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Important User Information

Solid state equipment has operational characteristics differing from
those of electromechanical equipment. “Safety Guidelines for the
Application, Installation and Maintenance of Solid State Controls”
(Publication SGI-1.1) describes some important differences between
solid state equipment and hard—wired electromechanical devices.
Because of this difference, and also because of the wide variety of
uses for solid state equipment, all persons responsible for applying
this equipment must satisfy themselves that each intended
application of this equipment is acceptable.

In no event will the Allen-Bradley Company be responsible or liable
for indirect or consequential damages resulting from the use or
application of this equipment.

The examples and diagrams in this manual are included solely for
illustrative purposes. Because of the many variables and
requirements associated with any particular installation, the
Allen-Bradley Company cannot assume responsibility or liability for
actual use based on the examples and diagrams.

No patent liability is assumed by Allen-Bradley Company with
respect to use of information, circuits, equipment, or software
described in this manual.

Reproduction of the contents of this manual, in whole or in patrt,
without written permission of the Allen-Bradley Company is
prohibited.

Throughout this manual we use notes to make you aware of safety
considerations.

ATTENTION: Identifies information about practices
or circumstances that can lead to personal injury or
death, property damage, or economic loss.

Attentions help you:
* identify a hazard
* avoid the hazard
* recognize the consequences

Important: ldentifies information that is especially important for
successful application and understanding of the product.

Ethernet is a registered trademark of Intel Corporation, Xerox Corporation, and Digital
Equipment Corporation.

PLC and PLC-5 are registered trademark of Allen-Bradley Company, Inc.

Data Highway Plus, DH+, PLC-5/11, -5/20, -5/26, -5/30, -5/40, -5/46, -5/40L, -5/60, -5/60L,
-5/80, -5/86, -5/20E, -5/40E, and -5/80E are trademarks of Allen-Bradley Company, Inc.



Summary of Changes

Introduction

Updated Information

This release contains new and updated information. The most
significant changes are the following:

For this new information: See chapter:

The series E processor supports as many as 2000 program files 4

To help you find new and updated information, look for the change
bars as shown to the right of this paragraph.

For this updated information: See chapter:
Channel 1A connection possibilities for PLC-5/20E, -5/40E, and -5/80E 1
processors

Reference to user control bit S26:6 for controlling forcing and data table 1
changes while the processor is in Run mode

Overview of the steps required to communicate with processor-resident 1/0 5
Design tip for placing I/O modules for immediate /O 5
Overview of the steps required to communicate with remote 1/0 6
Tips for troubleshooting remote 1/0 communication difficulties 6
Overview of the steps required to communicate with an adapter channel 7
Overview of the steps required to communicate with extended-local 1/0 8
Designing a DH+ link 10
Using the global status flags file 10
Programming fault routines to handle remote I/O rack faults 16
Using SFC subcharts requires MCP A 17
Using the.TO bit so block-transfer instructions don’t keep STls from 18
completing

Programming block-transfer instructions in Plls 19
Clarified fault descriptions 21

1785-6.5.12 January 1997



Table of Contents

Introduction ...
Updated Information ... ......... ... ... .. ... ......

UsingThisManual ...................... ...,

How to Use Your Documentation .....................
Purpose of ThisManual ...........................
Conventions ..........c. it
Terms UsedinThisManual .........................
Manual OVerview . ...........oiiriiii e
Rockwell Automation Support . ......................
Local Product Support . ........... . ... ... ...
Technical Product Assistance .....................
Your Questions or Comments on this Manual ..........

Understanding Your Processor .................

Using This Chapter ............. . ... ... iiiin,
Designing Systems .. ... ... ...
Identifying PLC-5 Processor Components ..............
Programming Features . ... ............ ... ... ......
Using a PLC-5 Processor Channel as a Remote /O Scanner .
Using a PLC-5 Processor Channel as a Remote 1/O Adapter .

Using a PLC-5/40L, -5/60L Processor as an Extended-Local
l/OScanner ...........ccco it

Selecting and Placingl/O ......................

Using This Chapter ............. . ... ... iiiin,
Selectingl/OModules . ... ........... ... ... ...
Selecting I/O Module Density . ......................
Placing I/0 ModulesinaChassis ... ..................

Placing System Hardware .....................

Using This Chapter ............. . ... ... iiiin,
Determining the Proper Environment . .................
Protecting Your Processor ... ......................
Avoiding Electrostatic Damage ......................
Laying Out Your Cable Raceway .....................

Categorize Conductors .. ...............ccovun....

Route Conductors .............. ...,
Laying Out Your Backpanel Spacing ..................
Grounding Your System .......... ... L




Table of Contents

Addressing I/0 and Processor Memory ...........

Using This Chapter ............. . ... .. iiiis,
I/0O Addressing Concept . .............ooiiiii....
Choosing an AddressingMode ......................
Addressing Block-Transfer Modules ..................
Addressing Summary .. .......... .
AssigningRacks ........... ... ..l
Understanding PLC-5 Processor Memory ..............
Understanding Data Storage (Data-Table Files) .. ......
Addressing File Types . ........... ... ... oo,
Understanding Program-File Storage ... .............
Addressing . ...
Specifying I/0 Image Addresses ...................
Specifying Logical Addresses .....................
Specifying Indirect Addresses .....................
Specifying Indexed Addresses ....................
Specifying Symbolic Addresses .. ..................

Optimizing Instruction Execution Time and Processor
Memory . ...

Effectively Usingl/OMemory ... .....................

Communicating with Processor-Resident /O . ......

Using This Chapter ............. . ... .. iiiis,
Introduction to PLC-5 Processor Scanning . .............
Program Scanning .. ........ ... ... i
Transferring Data to Processor-Resident /0 ............
Transferring Discrete Data to Processor-Resident 1/0 . . . .
Transferring Immediate I/O Requests . ...............
Transferring Block-Transfer Data to Processor-Resident 1/0
Configuring the System for Processor-Resident 1/O0 . . . . . . ..

Communicating with Remote l/O ................

Using This Chapter ............. . ... ... iiiiin,
Selecting Devices That You Can Connect . .. ............
Introductionto Remote /0 . ........................
Designinga Remote /O Link . .......................
Link Design Guidelines . .........................
Cable Design Guidelines . . .......................
Configuring a Processor Channel as a Scanner ..........
Defineanl/O StatusFile .........................
Specify Channel Configuration Information ............
Specifythe Scan List ...........................
Communicating to a Remote I/0 Node Adapter . ..........
Troubleshooting Remote I/0 Communication Difficulties . . .




Table of Contents

Transferring BlockData . ..........................
Block-Transfer Minor FaultBits ... .................
Block-Transfers of Remote /OData . ..................
Block-Transfer Sequence with StatusBits ..............
Block-Transfer Programming Considerations ............
General Considerations . ........................
For Processor-Resident Local Racks ................
Monitoring Remote 1/O Scanner Channels ..............
Addressing the I/0 Status File . ......................

Communicating with a PLC-5 Adapter Channel .....

Using This Chapter ............. . ... .. iiiii.n,
Configuring Communication to a PLC-5 Adapter Channel . ..

Specify an Adapter Channel’s Communication Rate,
Address,and Rack Size ......................

Specify the Discrete Transfer Configuration Files .. .. ...
Programming Discrete Transfers in Adapter Mode ........
Programming Block-Transfers of Data to an Adapter Channel

Configure Block-Transfer Requests .................

Example of Block-Transfer Ladder Logic .............

Effects of Programming Block-Transfers to an Adapter-Mode
Processor Channel on Discrete Data Transfer . . .. ...

Monitoring the Status of the Adapter Channel ... .........
Monitoring the Status of the Supervisory Processor . . . . . . ..
Monitoring Remote I/O Adapter Channels . . .............

Communicating with Extended-Local I/O ..........

Using This Chapter ............. . ... ... iiiin,
Selecting Devices That You Can Connect . .. ............
Cabling . ...
Addressingand Placing /O .. .............. .. ... ...,
TransferringData .. ............ ... ... it
Discrete Data Transfer ..........................
Transferring Block Data .........................
Calculating Block-Transfer Completion Time .. .........

Calculating Worst-Case Completion Time
block-transfer duration (ms) =D-R ............

D=2E-L+(0AW)and ......oveeeeeeennnen.,

Calculating Completion Time for any One Block-transfer
block-transfer duration (ms) =D-R ............

D=E-M+(O0iAW)]and......................
Considerations for Extended-local Racks .............
Configuring the Processor as an Extended-local I/0 Scanner .
Monitoring Extended-local I/O Status ..................




Table of Contents

Maximizing System Performance . .

Using This Chapter ...............
ProgramScan ...................

Effects of False Logic versus True Logic on Logic

ScanTime .................

Effects of Different Instructions on Logic Scan Time . . . . ..
Effects of Different Input States on Logic Scan Time .. . ..

Effects of Using Interrupts on Logic Sca
Effects of Housekeeping Time . . .. ..
Editing While in Remote Run Mode

Putting Block-Transfer Modules in Pr
Chassis .................

Using Global Status Flag Files . . . .
Calculating Throughput . . . ..........
Input and Output Modules Delay . . .. ..
I/O Backplane Transfer .............
Remote /O ScanTime .............

CommunicationRate ............
Number of Rack Entries ..........
Block-Transfers ................

nTime .........

ocessor-resident

Calculating Worst-Case Remote I/O Scan Time ........

Optimizing Remote I/0 Scan Time . . .
Processor Time ..................
Example Calculation . ..............
Performance Effects of Online Operations

Effect of Inserting Ladder Rungs at the 56K-word Limit . . . . .

Communicating with Devices on a D

Using This Chapter ...............
Selecting Devices That You Can Connect
Link Design .....................

H+ Link .......

Configuring the Channel for DH+ Communication .........

Using the Global Status Flag File . . . . ..
Monitoring DH+ Communication Channels
Estimating DH+ Link Performance . . . ..
Nodes ...............oconnn..
Size and Number of Messages .. . ..
Message Destination ............
Internal Processing Time .........
Average DH+ Link Response Time Test
Application Guidelines .............

Results ........




Table of Contents v
Communicating with Devices on a Serial Link ...... 11-1
Using This Chapter ............. . ... .. iiiis, 111
Choosing Between RS-232C, RS-422A, and RS-423 ... ... 11
Configuring the Processor Serial Port .. ............... _11-2
UsingChannel 0 ........... ... . ... iiiiiiia.n, _11-2
UserMode ......... ... oo, _11-2
SystemMode .............. _11-3
Master Station to Remote Station Communication
Methods . ......... .. ... i _11-4
ChangingModes . ............ ... . ......... _11-4
Cabling . ... _11-5
Configuring Channel 0 . ........... ... ... . ... ... _11-5
Configure Channel 0 for DF1 Point-to-Point ........... _11-6
Configure Channel 0 as a Slave Station .............. _11-8
Configure Channel 0 as a Master Station ............. 11-10
Configure Channel 0 for User Mode (ASCII Protocol) .. .. 11-15
Monitoring Channel 0 Status ........................ 11-18
Using the System Mode Status Display .............. 11-18
Using the User Mode (ASCII) Status Display . .. ........ 11-20
Communicating with Devices on an Ethernet Network 12-1
Using This Chapter ............. . ... .. iiiii.n, _12-1
Mediaand Cabling .............. ...t _12-1
Assigning Your [P Address . ....... ... ... ... ... _12-2
Network Addressing ... ..., _12-2
Configuring Channel 2 for Ethernet Communication ... .... _12-3
Manually Configuring Channel2 .. ................. _12-3
Dynamically Configuring Channel 2 using BOOTP . .. . . .. _12-5
Using DOS/Windows BOOTP ....................... _12-6
Install the DOS/Windows BOOTP server ............. _12-7
Edit the DOS/Windows BOOTP Configuration File . . . . . .. 12-7
Run the Boot Server Utility ....................... _12-9
Running the DOS-Based Utility .................. 12-10
Running the Windows-Based Utility ............... 12-10
Using Advanced Ethernet Functions . ................. 12-11
Using Broadcast Addressing .. .................... 12-11
Using Subnet Masks and Gateways . ................ 12-12
Manually Configuring Channel 2 for Processors
onSubnets ......... ... ... 12-13
Using BOOTP to Configure Channel 2 for Processors
onSubnets ......... ... ... 12-13
Interpreting Error Codes ... ............ ...t 12-16
Interpreting Ethernet StatusData . . . .................. 12-17
Ethernet PLC-5 Performance Considerations ............ 12-18



Table of Contents

Protecting Your Programs .....................

