
33
00

38
49

.0
1

XPSMF•• Safety PLCs
Modbus Serial Line
Quick Start Guide
07/2007  



       
2  



Table of Contents
Safety Information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

About the Book . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9

Chapter 1 Modbus Serial Line Basics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
At a Glance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.1 Master / Slave Protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
At a Glance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Master / Slave Protocol Principle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Master / Slave Communication Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

1.2 Modbus SL Wiring Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
At a Glance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Number of Devices to Connect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Topology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Cable Length and Grounding  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
RC Termination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Line Polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Modbus SL Wiring Checklist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

1.3 Transmission Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
At a Glance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
RTU Transmission Mode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
RTU Framing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
ASCII Transmission Mode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
ASCII Framing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

1.4 Modbus Messaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
At a Glance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Modbus Frame Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Modbus Messaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
3



Chapter 2 Modbus SL Characteristics with XPSMF•• Safety PLCs. . . . . 37
At A Glance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

2.1 Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
At a Glance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Modbus Serial Line RJ-45 Socket . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Modbus Serial Line SUB-D9 Connector  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
XPSMFADAPT (SUB-D9/RJ-45) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

2.2 Wiring Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
At A Glance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Modbus SL Connection via RJ-45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Modbus SL Connection via Junction Box  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

2.3 Transmission Parameters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Supported Modbus Serial Line Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

2.4 Modbus SL Function Codes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
At a Glance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Supported Function Codes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
Transfer of 32-Bit Data (in Big-Endian/Little-Endian Format)  . . . . . . . . . . . . . . . 49

Chapter 3 Modbus SL Software Configuration with XPSMFWIN  . . . . . . 51
At a Glance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.1 General Settings for Modbus Communications . . . . . . . . . . . . . . . . . . . . . . . . . . 53
At a Glance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
General Information on Software Configuration. . . . . . . . . . . . . . . . . . . . . . . . . . 54
Configuring Modbus SL as Protocol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
General Communication Parameters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

3.2 Read Areas in XPSMF•• Safety PLCs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
At a Glance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
Import and Export Areas of XPSMF•• Safety PLCs . . . . . . . . . . . . . . . . . . . . . . . 61
Read Areas for FC 01/03 and 23. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
Data Refresh Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
Communication Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Addressing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Addressing Examples  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

Chapter 4 Diagnostics and Troubleshooting . . . . . . . . . . . . . . . . . . . . . . 81
At a Glance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Communication Errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
Protocol Errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
4



Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
At A Glance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

Appendix A Accessories. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
At a Glance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Accessories for Modbus SL Connections via RJ-45 . . . . . . . . . . . . . . . . . . . . . . 88
Accessories for Modbus SL Connections via Junction Boxes. . . . . . . . . . . . . . . 91

Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5



6



§

Safety Information
Important Information

NOTICE Read these instructions carefully, and look at the equipment to become familiar with 
the device before trying to install, operate, or maintain it. The following special 
messages may appear throughout this documentation or on the equipment to warn 
of potential hazards or to call attention to information that clarifies or simplifies a 
procedure.

The addition of this symbol to a Danger or Warning safety label indicates
that an electrical hazard exists, which will result in personal injury if the
instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential personal
injury hazards. Obey all safety messages that follow this symbol to avoid
possible injury or death.

DANGER indicates an imminently hazardous situation, which, if not avoided, will 
result in death or serious injury.

DANGER

WARNING indicates a potentially hazardous situation, which, if not avoided, can result 
in death, serious injury, or equipment damage.

WARNING

CAUTION indicates a potentially hazardous situation, which, if not avoided, can result 
in injury or equipment damage.

CAUTION
33003849 07/2007 7



Safety Information
PLEASE NOTE Electrical equipment should be installed, operated, serviced, and maintained only by 
qualified personnel. No responsibility is assumed by Schneider Electric for any 
consequences arising out of the use of this material.

© 2007 Schneider Electric. All Rights Reserved.
8 33003849 07/2007 



About the Book
At a Glance

Document Scope This manual describes how to install and configure XPSMF•• Safety PLCs for non-
safety-related communication via Modbus Serial Line (SL).

Validity Note Schneider Electric assumes no responsibility for any errors that may appear in this 
document. If you have any suggestions for improvements or amendments or have 
found errors in this publication, please notify us.

No part of this document may be reproduced in any form or by any means, electronic 
or mechanical, including photocopying, without express written permission of 
Schneider Electric.

The data and illustrations found in this documentation are not binding. We reserve 
the right to modify our products in line with our policy of continuous product 
development. The information in this document is subject to change without notice 
and should not be construed as a commitment by Schneider Electric.

Related 
Documents

You can download these technical publications and other technical information from 
our website at www.telemecanique.com.

Title of Documentation Reference Number

Safety Suite V1 Installation Instruction 33003529

XPSMFWIN Software User Manual 33003788

XPSMF30 Hardware Manual 33003369

XPSMF35 Hardware Manual 33003381

XPSMF40 Hardware Manual 33003363

XPSMF60 Hardware Manual 33003387
33003849 07/2007 9



About the Book
Product Related 
Warnings

All pertinent state, regional, and local safety regulations must be observed when 
installing and using this product. For reasons of safety and to ensure compliance 
with documented system data, only the manufacturer should perform repairs to 
components.

When controllers are used for applications with technical safety requirements, 
please follow the relevant instructions.

Failure to use Schneider Electric software or approved software with our hardware 
products may result in injury, harm, or improper operating results.

Failure to observe this product’s safety-related warning can result in injury or 
equipment damage.

User Comments We welcome your comments about this document. You can reach us by e-mail at 
techpub@schneider-electric.com
10 33003849 07/2007 
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Modbus Serial Line Basics
At a Glance

Overview This chapter provides general information about the Modbus Serial Line (SL) 
protocol.

What's in this 
Chapter?

This chapter contains the following sections:

Section Topic Page

1.1 Master / Slave Protocol 13

1.2 Modbus SL Wiring Requirements 17

1.3 Transmission Modes 25

1.4 Modbus Messaging 31
11
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Modbus SL Basics
1.1 Master / Slave Protocol

At a Glance

Overview The Modbus Serial Line protocol is a master / slave protocol. The following sections 
provide general information on the master / slave communication principle and the 
two different modes the master can forward information to the individual nodes, i.e. 
the unicast and the broadcast mode.

What's in this 
Section?

This section contains the following topics:

Topic Page

Master / Slave Protocol Principle 14

Master / Slave Communication Modes 15
33003849 07/2007 13



Modbus SL Basics
Master / Slave Protocol Principle

Overview The Modbus SL protocol is working according to the master / slave principle on the 
application layer, i.e. the seventh layer of the OSI Model. The master of the Modbus 
serial line provides the client role whereas the slave nodes act as servers. 

Characteristics 
of the Master / 
Slave Principle

The master / slave principle is characterized as follows:

� Only one master is connected to the bus at a time.
� One or several slave nodes can be connected to the same serial bus.
� Only the master is allowed to initiate communication, i.e. to send requests to the 

slave nodes.
� The master can only initiate one Modbus transaction at the same time.
� The master can address each slave node individually (unicast mode) or all slaves 

simultaneously (broadcast mode).
� The slave nodes can only answer requests from the master.
� The slave nodes are not allowed to initiate communication, neither to the master 

nor to any other slave nodes.

Master / slave communication 

1 Automation Platform Premium PLC
2 Magelis Graphic Terminal (e.g. XBTG)
3 XPSMF40 Safety PLC
4 XPSMF30 Safety PLC
5 TesysU
6 Altivar 71
7 Modbus SL bus

1

2 3 4 5 6

Request

Response

7

One Master

Adr. 1 Adr. 2 Adr. 3 Adr. 4 Adr. n
14 33003849 07/2007 



Modbus SL Basics
Master / Slave Communication Modes

Overview The master can address the individual slave nodes in the following 2 different 
communication modes: 

� unicast mode
� broadcast mode

Unicast Mode In unicast mode the master directly addresses a specific slave node individually.

It is therefore required that each slave is assigned a unique address.

Stages Communication in unicast mode consists of 3 stages:

The unicast mode principle 

1 Master: Automation Platform Premium PLC
2 Address 1: Magelis Graphic Terminal (e.g. XBTG)
3 Address 2: XPSMF40 Safety PLC
4 Address 3: XPSMF30 Safety PLC
5 Address 4: TesysU
6 Address n: Altivar 71
7 Modbus SL bus

Stage Description

1 The master sends a request to an individual slave (stage 1 in figure below).

2 This slave processes the request from the master.

3 The slave sends a response message to the master (stage 3 in figure below).

1

2 3 4 5 6

7

One Master

Stage 3

Stage 1

Adr. 1 Adr. 2 Adr. 3 Adr. 4 Adr. n
33003849 07/2007 15



Modbus SL Basics
Broadcast Mode In broadcast mode the master sends a request to all slave nodes. For broadcast 
messages the master uses the address 0.

All slave nodes in the network must accept broadcast messages that can clearly be 
identified by the address 0. The slave nodes only accept broadcast messages but 
do not reply to them.

The broadcast mode principle 

1 Master: Automation Platform Premium PLC
2 Magelis Graphic Terminal (e.g. XBTG)
3 XPSMF40 Safety PLC
4 XPSMF30 Safety PLC
5 TesysU
6 Altivar 71
7 Modbus SL bus

1

2 3 4 5 6

7

One Master

Adr. 1 Adr. 2 Adr. 3 Adr. 4 Adr. n
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Modbus SL Basics
1.2 Modbus SL Wiring Requirements

At a Glance

Overview The following sections list the requirements for Modbus SL wiring.

What's in this 
Section?

This section contains the following topics:

Topic Page

Number of Devices to Connect 18

Topology 19

Cable Length and Grounding 20

RC Termination 21

Line Polarization 22

Modbus SL Wiring Checklist 24
33003849 07/2007 17



Modbus SL Basics
Number of Devices to Connect

Maximum 
Number of 
Devices without 
Repeater

For point-to-multipoint Modbus SL applications please note that 1 RS 485 driver can 
drive a maximum of 32 unit loads (UL).

Conditions 
Allowing More 
Than 32 Devices

If one of the following conditions apply, you can connect more than 32 devices. 

