET IO
— || B2 Stationen
+-21] Subnetze

3 >\2
Ethemet(1)

Industrial Etherne

[N

e
FROFIBUS-DP-Slaves der =
SIMATIC 57, M7 und C7
[dezentraler Aufbau)

| £

Bereit PC Adapter(MPL) |1 waon 1 markiert

E Click on CPU313C-2DP (see top arrow).
E In the table at the bottom, double-click on the selected line (see bottom arrow).

The table column Typ [Type] says that the Ethernet connection is a TCP connection (TCP-Verbindung).
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Parameterising the PLC Connection to SIMATIC S7 PLC

Afterwards, the following window is displayed:

Fig. 2-3: Properties - TCP connection: General information

Eigenschaften - TCP-Verbindung

Allgemein Adressen | Optioren | Obersicht | ]
Lokaler Endpunkt B austeinparameter
1D [Hex: Q001 A050 1 D
Aeme: TCPT ‘Wit G000 —| LADDR

Ober CP: ||:F- 3431 Lean - [R0/54]

Wegewahl...

[v Aktiver Yerbindungzaufbau
r

Ahbrechen Hilfe

In order for the S7 to create the connection to the MSX-E system, Aktiver Verbindungsaufbau
[Active connection establishment] must be selected.

On the right-hand side of the window, you see the block parameters (Bausteinparameter) that have
to be used together with the “FC6 (AG_RECV)” function. The connection ID (socket ID) and the address
are specified.

B Click on the Adressen [Addresses] tab.
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Parameterising the PLC Connection to SIMATIC S7 PLC

Fig. 2-4: Properties - TCP connection: Addresses

Eigenschaften - TCP-Yerbindung

Allgernein Adressen letinnenl Ubersicht] l

Die Partz von 1025 biz 65535 stehen zur Werfligung.
Meitere Ports ziehe Hilfe]

Lakal Partner
IP [DEZ): 182.168.89.90 182.168.99.99
PORT [DEZ):  |8989 |5389

Abbrechen Hilie

E Inthe [Local] area, in the PORT field, enter the port number of the S7. This must correspond
to the port number of the MSX-E system.

E Inthe Partner [Remote] area, in the IP field, enter the IP address of the MSX-E system, and in the
Port field, the port number of the MSX-E system. This port number must correspond to the one
that has been defined on the web interface of the MSX-E system.

E To check the port number of the MSX-E system, open a web browser (such as Mozilla Firefox,
Internet Explorer, etc.) and enter the following address: “http:/[IP address of the MSX-E system]".

A login window is displayed:

Fig. 2-5: Login window

Authentifizierung erforderlich

e http:ff192. 168.99.93 verlangt einen Benutzernamen und ein Passwort. Ausgabe der Website: "

Benutzername: | mixadmin |

Passwort: | [TTTITTT] |

oK ] [ Abbrechen

E Enter mxadmin as the user name and password.

ADDI-DATA flg
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Parameterising the PLC Connection to SIMATIC S7 PLC

B On the web interface of the MSX-E system, click on the menu item Data server.

Fig. 2-6: Data server: Configuration

Pratocol TCP -
TCP port number 8989
S0_SNDBUF (in bytes) 104448

TCPRIP netwark clients filter

UDP/P network targets

E In the Configuration section, in the TCP port number field, change the port number if you
cannot use the default port number (8989).

Fig. 2-7: Data server: Set and save
= S
Set and save ‘=> Reload

E After changing the port number, click on Set and Save and then on Reload.

E Click on the Blocking transfer tab.

Fig. 2-8: Data server: Blocking transfer

Activate blocking TCPRIP transfer Mo -
TCPP transfer timeout 1.0

E Ensure that in the Configuration section, with Activate blocking TCP/IP transfer, the No
option is selected.

E  When you have made this change, click on Set and Save and then on Reload.

ADDI-DATA flg
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Reading the measurement data Connection to SIMATIC S7 PLC

3 Reading the measurement data

As already mentioned in Chapter 2, ADDI-DATA provides you with a programming sample of an S7 PLC
from Siemens. The aim of this is sample is to demonstrate how the PLC reads the measurement data of
an MSX-E system from a TCP connection.

3.1 Requirements

Please ensure that the following requirements are fulfilled:

e Siemens CPU313C-2DP (PLC)

e Siemens CP343-1 Lean (Ethernet system for the PLC)

e FC6 (AG_RECV) for $7-300 (function for asynchronous communication)
e S7 sample for STEP7.

3.2 S7: Description of the function blocks

Fig. 3-1: SIMATIC Manager: List of blocks

I SIMATIC Manager - [BasicSample -- C:\Programme\Siemens\Step f\s 7 proj\BasicSam]

% Datei  Bearbeiten Einflgen  Zielsystem  Ansicht  Extras  Fenster  Hilfe - O x
D= 2885 & |E=|e| sl [o = < Kein Fiter > =% e ==ml s
= BazicS ample Objektname | Symbaolischer Name | Erstellsprache | GroRe im Arbeitzspe... | Tvp
= SIMATIC 300 @Systemdaten - SDB
-l CPU3C20PN) g ap CYCLE_EXECUTION KOP 18 Oraanisstionsbaustein
= P'°5"amﬁ“ ST e INTEL_TO_MOTOROLA  KOP 316 Funklion
gue f’? £ FC3 DwORD_TO_REAL KOP 74 Funklion
e F = ¥ o STANDARDIZATION_MM  KOP 142 Funkfion
+-4fF CP 3431 Lean :
&3 FCE AG_RECY AL 1206 Furktion
o FC7 STANDARDIZATION_VOLT  KOP 170 Furktion
o FC20 READ_DWORD_ARRAY  Awl B4 Funklion
£ FC2 WRITE_REAL_ARRAY AL B4 Furklion
o DB R DATABLOCK DB 104 Datenbaustein
o DB102 REAL_DATABLOCK, ] 104  Datenbaustsin
< 3
Driicken Sie F1, um HilFe zu erhalten, PC Adapter{MPI)
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Reading the measurement data

3.2.1 FC1: Converting data to the Motorola format

Description:

Connection to SIMATIC S7 PLC

With the MSX-E systems, the data is displayed in the Intel format, whereas the S7 PLC displays it in the

Motorola format.

If your PLC already uses the Intel format, you do not need this function block. However, if your PLC
works in the Motorola format, you can use this block to convert the values.

"INTEL_
TO_
MOTOROLA"
EN ENO
$RAW_INTEL —INTEL $RAW_
MOTOROLA -MOTOROLA

Input parameters:

INTEL: Raw value in the Intel format as a DWORD data type that is read from the MSX-E system

Output parameters:

MOTOROLA: Value in the Motorola format as a DWORD data type

Example of the sequence of function calls:

Table 3-1: FC1: Function call sequence

FC number | Name Description
FC6 AG_RECV Read value from the network
FC1 INTEL_TO_MOTOROLA. | Convert value to the Motorola format

www.addi-data.com
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Reading the measurement data Connection to SIMATIC S7 PLC

3.2.2 FC3: Converting a DWORD data type to a REAL data type

Description:
On the MSX-E systems the measurement values are coded to 4 bytes and sent via the TCP connection as
byte packets. By default the measurement values are sent as raw values.

Example: System MSX-E3011 with Gain 1 Unipolar
If 10 volts are measured, the system does not send the value 10, but 65535. This value is designated as
araw value.

65535 is a raw value that is converted to the suitable unit:
((Voltage range/resolution) x raw value) + minimum voltage
((20 / 65535) x 65535) + (-10) = 10 volts

If the systems convert the raw values to the appropriate unit immediately and send them, no
additional conversion is required on the PLC. The values that are read from the TCP connection should
first be displayed correctly and then be converted with a type cast to the REAL data type. The type cast
is required, because the values that are received cannot be directly sent and received as a REAL type.

"DWORD
TO_REAL"
EN EHO
$RAW REAL_| #REAL_
MOTOROLA — BAY VALUE —VALUE

Input parameters:

RAW: Raw value that has been converted by the system to the appropriate unit, as a DWORD data
type in the Motorola format

Output parameters:

REAL_VALUE: Type cast value as a REAL data type

Example of the sequence of function calls:

Table 3-2: FC3: Function call sequence

FC number | Name Description

FC6 AG_RECV Read value from the network

FC1 INTEL_TO_MOTOROLA. | Convert value to the Motorola format
FC3 DWORD_TO_REAL Display value as a REAL type (type cast)
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Reading the measurement data

Connection to SIMATIC S7 PLC

3.2.3 FCé4: Converting to millimetres (for transducers

Description:

This function can be used with the MSX-E370x and MSX-E3711 systems to convert raw values into

millimetres.

Input parameters:

"ETANDARDT
ZATION_MM"
EN ENO

.
000000e+

000 —{LEN MM - #STD_VALUE
$REAL_

TALUE — RAT

LEN: Value as a REAL data type that defines the transducer path in millimetres

RAW: Value as a REAL data type that is already displayed in the Motorola format
(see Functional call sequence)

Output parameters:

MM: Measurement value as a REAL data type in millimetres

Example of the sequence of function calls:

Table 3-3: FC4: Function call sequence

FC number | Name Description

FC6 AG_RECV Read value from the network

FC1 INTEL_TO_MOTOROLA. Convert value to the Motorola format
FC3 DWORD_TO_REAL Display value as a REAL type (type cast)
FC4 STANDARDIZATION_MM | Convert value to millimetres
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Reading the measurement data

3.2.4 FC7: Converting to volts or mA

Description:

Connection to SIMATIC S7 PLC

This function can be used with the MSX-E3011 system to convert raw values into volts.

$DEAL
VALUE —|

-1.
oooooode+
o0l —

1.
ooooooe+
o0l —

-
LL3E00e+
o4 —

"STANDARDT
ZATION
FOLT"
EN END
BAT VOLTAGE
MIN
M
REZ0LUTIO
i)

—#STD _WALTE

Input parameters:

RAW: Value as a REAL data type that is already displayed in the Motorola format
(see Functional call sequence)

MIN: Value as a REAL data type that defines the minimum voltage value of the voltage range.

Example: System MSX-E3011
With Gain 1 Bipolar, this value is equal to -10 volts. With Gain 2 Bipolar, this value is -5 volts.

MAX: Value as a REAL data type that defines the maximum voltage value of the voltage range.

Example: System MSX-E3011
With Gain 1 Bipolar, this value is equal to +10 volts. With Gain 2 Bipolar, this value is +5 volts.

RESOLUTION: Value as a REAL data type that defines the resolution of the measurement range.

Example: An MSX-E3011 system has a resolution of 16 bit (= 65535 steps).

Output parameters:

VOLTAGE: Measurement value as a REAL data type in volts

www.addi-data.com
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Reading the measurement data Connection to SIMATIC S7 PLC

Example of the sequence of function calls:

Table 3-4: FC7: Function call sequence

FC number Name Description
FC6 AG_RECV Read value from the network
FC1 INTEL_TO_MOTOROLA. Convert value to the Motorola format
FC3 DWORD_TO_REAL Display value as a REAL type (type cast)
FC7 STANDARDIZATION_VOLT | Convert value to volts

3.2.5 FC20: Dynamic Reading of a DWORD Value from a Table

Description:

This function block is not absolutely necessary. It enables a DWORD value to be read from a DWORD
table (which is located in a data block). Instead of a fixed definition of the table index, the latter can
be dynamically managed using this block. However, FC20 does not involve any error management
(such as error = index > table width).

"READ _
DWORD_
ARRAT"
EN END
$INDEX — INEDX DATA - #EAW_INTEL
n RA‘[']'_
DATAELOCK" —FDE

Input parameters:
INDEX: Index as an INT data type to be read from the table cell
PDB: Data block in which the table is located as a DWORD data type
Output parameters:

DATA: The value that is read as a DWORD data type
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Reading the measurement data Connection to SIMATIC S7 PLC

3.2.6 FC21: Dynamic writing of a REAL value to a table

Description:

This function block is not absolutely necessary. It enables a REAL value to be written from a REAL table
(which is located in a data block). Instead of a fixed definition of the table index, the latter can be
dynamically managed using this block. However, FC21 does not involve any error management (such as
error = index > table width).

"WRITE_
EEAL_
ARBAT"

EN END

H#INDEX - INDEX

"DELL
DATAELOCE" — FDE

5T VALUE —DATA

Input parameters:
INDEX: Index as an INT data type to be written to the table cell
PDB: Data block in which the table is located as a REAL data type

DATA: Value to be written as a REAL data type

3.2.7 FCé6: Reading data from a network connection

Description:
This function block has been created by Siemens and enables data to be read from a network
connection.

"AG _RECY"
EN ENO
1—ID NDE—#RCY _NDR
MELeg100 4 LADDE ERROR —#RCYW_ERE
PHDELIOL. STATUS —#RCV_STAT
DEXO.0O
BEYTE 26— RECY LEN—#0CV_LEN
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Reading the measurement data

Input parameters:

Con

ID: 1 is the number of the data server’'s communication identifier.
LADDR: The value “W#16#0100" is the address of the function block.

Fig. 3-2: Properties - TCP connection

Eigenschaften - TCP-Verbindung

nection to SIMATIC S7 PLC

Allgemein Adressen | Optiorien| Obersicht | ]
Lokaler Endpunkt B austeinparameter
10 [Hex]: oo A050 1 D
Ll TEPT Wit1E4#0100 —|LADDR
Ober CP: |CP 3431 Lean - [RO/54)
Wegewahl...
v Aktiver Yerbindungsaufbau
=
Abbrechen Hilfe

RECV: Pointer in which the data has to be saved; in this case, in DB101.

P#DB101.DBX0.0 BYTE 36 means that a pointer to the offset 0 is passed to the DB101 data block
(RAW_DATABLOCK) and that 36 bytes (9 DWORDs) are expected. The number of bytes expected
may change as required. Ensure that the table in which the values are saved is sufficiently wide.
The number of bytes always corresponds to a data packet.

The size of a data packet is specified on the web interface of the MSX-E system:

B On the web interface, click on the menu item Acquisition.

E Select the Auto-Refresh or Sequence mode.

In the Data server frame format section, the size of the data packet is displayed.

www.addi-data.com
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Reading the measurement data Connection to SIMATIC S7 PLC

Fig. 3-3: Acquisition: Data server frame format

Size Field Description

4 Bytes Inductive transducer 1 Digital value, encoded on 24 bits.
4 Bytes Inductive transducer & Digital value, encoded on 24 hits.
4 Bytes Inductive transducer 3 Digital value, encoded on 24 bits.

When the function block has received the values from the MSX-E system, you will find them in the
following order in the table of the target data block:

RAWI[O0]: contains the value “counter”
RAWI1]: contains the value “channel 1"
RAWI[2]: contains the value “channel 2"

RAWI9]: contains the value “channel 8"

The following example is based on an S7 screenshot (Data server frame format) and a data block
containing the RAW table as a DWORD data type with a width of 36 bytes.

