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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.

injury hazards. Obey all safety messages that follow this symbol to avoid
possible injury or death.

A DANGER

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

f This is the safety alert symbol. It is used to alert you to potential personal

A\ WARNING

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

/A CAUTION

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

PLEASE NOTE Electrical equipment should be serviced only by qualified personnel. No responsi-
bility is assumed by Schneider Electric for any consequences arising out of the use
of this material. This document is not intended as an instruction manual for untrained
persons.
© 2004 Schneider Electric. All Rights Reserved.
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About the Book

At a Glance

Document Scope Modbus Plus is a local area network system for industrial control applications.
Networked devices can exchange messages for the control and monitoring of
processes at remote locations in the industrial plant.

Modicon products supporting Modbus Plus communication include programmable
controllers and network adapters. The network is also supported by a variety of
products from other manufacturers.

Each Modicon controller can connect to Modbus Plus directly from a port on its front
panel. Additional networks can be accessed through Network Option Modules
(NOMis) installed in the common backplane.

The network also provides an efficient means for servicing input/output subsystems.
Modicon Modbus Plus Distributed 1/0 (DIO) Drop Adapters and Terminal Block 1/O
(T10) modules can be placed at remote 1/O sites to allow the application to control
field devices over the network link.

Validity Note The data and illustrations found in this book 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.
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About the Book

Related
Documents

Product Related
Warnings

User Comments

Title of Documentation Reference Number
Modicon Quantum Automation series Hardware Reference Guide 840 USE 100 00
Modicon Ladder Logic Block Library User Guide 840 USE 101 00
Modicon Modbus Plus Network 1/0 Servicing Guide 840 USE 104 00
Modicon IBM Host Based Devices Useris Guide 840 USE 102 00
Modicon Modbus Plus Network BM85 Bridge Multiplexer Useris Guide | 840 USE 103 00
Modicon DEC Host Based Devices Useris Guide GM-HBDS-002
Modicon Modbus Protocol Reference Guide PI-MBUS-300

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.

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 improper operating results.

Failure to observe this product related warning can result in injury or equipment
damage.

We welcome your comments about this document. You can reach us by e-mail at
techpub@schneider-electric.com

10
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Introducing the Modbus Plus

Network 1

At a Glance

Overview This chapter provides an introduction to the Modbus Plus Network.

What's in this This chapter contains the following topics:

Chapter? Topic Page
Introducing the Modbus Plus Network 12
Network Terminology 14
Overview of the Logical Network 16
Overview of the Physical Network 17
Major Components of the Network 20
How Nodes Access the Network 28
Error Checking and Recovery 30
Designing for Process Speed 31
Designing for Deterministic I/O Servicing 32
Using Peer Cop 33
Expanding the Network 36
Joining Modbus Plus Networks 39
Bridging Modbus Plus and Serial Devices 42
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Introducing the Modbus Plus Network

Introducing the Modbus Plus Network

Overview

Extending the
Network

Modbus Plus is a local area network system for industrial control applications.
Networked devices can exchange messages for the control and monitoring of
processes at remote locations in the industrial plant.

Schneider Electric products supporting Modbus Plus communication include
programmable controllers and network adapters. The network is also supported by
a variety of products from other manufacturers.

Each controller can connect to Modbus Plus directly from a port on its front panel.
Additional networks can be accessed through network option modules (NOMs)
installed in the common backplane.

The network also provides an efficient means for servicing input/output subsystems.
Modbus Plus distributed 1/0 (DIO) drop adapters and terminal bock 1/0 (T10)
modules can be placed at remote I/O sites to allow the application to control field
devices over the network link.

Each network supports up to 64 addressable node devices. Up to 32 nodes can
connect directly to the network cable over a length of 1500 ft (450 m). Repeaters can
extend the cable distance to its maximum of 6000 ft (1800 m) and the node count to
its maximum of 64. Fiber optic repeaters are available for longer distances.

12
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Introducing the Modbus Plus Network

Bridging Multiple networks can be joined through Bridge Plus devices. Messages originated
Networks on one network are routed through one or more bridges to a destination on another
network. Bridges are applicable to networks in which fully deterministic timing of 1/0
processes is not a requirement. In a network requiring deterministic I/O timing,
messages for DIO/TIO nodes are passed on that network only, and do not pass
through bridges.
Modbus and custom RS232/RS485 serial devices can access Modbus Plus through
bridge multiplexers. Each bridge multiplexer provides four configurable serial ports.
A serial device can communicate with Modbus Plus networked devices, as well as
with other devices at the serial ports.
The following figure shows four Modbus Plus networks. A repeater extends the
cable for network A. networks A and B are joined by a Bridge Plus.
Networks C and D handle 1/O processes. DIO drop adapters and terminal block 1/0
modules service the /O field devices at each site.

[ 1]
cPU RR85
CPU repeater
Up to 64
nodes
network A
total -} | | |
BP85 BM85 host device
bridge bridge network
plus multiplexer adapter
user Modbus or custom host
interface serial devices computer
network B up to 64
nodes
total
p|CIN|N 1/0 IID /10
s | P |O| O | modules o | modules Tio
Uu | M| M
up to 64
L network C P nodes
total
D1 o
(lj modules TIO TIO
work D ‘ ‘ up to 64
networ nodes
> total
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Introducing the Modbus Plus Network

Network Terminology

Network A network is the grouping of nodes on a common signal path that is accessed by the
passing of a token. It consists of one or more cable sections. For example, all of the
nodes in the graphic below are on a network.

[ Section ‘

cable

segment P\

node node node
10 5 64
node node node repeater
node
devices
are on two
sections of
one network
node node node
14 23 2
node node node
Section A section is a series of nodes that are joined only by cable segments. The sectionis

signal path does not pass through any kind of node device. Sections are all part of
one network, sharing the same token and address sequence. In the graphic above,
the repeater joins two sections. Each section can be up t01500 ft (450 m) long and
can contain up to 32 physical node connections.

Cable Segment A cable segment is a single length of trunk cable between two taps. Taps are
passive devices that provide connections for the trunk cable segments. In the
graphic above, the cable connection between the nodes at addresses 10 and 5 is
through one cable segment. Another cable segment connects nodes 5 and 64.

On dual-cable networks, two cable segments run in parallel between pairs of nodes.

Node A node is any device that is physically connected to the Modbus Plus cable. The
graphic above shows a network with 7 node devices. The term applies to any device,
whether it is addressable or not. Some nodes, like programmable controllers, have
addresses and can serve as sources or destinations for messages. The bridge plus
is a separately addressable node on each of its 2 networks. The repeater is a node
on each of 2 sections, but has no address, serving only to extend the network.
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Introducing the Modbus Plus Network

Token

DIO Network

A token is a grouping of bits that is passed in sequence from one device to another
on a single network, to grant access for sending messages. If 2 networks are joined
by a bridge plus, each network has its own token that is passed only among the
devices on that network.

A distributed I/O (DIO) network is a Modbus Plus network designed primarily for
servicing I/O field devices in the application. In its minimum configuration, a DIO
network consists of one controller (CPU) and one or more drops located at remote
sites near to the field devices.

Each drop consists of a DIO drop adapter installed in a backplane with I/O modules
or a terminal block I/O (TIO) module.

In the figure below, one DIO network contains the CPU, a DIO adapter, and a TIO
module. Two other DIO networks consist of network option modules (NOMs) with
DIO drop adapters and TIO modules.

Details for designing a Modbus Plus network, which is intended primarily for 1/O
servicing, are located in the Modbus Plus Network 1/0 Servicing Guide
(840USE10400).

/0 D o
modules modules TIO

%
(e vie}
£0z

up to 64

P nodes

total

—4 202

D II0
D modules TIO
Vo o up to 64

modules TIO ‘ nodes

P total
> up to 64

nodes
total

890 USE 100 00 November 2004 15



Introducing the Modbus Plus Network

Overview of the Logical Network

Overview

Network nodes are identified by addresses assigned by the user. Each nodeis
address is independent of its physical site location. Addresses are within the range
of 1 to 64 decimal, and do not have to be sequential. Duplicate addresses are not
allowed.

Network nodes function as peer members of a logical ring, gaining access to the
network upon receipt of a token frame. The token is a grouping of bits that is passed
in a rotating address sequence from one node to another. Each network maintains
its own token rotation sequence independently of the other networks. Where
multiple networks are joined by bridges, the token is not passed through the bridge
device.

While holding the token, a node initiates message transactions with other nodes.
Each message contains routing fields that define its source and destination,
including its routing path through bridges to a node on a remote network.