Using a Repeater In order to connect more than 32 devices, integrate a repeater in your network.

If... Then ...

you are using special RS 485 drivers in 
your application that support more than 
32 devices

you can connect the number of devices 
supported by your RS 485 driver.

you integrate up to 3 repeaters in your 
application 

you can add an additional 32 devices for each 
repeater you are integrating.
18 33003849 07/2007 



Modbus SL Basics
Topology

Topology Types An RS 485 Modbus configuration without repeater mainly consists of 1 trunk cable, 
which is also named bus. It is possible to connect the individual devices to this bus 
in 2 different ways: 

� Connect the individual devices directly to the trunk cable. (This topology is often 
referred to as daisy chaining.)

� Use short derivation cables to connect the individual devices to the trunk cable.

For both topologies consider the maximum cable length allowed which is indicated 
in the next section.

Example of 
Application with 
Derivation 
Cables

The figure below shows an application with derivation cables: 

1 Master: Automation Platform Premium PLC
2 Magelis Graphic Terminal (e.g. XBTG)
3 XPSMF40 Safety PLC
4 XPSMF30 Safety PLC
5 TesysU
6 Altivar 71
7 Modbus SL bus

1

2 3 4 5 6

7

Adr. 1 Adr. 2 Adr. 3 Adr. 4 Adr. n
33003849 07/2007 19



Modbus SL Basics
Cable Length and Grounding

Overview When setting up a new Modbus SL point-to-multipoint application, always use a 
shielded twisted pair cable and consider the maximum cable length allowed. 
Restrictions apply to the trunk cable (bus) as well as to the individual derivations.

Factors 
Influencing the 
Length of the 
Trunk Cable

The following factors influence the length of the trunk cable:

� transmission rate
� cable type (gauge, capacitance or characteristic impedance)
� number of loads that are directly connected (daisy chaining)
� network configuration (2-wire or 4-wire)

Cable Length 
Examples

The following table provides an example of determining the cable length according 
to the transmission rate and the cable type:

Expanding the 
Cable Length 
Using Repeaters

To expand the length of your Modbus SL trunk cable you can integrate repeaters in 
your system. With a maximum of 3 repeaters being allowed in 1 system, you can 
expand the allowed cable length by factor 4, i.e. to a maximum cable length of 
4,000 m (13,123 ft).

Length of 
Derivation 
Cables

The length of each derivation must not exceed 20 m (65 ft).

If you are using a multi-port tap with n derivations, make sure that the maximum 
length of 40 m (131.23 ft) is not exceeded for all n derivations together.

Grounding The shield of the connector must be connected to protective ground at least at 1 
point.

Note: If you are using a 4-wire cabling system for a 2-wire application, please note 
that the maximum cable length must be divided by two. 

Transmission Rate 19,200 bit/s

Cable Type (Gauge) 0.125...0.161 mm2 (AWG 26) (or larger)

Maximum Cable Length 800 m (2624 ft)
20 33003849 07/2007 



Modbus SL Basics
RC Termination

Overview To prevent unintended effects, like reflections, from occurring in your Modbus SL 
application, make sure to terminate the transmission lines properly. 

Use RC termination, as described in this section, for your XPSMF•• applications. It 
minimizes the loop current and the line reflections, increases the noise margin and 
supports open input receiver failsafe.

Terminating 
Your Network 
with RC 
Termination

To terminate your network with RC termination, proceed as follows:

Step Action

1 Choose 2 serial capacitors of 1 nF, 10 V minimum and two 120 Ω (0.25 W) 
resistors as line termination.

2 Integrate these components at both ends of your Modbus SL communication line 
as shown in pos. 5 of the schematic diagram in section Integrating Polarization 
Resistors into the Application, p. 23.

3 Connect these line terminations between the 2 conductors of the balanced 
Modbus SL line.
33003849 07/2007 21



Modbus SL Basics
Line Polarization

Overview In cases when there is no data activity, the bus is subjected to external noise or 
interference. In order to prevent the receivers from adopting improper states, some 
Modbus devices need to be biased, i.e. the constant state of the line must be 
maintained by an external pair of resistors connected to the RS 485 balanced pair. 

Biasing Your 
Network

To guarantee proper line polarization, proceed as follows:

Step Action

1 Check the devices you want to integrate into your Modbus SL application: Is 
there any device that needs external line polarization? If at least 1 of the devices 
needs external line polarization, proceed with step 2, otherwise no line 
polarization is required for your current application.

2 Integrate a pull-up resistor (650 Ω recommended) to a 5 V voltage into the D1 
circuit. 

3 Integrate a pull-down resistor (650 Ω recommended) to the common circuit into 
the D0 circuit.
22 33003849 07/2007 



Modbus SL Basics
Integrating 
Polarization 
Resistors into 
the Application

Schematic diagram 

Elements of the application

Note: This pair of polarization resistors must only be integrated at one location for 
the whole serial bus. You should integrate these resistors at the master device or 
its tap as shown in the figure below.

R T R T

Common
D0

D1

1n F

120Ω

650 Ω

650 Ω

0 V

5 VTR

1n F

120Ω

1

32

4

5
5

6

66

6

No. Element

1 master

2 slave 1

3 slave n

4 polarization resistors

5 line termination

6 shield
33003849 07/2007 23



Modbus SL Basics
Modbus SL Wiring Checklist

Overview For Modbus SL wiring, consider the following:

Type of Trunk Cable shielded cable with 1 twisted pair and at least a third conductor 

Maximum Length of Bus 1000 m (3,280 ft) at 19,200 bit/s with the Telemecanique TSX 
CSA• cable

Maximum Number of 
Stations (without repeater)

32 stations, i.e. 31 slaves

Maximum Length of Tap 
Links

� 20 m (65 ft) for one tap link
� 40 m (131 ft) divided by the number of tap links on a 

multiple junction box

Bus Polarization � one 450...650 Ω pull-up resistor at 5 V (650 Ω)
� one 450...650 Ω pull-down resistor at Common (650 Ω)

This polarization is recommended for the master.

Line Terminator one 120 Ω 0.25 W resistor in series with one 1 nF 10 V 
capacitor
24 33003849 07/2007 



Modbus SL Basics
1.3 Transmission Modes

At a Glance

Overview Modbus SL serial data transmission can be performed in the following two different 
modes that individually define the contents and format of the message fields that are 
transmitted via the network as well as the detection of start and end points of 
messages:

� RTU mode
� ASCII mode

The RTU mode is by default integrated in all Modbus devices. The ASCII mode can 
additionally be implemented for specific applications.

What's in this 
Section?

This section contains the following topics:

Note: Configure the same transmission mode in all devices on one Modbus serial 
line.

Topic Page

RTU Transmission Mode 26

RTU Framing 27

ASCII Transmission Mode 29

ASCII Framing 30
33003849 07/2007 25



Modbus SL Basics
RTU Transmission Mode

Overview RTU is the standard transmission mode that must by default be implemented in 
every Modbus device. 

In this transmission mode each 8-bit byte of a message contains 2 x 4-bit 
hexadecimal characters. This greater character density allows an improved data 
throughput compared with the ASCII transmission mode for the same transmission 
rate. 

Byte Format Each byte (11 bits) has the following format

Serially 
Transmitting 
Characters

In serial data transmission each character or byte is sent as follows (left to right):

Least Significant Bit (LSB) ... Most Significant Bit (MSB)

Bit sequence in RTU mode with parity checking 

Bit sequence in RTU mode without parity checking 

Coding System 8-bit binary

Bits per Byte 1 start bit
8 data bits, least significant bit sent first
1 bit for parity completion
1 stop bit

Parity even parity (default)
odd parity
no parity (requires 2 stop bits)

Note: If you transmit data without parity checking please note that an additional 
stop bit is transmitted to form a complete 11-bit asynchronous character frame.

Start 1 2 3 4 5 6 7 8 Par Stop

Start 1 2 3 4 5 6 7 8 Stop Stop
26 33003849 07/2007 



Modbus SL Basics
RTU Framing

Overview A Modbus message is transmitted in a frame with a defined beginning and a defined 
end point. This indicates to the receiving devices when a new message starts and 
when it is completed. The receiving devices can detect incomplete messages and 
inform the master by issuing errors.

RTU Frame In addition to the user data, the RTU frame includes the following information: 

� slave address (1 byte)
� function code (1 byte)
� Cyclic Redundancy Checking (CRC) field

The maximum size of an RTU frame is 256 bytes.

RTU message frame 

Slave
Address

Function
Code Data CRC

1 byte 1 byte 0...252 byte(s) 2 bytes

CRC Low CRC Hi
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Separating 
Message Frames 
by Silent Times

Individual frames are separated by a silent interval, also called interframe delay, of 
at least 3.5 character times. The following figure provides an overview of 3 frames 
being separated by an interframe delay of at least 3.5 character times. 

Message frames separated by silent times 

1 Frame 1
2 Frame 2
3 Frame 3
RTU message frame with start and end silent times 

Detecting 
Incomplete 
Frames

In RTU mode it is required that the entire message frame is transmitted as a 
continuous stream of characters because silent times larger than 1.5 character 
times between 2 characters will be interpreted by the receiving device as incomplete 
frame. The receiver will discard this frame.

Detecting incomplete frames 

1 Frame 1 OK
2 Frame 2 Not OK

at least 3.5 char

t0

at least 3.5 char

3.5 char

4.5 char

1 2 3

interframe
delay

interframe
delay

interframe
delay

Address Function Data CRC Check
8 bits 8 bits N x 8 bits 16 bits

Start
> 3,5 char

End
> 3,5 char

Modbus message

-

t0

< 1.5 char

1 2

< 1.5 char
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ASCII Transmission Mode

Overview In case the physical communication link or the capabilities of the device do not allow 
the conformance with RTU mode requirements regarding timer management, 
devices can also be configured to communicate in ASCII (American Standard Code 
for Information Interchange) mode, even though this mode provides a less data 
throughput than the default RTU mode because each byte needs 2 characters. 