Fig. 3-4: Data block with the RAW table

Address  |Name Type Initial walue [Comment
0. STRUCT
+0.0] [RaW ARPAY[O.. 8]
+4._0 LIaRD
=36_0 END_STRUCT

Fig. 3-5: RAW table in the data block

Rddre=s=s |Name Type Initial walue Actual value Comment
O.0fRaW[O] DIJOED DWELeH0 WHLlEFEFEAQTO0
4_0fRAW[1] LITORD DWFLEH0 DWFLEHEEQSEFOO
2. 0[(RAW[Z] LITORTD DWFLEHE0 DWHLEHSE447F00

1Z.0|BAW[2] LIIORD DWFLEED DWHELEEALFF?FOO
16 0| BATI[4] DITORD D10 DWELEHEEFE7FOO
ZO0.0|BATI[5] DITORD DIELlEE0 DWELEE7EFE?FOO
Z4_ 0|BAT[5] DIIORD Dglag0 DWELaHFCFE?FOO
ZB.0|BAW[7] DIJOED DUl DWELeH7DFF7FOO
BE.0|RAW[E] DIJOED DWELeH0 DWELeFEZ028000

Output parameters:

NDR: If the number of bytes has been read and NDR equals 1, no error has occurred. If NDR equals
0, then check ERROR and STATUS to find the error that is displayed.

LEN: Number of read bytes. The number must be 36 (= 9 x 4 bytes).
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Simple S7 sample Connection to SIMATIC S7 PLC

4 Simple S7 sample

Please configure Networks 1 to 3 according to the description in the following chapters.

4.1 Configuring the MSX-E system using the web interface

This chapter lists only those steps that are necessary to apply the programming sample BasicSample
with an MSX-E system. A detailed description of the MSX-E web interface can be found in the general
manual of the MSX-E systems (see PDF link) and in the respective system-specific MSX-E manual.

With the default setting of the BasicSample, you can configure an acquisition in Auto-refresh or
Sequence mode.

Please note that in Sequence mode, the value of the sequence counter is not transmitted by default,

whereas in Auto-refresh mode, this value is always available. For this reason, you have to activate the
relevant setting on the web interface (see Chapter 4.1.2).

4.1.1 Auto-refresh mode

E On the web interface, from the menu on the left, select the item Acquisition, and on the right,
select the Auto-refresh tab.

J Auto-refresh Sequence Maonitor Help

E Optional: In the Autostart section, select Yes to activate the autostart function.

Autostart

Start the Auto-refresh acquisition when the system boots Yes ¥

E In the Channel configuration section, select the channels you want to acquire.

Channel Transducer Selection
Channel 0 Inductive transducer 0
Channel 1 Inductive transducer 1
Channel 2 Inductive transducer 2 Fl
Channel 2 Inductive transducer 3 |
Channel 4 Inductive transducer 4 Fl
Channel & Inductive transducer 5 |
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Simple S7 sample Connection to SIMATIC S7 PLC

B Select the connected transducer type. It is identical for all channels.

Transducer selection
24: Solatron System 256 AX1.05 |w|

Optional: Average section

The MSX-E system is capable of computing an average value for each channel.
In the field Number of acquisitions, you have to enter the number of acquisitions (2 to 255) after
which this value should be computed.

The acquisition can be carried out in two different ways (Average mode):
o Per sequence: All selected channels are acquired simultaneously.

e Per channel: The selected channels are acquired individually.

Average mode | Per channel |«

When you have selected the average mode (per channel or per sequence), you can define the number of
acquisitions after which the average value should be computed. Possible values: 2 to 255,

Mumber of acquisitions ]

In the Division factor section, the settling time is set, i.e. the time required to switch from one
channel to another. If only one channel is selected, this parameter is insignificant.

B Enter the Division factor (value between 5 and 255).

Division factor (must be between 5 and 255) | 15

In the S7 sample, the type cast setting (see Chapter 4.2.3) is selected by default. Thus, in the section
Data server frame configuration, you have to activate the option Convert the raw values into
analog values so that the system immediately converts the raw values into the correct unit. The unit
depends on the system type.

E Click on Convert the raw values into analog values.

F Send an absolute time stamp with the data.
Convert the raw values into analog values.
F Invert the sign of the measured values.

E Optional: Click on Set and Save to save the current configuration.

E Set and save ‘k'_j’ Reload
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B To start the acquisition, click on Start.

b Start E Stop E Save as H‘:"j Load configuration | Source code

4.1.2 Sequence mode

E Onthe web interface, from the menu on the left, select the item Acquisition, and on the right,
select the Sequence tab.

Auto-refresh Sequence Maonitor Help

E Optional: In the Autostart section, select Yes to activate the autostart function.

Autostart

Start the Auto-refresh acquisition when the system boots | Yes | v

E In the Channel configuration section, select the channels you want to acquire.

You can define the acquisition order of the channels. This is displayed in the correspondent column as
soon as you have selected a channel. Each channel can be acquired only once per sequence.

Channel Transducer Selection Acquisition order
Channel 0 Inductive transducer 0 P
Channel 1 Inductive transducer 1 4
Channel 2 Inductive transducer 2 1
Channel 3 Inductive transducer 3 0
Channel 4 Inductive transducer 4 5
Channel 5 Inductive transducer & 3

E Select the connected transducer type. It is identical for all channels.

Transducer selection
24: Solatron System 256 AX1.0S [v|

In the Division factor section, the settling time is set, i.e. the time required to switch from one
channel to another. If only one channel is selected, this parameter is insignificant.

B Enter the Division factor (value between 5 and 255).

Division factor (must be between 5 and 255) | 15

www.addi-data.com 26 ADDI- DATA/’A

PARTNER FUR PRAZISION



Simple S7 sample Connection to SIMATIC S7 PLC

Optional: In the Delay section, you can define the delay between the individual sequences.
There are two modes:

e Mode 1: The time between the start of two subsequent sequences is defined as the delay.

¢ Mode 2: The time between the end of a sequence and the start of the subsequent sequence is
defined as the delay.

With Delay, you have to define the value and the unit of the wait time (ms or s).

Delay mode | Mode 1 hd

Possible values:

» [Ffmode 1is selected, the delay value must be a value between the switching time between channels
and 65535 (milliseconds or seconds).
» Ifmode 2 is selected, the delay value must be a value between 0 and 65535 (milliseconds or seconds).

Delay 100 Millisecond | v

In the Sequence measurement section, in the field Number of sequences, you have to enter the
number of sequences to be acquired (1 to 4294967295). If this value is 0, the acquisition is continuous.

In the field Number of data frames, you need to define the number of sequences (1 to 4096) that
have to be acquired before the measurement values are sent to the target system.

) NOTICE!
* The value entered must not be higher than the value in the field
“Number of sequences”. The latter must be divisible by this value.

If the MSX-E system does not have sufficient memory to store the required number of sequences, the
measurement values are sent earlier, that is, before the maximum number of sequences to be acquired
is reached. This helps to reduce the network traffic load and the CPU resources of the MSX-E systems.

Humber of sequences 0

Humber of data frames 1

In the S7 sample, the type cast setting (see Chapter 4.2.3) is selected by default. Thus, in the section
Data server frame configuration, you have to activate the option Convert the raw values into
analog values so that the system immediately converts the raw values into the correct unit. The unit
depends on the system type.

E Click on Convert the raw values into analog values.
In Sequence mode, the sequence counter counts the number of sequences that have already been

acquired. If the option Send the sequence counter value is activated, the sequence counter value is
sent in addition to the data.
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Send an absolute time stamp with the data.
Send a relative time stamp with the data, which is based on the start ofthe acquisition.
Send the Sequence counter value with the data.

Convert the raw values into analog values.

OROOO

Invert the sign of the measured values.

E Optional: Click on Set and Save to save the current configuration.

E Set and save “&:j’ Reload
E To start the acquisition, click on Start.

D Start E Stop E Saveas 4 Load configuration Pl Source code

4.2 S7:Sample description

4.2.1 0B1: Main block

Description:

OB1 (organisation block 1) is executed periodically. As soon as it ends, it starts again. To obtain a
simple overview of the entire source code, all function blocks are called from OB1 in BasicSample.

4.2.2 Network 1: Definition of the number of values to read

Description:
Enter the number of values to read.

In this example, 9 values are read. The first value can be a value of the sequence counter, or a value of
the 8 channels. If a sequence counter value is expected, set the COUNTER_AVAILABLE variable. If not,
this variable should be reset.

Netmmerk 1: Set the mumher of walues to read

$COUNTER_
MOVE AVATLAELE
EN END { & —

3—4IN #HUMEEER,
0UT —0F_WALUES
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Netzmmerk 1: Set the mamber of walues to read

$COUNTER_
MOVE AVATLAELE
EN ENO { o }—

2—IN $HUHMEER.
0UT —0F_ VALUES

4.2.3 Network 2: Selecting the appropriate conversion unit

Description:

Before the BasicSample is transmitted to the S7, you need to define in Network 2 the conversion unit
using the CONVERT_IN variable.

CONVERT_IN = 0: The system does not return any raw values, only the converted values (type cast is
executed).

CONVERT_IN = 1: The system returns raw values. With the MSX-E37xx system, these are converted by
the PLC into the unit millimetres.

CONVERT_IN = 2: The system returns raw values. With the MSX-E3011 system, these are converted by
the PLC into the unit volts.

Netzmwmerk 2 : S5elect the standardization type

MOWE
EN ENO
o0—IN FCONVERT
0T —IN

As already mentioned, you can define on the web interface of the MSX-E system that the
measurement values should be converted into the appropriate unit (see Chapter 4.1.2, section
Data server frame configuration).

4.2.4 Network 3: Reading the measurement values from the TCP connection

Description:

FC6 attempts to read 36 bytes from the MSX-E system from the TCP connection ID 1 and ADDR
Wi#16#100. If no connection errors have occurred and the 36 bytes are available, the RCV_NDR variable
is set to “true”.

The RECV (P#DB101.DBX0.0) input parameter is a pointer to the data.
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DB101 is a data block to which the 36 bytes are copied (36 bytes = 9 x DWORD). RECV can be adapted
as required. If the number of bytes to read has been changed, you should also check whether the
number of elements in the DB101 and DB102 data blocks is sufficient.

For more information, see Chapter 3.2.7.

Netrmwerk 3 : Pead on TCP comnection
FCo
AG BECEIVE
"AG RECU™
EN ENO
1 I NDE—#RCW NDER
WHleglon | LADDE ERROR —#RCY _ERE
PHLDELIOL. STATUS —#RCVW STAT
DEXO_0
BYTE 35 —{RECYW LEN-#RCV_LEN

4.2.5 Network 4: Initialising the index

Description:
The program uses two data structures.

The RAW_DATABLOCK (DB101) structure contains a DWORD table in which the raw values that have
been read are available.

The data structure REAL_DATABLOCK (DB102) contains a REAL table in which the converted raw values
are saved as a REAL data type. The INDEX variable is set to 0. INDEX is used to manage the table index
dynamically.

HNetzwerk 4 : Index initialization

#RCYV_NDE WAOE
——{&n ENO
0—IN OUT [ $INDEX
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4.2.6 Network 5: Display in Motorola format

Description:

From the RAW_DATABLOCK table, a raw value is read from the relevant cell in the INDEX. This value is
converted from the Intel format (MSX-E system) into the Motorola format (PLC).

Netzwerk 5 : Convert in motorola format
LOOE
FCZ0 FC1
"READ "TNTEL_
DWORD TO
¥RCV_HDER ADRAT" MOTOROLA"
|| EN END EN END
#INDEX —| INEDH DATA|-#RAW INTEL  #EAW INTEL —|INTEL #RAT
MOTOROLA —MOTOROLA
DBLOL
"RAT
DATABLOCE" —{pDE

4.2.7 Network 6: Managing the sequence counter value

Description:

If the sequence counter value is expected and the INDEX is 0, the value is a sequence counter value.

The program then jumps into the network that contains the CPT marking. The sequence counter value
is always the first value in the table.

Hetzwerk 6 : Treat the aquisition counter wvalue

$COUNTER,
$ECV NDE  AVAILAELE MF =l CPT

| | | —— Tmp —]

$#INDEX —IN1

o —INZ
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4.2.8 Network 7: Type cast instead of conversion

Description:
As the system already returns converted values, no additional conversion is required.

MOVE copies the DWORD raw values into a variable of the data type REAL (type cast). Afterwards, the
program jumps into the network with the marking SAVE.

Hetzwerk 7 : Mo standardization, just typecast

#RCV_NDE TP == MOE SAVE
|| EN END { o —]

$CONVERT FRAT
IN—IN1 MOTOEROLA —IN OUT §STD_VALUE

o —INZ

4.2.9 Network 8: Converting to millimetres

Description:

The system returns raw values. With FC3, the DWORD raw values are converted to the REAL data type,
and with FC4 they are converted into the unit millimetres. Subsequently, the program jumps into the
network with the marking SAVE.

Netzwerk 8 : Millimeter standardization
FC3 FC4
"DWORD_ "ETANDAPDTI
#RCV_NDL ChR ==| TO TEAL" SATTON MH" ZAVE
| EN ENOD EN ENO [— amp }—]
$OONVERT_ #RAT_ REAL_| #REAL_ z.
IN—IN1 MOTOROLA —{ BATT VALUE —VALUE ooooode+
00d H|LEN MM —4§5TDh VALUE
1—INE
$REAL_
VALTE — RAW
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4.2.10 Network 9: Converting to volts

Description:
The system returns raw values. With FC3, the DWORD raw values are converted to the REAL data type,
and with FC7 they are converted into the unit volts. The program then jumps into the network that

contains the SAVE marking.

Connection to SIMATIC S7 PLC

$RCV_NDE

FCONWERT _
IN—

7 —

ChP ==|

IN1

INz

Hetzwerk 9 : Volt standardization

FRAN_

MOTOROLA —

FC3
"DWORD
TO_REAL"

EN END
DEAL_

BATT VALUE

¥C7
"STANDARDT
ZLTION
VOLT"

$REAL_

WALUE

$REAL_

VWALUE

-1
aooo0oe+
ool

1.
ooooooe+
ool

G
L5E53500e+
004

EN END

RATT VOLTAGE

—|HuINn

—MAK

RESOLUTIO
—H

SAVE

——{ amp }—

—#3TDh_VALUE

4.2.11

Description:

The sequence counter value is converted as a DWORD data type into REAL. Afterwards, the program
jumps into the network with the marking SAVE.

www.addi-data.com

Network 10: Processing the sequence counter value

Netzwerk 10 :

Treat the counter walue

CPT
FC3
$COUNTEE_ "DWQED
$NCV_NDE  AVAILABLE T0_REAL" SAVE
| | || EN ENO — Jup —]
$TAW REAL
MOTOROLA — BAW VALUE - $STD_VALUE
33
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4.2.12 Network 11: Save and check

Description:

FC21 saves the value in the REAL table. ADD_I increases the INDEX variable so that the next raw value

can be read. CMP < | checks whether all raw values have been read. If not, the program jumps into the
network with the marking LOOP.