Using This Chapter ............. . ... .. iiiis,
About Passwords and Privileges . ....................
Defining Privilege Classes . ........................
Assigning a Privilege Class to a Channel or Offline File .. ...
Assigning a Privilege ClasstoaNode .................
Assigning Read/Write Privileges to a ProgramFile ... . . ...
Assigning Read/Write Privileges to a DataFile ...........
Using Protected Processors .. ......................

Programming Considerations ..................

Using This Chapter ............. . ... ... iiiin,
Forcing . ...
Forcing Inputsand Outputs . ......................
Forcing SFC Transitions .........................
Using Special Programming Routines .................
Priority Scheduling for Interruptsand MCPs .............
Program Execution States .......................
Influencing Priority Scheduling . . . ..................
Defining and Programming Interrupt Routines . ... ........

Preparing Power-up Routines ..................

Using This Chapter ............. . ... .. iiiis,
Setting Power-up Protection ........................
Allowing or Inhibiting Startup .. ............ ... .. ... ..
Defining Processor Power-up Procedure ...............

Preparing Fault Routines ......................

Using This Chapter ............. . ... ... iiiin,
Understanding the Fault Routine Concept ..............
ResponsestoaMajorFault . .. ....................
Understanding Processor-Detected Major Faults . ... ... ..
Fault in a Processor-Resident or Extended-Local I/0 Rack
Faultina Remote /O Chassis .....................
Defininga Fault Routine ...........................
Defining a Watchdog Timer . ........................
Avoiding Multiple Watchdog Faults . . ... .............




Table of Contents vii
Programming a Fault Routine .. ..................... _16-6
SettinganAlarm ....... ... ... ... L _16-6
ClearingaMajor Fault .......................... _16-6
Changing the Fault Routine from Ladder Logic ......... _16-8
Using Ladder Logic to Recover fromaFault ........... _16-9
Block-Transfers in Fault Routines .................. 16-10
Testinga Fault Routine . ......................... 16-10
Monitoring Faults .. ........... ... ... ... ... ... ..., 16-10
Monitoring Major/Minor Faults and Fault Codes . . ... . ... 16-11
Interpreting Major Faults .. ....................... 16-11
Interpreting Minor Faults .. ....................... 16-11
Monitoring Status Bits . . .. ............ ... . ..., 16-11
Using Main Control Programs .................. 17-1
Using This Chapter ............. . ... . iiiiin, 171
Selecting Main Control Programs . ................... 171
Understanding How the Processor Interprets MCPs .. ... .. 171
ConfiguringMCPs .. ... .. ... _17-3
MonitoringMCPs . ... ... ... . _17-4
Using Selectable Timed Interrupts ............... 18-1
Using This Chapter ............. . ... ... iiiin, _18-1
Using a Selectable Timed Interrupt . .................. _18-1
Writing STl Ladder Logic . . .. ..., _18-1
STI Application Example .. ....................... _18-2
Block-Transfers in Selectable Timed Interrupts (STls) . . .. _18-2
Defining a Selectable Timed Interrupt . ... .............. _18-3
Monitoring Selectable Timed Interrupts .. .............. _18-4
Using Processor Input Interrupts ................ 19-1
Using This Chapter ............. . ... ... iiiin, _19-1
Using a Processor Input Interrupt .. .................. _19-1
Writing PIl Ladder Logic ......................... _19-2
Pl Application Examples . ....................... _19-2
Block-Transfers in Processor Input Interrupts (Plls) . . . . . . _19-3
Design Considerations .......................... _19-4
Defining a Processor Input Interrupt . ... ............... _19-5
Monitoring Processor Input Interrupts . . . . .............. _19-6
System Specifications ........................ _20-1
Processor Specifications .......................... _20-1
Processor Specifications (continued) .................. _20-3
Battery Specifications (1770-XYC) . ................... 20-4



viii

Table of Contents

Processor Status File ........................ 21-1
Si0-82 L 211
S 310 . . 21-2
0 1 21-4
Sl _21-5
Si13-S:24 ... _21-7
Si26-S:85 ... _21-9
S:36-S:78 .. 21-10
S79-S:127 21-11
Instruction Set Quick Reference ................ 221
Using This Chapter .......... ... ... ... iiiiin, 22-1
Relay Instructions . .......... ... ... ... ... ... ... _22-2
TimerInstructions . . .. ......... ... ... ... ... _22-3
Counter Instructions . ........... ... ... . ... ... _22-4
Compare Instructions . .............. ... . ... ... _22-5
Compute Instructions . .......................... _22-7
Logical Instructions . .......... ... ... ... .. ...... 22-14
Conversion Instructions . ........................ 22-15
Bit Modify and Move Instructions .. ................. 22-16
File Instructions .. ......... ... ... ... . ... 22-17
Diagnostic Instructions . ......................... 22-18
Shift Register Instructions . ....................... 22-19
Sequencer Instructions .. ......... ... ... ... ... 22-20
Program Control Instructions . ... .................. 22-21
Process Control, Message Instructions . ............. 22-23
Block Transfer Instructions ....................... 22-24
ASCllInstructions ........... ... oo, 22-25
Timing and Memory Requirements ................... 22-28
Switch Setting Reference ...................... _23-1
Using This Chapter ............. . ... ... oiiiin, _23-1
Processor Switches .. ........ ... ... .. L _23-2
Switch2 ... _23-3
I/O Chassis Backplane . ........................... _23-4
1771-ASB Remote I/O Adapter or 1771-ALX
Extended-Local I/O Adapter . ................... _23-5
I/0 Chassis ConfigurationPlug .................... _23-6
Remote I/O Adapter Module ........................ _23-7
(1771-ASB Series C and D) I/0 Rack Number—
without Complementary /0 .. .................. _23-8
Extended-Local I/O Adapter Module . ................. _23-9

(1771-ALX) ConfigurationPlug .................... 23-10



Table of Contents ix
Troubleshooting ..............ccoviivinnnt. _24-1
Using This Chapter ............. . ... .. iiiis, _24-1
PLC-5 Processor ... .......ouuiiuiniinanan _24-2
Processor Communication Channel Troubleshooting . . . . . _24-3
Extended-Local I/O Troubleshooting ................ _24-4
Ethernet Status Indicator .. . ...................... _24-4
Ethernet Transmit LED ... ....................... _24-5
Remote I/O System . ...... ... ... .. ... L, _24-5
Troubleshooting Guide for the 1771-ASB Series C and D
Adapter Module (continued) . ................... _24-6
Extended-Local /O System .. ........ ... ... ... ... _24-7
Unexpected Operation when Entering RunMode ......... _24-8
Instructions with Unique Prescan Operations .......... _24-8
Suggested Action .. ....... ... _24-9
Cable Reference ..............cciviiiinnnnn. _25-1
Using This Chapter ............. . ... . iiiiin, _25-1
Channel 0 Pin Assignments . ....................... _25-1
Serial Cable Pin Assignments . ...................... _25-2
Connection Diagrams . . ... ... _25-3
Programming Cable Specifications ................... _25-5
Ethernet Cable Connections . ....................... 25-10
Configure Channel 0 for a Communication Mode Change 11-17
File, Program Control, and ASCII Instructions . . . ... .. 22-31



Preface

How to Use Your
Documentation

Using This Manual

Your PLC-51 programmable controller documentation is organized
according to the tasks you perform. This organization lets you find
the information that you want without reading through information
that is not related to your current task. The arrow in Figure P.1
points to the book that you are currently using.

Figure P.1
Enhanced and Ethernet (I PLC-5 Programmable
Controller Documentation

d

Enhanced PLC-5
Programmable Controller
Quick Start

How to get the processor
installed and running

= ———1

_———————

Ethernet PLC-5
Programmable Controller
Quick Start

How to get the processor
installed and running

=
Enhanced and Ethernet
PLC-5 Programmable

Controller
User Manual

Explanation of system
design, programming, and

operation; reference

material
1785-10.4 I 1785-10.5 L] 1785-6.5.12
. AP |
Instruction Set
Reference 1785 PLC-5
Programmable Controllers
Quick Reference
Instruction execution, Quick access to switches,
parameters, status status bits, indicators,

bits and examples instructions, SW screens

1785-7.1 1
1785-6.1

For more information about PLC-5 programmable controllers or the
above publications or other related publications, contact your local
sales office, distributor, or system integrator.

For detailed information on TCP/IP protocol and networking in
general, see the following publications:

* Comer, Douglas EInternetworking with TCP-IP, Volume 1:
Protocols and ArchitectureEnglewood Cliffs, N.J.:
Prentice-Hall, 1990. ISBN 0-13-468505-9.

* Tanenbaum, Andrew SComputer Networknd ed.Englewood
Cliffs, N.J.: Prentice-Hall, 1989. ISBN 0-13-1629%9-
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pP-2 Using This Manual

Purpose of This Manual

Conventions

1785-6.5.12 January 1997

This manual is intended to help you design and operate an Enhanced
and/or Ethernet PLC-5 programmable controller system. Use this
manual to help:

determine the features of the processors and how you
can use them

select the proper hardware elements for your system
plan your PLC-5 system
operate your PLC-5 system

This manual uses the following conventions:

This icon: Indicates:

—— the information pertains to system design

These tips are also referenced in the index.

the topic is discussed further in the publication referenced

Words in square brackets represent actual keys that you press. For
examp|EIEnter] Or [F1] — Online Programming/Documentation

Words that describe information that you have to provide are
shown in italics. For example, if you have to type a file name, this
is shown asfilename

Messages and prompts that the terminal displays are shown as:
Press a function key
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Terms Used in
This Manual

Become familiar with the following terms and definitions.

Term

Definition

Block-transfer data

data transferred, in blocks of data up to 64 words, to/from a block-
transfer I/O module (for example, an analog module)

Discrete-transfer data

data (words) transferred to/from a discrete /O module

Enhanced PLC-5 processors

references PLC-5/1101, -5/2001, -5/261, -5/300J, -5/4001, -5/461,
-5/40L0, -5/46L01, -5/6001, -5/60L11, -5/80L1, and -5/86] processors

PLC-5/2601, -5/4601, and -5/860] processors are protected
processors. See the PLC-5 Protected Processors Supplement,
publication 1785-6.5.13

This term also refers to the PLC-5/V30BL1, -5/V40BL[1, -5/V40LOI
processors when applicable. See the PLC-5/VME VMEbus
Programmable Controllers User Manual, publication 1785-6.5.9, for
more information

Ethernet

a local area network with a baseband communication rate of 10M bps
designed for the high-speed exchange of information between
computers and related devices

Ethernet PLC-5 processors

references PLC-5/20E[1, -5/40E(], and -5/80EC] processors

Extended-local I/0

1/0 connected to a processor across a parallel link to achieve higher
throughput, thus limiting its distance from the processor

Extended local I/O link

a parallel link for carrying 1/O data between a PLC-5/40L or -5/60L
processor and extended-local I/O adapters

PLC-5 processor used to generically reference Enhanced PLC-5 and Ethernet PLC-5
processors in this manual only

PLC-5/30 also applies to the PLC-5/V30B

PLC-5/40 also applies to the PLC-5/V40B

PLC-5/40L also applies to the PLC-5/V40L

Processor-resident local I/0 chassis

the 1/0 chassis in which the PLC-5 processor is installed

Processor-resident local I/0

1/0 modules located in the same chassis as the PLC-5 processor

Remote /0 link

a serial communication link between a PLC-5 processor port in scanner
mode and an adapter as well as 1/O modules that are located remotely
from the PLC-5 processor

Remote I/0 chassis

the hardware enclosure that contains an adapter and 1/O modules that
are located remotely on a serial communication link to a PLC-5
processor in scanner mode

1785-6.5.12 January 1997



Using This Manual

Manual Overview

e Design
* Operation
* Reference

This manual has three main sections:

Section:  For information about: See:
Chapter  Title
Design An overview of the PLC-5 processors’ capabilities and keyswitch 1 Understanding Your Processor
Guidelines for selecting and placing I/0 modules 2 Selecting and Placing I/0
The proper environment for your PLC-5 system 3 Placing System Hardware
Choosing addressing mode, assigning rack numbers, and 4 Addressing /O and Processor Memory
understanding PLC-5 memory
Operation | Configuring the processor for processor-resident 1/O, transferring data, 5 Communicating with Processor-Resident I/O
and monitoring status
Configuring a system for remote I/O communication, designing a 6 Communicating with Remote 1/O
remote /O link, transferring data, and monitoring status
Configuring a PLC-5 adapter channel, transferring data, and 7 Communicating with a PLC-5
monitoring status Adapter Channel
For PLC-5/40L, -5/46L, and -5/60L processors only: Configuring an 8 Communicating with Extended-Local 1/O
extended-local I/0 system, transferring data, and monitoring status
General and specific performance considerations 9 Maximizing System Performance
Configuring a system for Data Highway Plus ™ and monitoring 10 Communicating with Devices on a DH+ Link
channel status
Configuring a system for serial communications and monitoring 1 Communicating with Devices on a
channel status Serial Link
For PLC-5/20E, -5/40E, and -5/80E processors only: 12 Communicating with Devices on an
Configuring a system for Ethernet communications and monitoring Ethernet Network
channel status
Assigning passwords and privileges 13 Protecting Your Programs
PLC-5 programming feature overview 14 Programming Considerations
Defining power-up procedure 15 Preparing Power-Up Routines
Defining, programming, and monitoring fault routines 16 Preparing Fault Routines
Configuring and monitoring main control programs 17 Using Main Control Programs
Using, defining, and monitoring selectable timed interrupts 18 Using Selectable Timed Interrupts
Using, defining, and monitoring processor input interrupts 19 Using Processor Input Interrupts
Reference | System specifications 20 System Specifications
Listing of the processor status file words and meaning 21 Processor Status File
Guide to ladder instructions and execution times 22 Instruction Set Quick Reference
How to set system switches 23 Switch Setting Reference
Potential problems and recommended solutions 24 Troubleshooting
Guidelines for choosing and making cables 25 Cable Reference

1785-6.5.12 January 1997
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Rockwell Automation Support

Rockwell Automation offers support services worldwide, with over
75 sales/support offices, 512 authorized distributors and 260
authorized systems integrators located throughout the United States
alone, plus Rockwell Automation representatives in every major
country in the world.

Local Product Support

Contact your local Rockwell Automation representative for:
* sales and order support

* product technical training

e warranty support

* support service agreements

Technical Product Assistance

If you need to contact Rockwell Automation for technical assistance,
please review the information in tieoubleshootinghapter first.
Then call your local Rockwell Automation representative.

Your Questions or Comments on this Manual

If you find a problem with this manual, please notify us of it on the
enclosed Publication Problem Report.

1785-6.5.12 January 1997



Chapter 1

Understanding Your Processor

Using This Chapter
For information about: Go to page:
Designing systems 1-1
Identifying PLC-5 processor components 1-2

Programming features

Using the PLC-5 processor as a remote I/O scanner

Using the PLC-5 processor as a remote |/O adapter

Using a PLC-5/40L, -5/60L processor as an extended-local
1/0 scanner

Designing Systems You can use PLC-5 processors in a system that is designed for
centralized control or in a system that is designed for

distributed control.

Centralized control is a hierarchical HP9000 | [T ] E H Programming Terminal
system where control over an entire or VAX Data Hichwav PI
process is concentrated in one processor. Host (Slfliljl)g L\i’;iy ustJ

or Ethernet Network

Programming

Terminal with PLC-5/40E

ControlViewO Processor

Software — e

Remote I/0 Linka%

Chassis with E’:H’H’H’H’Hﬁu 7H7H7H’H’HD Chassis with
1771-ASB 0 ol | 1771-ASB
Remote I/0 ( 0 ( fl | Remote I/O
Adapter ‘ i ‘ ol| | Adapter oo,

1785-6.5.12 January 1997



1-2

Understanding Your Processor

Distributed control is a system in which
control and management functions are

spread throughout a plant. Multiple
processors handle the control and

management functions and use a Data

Highway[ link, an Ethernet link, or a
bus system for communication.

Identifying PLC-5

HP9000 | [ || INTERCHANGED  podramming
or VAX Software
Host : E @ INTERCHANGE
Software
‘ Ethemet TCP/IP
Pyramid Programming PLC-5/40E
L Integrator] Terminal Processor
[s] ﬂf?f;ffoﬂéiouon q 0
a 5% || [ || 6200 VMS and ControlView and El INTERCHANGE
[ H 11]| INTERCHANGE INTERCHANGE 0 Software
Ul| | | plod Software Software Og 0
DH+ Link
E% PanelView LA AR A A AR
=% | Operator PLC-5/2500 | [§ RS-422
s [ | Terminal Processor Q ( Connection
Remote 1/0 Link | |
‘ | M 1771-LC Loop
= Controllers
‘ . 0 I =]
EER = Series 8600 rele] o]
CNC with olo| il
Remote /0 |5 =] U@ 0
SLC 5/01 Processor] =

7-slot Modular System
with 1747-DCM Module

Processor Components
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PLC-5/40 Processor
(1 channel configured for adapter mode)

To become familiar with the processor’s front panels, use

these figures:

For the front panels of: See: Page:
PLC-5/11, -5/20 and -5/26 processors Figure 1.1 1-3
PLC-5/30 processors Figure 1.2 1-4
PLC-5/40, -5/46, -5/60, -5/80 and -5/86 processors  Figure 1.3 1-5
PLC-5/20E processors Figure 1.4 1-6
PLC-5/40E and -5/80E processors Figure 1.5 1-7
PLC-5/40L and -5/60L processors Figure 1.6 1-8
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PLC-5/11 Processor

keyswitch; selects processor mode

channel 0—25-pin D-shell serial port;
supports standard EIA RS-232C and
RS-423 and is RS-422A compatible”

Use this port with ASCII or DF1

full-duplex, half-duplex master, and
half-duplex slave protocols. The port's
default configuration supports processor
programming:

» DF1 point-to-point « one stop-bit

* 2400 bps  BCC error check
* no parity * no handshaking

channel 1A status indicator
(lights green and red)

—

Figure 1.1

PLC-5/11, -5/20, and -5/26 Processor Front Panels

PLC-5/20 Processor

battery indicator (red when
the battery is low)

g

PROG

)
=X
[3)

R
E

-
(=)
2|
Q
m

RUN —

5

@)

000000000000
0000000000000

@]

PROG

RUN —

O

O00000000000
0000000000000

@]

BATT

(= processor RUN/FAULT
PROC ‘ indicator (green when
©( running; red when faulted)
FORCE

@47 force indicator (amber when
oMM I/O forces are enabled)

B
— channel 0 communication
status indicator (green when

the channel is communicating)

<« Install memory module here.

- ——— Install battery here

BATTEF
INSTALLED

o [m]Y]

AY

A
" O OG channel 1B status indicator
8-pin mini-DIN, DH+ programming — y> & (lights green and red)
terminal connection parallel to S 68
channel 1A o 118 o .
q ~ STl A channel 1B communication port;
'l N I ,<&~——— its default configuration is remote
o : ol 1/O scanner™
channel 1A communication port; for PLCE Al 05/203
the PLC-5/11 processor, the default P
configuration ig DH+" " EONTROLLER PoNROLER.

channel 1A communication port;
this 3-pin port is a dedicated DH+ port

CONTROLLER

PLC-5 family member designation

[0 Channel 0 is optically-coupled (provides high electrical noise immunity) and can be used with most RS-422A

equipment as long as:
« termination resistors are not used

« the distance and transmission rate are reduced to comply with RS-423 requirements

O Configure these 3-pin ports for:
« remote I/O scanner
« remote I/O adapter,
» DH+ communication
* unused
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keyswitch; selects processor mode

channel 1A status indicator

(lights green and red) T

8-pin mini-DIN, DH+ programming terminal
connection parallel to channel 1A

Figure 1.2
PLC-5/30 Processor Front Panel

— battery indicator (lights red when the
battery is low)

BATT
g; processor RUN/FAULT indicator (green
PROG — ‘ r when running; red when faulted)
P @ FORCE | r force indicator (amber when
LY (& 0 forces are enabled)
RUN —> comM |

(@47 channel 0 communication status indicator
(green when the channel is communicating)

(@]

channel 0—25-pin D-shell serial port; supports standard

%8 EIA RS-232C and RS-423 and is RS-422A compatlble
[}

%o

8847 Use this port with ASCII or DF1 full-duplex, half-duplex

o0 master, and half-duplex slave protocols. The port’s

g default configuration supports processor programming:

%o . . .

gg « DF1 point-to-point  * one stop-bit

< * 2400 bps « BCC error check

CHO * no parity * no handshaking

) channel 1B status indicator (lights green and red)

<« Install memory module here

channel 1A communication porE
its default configuration is DH+

Use these labels to write information about the
channel: communication mode, station addresses, etc.

channel 1B communication port;

its default configuration is remote 1/0 scanner”

Install battery here

® ] >
w >

-5/30

PLC
PROGRAVMABLE < . i ignati
ROGRAMMARL | PLC-5 family member designation

O Channel 0 is optically-coupled (provides high electrical noise immunity) and can be used with most RS-422A

equipment as long as:
« termination resistors are not used

« the distance and transmission rate are reduced to comply with RS-423 requirements

O Configure these 3-pin ports for:
« remote I/O scanner,
 remote /O adapter,
¢ DH+ communication
¢ unused
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PLC-5/40, -5/46, -5/60, -5/80, and -5/86 Processor

Figure 1.3
Front Panels
keyswitch; selects processor mode
BATT
PROG
L
channel 2A status indicator —— R
M

(lights green and red)

RUN

8-pin mini-DIN, DH+ programming
terminal connection parallel to channel
2A when channel 2A is configured for
DH+ communications

channel 2A communication port;
its default configuration is unused"

channel 2B communication port;
its default configuration is unused"

channel 1A status indicator
(lights green and red)

8-pin mini-DIN, DH+ programming terminal
connection parallel to channel 1A

channel 1A communication port;
its default configuration is DH+ OJ

channel 1B communication port;
its default configuration is remote 1/O scanner”

T

Install battery here

=
Ca—r

battery indicator (red when the battery is low)

processor RUN/FAULT indicator (green when
running; red when faulted)

force indicator (amber when I/O forces are enabled)

channel 0 communication status indicator
(green when the channel is communicating)

channel 2B status indicator (lights green and red)
5 channel 0—25-pin D-shell serial port; supports standard
EIA RS-232C and RS-423 and is RS-422A compatible™
€ Use this port with ASCII or DF1 full-duplex, half-duplex
master, and half-duplex slave protocols. The port's
default configuration supports processor programming:
* DF1 point-to-point ~ « one stop-bit
* 2400 bps  BCC error check
5 * no parity * no handshaking
CHO
2A
\ channel 1B status indicator (lights green and red)
25
A |
] m Use these labels to write information about the
H 3 (A channel: communication mode, station addresses etc.
2|
T
Bl ]
0l||2¢| --&————— Install memory module here
CH1 /
NSTALLED
v
PLC-5/40
PROGRAMMABLE

CONTROLLER

PLC-5 family member designation

O Channel 0 is optically-coupled (provides high electrical noise immunity) and can be used with most RS-422A

equipment as long as:
« termination resistors are not used

« the distance and transmission rate are reduced to comply with RS-423 requirements

O Configure these 3-pin ports for:
« remote I/O scanner,
< remote /O adapter,
¢ DH+ communication
¢ unused
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1-6 Understanding Your Processor

Figure 1.4
PLC-5/20E Processor Front Panel

battery indicator (red when the battery is low)

—— processor RUN/FAULT indicator (green when
running; red when faulted)

force indicator (amber when 1/O forces
are enabled)