When passing the token, a node can write into a global database that is broadcast
to all nodes on the network. Global data is transmitted as a field within the token
frame. Other nodes monitor the token pass and can extract the global data if they
have been programmed to do so. Use of the global database allows rapid updating
of alarms, setpoints, and other data. Each network maintains its own global
database, as the token is not passed through a bridge to another network.

The figure below shows the token sequences in two networks joined by a bridge
plus.

« network 1 >

token sequence: 2-5-10-12-22-2. ..

(2 12 10 W 5

node node 22 node node
bridge
plus
24
(5 ‘10 4 w 9
node ‘ node node node

token sequence: 4-5-9-10-24-4. ..

-« network 2 -

16
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Introducing the Modbus Plus Network

Overview of the Physical Network

Overview

Minimum/
Maximum Cable
Length

Dual Cable

The network bus consists of twisted-pair shielded cable that is run in a direct path
between successive nodes. The two data lines in the cable are not sensitive to
polarity; however, a standard wiring convention is followed in this guide to facilitate
maintenance.

The network consists of one or more cable sections, with any section supporting up
to 32 nodes at a maximum cable distance of 1500 ft (450 m). Sections can be joined
by repeaters to extend the network length and support up to 64 nodes.

The minimum cable length between any pair of nodes must be at least 10 ft (3 m).
The maximum cable length between two nodes is the same as the maximum section
length of 1500 ft (450 m).

On dual-cable networks, the cables are known as cable A and cable B. Each cable
can be up to 1500 ft (450 m) long, measured between the two extreme end devices
on a cable section. The difference in length between cables A and B must not
exceed 500 ft (150 m),measured between any pair of nodes on the cable section.
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Introducing the Modbus Plus Network

Tap Devices

Nodes are connected to the cable by means of a tap device, supplied by Schneider
Electric. This provides through connections for the network trunk cable, drop
connections for the cable to the node device, and a grounding terminal.

The tap also contains a resistive termination that is connected by two internal
jumpers. The tap at each end of a cable section requires both of its jumpers to be
connected to prevent signal reflections. All of the taps that are inline on the cable
section require their jumpers to be removed (open).

The figure below illustrates a tap at an inline site. Two lengths of trunk cable are
installed. When a tap is installed at the end site of a cable section, only one length
of trunk cable is routed to the tap. It can enter at either side of the tap. The jumpers
are connected to the signal pins at the opposite side of the tap to provide the network
termination.

tap shown with cover open

end sites: connected to pins at opposite side from trunk able entry
inline sites: open

network trunk cable

cable tie

1
2
3 termination jumpers (2)
4 drop cable to node

5

ground wire

18
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Introducing the Modbus Plus Network

The next two figures summarize the layout for one section of a network

up to 32 nodes max. 1500 ft (450 m) cable max.

10 ft (3 m) cable min. X
end inline inline end
node node node node

jumpers connected W jumpers disconnected

up to 32 nodes max. 1500 ft (450 m) cable max.

— 500 ft (150 m) max. difference between cables A and B
measured between any pair of nodes
10 ft (3 m) cable min.
cable A <4
cable B T - 4 - -

end inline inline end
node node node node

jumpers connected Il jumpers disconnected
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Introducing the Modbus Plus Network

Major Components of the Network

Programmable
Controllers

Types of
Communication

Hot Standby
Configurations

Schneider Electric controllers connect directly to the network bus cable through a
dedicated Modbus Plus communication port that is located on the controller
assembly. The port allows the controller to communicate with other networked
controllers, host computers with network adapters, and DIO drops.

Controller models are available for single-cable and dual-cable network layouts.
Contact your Schneider Electric distributor for information about models and part
numbers.

Each controller functions as a peer on the network, receiving and passing tokens
and messages. The user application program can access registers in the local
controller and in the other networked controllers.

Three types of communication are available to the application program for

exchanging messages between networked nodes:

e The MSTR function block can be used for transferring, reading and clearing
statistics, and accessing the networkis global database. The MSTR is a general
function for transacting messages with any type of networked node. It is
programmed into the user logic program of the controller.

e Peer cop transfers can be used to move data both globally and with specific
nodes. Such transfers are specified in the controlleris peer cop table during its
initial configuration.

e Distributed I/O transfers can be used to move data with DIO drop adapter nodes.
Such transfers are specified in the controlleris DIO map table during its initial
configuration.

When two controllers are connected in a redundant (hot standby) configuration,
each controller is seen as a separate address on the network. This use of dual
addressing allows both controllers to be fully accessed for programming and
statistics. If a transfer occurs to the standby controller, the primary and standby
addresses are exchanged, maintaining consistent addressing within the application.

Note: The address exchange can cause a momentary delay in communication with
the new primary unit while it assumes its place in the network token rotation
sequence. This can be a significant factor in the timing of processes using
redundant controllers. The application should provide retry capabilities in the other
nodes to cover this time.

20
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Introducing the Modbus Plus Network

Network Option
Modules

The network option module (NOM) mounts in the backplane with the controller. It
allows the user application program, running in the controller, to communicate with
an additional Modbus Plus network. The additional network can be configured with
controllers, other NOMSs, distributed I/O nodes, or a combination of these devices.
One or two NOMs can be mounted in the controller's housing. Power is taken from
the power supply module, which must also be installed in the housing.

Network option modules are available for single-cable and dual-cable network
layouts. Contact your Schneider Electric distributor for information about models
and part numbers.

The figure below is an example of a network option module.

Modbus Plus | =L
address switches
(on rear) _‘H\‘M

I

modbus
connector

Modbus Plus
connector
channel A

Modbus Plus
connector
channel B

! [[ (Cover Open)

Note: network option modules are available for either single-cable or dual-cable
network layouts. The dual-cable model is shown.

890 USE 100 00 November 2004
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Introducing the Modbus Plus Network

DIO Drop The DIO drop adapter mounts in a housing at a remote site, communicating over the

Adapters housing backplane to the siteis I/0O modules to service the siteis data requirements.
The adapter includes a built-in power supply that provides operating power for the I/
O modules.

DIO adapters are available for single-cable and dual-cable network layouts. Contact
your Schneider Electric distributor for information about models and part numbers.
The figure below shows the front view of a typical DIO drop adapter. Specifications
are provided in the Quantum Automation Series Hardware Reference Guide

(840USE10000).
Modbus Plus | E;_:-'E-
address switches
(on rear) _H“'H
(cover open)
Modbus Plus | |I
connector ) ,
channel A ]
Modbus Plus
connector —l-'-r_-:'_
channel B
power/ground —["E‘
terminal strip | &
=]
5]
° 5

Note: DIO drop adapters are available for either single-cable or dual-cable network
layouts. The dual-cable model is shown.

Available Schneider Electric backplanes are available in sizes from 2 to 16 slots. The DIO drop
Backplanes for adapter module occupies one slot, and contains a power supply that furnishes
DIO Applications  operating power to the housing for I/O modules. The supplyis capacity is 3.0 A.
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Introducing the Modbus Plus Network

Terminal Block Remote sites can be serviced using terminal block (TIO) modules. These compact
1/0 (TIO) Modules modules mount directly to a panel or DIN rail, and provide direct wiring connections
to field devices at the site. TIO modules are available for single-cable layouts only,
and are not applicable for use in dual-cable layouts.
The figure below shows the front view of a typical TIO module. Specifications are in
the Terminal Block 1/0O Modules Hardware Reference Guide (890USE10400).

Modbus Plus Modbus Plus
address switches connector

label for
field wiring

slots for
— field wiring
connectors

ki
h

E e

l: (IR r LT PP E LN L

Note: TIO modules are available for single-cable layouts only.
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Introducing the Modbus Plus Network

Network
Adapters for
Host Computers

Adapters are available for connecting host computers to the Modbus Plus network.
The SA85 network adapter connects an IBM AT or compatible product to the
network. The SM85 network adapter connects an IBM personal system/2 or
compatible product using a MicroChannel bus. The SQ85 connects a DEC
MicroVAX Il or 3000.

The figure below shows the configuration of an SA85 adapter into an IBM AT-
compatible host computer.

Modbus Plus network

AM-SA85-000
I, single cable
(OR)

AM-SA85-002 - dual cable
device
driver

and
NETBIOS

library

==

11 Fige=] -

Note: This graphic is an example of the SA85 and host configuration.

Adapters are supplied complete with the required device driver, a library of C
functions that can be called by the application, a network diagnostic utility, and a set
of sample programs. The Modbus Plus network cable connects to a communications
port on the adapter.