Byte Format Each byte (10 bits) has the following format

Serially 
Transmitting 
Characters

In serial data transmission each character or byte is sent as follows (left to right):

Least Significant Bit (LSB) ... Most Significant Bit (MSB)

Bit sequence in ASCII mode with parity checking 

Bit sequence in ASCII mode without parity checking 

Coding System hexadecimal
ASCII characters 0-9, A-F

Bits per Byte 1 start bit
7 data bits, least significant bit sent first
1 bit for parity completion
1 stop bit

Parity even parity (default)
odd parity
no parity (requires 2 stop bits)

Note: If you transmit data without parity checking, please note that an additional 
stop bit is transmitted to form a complete 10-bit asynchronous character frame.

Start 1 2 3 4 5 6 7 Par Stop

Start 1 2 3 4 5 6 7 Stop Stop
33003849 07/2007 29



Modbus SL Basics
ASCII Framing

Overview A Modbus message is transmitted in a frame with a defined beginning and a defined 
end point. 

ASCII Frame In addition to the user data, the ASCII frame includes the following information: 

� start bit
� slave address (1 byte)
� function code (1 byte)
� Longitudinal Redundancy Checking (LRC) field

The maximum size of an ASCII frame is 513 bytes.

ASCII message frame 

Separating 
Message Frames 
by Specific 
Characters

In contrast to RTU framing, where individual messages are detected via silent 
intervals, the ASCII mode includes special characters indicating the start and the 
end of a frame.

 

You can change the line feed character, that indicates the end of a frame, by using 
a specific Modbus application command (for details refer to the document Modbus 
Application Protocol Specification available at www.modbus.org).

The remaining data fields (apart from the start and stop frames) may contain the 
characters hexadecimal 0–9, A–F (ASCII coded). 

The receiving devices continuously monitor the data stream on the bus for the colon 
character. If this character is detected, all following characters will be decoded until 
the character pair indicating the end of the frame is detected. 

Address Function Data LRC

2 chars 2 chars 0...2x252 char(s) 2 chars

Start

1 char
.
.

End

2 chars
CR,LF

Frame Start / Stop ASCII Character

Start of a Frame colon character (:) (ASCII 3A hex)

End of a Frame carriage return - line feed (CRLF) character pair (ASCII 0D and 
0A hex)
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1.4 Modbus Messaging

At a Glance

Overview This section lists the individual fields a Modbus data frame consists of and provides 
a messaging example for a specific function code.

What's in this 
Section?

This section contains the following topics:

Topic Page

Modbus Frame Description 32

Modbus Messaging 33
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Modbus Frame Description

Overview A Modbus frame is also referred to as data frame or telegram. The basic Modbus 
frame consists of the protocol data unit (PDU) that is extended in Modbus SL 
communications by the address field of the Modbus SL slave and the error checking 
field.

Modbus frame 

Frame Segments The extended Modbus Serial Line frame consists of the following segments:

Address field Function code Data CRC (or LRC)

Modbus Serial Line PDU

Modbus PDU

Frame Segment Size Description

Address Field 1 byte contains address of requested slave

Function Code 1 byte contains the function code

Data n bytes (high-byte, 
low-byte)

contains the data belonging to the request

CRC (or LRC) 2 bytes (low-byte, 
high-byte)

contains the error check sum:
� CRC for RTU message frames
� LRC for ASCII message frames
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Modbus Messaging

Overview In Modbus SL communications request and response messages have an analog 
structure. Each request issued by a master requires a response from the slave node. 
If an error occurs or if the slave cannot execute the requested action, the slave 
device sends an error message as response. 

The following table lists the available public function codes.

Function Codes

Code Sub Code (hex)

Bit Access
Physical Discrete Inputs Read Discrete Inputs 02 02

Internal Bits  or Physical 
Coils

Read Coils 01 01

Write Single Coil Write 
Multiple Coils

05 15 05 0F

Read Input Register

16-Bits 
Access

Physical Input Registers 04 04

Internal Registers or 
Physical Output Registers

Read Holding Registers 
Write Single Register

03 06 03 06

Write Multiple Registers 
Read/Write Multiple 
Registers Mask Write 
Register

16 23 22 10 17 16S

Read FIFO Queue Read 
File Record

24 20 6 18 24

File Record Access Write File Record Read 
Exception Status 
Diagnostic

21 07 08 6  00-18,20 15 07 08

Diagnostics Get Com Event Counter 
Get Com Event Log Report 
Slave ID

11 12 17 OB 0C 11

Other Read Device Identification 
Encapsulated Interface 
Transport

43 43 14 13, 14 2B 2B
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Messaging 
Example 
Function 
Code 03

The following tables provide a messaging example for Function Code 03 (Read 
Holding Registers). With this function code you can read the contents of a 
contiguous block of holding registers in the remote device. The request message 
(PDU) specifies the starting register address and the number of registers. Please 
note that registers in the PDU are addressed starting at 0.

Request message

Response message

Error message

Data Size Value

Function Code 1 byte 0x03

Starting Address 2 bytes 0x0000 ... 

0xFFFF

Quantity of Registers 2 bytes 1 ... 125 (0x7D)

Data Size Value

Function Code 1 byte 0x03

Byte Count 1 byte 2 x N

(N = quantity of 
registers)

Register Value N x 2 bytes
(N = quantity of registers)

–

Data Size Value

Error Code 1 byte 0x83

Exception Code 1 byte 01 or 02 or 03 or 04
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An example of requesting registers 108 ... 110 is provided below:

Request

Response

The contents of register 108 is represented by the 2 byte values 02 2B hex or 555 
decimal. 

The contents of registers 109 and 110 are represented by the values 00 00 and 
00 64 hex, respectively 0 and 100 decimal.

Field Name Value (hex)

Function Code 03

Starting Address Hi 00

Starting Address Lo 6B

No. of Registers Hi 00

No. of Registers Lo 03

Field Name Value (hex)

Function 03

Byte Count 06

Register Value Hi (108) 02

Register Value Lo (108) 2B

Register Value Hi (109) 00

Register Value Lo (109) 00

Register Value Hi (110) 00

Register Value Lo (110) 64
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2

Modbus SL Characteristics with 
XPSMF•• Safety PLCs
At A Glance

Overview This chapter describes the characteristics of Modbus Serial Line in applications with 
XPSMF•• Safety PLCs.

What's in this 
Chapter?

This chapter contains the following sections:

Section Topic Page

2.1 Interfaces 39

2.2 Wiring Examples 43

2.3 Transmission Parameters 46

2.4 Modbus SL Function Codes 47
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Modbus SL Characteristics XPSMF•• Safety PLCs
2.1 Interfaces

At a Glance

Overview The following sections describe the interfaces of the XPSMF•• Safety PLCs for 
Modbus SL connections.

What's in this 
Section?

This section contains the following topics:

Topic Page

Modbus Serial Line RJ-45 Socket 40

Modbus Serial Line SUB-D9 Connector 41

XPSMFADAPT (SUB-D9/RJ-45) 42
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Modbus Serial Line RJ-45 Socket

Pin Assignment The XPSMF4020 and XPSMF4022 Safety PLCs provide an RJ-45 socket for 
Modbus SL slave connections on their front panels.

The following table shows the pin assignment of the Modbus RJ-45 socket on the 
front panel of the XPSMF4020 / 4022:

Pin assignment of the Modbus RJ-45 socket 

Connection Signal Function

1 - - - - - -

2 - - - - - -

3 - - - - - -

4 D1 receiving / transmitting data (B)

5 D0 receiving / transmitting data (A)

6 - - - - - -

7 VP 5 V (30 mA) supply

8 common data reference potential (ground to VP)

1

8
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Modbus Serial Line SUB-D9 Connector

SUB-D9 
Connector

The following Safety PLCs are equipped with a SUB-D9 connector:

To connect these Safety PLCs via RJ-45, use the SUB-D9 / RJ-45 adapter 
XPSMFADAPT (for details see XPSMFADAPT (SUB-D9/RJ-45), p. 42).

Pin Assignment The following table shows the pin assignment of the Modbus SUB-D9 connector for 
all above mentioned Safety PLCs:

Pin assignment of the Modbus SUB-D9 connector 

Safety PLC Name of Modbus SL Connector

XPSMF3022 FB3 (field bus 3)

XPSMF3522 FB2 (field bus 2)

XPSMF60 (XPSMFCPU22 module) FB2 (field bus 2)

Pin Signal Description

1 - -

2 - -

3 D1 receiving/transmitting data (B)

4 CNTR-D1 control signal (B)

5 COMMON data reference potential (ground to VP)

6 VP 5 V (30 mA) supplier

7 - -

8 D0 receiving/transmitting data (A)

9 CNTR-D0 control signal (A)

1 2 3 4 5

6 7 8 9
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XPSMFADAPT (SUB-D9/RJ-45)

Safety PLCs with 
SUB-D9 
Connector

Use the adapter XPSMFADAPT to connect the following Safety PLCs, that are 
equipped with a SUB-D9 connector, via an RJ-45 connector.
� XPSMF3022
� XPSMF3522
� XPSMF60 (module XPSMFCPU22)

Pin Assignment 
XPSMFADAPT

The following table shows the pin assignment of the adapter XPSMFADAPT:

XPSMFADAPT 

Line SUB-D9 Pins RJ-45 Pins

D1 3 4

D0 8 5

VP 6 7

Common 5 8
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2.2 Wiring Examples

At A Glance

Overview The following sections provide examples of connecting XPSMF•• Safety PLCs to 
Modbus SL.

What's in this 
Section?

This section contains the following topics:

Topic Page

Modbus SL Connection via RJ-45 44

Modbus SL Connection via Junction Box 45
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Modbus SL Connection via RJ-45

Scheme The following scheme shows an example of connecting the XPSMF4020 or 
XPSMF4022 to Modbus SL via an RJ-45 wiring system: 

Elements of the application

For details on the accessories used for this application, refer to section Accessories 
for Modbus SL Connections via RJ-45, p. 88.