Netzwerk 11 : Save the walue in the REAL array and update index

SAVE
FCz1
"WRITE_
REAL
$RCY_ND'R ADDAT" ADD_| ChiP <l Loop
| | EN ENOD EN END { arp —
FTINDEX — TNDEX $INDEX —IN1  OUT [-$INDEX $INDEX — IN1
DEl0Z 11nz $HUMEER_
"REAL OF_VALUES — INZ
DATAELOCK" —{ PDE
#5TD_VALUE —{DATA

PARTNER FUR PRAZISION
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4.3 TIA software environment with VIPA CPU 015

Below, you will find a short description of the sample program CPU015_TRECV to read MSX-E data

using a PLC with T-blocks.

The sample program has been generated with TIA Portal V13 and can be viewed in the programming

languages AWL (STL), KOP (LAD) and FUP (FBD).

E Use the PLC network interface X4 PN.

E Click on the toolbox icon (see red arrow) to set the communication parameters under

FB300 Netzwerk 3 (TCON).

- MNetzwerk 3:

H#FE300_DATA.
EnableTCOM_EN

/1 EN
#FB300_DATA. TM500.0
TCOM_REQ_ "TCOM_
Enable TriggerRequest”
| /1 REQ
#FBE300_DATA.
ComrnunicationlD — g
P#DE1.DEXD.0

BYTE 64 — CONNECT

#TCON_DATA :f
&0

TCOMN

e —

#FB3I00_DATA.
DONE =i TCOMN_DOME

#FB3I00_DATA.
BlUSY — TCOM_BUSY

#FB300_DATA
ERROR — TCOM_ERROR

#FB300_DATA.
STATUS TCON_STATUS

The following window is displayed:

| G Eigenschaften ""\..lnfr.- i I %l Diagnose

| Allgemein | Konfiguration |

O yoring :
Bausteinpars... & e Gt
Allgemein

Endpunkt |PLC_1

Schnitstelle: | PLC_1, PROFINET-Schnittstelle_1[%2]

Subnetz |PNIE_1

| Unspeafizen -

Adresse: [192.168.99.90

Verbindungstyp: | TCP

| 192168.99.99

Verbindungs-D
(dez: |3

; verbindungsdaten .
: |PLC_1_Connection_DB

I () Aktiver Verbindungsaubau I

Adressdetails

() Aktiver Verbindungsaufbau

Lokaler Port
Port (dezimal): | 2000

Fartnerport
{2000
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E In the section Allgemein [General], in the field Adresse [Address], enter the IP address of the PLC
(Lokal area) and the one of the MSX-E system (Partner area). These two IP addresses must be
located in the same network area.

E Select the connection type (Verbindungstyp) TCP.

E Activate the PLC mode Aktiver Verbindungsaufbau [Active connection establishment]
(Lokal area).

E In the section Adressdetails, in the areas Lokaler Port (PLC) and Partnerport (MSX-E system),
enter the port numbers 2000. These two port numbers must be identical and must correspond to
the port number defined on the web interface of the MSX-E system (see Chapter 2.2).

The amount of data to be received must be set in Netzwerk 10 [Network 10]. LEN is to equal 0.

In the DATA pointer, the number of DWORD:s is indicated.

Example: For an MSX-E acquisition in Auto-Refresh mode with 8 channels, 9 DWORDs must be defined
(1 counter value + 8 channel values each correspond to 1 DWORD).

#TRCV_DATA
#FE300_DATA. TRCV (]
EnableTCOM_EN =
{ | EN END
#FB300_DATA. #FB300_DATA.
EnableTCON_EN — gl R NDR — TRCY_NDR
#FE300_DATA. #FE300_DATA.
CommunicationlD — |p BUSY —i TRCY_BUSY
0— LEN #FB300_DATA.
P#£DB301.DBXD. ERROR —i TRCV_ERROR
0 DWORD 3 — DATA #FB300_DATA.
STATUS TRCV_STATUS
#FB300_DATA.
TRCW_RCVD_
RCVD_LEN — LEM
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5 Recommendations

5.1 Auto-refresh and Sequence modes

NOTICE!

E If you do not configure an average value calculation in Auto-refresh
mode or a delay in Sequence mode, the PLC requires a certain time
to read the values from the TCP connection (PLC cycle > acquisition
cycle). This is also the case if a small Division factor is configured in
both modes. So this may result in a delay between the actual status
of the channels and the measurement values that are read.

If the packets from the TCP connection are not read quickly enough,
there may be a FIFO overrun which causes the MSX-E system to
cancel the connection to the PLC.

5.1.1 Acquisition in Auto-refresh mode

Fig. 5-1: Auto-refresh mode: Acquisition cycle

Memory location for 5 values

Value: counter
Auto-refresh: Value: channel 0

Acquisition cycle: Value: channel 1
Read channels

Value: channel 2

Value: channel 3

connection

Value: counter

: PLC cycle:
Value: channel 0 Read values

Value: channel 1
Value: channel 2

Value: channel 3

The acquisition cycle is displayed with four channels of an MSX-E system in Auto-refresh mode (light
blue). As only one memory location is available for the five values, after each cycle, the values of the
previous cycle are overwritten with those of the current cycle.

The MSX-E system sends the values to the PLC as soon as the PLC is connected. The values from the TCP
connection are read in the PLC cycle (green).
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MSX-E acquisition cycle (Auto-refresh mode) < PLC cycle -> values may be lost
MSX-E acquisition cycle (Auto-refresh mode) > PLC cycle -> all values are received
MSX-E acquisition cycle (Auto-refresh mode) = PLC cycle -> all values are received

NOTICE!
With a socket FIFO overrun, values may be lost.

5.1.2 Acquisition in Sequence mode

Fig. 5-2: Sequence mode: Acquisition cycle

The acquisition cycle is displayed with 4 channels of an MSX-E system in Sequence mode (light blue).
The values of the current cycle are written into a new FIFO buffer, i.e. no values are overwritten.

The MSX-E system sends the values to the PLC as soon as the PLC is connected. The values from the TCP
connection are read in the PLC cycle (green).

ADDI-DATA £,

www.addi-data.com 38 PARTNER FUR PRAZISION A



Recommendations Connection to SIMATIC S7 PLC

MSX-E acquisition cycle (Sequence mode) < PLC cycle -> all values are received
MSX-E acquisition cycle (Sequence mode) > PLC cycle -> all values are received
MSX-E acquisition cycle (Sequence mode) = PLC cycle -> all values are received

— NOTICE!
* With a socket FIFO overrun, values may be lost.

5.2 Trigger

With the MSX-E systems, the measurement can be started by a trigger.
More information on this can be found in the general manual of the MSX-E systems (see PDF link) and

in the respective system-specific MSX-E manual.

The following information describes how the acquisition start can be controlled using a hardware
trigger. Each time a rising edge is identified at the MSX-E system’s trigger input, the system sends a
packet with a sequence counter value and eight measurement values.

5.2.1 System configuration

The configuration described in Chapter 4.1.1 (Auto-refresh mode) or Chapter 4.1.2 (Sequence mode)
can be used as a basis for defining the following trigger configuration:

Trigger source Trigger mode  Number of sequences per trigger
Description Trigger mask (AP} Mumber of sequences to be acquired at each trigger event

Value Hardware | v Sequence |¥| 1 (1-65535)

Hardware trigger active edge Hardware trigger count
Description Mumber of trigger events before the acquisition starts

Value Rising || 1 (1-B65535)

5.2.2 BasicSample: Example of trigger enhancement

To start the acquisition, you can set a digital output (A124.0) for the system in Network 2. This has to
be connected with the system'’s digital trigger input (Trig/Sync In).

Netzmmmerk 2 : Belect the standardization type

A0E 21740
EN ENOD {} |
0 —{IH $CONVERT
anrT [~ TH
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5.3 Querying the current measurement values in Auto-refresh mode

The PLC has the option of querying one or more current measurement values asynchronously (without
a hardware trigger). This method can be used if only one or more current measurement values of the
system are required at a certain time.

The following chapter describes how a current packet containing a sequence counter value and eight
measurement values is read. The BasicSample is adapted accordingly for this purpose
(see Chapter 5.3.2).

Please note that the transmission time is extended if several PLCs access an MSX-E system
simultaneously.

5.3.1 System configuration

The configuration described in Chapter 4.1.1 (Auto-refresh mode) or Chapter 4.1.2 (Sequence mode)
can be used as a basis.

E On the web interface, click on the menu item Data server.
E On the Blocking transfer tab, with Activate blocking TCP/IP transfer, select the option Yes.

For TCP/IP transfer timeout, you can set a timeout of 2 seconds so that the data server does not
permanently block the data.

Activate blocking TCPAP transfer Yes (v

TCPAP transfer timeout 2.0

B In the Action section, click on Save and then on Restart.

E Set and save ‘c_j' Reload

5.3.2 BasicSample: Adjustment example for querying the measurement values

So that you can read the current values, two data packets have to be acquired. Only the second packet
is taken into account, as the first packet contains previous measurement values.

The BasicSample is adjusted as follows:

E In Network 3, copy the function block FC6 and insert it to the right of the original block.
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Netzmperk 3 : Bead on TCP connmection
FC&
AG RECEIVE
"AG_RECUT" "AG_RECUT"
EN ENO EN ENO
1—4ID NDE—#RCV_NDR 1—ID NDE—#RCV_NDR
#1100 | LADDE ERROR —#EBCVY_ERR #1100 | LADDE ERROR —#EBCVY_ERR
DEDELOL. STATUS —#RCV_STAT DEDELOL. STATUS —#RCV_STAT
DEX0.0 DEX0.0
BYTE 3& —|BECY LEN—#RCY_LEN BYTE 3& —|BECY LEN—#RCY_LEN

5.4 Connecting several systems to a PLC

You can connect several MSX-E systems to a PLC. In this case, for each system, you have to create a new
TCP connection (socket).

E To do so, follow the instructions in Chapter 2.2 and enter a different port number for each system
in the window Eigenschaften - TCP-Verbindung [Properties - TCP connection ] (see Fig. 2-4).

Fig. 5-3: SIMATIC Manager: S7 Ethernet configuration

2% NetPro - [BasicSample [Netz) -- C:\Programmel...\5tep7\s7projiBasicSam]

%@ Metz Bearbeiten Einfligen  Zielswstem  Ansicht  Extras  Fenster Hife - 8 x
2% || B (e dlal 8 ¢S] @
MR L ‘5 alx
AP Suchen: ’7 ot oh
T Augwahl der Metzobjekte
SIMATIC 200 +] -'ﬁ’ﬁl PROFIEUS-DF
CRU T 2 PROFIBUS-PA,
B 4341 <2 PROFINET IO
— || -] Stationen
+-[_] Subnetze
3 2
Ethernet(1)
Industrial Etherne
b
< I >
Lokale ID |Par‘tner ID|Par1ner Typ |Ak‘tiver\f18ubnetz |Par‘tner Adressal M
0001 A0S0 TCP1 TCP-%erhindung  ja Ethernet(1) [IE] 1192 168.99.89 B
0002 A0S0 TCP2 TCP-Werbindung  ja Ethernet(11[IE] {92 168.99.90 x
£
PROFIBUS-DP-Slaves der —
~ | ||SIMATIC 57, M7 und C7
| Eereit PC Adapter(MPT) 1 von 2 markiert |[Snd [HEe el 2 AILTE L)
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6 Appendix

6.1 Glossary

AWL
= Anweisungsliste

AWL is a programming language according to
IEC 61131-3 for PLC programming.

It corresponds to the instruction list language
STL for Siemens PLCs.

Counter
A counter is a circuit which counts pulses or
measures pulse duration.

Data block (DB)

Data blocks are data areas in the Siemens

STEP 7 system, in which the data of the user
program is stored. There are two data block
types: instance data blocks and global data
blocks. The former contain static local data, the
latter contain information that can be accessed
from all code blocks. Instance data blocks are
generated together with function blocks (FBs),
whereas global data blocks must be
programmed by the user.

Ethernet

The Ethernet is a baseband bus system
originally developed in order to connect mini-
computers. It is based on the CSMA/CD access
method. Coaxial cables or twisted-pair cables
are used as the transmission medium.

The transmission speeds are 10 Mbit/s
(Ethernet), 100 Mbit/s (Fast Ethernet) and

1 Gbit/s or 10 Gbit/s (Gigabit-Ethernet).

This widely used technology for computer
networking in a LAN has been standardised
since 1985 (IEEE 802.3 and ISO 8802-3).
Ethernet technology is now common practice in
the office environment. After making even very
tough real-time requirements possible and
adapting the device technology (bus cables,
patch fields, junction boxes) to the harsh
application conditions of the industrial
environment, Ethernet is now also increasingly
used in the field areas of automation
technology.
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FIFO
= First in, First out

Data that is written first into the FIFO memory
buffer gets first out of the buffer.

Function (FC)

In the Siemens STEP 7 system, there is the code
block type “functions”, which contains
functions of structured user programs. This
code block type is parameterisable and can
store local data temporarily.

Function block (FB)

In the Siemens STEP 7 system, function blocks
of structured user programs are part of the
code blocks and contain task-specific
subroutines. A function block always includes
an instance data block, i.e. a particular memory
area for special data. FBs are parameterisable
and can store local data both statically and
temporarily.

IP address

The IP address is a unique string of numbers
separated by full stops that identifies each
computer attached to the Internet. Usually, it
also has a version containing words separated
by full stops.

LSB
= Least Significant Bit

LSB is the lowest order bit in a digital quantity.

MSB
= Most Significant Bit

MSB is the highest order bit in a digital
quantity.
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Organisation block (OB)

In the Siemens STEP 7 system, organisation
blocks belong to the code blocks and are the
interface between the operating system and
the user program. OBs can be called up by the
operating system in certain situations when
OB1, which is otherwise endlessly executed, is
interrupted.

PLC
= Programmable Logic Controller

The PLC is a computer-based control unit
whose functionality is defined by an
application program. With standardised
technical languages, this application program is
relatively easy to produce. Because of its serial
mode of operation, reaction times of PLCs are
slower than those of VPS. As a family of devices
with graduated and matched components, PLCs
can now cover all levels of an automation
hierarchy.

Socket

A socket is a bidirectional software interface to
interprocess (IPC) or network communication.
Sockets are a standardised interface (API)
between the network protocol implementation
of the operating system and the actual
application software.

Trigger

A trigger is a pulse or signal for starting or
stopping a special task. Triggers are often used
for controlling data acquisition.
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Contact and support Connection to SIMATIC S7 PLC

7 Contact and support

Do you have any questions? Write or call us:

Address:  ADDI-DATA GmbH
Airpark Business Center
Airport Boulevard B210
77836 RheinmUnster

Germany
Phone: +49 7229 1847-0
Fax: +49 7229 1847-222
E-mail: info@addi-data.com

Manual and software download from the Internet:
www.addi-data.com
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Product information

This manual contains the technical installation and important instructions for correct commissioning
and usage, as well as production information according to the current state before printing.

The content of this manual and the technical product data may be changed without prior notice.
ADDI-DATA GmbH reserves the right to make changes to the technical data and the materials included
herein.

Warranty and liability

The user is not authorised to make changes to the product beyond the intended use, or to interfere
with the product in any other way.