The adapteris device driver responds to a library of NetBios functions that are called
from the application program. These allow sending and receiving data packets,
sending and receiving global data transactions, and monitoring status.
Applications running in the host computer can read and write references at other
nodes. They can also program remote nodes and access the global database.

24
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Introducing the Modbus Plus Network

Typical Network Typical network adapter applications include:

Adapter user interfaces

Applications control, monitoring, and reporting of remote processes

program load/record/verify operations

online programming

bridging between Modbus Plus and other networks

testing and debugging of application programs

e running network diagnostic programs

Modbus commands received from the Modbus Plus network that are addressed to
the network adapter can be given to tasks running in the computer. Examples
include:

e running a data logging task in the host, accessed by other nodes on the network
e providing virtual registers for remote controllers

Each adapter can be separately configured for its use of memory, interrupts, and
other parameters. This allows flexibility in using multiple adapters in the same host
computer. You can also apply the adapter as a bridge between Modbus Plus and
other networks which may be present, including those which may also be using
NetBIOS.

Information about installing the network adapters, setting their Modbus Plus
parameters, and connecting them to the network, is supplied with the adapters.

BM85 Bridge The BM85 bridge multiplexer provides connection to Modbus Plus for up to four
Multiplexer kinds of serial devices. Four BM85 models are available. Two of these connect
Modbus devices, or networks of Modbus devices, to the Modbus Plus network. Each
of the Modbus ports can be separately configured to support a Modbus master
device, slave device, or network of slave devices. Port parameters are also
separately configurable.
Two other BM85 models are available for user-defined RS232 or RS485 serial
devices. They include a library of C language functions for creating a user
application program.
Bridge multiplexers are available for single-cable and dual-cable network layouts.
Contact your Schneider Electric distributor for information about models and part
numbers.
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Introducing the Modbus Plus Network

BM85 Bridge
Plus

The BP85 bridge plus allows you to connect two Modbus Plus networks. The routing
information in each message allows a node on one network to communicate through
the bridge plus to a destination node on another network. Up to four bridges can be
present in the message path between the source and destination nodes. You can
therefore join up to five Modbus Plus networks along a linear path, with any node
being able to communicate with any other node.

Bridge plus devices are not applicable to Modbus Plus DIO networks because those
networks transfer data messages as part of the token pass. Tokens are not passed
through the bridge plus.

Note: The bridge plus may still be placed on a DIO network to allow non-DIO
messages to be passed to another network. For example, statistical reporting can
be handled between a controller on the DIO link and a network adapter in a host

processor on another network.

The bridge plus contains two ports for connection to its two networks. It functions as
an addressable node on each of the two networks it joins.It contains two sets of
address switches, for setting its node address on each network. The two addresses
can be set to the same or different values because they are independent of each
other.

Bridge plus models are available for single-cable and dual-cable network layouts.
Contact your Schneider Electric distributor for information about models and part
numbers.

26
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Introducing the Modbus Plus Network

RR85 Repeater The RR85 repeater allows you to place more than 32 nodes on the network and to
increase the cable distance up to an additional 1500 ft (450 m). It functions as an
amplifier and signal conditioner to maintain adequate signal levels between its two
sections of the network. Up to three repeaters may be present in the message path
between the source and destination nodes. You can, therefore, join up to four
sections along a single linear path. Other configurations are possible and are
described later in this chapter.

Contact your Schneider Electric distributor for information about models and part
numbers.

In addition to its use in extending the network, the repeater can be applied in plant
environments that have high levels of electrical interference. Repeaters at key points
in the cable system can help to maintain an excellent signal to noise ratio on the
network.

The repeater is provided with two ports for connection to the two sections. It is
counted as a physical node on each section. The repeater does not have a network
address. It transparently passes tokens and messages as they are received.
When repeaters are used in dual-cable network layouts, one repeater must be
positioned on each cable at the same point (between the same pair of nodes)

as on the other cable. Information is supplied in this book for installing repeaters
(see p. 140).
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How Nodes Access the Network

How Your
Applicationis
Layout Affects
Node Access

The Token
Rotation
Sequence

When the network is initialized, each node becomes aware of the other active
nodes. Each node builds a table identifying the other nodes. Initial ownership of the
token is established, and a token rotation sequence begins. Your choice between
laying out your application as one large network, or as several smaller networks,
affects the timing of the complete token rotation.

For example, tokens are not passed through bridge plus nodes, although messages
can be addressed through bridge plus nodes to destination nodes. You can
therefore construct your networking application as several smaller networks, joined
by bridge plus nodes. The fast token rotation time in each small network allows rapid
transfer of high-priority data, with lower-priority data passing through bridges to
other networks. This facilitates time-critical messaging to nodes that are tightly
linked in an application.

The token sequence is determined by the node addresses. Token rotation begins at
the networkis lowest-addressed active node, proceeding consecutively through
each higher-addressed node, until the highest-addressed active node receives the
token. That node then passes the token to the lowest one to begin a new rotation.
If a node leaves the network, a new token-passing sequence will be established to
bypass it, typically within 100 milliseconds. If a new node joins, it will be included in
the address sequence, typically within 5 seconds (worst-case time is 15 seconds).
The process of deleting and adding nodes is transparent to the user application.
Where multiple networks are joined by bridges, tokens are not passed through a
bridge device from one network to another. Each network performs its token passing
process independently of the other networks.

28
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Point to Point While a node holds the token, it sends its application messages if it has any to
Message transmit. Each message can contain up to 100 controller registers (16 - bit words) of
Transactions data. The other nodes monitor the network for incoming messages.

When a node receives a message, it sends an immediate acknowledgment to the
originating node. If the message is a request for data, the receiving node will begin
assembling the requested data into a reply message. When the message is ready,
it will be transmitted to the requestor when the node receives a subsequent token
granting it access to transmit.

Nodes can also transact messages containing local and remote operating statistics.
These include information such as identification of active nodes, current software
version, network activity, and error reporting. If a node transmits a request to read
statistics in another node, the entire transaction is completed while the originating
node holds the token.The remote nodeis statistics are imbedded in its
acknowledgement. It is not necessary for the remote node to acquire the token to
transmit the statistics.

After a node sends all of its messages, it passes the token on to the next node.
Protocols for token passing and messaging are transparent to the user application.

Global Database = When a node passes the token, it can broadcast up to 32 words (16 bits each) of

Transactions global information to all other nodes on the network. The information is contained in
the token frame. The process of sending global data when transmitting the token is
controlled independently by the application program in each node.
The global data is accessible to the application programs at the other nodes on the
same network. Each node maintains a table of global data sent by every other node
on the network. Although only one node accepts the token pass, all nodes monitor
the token transmission and read its contents. All nodes receive and store the global
data into the table.
The table contains separate areas of storage for each nodeis global data. Each
nodeis application program can selectively use the global data from specific nodes,
while other applications can ignore the data. Each nodeis application determines
when and how to use the global data.
Global database applications include time synchronization, rapid notification of
alarm conditions, and multicasting of set point values and constants to all devices in
a common process. This allows uniform and rapid transmission of global data
without having to assemble and transmit separate messages to the individual
devices.
Access to a networkis global database is available only to the nodes on that network,
because the token is not passed through bridge devices to other networks. The
useris application can determine which data items are useful to nodes on a remote
network, and forward them as necessary.
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Error Checking and Recovery

Overview

When a node sends a data message, it expects an immediate acknowledgment of
receipt by the destination. If none is received, the node will attempt up to two retries
of the message. If the final retry is unsuccessful, the node sets an error which can
be sensed by the application program.

If a node detects a valid transmission from another node using the same address,
the node becomes silent and sets an error which can be sensed by the application.
The node will remain silent as long as the duplicate node continues to participate in
the token rotation. If two devices have been inadvertently assigned the same
address, the application program can detect the duplication and handle it while the
rest of the application continues.

When a node transmits the token, it monitors the network for new activity from its
successor. If the node detects no valid activity, it makes one retry to pass the token.
If no activity is detected after the retry, the node remains silent. This causes the
network to be initialized and a new token sequence to be created.
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Designing for Process Speed

Overview

The figure below is an example of a hierarchical approach using bridge plus devices.
The application uses a relatively large count of nodes, but no network contains more
than six nodes.

Token access and message handling can be rapid within the networks that are used
for the control of time-critical processes. For example, the node count on a given
network can be reduced to the minimum that is required for that portion of the
application. Node counts on other less-critical networks can be increased.
Message transactions across the bridges are slower than in single networks,
because the rotation times of the multiple networks are a factor in receiving data
responses from destinations. Because of this, inter-network traffic should be
dedicated to transactions that are less critical for timing, such as data collection and
program downloading.