No. Element

1 master (PLC, PC or communication module)

2 Modbus SL cable depending on the type of master

3 Modbus SL splitter block LU9 GC3

4 Modbus SL cables VW3 A8 306 R••

5 line terminators VW3 A8 306 RC

6 Modbus SL T-junction boxes VW3 A8 306 TF•• (with cable)

7 Magelis Graphic Terminal (e.g. XBT-GT••••)  (provides the polarization of the 
Modbus SL field bus)

32

1

4

4 4

6

5

7

XPSMF40

4

3

4

5

4

4
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Modbus SL Connection via Junction Box

Scheme The following scheme shows an example of connecting the XPSMF4020 or 
XPSMF4022 to Modbus SL via junction boxes: 

Elements of the application

For details on the accessories used for this application, refer to Accessories for 
Modbus SL Connections via Junction Boxes, p. 91.

No. Element

1 master (PLC, PC or communication module)

2 Modbus SL cable depending on the type of master

3 Modbus SL cable TSX CSA•00

4 T-junction box TSX SCA 50

5 subscriber sockets TSX SCA 62

6 Modbus SL drop cables VW3 A8 306

7 Modbus SL drop cable VW3 A8 306 D30

8 XPSMF4020 or XPSMF4022 Safety PLCs

2

1

5

6 7

43

8
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2.3 Transmission Parameters

Supported Modbus Serial Line Parameters

  

Parameter Description

slave address 1...247 (possible to assign up to 247 different slave addresses)
default address: 1
The slave address has to be unique.

bit rate (bit/s) transmission speed
115,200 / 76,800 / 62,500 / 57,600 / 38,400 / 19,200 / 9,600 / 4,800 
/ 2,400 / 1,200 / 600 / 300
default value: 19,200

parity none, odd, even
default value: even

stop bits standard = 1 stop bit
Adapt the number of stop bits to the parity (with parity = 1 stop bit, no 
parity = 2 stop bits).
default value: 1 stop bit

transmission mode RTU

interframe delay 
(number of idle chars)

the number of idle characters at the start and the end of an RTU 
telegram frame
value range: 4...65535
default value: 5 characters
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2.4 Modbus SL Function Codes

At a Glance

Overview The following sections provide an overview of the Modbus SL function codes 
supported by the XPSMF•• Safety PLC  as well as a description of 32-bit data 
transmission (big-endian and little-endian data format).

What's in this 
Section?

This section contains the following topics:

Topic Page

Supported Function Codes 48

Transfer of 32-Bit Data (in Big-Endian/Little-Endian Format) 49
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Supported Function Codes

Supported 
Modbus 
Functions

The following Modbus SL function codes are supported by the XPSMF•• Safety 
PLCs:

For more information on the individual function codes visit www.modbus.org.

Element Code 
(dec)

Description

READ COIL 01 Reads several variables (BOOL) from the slave’s 
import or export area.

READ DISCRETE INPUT 02 Reads several variables (BOOL) from the slave’s 
export area.

READ HOLDING 
REGISTER

03 Reads several variables of any type from the slave’s 
import or export area.

READ INPUT REGISTER 04 Reads several variables of any type from the slave’s 
import area.

READ WRITE HOLDING 
REGISTER

23 Reads several variables of any type from the slave’s 
import or export area
Writes several variables of any type to the slave’s 
import area.

WRITE SINGLE COIL 05 Writes 1 single variable (BOOL) in the slave’s import 
area.

WRITE SINGLE 
REGISTER

06 Writes 1 single variable (WORD) in the slave’s import 
area.

WRITE MULTIPLE COIL 15 Writes several variables (BOOL) in the slave’s import 
area.

WRITE MULTIPLE 
REGISTER

16 Writes several variables of any type in the slave’s 
import area.

DIAGNOSTICS 08 only subcode 0: loopback function of the slave

READ DEVICE 
IDENTIFICATION

43 Supplies the slave’s identification data to the master.
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Transfer of 32-Bit Data (in Big-Endian/Little-Endian Format)

Order of Transfer Big-endian and little-endian are terms that describe the order in which a sequence 
of words is transferred.

Big-endian is an order in which the "big end" (most significant value in the sequence) 
is transferred first (at the lowest storage address). 

Little-endian is an order in which the "little end" (least significant value in the 
sequence) is transferred first. 

32-Bit Data 
Transfer

XPSMF•• Safety PLCs transfer 32-bit data (DWORD, DINT, REAL) in big-endian 
format.

Other devices (e.g. Premium, Quantum, Magelis) transfer 32-bit data in little-endian 
format.

Compatibility 
Problems

UNINTENDED EQUIPMENT OPERATION
Be aware of compatibility problems while exchanging 32-bit data between a Safety 
Controller/PLC and other devices.
Different devices may use different transfer formats (big-endian, little-endian).
Failure to follow these instructions can result in injury or equipment damage.

CAUTION
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Modbus SL Software 
Configuration with XPSMFWIN
At a Glance

Overview To configure an XPSMF•• Safety PLC for Modbus SL applications, use the 
XPSMFWIN programming environment. This configuration process is divided into 2 
steps. First of all, define the protocol itself and configure general communication 
parameters (like interface, slave address or transmission rate). Secondly, configure 
the areas of the XPSMF•• Safety PLC the Modbus SL master should read from. 

As a last step you have to configure your Modbus SL master device for addressing 
the areas of the XPSMF•• Safety PLCs it should read from. Since the actual 
configuration steps depend on the master device you are using in your application, 
this manual provides examples of how to determine the specific signal areas.

What's in this 
Chapter?

This chapter contains the following sections:

Section Topic Page

3.1 General Settings for Modbus Communications 53

3.2 Read Areas in XPSMF•• Safety PLCs 60
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XPSMFWIN Software Configuration
3.1 General Settings for Modbus Communications

At a Glance

Overview After you have performed general project development in the XPSFWIN 
programming environment, i.e. creating a project and selecting the PLC type, 
configure general communications parameters for Modbus SL communications as 
described in this section.

What's in this 
Section?

This section contains the following topics:

Topic Page

General Information on Software Configuration 54

Configuring Modbus SL as Protocol 55

General Communication Parameters 57
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General Information on Software Configuration

General Before you start to connect an XPSMF•• safety PLC via Modbus SL it is a 
prerequisite that you have already executed the general project development 
(creating a project, programming, etc.) in the XPSMFWIN software.

For detailed information about general project development see the XPSMFWIN 
Software Manual.

Modbus SL Slave 
Devices

The XPSMF•• safety PLCs are Modbus SL slave devices.

At the time when Modbus SL codes were created, a Modbus SL slave was seen as 
a field device with hardware inputs and outputs which could be read or written by a 
Modbus master device.

Modbus SL slave devices generally provide digital hardware inputs/outputs and 
analog hardware inputs/outputs.

 

Modbus SL 
Master Devices

A Modbus master can read and write to data inputs of the slaves. 

The master can only read the data outputs.

Modbus SL 
Configuration

The following sections describe the specific steps required for configuring XPSMF•• 
safety PLCs for Modbus SL applications with the XPSMFWIN programming 
environment.

Hardware Output (= Data Input) Data Type Hardware Input (= Data Output)

coil (0x0) BOOL discrete input (1x)

holding register (4x) WORD input register (3x)
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Configuring Modbus SL as Protocol

Overview After you have created a new project and selected the PLC type (for further details 
on these steps see the XPSMFWIN Software Manual), configure Modbus SL as 
protocol to be used for this project.

Configuring 
Modbus SL as 
Protocol

To configure Modbus SL as protocol, proceed as follows:

Step Action

1 In the XPSMFWIN Software (ELOP II Factory Hardware Management) right-click 
the item Protocols in the tree structure on the left-hand side of the dialog box.
  

ELOP II Factory  Hardware Management 
Project  Edit  Signals  Online  Windows  Help

 [1] Resource

Configuration

I

Programming Terminal
MCP Configuration

Project

 Remote I/O
 TypeInstance

 [0] XPSMF 40

Protocols
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XPSMFWIN Software Configuration
2 Select the items New → Modbus Slave from the shortcut menu.
  

Result: A new sub-entry Modbus Slave will be displayed under Protocols.
 

Step Action

ELOP II Factory  Hardware Management 

Project

 [1] Resource

Configuration

I

Remote I/O

TypeInstance

[0] XPSMF 40
Programming Terminal

MCP Configuration

Protocols

Copy
Paste
Delete
Print...

Properties

Validate
New

MAS

MAS
MM

MAS
PM

P
TCP
SR

SNTP

SNTP

Modbus Slave

ASCII Protocol
Ethernet/IP
Interbus Master
Modbus Master

Profibus DP Master
Profibus dp Slave
Send/Receive over TCP
SNTP Client
SNTP Server

Project  Edit  Signals  Online  Windows  Help

ELOP II Factory  Hardware Management 
Project  Edit  Signals  Online  Windows  Help

Project

 [1] Resource

Configuration

I

Remote I/O

TypeInstance

[0] XPSMF 40
Programming Terminal

MCP Configuration

Protocols
Modbus Slave
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General Communication Parameters

Configuring the 
XPSMF•• Safety 
PLC

After you have configured Modbus SL as protocol for the application, configure the 
XPSMF•• Safety PLC available in your application:

Step Action

1 Right-click the item Modbus Slave from the tree structure on the left-hand side of the XPSMFWIN user 
interface and select Properties from the shortcut menu.
  

Result: The dialog box /Configuration/Resource/Protocols/Modbus Slave will be displayed on the 
right-hand side of the XPSMFWIN user interface.

2 In the /Configuration/Resource/Protocols/Modbus Slave dialog box click the Serial Interfaces tab.

3 In the Serial Interfaces tab select the suitable Interface for your XPSMF•• Safety PLC. 
Select
� fb1 for XPSMF4020 / 4022
� fb2 for XPSMF3522 or XPSMF60 (XPSMCPU22 module)
� fb3 for XPSMF3022

ELOP II Factory  Hardware Management 

Project

 [1] Resource

Configuration

I

Remote I/O

TypeInstance

[0] XPSMF 40
Programming Terminal

MCP Configuration

Protocols
Modbus SlaveConnect Signals

Validate

New

Import
Export

Copy
Paste

Delete

Print...

Properties

Project  Edit  Signals  Online  Windows  Help
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4 Click Apply to confirm your selection.
  

Result: Now that you have specified your XPSMF•• safety PLC you can edit the remaining parameters 
for further configuring the device.