ADDI-DATA shall not be liable for obvious printing and phrasing errors. In addition, ADDI DATA, if
legally permissible, shall not be liable for personal injury or damage to materials caused by improper
installation and/or commissioning of the product by the user or improper use, for example, if the
product is operated despite faulty safety and protection devices, or if notes in the operating
instructions regarding transport, storage, installation, commissioning, operation, thresholds, etc. are
not taken into consideration. Liability is further excluded if the operator changes the product or the
source code files without authorisation and/or if the operator is guilty of not monitoring the
permanent operational capability of working parts and this has led to damage.

Copyright
This manual, which is intended for the operator and its staff only, is protected by copyright.

Duplication of the information contained in the operating instructions and of any other product
information, or disclosure of this information for use by third parties, is not permitted, unless this right
has been granted by the product licence issued. Non-compliance with this could lead to civil and
criminal proceedings.

ADDI-DATA software product licence

Please read this licence carefully before using the standard software. The customer is only granted the
right to use this software if he/she agrees with the conditions of this licence.

The software may only be used to set up the ADDI-DATA products.

Reproduction of the software is forbidden (except for back-up and for exchange of faulty data
carriers). Disassembly, decompilation, decryption and reverse engineering of the software are
forbidden. This licence and the software may be transferred to a third party if this party has acquired a
product by purchase, has agreed to all the conditions in this licence contract and the original owner
does not keep any copies of the software.

Trademarks

e ADDI-DATA, APCI-1500, MSX-Box and MSX-E are registered trademarks of ADDI-DATA GmbH.

e Turbo Pascal, Delphi, Borland C, Borland C++ are registered trademarks of Borland Software
Corporation.

e Microsoft .NET, Microsoft C, Visual C++, MS-DOS, Windows XP, Windows 7, Windows 8,
Windows 10, Windows Server 2000, Windows Server 2003, Windows Embedded and Internet
Explorer are registered trademarks of Microsoft Corporation.

e LabVIEW, LabWindows/CVI, DASYLab, DIAdem are registered trademarks of National Instruments
Corporation.

e CompactPCl is a registered trademark of PCl Industrial Computer Manufacturers Group.

e VxWorks is a registered trademark of Wind River Systems, Inc.

e RTX s a registered trademark of IntervalZero.

e Mozilla Firefox is a registered trademark of Mozilla Foundation.

e SIMATIC S7, S7-300, STEP7, TIA Portal, CPU313C-2DP and CP343-1 Lean are registered trademarks of
Siemens AG.
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Warning!

The following risks result from the improper implementation of the
Ethernet system and from use contrary to the regulations:

A9 -
‘,ﬁ‘: Personal injury
“/ Damage to the Ethernet system, the PC and peripherals
7

‘?’ Pollution of the environment.

B Protect yourself, others and the environment!

B Read the safety precautions (yellow leaflet) carefully!

If this leaflet is not enclosed with the documentation, please contact us
and ask for it.

B Observe the instructions of this manual!

Make sure that you do not forget or skip any step!
We are not liable for damages resulting from the wrong use of the
Ethernet system.

E Pay attention to the following symbols:

> @@

www.addi-data.com

NOTICE!

Designates hints and other useful information.

NOTICE!

Designates a possibly dangerous situation.

If the instructions are ignored, the Ethernet system, the PC and/or
peripherals may be destroyed.

WARNING!

Designates a possibly dangerous situation.
If the instructions are ignored, the Ethernet system, the PC and/or
peripherals may be destroyed and persons may be endangered.

: ADDI-DATA g



Contents ADModbus library

Contents

L1 g T3 T 3
APt Er OV VIOV ...uuiiiieeeiiciineesinrrnm e rrsm e e s a s rraa e E e e S e £ RS E R RS REE £ R R SRR £ R RS R E R R RRR R R ERRRRRERERRRRRRRERS 6
1 ADDI-DATA Modbus TCP client library ... s mm s nmea 7
1.1 S Ty o F=Tal T o 4 o o SRR 7
1.2 V[ Yo | o0 L @ o] o o Tl o X N 7
1.3 SOTEWAIE PACKAGE ...ttt bt ae bt b et e bt et e e e eae et et e eae e e e sae e 7
1.4 Structure of the ADMOADUS [IDrary .......cceei it e e e e e e enee s 8
1.5 1Y =Y LI 0 0= el oV o TP T 9
2 MSX-E Modbus TCP fUNCLIONS .....cciiieeemeeiiiiiiirneeeeeisr s s s s s s e 10
2.1 LU at d Fo o T o] o Yl <3 10
2.2 (0] o TetuTo] o T o F=10 o [= T PSPPSR 11
2.3 Description of the fUNCLiON PAramMELErS........ocvii i e e 12
2.3.1 PLC- and Modbus TCP-SPeCifiC PArameEters .........ccceeceeierrieereeseesie e eteeeesteeseeseeseeseeeeeeeeenseans 13
2.3.2 General parameters of the MSX-E Modbus TCP fuNCtions .........ccceveeeeieiicee e 15
B T B 1Y/ Ny G = Y =T 0 ¢ [ =T o TSP 17
3 ADMODUS BIOCKS .......ccoimmeiirimmeiirimmeiir s s nms s rsm e s nmn s s nmm s rmm s s s rmmm e rrmmm s nnnmmnsnnnnns 19
20 P B U PSPPSRI 19
I 0 @ 1= = o Vo I 2 1 U S 19
4 Integration of the ADModbus library ........cccccoiimmiiimimmsiinime s s eassas 20
4.1 WY Vet To QT3 T o T I o1 Lo Tl <& 20
4.2 [20=To [0 1T =T 41T o1 £ PSP PSPPI 21
4.3 Integration into the SIMATIC MaNager........uiiiieiiiie e eeeeesteeeeeeeeseeseeeesee e eseeessseesseeeeneeeeneesnneen 21
5 PLC coNfiguration.........ccuueeeeeeeiiiiniinnmeeeiiiss s ssnms s sisss s s nmmss s s s e s rnnmmmm s s aa e s e nnmmmmnssssnnnnns 22
5.1 (@ LoTel Q4 T=T 0t To] oYU PRSP PSPOR 22
5.2 B 2 oo Y o1 =Y et o o SR 23
T I 1Y [ e | o TU Y=Y T TSRS 23
I A D T ) - Y= V=T PSPPI 28
6 FUNCtion BIOCKS ........ooieiiiee i r s r s s m e em e s rm e e nm e nnmm e nnnmmnas 32
6.1 Implementation of AWL/STL source code files into function blocks...........ccccceveiieiiiniiiencceeenen. 32
6.2 Y a1 0 0o Y o LTl V75 1Y Yo £ 35
7 Reading data from the MSX-E data SerVer ... s nmmss s 37
7.1 (D) - W el 0 1V7=T 51 o o PSPPSR 37
7.1.1  Little Endian format (INtel fOrmMat.......c.uueeiiiiiiieeeeee ettt e e s e e e s s e e s baan e e e s e eean 37
7.1.2 Big Endian Format (Motorola FOrmat ..o e 37
7.2 2w FCB (AG _RECV ) FUNCHION 1 nan 38
8 S7 programming SAMPIe ... rnaas e naas e rnnnsarrnannnnn 41
8.1 T e e Yo 11Tt f oY o 41
8.2 2o [UTT =T 4 g T=T o L U U ST PFPURR 41
9 Auto-refresh and Sequence MOdEes ........uueeeeeeiiiiiiiiimmme s annna 43
9.1 Acquisition in AUtO-refresh MOAE ........ooo i e e e e neee s 43
9.2 ACQUISITION IN SEQUENCE MOTE....c. ittt ee e e e e ae e e ss e e sne e e s seesseesanneesneeeanneens 44
10 N T o =T 4 T 46
L0 28 SR ] e T3 1 oSSR 46
00 1 o L= R 48
11 L0078 = Tt =4 T B U7 T X 49

www.addi-data.com 4 ADDI- DATA/’A

PARTNER FUR PRAZISION



Contents ADModbus library

Figures

Fig. 1-1:  ADModbus library: STruCtUre OVEIVIEW .........ccueeiciiiciee e cstes e ee s ee e see e e ee e see e eseesnneeeens 8
Fig. 1-2:  State mMaching: EXaMPIE .....coii ettt st enenne e 9
Fig. 2-1:  MSX-E370x functions: AWL/STL source code fileS......ccuivimiiiiiiiriiie e ee e 10
Fig. 2-2:  MSX-E370x functions: FUNCEION DIOCKS ........coiiiiiiiiieii s 10
Fig. 2-3:  MSX-E Modbus TCP functions and corresponding PLC function blocks ..........ccccccvvevvenrcerrnnenn. 11
Fig. 2-4:  Part of the function block “370X_INitStartSeq” .....ccoeoiiirieeeeeree e e 12
Fig. 2-5:  Specific parameters of the function block ,,370x_InitStartSeq” ......ccovoeveveerceeccr e, 13
Fig. 2-6:  TCP connection properties: INPUt PArameters...........ceiiieiiiiireiee e s 14
Fig. 2-7:  General parameters of the function block “370x_InitStartSeq” .......ccovreveercercin e, 15
Fig. 2-8:  370x_InitStartSeq: Description of the input parameters ... 16
Fig. 2-9:  370x_InitStartSeq: Description of the output parameters........c.ccocovirvrriiiencceecce e 16
Fig. 2-10: GetLastCommandStatus: FUNCtion BlOCK ........cooi i 17
Fig. 2-11:  INitStartSeq: RETUIN ValUES........c.oo i 18
(=10 TS T AN 1Y, o Yo | U T3 o o el <30 19
Fig. 4-1:  ADModbus library: FUNCtions and BIOCKS. .........ceiriiriiiiiiieeeesee e 20
Fig. 5-1:  SIMATIC Manager: S7 clock memory configuration.........cceccevevieeii s 22
Fig. 5-2:  Ethernet configuration: TCP CONNECION .....ccuiiiiiiiiiei e 23
Fig. 5-3:  Ethernet configuration: ModbUS SEIVET.........ccei i 24
Fig. 5-4:  Properties — TCP connection: General Information ...........ccooiiiiiiiiiniiee e 25
Fig. 5-5:  Properties — TCP cONNECtion: AdAreSSES. ... .cuuiieriiieirieeeeieeeseeeeeeeeseeeeseeeesseeeseeesseesnneeeeneeennees 26
Fig. 5-6:  LOGIN WINGOW ...ttt ettt ettt e ae e et e e e ae e e sas e e e st e s ne e e easeesaneeeeaseesnneaanseesaneean 27
Fig. 5-7:  Modbus server: Configuration .........ccooceeiriiiiier e s e ene e enee s 27
Fig. 5-8:  Modbus server: Set @nd SAVE........cooiiii ittt e e e r e e s ere e ene s 27
Fig. 5-9: Ethernet configuration: Data SEIVEN .........cci i s 28
Fig. 5-10: Properties — TCP connection: General information........ccccocceviceeiie e 29
Fig. 5-11: Properties — TCP cONNECtiON: AAIrESSES.......ccuirriierieriierie ittt et ere et 30
oo TR 7 o Yo 1 IR, g Vo o 30
Fig. 5-13: Data server: CoNfigUIatioN. ... ...ttt et sn e s e e eas 31
Fig. 5-14: Data Server: SEt and SAVE .....cceciciieriieeiieectee ettt e estee s stee e s e e e sae e e sseeeseeesaeeeeseeesseeesnseesnneeenseessenn 31
Fig. 5-15: Data server: BIocking transfer..... ..o e s 31
Fig. 6-1:  SIMATIC Manager: SOUICe dir€CtOIY ......uiiiiieeiieeeeie e e ee et et e et e e e s e e eeesne e e eseeeneeen 32
Fig. 6-2:  SIMATIC Manager: Selection of the AWL/STL source code files.......ccoroiriiriinninninnie i 33
Fig. 6-3:  SIMATIC Manager: AWL/STL source code files.......couimiiiiiiiieeie e 33
Fig. 6-4:  SIMATIC Manager: BlIOCKS..... ..ottt ne e e s 35
Fig. 6-5:  SIMATIC Manager: MNemonic SYMDOIS .........ccciiiiiiiieeee e 36
Fig. 7-1:  Properties — TCP connection: INput parameters ..........cooceieiiriiee e e 38
Fig. 7-2:  Acquisition: Data server frame format.........ccooi i e 39
Fig. 7-3:  Data block with the “DATA_SERVER” table.......cccviiiiieeeeee e 39
Fig. 7-4: "DATA_SERVER" table in the data BlOCK...........euieiiiiiiiiiieeeeeeeeeeeee ettt e e eeeeeeeeeeeeeees 40
Fig. 8-1:  S7: LED visualisation of the digital OUtPULS .......ccceeriiiiicee e 41
Fig. 8-2:  SIMATIC Manager: LED configuration of the digital OUtPULS ........cccoiiriiiiiniinii e, 42
Fig. 9-1:  Auto-refresh mode: ACQUISITION CYCIE ....ooniei i 43
Fig. 9-2:  Sequence mode: ACQUISITION CYCI......oiiiiiiiiieieee e e 44

www.addi-data.com 5 :AAR\ERE)JP;EﬁTA/'A



Chapter overview ADModbus library

Chapter overview

In this manual, you will find the following information:

Chapter Content
1 General information on the ADModbus library, the Modbus TCP protocol, etc.
2 Description of the MSX-E Modbus TCP functions
3 Information on the ADModbus blocks
4 Information on integrating the ADModbus library
5 Procedure for configuring the PLC
6 Importing and compiling the MSX-E Modbus TCP functions
7 Explanation of how to read data from the MSX-E data server
8 Notes on the S7 programming sample
9 Information on data acquisition in Auto-refresh or Sequence mode
10 Appendix with glossary and index
11 Contact and support address
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ADDI-DATA Modbus TCP client library ADModbus library

1 ADDI-DATA Modbus TCP client library

1.1 Brief description

Modbus TCP is a non-proprietary communication protocol, which is supported by different device types
in the world of industry, like for example by a PLC.

The MSX-E systems from ADDI-DATA have a Modbus TCP server and can be directly managed and
controlled by a PLC using a Modbus TCP client library?. Via telegrams, the PLC can, for instance, read
system information and start or stop measurements.

A function block (FB) according to the standard IEC 61131-3 is available for each function of the MSX-E
systems and can be imported into the standard SIMATIC Manager. As the function blocks are adapted
to the Modbus TCP server of the MSX-E systems, it is possible to configure the MSX-E systems quickly in
the SIMATIC Manager.

1.2 Modbus TCP protocol

The Modbus TCP protocol is a query/response protocol, which can execute different tasks with the aid
of defined classes (FC = Function Code).

The Modbus TCP server of the MSX-E systems supports the basic “Class 0”. This consists of the Modbus
TCP functions that should at least be used by a client and a server:

¢ FC3 (“Read multiple registers”)
e FC16 (“"Write multiple registers”)

1.3 Software package

The software package supplied on a CD has the following structure:

LI MXXXXX{0000}_XXXX_modbus_client
L Documentation
2 html (description of the MSX-E Modbus TCP functions)
D s7
L src (AWL/STL source code files of the MSX-E Modbus TCP functions)
] samples.zip (S7 programming sample for using the ADModbus library)

1 Short form: ADModbus library
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1.4 Structure of the ADModbus library

The ADModbus library comprises three programming levels: PLC functions, ADModbus blocks and
MSX-E Modbus TCP functions. ADDI-DATA provides the latter for programming the communication
between a PLC and an MSX-E system via Modbus TCP.