Hierarchical configuration for improved throughput:

1
host u

Ul = user interface
BP = bridge plus

El e
Eil
| | ] | | |
ICPU CPU ICPU I | CPU I | CPU CPU
| | | |
CPU CPU ICPU CPU CPU CPU

P230

El
L

890 USE 100 00 November 2004 31



Introducing the Modbus Plus Network

Designing for Deterministic I/O Servicing

Overview The figure below illustrates a designed for deterministic timing of I/O processes. The
1/0 network consists only of the CPU and I/O drops. A user interface (Ul) device is
connected to a separate network at the NOM port.

Network for deterministic 1/0O timing

110

modules

2 2
Modbus Plus Modbus Plus
|, 3
ul

7o}
o | modules TIO TIO TIO

.,

For truly deterministic timing of I/O servicing, reserve the CPUis network for the
nodes used in 1/O servicing only. If you require a user interface or other non-I/O
device in your application, connect it to a separate network at a NOM port.
Guidelines for designing networks for servicing 1/0O processes, with estimates of
network performance, are provided in the Modbus Plus Network 1/0 Servicing Guide
(840USE10400).
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Using Peer Cop

Peer Cop Point to point data can be transacted while a node holds the token and during its

Transactions token pass with Modbus Plus peer cop. Up to 500 words (16 bits each) can be
directed to specific data references in node devices prior to release of the token, and
up to 32 words can be globally broadcast to all nodes as part of the token frame.
Because all nodes monitor the network, each node can extract data that is
specifically addressed to that node. All nodes detect the token pass and can extract
global data messages from the token frame. Defined data references (like controller
discretes or registers) are used as sources and destinations. For example, a block
of registers can be the data source at the transmitting node, and the same block or
another block can be the data destination in the receiving node.
The delivery of peer cop data to destination nodes is independent of the éext
addressi used in the token pass. The token is always passed to the next node in the
networkis address sequence. The token frame, however, can contain peer cop
global messages that are unrelated to the next address and are globally broadcast
to all nodes.
Each node is configured through its Schneider Electric panel software to handle
peer cop data transactions. Nodes must be specifically configured to send and
receive the data. Nodes that have not been configured for peer cop will ignore the
data transactions.

Sending Data Nodes can be configured to send two kinds of peer cop data:

e global output O Up to 32 words of data can be broadcast globally from each
node to all nodes. Source data references are specified in the node configuration.

e specific output O Up to 32 words of data can be transmitted to any specific
node. Multiple node destinations can be specified, up to the maximum of 500 data
words. Any nodes on the network can be specifically addressed as destination. A
unique block of references can be specified as the data source for each targeted
node.
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Receiving Data

Nodes can be configured to receive two kinds of peer cop data:

e globalinput O Upto 32 words of global data can be received by each node from
each other node on the network. Destination references are specified in the
receiving nodeis configuration. Up to eight blocks of references can be specified,
giving up to eight separate destinations for the data received from each source
node. The incoming data can be indexed to establish the starting point and length
of each block of data to be extracted from the message and delivered to each
destination.

e specificinput O Up to 32 words of data can be received from any specific node.
Each node on the network can be specifically defined as a data source, up to the
maximum of 500 data words.

The net effect of using peer cop for data transacted is that each sending node can
specify unique references as data sources, and each receiving node can specify the
same or different references as data destinations. When receiving global data, each
node can index to specific locations in the incoming data and extract specific lengths
of data from those points. Data is thus transacted rapidly as part of each token pass
and can be directly mapped between data references in the sending and receiving
nodes.

Applications can be designed in which alarms and setpoints are transmitted

(globally), with required actions by specific nodes also defined (specifically).

Because all nodes detect the token passes, peer cop global data can be rapidly

known to all nodes, with each nodeis specific data requirements also rapidly known

to just that node.

Peer cop data is transmitted as part of the token pass. Therefore, peer cop applies

to each network independently of any other networks that are part of the Modbus

Plus system. Tokens are not exchanged between networks, because they are not

passed through bridge plus devices. Each network maintains its own peer cop

database, with its own system of global broadcasting and specific node addressing.
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A Peer Cop

Example

Other
References
Ignored

The figure below shows a network with three nodes that are handling peer cop data
transfers. Other nodes are also present elsewhere on the network.

token pass (to node 3) -

token monitor token monitor

node 2 + node 5 + node 7
global out: global in from 2: global in from 18:
40017-40048 (32) 30010 (1) 40200-40202 (3)

10097-10129 ()

specific out to 5: specific in from 2: specific in from 2:
10017-10048 ) 10017-10048 @) 10201-10216 @
specific out to 7: specific in from 10:
10017-10048 ) 40100-40131 (32)

Node 2 currently holds the token and passes it to the next addressed node

(node 3). Nodes 5 and 7 monitor the pass and extract data as they have been
configured to do.

Node 2 transmits two words of specific output for node 5 from its references 10017
... 10048 (32 bits of discrete reference data, a total of two 16-bit words). It also
transmits these same references as specific output for node 7. In the token frame,
node 2 transmits 32 words of global output from its references 40017 ... 40048.
Node 5 has been configured to receive global input from node 2. It places one word
into its reference 30010, and two words (32 discretes) into references 10097 ...
10129. Node 5 indexes into the 32 words of data and maps its 3 words into these
references. Node 5 has also been configured to receive specific input from node 2,
and places it into references 10017 ... 10048.

Note: The application uses identical references for this data in nodes 2 and 5. The
references could have been different if required.

Node 7 has not been configured to receive global input from node 2, and ignores it.
The node receives specific input and maps it to its references 10201 ... 10216.

Node 5 is also configured to receive specific input from node 10, and node 7 is
configured to receive global input from node 18. These other references are not
involved in the transactions from node 2. Node 5 and 7 could also be configured to
make output transactions when they pass the token.Node 5 and 7 could also be
configured to make output transactions when they pass the token.
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Expanding the Network

Linear
Expansion

The simplest network configuration consists of two or more nodes connected to a
single section.
The figure below shows four nodes connected in a basic dual-cable configuration.

up to 32 nodes max., 1500 ft (450 m) cable max.
500 ft (150 m) cable max. difference, cable A to B
measured between any pair of nodes

10 ft (3 m) cable min.
cable A

cable B ' '-

node 10 node 5 ‘ node 64 ‘ node 2
|

programmable programmable programmable network
controller controller controller adapter

The basic configuration in the above figure will satisfy the network requirements if

all of the following specifications are met:

e no more than 32 nodes are connected to the network cable,

e the total end-to-end length of each network cable is 1500 ft (450 m) or less,

e the difference in length between cables A and B is 500 ft (150 m) or less, between
any pair of nodes,

e the length of each cable segment (between a pair of nodes) is 10 ft (3 m) or more,
and

e the proper type of impedance termination is used at each node site (tapis internal
jumpers removed at inline sites, and installed at end sites).
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Using RR85 If your network requires more than 1500 ft (450 m) of cable, or more than 32 nodes,
Repeaters you can install RR85 repeaters to expand the network. The repeaters must be sited
so that no single section of the network exceeds the maximum length of 1500 ft (450

m) of cable, and no single section contains more than 32 nodes.

Up to three repeaters can be present in the cable path between any two nodes that
will communicate with each other. As each cable section can be up to 1500 ft (450
m) in length, and you can have up to three repeaters between a pair of nodes, the
maximum length between any pair of nodes in a linear configuration will be 6000 ft

(1800 m).

The figure below shows the maximum linear configuration using RR85 repeaters.

sections:

TITITIT T

RR85

end node repeater
| rre—

one section 1500 ft (450 m) cable, 32 nodes m
| ‘ 6000 ft (1800 m) cable, 64 nodes max.

RR85
repeater

RR85
repeater

end node
I

w

Expanding Dual-  Ondual-cable networks, repeaters must be placed between the same node devices,
Cable Networks maintaining a logical symmetry to the two cable paths. The figure below illustrates

this.
The figure below shows how repeaters are placed on dual-cable networks.
cable A
node 6 node 5 node 4

| | node 3

node I node I I node I

RR85
repeater

‘ node I

/;1

cable B /
repeaters are placed i "'F-f

between the same pair
of nodes on each cable

-

RR85

repeater

This configuration is proper because the two repeaters are placed between the
same nodes. Placing a repeater on one path, without a repeater at the
corresponding point on the other path, is not a proper configuration.