Step Action

ELOP II Factory  Hardware Management

Protocols

Project

 [1] Resource
Configuration

I

Remote I/O
TypeInstance

[0] XPSMF 40
Programming Terminal

MCP Configuration

Modbus Slave

General Serial Interfaces

/Configuration/Resource/Protocols/Modbus Slave

 TCP and UDP Ports

Interface
Slave Address

 CPU/COM

fb1
1

Baud rate (bps)
Parity

57600
Even

Stop Bits
Number of idle chars

Standard
5

Project  Edit  Signals  Online  Windows  Help

OK Cancel Apply Help
58 33003849 07/2007 



XPSMFWIN Software Configuration
Configuring 
General 
Communication 
Parameters

Configure the general configuration parameters in the /Configuration/Resource/
Protocols/Modbus Slave dialog box according to your individual requirements:

Step Action

1 Enter a slave address between 1 and 247.
Make sure that the slave address is unique.
default value: 1

2 Select the transmission rate available in your application from the list of the Baud rate [bps] text box.
default value: 57,600 

3 Select the parity suitable for your application from the Parity list.
available values: Even (default), No, Odd

4 Select the number of stop bits, that should be added to each Modbus frame, from the Stop Bits list.
To add a variable number of stop bits to guarantee that each Modbus frame has a length of 11 bit select 
the value Standard.
available values: Standard (default), 1, 2

5 If your application runs in RTU transmission mode, enter a value for the interframe delay, i.e. the silent 
interval between 2 frames, in the Number of idle chars text box. Since this idle time must have a length 
of at least 3.5 characters, the value range of this parameter is 4...65535. 
default value: 5 characters
Example configuration 

ELOP II Factory  Hardware Management
Project Edit Signals Online

Protocols

Project

 [1] Resource
Configuration

I

Remote I/O
TypeInstance

[0] XPSMF 40
Programming Terminal

MCP Configuration

Modbus Slave

Windows Help

General Serial Interfaces

/Configuration/Resource/Protocols/Modbus Slave

 TCP and UDP Ports

Interface
Slave Address

 CPU/COM

fb1
10

Baud rate (bps)
Parity

19200
Even

Stop Bits
Number of idle chars

Standard
5

OK Cancel Apply Help
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3.2 Read Areas in XPSMF•• Safety PLCs

At a Glance

Overview After you have configured Modbus SL as transmission protocol and you have 
defined and configured the XPSMF•• Safety PLC, you still have to define the areas 
of the XPSMF•• Safety PLC the Modbus SL master can read data from.

What's in this 
Section?

This section contains the following topics:

Topic Page

Import and Export Areas of XPSMF•• Safety PLCs 61

Read Areas for FC 01/03 and 23 62

Data Refresh Rate 64

Communication Signals 65

Addressing 71

Addressing Examples 75
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Import and Export Areas of XPSMF•• Safety PLCs

Import/Export 
Area

The XPSMF•• safety PLCs provide an import and an export area.

The import and export areas do not differ concerning data types.

The following diagram shows the import and export areas of the XPSMF•• Safety 
PLCs the Modbus master accesses for reading/writing data, depending on the 
Modbus function code. 

* Configurable with XPSMFWIN

For more information on the supported Modbus functions see Supported Function 
Codes, p. 48).

Modbus master

read readwrite

01 (Bool) *
----
03 (Word) *
----
23 (Word) *
----
----
----
----

01 (Bool) *
02 (Bool)
03 (Word) *
04 (Word)
23 (Word) *
----
----
----
----

----
----
----
----
----
05 (Bool)
06 (Word)
15 (Bool)
16 (Word)
23 (Word) 

XPSMF•• slave
Export areaImport area
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Read Areas for FC 01/03 and 23

Overview As can be seen in the diagram of the previous section, function codes 01, 03 and 
23, that are configurable with XPSMFWIN, can read data from the import area as 
well as from the export area of the XPSMF•• Safety PLC. It is first of all required to 
define the area that should be accessed by these function codes with the 
XPSMFWIN Factory Hardware Management software. 

Defining Read 
Areas for FC01/
03 and 23

To configure the areas to read for function codes 01, 03 and 23, proceed as follows:

Step Action

1 Right-click the item Modbus Slave from the tree structure on the left-hand side of the XPSMFWIN user 
interface and select Properties from the shortcut menu.
  

Result: The /Configuration/Resource/Protocols/Modbus Slave dialog box will be displayed with the 
General tab being open.

2 Define the area, function codes 1and 3 should read data from, by setting the parameter Area to Read 
Function Codes 1 and 3 either to Export Area (compatible to H51q) in order to read data from the 
export area of the Safety PLC. Or set the parameter Area to Read Function Codes 1 and 3 to the value 
Import Area in order to read data from the import area of the Safety PLC with function code 1 or 3.

ELOP II Factory  Hardware Management 

Project

 [1] Resource

Configuration

I

Remote I/O

TypeInstance

[0] XPSMF 40
Programming Terminal

MCP Configuration

Protocols
Modbus SlaveConnect Signals

Validate

New

Import
Export

Copy
Paste

Delete

Print...

Properties

Project  Edit  Signals  Online  Windows  Help
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3 Define the area, function code 23 should read data from, by setting the parameter Area to Read with 
Function Code 23 either to Export Area in order to read data from the export area of the Safety PLC. 
Or set the parameter Area to Read with Function Code 23 to the value Import Area in order to read 
data from the import area of the Safety PLC with function code 23. 
Example configuration 

Step Action

ELOP II Factory  Hardware Management 
Project  Edit  Signals  Online  Windows  Help

Protocols

Project

 [1] Resource

Configuration

I

Remote I/O

TypeInstance

[0] XPSMF 40
Programming Terminal

MCP Configuration

Modbus Slave

General Serial Interfaces

/Configuration/Resource/Protocols/Modbus Slave

 TCP and UDP Ports

Area to Read Function Codes 1 and 3
Area to Read with Function Code 23

 CPU/COM

Export Area (compatible to H51q)
Import Area

OK Cancel Apply Help
33003849 07/2007 63



XPSMFWIN Software Configuration
Data Refresh Rate

Overview Configure a time for refreshing the configuration in the XPSMF•• Safety PLC. 

Configuring the 
Data Refresh 
Rate

To configure a data refresh rate, proceed as follows:

Step Action

1 Right-click the item Modbus Slave from the tree structure on the left-hand side of the XPSMFWIN user 
interface and select Properties from the shortcut menu.
Result: The /Configuration/Resource/Protocols/Modbus Slave dialog box will be displayed.

2 In the /Configuration/Resource/Protocols/Modbus Slave dialog box open the CPU/COM tab.
  

3 Enter a time (in milliseconds) in the Refresh Rate [ms] text box. The configuration values of the slave 
device will be updated in intervals defined in this text box. To instantly update the values after you have 
changed configuration settings, do not change the default setting 0.

4 To update configuration settings with every data processing cycle of the slave device, select the Within 
one cycle check box.

5 Click Apply to save your settings or click OK to save your settings and to close the dialog box.

ELOP II Factory  Hardware Management

Protocols

Project

 [1] Resource
Configuration

I

Remote I/O
TypeInstance

[0] XPSMF 40
Programming Terminal

MCP Configuration

Modbus Slave

General Serial Interfaces

/Configuration/Resource/Protocols/Modbus Sla.

 TCP and UDP Ports

Refresh Rate (ms)
Within one cycle

 CPU/COM

0

Project  Edit  Signals  Online  Windows  Help

OK Cancel Apply Help
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Communication Signals

Overview Define the signals that should be transmitted via Modbus SL transfer lines with the 
Signal Editor.

Defining Signals 
with the Signal 
Editor

To define signals with the Signal Editor, proceed as follows:

Step Action

1 Select the Editor command from the Signals menu.
  

Result: The Signal Editor dialog box will be displayed.

ELOP II Factory  Hardware Management
Project   Edit   Signals   Online    Windows    Help

 [1] Resource
Configuration

I

Programming Terminal
MCP Configuration

Project

Protocols

Remote I/O

TypeInstance

[0] XPSMF 40

Modbus Slave

Editor

Editor with filter

Export Signal List

Import Signal List

Print Signal List

Print Cross References

Delete Cross References of Logic
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2 To create a new signal, click the New Signal button in the Signal Editor dialog box.
 

Result: A new row will be added to the list below.

3 In this new row enter a unique name for the new signal in the Name column and select the suitable signal 
type from the list of the Type column. We recommend to enter a neutral name in the Name column with 
counter index starting with zero to be able to correctly choose registers (input / output) when assigning 
signals.
New input and output signals in the Signal Editor dialog box 

Step Action

ELOP II Factory  Hardware Management 
Project  Edit  Signals  Online  Windows  Help

Protocols

Project

 [1] Resource

Configuration

I

Remote I/O

TypeInstance

[0] XPSMF 40
Programming Terminal

MCP Configuration

Modbus Slave

Signal Editor

New  Signal  Delete Signal  Help
Name

1 BOOL
Type Retain Constant Description Init Value

Signal_1
New  Signal

Signal Editor

New  Signal  Delete Signal  Help
Name

1 BOOL
Type Retain Constant Description Init Value

IN_Signal_1
2 BOOLIN_Signal_2
3 BOOLOUT_Signal_1
4 BOOLOUT_Signal_2
5 DWORDIN_Dword_1
6 DWORDOUT_Dword_1
7 INTIN_Integer_1
8 INTIN_Integer_2
9 INTOUT_Integer_1
10 INTOUT_Integer_2
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4 In order to assign the signals to the XPSMF•• Safety PLC, right-click the item Modbus Slave in the tree 
on the left-hand side of the dialog box and select the command Connect Signals from the shortcut 
menu.
 