The Modbus TCP protocol is automatically managed by the ADModbus library. This means that the user
does not need any Modbus TCP knowledge to use the MSX-E Modbus TCP functions.

Fig. 1-1: ADModbus library: Structure overview

PLC functions
- AG_SEND
- AG_RECV

State machine
- State_00
- State_01

ADDI-DATA ’A
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1.5 State machine

The state machine belongs only indirectly to the ADModbus library. However, it plays an important
role because it manages the function calls in a defined order.

As an example, the acquired data of an MSX-E-370x system can be read with the following state
machine:

Fig. 1-2: State machine: Example

PLC switch

0 set to RUN
Initialise
PLC stopped sample

1

PLC started

Initialise acquisition

Check errors

2

Check
errors

Acquisition
initialised

Stop acquisition

Check errors

Read values

3

Measurement
values read

NOTICE!
A maximum of one MSX-E Modbus TCP function may be called up
for each state.
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2 MSX-E Modbus TCP functions

2.1 Function blocks

For each MSX-E system that is equipped with a Modbus server, the MSX-E Modbus TCP functions are
available in the form of AWL/STL source code files.

Fig. 2-1: MSX-E370x functions: AWL/STL source code files

TestCuskarnerID, awl 10KE  AWL-Datei
StopRelSyncTimer, awl 4 KB  AwL-Datei
SetHwTrigFilk Tirme , 2wl SKB AWL-Datei
SetCustomerkey . awl 11KE  AWL-Datei
Rebaat, awl 4KE AwL-Datei
:_ifmnemcunics.sdf SKE 350l Server Compact Edition Database File
InitSkartSyncTimer , awl GkE  AWL-Datei
et Time, awl 4 kB AWL-Datei
GetModuleType, awl 31 KE  AwL-Datei
GetLaskCommandtatus, awl 20KB  AWL-Datei
370x_StopRelSeq. awl 4 KB  AwL-Datei
370x_StopReldutoRef, awl 4 KB  AwL-Datei
370 _SetDataBaseCursar, awl 4 kB AWL-Datei
370x_InitStartSeq. awl 22EKB  aWL-Datei
370 _InikStarkautoRef, awl 11KE  AWL-Datei
370x_GetTypeInfo,awl ZZKE  AwL-Datei
370x_GetMNbrOfType, awl 4 KB  AwL-Datei
370 _GetMbrofChannels, awl 4KB  AWL-Datei
370x_GetDataBaseCursar, awl 4 kB AWL-Datei
[=5705_GetautoRefval, anl 1ZKE  AwWL-Datei

The AWL/STL source code files can be imported into the SIMATIC Manager and be compiled into
function and data blocks. Each function block works with an instance data block (name =1 like
Instance + name of the MSX-E Modbus TCP function) and a global data block (name = SR like Send
Received + name of the MSX-E Modbus TCP function). The global data block includes the query and
response telegrams.

A part of the MSX-E Modbus TCP functions contained in the programming sample is already compiled.
More information on importing the MSX-E Modbus TCP functions is to be found in Chapter 6.

Fig. 2-2: MSX-E370x functions: Function blocks

{FDB102 SRGetLaztCommandStatus DE
i DE218 SR370x_StopRelSeq LB
ik DE21E SR370x_InitStartSeq LB
FDB103 |GetlastCommandStatus DE
i DE219 |370x_StopRelSeq LB
i DEAT |370=_InitStartSeq LB
{FFBE102 GetlastCommandStatus AL
ik FE218 A70w_StopRelSeq AL
ik FE216 A7 InitStartSeq AL
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2.2 Function names

Due to the character limit in the SIMATIC Manager, the names of the MSX-E Modbus TCP functions
have been automatically abbreviated.

To find the description of a specific function in the “msxeXXXX_modbus.html” documentation

(see Chapter 1.3), you may first have to check in the table in the Chapter “Siemens STEP 7 compatibility
information (AWL/STL/SDF code)” (see the following figure), which PLC function block belongs to
which MSX-E Modbus TCP function.

Example:

"370x_InitStartSeq” is the name of a PLC function block, which can be found in the right-hand column
of the table. The column on the left contains the name of the corresponding MSX-E Modbus TCP
function.

Fig. 2-3: MSX-E Modbus TCP functions and corresponding PLC function blocks

6 SIEMENS STEP 7 COMPATIBILITY INFORMATION (AWL/SDF CODE)
Top
Due to limitations of the 57 platform, some nares of function and parareter have been shottened in the AWL and 57 code. This table surmarizes the changes against the standard version as described above.
T RmetionParameter T Renamed s
MXCommon__GetModuleType (GetioduleType
MXCaraman__GetTime Gt Tirme
hXCornmon_ TestCustomerlD [TestCustomerlD
MX370x__getNumberOfChannels i70x_GetMbrOfChannels
MX370x__ TransducerGetAutoRefreshalues 70x_GetAutoRefval
MX370x__TransducerGethbrOfType i70x_GetMNbrofType
MX3T0x__GetTransducerDatabaseCursor i70x_GetDataBageCursor
MX370x__Ti | Typel 70 _GetTypelnfo
MXCommon__SetHardware TriggerFilterTime [BetHwTrigF iltTime
MXCommon__InitAndStan SynchraTimer [nitStarSyncTimer
MXCommon__StopAndReleaseSynchraTimer [BtopRelSyncTimer
MXCaraman__Reboot Reboot
MXCoramon__SetCustomerkey SetCustomerkey
MX370x__TransducerlnitAndStartAutoRefresh 70x_InitStartAutoRef
HardwareTriggerCount HwTrigCount
HardwareTriggerFilterTime HwTrigF ifierTime
ByTriggeribrofSeqToAcquire ByTrighbrofSeqToAcy
WX370%__TransducerinitAndStan Sequence [70%_itstarSeq
AL GRS L
HardwareTriggerFilterTime HwTrigF ifierTime
MbriiaxSeguenceToTransfer MbriaxSeyToTransfer
ByTriggeribrofSeqToAcquire ByTrighbrofSeqToAcy
WX370x__TransducerStopAndReleaseSequence 70x_StopRelSeq
MX370x__SetTransducerDatabaseCursor i70x_SetDataBaseCursar

www.addi-data.com 11 ADDI- DATA/’A

PARTNER FUR PRAZISION



MSX-E Modbus TCP functions

2.3 Description of the function parameters

ADModbus library

The function block of the MSX-E Modbus TCP function “370x_InitStartSeq"” serves as an example.

Fig. 2-4: Part of the function block “370x_InitStartSeq”

TIZT0x_
InitcStarch
e
"ET0H_
InitStarts
aq"
EN EMO
MO.2—INIT_COM #PLC_COM_
RCVY_FCT_
1 I NDE—NDE
MELEE1I00 { LADD R #PLC_COM_
ERROR—IRCY_ERD
TINE
SETH100MS 40T _WALUE $#PLC_COM
STATUS —STATUS
Tran=sduce
ri3electio LEMGHT —
DWHIcHL n
#MODETTS
NbrOfChan TIME 0UT —TIMEOQUT
DWElEEd nel
$MOLETS
CharnelLi EXCEPTION —EXCEPTION
DWElegf0 —=tl
$FHODETS
ChannelLi EXCEPTION| EXCEPTION
DWEle#l |st2 _COLE —CODE
ChannelLi
DWHICHE =3

The input parameters [Eingabe-Parameter] are always indicated on the left; the output parameters
[Ausgabe-Parameter] always on the right. The instance data block
be found in the middle above.

www.addi-data.com
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2.3.1

PLC- and Modbus TCP-specific parameters

ADModbus library

The MSX-E Modbus TCP functions contain S7-specific parameters. These parameters belong to the

PLC functions “AG_SEND" and “AG_RECV" respectively.

The parameters highlighted in orange are Modbus TCP-specific parameters, which are identical
with all MSX-E Modbus TCP functions.
The specific parameters are always capitalised.

Fig. 2-5:

Input parameters:

Specific parameters of the function block ,,.370x_InitStartSeq”
"I370k_
Init3tarts
eq"
"370%_
Init3tarts
e
EN ENO
MO 3 —INIT_COM #PLC_COM_
RCY_FCT_
1—/ID NLE—NDE
WHELEFLOD | LADDE #PLC_COM_
ERFOR—RCYW_ERR
TIME
SETH#100ME qO0UT_WALUE $#PLC_COIM
STATUS -STATUS
Transduce
rielectio LENGHT —
DWH1cH#]l n
FMODETS
NbrDfChan TIME_OUT —TIMEOUT
Dflegd qnel
$MODETS
ChannelLli EXCEPTION —EXCEDTION
DWFIEH0 =1
FMODEUTE
ChannelLi EXCEPTION| EXCEPTION_
DWHLEHEL — st _CODE —CODE
CharnmelLi
DWHEIEEs =03

e INIT_COM: If this bit is set to 1, the input parameters of the “AG_SEND"” function are taken over.
If this bit is set to 0, the output parameters are updated (see SIMATIC Manager Help: "AG_SEND

ACT"” parameters).

e ID: Communication ID relating to the Modbus server TCP connection (see NetPro properties)
e LADDR: Address of the blocks relating to the Modbus server TCP connection (see NetPro

properties)
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Fig. 2-6: TCP connection properties: Input parameters

Eigenschaften - TCP-Verbindung

Aligemein Adrezzen l Dptinnen] Ubersicht l l
Lok aler Endpunkt B augteinparameter
D [Hex): 0007 A050 1 —p

Name: [MODBLS-Server \wH1EHD100 — LADDR

Uber CF:  |CP 3431 Lean - (R0/S4)

YWiegewahl...

[v Aktiver Werbindungzaufbau
r

Abbrechen Hilfe

TIME_OUT_VALUE: You can set a time out whose value is greater than 0 (example: 50 ms

= S5#T#50MS). This allows you to determine if the time between sending a Modbus request and
receiving the response or exception through a partner device is within the defined time out.
Moreover, the time out informs you if the network traffic is too large or if there is a disconnection.

Output parameters:

NDR: If the function call (sending a Modbus request and receiving a response or exception) is
completed, New Data Receive is set to TRUE; otherwise, it is set to FALSE.

ERROR: Response if an error occurs with the “AG_RECV” function

STATUS: This parameter returns the error status of the "AG_RECV” function (see SIMATIC Manager
Help: "AG_RECV").

LENGTH: This parameter indicates the length in bytes of the received Modbus telegrams (only
"payload” from the response telegram without any header).

TIME_OUT: After a time out, TRUE is displayed (see TIME_OUT_VALUE).
EXCEPTION: In case of a Modbus error, TRUE is displayed.

EXCEPTION_CODE: This code can be read to get the error number. The error numbers are
explained in the “msxeXXXX_modbus.html|” documentation (see Chapter 1.3), in the Chapter
“Exception code description”.

If the EXCEPTION_CODE equals 9, no Modbus error has occurred, but an error in the MSX-E
system. By means of the MSX-E common function “GetLastCommandStatus”, you can view details
about this error.
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2.3.2 General parameters of the MSX-E Modbus TCP functions

ADModbus library

All the parameter names containing small letters are general parameters of the MSX-E Modbus TCP

functions.

Fig. 2-7:

General parameters of the function block “370x_InitStartSeq”

"IET0x_
InitStarcs
eq"
"370x
Init3tarth
aq"
EN EMO
MO.2—INIT_COM #PLC_COIM
RCVY_FCT_
1 I NDE-MNDE
WMEleH100 - LADDE #PLC_COIM
ERROR—ERCY_ERR
TIME
SETH100MS 00T _VALUE #PLC_COM_
STATUS —STATUS
Transduce
rielectio LENGHT —
DWMElEH#l —n
FHODETS
NbrOfChan TIMNE 0UT —TIMEOQUT
DWHlcfd |nel
#MODETTS
ChannelLi EXCEPTION —EXCEPTION
DWElegd —=stl
$MOLETS
CharnelLi EXCEPTION| EXCEPTION
DWglefl =t _CODE—CODE
ChannelLi
DWHElcH#Z =st2

The description of the general parameters is to be found in the “msxeXXXX_modbus.html”

documentation (see Chapter 1.3), in the Chapter “Siemens STEP 7 compatibility information

(AWL/STL/SDF code)”.
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Notes on the function names are available in Chapter 2.2 of this manual.

Example:

The PLC function block “370x_InitStartSeq"” corresponds to the MSX-E Modbus TCP function
“"MX370x__TransducerlnitAndStartSequenceEx".

The input parameters are marked by the prefix “[Query frame layout]”.

Fig. 2-8: 370x_InitStartSeq: Description of the input parameters

3.16 Function MX370x__TransducerlnitAndStartSequenceEx

Description

Initialise and start the transducer sequence acquisition mode
Parameters:
[Query frame layout] TransducerSelection : Transducer type selection
[Query frame layout] NbrOfChannel : Nurmber of channel in the sequence
[Query frame layout] ChannelList : List of the channel index (0 to MaxChannel-1) who cormpose the sequence
[Query frame layout] DivisionFactor : Division factor (min: 5, masx: 265)
[Query frame layout] NbrofSequence : Number of sequence to acquire

o 0 continuous mode
© =0: number of sequence

[Query frame layout] NbrMaxSequenceToTransfer : This pararmeter defined the minirmal number of sequences to acguire between each send of data by the modul.

Warning - They are two possibilities that the number of sequences sent doesn't reach the minimal nurmber:
o By the end of the acquisition.
O [f the memary capicity is not big enough

[Query frame layout] DelayMode : Delay Mode -
o ADDIDATA_DELAY_MOT_USEDO : Delay is not used.
o ADDIDATA_DELAY_MODE1_USED 1: The delay time defines the time between 2 sequence beginnings.
o ADDIDATA_DELAY_MODEZ2_USED 2 : The delay time defines the time between the end of a sequence until the beginning of the next seguence.

[Query frarme layout] DelayTimeUnit : Selection of the delay time unit

o 0 ms
ols

The output parameters include the prefix “[Response frame layout]”.

Fig. 2-9: 370x_InitStartSeq: Description of the output parameters

2.10 Function MX370x__getNumberOfChannelsEx

Description

Return the number of transducer channels on the module (4.8 or 16)
Parameters:

[Response frame layout]ChannelNumber: Murmber of channels

ADDI-DATA 'A
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2.3.3 MSX-E system errors

ADModbus library

To find out if a function has produced an error after it had been called up, you can check the output
parameters EXCEPTION and EXCEPTION_CODE:

www.addi-data.com

Fig. 2-10: GetLastCommandStatus: Function block

EXCEPTION: In case of a Modbus error, TRUE is displayed.

EXCEPTION_CODE: This code can be read to get the error number. The error numbers are
explained in the “msxeXXXX_modbus.htm|” documentation (see Chapter 1.3), in the Chapter
“Exception code description”.
If the EXCEPTION_CODE equals 9, no Modbus error has occurred, but an error in the MSX-E
system. By means of the MSX-E common function “GetLastCommandStatus”, you can view details
about this error.