Note: The two physical cable lengths can be different, provided the logical
symmetry of the network is maintained.
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Non-Linear
Expansion

You can connect RR85 repeaters to create multiple paths, so long as each section

is run along a linear path (no branches to the cable). In effect, you can use RR85

repeaters to create the equivalent of star or tree configurations. This can be useful

where a linear configuration may not be practical due to the layout of your plant

facility.

The figure below shows an example of non-linear network expansion using RR85

repeaters. This is a legal configuration because it satisfies the network

requirements.

e no more than 32 nodes are present on any single section.

e each section is a linear cable path of 1500 ft (450 m) or less.

e no more than three RR85 repeaters are present in the cable path between any
pair of nodes.

The figure below shows a non-linear expansion.

|.|— 1500 ft cable max. —.\I

I i ; il

ND = node device
RR = repeater 1.

1500 ft cable max.

RR

] [ 0
|-l-— 1500 ft cable max. ———

'S

ND ND

ND

1500 ft
cable
max.

1500 ft
cable

ND ND

ND ND

L)L LS

LB LEE

*
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Joining Modbus Plus Networks

How the Bridge The BP85 Bridge Plus device connects as a node on each of two Modbus Plus
Plus Operates networks. The bridge operates as an independent node on each network, receiving
and passing tokens according to each networkis address sequence. Bridge plus
devices are not applicable to networks used for distributed 1/0O applications.
The figure below shows three networks (A,B, and C) joined by a pair of bridge plus
devices. The figure shows a single-cable network for simplicity. The bridge plus also
supports dual-cable layouts. One bridge appears on network A at node address 22,

and on network B at node 25. The other bridge is on network B at node 20, and on
network C at node 20.

network A
I 1
node node I fode 22 node
BP85 T —
bridge plus
 "E—
node 25
network B
i 3
node 20 |
BP85
bridge plus node node
hode 20
network C
1
| node

g

node | node node

Note: Each bridgeis two network addresses are entirely separate and can be set
uniquely for each network.

If a data message intended for aremote node is received at one of the bridgeis ports,
the bridge stores the message and then forwards it to a node address on the next
network as soon as it has received the token to transmit on that network.
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Each message frame contains routing information that allows it to be passed
through successive bridges to a final destination node on a remote network. The
routing path is specified when the message is created by the useris application
program. Messages can be routed to a final destination up to four networks away
from the originating node.

The figure below shows an example of the routing path field in a typical message
frame.

Modbus Plus
| message frame |
routing _
path
start end
| .

| example: routing address 1 = 22

routing address 1 - routing address 2 = 20

routing address 2 routing address 3 = 12

routing address 3 routing address 4 and 5 =0

routing address 4 (no further routing)
routing address 5 ——

The examples in the above figure illustrate routing through three networks. If a
message originates at node 5 on network A and is intended for node address 12 on
network C the message will be forwarded as described below:

e The first routing address contains the bridge address (22) on the originating
nodeis network. The message will be sent to this bridge by the originating station.

e The second routing address contains the bridge address (20) on the next
network. (Note that the first bridge is at node 25 on this network. When node 25
acquires the token, the message will be forwarded from node 25 to node 20)

e The third routing address contains the address of the destination node (12) on the
final network. The rest of the routing path field will contain zeros, indicating that
no further forwarding is needed.

When the first bridge (22) receives the original message, it examines the routing

field and determines that routing is required to its other network port (the next

address in the field is not a zero). The bridge removes its address from the routing
field, shifting the remaining addresses in the field one place to the left and zero -
filling the field from the right. This places the next routing address (20) into position

1 of the field. When the bridge receives the token to transmit on network B, it passes

the message to node address (20) on that network.

The second bridge (20) processes the message in the same manner, removing its

own address from the routing field and shifting the remaining addresses one place

to the left. Node 12 becomes the final destination, as all the remaining contents of
the field are now zeros. When the token is received, the bridge sends the message

to node 12.
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Using the Bridge
Plus

Although adding many nodes to one network is a legal configuration, you might find
that message throughput is unacceptably slow due to the time required for passing
the token. By organizing your application into more compact groups of nodes, you
can improve throughput.

The figure below shows a basic hierarchical approach using bridge plus devices.
With this approach, separate networks contain the devices that must communicate
rapidly in an industrial process. Bridge plus devices join the networks to provide
process information and supervisory control.

host and
supervisory node

i

BP85 BP85
bridge plus bridge plus
- —

node node node I node
—— | —

time-critical time-critical
L process control ] - process control —_—

The types of devices used in your application determine how many Modbus Plus

networks you can join.

e You can address a programmable controller destination on a remote network,
which is up to four networks away from the originating node (that is, with four
bridges in the message path).

e Host-based network adapters can be addressed up to three networks away
(through three bridges).

e Asingle Modbus slave device at a bridge multiplexer port can also be addressed
up to three networks away. A slave device that is part of a Modbus network at a
bridge multiplexer port can be addressed up to two networks away (through two
bridges).
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Bridging Modbus Plus and Serial Devices

How the Bridge
Multiplexer
Operates

The BM85 bridge multiplexer device operates as a standard Modbus Plus node,
receiving and passing tokens in the networkis address sequence. It provides four
serial port connections to allow Modbus Plus nodes to communicate with serial
devices. BM85 models are available for support of Modbus, RS232, and RS485
serial devices.

42
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Modbus
Configurations

Each Modbus port can be configured to support a master device, slave device, or a
network of up to 32 slave devices. Selection of ASCIl or RTU mode, baud rate,
parity, stop hits, link timeout value, and function code conversion is also
configurable.

The figure below illustrates four types of Modbus devices connected to a bridge
multiplexer.

Modbus Plus network (up to 64 nodes)

BM85
bridge
multiplexer
12 3 4

CPU CPU CPU

[] = Modbus port

J478
Modbus
modem
P230 IBM PC
programming or CPU
panel compatible (slave)
(master) (mgster) Modbus network
1 ... 32 devices

Modbus master devices connected to the bridge multiplexer can access any
controller node on the Modbus Plus network, including nodes on remote networks
through bridge plus devices. A master device can also access a slave device
connected to another port on the local bridge multiplexer, or one connected to a
remote bridge multiplexer node on Modbus Plus.

Modbus slave devices can be accessed by a master at the local bridge multiplexer,
or by a master at a remote bridge multiplexer node, or by program functions in your
Modbus Plus application.

Each Modbus port can be configured for the communication mode (ASCII/RTU) and
parameters suitable for its port devices.

For example, in the above figure, the Modbus master devices connected to ports 1
and 2 of the bridge multiplexer can attach to

e any controller on the Modbus Plus network,

e any slave device on the modem network at port 3, or

e the slave controller at port 4.

Application program function blocks in the controllers on Modbus Plus can access
e the slave devices on the modem network at port 3 and

e the controller at port 4.
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Modbus Port
Mapping

Each Modbus port has an address mapping table that allows messages and
commands received at the port to be routed as needed. The table converts the
Modbus address in the message to a routing path, allowing it to be routed to a device
on the local Modbus Plus network, to a device on another Modbus Plus network, or
to a device at another Modbus port. The mapping table allows the devices to be
uniquely addressed, even when two or more ports have devices using the same
Modbus address.

For example, in the figure below, both ports 1 and 3 have networks of Modbus slave
devices. Devices on the two networks can have the same addresses. Commands or
messages originated at the controllers on Modbus Plus can be routed to a unique
device on either of the two Modbus networks. Similarly, the Modbus master device
at port 2 can attach to a unique device on either network.

Modbus Plus network (up to 64 nodes)

BM85
bridge
multiplexer
1234

CPU CPU CPU

[] = Modbus port
ASCII, 9600 baud

RTU, 4800 baud

‘ RTU, 4800 baud  RTU, 9600 baud

J478 J478
Modbus Modbus
modem modem
IBM PC
or CPU
compatible (slave)
Modbus network (mgster) Modbus network

addresses 1 ... 247 addresses 1 ... 247

If a Modbus Plus networked controller or Modbus master device needs to perform a
lengthy command sequence to one of the Modbus networked devices, the bridge
multiplexer can acknowledge the command and then handle it locally at the Modbus
port. The bridge multiplexer will perform a polling process with the destination device
and return a final response when the command action has been completed. This
frees the network at the port for further transactions with other devices in the
application.
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RS232 and You may program two BM85 models to support custom RS232 or RS485
RS485 applications. Both models may be downloaded with a user application image across
Configurations Modbus Plus.
Step | Action Comment
1 Create the application program on an These require the use of a Borland C/C++
IBM PC/AT-compatible, using software | development environment which you
development tools supplied with the must supply.
BM85.
2 Download the application using a utility | The downloaded host can be connected
supplied with the development tools. to Modbus Plus by a Schneider Electric
SA85 (ISA/AT bus) or SM85
(MicroChannel bus) network adapter.