Result: The Signal Connections Editor will open with the Inputs tab being active. The import and export 
area of the XPSMF•• safety PLCs correspond with the Inputs and Outputs tabs of the Signal 
Connections window.
Signal Connections window 

5 Move the Signal Editor dialog box next to the Signal Connections dialog box.

Step Action

ELOP II Factory  Hardware Management--
Project  Edit  Signals  Online  Windows  Help

Configuration

Protocols

Project

 [1] Resource

Configuration

Remote I/O

TypeInstance

[0] XPSMF 40

Modbus Slave

Programming Terminal
MCP Configuration

I

Signal
New Sign

New

Import
Export

Validate

Connect Signals

Copy
Paste

Print

Delete

Properties

1
Name

Name
Modbus001 BOOL 1
Modbus012 BOOL 1
Modbus023 BOOL 1

Inputs Outputs
Type Size

0
1
2

Offset Signal
Lamp1
Lamp2
Lamp3

New Connected Signal  Deleted Connected Signal New Offset  Help

Signal Connections [Config/Resource01/Protocols/Mod...
Protocols

NewResource1

Instance

HIMatrixF3DO
Remote_1

Modbus Protocol

Programming Terminal
HH-Network
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Assigning 
Signals to the 
Slave Device

Example of Signal Editor and Signal Connections dialog boxes 

Select 1 or several input signal names in the Signal Editor dialog box and drag 
these signals into the Signal column of the Signal Connections dialog box (Inputs 
tab). The new signals will be added to the Signal Connections table.

For new signal tables the offset values can be calculated automatically. To achieve 
this, click the New Offsets button.

Name
Modbus001 BOOL 1
Modbus012 BOOL 1
Modbus023 BOOL 1
Modbus034 BOOL 1

5 BOOL 1
Modbus056 BOOL 1
Modbus067 INT 2

8

Inputs Outputs
Type Size

0
1
2
3
4
5
6

Offset Signal

Lamp2_0

Valve_1_status

Analogue_01

Modbus04

Modbus07 INT 2 8

New Connected Signal  Deleted Connected Signal New Offset  Help

Signal Connections [Config/Resource01/Protocols/Mod...

Name
Lamp1_01
Lamp2_02 BOOL
Lamp3_03 BOOL
Valve_1_status4 BOOL

5 BOOL
Valve_3_status6 BOOL
Analogue_017 INT

8

Type Retain Const Description

Valve_2_status

Analogue_02 INT

New Signal  Deleted Signal

Signal Editor

 Help

BOOL
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Automatically assigning offset values with the New Offsets button: 

If you add new signals to an already existing signal table, we recommend to enter 
the offset value of each new signal manually. In this case make sure that you start 
with 0 and that you consecutively number the signals.

After you have assigned the input signals, representing the input area of the slave 
device, make sure to drag the output signals from the Signal Editor dialog box to 
the Outputs tab of the Signal Connections dialog box. 

Signal Editor

New  Signal  Delete Signal  Help
Name

1 BOOL
Type Retain Constant Description Init Value

IN_Signal_1
2 BOOLIN_Signal_2
3 BOOLOUT_Signal_1
4 BOOLOUT_Signal_2
5 DWORDIN_Dword_1
6 DWORDOUT_Dword_1
7 INTIN_Integer_1
8 INTIN_Integer_2
9 INTOUT_Integer_1
10 INTOUT_Integer_2

Name
IN_Signal_11 BOOL 1
IN_Signal_22 BOOL 1
IN_Dword_13 DWORD 4
IN_Integer_14 INT 2

5 INT 2

Inputs Output
Type Size

0
1
2
6
8

Offset Signal
IN_Signal_1
IN_Signal_2
IN_Dword_1
IN_Integer_1
IN_Integer_2IN_Integer_2

Signal Connections  [ /Configuration/ [ 1 ] Resource/Protocols/Modbus ...

New  Signal  Delete Signal New Offsets  Help

Total size: 10bytes

New Offsets
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Assigning output signals: 

Planning Hints When defining the communication signals you should have an idea of how you want 
to divide the address area.

To have an effective communication, signals should be arranged according to their 
type.

Integrate spare signals in the form of dummy signals, so that you can add new 
signals later on without having to change the addresses in the master.

Signal Editor

New  Signal  Delete Signal  Help
Name

1 BOOL
Type Retain Constant Description Init Value

IN_Signal_1
2 BOOLIN_Signal_2
3 BOOLOUT_Signal_1
4 BOOLOUT_Signal_2
5 DWORDIN_Dword_1
6 DWORDOUT_Dword_1
7 INTIN_Integer_1
8 INTIN_Integer_2
9 INTOUT_Integer_1
10 INTOUT_Integer_2

Name
OUT_S1 BOOL 1
OUT_S2 BOOL 1
OUT_D3 DWORD 4
OUT_In4 INT 2

5 INT 2

Inputs Output
Type Size

0
1
2
6
8

Offset Signal
OUT_Signal_1
OUT_Signal_2
OUT_Dword_1
OUT_Integer_1
OUT_Integer_2OUT_In

Signal Connections  [ /Configuration/ [ 1 ] Resource/Protocols/Modbus ...

New  Signal  Delete Signal New Offsets  Help

Total size: 10 bytes
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Addressing

Overview The XPSMF•• signals still have to be configured in the master to enable the master 
to access these signals. 

Addressing 
XPSMF•• Signals 
from the Master

To address the XPSMF•• signals from the master, proceed as follows:

Step Action

1 Open your current project in the XPSMFWIN (ELOP II) Factory Project Management software.
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2 Arrange the following dialog boxes, next to each other on your desktop:
� XPSMFWIN Factory Project Management, with your current project being open
� XPSMFWIN Factory Hardware Management, with the Signal Editor being open

  

Step Action

Project     Object     Edit      Window    Tools    Help
ELOP II Factory Project Management: “C:\Program Files\ELOP II Factory\LC\Samples\PRJ\Project“- NewLib\te

PROJ POU TYPE

ELOP II

VAR VAR_INPUT VAR_OUTPUT VAR_GLOBAL VAR_EXTERNAL

Level TextDate/Time

test (unchanged)PBSIG

Project
CFB

NewLink

NewLib
Configuration

Error-state viewer

  6
  5

  4
3

2

64 53

1
0

-1

87 9 10

P test

ELOP II Factory  Hardware Management 
Project  Edit  Signals  Online  Windows  Help

Protocols

Modbus TCP

 [0] test
Configuration

I

Remote I/O
TypeInstance

[0] XPSMF 40

Programming Terminal
HH-Network_1

Name
IN_Dword_11
IN_Integer_12 INT
IN_Integer_23 INT
IN_Signal_14 BOOL

5 BOOL
OUT_Dword_16 DWORD
OUT_Integer_17 INT

Type Retain

IN_Signal_2

New Signal  Delete Signal

Signal Editor
 Help

DWORD
Constant Description Init Value

Modbus Slav

8 INT
OUT_Signal_19 BOOL

10 BOOL

OUT_Integer_2

OUT_Signal_2

ACTION
Name Declaration AttributeInitial value Longname TypePath

11 12

FB INSTANCE

Page name:

 [1] Resource
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3 Select a signal in the Signal Editor dialog box and drag it to the Name column of the Factory Project 
Management dialog box.
 

Step Action

Project     Object     Edit      Window    Tools    Help
ELOP II Factory Project Management: “C:\Program Files\ELOP II Factory\LC

PROJ POU TYPE

ELOP II

VAR VAR_INPUT VAR_OUTPUT VAR_GLOBAL VAR_EXTERNAL

Level TextDate/Time

test (3changes)PBSIG

Project
CFB

NewLink

NewLib
Configuration

Error-state viewer

  6
  5

  4
3

2

64 53

1
0

-1

87 9 10

P test

ELOP II Factory  Hardware Management 
Project  Edit  Signals  Online  Windows  Help

Protocols

Project

 [1] Resource
Configuration

I

Remote I/O
TypeInstance

[0] XPSMF 40

Programming Terminal
HH-Network_1

Name
IN_Dword_11
IN_Integer_12 INT
IN_Integer_23 INT
IN_Signal_14 BOOL

5 BOOL
OUT_Dword_16 DWORD
OUT_Integer_17 INT

Type Retain

IN_Signal_2

New Signal  Delete Signal

Signal Editor
 Help

DWORD
Constant Description Init 

MCP Configuration

Modbus Slav

8 INT
OUT_Signal_19 BOOL

10 BOOL

OUT_Integer_2

OUT_Signal_2

ACTION
Name Declaration AttributeInitial value Longname TypePath
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Result The signal will be displayed in the Factory Project Management dialog box. 

  

Repeat this process for all signals of the XPSMF•• Safety PLC that should be 
accessed by the master.

Page name:

Name Declaration AttributeInitial value
VAR VAR_INPUT VAR_OUTPUT VAR_GLOBAL

Longname
VAR_EXTERNAL

TypePath

Level TextDate/Time

PB

***

Error-state viewer

ACTION FB INSTANCE

  6
  5

  4
3

2

64 53

1
0

-1

87 9 10 11 12

Page no: A/0 Pos: 89/20%

test (4 changes)

IN_Integer_1 INT
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Addressing Examples

Overview This section lists some examples of addressing certain signals for different function 
codes.

Basic Settings: 
Signal 
Connections 
Dialog Box

To be able to calculate the correct start addresses for your master device, the 
contents of the Signal Connections dialog box in the Factory Hardware 
Management software must be sorted by offset. To achieve this, proceed as 
follows:

Step Action

1 Open the Signal Connections dialog box in the Factory Hardware 
Management software.

2 Click on the column heading Offset.
Result: The contents of the Signal Connections dialog box will be sorted by 
offset.

Name
IN_Signal_11 BOOL 1
IN_Signal_22 BOOL 1
IN_Signal_33 BOOL 1
IN_Signal_44 BOOL 1

5 INT 2
IN_Integer_26 INT 2
IN_Dword_17 DWORD 4

8

Inputs Output
Type Size

0
1
2
3
4
6
8

Offset

IN_Integer_1

IN_Dword_2 DWORD 12

New Signal  Delete Signal  New Offsets  Help

  Signal Connections [ /Configuration/ [ 1 ] Resource/Protocols/M...

IN_UDint_19 UDINT
10

16
IN_UDint_2 UDINT 20

Signal
IN_Signal_1
IN_Signal_2
IN_Signal_3
IN_Signal_4

IN_Integer_2
IN_Dword_1

IN_Integer_1

IN_Dword_2
IN_UDint_1
IN_UDint_2

4
4
4

Total size: 24 bytes
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Calculating the 
Start Address

To calculate the start address for the master device, always subtract 1 from the 
number in the first column of the respective signal, the count index.