BATT
PROG —— @
keyswitch; selects processor mode —— PROC \
10w
M FORCE |
channel 2 Ethernet status indicator (green when ,RUN* cg%l |
functioning normally; red when not functioning) ) () ENET @
STATAIT
CH2

channel 2 communication port; ——— 3

a 15-pin Ethernet port

channel 0—25-pin D-shell serial port; supports standard
EIA RS-232C and RS-423 and is RS-422A compatible™

channel 0 communication status indicator
(green when the channel is communicating)

channel 2, Ethernet transmit indicator

|

CHO
Use this port with ASCII or DF1 full-duplex, half-duplex | —=—
master, and half-duplex slave protocols. The port’s OC
' ! Lo 3
default configuration supports processor programming: 0 o @
« DF1 point-to-point  * one stop-bit gg
* 2400 bps « BCC error check =0
* no parity * no handshaking 88
gg BATTERY
o [} INSTALLED
channel 1A status indicator o | |[o]
(lights green and red) — ﬁ%B
—
8-pin mini-DIN, DH+ programming terminal 33 L J
connection parallel to channel 1A <

channel 1A communication port; its default
configuration is DH+ communicationt

— .0

(e]
o
[e]

il

A

PLC-5/20E
Programmable <« —

Controller ‘

(green when the channel is communicating)

~€———— |Install memory module here

-«— |nstall battery here

channel 1B status indicator
(lights green and red)

channel 1B communication port;

its default configuration is remote 1/0 scanner”

PLC-5 family member designation

O Channel 0 is optically-coupled (provides high electrical noise immunity) and can be used with most RS-422A

equipment as long as:
« termination resistors are not used

« the distance and transmission rate are reduced to comply with RS-423 requirements

O Configure these 3-pin ports for:
* remote I/O scanner
« remote I/O adapter
» DH+ communication
* unused
U Configure this 3-pin port for:

« remote I/O adapter
 DH+ communication
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Figure 1.5
PLC-5/40E and -5/80E Processor Front Panels

keyswitch; selects processor mode

channel 2 Ethernet status indicator (green when
functioning normally; red when not functioning) ———— =) () ENET @

channel 2 communication port; ——— 3

a 15-pin Ethernet port

channel 1A status indicator

(lights green and red)  —

8-pin mini-DIN, DH+ programming terminal
connection parallel to channel 1A

channel 1A communication port; its default
configuration is DH+ communicationO

channel 1B communication port; its default —————————3

configuration is remote I/O scanner

BATTERY
INSTALLED
Install battery here Hﬁ

PROG @7
PROC . P

E> @ @ ¢ (green when the channel is communicating)

M

RUN

battery indicator (red when the battery is low)

—— processor RUN/FAULT indicator (green when
running; red when faulted)

— force indicator (amber when 1/O forces
are enabled)

__ channel 0 communication status indicator

>

—
X

D (

|

CH1

[070 o]0 7]
[
e

PLC-5/40E

-

ST AMIT channel 2, Ethernet transmit indicator (green when
CH2 the channel is communicating)
oo& channel 0—25-pin D-shell serial port; supports standard
09 EIA RS-232C and RS-423 and is RS-422A compatible™
(¢]
gg Use this port with ASCII or DF1 full-duplex, half-duplex
oJ master, and half-duplex slave protocols. The port’s
90 default configuration supports processor programming:
5 e}
o9 « DF1 point-to-point  * one stop-bit
Z e 2400 bps  BCC error check
CHo * no parity * no handshaking
‘ e
i)
) (S

channel 1B status indicator (lights green and red)

Install memory module here

Use these labels to write information about the
channel: communication mode, station addresses etc.

-

" Controller

PLC-5 family member designation

[0 Channel 0 is optically-coupled (provides high electrical noise immunity) and can be used with most RS-422A

equipment as long as:
« termination resistors are not used

« the distance and transmission rate are reduced to comply with RS-423 requirements

O Configure these 3-pin ports for:
« remote /O scanner
« remote I/O adapter
 DH+ communication
* unused
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Figure 1.6
PLC-5/40L and -5/60L Processor Front Panels

—————— battery indicator (red when the battery is low)

—— processor RUN/FAULT indicator (green when
running; red when faulted)

force indicator (amber when 1/O forces
are enabled)

BATT
-
] FROG g{,\{ ‘ channel 0 communication status indicator
keyswitch; selects processor mode —R> ©‘ (green when the channel is communicating)
E FORCE ‘
M
Cx

(green when functioning normally; red when

channel 2 extended-local I/O status indicator ‘(5\2@
not functioning) noo

T channel 0—25-pin D-shell serial port; supports standard
-~ FEIARS-232C and RS-423 and is RS-422A compatible"
channel 2 communication port; a 50-pin, ——————>» E

dedicated extended-local 1/0 port Use this port with ASCII or DF1 full-duplex, half-duplex

master, and half-duplex slave protocols. The port’s
default configuration supports processor programming:

» DF1 point-to-point  * one stop-bit

i * 2400 bps « BCC error check
o2 o * no parity * no handshaking
CHo
2
channel 1A status indicator
(lights green and red) > channel 1B status indicator (lights green and red)

8-pin mini-DIN, DH+ programming terminal

connection parallel to channel 1A ~«—— |Install memory module here

channel 1A communication port; its default "
configuration is DH+ communication

Use these labels to write information about the

[1B] channel: communication mode, station addresses etc.

channel 1B communication port; its default
configuration is remote 1/O scanner™

Install battery here

CONTROLLER

PLC-5 family member designation

00 Channel 0 is optically-coupled (provides high electrical noise immunity) and can be used with most RS-422A
equipment as long as:

« termination resistors are not used

« the distance and transmission rate are reduced to comply with RS-423 requirements
O Configure these 3-pin ports for:

« remote I/O scanner,

« remote /O adapter,

« DH+ communication

 unused
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Use the keyswitch to change the mode in which a processor
is operating.

If you want to: Turn the keyswitch to:

* Run your program. RUN
Outputs are enabled. (Equipment being controlled by the 1/O

addressed in the ladder program begins operation.) PROG ©
« Force 1/0. i \ ©
« Save your programs to a disk drive. M / ©
« Enable outputs. RUN ©

« Edit data table values.
Notes:

« You cannot create or delete a program file, create or delete data files,
edit online, or change the modes of operation through the
programming software while in run mode.

« You can prevent forcing and data table changes by using 6200
release 5.2 or A. |. 5 release 7.21 programming software to set user
control bit S:26/6.

* Disable outputs (outputs are turned off). PROG (program)
« Create, modify, and delete ladder files, SFC files, or data files.
« Download to/from a memory module.

©
« Save/restore programs. . s
Notes: E )
* The processor does not scan the program. J ©
©

* You cannot change the mode of operation through the programming
software while in program mode.

Change between remote program, remote test, and remote run modes REM (remote)
through the programming software.

Remote run

« Enable outputs.
* Save/restore programs.

R
E
« Edit online. M /
RUN

Remote program

See the program-mode description above. /\

Remote test

* Execute ladder programs with outputs disabled.

« Cannot create or delete ladder programs or data files.
« Save/restore programs.

« Edit online.

PROG

|

© 000
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Programming Features This table highlights the programming features of a PLC-5 processor.
This capability: Lets you:
Ladder logic program using a language that is representative of relay logic.

Choose this language

« if you are more familiar with ladder logic than with programming languages such as BASIC
Your plant personnel may be more familiar with ladder logic; consider their needs as well.

« performing diagnostics
« programming discrete control

Subroutines store recurring sections of program logic that can be accessed from multiple program files.

A subroutine saves memory because you program repetitive logic only once. The JSR
instruction directs the processor to go to a separate subroutine file within the logic processor,
scan that subroutine file once, and return to the point of departure.

Sequential Function Charts use sequence-control language to control and display the state of a sequential process.

(SFCs) Instead of using one long ladder program for your application, divide the logic into steps and
transitions. A step corresponds to a control task; a transition corresponds to a condition that
must occur before the programmable controller can perform the next control task. The display
of these steps and transitions lets you see what state the machine process is in at a given time
via a flowchart form.

SFCs offer constructs that enable execution of multiple paths of logic, or a single selected path
of logic, as well as the ability to jump forwards and backwards.
Troubleshooting can be reduced to a small routine of logic instead of an entire ladder file.
SFCs are best for defining the order of events in a sequential process.
Structured text program using a language similar to BASIC.
Choose structured text if you are:
« more familiar with programming languages such as BASIC than with ladder logic
« using complex mathematical algorithms
« using program constructs that repeat or “loop”
« creating custom data-table monitoring screens
Main Control Programs separate sequential logic from ladder logic and structured text as a way of modularized your
(MCPs) process and making troubleshooting easier.

Use several main control programs (MCPs) to define one main control program for each
particular machine or function of your process. MCPs accommodate independent or
non-sequential activities.

A main control program can be an SFC file numbered 1-999 or a ladder-logic file or
structured-text program numbered 2-999.

One data table is used by all MCPs (i.e., you do not have a separate data table for each MCP).
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Using a PLC-5 Processor Configure a remote /0O channel for scanner mode to read and write
Channel as a Remote I/O /0 information between a PLC-5 processor and an 1/O device
Scanner remotely located from the processor.
PLC-5/40

( A
A processor with a channel configured for scanner mode ﬂ*ﬂfﬂ
acts as a supervisory processor for other processors that 01010}0j0
are in adapter mode as well as remote 1/O adapter modules. e HHEHHHA

[EZh,|
T o

9,
| —

The scanner-mode PLC-5 processor can:

o

=]
TTT
Eaanmnnmmn=]l

=

=]

e

e |

maemEeeeaa=] TN

=]

e

nnmnmmnmma=]l

« gather data from node adapter devices in remote I/O 2k
racks [
* process I/O data from 8-, 16-, or 32-point I/O modules
* address I/O in 2-, 1-, or 1/2-slot I/O groups
« support a complementary I/0 configuration
« support block-transfer in any /0 chassis ] 7ﬂ7ﬂ7ﬂ7ﬂ7
21010 0[00i0i0|ojoyojn
Remote 1/0 ‘lgan HEHHEHHAM
Link Cable: HHH HHHHHHHAA
Belden 9463 HEH HEAHHARAR
T AAS AHHHAHBHA
PLC-5/20
of Dﬁ Dﬁ Dﬁ Dﬁ Dﬁ Dﬁ Dﬁ Dﬁ Dﬁ Dﬁ
S EEEEREEEEEEREEE
Sk
|
PLC-5 data table PLC-5 Processor
The scanner-mode PLC-5 processor: is upﬁated i DataTable € -resident
« transfers discrete data and block-transfer data synchronously fo Y

to/from processors in adapter mode.
« scans remote I/0 buffers asynchronously to the

program scan. Remote 1/0 buffers
+ updates the input/output image data table from are updated Remote 1/0

the remote 1/0 buffer(s) synchronously to the t""hSV”ChVO“OUSW to Buffer
program scan e program scan.

. program scan
to/from modules in remote 1/O racks as well as (at housekeeping).
Output| | Input

Output Tlnput

Remote I/0
Link
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Using a PLC-5 Processor
Channel as a Remote /0
Adapter

In this example, a PLC-5/40 processor channel is
the supervisory (scanner-mode) processor of the
1771-ASB module and the PLC-5/20 processor.

Connect the processors via the remote 1/O link.

You can monitor status between the
supervisory processor and the adapter-mode
PLC-5 processor channel at a consistent rate
(i.e., the transmission rate of the remote 1/O link
is unaffected by programming terminals and
other non-control-related communications).

The adapter-mode PLC-5 processor can monitor
and control its processor-resident local /O while
communicating with the supervisory processor via
a remote 1/0 link.

1785-6.5.12 January 1997

A PLC-5 processor transfers I/O data and status data using:

« discrete transfers data transfers of 8 words per rack
occur automatically on the remote I/O network

« block-transfers special data transfers that require ladder logic instructions
to achieve the transfer

allow a transfer of a maximum of 64 words of data

also used to communicate information between a scanner
channel and an adapter-mode processor channel

For more information about using the processor as a remote 1/O
scanner, see chapter

Configure a PLC-5 processor channel for adapter mode when you

need predictable, real-time exchange of data between a distributed
control adapter-mode PLC-5 processor channel and a supervisory

processor. The remote I/O adapter channel exchanges data with a
Supervisory processor.

PLC-5/40
‘ A H H 1 H
D: D: D: D: D: D: O D: D: D: D:
J:E0777777 e T
1771-ASB
= A H A H A H A
H:—DLDDDDDDDDDDDDDDD
Remote /O e S HHHHHHHHHHHEHHEHH
Link Cable: HHHEH HHH
Belden 9463 TO00AA HOH
D e s
PLC-5/20
—= 1 H il
gg—ﬂtﬂﬂﬂﬂ 0101010
N W EEE ikl
Je HHARR HHAH
EEEEE HHHH
by
D |
J
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Superviso
Processor

Y

Remote I/O Link

For Enhanced and Ethernet PLC-5 processor channels in adapter
mode, you do not need ladder logic in the adapter processor for
block-transfer instructions. You define the block-transfers via an
adapter configuration screen and by defining block-transfer files.