The downloaded image contains all of the internal operating code to be used in the

BM85. It provided the protocols for the serial devices to establish communication

with other devices: handshaking, protocol translation, packaging of messages,

buffer space, data conversion, and error handling.

The image can contain all of the serial port parameters (for example, baud rates and

parity) as fixed parameters. The image could also provide a local protocol (default

parameters and a menuing system) for the user to locally configure the parameters

through a terminal at one of the serial ports.

The BM85 can operate as a fully-programmed Modbus Plus coprocessor in the user

application. It can locally manage processes at its serial ports, initiating or

responding to Modbus Plus nodes as needed for higher-level status reporting and

control. Library functions are provided for creating multiple tasks within the BM85is

application program, and for assigning and arbitrating the tasks.

The BM85 application development tools include:

e a Borland C/C++ run - time startup routine

e an object library of BM85 utility routines, including functions for managing multiple
tasks within the BM85 application

e a Modbus Plus data transfer utility routine

a header file containing function prototypes

e a compiled demonstration program, with source code, showing examples of the
use of functions in a typical application

e test utilities, including source code, that exercise BM85 hardware

e the download utility for loading the application to the BM85

The software development tools are supplied on both 3.5-inch and 5.25-inch high-

density diskettes.
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The figure below summarizes the layout of port devices in a typical BM85 user-
programmed application. As shown, a Modbus master or slave device could also be
attached at a serial port if the user-defined code in the BM85 included a Modbus
protocol handler.

Modbus Plus network (up to 64 nodes)

BP85
bridge
CpPU CpPU multiplexer CPU
1234
[] = Modbus Plus
Modbus barcode
device reader
display scale
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At a Glance

Overview This chapter discusses the elements of network planning.

What's in this This chapter contains the following topics:

?

Chapter? Topic Page
An Overview of Network Planning 48
Defining the Network Components 50
Defining the Network Layout 52
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Elements of Network Planning

An Overview of Network Planning

Overview

You should consider the following factors in the layout of your Modbus Plus network
planning.

You can design your control system from a wide range of controller performance
features. You can choose your system layout from many variations in distributed
control, local, and remote input/output systems, and user interfaces. A major
factor determining your Modbus Plus networking requirement will be your
definition of the types, quantities, and site locations of the programmable control
components required for your application.

Planning your overall programmable control system is beyond the scope of this
document. For further information refer to related publications (see p. 10).

If you intend your network to primarily service I/O processes, refer to Modbus
Plus Network I/O Servicing Guide (840USE10400) for further guidelines and
performance estimates for these kinds of applications.

Typically, you define the site locations of your system components according to
your process flow and work cell layout. Your network design should support your
requirements for the transfer of information between those processes. Your
design should also accommodate any host or supervisory computer involved in
the job of monitoring the process activity, loading configuration and recipe files,
retrieving statistics, and providing reports.

Your network layout should provide ready access for debugging your application
and for future maintenance. Plan to include extra inline taps and drop cables at
convenient points. You can use them to connect a device to monitor the network
activity and collect statistics, without having to disconnect an active device. This
service access also allows you to temporarily connect, test, and debug future
devices as you expand your networking application.

Your planning should include preparation of documents that describe the network
plan. These should support ordering of materials, installation of the network, and
future maintenance. Worksheet examples are provided in this guidebook. Youill also
find blank worksheets. You can make photocopies of them to document your
network.
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Preparing a This chapter provides a focus for planning your Modbus Plus network requirements
Network Plan and layout. Planning elements include:

defining the network media components O network trunk cable, taps, and
drop cables

defining the network layout [0 defining environmental requirements, estimating
cable run and cut lengths, and providing access for future maintenance
defining the network device setup parameters 0 Certain kinds of devices
require a network node address and other parameters to be set in hardware
switches or in a software configuration. Your planning should include defining the
specific setup parameters for each networked device.

Network devices requiring the specification of setup parameters include:
programmable controllers O Define each controlleris network node address. If
you use its Modbus to Modbus Plus bridge mode, you must set port parameters
for its Modbus port. Setup information is supplied with each controller.

network option modules O Define each network option moduleis node address
and its slot position in the backplane.

DIO drop adapters and TIO modules O Define the node address for each of
these devices in your application.

host-based network adapters 0 Define the network adapter boardis network
node address and memory window address. You also must edit your host
computeris CONFIG.SYS file. Setup information is supplied with each adapter.
bridge multiplexers O Define each bridge multiplexeris network node address.
You must also define the communication parameters for each serial port that will
be used in your application. Setup information is supplied with each adapter.
repeaters [0 No special setup information is required for repeaters. This user
manual provides installation information.

bridge plus O Define a network node address for each of the bridge plus
deviceis two network ports. This user manual provides setup and installation
information.
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Defining the Network Components

Overview

Modbus Plus
Trunk Cable

The figure below summarizes the components of the network cable system.
trunk cable N tap N
o\

drop cable —p ground connection
through drop cable

[ } — 1
end inline inline end
node node | | node | | node
L _
[ = internal jumpers connected M = internal jumpers disconnected

For ordering information, visit http://www.schneider-electric.com for your nearest
Schneider Electric affiliate.

Cable specified for Modbus Plus trunk use is available from Schneider Electric with
the following part numbers.

Length of Cable on Real Part Number

100 ft (30.5 m) 490NAA27101
500 ft (152.5 m) 490NAA27102
1000 ft (305 m) 490NAA27103
1500 ft (457 m) 490NAA27104
5000 ft (1525 m) 490NAA27106

Your cable runs directly between the network device locations. Each cable segment
must be a continuous run between the taps at two locations. Do not use splices,
splitters, or any other configurations, such as star or tree configurations. The only
allowed media components are the network cable and taps.

You typically plan your cable runs according to the horizontal distances between
sites. When you order trunk cable, order it by reels of fixed length. Order reels
sufficient length to allow continuous runs between the network devices.
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Modbus Plus
Drop Cables

Modbus Plus Tap

Modbus Plus
Cablelmpedance
Termination

Modbus Plus
Network
Grounding

A drop cable is used at each site to connect between the tap and a network node
device. The cable is preassembled with a 9-pin D connector on one end for
connection to the node device. The other end is open for connection to the tap.
Cables are available in two lengths with the following Schneider Electric part
numbers:

Length of Cable Part Number
8 ft (2.4 m) 990NAD21110
20 ft (6 m) 990NAD21130

Order a sufficient quantity of drop cables and taps to allow extra ones for service
access and spares.

A tap is required at each site on the trunk cable to provide connections for the trunk
cable and drop cable. Its Schneider Electric number is 990NAD23000.

Order a sufficient quantity of taps and drop cables to allow extra ones for service
access and spares.

Each tap contains an internal terminating resistor that can be connected by two
jumpers. Two jumper wires are included in the tap package but are not installed. At
the taps at the two ends of a cable section, connect both of the jumpers to provide
the proper terminating impedance for the network. Taps at inline sites must have
both jumpers removed. See Introducing the Modbus Plus Network (see p. 11) for the
definitions of cable sections and end and inline sites.

The impedance is maintained regardless of whether a node device is connected to
the drop cable. Any connector can be disconnected from its device without affecting
the network impedance.

Each tap has a grounding screw for connection to the site panel ground. Schneider
Electric drop cables have a grounding lug in the cable package. This must be
installed on the cable and connected to the grounding screw on the tap.

The node device end of the drop cable has a lug which must be connected to the
node deviceis panel ground. The network cable must be grounded through this
connection at each node site, even when the node device is not present. The ground
point must not be left open. No other grounding method can be used.

For a full description of Schneider Electric controller system grounding
requirements, refer to related publications (see p. 10).
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Defining the Network Layout

Component
Locations

Environmental
Requirements

The maximum cable length allowed for the network section from end to end is 1500
ft (450 m). Up to 32 nodes can be connected within this length. The maximum length
includes the total set of cable runs, including all horizontal runs and vertical cable
drops to the networked devices. On dual-cable networks, the difference in length
between cables A and B must not exceed 500 ft (150 m) between any two nodes on
the same cable section. This is explained in more detail on the next page.

The minimum length allowed between any two points is 10 ft (3 m). If two devices
are closer than this, you must include extra cable to attain the minimum cable length.

Select a cable routing method that will protect the cable from physical damage and

potential electrical interference sources.

Avoid areas of high temperatures, moisture, vibration, or other mechanical stress.