Example

The following examples refer to the above figure:

Basic Settings: 
Area to Read 
Function Codes

The calculation of the start address and the amount of variables a signal requires 
always depends on the settings for the parameters Area to Read Function Codes 
1 and 3 and Area to Read with Function Code 23 in the dialog box /
Configuration/Resource/Protocols/Modbus Slave. 

The examples below are based on the following settings: 

Signal Name Count Index – 1 = Start Address

IN_Integer_2 6 – 1 = 5

IN_Dword_2 8 – 1 = 7

ELOP II Factory  Hardware Management 
Project  Edit  Signals  Online  Windows  Help

Protocols

Project

 [1] Resource

Configuration

I

Remote I/O

TypeInstance

[0] XPSMF 40
Programming Terminal

MCP Configuration

Modbus Slave

General Serial Interfaces

/Configuration/Resource/Protocols/Modbus Slave

 TCP and UDP Ports

Area to Read Function Codes 1 and 3
Area to Read with Function Code 23

 CPU/COM

Export Area (compatible to H51q)
Import Area

OK Cancel Apply Help
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Calculating Start 
Address and 
Amount for 
Different 
Function Codes

The examples of calculating the start address and the amount of variables are based 
on the XPSMF•• inputs and outputs shown in the following figures. 

Inputs (import area) 

Outputs (export area) 

Name
IN_Signal_11 BOOL 1
IN_Signal_22 BOOL 1
IN_Signal_33 BOOL 1
IN_Signal_44 BOOL 1

5 INT 2
IN_Integer_26 INT 2
IN_Dword_17 DWORD 4

8

Inputs Output
Type Size

0
1
2
3
4
6
8

Offset

IN_Integer_1

IN_Dword_2 DWORD 12

New Signal  Delete Signal  New Offsets  Help

  Signal Connections [ /Configuration/ [ 1 ] Resource/Protocols/M...

IN_UDint_19 UDINT
10

16
IN_UDint_2 UDINT 20

Signal
IN_Signal_1
IN_Signal_2
IN_Signal_3
IN_Signal_4

IN_Integer_2
IN_Dword_1

IN_Integer_1

IN_Dword_2
IN_UDint_1
IN_UDint_2

4
4
4

Total size: 24 bytes

Name
OUT_Signal_11 BOOL 1
OUT_Signal_22 BOOL 1
OUT_Signal_33 BOOL 1
OUT_Signal_44 BOOL 1

5 INT 2
OUT_Integer_26 INT 2
OUT_Dword_17 DWORD 4

8

Inputs Output
Type Size

0
1
2
3
4
6
8

Offset

OUT_Integer_1

OUT_Dword_2 DWORD 12

New Signal  Delete Signal  New Offsets  Help

  Signal Connections [ /Configuration/ [ 1 ] Resource/Protocols/M...

OUT_UDint_19 UDINT
10

16
OUT_UDint_2 UDINT 20

Signal
OUT_Signal_1
OUT_Signal_2
OUT_Signal_3
OUT_Signal_4

OUT_Integer_2
OUT_Dword_1

OUT_Integer_1

OUT_Dword_2
OUT_UDint_1
OUT_UDint_2

4
4
4

Total size: 24bytes
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FC 01: Read 
Coils

Example

Read 4 Bool variables: OUT_Signal_1...OUT_Signal_4

FC 02: Read 
Discrete Inputs

Example

Read 3 Bool variables: OUT_Signal_2...OUT_Signal_4

FC 03: Read 
Holding 
Registers

Example

Read 2 DWORD variables: OUT_Dword_1...OUT_Dword_2

FC 15: Write 
Multiple Coils

Example

Write 3 Bool variables: IN_Signal_1...IN_Signal_3

Parameter Value Description

Start address 0 count index – 1

Amount 4 amount of bool variables

Parameter Value Description

Start address 1 count index – 1

Amount 3 amount of bool variables

Parameter Value Description

Start address 6 count index – 1

Amount 4 amount of words

Note: Please note that 32-bit signals, like DWORD, DINT and UDINT have a size of 
2 WORD variables. Furthermore 32-bit signals are transmitted by XPSMF•• Safety 
PLCs in big-endian format. If your master device transfers data in little-endian 
format, problems may occur. For further information see Transfer of 32-Bit Data (in 
Big-Endian/Little-Endian Format), p. 49. 

Parameter Value Description

Start address 0 count index – 1

Amount 3 amount of bool variables
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FC 16: Write 
Multiple 
Registers

Example

Write 2 Integer variables and 1 DWORD: IN_Integer_1...IN_Integer_2 + 
IN_Dword_1

Parameter Value Description

Start address 4 count index – 1

Amount 4 amount of words
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Diagnostics and Troubleshooting
At a Glance

Overview This chapter is divided into two different sections, according to the two error types 
that can occur:

� communication errors (serial transmission errors)
� protocol errors (specific Modbus SL errors)

What's in this 
Chapter?

This chapter contains the following topics:

Topic Page

Communication Errors 82

Protocol Errors 83
81



Diagnostics and Troubleshooting
Communication Errors

Overview In the case a communication error occurs, the slave device will not respond to a 
request and the master will generate a timeout error. 

Communication 
Errors

The following errors are called communication errors:

� character timeouts (the allowed time was exceeded during the transmission of 
characters)

� parity errors (an error was detected during CRC checking)
� framing errors (an error was detected in the data frame)
� overrun errors (the receive register of the serial module is full)

Solutions If a communication error occurs, check the following:

� Is the voltage supply switched on and the master for network operation started?
� Are the cable connections mechanically sound?
� Are the configured addresses correct?
� Are the same settings for baud rates and interface parameters (data bits, parity, 

stop bits) configured in the master as well as in the slave device?
� Has the network the right topology (termination, polarization, cable lengths)? 
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Protocol Errors

Overview Protocol errors only occur while the slave device is responding a request from the 
master. 

Master - Slave 
Procedure in 
Error Condition

In case a protocol error occurs, the master - slave procedure is as follows: 

Exception Code An exception code is always sent by the slave device as a response to the master 
when a protocol error occurs.

Responses with exception codes have the same function code as normal responses 
but differ in the following points:

� the Most Significant Bit (MSB) is set
� the function code is followed by a 1-byte exception code

The following table lists the values of function codes and exception codes with their 
meaning:

If... Then ...

the slave device receives a request from 
the master

the slave device checks whether it can correctly 
execute the command.

the slave device can not correctly execute 
the requested operation

the slave device sends an exception code as a 
response to the master.

Field Size (bytes) Value Meaning

Function Code 1 FC + 128 (80h)
03h + 80h = 83h

08h + 80h = 88h

10h + 80h = 90h

17h + 80h = 97h

2Bh + 80h = ABh

Response code for errors
FC3
FC8
FC16
FC23
FC43

MEI (only FC43) 1 14 Modbus encapsulated interface type 
(subfunction)

Exception Code 1 01h...04h 01h = invalid function

02h = invalid data addresses

03h = invalid data

04h = slave unit error
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Diagnostics and Troubleshooting
Causes for 
Protocol Errors

Protocol errors may have the following causes:

� unknown command, syntax error or incorrect data frame transmission
� parameter value outside the permissible value range
� action or control command not allowed during a running process
� error while executing an action or control command
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Appendices
At A Glance

Overview The following sections provide additional information that is not necessarily required 
to understand the documentation.

What's in this 
Appendix?

The appendix contains the following chapters:

Chapter Chapter Name Page

A Accessories 87
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A

Accessories
At a Glance

Overview The following sections contain lists of accessories required for the different wiring 
types.

What's in this 
Chapter?

This chapter contains the following topics:

Topic Page

Accessories for Modbus SL Connections via RJ-45 88

Accessories for Modbus SL Connections via Junction Boxes 91
87



Accessories
Accessories for Modbus SL Connections via RJ-45

Overview The following tables list the accessories and cables required for the wiring example 
described in section Modbus SL Connection via RJ-45, p. 44. 
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Accessories
Accessories 
Depending on 
the Type of 
Master

 

Type of Master Master Interface Cable / Connector Cable Reference

Twido PLC (e.g. 
TWDLC•A•DRF, 
TWDLMDA•)

adaptor or mini-DIN 
RS 485 interface 
module

3 m (9.84 ft) cable equipped with a 
mini-DIN connector and an RJ-45 
connector

TWD XCA RJ030

adaptor or screw 
terminal RS 485 
interface module

3 m  (9.84 ft) cable equipped with an 
RJ-45 connector and stripped at the 
other end

VW3 A8 306 D30

TSX Micro PLC (e.g. 
TSX37•)

mini-DIN RS 485 
connector port

3 m (9.84 ft) cable equipped with a 
mini-DIN connector and an RJ-45 
connector

TWD XCA RJ030

PCMCIA card  (TSX 
SCP114)

stripped cable TSX SCP CM 4030

TSX Premium PLC TSX SCY 11601 or TSX 
SCY 21601 module  
(SUB-D 25 socket)

cable equipped with a SUB-D 25 
connector and stripped at the other end 
(for connection to the screw terminals 
ot the LU9GC3 splitter block)

TSX SCY CM 6030

PCMCIA card  (TSX 
SCP114)

stripped cable TSX SCP CM 4030

Ethernet Bridge
(174 CEV 300 10)

screw terminal RS 485 3 m (9.84 ft) cable equipped with an 
RJ-45 connector and stripped at the 
other end

VW3 A8 306 D30

Profibus DP Gateway  
(LA9P307)

RJ-45 RS 485 1 m (3.28 ft) cable equipped with  2 RJ-
45 connectors

VW3 P07 306 R10

� Fipio (LUFP1) or
� Profibus DP 

(LUFP7) or
� DeviceNet 

(LUFP9) Gateway

RJ-45 RS 485 � 0.3 m (0.98 ft) cable equipped with 
2 RJ-45 connectors or

� 1 m (3.28 ft) cable equipped with 2 
RJ-45 connectors or

� 3 m (9.84 ft) cable equipped with 2 
RJ-45 connectors

� VW3 A8 306 R03 or
� VW3 A8 306 R10 or
� VW3 A8 306 R30

Serial Port PC male SUB-D 9 RS 232 
serial port PC

RS 232/RS 485 converter and 3 m 
(9.84 ft) cable equipped with an RJ-45 
connector and stripped at the other end 
(for connection to the screw terminals 
of the LU9GC3 splitter block)