"IGetLastC
onmatdStat
us"
"GetLastCo
mmatditatua
Zn
EN ENO
MO_3—INIT_COHM NDEB—
1 I ERROER —
MELEH100 4| LADD R BTATUS —
TIME_ LENGHT
SETHES —0UT_WVALUE
TIME 0OUT [—
EXCEPTION -
EXCEPTION
_EOLE —
FHEXE_
RPeturnWal | RETURHN_
ue —WALTTE
Byserrno —HESTEERENO
$RAW
MEXE_
ERROT_
Errstrl —MESSAGE([1]

ReturnValue - 0x100000000 = Return value

ReturnValue: This parameter returns a raw value that is always equal to or greater than 0.
If the function parameter TransducerSelection in the function block InitStartSeq is not correctly
indicated, ReturnValue equals Oxfffffffe. The return value is calculated as follows:

ADDI-DATA
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Example:
Oxfffffffe - 0x100000000 = -2

The return values can be checked in the “msxeXXXX_modbus.html|” documentation (see Chapter 1.3),
in the description of the function “MX370x__TransducerlnitAndStartSequenceEx".

Fig. 2-11: InitStartSeq: Return values

Returns:

Possible return value on the remote system (read them with GetLastCommandStatus)
o 0: success
o -1. means an system efror occured
I o -2: Tranducer selection errar I
-3 Mumber of channel error
-4: Channel array selection errar
-5: Division factor error
-6: Incorrect value for Hardware Trigger Mode
-7 Incorrect value for Hardware Trigger Front
-8: Incorrect value for Synchra Trigger Mode
-3: Incorrect value for Hardware Trigger Count
-10: Incorrect value for Hardware Trigger filter time
-11: Incorrect value for "trigger number of sequences to acquire”
-12: Delay Mode selection errar
-13: Delay time unit selection errar
-14: Delay value
-15: Wrong data format parameter (ulOptionT)
-16: A value for Hardweare Trigger front was defined but Hardware Trigger Mode is not set
-17: Cannot use bath triggers at the same time
-18: Incorrect value for the hardware trigger stop front
-19: Hardware trigger stop can not be used by this configuration of hardware trigger start
o -100: Transducerlnit kernel function errar
o -101: InitConwvert TimeDivisionFactor kernel function errar
o -102: InitEnableDisableSequencelelay kernel function errar
o -103: InitDigitallnputFilter kemel function errar
o -104: InitEnableDizableRardwareTrigger kernel function error
o -105: InitEnableSynchroTrigger kernel function error
© -106: DisableSynchraTrigger kernel function errar
o -107: SetTriggerSequenceCount kernel function errar
o -108: Initequence kernel function errar
o -109: StanStopSequence kernel function error

Lo T T T T T T O T T o o T T O I

e Syserrno: This parameter works like ReturnValue. If a Syserrno error occurs, you can read the
error message via the output parameter ErrstrX.

e ErrstrX: Each ErrstrX parameter corresponds to an ASCIl value or a letter of the error message.
If the ASCII code of the error message is decoded, you receive the error message in letters.
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3 ADModbus blocks

3.1.1 Use

ADModbus library

In the programming sample, the ADModbus blocks are available as PLC blocks. These are used to
automatically manage the Modbus TCP protocol between the PLC and the MSX-E systems.

Fig. 3-1: ADModbus blocks

i FC14
L+ OB100
F FE100
F DE100
F FCIE
O FC17
FFC12
1+ OB
FDET1M
F FE1M
F FC15
F FC1
FFC13

ADModbus WTo2B_FC
ADModbusz_StartUp_0B
ADModbus_Main_FB
ADModbus_Main DB
ADModbuz_[ntelTakdoto_FC
ADMadbus_ W TaR_FC
ADModbus_D'WwWToB_FC
ADModbus_CycleExec_OB
ADModbuz AGRECY_IDE
ADModbuz_AGRECY_FB
ADModbusz_4BToR_FC
ADModbuz_4BTolhw_FC
ADModbus_2BTow'_FC

kOF
kOrF
karF
DB

kar
kar
kar
kar
LB

kOrF
karF
kar
kar

If you use the MSX-E Modbus TCP functions, the ADModbus blocks are processed in the background.

3.1.2 0B1and OB100

Depending on the project, you need to adapt the organisation blocks OB1 and OB100.

=) NOTICE!
* The ADModbus library uses the flags M0.1, M0.2, M0.3. If these are

already being used by another application, you have to make sure

that the alternative flags are defined like in OB1 or OB100 of the

programming sample.
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4 Integration of the ADModbus library

4.1 Functions and blocks

A part of the ADModbus library is supplied in the programming sample. You can use this sample as a
project basis, or you can import or copy the required MSX-E Modbus TCP functions into your own
project.

The following figure refers to a sequence acquisition of the Ethernet system MSX-E370x.

Fig. 4-1: ADModbus library: Functions and blocks

I SIMATIC Manager - [ADMBO00O -- F:\Admb0000] [=0(E)
,% Datei  Bearbeiten Einflgen Zielsyskem ansicht Extras  Fensker  Hilfe - 8 x
O] 8207 o o] el [o %5 2o|e|EE|E & [<KenFieo =% %
- % ADB 0000 Obijekthame | Symbalizcher MName | Erstellsprache
=-[E SIMATIC 30001) & DE102 SR GetlastCommandStatus DB
- [E CPU313C-2DP = DB219 SR370:_StopPeleq DB
=0 S7Progamm2) i ppoyg SR370x_InitStatSeq 0B
(&0 Quellen = DE Sample_StateMachine_IDE DB
Bausteine }
- :1}: P 3431 Lean F FB1 Sample_StateMachme_FB KOF
& DBZ2 Sample ReceivedData DB DE
[+ DE103 |GetlastCommandStatus DE
& DE219 |370_StopRelSeq DB
= DB217 |37 0:_InitStartSeq DE
[+ FE102 GetlastCommandStatus AL
&+ FCh AG_SEMD AL
& FCE AG_RELY AL
[ FC14 ADModbus WTo2E_FC KOP
= OB100 ADModbus_StartUp OB KOR
= FE100 ADModbus_tain_FB KOF
= DE100 ADModbus_tain_ DB DB
[ FC16 ADModbusz_|ntelT obdota_FC KOP
= FC17 ADModbus_Dw TaR_FC KOF
& FCi12 ADModbus_Dw ToB_FC KOF
= OB1 ADModbus CycleExec OE KOP
= DE1OM ADModbus_AGRECY_IDE DB
= FE101 ADModbus_AGRECY_FE Kar
= FC15 ADModbus_4BToR_FC KOF
= FC11 ADModbus_4BTolWw_FC KOF
O FC13 ADModbus 2BTaw _FC KOF
[ FEZ18 370x_StopRelSeq EATH
O FEZ1E 370%_nitStartSeq AL
e
< >
Driicken Sie F1, um Hilfe zu erhalten. PC Adapter(MP1

e All the blocks with the “ADModbus” prefix (see purple highlighting) belong to the ADModbus
blocks and are supplied as Siemens blocks in the programming sample.

e The MSX-E Modbus TCP functions are supplied as AWL/STL source code files. The blocks highlighted
in blue are already supplied as blocks in the programming sample. The remaining MSX-E Modbus
TCP functions can be imported into the SIMATIC Manager and be compiled as blocks
(see Chapter 6).

e The Siemens blocks highlighted in green belong to the programming sample of the MSX-E system.
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4.2 Requirements

Please ensure that the following requirements are fulfilled:

4.3

Siemens CPU313C-2DP (or compatible CPU)

Siemens CP343-1 Lean (or compatible Ethernet system for the PLC)
FC5 (AG_SEND) for $7-300 (function for asynchronous communication)
FC6 (AG_RECV) for $7-300 (function for asynchronous communication)
S7 sample for STEP 7.

Integration into the SIMATIC Manager

As already mentioned in Chapter 4.1, you can use the programming sample as a project basis, or you
can copy the required ADModbus blocks from the programming sample into your project.

To integrate the ADModbus library into the SIMATIC Manager, the following functions and blocks are
needed:

S7 functions: “AG_SEND"” and “AG_RECV" (see SIMATIC Manager Help)
All ADModbus blocks

MSX-E Modbus TCP functions (as required)

State machine to define the order of the function calls.

NOTICE!

E The ADModbus library uses the flags M0.1, M0.2, M0.3. If these are
already being used by another application, you have to make sure
that the alternative flags are defined like in OB1 or 0B100 of the
programming sample.

www.addi-data.com 21 QTERE)JP;EO'NATA/’A



PLC configuration ADModbus library

9 PLC configuration

The configuration below is based on an $7-300 PLC with CP343-1. Different menus may be displayed
with your PLC, but the settings are the same.

5.1 Clock memory

To use the ADModbus library, the clock memory needs to be configured first.
B Click on “Station SIMATIC".

B Double-click on “Hardware".

B Inthe “Baugruppe” [Device] column, right-click on “CPU" and select the menu item
“Objekteigenschaften” [Object properties].

The following window is displayed:

Fig. 5-1: SIMATIC Manager: S7 clock memory configuration

Eigenschaften - CPU 313C-2 DP - [RO/52)

Uhrzeitalarme ] Weckalarme ] Diagrioze « Uhr ] Schutz ] f.ommurik.ation ]
Allgemein ] Anlauf Zykluz / Takbmerker l Remanenz ] Alarme ]
Eykluz

[

Zykluzlberwachungszeit [mz]:

Zykluzbelastung durch Kommunikation %] |20

117

DBa5-Aufruf bei Peripherezuaitfsfehler: | k.ein OB 85-Aufruf j
T aktmerker

[+ Taktrerker

M erkerbyte: 10

Abbrechen Hilfe

E  With “Memory byte"”, enter the value “10".
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If you are already using a clock memory, you can adapt the following ADModbus blocks:

e ADModbus_Main_FB
e ADModbus_StartUp_OB.

5.2 TCP connection

5.2.1 Modbus server

By default, the ADModbus library needs a TCP connection to access the Modbus server of the MSX-E
system.

Fig. 5-2: Ethernet configuration: TCP connection

K} SIMATIC Manager - [ADMBOOOO -- F:Admb0000] (=ET]
% Datei Bearbeiten Einflgen  Zielsystem  Ansicht  Extras  Fensker Hilfe - 8%
D] 87| 4 |%[@| sl [= 2 5 [ <Kenfiter> -7 el BEm K
| Objektname | Symbalischer Name | Typ | Girte | sutor | Anderungsdatum Kommentar
IMATIC 30001] SIMATIC 300(1) SIMATIC 300-Station 127112010 11:32:19
= |l ERU Z13C2DP A i) MPI 2984 12112010 02:43:42
= {2 STProgamm(2] @R E ) Industrial Ethemnet 2264 1211.2010 11:26:12
{E] Quellen
B austeine
=@ CP 3431 Lean
+-[] Programm(2)
Driicken Sie F1, um Hilfe 2u erhalken, FC Adapter(MPT)

E Open the SIMATIC manager and then the “ADMB0000” project.

E To configure the TCP connection, double-click on the object name (Objektname) “Ethernet”
(see arrow).
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Fig. 5-3: Ethernet configuration: Modbus server

% NetPro - [BasicSam,_MSX-E3701 (Netz) -- F:\SPS\...\PROJECT, 57\BasicS-1] =3
%gNetz Bearbeiten  Einfilgen  Zielsystem Ansicht  Extras  Fensker Hilfe L x

@9 (% & e sl 8 oL @ W
1

MPI(1)

MPI Suchen: li it dhj

Auzwahl der Netzobjekte

+-5% PROFIBUS-DP
2 PROFIBUS-PA
+- %8 PROFINET 1D

. +-[Z1 Stationen
Station SIMATIC 300 +-_1 Subnetze

Ethernet(1)
Industrial Etheme
v
< ¥
Lokale 1D Fartner D Partner Aktiver | Subnetz Partner Adresse -
0002 4050 DATA-Server TCP-Werhindung ia Ethernet(1] [IE] 192.168.99.89 L)
¥ | |PROFIBUS-DP-Slaves der =
hd ¥ SIMATIC S7, M7 und C7
| Bereit TCP{IP - Broadcom Metktreme S7x... |1 von 2 markiert [And (aititor Aullben)

E Click on "CPU313C-2DP” (see top arrow).

E In the selected line of the table at the bottom, double-click on “MODBUS-Server” (see bottom
arrow).

The table column “Typ"” [Type] says that the Ethernet connection is a TCP connection
(TCP-Verbindung).

ADDI-DATA
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Afterwards, the following window is displayed:

ADModbus library

Fig. 5-4: Properties - TCP connection: General Information

Eigenschaften - TCP-Verbindung

Allgemein Optiorien | Obersicht |

Lokaler Endpunkt
1D [Hex: Q001 A050
M ame: |T|:P1

Ober CP: ||:F- 3431 Lean - [R0/54]

Wegewahl...

B austeinparameter

1—ID

W BHO100 — LADDR

[v Aktiver Yerbindungzaufbau

r

Abbrechen

Hilfe

In order for the S7 to create the connection to the MSX-E system, Aktiver Verbindungsaufbau

[Active connection establishment] must be selected.

On the right-hand side of the window, you see the block parameters (Bausteinparameter) that have
to be used together with the function block “ADModbus_Main_FB". The connection ID (socket ID) and

the address are specified.

B Click on the Adressen [Addresses] tab.

www.addi-data.com
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Fig. 5-5: Properties - TCP connection: Addresses

Eigenschaften - TCP-Yerbindung

Allgernein Adressen letinnenl Ubersicht] l

Die Partz von 1025 biz 65535 stehen zur Werfligung.
Meitere Ports ziehe Hilfe]

Lokal Partner
IF [DEZ) 192.168.99.90 192.165.99.99
PORT [DEZ)  [512 512

Abbrechen Hilie

E Inthe [Local] area, in the "PORT" field, enter the port number of the S7. This must
correspond to the port number of the MSX-E system and can be used only once.
In order to use several MSX-E systems, a local port number has to be indicated for each system.

E In the Partner [Remote] area, in the “IP” field, enter the IP address of the MSX-E system, and in
the “Port” field, the port number of the MSX-E system.
By default, the partner port number is always set to 512 as this port is reserved for Modbus
communication. This port number must correspond to the one that has been defined on the web
interface of the MSX-E system.

E To check the port number of the MSX-E system, open a web browser (such as Mozilla Firefox,
Internet Explorer, etc.) and enter the following address: “http:/[IP address of the MSX-E system]"”.
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A login window is displayed:

Fig. 5-6: Login window

Authentifizierung erforderlich

e http: 192, 168.99.93 verlangt einen Benutzernamen und ein Passwort, Ausgabe der Website: ="

Benutzername: | mixadmin |

Passwort: | [TITITT Y] |

[ oK ] [Abbrechen ]

E Enter “mxadmin” as the user name and password.

E On the web interface of the MSX-E system, click on the menu item “Modbus server”.

Fig. 5-7: Modbus server: Configuration

Endianness Big w

Praotocal TCRIP »
FPort number

E Inthe “Configuration” section, with “Endianness”, select the “Big” option, and with “Protocol”,
the “TCP/IP" option.

B Inthe “Port number” field, change the port number if you cannot use the default port number
(512).