PLC-5 processor
channel in

adapter mode

1771 1/0

Remote I/O Link

PanelView

[0 The following programmable controllers can operate as Supervisory processors:
PLC-2/20™ and PLC-2/30™ processors

PLC-300 and PLC-3/10™ processors
PLC-5/15™ and PLC-5/250]
All enhanced and Ethernet PLC-5 processors; separate channels can be configured for a remote I/O scanner and an adapter.

PLC-5/VME ™, PLC-5/30V ™, PLC-5/40V™ and PLC-5/40LV™ processors

PLC-5/250™

O All PLC-5 family processors, except the PLC-5/10 ™, can operate as remote I/O adapter modules

For more information about using the processor as a remote 1/O
adapter, see chaptér
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Using a PLC-5/40L, -5/60L Use the extended-local 1/0 link when you need I/O updates more
Processor as an quickly than is possible from remote I/O link. An extended-local 1/0
Extended-Local I/0 link provides faster scan and update time than a remote 1/O link. The
Scanner extended-local 1/0O link is limited to 30.5 cable-m (100 cable-ft). If

an 1/O chassis is located more than 30.5m from the processor, you
must use a remote /O link.

PLC-5/60L
LA R
A PLC-5/40L or -5/60L processor (channel 2) and an H?D i E 0 E i E DE 0 E E
extended-local 1/0 adapter module (1771-ALX) form an 9 & R AR e LA R AR 1
extended-local /O link. o ED fshaialaagainfaficpulls 00
The extended-local I/O link is a parallel link that enables a HAAHHHEEEEEHAEAE
PLC-5/40L or -5/60L processor to scan a maximum of 16 | | =
extended-local I/0 chassis. [—
Extended-local
. . /0 Link Cable:
Due to the cabling design, you can remove an adapter module 1771-CXx . 1771-ALX
from a chassis on the extended-local 1/O link without disrupting 4
communication to other chassis on the extended-local I/O link. Q—Lﬂiﬂiﬂiﬂiﬂi
=10/0/0/0/0/0]0]ojol0]o
Important: The PLC-5/40L and -5/60L processors cannot be ° STHHHHHHHHHHHA
used as extended-local I/O adapters. e ; HHEEHHN
@Z:::EEEEEEE
g
Extered- Input —» PLC.5 data tabl <— Input P’gg‘;isggr;
ocal -5 data table
/0 Link Output —— — Output Local I/0
PLC-5 data table
is updated Input | | Output
synchronously to
program scan
(at housekeeping). Remote
I/0
Buffer
Remote 1/0 buffers A
are updated
asynchronously to Input | | Output
the program scan.
Remote /0
Link

For more information about using extended-local I/O, see chapter 8.
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Chapter 2

Using This Chapter

Selecting 1/0 Modules

Ty

e e A s e

-

Selecting and Placing 1/0

For information about: Go to page:
Selecting I/0 modules 2-1
Selecting 1/0 module density 2-2
Placing 1/O modules in a chassis 2-3

Select I/0O modules to interface your PLC-5 processor with machines
or processes that you determine while analyzing your
plant operation.

Use the following list and table as guidelines for selecting 1/0O
modules and operator control interface(s).

* How much I/O is required to control your process(es)?

*  Where will you concentrate 1/O points for portions of an entire
process when the entire process is distributed over a large
physical area?

* What type of I/O is required to control your process(es)?

* What is the required voltage range for each 1/0 module?

* What is the backplane current required for each I/O module?

* What are the noise and distance limitations for each 1/0O module?
* What isolation is required for each 1/O module?

Table 2.A
Guidelines for Selecting I/O Modules

Choose this type of For these types of field devices or operations
1/0 module: (examples): Explanation:
Discrete input module Selector switches, pushbuttons, photoelectric eyes, limit Input modules sense on/off or opened/closed

and block /0 module

switches, circuit breakers, proximity switches, level switches,  signals. Discrete signals can be either ac or dc.
motor starter contacts, relay contacts, thumbwheel switches

Discrete output module
and block I/O module

Alarms, control relays, fans, lights, horns, valves, motor Output module signals interface with on/off or

starter, or solenoids

opened/closed devices. Discrete signals can be
either ac or dc.

Analog input module

Temperature transducers, pressure transducers, load cell Convert continuous analog signals into input values
transducers, humidity transducers, flow transducers, for the PLCH processor.

and potentiometers

Analog output module

Analog valves, actuators, chart recorders, electric motor Interpret PLC processor output to analog signals

drives, analog meters

(generally through transducers) for field devices.

Specialty 1/0 modules

Encoders, flow meters, I/O communication, ASCII, RF type  Are generally used for specific applications such as
devices, weigh scales, bar-code readers, tag readers, position control, PID, and external device

display devices

communication.
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Selecting 1/0 Module
Density

1785-6.5.12 January 1997

The density of an I/O module is the number of processor input or
output image-table bits to which it corresponds. A bidirectional
module with 8 input bits and 8 output bits has a density of 8. 1/0O
module density helps determine your 1/O addressing scheme. See
chapter 4 for more information about 1/0 addressing.

Use these guidelines for selecting 1/O module density:

Table 2.B
Guidelines for Selecting /0 Module Density

Choose this I/0 density: If you:

8-point 1/0 module « currently use 8-point modules
* need integral, separately-fused outputs
« want to minimize cost per module

16-point I/O module « currently use 16-point modules
* need separately-fused outputs with a special wiring arm

32-point 1/0 module « currently use 32-point modules
« want to minimize number of modules
« want to minimize the space required for 1/O chassis
« want to minimize cost per 1/O point




Selecting and Placing I/O 2-3

Placing I/O Modules Place 1/0 modules in a chassis depending on the electrical

in a Chassis characteristics of the module. The placement is made left to right,
with the left-most position being closest in the chassis to the PLC-5
processor or the I/0O adapter module. The placement order is as

follows:
Priority: 1 1 2 2 3 3 4 4 5 5
Module placement priority:
1. block-transfer modules (all types)
2. dc input modules P
3. dc output modules L
4. acinput modules C IBlock |Block |dc |dc |dc |dc |ac |ac |ac | ac | empty
5. ac output modules {L\ Transfer | Transfer| input | input | output | output| input | input | output output
S
B
lowV highV
Place block-transfer modules according to these guidelines: Place input and output modules according to
. . these guidelines:
* Place as many modules as possible for which you need ]
fast block-transfer times in your processor-resident local * left to right
I/O chassis. * lowest voltage to highest voltage
« Place modules in which block-transfer timing is not as

iical e 1/0 chassi For optimal speed using discrete I/O, use the
critical in remote 1/O chassis. following module-placement priority scheme:
* Ac output modules should always be the furthest I/0 1. processor chassis

;na(;:]jlejlgzaas\/\slgy from any block-transfer modules in the 2. extended-local I/O chassis
: 3. remote /O chassis
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Chapter 3

Using This Chapter

Determining the Proper
Environment

Placing System Hardware

For information about: Go to page:
Determining the proper environment 3-1
Protecting your processor 3-3
Avoiding electrostatic damage 3-3
Laying out your cable raceway 3-3
Laying out your backpanel spacing 3-5
Grounding your system 3-6

Place the processor in an environment with conditions that fall
within these guidelines:

Environmental Condition Acceptable Range

Operating temperature 0t0o60° C (32t0 140° F)
Storage temperature -40 t0 85° C (-40t0 185° F)
Relative humidity 5 to 95% (without condensation)

Separate your programmable controller system from other equipment
and plant walls to allow for convection cooling. Convection cooling
draws a vertical column of air upward over the processor. This
cooling air must not exceed 6Q (140 F) at any point immediately
below the processor. If the air temperature exceed€ cstall

fans that bring in filtered air or recirculate internal air inside the
enclosure, or install air-conditioning/heat-exchanger units.

To allow for proper convection cooling in enclosures containing a
processor-resident chassis and remote I/O chassis, follow
these guidelines.
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3-2 Placing System Hardware

Minimum spacing requirements for a
processor-resident chassis:

Minimum spacing requirements for a remote
I/O and extended-local I/O chassis:

Mount the I/O chassis horizontally.
Allow 153 mm (6 in) above and below the chassis.
Allow 102 mm (4 in) on the sides of each chassis.

Allow 51 mm (2 in) vertically and horizontally between
any chassis and the wiring duct or terminal strips.

Leave any excess space at the top of the enclosure,
where the temperature is the highest.

/)

Area reserved for disconnect,
transformer, control relays, motor
starters, or other user devices.

* 51mm —e |

153mm (27) ~3

(67) ‘

ooo
000

=
i
i
T
5
T

*H*H*Hf | — 102mm

J @

102mm L
- &) !
= =
4
RN 153?nm ~ Wiring Duct
51mm(2”) (Gv)

13081

Mount the I/O chassis horizontally.

Allow 153 mm (6 in) above and below all
chassis. When you use more than one
chassis in the same area, allow 152.4 mm (6
in) between each chassis.

Allow 102 mm (4 in) on the sides of each
chassis. When you use more than one
chassis in the same area, allow 101.6 mm (4

Area reserved for disconnect, /
transformer, control relays, motor
starters, or other user devices.

in) between each chassis.

153mm
ﬂ (6”) 17
R A A AR 1

Allow 51 mm (2 in) vertically and horizontally

between any chassis and the wiring duct or

terminal strips.

1

Leave any excess space at the top of 51mm (27)

the enclosure, where the temperature is 153mm (6) v Wirina Duct

the highest. \ 9 51+ » Ifing Luc
v mm (

HHHA R

T

102m
@)

153mm (6”) Wiring Duct
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Protecting Your Processor

Avoiding Electrostatic
Damage

Laying Out Your
Cable Raceway

You provide the enclosure for your processor system. This enclosure
protects your processor system from atmospheric contaminants such
as oil, moisture, dust, corrosive vapors, or other harmful airborne
substances. To help guard against electromagnetic interference
(EMI) and radio frequency interference (RFI), we recommend a

steel enclosure.

Mount the enclosure in a position where you can fully open the
doors. You need easy access to processor wiring and related
components so that troubleshooting is convenient.

When you choose the enclosure size, allow extra space for
transformers, fusing, disconnect switch, master control relay, and
terminal strips.

ATTENTION:  Under some conditions, electrostatic discharge can
degrade performance or damage the processor module. Read and
observe the following precautions to guard against electrostatic damage.

®  Wear an approved wrist strap grounding device when handling
the processor module.

* Touch a grounded object to discharge yourself before handling
the processor module.

* Do not touch the backplane connector or connector pins.

The raceway layout of a system reflects where the different types of
I/0 modules are placed in I/O chassis. Therefore, you should
determine 1/O-module placement prior to any layout and routing of
wires. When planning your 1/0-module placement, however,
segregate the modules based on the conductor categories published
for each I/O module so that you can follow these guidelines. These
guidelines coincide with the guidelines for “the installation of
electrical equipment to minimize electrical noise inputs to controllers
from external sources” in IEEE standard 518-1982.

To plan a raceway layout, do the following:
* categorize conductor cables
* route conductor cables
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Categorize Conductors

Segregate all wires and cables into categories as described in the
Industrial Automation Wiring and Grounding Guidelines, publication
1770-4.1. See the installation data for each I/O module that you are
using for information about its classification.