Secure the cable where necessary to prevent its weight and the weight of other

cables from pulling or twisting the cable. Plan the cable layout to use cable ducts,

raceways, or other structures for protecting the cable. These structures should be
dedicated for signal wiring paths, and should not contain power wiring.

Avoid sources of electrical interference that can induce noise into the cable. Use the

maximum practicable separation from such sources.

Follow these cable routing guidelines for electrical protection:

e Maintain a minimum separation of 3.3 ft (1 m) from the following equipment: air
conditioners, elevators, escalators, large blowers, radios, televisions, intercom
and security systems, fluorescent, incandescent, and neon lighting fixtures.

e Maintain a minimum separation of 10 ft (3 m) from the following equipment: power
wiring, transformers, generators, and alternators.

e |n addition to the minimum separation, if the cable must cross power wiring
carrying over 480 volts, it must cross only at a right angle. The cable must not run
parallel to the power wiring.
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Adding Service
Connectors

Dual-Cable
Length
Considerations

In addition to the drop cables to the network node devices required for your
application, you should provide one or more drops to allow for service access to the

active network.

Include at least one drop at a location that will allow connection of a device for future
monitoring and servicing, without disconnecting some active device. This can also
assist in debugging your application at the present time and for future expansion.

A CAUTION

NETWORK PERFORMANCE

Before you connect or disconnect any devices on an active network, you should be
aware of its affect on network timing. See network performance (see p. 55) for
further information about predicting network throughput and node dropout latency
time.

Failure to follow this precaution can result in injury or equipment damage.

Designing your network as a dual-cable layout can give you increased protection

against communication errors caused by cable breakage or excessive electrical

interference. If a fault occurs on either cable path, the node devices can continue

processing error-free messages on the alternate path.

To minimize the chance of simultaneous interference or damage to both cables,

route the two cables through separate areas of your plant site. Typically, this

requires you to plan different lengths for the two cable paths between successive

nodes. Additional considerations apply when the two cable lengths will not be the

same.

Between any two nodes on the same cable section, the difference between the

lengths of cables A and B must not exceed 500 ft (150 m). Figure 26 shows an

example of an illegal configuration. Even though the two cable lengths between

nodes 1 ... 4 are identical at 1200 ft (360 m), several illegal lengths exist in this

configuration.

e Between nodes 1 and 2, the difference in lengths between cables A and B is 600
ft (180 m). This exceeds the maximum allowable difference of 500 ft (150 m).

e Between nodes 2 ... 4, the difference between cables A and B is also 600 ft (180
m). This exceeds the maximum allowable difference of 500 ft (150 m).
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The cable A to B difference only applies to node connections on the same cable
section. If node 4 were a repeater or bridge plus, for example, the cables on the
other side of that node would be totally independent of the cables in the above

figure, for measurement purposes.

not to scale 900 ft 150 ft 150 ft
(270 m) (45 m) (45 m)
-
300 ft 450 ft 450 ft
(90 m) (135 m) (135 m)

node 1

node 2

node 3

node 4

Estimating Cable  Your layout planning should provide information to the installers that will show the
Run Distances cut length of each segment in the cable run. Before the cable is cut at each drop
location, the following factors should be considered:
e The cable routing must provide for installation of strain relief to prevent the
cableis weight from pulling on its connector at the node device. The cable should
be routed adjacent to a frame, panel, or other stable structure to properly secure
strain reliefs against its weight. Allow sufficient cable length for this routing.
e Provide a service loop at each node device to allow future servicing of the device
without placing stress on the cable or connector. A service loop of 6 in (15 cm)
minimum radius is adequate for most panel mounting layouts.
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3

At a Glance

Overview This chapter discusses network performance.
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What's in this
Chapter?

This chapter contains the following topics:

Topic Page

Estimating Network Performance 57
Factors for Planning 59
How Devices Interact on the Network 60
Factors That Affect Performance 61
Communication Paths and Queuing 63
Reading and Writing with the MSTR 65
A Sample MSTR Communication 67
Getting and Clearing Statistics 69
Reading and Writing Global Data 71
Loading Effects in Your Application 72
Predicting Token Rotation Time 74
Formula for Calculating Rotation 75
Predicting MSTR Response Time 76
Estimating Throughput (With MSTR) 78
Estimating Throughput (With Peer Cop) 80
Predicting Node Dropout Latency Time 82
Estimating Latency for a Small Network 84
Estimating Latency for a Large Network 86
Planning for Ring Join Time 88
Precautions for Hot Standby Layouts 90
Guidelines for a Single Network 91
Guidelines for Multiple Networks 95
Sample Communications Across Networks 98
A Summary of Network Planning 100
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Estimating Network Performance

Overview This chapter describes the major factors you should consider as you plan the layout
of your Modbus Plus network. It explains how you can use MSTR and peer cop
methods for communicating in your application, and shows how your use of these
methods affects network performance. It gives examples of message handling
between nodes, and presents guidelines for predicting the performance of single
and multiple networks.

Your Network The goal of your planning guide is to achieve a network design that meets your

Performance needs for information transfer among the devices in your application. The networkis

Goal and Options message handling capacity must be sufficient to assure that each device has the
data it needs, within the timing requirements of your application and with margins for
safety. The network design must also be able to support future modifications and
expansion to your application.
Each device presents unique requirements for obtaining data from the other
devices. Data requirements can range from occasional updates of statistics to nearly
continuous exchanges of large blocks of information. Control applications that
interact between nodes require a network design that provides fast responses to
request for data.
When multiple devices share the same network, each deviceis data requirements
should not be viewed as being isolated from the requirements of the other devices.
Each device has a need for access to the network token. The length of time each
device needs to transmit its application messages affects the networkis token
rotation time, and therefore also affects the networkis access for the other devices.
Response to data requests are also determined by the processing speeds of the
devices, such as the scantimes of programmable controllers and the efficiency with
which their application programs have been designed. The network should be
viewed as an interactive array of devices, in which overall performance is affected
by the physical count of nodes, their combined data requirements, and their data
handling capabilities.
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Your Option

Design Options
for /0O Servicing

You can plan your network application as a single network, with a linear
arrangement of nodes. You can also plan it as multiple networks that are joined in a
layered or hierarchical configuration. The choices you make will be determined by
your data requirements between the nodes. Nodes which much exchange
significant amounts of data that is critical to the timing of some process should be
positioned on a compact network, with a bridge serving to forward less - critical data
to devices on other networks.

Consider also how much of the data should be handled through read/write message
transactions between the nodes, and how much through global database
transactions. If your application requires that devices must maintain multiple
concurrent transactions with other devices, consider how many data paths can be
opened within the devices.

As you choose your design options, your estimation of total throughput for your
network application should be conservative. When you estimate é@veragei
performance, be aware that events in your application will occur asynchronously,
and will place heavier loads on the network at various times. Instantaneous
throughput between devices in a time - critical process must remain within safety
margins, even with worst case loading.

By understanding the factors that affect your networkis performance, and your
option for device selection and programming, you can achieve a network design that
meets the goals for your current application and future needs.

If you are designing your network primarily for servicing I/O field devices through
DIO drop gdapters and TIO modules, you will have several important factors to
consider.

Your network must service the I/O processes at a rate of speed that is sufficient to
control them efficiently and without excessive delay. In general, the networkis I/O
servicing rate will depend upon the amount of nodes you employ, and the average
message size. In addition, the determinism or repeatability of the I/O servicing rate
will be affected by the types of node devices you connect to the network.

To assist you in planning for both of these factors (the speed of timing for data
transfers, and the repeatability of that timing), a guidebook is available for network
applications that are intended for 1/0 servicing. Seed the Modbus Plus Network 1/0
Servicing Guide (840USE10400) for further details.
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Factors for Planning

Overview

Network
Applications

Information
Requirements

Transaction
Requirements

When you plan communications strategy that will integrate various control systems
and computer products, consider the kinds of applications you will implement, their
information requirements, and their control devices. Your planning should include
three levels.

e network applications

e information requirements

e transaction requirements

Consider the following types of applications for your network.
process data acquisition

supervisory control

user interface

statistical process control

statistical quality control

local and remote programming

program archiving, upload, and download

database generation for management reports
connectivity to other types of networks

Consider the following information, which is involved in all applications and between
applications.

process data between interactive nodes

downloading recipes and control programs

production/quality statistics and reports

supervisory control and information for user interfaces

data conversion to computer databases

process device diagnostics and maintenance reports

Consider the quantities of each type of information and their throughput
requirements. Note how much data must be transferred between devices per unit of
time.