Fig. 5-8: Modbus server: Set and save

E Set and save @ Reload

B After changing the port number, click on “Set and Save” and then on “Reload”.

ADDI-DATA
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5.2.2 Data server

If you want to read the measurement values from the data server of the MSX-E system, you need to set
up another TCP connection because the Modbus server is used only for commands.

Fig. 5-9: Ethernet configuration: Data server

&% NetPro - [ADMBODOD (Netz) - F:\Admb0000] FEX
%QNetz Bearbeiten Einfligen Zielsystem Ansicht Extras Fensker Hife - 8 x

(9 |6 S| fofe| salia| 8] & @] N
P 1 ~ of x|
Suchen: it #i

Auswahl der Metzobjekte

SIMATIC 300(1)

BT + ﬁ[ FROFIBUS-DP
222 PROFIBUS-PA
+- 8 PROFINET 10
+-{7 Stationen
-] Subnetze
Ethernet(1) B8 |ndustrial Ethemet
Industrial Ether B2 MPI
\ 99 PROFEUS
B8 prp
v
< b3
||L0ka|e 0 Partrer ID |Par1ner |Typ |Ak‘tiver \/1Subne‘tz Partner Adresse A
0001 A0s0 MODBUS-Server TCP-Werhindung ja Ethernet(1] [IE] 192.168.99.99
0002 4050 TCP-Verhindung ja Ethernet(1 [IE] 192.168.99.89 £
4
| | |Industrial Ethernet -
£ >
Bereit PC Adapter{MPI) |1 von 2 markiert |And

E Click on "CPU313C-2DP"” (see top arrow).
E In the selected line of the table at the bottom, double-click on “Data-Server” (see bottom arrow).

The table column “Typ"” [Type] says that the Ethernet connection is a TCP connection
(TCP-Verbindung).
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Afterwards, the following window is displayed:

Fig. 5-10: Properties - TCP connection: General information

Eigenschaften - TCP-Verbindung

Allgemein Optiorien | Obersicht | ]

Lokaler Endpunkt B austeinparameter
D (He T | 1o
Hzre: [DATAServer Wi GH#0100 — LADDR

Ober CP: ||:F- 3431 Lean - [R0/54]

YWiegewahl...

[v Aktiver Yerbindungzaufbau
=

Ahbrechen Hilfe

In order for the S7 to create the connection to the MSX-E system, Aktiver Verbindungsaufbau
[Active connection establishment] must be selected.

On the right-hand side of the window, you see the block parameters (Bausteinparameter) that have
to be used together with the “FC6 (AG_RECV)” function. The connection ID (socket ID) and the address
are specified.

B Click on the Adressen [Addresses] tab.
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Fig. 5-11: Properties - TCP connection: Addresses

Eigenschaften - TCP-Yerbindung

Allgernein Adressen letinnenl Ubersicht] l

Die Partz von 1025 biz 65535 stehen zur Werfligung.
Meitere Ports ziehe Hilfe]

Lakal Partner
IP [DEZ): 182.168.89.90 182.168.99.99
PORT [DEZ):  |8989 |5389

Abbrechen Hilie

E Inthe [Local] area, in the "PORT" field, enter the port number of the S7. This must
correspond to the port number of the MSX-E system.

E Inthe Partner [Remote] area, in the “IP” field, enter the IP address of the MSX-E system, and in
the “Port” field, the port number of the MSX-E system. This port number must correspond to the
one that has been defined on the web interface of the MSX-E system.

E To check the port number of the MSX-E system, open a web browser (such as Mozilla Firefox,
Internet Explorer, etc.) and enter the following address: “http:/[IP address of the MSX-E system]”.

A login window is displayed:

Fig. 5-12: Login window

Authentifizierung erforderlich

9 http: 192, 168.99.93 verlangt einen Benutzernamen und ein Passwort, Ausgabe der Website: ="

Benutzername: | mxcadmin |

Passwort: | ERBEBES |

| ok | [abbrechen |

E Enter “mxadmin” as the user name and password.

E On the web interface of the MSX-E system, click on the menu item “Data server”.

ADDI-DATA
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Fig. 5-13: Data server: Configuration

Protocol TCP -
TCP port number 8939
S0_SNDBUF (in bytes) 104445

TCPAP network clients filter

UDP/P network targets

E In the “Configuration” section, in the "TCP port number” field, change the port number if you
cannot use the default port number (8989).

Fig. 5-14: Data server: Set and save
E Set and save *'Q:_}f Reload

E After changing the port number, click on “Set and Save"” and then on “Reload”.

E Click on the "Blocking transfer” tab.

Fig. 5-15: Data server: Blocking transfer

Activate blocking TCPRIP transfer Mo -
TCPAP transfer timeout 1.0

B Ensure that in the “Configuration” section, with “Activate blocking TCP/IP transfer”, the “No”
option is selected.

E  When you have made this change, click on “Set and Save” and then on “Reload”.

ADDI-DATA
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6 Function blocks

6.1 Implementation of AWL/STL source code files into function blocks

The MSX-E Modbus TCP functions that are not available in the programming sample can be imported
into the SIMATIC Manager via the AWL/STL source code files.

Each MSX-E Modbus TCP function which is implemented in the MSX-E system has a function block
afterwards that accesses the function together with an instance data block and a global data block.
As there is an AWL/STL source code for each MSX-E Modbus TCP function, three blocks are therefore
implemented in this code. The AWL/STL source codes can be opened and compiled in the SIMATIC
Manager.

E In the SIMATIC Manger, right-click on "Quellen” [Sources].

E Select the menu item “Neues Objekt einfligen” [Insert new object] and then click on
"Externe Quelle” [External source].

Fig. 6-1: SIMATIC Manager: Source directory

Q SIMATIC Manager - [ADMBOOOO -
% Datei  Bearbeiten  Einflligen  Zielsyste

D|p| 83|77 &|E=|@

- &2 ADMEO00D Obje
B SIMATIC 30001)
--[@ crPU FIC2DP
= S¥-Programml2]
3] Quellen
B austeine
+-{F CP 3431 Lean
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B Select the folder in which the AWL/STL source code files containing the source codes of the MSX-E
Modbus TCP functions are to be found. Select the files to be imported and click on “Offnen”

[Open].

Fig. 6-2: SIMATIC Manager: Selection of the AWL/STL source code files

Externe Quelle einfiigen

Suchen in; | [

<] e @ o

T

<

370%_GetAutoRefyal,awl
370 _GetDataBassCursor, awl 370 _SetDataBaseCursor, awl InitSkart
GethlbriofChannels. ;
CetMbrOFType, awl
370 _GetTypelnfo, awl

370%_InitStartAutoref, 2wl

370 _InitStartSe, awl

370x_StopRelautoRef. awl
370x_SkopRelSeq.awl
GetLastCommandstatus. awl
GetModuleTyvpe. awl

GetTime

Reboot..
SetCuske
SetHwTr
StopRels

)

D ateinarme:

|"3F"EI:-:_I3 etMlbr0iT ppe.awl" "370x_GetMbrOiCh

D ateityp:

|E!ue||en [“.awl;“.gr?;“.su:l;“.inp;“.zg;“.sdg;“.sd;ﬂ Abbrechen

The selected AWL/STL source code files are now stored in the “Quellen” [Sources] folder.

Fig. 6-3: SIMATIC Manager: AWL/STL source code files

| SIMATIC Manager - [ADMBOOOO -- F:\Admb0000]

3D Datei Bearbeiten Einfigen Zelsystsm  Ansicht Extras Fenster

ilfe

=

x

=-E SIMATIC 2001) B
= [@ cPu a2 DR
= S7-Programm(2)
(&1 Quellen
Bausteine
- CP 3431 Lean

GetMbrOfChannels
3704_GetNbiOfT ype

|~

Drilcken Sie F1, um Hilfe zu erhalten.

Tvp

Grtifte | Autor

AwL-Cuelle 3636

PC Adapter(MPT)

D] 8| & (G| sl [z 2l < KeinFher> =1 %| =] BB|m ¥
= % ADMBOOOD Obijgktname Symbolischer Name Anderungsdatum Kommentar

03.11.2010 14:51:26
03.11.2010 14:51:26

3562 Bytes

|8
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B To import single MSX-E Modbus TCP functions into the SIMATIC Manager, double-click on the
respective AWL/STL source code file. This allows you to access the AWL/STL source code.

NOTICE!

E The numbering of the MSX-E Modbus TCP functions is identical for
all MSX-E systems even if the functions are different.
If the AWL/STL source code file is opened, you can modify the
number of each of the three blocks. Please note that a block
number may be assigned only once, as otherwise, the block with
the same number is overwritten during the AWL/STL compilation!
Each MSX-E Modbus TCP function is indexed as follows (example):

e Function block: FB202 370x_GetNbrOfChannels

e Global data block: DB202 SR370x_GetNbrOfChannels
(query/response Modbus TCP telegrams)

¢ Instance data block: DB203 I1370x_GetNbrOfChannels.

E After completing the source code modifications in a file, in the menu bar, click on “Datei” [File]
and select the menu item “Ubersetzen” [Compile].

The compiled files are now stored as blocks in the “Bausteine” [Blocks] folder.

ADDI-DATA
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Fig. 6-4: SIMATIC Manager: Blocks

IJ SIMATIC Manager, - [ADMBOOOO -- F:\Admb0000] (=3
% Datei Bearbeiten Einfiigen Zielsystem  Ansicht  Extras  Fenster  Hilfe - O x
O] 82 & =@ o [= 25 1| [<Kein Fiter> ~1 9| 8= =Em s
= ADMEBOOOD | Objektname | Symbolischer Mame | Erstellzprache | Griolle im Arbeitsspei... | Tup | Wergion [
= SIMATIC 200[1) 3 Systerndaten - SDB
= |l CPU 313C2DP = 081 ADModbus_CycleExes_OB KOP 76 Oiganisationsbaustein 0.1
=Hen S7-Promrammlz] . npyog ADModbus_Statllp_0B KoP B Organisationshaustsin 1.4
@ Ouelen | e 5 ample_StateMachine_FB koP 3202 Furkfionsbaustein 01
o o """‘ o FET00 ADMadbus_Main_FB kaP 598 Funktionsbaustein 0.1
£k FE101 ADModbus AGRECY_FB KOP 746 Funktionsbaustein 1.0
iF FB102 GetLastCommandStatus AL 1520 Funktionsbaustein 0o
O FE202 3F0x_GetMbrOfChannel: AL 430 Funktionsbaustein 0o
F FE21E 370x_InitStartSeq AL 3242 Funklionzbaustein 0o
iF FE218 3704_StopRelSeq AL 452 Funktionsbaustein oo
L3 FCS AG_SEND AL 1664 Funktion 42
& FCE AG_RECY AL 1206 Funktion 47
i FC11 ADModbus_4BToDw_FC KOP 268 Funktion 01
ik FC12 ADModbus_DwToB_FC KOP 168 Furktion 01
ik FC13 ADModbus_2BTow_FC KOP 104 Funktion 01
ik FC14 ADModbus_WTa2B_FC koP 88 Funktion 01
i} FC15 ADModbus_4BToR_FC KOP 294 Funktion 01
L3 FC1B ADModbus_|ntelT obdata_FC KO HE  Funklion 01
ik FC17 ADModbus_ChWwToR_FC KOP 74 Funktion 01
i DB1 Sample_StateMachine_|DB DE 72 Inztanzdatenbaustei.. 0.0
O+ DB2 Sample_ReceivedD ata_DB DE 76 Datenbaustein 01
£+ DE100 ADModbuz_Main_DE DE 116 Instanzdatenbaustei... 0.1
£k DE101 ADModbus AGRECY_IDB DE 82  Instanzdatenbaustei... 0.1
i DB102 SRGetLastCommandS tatus LB 160 Datenbaustein 0o
i DB103 |GetlastCommands tatus LB 166 Instanzdatenbaustei.. 0.0
ik DB202 SR370_GetMbriOfChannels DE BE  Datenbaustein 0o
F DE203 |370%_GetMbrOiChannelz LB B2 Instanzdatenbaustei.. 0.0
i+ DBE2E SRAT0_InitStartSeq DE 184 Datenbaustein 0o
F DEAY | 370w _InitStanSeq o} 186  Instanzdatenbaustei.. 0.0
o DBE21E SR370_StopRelSeq DE B0 Datenbaustein 0o
O DBAS |370%_StopFelSeq o} B2 Instanzdatenbaustei.. 0.0
< ¥
Driicken Sie F1, um Hilfe zu erhalten, P Adapter(MPT) 1696 Bytes

6.2 Mnemonic symbols

For each MSX-E system, there is a symbol file (.sdf), in which all available symbols or MSX-E Modbus
TCP functions with three blocks each are listed.

The symbol file can be used, for example, to name blocks. This means that the symbolic name is used
instead of the block number from the source code. For this, you have to import the supplied file
"mnemonics.sdf” into the project via the Symbol Editor.

E Open the Symbol Editor, and in the menu bar, click on “Tabelle” [Table].

E Select the menu item “Importieren” [Import] and then the “mnemonics.sdf” file. After that, click
on “Offnen” [Openl].

E In the displayed symbol file, select the required functions and delete those that are not to be used.
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Fig. 6-5: SIMATIC Manager: Mnemonic symbols

&% Symbol Editor - [S7-Programm(2) (Symbole) -- ADMBOOODSIMATIC 300({1)\CPU 313C-2 DP] M=
=] Tabelle Bearbeiten Einfligen Ansicht Extras Fenster Hife - 5 X
= = |lle Symbole =1 N2
Status | Symbol Adresze Datentyp Kommentar
1 370z _Gethbr OfChannels FB 202 FB 202
2 ST0x_InitStartzeq FB 216 FB 216 ME3T0x__ TransducerintAndStant=Zequence
3 370x_StopRelSeq FB 215 FB 218 MX3T0x_ Tranzducer=topAndReleszeSequence
4 ADModbus_ABTow_FC FC 13 FC o 13
B ADhaodbus _4BTalvw_FC F& N F& o 1
G ADModbus_4BToR_FC FZ 15 Fo 15
7 ADModbus_MAGRECY _FB FB 101 FB 1M
g ADMaodbus _AGRECY_IDB D 10 FB 101
=] ADModbus_CycleExec_ 0B o o1 [0/ S|
10 ADModbus_CWWToB_FC FC 12 Fooo12
11 ADModbus _ChWWToR_FC FZ 17 Fe o A7
12 ADModbus _IntelTobdota_FC FZ 16 FZ 16
13 ADModbus_Main_DB DB 100 FB 100
14 ADhaodbus_Main_FB FE 100 FB 100
15 ADModbus _StartUp_oB OB 400 QB 100
16 ADModbus _WToZB_FC FC 14 FC o 14
17 MG _RECY FC & F& 6 MG RECEIVE
18 AG_SEND FC 3 FC & AG SEND
18 Getl astCammandStatus FB 102 FB 102 GetlastCammandStatus
20 1370 _GethhrofChannels DB 203 FB 202
al 1370 _InitStartSeq o 217 FB 216 MX370x__TransducerintandStartSequence Instance
22 1370 _StopRelSeq DB 219 FB 218 MR3T0x_ TranzducerStopindReleazeSegquence Instance
23 1GetLastCommandStatus DB 103 FB 102 GetlastCammandztatusinstance
24 Instanz_DB_FB3 DE 3 DB 3
25 Sample_ReceivedData_DB o 2 D 2
26 Sample_Statetdachine_FB FB 1 FB 1
27 Sample_StateMachine_IDB o 1 FB 1
25 SR 0x_GetMbrofChannels DB 202 DE 202
29 SRIT0x_InitStartSeq DB 216 DB 26 MX370x_ TranzducerintandStartSequence. SendRecevice
30 SR3V0x_StopRelSeqy DE 218 DB 28 MX370x__TranzsducerStoplndReleaseSequence SendRecevice
) SRGetLastCommandStatus DB 102 0DE 102 GetlastCammandztatus SendReceive
32 STATUS FBE = FB 5 Frd=S STATUS
33
Driicken Sie F1, um Hilfe zu erhalten. LR
NOTICE!