Route Conductors

To guard against coupling noise from one conductor to another,
follow the general guidelines for routing cables described in the
Industrial Automation Wiring and Grounding Guidelines, publication
1770-4.1. You should follow the safe grounding and wiring practices
called out in the National Electrical Code (NEC, published by the
National Fire Protection Association, in Quincy, Massachusetts), and
local electrical codes.
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Laying Out Your Use 6.35 mm (0.25 inch) mounting bolts to attach the I/O chassis to
Backpanel Spacing the enclosure backpanel.
Figure 3.1
Chassis Dimensions (Series B)
1771-A1B 591mm
. 464mm
1771-A3B1 e — n —m= 12-slot
1771-A4B J— (18.25")
193mm0 - (13.25") —»=  8-slot
- (760") ———— 210mm
- (g25) — ™ 4slot
SR )
315mm
8 (12.417) 254mm
(107)
oo 3 ¢
Power -
Connector ™4
||I °
m 1,
L: o N |5
- 267 ‘7’&;‘3‘“4’ .~ (401) ™ 16-slot 1771-A4B
~————(1901) ™ 12:slot 1771-A3B1
356mm
~———————— (j401) — ™ 8slot 1771-A2B
BT " 4t 1771-A1B
1771-A3B
484mm 9mm
A7TmmO__ o s5mm 19D / (:34)
(8.54") - (1831) —————————————————»
: i T T T T
[ o (1.02)
i (™)
] . 339mm -
) ’ @ ® ® ®
2 (13.53") .
) =
130mm
(5.107)
@ fam £
° o ' J ! ! I I ! ! ! ! U U U
. o o o o o o o o o o o o o ¢ 12450_|

O Total maximum depth dimension per installation will be dependent upon module wiring and connectors.
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3-6 Placing System Hardware

315mm
(12.417)

Figure 3.2
1/0 Chassis and External Power Supply Dimensions
591mn’] 16-slot
Use .25" dia (2325)  464mm | 12-slot
mounting bolts 337mm (1825 a-ckt
(4 places) (13258) "~ 210mm
(8.25) ——m=| 4-slot

External
Power
Supply

254mm
(10)

356mm
(14.01)
“ (9.017) "

229mm

Clearance depth is 204mm (8”) for 8 I/O connection points per module.

Grounding Your System

1785-6.5.12 January 1997

610mm ' 1g.gl0t 1771-A4B

12-slot 1771-A3B1
8-slot 1771-A2B
4-slot 1771-A1B

12451-1

For this grounding configuration: Refer to:
remote I/O system grounding Figure 3.3
extended-local I/0 grounding Figure 3.4

For more information on proper grounding guidelines, see the
Industrial Automation Wiring and Grounding Guidelines,

publication 1770-4.1.
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Figure 3.3

Recommended Grounding Configuration for Remote

1/0 Systems

Enclosure

Ground o
Ground 6,0 505

s Grounding Electrode Conductor

|

To Grounding
Electrode
System

1/0 Chassis Wall

Washer

Ground Lug

15561

Required Grounding Configuration for Extended-Local

Enclosure

Figure 3.4
1/0 Systems
Enclosure
Ground
e
To .
MHAAH AR AN Slrg;?gégg
System
DT | | oo
|

1
N @@_:,o . m“iui‘%
——
e
=1
e
e
=11

T

Extended-Local I/0 Cables

Ground| 00006
Bus

Wall

1/0 Chassis
Ground Stud

Washer

Ground Lug
18585

1785-6.5.12 January 1997



Chapter 4

Addressing 1/0 and
Processor Memory

Using This Chapter
For information about: Go to page:
I/0 addressing concept 4-1
Choosing an addressing mode 4-4
Addressing block-transfer modules 4-8
Addressing summary 4-8
Assigning racks 4-9
Understanding PLC-5 processor memory 4-10
Addressing 4-15
Effectively Using I/O Memory 4-22

110 Addressing Concept Since the main purpose of a programmable controller is to control

inputs and outputs of field devices like switches, valves, and
thermocouples, these inputs and outputs must occupy a location in
the processor memory so that they can be addressed in your control
program. Each terminal on an input or output module that can be
wired to a field device occupies a bit within processor memory. The
part of processor memory that houses I/O addressesiigothite

image tableand theoutput image table
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4-2 Addressing I/O and Processor Memory

I/O addressing helps connect the physical location of an I/O module
terminal to a bit location in the processor memory. /O addressing is
just a way to segment processor memory. The segmentation is

as follows:

Classification:

Term:

Relation to processor memory:

A specific terminal on an 1/0 module that occupies  terminal or The density of an I/O module, i.e., 8-point, 16-point, 32-point,

a space in processor memory point directly relates to the amount of memory (bits) the module
occupies in processor memory. For example, a 16-point input
module occupies 16 bits in the processor’s input image table.

I/0 terminals that when combined occupy 1 word in  1/O group 16 input bits = 1 word in processor’s input image table

processor’s input mage table and 1 word in the 16 output bits = 1 word in the processor’s output image table

processor’s output image table.

Processor memory needs to be grouped so that /O rack 128 input bits and 128 output bits

related 1/O groups can be considered a unit.

or
8 input words and 8 output words
or

8 1/0 groups

Each PLC-5 processor has a finite amount of racks it can
support. For example, a PLC-5/30 can support 8 1/O racks.
The processor always occupies one /O rack for itself, rack 0
by default.
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Figure 4.1 shows the relationship between an I/O terminal and its
location in processor memory.

Figure 4.1
1/0 Addressing as It Relates to an I/O Terminal

rack number 01
rack number 01
I/O group numbe
/O group nu @ I/O group numbe@

word
address
17‘ 16‘ 15‘ 14‘ 13‘ 12‘ 11‘ 10‘ 07‘ 06‘05‘ 04‘03‘ 02‘ 01‘00 ;

o

. ‘
N
N
N
~
~ -

1

13
14

15
16 17‘ 16‘ 15‘ 14‘ 13‘ 12‘ 11‘ 10‘ 07‘ 06‘ 05‘ 04‘03‘ 02‘ 01‘00 04

17

L}
1
X
1
X Output Image Table 00
— [ -
L} ,l
HES I LHE
[ e |a ' ’
@l |B D - INEZIND
[l (¢ ' ’7 ,/ ‘ % (B;
I % o 17‘16‘15‘14‘13‘12‘11‘10‘07‘ 06‘05‘04‘03‘02‘01‘00 ' ‘ % >
EZI : A | 2l | o1
% O L - \ @ | 02
e T N il
e = o~ | e | o5
o e |2
% L Input Image Table 00 =0 | 10
i e —— o
| [ ' el
| ' K2l
e K2l
e Kzl
| 1l K2l

—

\
\
|
Input Module |
(1774-1AD) | 07 O oD’
\
\
o014 | 0:015
\ | LY () \
| PP R
1:014/12
| for input or O for output 4
Notice how input and output AU e T
image file addresses I/O group number (0-7) 1/0 image table is
correspond to hardware. input or output number (0-7,10-17) (bit) addressed octally.

Now that you are familiar with how processor memory is segmented
to address a specific 1/0 terminal, the next section explains available
addressing modes. These modes let you define the relationship
between an I/O chassis slot and an 1/O group (16 input bits and 16
output bits).
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4-4 Addressing I/O and Processor Memory

Choosing an For each I/O chassis in your system, you must define how many I/O

Addressing Mode chassis slots make up an 1/O group (1 word each in the input image
table and output image table); this choice is the chassis’ addressing
mode. Choose from among these available modes:

* 2-slot addressing

21/0O chassis slots = 1 1/0 group = 1 input image word and 1 output image
word = 16 input bits and 16 output bits.

processor memory
Rack x
Output Image Table
o e Word #
16 bits input 16 bits output .
* 1-slot addressing X
1 1/0 chassis slot = 1 1/0 group = 1 input image word and 1 output image X
word = 16 input bits and 16 output bits. «
- X
X
X
X
Input Image Table
Word #
[ X
v
16 bits input and 16 bits output X ///////////// /

X
* 1/2-slot addressing X
X

1/2 of an 1/O chassis slot = 1 1/0 group = 1 input image word and 1 output image
word = 16 input bits and 16 output bits. X
X
- / X

16 bits input and 16 bits output

When you place your I/0O modules in the I/O chassis slots, the
module’s density determines how quickly I/O groups form. For
example, let’s choose 1-slot addressing and see how 8-, 16-, and
32-point I/O modules fill processor memory.
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Input

Terminals

gm

|

Group 0

— 0

An 8-point 1/0 module occupies
8 bits in a word. See O

.

—

i
H%

Input Output

Terminals % E Terminals
00 — 00
01 — 01
02 — 02
03 — 03
04 — 04
05 — 05
06 — 06
07 — 07

Group 4 Group 5

An 8-point input module in group 4
occupies the first eight bits of input
word 4. The 8 point output module
occupies the first 8-output bits in
output word 5. See O

t8-and 16-point Example

L IlIm 1-slot addressing (1 1/O chassis slot = 1 I/O group = 1 input ima
- 23 word and 1 output image word = 16 input bits and 16 output bits.)

‘ processor memory

L JLC ] Rack x
8 Word#  Output Image Table
0
1
Input Input 2
npu npu
Teprminals g E Te?'minals 3
4
00 — 00
01 —o i Vs
- 6
03 —
04 - 07
05 — 05
06 — 06 17 00 bits
07 1 1 — Input Image Table
Word #
Gl 5o s,
Group 2 Group 3 1 7
Two 8-point input modules occupy 8 0 % 2 ////////////é
bits of each group. See [ 8 v /
0 4 /Y
5
—— 0 & LSS,
1 7
67
# 3 17 00 bits
Input & ||| Hef| Output
Terminals ig % Terminals
— || B B — g
89 - [0S | — 01
02 — I sl | — 02
03 — IS S| — 03
04 — O ||| 0| — 04
B0 %k
87 — 0| 0| — 07
10 — IS o) — 10
11— 0S|l 0| — 11
12— || || & — 12
13 — Iy | — 13
14— || ||| IW| — 14
= BB =5
17 — Ml — 17€— I you were to address the device attached to

this output circuit in your control program, the
address would be O:xx7/17.

=
e

Group 6 Group 7
16-point I/O modules occupy 16 bits,

an entire word, in the image table.
See O
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4-6 Addressing 1/0 and Processor Memory

32-point Example

B 1-slot addressing (1 1/0 chassis slot = 1 1/0 group = 1 input image
o 01 —— word and 1 output image word = 16 input bits and 16 output bits.)
32-point input module
Ll
j processor memory
Rack x
Eg Word#  Output Image Table
[N
SO oo - o W
S 32-point I/0 modules use the entire word 0 7 /////////////
oS of their group and borrow the entire word 1 /
Ee% of the next group. See OI. 2
N
Since the module is in group 0 and the 3
Eg inputs for group 0 and group 1 are used, 4
S you must:
] . . 5
m * install an output module in group 1
N 6
Oy * or leave the slot empty
o) 7
g
b 17 00 bits
| Input Image Table
Group 0 Word # -
% o
O w7
RN S T [ N — 9
— 01 | 3
32-point input module i —T 32-point output module 4
5
6
E 7
N N
89 17 00 bits
V||| g
O | Og
O | Og

| Dl  Since the input image table for group 1 is unavailable because it is
g being used by the input module of group 0, installing a 32-point output
| module makes use of output image table of group 0 and 1. See .

You can also install 8- or 16-point output modules. But you cannot
gy install another input module since all the input image space for groups
N

SiD  0and 1 are used by the input module of group 0.
Q| o
9 | B

=
B

f T
%'

Group 0 Group 1

1785-6.5.12 January 1997



Addressing I/0 and Processor Memory 4-7

When planning your system design, consider the densities of the I/O
modules you are using and choose an addressing mode that most
efficiently uses processor memory.

An example of efficient I/O image table use.

CTmi 2-slot addressing (2 I/O chassis slot = 1 1/0 group = 1 input image
word and 1 output image word = 16 input bits and 16 output bits.)

i processor memory
D] D] Rack x
@Lﬂ Word#  Output Image Table
mput |1 I T TS]| Outpu o VST
Terminals ||| O3 ||| O | Terminals
a1 ||| 0&D 1
S ||| I
O — || = — 2
0 S ||| I
2 — 0y ||| 00| — 02 3
3 —— I | — 03
04 — IS ||| 00| — 04 4
05 — I | — 05
06 — I Q| — 06 5
07 — I | —— ?7
1? — O || 0S| — 10 6
11— I Q| — 11
12 — ||| | — 12 7
i s =
18 — || ] — 15 17 00 bits
16 — ||| | — 16
17 — L | — 17 Input Image Table
Word #
o LSS
Group 0 1
2
16-point I/O modules occupy 16 bits, an entire word, in 3
the image table. 4
Installing as a pair a 16-point input module and a 5
16-point output module efficiently uses the image table. 6
7
17 00 bits

Define the addressing mode for each 1/0O chassis by setting the

chassis backplane switch assembly. For more information, see

chapter23 or the quick start document for your processor:

* Enhanced PLC-5 Programmable Controller Quick Start
publication 1785-10.4

* Ethernet PLC-5 Programmable Controller Quick Start
publication 1785-10.5
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4-8 Addressing 1/0 and Processor Memory

Addressing

Block-Transfer Modules

Addressing Summary

Addressing
Mode

Block-transfer modules occupy 8 bits in the processor’s I/O image
table. Since all block-transfer modules are bidirectional, they cannot
be used to complement either input or output modules.