TSX SCA 72 and VW3 
A8 306 D30
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Accessories
Further 
Accessories

 

Cables  

Accessory Description Cable Reference

Modbus Splitter Block 10 RJ-45 connectors and 1 screw terminal block LU9 GC3

Modbus T-Junction Boxes � with integrated cable 0.3 m (0.98 ft)
� with integrated cable 1 m (3.28 ft)

� VW3 A8 306 TF03
� VW3 A8 306 TF10

Line Terminators  (for RJ-45 
connector)

R = 120 Ω, C = 1 nF � VW3 A8 306 RC

Cable Length Connector Cable Reference

Modbus Cables 3 m (9.84 ft) 1 RJ-45 connector and 1 stripped end VW3 A8 306 D30

0.3 m (0.98 ft) 2 RJ-45 connectors VW3 A8 306 R03

1 m (3.28 ft) 2 RJ-45 connectors VW3 A8 306 R10

3 m (9.84 ft) 2 RJ-45 connectors VW3 A8 306 R30

Modbus Cable (RS 485 
double shielded twisted 
pair)

100 m (328.08 ft supplied without connector TSX CSA 100

200 m (656.16 ft) supplied without connector TSX CSA 200

500 m 
(1640.41 ft)

supplied without connector TSX CSA 500
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Accessories
Accessories for Modbus SL Connections via Junction Boxes

Overview The following tables list the accessories and cables required for the wiring example 
described in section Modbus SL Connection via Junction Box, p. 45. 

Accessories 
Depending on 
the Type of 
Master

Accessories depending on the type of master for junction boxes using screw 
terminals

Type of Master Master Interface Cable / Connector Cable Reference

Twido PLC (e.g. 
TWDLC•A•DRF, 
TWDLMDA•)

adaptor or screw 
terminal RS 485 
interface module

Modbus cable � TSX CSA100 or
� TSX CSA200 or
� TSX CSA500

TSX Micro PLC (e.g. 
TSX37•)

mini-DIN RS 485 
connector port

tap junction TSX P ACC 01

PCMCIA card  
(TSX SCP114)

cable equipped with a special 
connector and stripped at the other end

TSX SCP CU 4030

TSX Premium PLC TSX SCY 11601 or TSX 
SCY 21601 module  
(SUB-D 25 socket)

cable equipped with a SUB-D 25 
connector and stripped at the other end

TSX SCY CM 6030

PCMCIA card  
(TSX SCP114)

cable equipped with a special 
connector and stripped at the other end

TSX SCP CU 4030

Ethernet Bridge  
(174 CEV 300 10)

screw terminal RS 485 Modbus cable � TSX CSA100 or
� TSX CSA200 or
� TSX CSA500

Profibus DP Gateway  
(LA9P307)

RJ-45 RS 485 3 m (9.84 ft) cable equipped with  an 
RJ-45 connector and stripped at the 
other end

VW3 A8 306 D30

� Fipio (LUFP1) or
� Profibus DP 

(LUFP7) or
� DeviceNet 

(LUFP9) Gateway

RJ-45 RS 485 3 m (9.84 ft) cable equipped with an 
RJ-45 connector and stripped at the 
other end

VW3 A8 306 D30

Serial Port PC male SUB-D 9 RS 232 
serial port PC

RS 232/RS 485 converter and Modbus 
cable

� TSX SCA 72 and
� TSX CSA100 or
� TSX CSA200 or
� TSX CSA500
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Accessories
Accessories depending on the type of master for junction boxes using SUB-D 15

Further 
Accessories

 

Type of Master Master Interface Cable / Connector Cable Reference

Twido PLC (e.g. 
TWDLC•A•DRF, 
TWDLMDA•)

adaptor or screw 
terminal RS 485 
interface module

- - - - - -

TSX Micro PLC (e.g. 
TSX37•)

mini-DIN RS 485 
connector port

- - - - - -

PCMCIA card  
(TSX SCP114)

cable equipped with a special 
connector and a SUB-D 25 connector

TSX SCY CU 4530

TSX Premium PLC TSX SCY 11601 or TSX 
SCY 21601 module  
(SUB-D 25 socket)

cable equipped with a SUB-D 25 
connector and stripped at the other end

TSX SCP CU 4530

PCMCIA card  
(TSX SCP114)

cable equipped with a special 
connector and stripped at the other end

TSX SCY CU 4530

Ethernet Bridge  
(174 CEV 300 10)

screw terminal RS 485 - - - - - -

Profibus DP Gateway  
(LA9P307)

RJ-45 RS 485 - - - - - -

� Fipio Gateway 
(LUFP1) or

� Profibus DP 
Gateway (LUFP7)

� DeviceNet 
(LUFP9) Gateway

RJ-45 RS 485 3 m (9.84 ft) cable equipped with an 
RJ-45 connector and a SUB-D 25 
connector

VW3 A8 306

Serial Port PC male SUB-D 9 RS 232 
serial port PC

- - - - - -

Accessory Description Cable Reference

Tap Junction 3 screw terminals and an RC line terminator, to be connected 
using cable VW3 A8 306 D30

TSX SCA 50

Subscriber Socket 2 female 15-way SUB-D connectors, 2 screw terminals and an 
RC line terminator, to be connected using cable VW3 A8 306 or 
VW3 A8 306 D30

TSX SCA 62
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Accessories
Cables  

Modbus 
Connection onto 
Screw Terminals

The following table shows the accessories required for a Modbus connection onto 
screw terminals:

The following table shows the connecting cables required for a Modbus connection 
onto screw terminals:

Description Length Connectors Cable Reference

Modbus Cables 3 m (9.84 ft) 1 RJ-45 connector and 1 stripped end VW3 A8 306 D30

3 m (9.84 ft) 1 RJ-45 connector and 1 male 15-way 
SUB-D connector for TSX SCA 62

VW3 A8 306

Modbus Cable 
(RS 485 Double 
Shielded Twisted Pair)

100 m (328.08 ft) supplied without connector TSX CSA 100

200 m (656.16 ft) supplied without connector TSX CSA 200

500 m (1640.41 ft) supplied without connector TSX CSA 500

Accessory Description Cable Reference

Line Terminators (for 
Screw Terminals)

for screw terminals R = 120 Ω, C = 1 nF VW3 A8 306 DRC

Description Length Connector Cable Reference

Modbus Cables 3 m (9.84 ft) 1 RJ-45 connector and 1 stripped end VW3 A8 306 D30

Modbus Cable 
(RS 485 Double 
Shielded Twisted Pair)

100 m (328.08 ft) supplied without connector TSX CSA 100

200 m (656.16 ft) supplied without connector TSX CSA 200

500 m (1640.41 ft) supplied without connector TSX CSA 500
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Glossary
ADU application data unit

ASCII American standard code for information interchange = data transmission mode in 
Modbus communications

AWG American wire gauge (wire diameter)

bps bit/s

CRC cyclic redundancy checking

CTS clear to send (data transmission signal)

A

B

C
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Glossary
DCE data communications equipment

DSR data set ready (data transmission signal)

DTE data terminal equipment

DTR data terminal ready (data transmission signal)

EIA Electronics Industry Alliance = trade association developing the standards RS232 
and RS485

EN European standards

ESD electrostatic discharge

LRC longitudinal redundancy checking

LSB least significant bit

Modbus SL Modbus serial line

MSB most significant bit

D

E

L

M
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Glossary
NAK negative acknowledge

OSI Model open system interconnection model

PDU protocol data unit

RJ-45 registered jack = standardized physical interface

RS232 recommended standard for connecting serial devices = EIA/TIA 232

RS485 recommended standard for connecting serial devices = EIA/TIA 485

RTS request to send (data transmission signal)

RTU remote terminal unit = data transmission mode in Modbus communications

RXD receiving data (data transmission signal)

TXD transmitting data (data transmission signal)

N

O

P

R

T
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Glossary
UL unity load

U
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CBAIndex
32-bit data
big-endian/little-endian, 49

A
addressing, 71
addressing example, 75
ASCII framing, 30
ASCII transmission mode, 29

B
biasing, 22
big-endian/little-endian format

transfer of 32-bit data, 49
broadcast mode, 16

C
cable length, 20
capacitor, 21
communication error, 82
communication signal, 65
connection onto screw terminals, 93
connection via junction box, 45
connection via RJ-45, 44
connector SUB-D9, 41
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D
data refresh rate, 64
devices to connect, 18
diagnostics, 81

E
error

communication, 82
protocol, 83

exception code, 83

F
frame

incomplete, 28
frame description, 32
frame segment, 32
framing

ASCII, 30
RTU, 27

function code, 47, 48
functions, XPSMF••

Modbus supported, 48

G
general Modbus parameter, 53
grounding, 20
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Index
I
incomplete frame, 28

J
junction box connection, 45

L
length of cable, 20

M
master / slave protocol, 14
maximum number of devices, 18
messaging, 33
Modbus functions, XPSMF••, 48
Modbus serial line parameters, 46
Modbus serial line SUB-D9 connector, 41

N
number of devices to connect, 18

P
parameter

Modbus, 53
parameters Modbus serial line, 46
pin assignment, 40
polarization, 22
protocol error, 83
100
R
RC termination, 21
read area, 60, 62
refreshing data, 64
repeater, 18, 20
resistor, 21
RJ-45 connection

, 44
RJ-45 socket, 40
RJ-45/SUB-D9, XPSMFADAPT, 42
RTU framing, 27
RTU transmission mode, 26

S
screw terminal connection, 93
signal, 65
software configuration, 51
SUB-D9 connector, 41
SUB-D9/RJ-45, XPSMFADAPT, 42

T
termination, 21
topology, 19
transmission mode

ASCII, 29
troubleshooting, 81

U
unicast mode, 15

W
wiring, 17, 24

X
XPSMFADAPT (SUB-D9/RJ-45, 42
XPSMFWIN, 51
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