After making the modifications, just click on “Speichern” [Save].
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7 Reading data from the MSX-E data server

7.1 Data conversion

ADModbus library

Please note that the MSX-E systems send data from the data server in the Little Endian format (Intel
format), whereas an S7 PLC works with the Big Endian format (Motorola format).
As a result, the values of the MSX-E systems have to be converted in the PLC into the Big Endian format
(Motorola format). This data coding plays an important role, as otherwise, the measurement results
will be interpreted incorrectly. ADDI-DATA provides you with a corresponding conversion function:

¢ Function: FC1
¢ Name: ADModbus_IntelToMoto_FC

7.1.1 Little Endian format (Intel format

The least significant bit (LSB) is transferred first:

16-bit 0x1234 >> 0x34 0x12

32-bit 0x12345678 >> 0x78 O0x56 O0x34 0x12
7.1.2 Big Endian Format (Motorola Format
The most significant bit (MSB) is transferred first:

16-bit 0x1234 >> 0x12 0x34

32-bit 0x12345678 >> 0x12 0x34 O0x56 0x78
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7.2 ,FCé (AG_RECV)" function

Description:
This function has been created by Siemens and enables you to read data from a network connection.

"AG RECY"
EN ENO
ZID #PLC_COM_
RCW DATA
WHleglon | LADDE NDE—NDE

"Sample HPLC COM

PeceiwvedDa ERROLR —ECW_ERER

ta DE".
DATRE #PLC_COM_
SERVER —RECY STATUS —STATUS
LEN —#LEMGHT

Input parameters:
e ID: 2 is the number of the data server’'s communication identifier.
e LADDR: The value "W#16#0100” is the address of the function block.

Fig. 7-1: Properties - TCP connection: Input parameters

Eigenschaften - TCP-Verbindung

Allgemein Adressen | Optioren | Obersicht | ]
Lokaler Endpunkt B austeinparameter

D (Hes): T~ | Tn
Hzre: [DATAServer Wi GH#0100 — LADDR
Uber CP: |CF 3431 Lean - [RO/54]

YWiegewahl...

[v Aktiver Yerbindungzaufbau
r

Ahbrechen Hilfe
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e RECV: Pointer in which the data has to be saved; in this case, in
Sample_ReceivedData_DB.DATA_SERVER. This means that a pointer to the “DATA_SERVER"
offset is passed to the DB2 data block (“Sample_ReceivedData_DB") and that 20 bytes (5 DWORDs)
are expected. The number of bytes expected may change as required.

e DATA_SERVER: Table that is 5 DWORDs wide. Make sure that the table in which the values are
saved is sufficiently wide. The number of bytes always corresponds to a data packet.

The size of a data packet is specified on the web interface of the MSX-E system:
E On the web interface, click on the menu item “Acquisition”.
B Select the Auto-refresh or Sequence mode.

In the “Data server frame format” section, the size of the data packet is displayed.

Fig. 7-2: Acquisition: Data server frame format

Size Field Description

4 Bytes Inductive transducer 1 Digital value, encoded on 24 bits.
4 Bytes Inductive transducer & Digital value, encoded on 24 hits.
4 Bytes Inductive transducer 3 Digital value, encoded on 24 bits.

When the function block has received the values from the MSX-E system, you will find them in the
following order in the table of the target data block:

DATA_SERVER [0]: contains the value “channel”
DATA_SERVER [1]: contains the value “channel 1"
DATA_SERVER [2]: contains the value “channel 2"

DATA_SERVER [4]: contains the value “channel 8"

The following example is based on an S7 screenshot (“Data server frame format”) and a data block
containing the “DATA_SERVER"” table as a DWORD data type with a width of 20 bytes.

Fig. 7-3: Data block with the “DATA_SERVER” table

Rdresze |Name Typ Infangswert Komment ar
0. ETRUCT
+0.0( |DATA SERVEL ARPAY[O. . 4] DIT§leg0 BATT Data
*4.0 DWORD
+20.0| |COUNT _MOTOROLA  |DIWORD DIl a0 Converted sequence counter
+z4_0| (CHAMNEL ARRAT[O. . 3] 0. 0oooade+000 Converted channels walues
*4.0 REAL
=40.0 END» STRUCT
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Fig. 7-4: “DATA_SERVER” table in the data block

Rdresze  |Name Typ nnfangswert Aktualwert ¥ommentar
0. NDATA SEDVER[O] (DWORD DIgELEHD DWEleFla0o000o BAW Data
4.0DATA SEDVER[L1] (DWORD DITFLCH#0 DWglef00000040
2_0|DATAL SERWER[Z] (DWORD DITELGHD DWELEF01CE3IEEA
1z 0|DATA SERVER[Z] |DWORD DITFLEH0 DWFLEHF0LESZSEBA
1&_0|DATL ZERWER[4] (DWORD DITELEHD DWELEF01ESEZFEA
Z0_0|COUNT_MOTOROLA |DIFORD DWFELeH0 DWFLEFO00000LE Converted secuence counter
Z4 _0O(CHANMELI[O] REAL 0. 000000e+000 |1.07374Z2+009 Converted charmnels wvalues
ZE8.0|CHANNEL[1] REAL 0.000000e+000 |-1.170881e+009
3Z.0|CHANNELILZ] REAL 0. 000000e+000 (-1.1717&1e+002
36_0|CHANNEL[3] REAL 0.000000e+000 |-1_17130Ze+0035

Output parameters:

e NDR: If the number of bytes has been read and NDR equals 1, no error has occurred.
If NDR equals 0, then check ERROR and STATUS to find the error that is displayed.

e LEN: Number of read bytes. The number must be 20 (= 5 x 4 bytes).
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8 S7 programming sample

8.1 Introduction

ADDI-DATA provides you with a software package to allow for the connection between an MSX-E
system and an S7 PLC via Modbus TCP. The programming sample is based on a SIMATIC S7 from
Siemens.

If you want to apply an S7-compatible PLC from a different manufacturer (such as IBHsoftec, VIPA,
etc.), you have to use the relevant manufacturer’s original FCs. You may also have to adapt the data
blocks, etc. (Siemens: 5 DWORDs; VIPA: 20 bytes).

The programming sample ,,Sample MSXE-3701 (ADMBO0000)"” has been developed for the Ethernet
communication of the $7-300 with CP343-1 via the Modbus TCP protocol. It serves for reading values
from the TCP connection (TCP socket).

8.2 Requirements

The programming sample uses a state machine to manage the function calls. There is the possibility to
visualise the current state of the digital PLC outputs by means of LEDs. These LEDs can be used as well
to indicate errors and warnings during the development stage.

If you want to use the LEDs of the digital outputs, in the programming sample, you have to adapt the
register address of the digital outputs to your hardware configuration.

Fig. 8-1: S7: LED visualisation of the digital outputs

State visualisation

Error visualisation

EEEs
=
Ex
E
1 f
Tl .
3
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The meaning of each LED is explained in the commentary of the programming sample.

Fig. 8-2: SIMATIC Manager: LED configuration of the digital outputs

FIJ% HW Konfig - [SIMATIC 300(1) (Konfiguration) -- ADMB000O] ]g|
E“] Station Bearbeiten Einfilgen Zielsystem Ansicht Extras  Fenster Hilfe - 8 x
D/e® % &l e sldal BT 2 w2
[ UR e’
1
2 CPU 313C-2 DP
2 oA
22 D018
24 Zahan
3
4 |JE CP 343 Lean
5
B
7
g
&
10
11
v
< ¥
|0 vn
Steckplatz Baugruppe Bestellnummer ... | E-Adresze A-bdiesze K.ommentar
CPU 313C-2 DP GES7 313-6CED1-04
o a e
Py DITEADGIE LT LT |
S L FEE. TER FEELTEF
3
4 #i:‘. CP 343-1 Lean EGK7 343-1C<00-0<E0V1.0 (3 256...271 256...271
5
B
7
g
&
10
11
Driicken Sie F1, um Hilfe 2u erhalten. And

OB1 calls up the state machine FB1, in which all the steps of the programming sample are described.
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9 Auto-refresh and Sequence modes
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NOTICE!

E If you do not configure an average value calculation in Auto-refresh
mode or a delay in Sequence mode, the PLC requires a certain time
to read the values from the TCP connection (PLC cycle > acquisition
cycle). This is also the case if a small “division factor” is configured in
both modes. So this may result in a delay between the actual status
of the channels and the measurement values that are read.

If the packets from the TCP connection are not read quickly enough,
there may be a FIFO overrun which causes the MSX-E system to

cancel the connection to the PLC.

9.1 Acquisition in Auto-refresh mode

Fig. 9-1: Auto-refresh mode: Acquisition cycle

Auto-refresh:
Acquisition cycle:
Read channels

Value: counter

Value: channel 0
Value: channel 1
Value: channel 2

Value: channel 3

Memory location for 5 values

Value: counter

Value: channel 0
Value: channel 1
Value: channel 2
Value: channel 3

connection

PLC cycle:
Read values

The acquisition cycle is displayed with four channels of an MSX-E system in Auto-refresh mode (light
blue). As only one memory location is available for the five values, after each cycle, the values of the
previous cycle are overwritten with those of the current cycle.

The MSX-E system sends the values to the PLC as soon as the PLC is connected. The values from the TCP

connection are read in the PLC cycle (green).
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MSX-E acquisition cycle (Auto-refresh mode) < PLC cycle -> values may be lost
MSX-E acquisition cycle (Auto-refresh mode) > PLC cycle -> all values are received
MSX-E acquisition cycle (Auto-refresh mode) = PLC cycle -> all values are received

NOTICE!
With a socket FIFO overrun, values may be lost.

9.2 Acquisition in Sequence mode

Fig. 9-2: Sequence mode: Acquisition cycle

The acquisition cycle is displayed with 4 channels of an MSX-E system in Sequence mode (light blue).
The values of the current cycle are written into a new FIFO buffer, i.e. no values are overwritten.

The MSX-E system sends the values to the PLC as soon as the PLC is connected. The values from the TCP
connection are read in the PLC cycle (green).
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MSX-E acquisition cycle (Sequence mode) < PLC cycle -> all values are received
MSX-E acquisition cycle (Sequence mode) > PLC cycle -> all values are received
MSX-E acquisition cycle (Sequence mode) = PLC cycle -> all values are received

5 NOTICE!
* With a socket FIFO overrun, values may be lost.
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10 Appendix

10.1 Glossary

AWL
= Anweisungsliste

AWL is a programming language according to
IEC 61131-3 for PLC programming.

It corresponds to the instruction list language
STL for Siemens PLCs.

Code block

In the Siemens STEP 7 system, code blocks
correspond to organisation units of the user
program. A distinction is drawn between the
following code block types: organisation block
(OB), function block (FB) and function (FC).

Counter
A counter is a circuit which counts pulses or
measures pulse duration.

Data block (DB)

Data blocks are data areas in the Siemens

STEP 7 system, in which the data of the user
program is stored. There are two data block
types: instance data blocks and global data
blocks. The former contain static local data, the
latter contain information that can be accessed
from all code blocks. Instance data blocks are
generated together with function blocks (FBs),
whereas global data blocks must be
programmed by the user.

Ethernet

The Ethernet is a baseband bus system
originally developed in order to connect mini-
computers. It is based on the CSMA/CD access
method. Coaxial cables or twisted-pair cables
are used as the transmission medium.

The transmission speeds are 10 Mbit/s
(Ethernet), 100 Mbit/s (Fast Ethernet) and

1 Gbit/s or 10 Gbit/s (Gigabit-Ethernet).

This widely used technology for computer
networking in a LAN has been standardised
since 1985 (IEEE 802.3 and 1SO 8802-3).
Ethernet technology is now common practice in
the office environment.
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After making even very tough real-time
requirements possible and adapting the device
technology (bus cables, patch fields, junction
boxes) to the harsh application conditions of
the industrial environment, Ethernet is now
also increasingly used in the field areas of
automation technology.

FIFO
= First in, First out

Data that is written first into the FIFO memory
buffer gets first out of the buffer.

Function (FC)

In the Siemens STEP 7 system, there is the code
block type “functions”, which contains
functions of structured user programs. This
code block type is parameterisable and can
store local data temporarily.

Function block (FB)

In the Siemens STEP 7 system, function blocks
of structured user programs are part of the
code blocks and contain task-specific
subroutines. A function block always includes
an instance data block, i.e. a particular memory
area for special data. FBs are parameterisable
and can store local data both statically and
temporarily.

IP address

The IP address is a unique string of numbers
separated by full stops that identifies each
computer attached to the Internet. Usually, it
also has a version containing words separated
by full stops.

LSB
= Least Significant Bit

LSB is the lowest order bit in a digital quantity.
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Modbus TCP

The Modbus TCP protocol is an open
query/response protocol for the communication
between master and slave or client and server.
A PLC, for example, can act as a master that
initialises the communication processes.

The data is transferred in the form of TCP/IP
packets.

MSB
= Most Significant Bit

MSB is the highest order bit in a digital
quantity.

Organisation block (OB)

In the Siemens STEP 7 system, organisation
blocks belong to the code blocks and are the
interface between the operating system and
the user program. OBs can be called up by the
operating system in certain situations when
OB1, which is otherwise endlessly executed, is
interrupted.

PLC
= Programmable Logic Controller

The PLC is a computer-based control unit
whose functionality is defined by an
application program. With standardised
technical languages, this application program is
relatively easy to produce. Because of its serial
mode of operation, reaction times of PLCs are
slower than those of VPS. As a family of devices
with graduated and matched components, PLCs
can now cover all levels of an automation
hierarchy.

Socket

A socket is a bidirectional software interface to
interprocess (IPC) or network communication.
Sockets are a standardised interface (API)
between the network protocol implementation
of the operating system and the actual
application software.

STL
= Statement List

STL is the instruction list language for Siemens
PLCs according to IEC 61131-3.
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11 Contact and support

Do you have any questions? Write or call us:

Address:  ADDI-DATA GmbH
Airpark Business Center
Airport Boulevard B210
77836 RheinmUnster

Germany
Phone: +49 7229 1847-0
Fax: +49 7229 1847-222
E-mail: info@addi-data.com

Manual and software download from the Internet:
www.addi-data.com
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