To address: Use the:

single slot modules  assigned /O rack and group number of the slot in which the
module resides and 0 for the module number

When using 1/2-slot addressing, use the assigned rack number
and the lowest group number and 0 for the module number.

double-slot modules  assigned rack number and the lowest group number and 0 for the
module number

Use this table as a quick reference for addressing.

Guidelines

2-slot

Two 1/O module slots = 1 group

Each physical 2-slot 1/O group corresponds to one word (16 bits) in the input image table and one word
(16 bits) in the output image table

When you use 16-point I/0O modules, you must install as a pair an input module and an output module in
an 1/O group; if you use an input module in slot 0, you must use an output module in slot 1 (or it must be
empty). This configuration gives you the maximum use of I/O.

You cannot use a block-transfer module and a 16-point module in the same 1/O group because
block-transfer modules use 8 bits in both the input and output table. Therefore, 8 bits of the 16-point
module would conflict with the block-transfer module.

You cannot use 32-point I/0 modules.
Assign one /O rack number to eight I/O groups.

1-slot

One 1/0 module slot = 1 group

Each physical slot in the chassis corresponds to one word (16 bits) in the input image table and one
word (16 bits) in the output image table

When you use 32-point /0 modules, you must install as a pair an input module and an output module in
an even/odd pair of adjacent I/O group; if you use an input module in slot 0, you must use an output
module in slot 1 (or it must be empty). This configuration gives you the maximum use of I/O.

Use any mix of 8- and 16-point I/O modules, block-transfer or intelligent modules in a single I/O chassis.
Using 8-point modules results in fewer total I/O.

Assign one /O rack number to eight I/0 groups.

1/2-slot

One half of an I/O module slot = 1 group

Each physical slot in the chassis corresponds to two words (32 bits) in the input image table and two
words (32 bits) in the output image table

Use any mix of 8-, 16-, and 32-point I/O or block-transfer and intelligent modules. Using 8-point and
16-point I/0 modules results in fewer total I/0.

With the processor-resident local rack set for 1/2-slot addressing, you cannot force the input bits for the
upper word of any slot that is empty or that has an 8-point or 16-point I/O module. For example, if you
have an 8-point or a 16-point I/O module in the first slot of your local rack (words 0 and 1 of the I/O
image table, 1/2-slot addressing), you cannot force the input bits for word 1 (1:001) on or off.

Assign one /O rack number to eight 1/O groups.
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Addressing I/O and Processor Memory 4-9

Assigning Racks

Group together 1/4 racks
and 1/2 racks ———p

The number of racks in a chassis depends on the chassis size and the
addressing mode:

If using this 2-slot 1-slot 1/2-slot
chassis size:  addressing, addressing, addressing,
results in: results in: results in:
4-slot 1/4 rack 1/2 rack 1 rack
8-slot 1/2 rack 1 rack 2 racks
12-slot 3/4 rack 1-1/2 racks 3racks
16-slot 1 rack 2 racks 4 racks

When assigning rack numbers, use the following guidelines:

One I/O rack number is eight I/O groups, regardless of the
addressing mode that you select.

You can assign frorane to four racks in your

processor-resident local chassid 28 inputs and 128 outputs)
depending on the chassis size and addressing mode. You cannot
split a processor-resident local 1/0 rack over two or more chassis
or assign unused processor-resident local I/O groups to remote
I/O racks.

The default address of the processor-resident local rack is 0.

You cannot split racks across remote I/O and extended-local 1/0
links. For example, if an 8-slot extended-local I/O chassis is
configured as 1/O groups 0-3 of 1/O rack 2, an 8-slot remote I/O
chassis cannot be configured as 1/O groups 4-7 of /O rack 2. For
more information about addressing extended-local I/O, see
chapter8.

When using complementary 1/O addressing, treat complementary
rack addresses individually when grouping racks; primary rack
numbers are separate from complement rack numbers.

If you are not using the autoconfiguration function, group
together 1/4-racks and 1/2-racks of each logical rack on the
configuration screen of your programming software. Do not
intersperse these with other rack numbers. For example, your
programming software has a screen with the following
information for defining racks:

Rack  Starting Rack Range Fault Inhibit Reset Retry

Address Group  Size

1/4 010-011
1/4 012-013
1/4 014-015
1/4 020-021
1/4 022-023
1/2 024-027
1/4 030-031
FULL 170-177 0 0 0

WNNNPRE PP
coOANOBRNO
cooooo-—
cooooo©®
cooooco®

[
3
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4-10 Addressing I/O and Processor Memory

Understanding PLC-5

Processor Memory

1785-6.5.12 January 1997

When assigning remote I/O rack numbers, use the

foll

owing guidelines:
A single remote I/O scanner channel can support up to 32 devices
but only 16 rack numbers. For more information, see chépter

Limit the number of remote I/O rack numbers to those that your
PLC-5 processor can support.

The PLC-5 processor and the 1771-ASB adapter module
automatically allocate the next higher rack number(s) to the
remaining 1/0O groups of the chassis. For example, if you select
1/2-slot addressing for your processor-resident local chassis and
you are using a 16-slot (1771-A4B) chassis, the processor will
address racks 0, 1, 2, and 3 in this chassis.

You can assign a remote I/O rack to a fraction of a chassis, a
single I/O chassis, or multiple I/O chassis:

I/0 Rack No. 0 /0 Rack No. 1

01 23 45 67 01 23 45 67 01 23 45 6 7
HHHHHHHA HHHHHAH
;§||||IIIIII|II|II [
One 16-slot chassis, two racks One 16-slot chassis, one rack
1/0 Rack No. 3
01 2 3 4 5 6 7
HHH A H

9|

g

000

000

I

I I

One 8-slot chassis, 1/2 rack Two 4-slot chassis, 1/4 rack each

16466

PLC-5 memory is divided into two basic areas:

Storage areas Description

Data

All of the data the processor examines or changes is stored in files in data

storage areas of memory. These storage areas store:

« Data received from input modules

« Data to be sent to output modules; this data represents decisions made
by the logic

« Intermediate results made by the logic

« Preloaded data such as presets and recipes

« Control instructions

* System status

Program Files You create files for program logic, depending on the method you are using:

ladder logic, sequential function charts, and/or structured text. These files
contain the instructions to examine inputs and outputs and return results.
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Integer Data File #
Table Files Integer
File 7
v /
File 999
, Integer (San\fv Te:d;ata)
Files P

File 7

Integer
" “Fie [

/
\ 7779
/ / 2

1020
64

Natural binary bit pattern for 276

(decimal format)

B OECECEEOEEERCELD

/

Timer File #
/ /
/ structure members
Timer # 2760 | preset .PRE
432 | accumulated .ACC
/ )OS ENTTON
File #
Starting addr )
(Length) — recipe “A” data
Starting addr o o
(Length) recipe “B” data
Starting addr — production counts
(Length)
e e
up to 1000
words

Understanding Data Storage (Data-Table Files)
The processor divides data storage into:

* Typesthat let you specify different formats and ranges to
accommodate different types of data. For more information on
the different types of data files, see Tablé on page4-13

* You can create multiplles of a given type. Files let you group
and organize logically related data. When you need to access
data, you specify the file in which the data is stored.

* Some types of files are made up of 16viniirds. Floating-point
words are 32 bits. When you need to access this data, you specify
it with a formatted address.

* Each word contains multiplts. This is the smallest division of
data. A bit contains a value of zero or one. When you need to
access this data, you specify it with a formatted address.

* Some types of files are divided indtructures used to control
instruction elements. These structures are subdivided into
membersat the bit or word level. When you need to access this
data, you specify it with a formatted address.

You can also organize data within files ikata blocksto group and
organize logically related data. When you need to access this data,
you specify only the starting address within the file (and length)
instead of each individual address.

When you organize data, group data by similar kind, such as:

* results of calculations

* batch recipes

Because of the structure of block-transfer instructions, you must
group data such as:

* inputs from analog modules

e outputs to analog modules
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You might also want to leave room for future expansion when
grouping data. Do this by leaving gaps between:

» data blocks within a file

* groups of sequentially numbered files

* modules in an I/O chassis

Important: If you plan to program online, you must leave gaps in
the data file or program-numbering system (since you
cannot create user memory while in run mode). These
gaps, however, use 6 words of overhead memory for
each data block that you skip. Use care when
leaving gaps.

Follow these guidelines when organizing data files:

* Group large amounts of related data into files.

* Address the data files from 3-999 as needed.
(See Tablel. A on page4-13.

* Address the words needed in each data file consecutively
from 0-999.

* Address the words of I/O image data according to how you
configured your 1/O:

0-37 (octal) for PLC-5/11, -5/20, -5/20E

0-77 (octal) for PLC-5/30

0-177 (octal) for PLC-5/40, -5/40L, -5/40E
0-277 (octal) for PLC-5/60, -5/60L, -5/80, -5/80E

* When addressing I/0O image bits, address them 00-07 or
10-17 (octal).

* When organizing bit data, address the bits in each word 0-15
(decimal) for binary or integer files.

Each data table file allocates 6 words of memory when you create
the file. This is in addition to any data stored in the file.
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Addressing File Types

The table below shows the available file types and the amount of
memory used by each.

Table 4.A
Data Table File Types and Memory Usage
Maximum Size of File . Memory Used
] ] 16-bit words and structures Memory Used in (in 16-bit words)
. File-Type File Overhead for each er Word
File Type A PLC-5/11, | PLC-5/30 | PLC-5/40, | PLC-5/60, . p ’
Identifier | Number File Character. or
-5/20, -5/40E, -5/60L, i ae ’
(in 16-bit words) Structure
-5/20E -5/40L -5/80, -5/80E
Output image 0 0 32 64 128 192 6 1/word
Input image | 1 32 64 128 192 6 1/word
Status S 2 128 128 128 128 6 1/word
Bit (binary) B 30 1000 words 6 1/word
Timer T 40 3000 words/1000 structures 6 3/structure
Counter C 50 3000 words/1000 structures 6 3/structure
Control R 60 3000 words/1000 structures 6 3/structure
Integer N 70 1000 words 6 1/word
Floating-point F 80 2000 words/1000 structures 6 2/structure
ASCII A 3-99901 1000 words 6 1/2 per character
BCD D 3-99901 1000words 6 1/word
Block-transfer BT 3-9990J 6000 words/1000 structures 6 6/structure
Message MG 3-9990J 32760 words/585 structures[] 6 56/structure
PID PD 3-99901 32718 words/399 structures] 6 82/structure
SFC status SC 3-9990J 3000 words/1000 structures 6 3/structure
ASCIl string ST 3-9990J 32769 words/780 structures] 6 42/structure
Unused 9-999 6 6 0

O This is the default file number and type. For this file type, you can assign any file number from 3 through 999.

[ These files contain only the number of words corresponding to the highest address that you assign.

O The maximum size of a single data table file is 32K words.

The maximum size of the entire data table is 64K words
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Table 4.B
Valid Data Types/Values Are:
This data type/value:

Immediate
(program constant)

Value between -32768 and 32767 (Constants greater than 1024 use 2 storage words of memory; floating
point constants use 3 words of memory.)

Integer Integer data type: integer, timer, counter, status, bit, input, output, ASCII, BCD, control (e.g., N7:0, C4:0, etc.)
Float Floating point data type (valid range is + 1.175494e-38 to +3.402823e+%)
Block Block-transfer data type (e.g., BT14:0) or integer data type (e.g., N7:0)
Message Message data type (e.g., MG15:0) or integer data type (e.g., N7:0)
PID PID data type (e.g., PD16:0) or integer data type (e.g., N7:0)
String String data type (e.g., ST12:0)
SFC status SFC status data type (e.g., SC17:0)

1785-6.5.12 January 1997

Understanding Program-File Storage

Create program files based on the programming method you are
using. This table lists the number of words used by each type of
program file:

Program File Number of Words Used
Ladder 6/file + 1/word
SFC 6/file

Structured Text 6/file + 1/word

The more program files that you create, the longer the processor
takes to perform certain tasks, e.g., going to run mode, performing
online editing, saving a program. Also, certain instructions (JMP,
LBL, FOR, and NXT) have longer execution times in higher
program-file numbers.