Consider the types and quantities of message transaction that must occur between
networked devices. Make a chart showing your planning for each transaction

Originating Node network number device description
node address device type

Receiving Node network number device description
node address device type

Communication purpose frequency of enabling
priority numbers of registers
sent under what conditions response time needed
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How Devices Interact on the Network

Overview

Multiple data transfer and programming operations can occur concurrently on a
network. The network example below shows five nodes on a single network. In
practice, the network could contain up to its full complement of 64 nodes, and
additional networks could be connected through bridge plus devices.

Modbus Plus Network

~N
node 2 node 30 node 3 node 31
controller controller controller controller
T I T
P230 P230
programming programming
panel panel node 3
controller
I

Control processes can be in progress between various nodes while plant personnel

are actively programming, archiving, and diagnosing the devices from different

locations.

Examples of operations which can be occurring concurrently on this network

include:

e data transfers in progress between controllers 2 and 4

e computer A operating as a user interface obtaining data from controllers 2 and 4

e computer B in a programming or load/record/verify operation with controller 3

e plant personnel accessing any nodes from the P230 programming panels using
the controllersi built-in Modbus to Modbus Plus bridge mode
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Factors That Affect Performance

Handling
Multiple
Operations

The time that is required for a node to respond to a request for data is affected by
the count of nodes on the network, by the number of active transactions in each
node, and by each nodeis instruction handling capability (scan time). The way in
which you program your application also will affect the response time.

Modbus Plus Network

N
node 2 node 30 node 3 node 31
controller computer A controller computer B
P230 P230
programming programming
panel panel node 4
controller

Consider the multiple operations example again. Data transfers are in progress from
controllers 2 and 4. Computer A is operating as a user interface obtaining data from
controllers 2 and 4. These two operations can be considered to be the most critical
for timing, because they are handling application data in real time. These operations
are also interactive because the application uses computer A as an interface
accessing data in the controller 2 and 4. Data paths and application program
instructions must be provided in these controllers for servicing the user interface, in
addition to servicing their mutual data requirements.

Two additional operations are occurring on the network. Computer B is in a
programming or load/record/verify operation with controller 3. Plant personnel
accessing any node from the P230 programming panels using the controllersi built-
in Modbus to Modbus Plus bridge mode. These operations are handling data that is
not currently used in the application. Their activity on the network will, however,
affect the response time for the first two operations. For example, the networkis
token must be held for a period of time by computer B and controller 3 while they
transact the necessary data. If this operation terminates, and these nodes have no
other immediate operations, each will retain the token for only a minimum time
before passing it. (Methods for estimating token rotation time are presented later in
this chapter.)
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Planning Your
Application
Program

The way in which you program your application will also affect network performance.
For example, the approximate time required between two controllers to request data
and receive it is:

e one token rotation time for network access to send the request

e one scan time in the receiving controller to process the request

e one token rotation time for network access to send the response

e two scan times in the initiating controller to process the response

If data is transferred as a global transaction, it is received by multiple nodes during
a single token pass. The approximate time for this is:

e one token rotation time for network access to send the global data

e one scan time in each receiving controller to process the global data

Your choice of polling or unsolicited transactions will greatly affect network
performance. If you construct your application program using polling techniques,
you will force the network to handle some quantity of transactions that do not return
data. This will tend to increase the aggregate amount of network traffic and will
diminish the ability of the network devices to manage their data paths and to acquire
the token.

Rather than using polling techniques, you can gain improved message throughput
by implementing event-driven read or write operations between the devices.
Receiving devices can be prepared for unsolicited data by having their application
sample flag bits (bits that are written by the incoming data, and cleared by a
subsequent scan), or by using transaction counters or other similar methods.
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Communication Paths and Queuing

Overview

Path Types

Path Quantities

Data Master
Paths in
Controllers

With multiple devices processing messages asynchronously on the network, it
becomes possible for an individual device to have several concurrent transactions
in process. The peer processor in each device maintains multiple communication
paths of various types. It opens a path then a transaction begins, keeps it open
during the transaction, and closes it when the transaction terminates. When the path
is closed, it becomes available to another transaction.

Both the originating and destination devices open paths and maintain them until the
transaction completes. If the transaction passes through bridge plus devices to
access a destination on another network, each bridge opens and maintains a path
at each of its two network ports. Thus a logical path is maintained between the
originating and destination devices until the transaction is finished.

Each Modbus Plus device has the following types of paths:

e data master path for data reads and writes and for get and clear remote statistics,
originated in the device

e data slave path for data reads and writes as they are received in the device

program master path for programming commands originated in the device

e program slave path for programming commands as they are received in the
device

Each path is independent of the others. Activity in one path does not affect the

performance of the other paths.

The following paths are available in the various types of Modbus Plus devices:

CPU BM85 BP85 SAB5/SM85
Data Master 5 4 8 8
Data Slave 4 4 8 8
Program Master 1 4 8 8
Program Slave 1 4 8 8

Five data master paths are provided in controllers. Of these, one path is reserved
for use by the controlleris Modbus port in the bridge mode between Modbus and
Modbus Plus. The remaining four paths are reserved for use by MSTR functions in
the controlleris application program.
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Queuing

BP85Bridge Plus
Queuing

If all data slave paths are active in a device, incoming transactions will be queued.
Transactions will remain queued until a path is available, and will then be removed
from the queue and given the path. A final data response is not returned to your
application until a full path is available from origin to destination.

When the destination node removes a transaction from its queue, it must acquire the
token and request the command again from the originating node. The originator will
respond with the command again from the originating mode. The originator will
respond with the command while the destination has the token. This process occurs
automatically, eliminating the need for polling between the origination and
destination in your application.

Messages which must pass through multiple bridges will be queued (if necessary)
within the first bridge, but will not be queued within any subsequent bridges in the
transaction path. The figure below shows an example of a BP85 Bridge Plus
queuing.

Modbus Plus network
origination

peer processor

controller A

peer processor peer processor

Modbus Plus network

peer processor controller B

bridge plus

peer processor

peer processor

destination

Modbus Plus network

A message from controller A to controller B must pass through two bridge plus
devices. If a path is not available in the first bridge, the message will be queued and
given a path when one is available. If the second bridge does not have a path when
it receives the message, the message will not be queued further. An error code will
be returned from the second bridge and can be sensed by the application program
in controller A.

Transactions are handled in this way to prevent excessive delays between requests
and responses in your application. This situation should occur rarely, and is caused
by high message loading within the bridge.
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Reading and Writing with the MSTR

Overview The MSTR instruction is a ladder logic function that provides access to the Modbus
Plus network. Its format is shown in the figure below.
summary of MSTR operations

control block

data area size -
clear remote statistics

(N)

enable —— (AXXXX) — active 1 wite
2 read
data area start 3 getlocal statistics
abort  — (4XXXX) ——error 4  clear local statistics
5 write global database
MSTR 6 read global database
— complete 7  getremote statistics
8
9

peer cop health

A complete description of how you can program your application using the MSTR is
provided in the Ladder Logic Block Library User Guide (840USE10100), which will
help you follow the sample communication on the next page.

The control block is a 4x reference that is the starting register in a block of nine
consecutive registers. These registers define the intended actions and Modbus Plus
routing for the communication. Their contents are unique for each type of operation.
For example, in a data read or write operation, the control block layout is as follows:

Register Content

ax Operation Type 1 = White
2 =Red

ax+1 Storage for Returned Error status Code

X+2 Data Block Length 4

4x + 3 Start with the data area in the Destination Device

Ax + 4 Modbus Plus Routing Path 1

4x+5 Modbus Plus Routing Path 2

4x + 6 Modbus Plus Routing Path 3

Ax+7 Modbus Plus Routing Path 4

4x + 8 Modbus Plus Routing Path 5

The control block register at 4x + 2 specifies the length of the data area for the read
or write operation. For example, if this register contains a value of 32 decimal, that
many registers of data will be transferred in the operation.
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The control block register at 4x + 3 defines the starting location of the data buffer in
the destination device. Its contents are an offset value (not an absolute address).
For example, a value of 1 specifies reference 40001 in a programmable controller.
The offset can be incremented in successive MSTR operations to move large areas
of data.

Data area start is a 4x reference that is the starting register in a block of up to 100
consecutive registers that will be used at the local data buffer in the read or write. If
the operation is a read, the incoming data from the destination device will be stored
into this buffer. For a write, the buffer contents will be sent to the destination device.
Data area size is an absolute value in the range 1 ... 100 decimal. It specifies the
maximum quantity of registers to be allocated for the MSTR functionis data area.
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