Series E PLC-5 processors support 2000 program files to allow for
more SFC steps in your program. SFC step/transition program files
are typically shorter in length. This enhancement will effectively
double your SFC step/transition size.

Each program file you create is allocated 6 words of memory. This
memory is in addition to any programming within the file. If you
create the maximum program file number 1999, this allocates 12,000
words of memory to the program files, which reduces the amount of
processor memory left for programming.
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Addressing Valid formats for addressing data files are:

If you want to access: Use this addressing format: And see page:
Input or output bit in the I/O image table I/0 image address 4-15
Bit, word, sub-member, data block, file, or 1/O image bit Logical address 4-16

A component within a logical address by substituting the value Indirect address 4-18

in another address

An address offset by some number of elements Indexed address 4-19

A substitute name for an address Symbolic address 4-20

For more information about entering addresses, see the
documentation for your programming software.

Specifying I/0 Image Addresses

The 1/0 image address corresponds to the physical location of the
I/O circuit in the I/O chassig:bbc/dd

a I/O address identifier | = input device
O = output device

bb I/O Rack number ~ PLC-5/11, -5/20, -5/20E 00-03 (octal)
PLC-5/30 00-07 (octal)
PLC-5/40, -5/40L, -5/40E 00-17 (octal)
PLC-5/60, -5/60L, -5/80, -5/80E  00-27 (octal)

c I/0 Group number 0-7 (octal)

dd Terminal (bit) number 00-17 (octal)

To specify this address: Example:

Input Image Bit : 017 /01

| for input
2-digit 1/0 rack Number
/0 group number (0-7)

Input number (0-7, 10-17)

Output Image Bit : 0 17/701

O for output
2-digit 1/0 rack Number
/O group number (0-7)

Output number (0-7, 10-17)
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Specifying Logical Addresses

The format of a logical address corresponds directly to the location
in data storaget X F:e.s/b

Where: s the:
# File address. Omit for bit, word, and structure addresses (also indicates indexed addressing, see next page)
X File type: B—binary N—integer T—timer MG—message
C—counter ~ O—output A—ASCII PD—PID
F—floating pointR—control D—BCD SC—SFC status
l—input S—status BT—block-transfer ST—ASCII string
F File number:  0—output
1—input
2—status
3-999—any other type

colon or semicolon delimiter separates file and structure/word numbers

e Structure/word number:  0-277 octal for input/output files
up to: 0-127 decimal for the status file
0-999 for all the file types except MG, PD, and ST files

Period delimiter is used only with structure-member mnemonics in counter, timer and control files

3 Structure/member mnemonic is used only with timer, counter, control, BT, MG, PD, SC, and ST files
| Bit delimiter separates bit number
b Bit number:  00-07 or 10-17 for input/output files

00-15 for all other files
00-15,999 for binary files when using direct bit address

To specify the address of a:  Use these parameters:

File F 8

File Type |
File Number

Word within an integer file N 9 : 2

File Type g
File Number

File Delimiter
Word Number

Bit within an integer file N9 : 2/5

File Type 4| |
File Number
File Delimiter

Word Number
Bit Number
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To specify the address of a:  Use these parameters:

Bit within a binary file B3/245

Bit Delimiter g

Bit Number

Binary files are bit stream continuous files, and therefore you
can address them in two ways: by word and bit, or by bit alone.

Bit within a structure file R6:7.DN

File Type Q
File Number

File Delimiter
Structure Number
Member Delimiter
Member Mnemonic

You can also use mnemonics to address members at the word or bit
level. The available mnemonics depend on the type of data (timer,
counter, or control) and the program instruction. For example:

Instruction Type ~ Word Level Example  Bit Level Example
Timer preset .PRE  T41.PRE enable .EN T4:0.EN
TON, TOF, RTO accumulated .ACC timing IT

done .DN

For information about the mnemonics for a specific instruction, see
chapter22, or the PLC-5 Programming Software Instruction Set
Reference, publication 1785-6.1.
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Specifying Indirect Addresses

The processor uses the value from the pointer address to form the
indirect address. You can use ladder logic to change the value stored

at that substitute address.

When you specify indirect addresses, follow these guidelines:
* You can indirectly address the file number, word number, or bit

number.

* The substitute address must be one of the following types: N, T,
C,R,B,1,0,0rS. Any T, C, or R address must be a word-length
sub-member address, such as T4:0.ACC.

* Enter the pointer address in brackets [ ].

Example Variable

Explanation

N[N7:0]:0 File number

The file number is stored in integer
address N7:0.

N7:[C5:7.ACC]  Structure number

The word number is the accumulated value of
counter 7 in file 5.

B3/[1:017] Bit number

The bit number is stored in input word 17.

N[N7:0):[N9:1]  File and word number

The file number is stored in integer address
N7:0 and the word number in integer
address N9:1.
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MVM

MASKED MOVE

Source #N7:10
Mask 00110011
Destination #N11:5

Specifying Indexed Addresses

The processor starts operation at the base address plus the offset.
Store the offset value in the offset word in the processor’s status file.
You can manipulate the offset word in your ladder logic.

The indexed address symbol is theharacter. Place thecharacter
immediately before the file-type identifier in a logical address. Enter
the offset value in the status file S:24. All indexed instructions use
S:24 to store an offset.

When you specify indexed addresses, follow these guidelines:

* Make sure the index value (positive or negative) does not cause
the indexed address to exceed the file-type boundary.

ATTENTION: The processor does not check indexed addresses to make
sure that the addresses do not cross data-table file boundaries (e.g., N7 to
F8). You could even modify the status file, which is physically the last data
table file. But if the indexed address exceeds the data-table area of
memory, the processor initiates a run-time error and sets a major fault.

¢ When an instruction uses more than two indexed addresses, the
processor uses the same index value for each indexed address.

Set the offset word to the index value you want immediately
before enabling an instruction that uses an indexed address.

ATTENTION: Instructions with a # sign in an address manipulate
the offset value stored at S:24. Make sure you monitor or load the offset
value you want prior to using an indexed address. Otherwise
unpredictable machine operation could occur with possible damage to
equipment and/or injury to personnel.

The following MVM example uses an indexed address in the source
and destination addresses. If the offset value is 10 (stored in S:24),
the processor manipulates the data stored at the base address plus
the offset.

Value Base Address Offset Address
Source N7:10 N7:20
Destination  N11:5 N11:15
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Specifying Symbolic Addresses
When you specify symbolic address, follow these guidelines:

» Start the name with an alphabetic character (not a number).

* The symbol must begin with a letter and can contain as many as
10 of the following characters:

— A-Z (upper and lower case)
- 0-9
— underscore ()
* You can substitute a symbolic address for word or bit addresses.

Important: Symbols are a feature of the programming software (nhot
the processor) and are stored in a database on the hard
disk of the programming terminal you are using. If you
use a terminal other than the one on which you defined
the symbols, you will not have access to the
symbol database.

Example Logical Address  Symbolic Address
Input image 1:015/00 LS1
(bit) 1:015/03 AUTOf1
1:015/06 S
Qutput image ~ 0:013/00 M1
(bit) 0:013/02 CL1
0:013/04 L1
Word F10:0 Calc 1
F10:1 Calc_2
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Optimizing Instruction Execution Time and Processor Memory

For the best instruction-execution performance, store your most
frequently used addresses as follows:

* Address bit instructions between the end of the input image file and physical word 256.
Because, bit addresses located in words greater than 256 require one extra word in the
processor’s memory for storage and execute 0.16us slower than bit addresses stored in
words 0-255.

* Address element instructions between the end of the input image and physical word 2048.
Because, addresses stored in words greater than 2048 require more words in the
processor’s memory for storage.

PLC-5/11, PLC-5/30 PLC-5/40, -5/40L PLC-5/60, -5/60L ]
-5/20, -5/20E  Physical Word # -5/40E -5/80, -5/80E File Type Default File #
Physical Word # Physical Word # Physical Word # E—
0-31 0-63 0-127 0-191 output image O 0
frequently
used bit
addresses . .
32-63 32-127 32-255 32-383 inputimage O 1
word 256 pinary, timer,. count.er, control, 3-999
Lrggéjently ____________________________________ integer, floating point according to your
application
element word 2048 block transfer, message, PID, PP
addresses SFC status, ASCII string
status
- 2

O The minimum size of the file is 32 words.
O The status file is always the last physical file in the data table.

The following examples illustrate these concepts:

Bit address example
If your data table map looks like this:

0 32
| 32
B 64 An address used in an OTE instruction stored here: 1
'(|; gg « occupies one word in the processor’s memory OTE
. 4
R 3 executes at a rate 0.48us
N 32
———————— 256
The same address stored here: 1 2
« occupies two words in the processor’s memory OTE XX
end  executes at a rate 0.64us

This example uses the instruction timing and memory usage tables in chapter 22. Consult these tables for
information about other instructions.

1785-6.5.12 January 1997



4-22 Addressing I/O and Processor Memory

Element address example
Your data table map looks like this:

0 64 1 2 3

:3 64 Addresses used in a MOV instruction stored here Mov ":g? MOV XX YY

T 1880 occupy three words in the processor’s memory. :

C 100

N 720

”””” 2048 1 2 3 45
l The same addresses stored here occupy five MOV N100:0 MOV XX XX YY YY
words in the processor’s memory. N100:1 T

end

This example uses the instruction timing and memory usage tables in chapter 22. Consult these tables for
information about other instructions.

Effectively Using The PLC-5 processor automatically allocates both an input and

I/0 Memory output memory location to each 1/O location. 1/0 modules generally
only use either the inputs or the outputs. To more effectively use 1/0
memory, you can use these methods of placing I/O modules.

Use: Application:

2-slot Install 16-point I/O modules as an input module and output module pair in an
I/O group. For example, if you place an input module in slot 0, place an output
module in slot 1.

1-slot Install 32-point I/O modules as an input module and an output module pair in
an I/O group. For example, if you place an input module in slot 0, place an
output module in slot 1.

complementary 1/O chassis You configure complementary chassis with a primary and complement chassis
pair. You complement the 1/O modules I/O group for I/O group between the two
chassis. The I/O modules in the complementary chassis perform the opposite
function of the corresponding modules in the primary chassis.

By designating a PLC-5 scanner channel as complementary, you can
complement racks 1-7. A channel configured for complementary 1/O can’t
scan racks greater than 7. Those PLC-5 processors that can address rack
numbers greater than 7 can address these racks on another scanner channel
which has not been configured as complementary. The remote I/O link device
(such as a1771-ASB adapter) must also be configured for complimentary.

For more information see the PLC-5 Reference Guide: Configuring
Complementary I/O for PLC-5 Processors, publication 1785-6.8.3
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Chapter 5

Communicating with
Processor-Resident 1/0

Using This Chapter
For information about: Go to page:
Introduction to PLC-5 processor scanning 5-1
Program scanning 5-2
Transferring data to processor-resident I/O 5-3
Configuring the system for processor-resident I/O 5-4
This chapter explains how to configure the processor to
communicate with resident 1/O:
1. Set the I/O chassis switch for the addressing mode.
2. Set the rack address.
The rack address defaults to 0. If you want to change the rack
address to 1, set bit S:26/2.
Introduction to PLC-5 The basic function of a programmable-controller system is to:

Processor Scanning

g |
()

set the status of output devices
(such as lights, motors, and
" heating coils)

make decisions via a control program
. like ladder logic based on the status of
those devices

g (115
o

0000
oo ‘ l 000
a readhthe statl'J]s of various ilr]pl_Jt de_viti]es Oooo Y <

= (such as pushbuttons and limit switches) Coog CQ OO O 0O 0O

20221

1785-6.5.12 January 1997



5-2 Communicating with Processor-Resident 1/O

The processor performs two primary operations:

* program scanning where
- logic is executed El’étcemfg‘
- housekeeping is performed
» 1/O scanning—where input data is read and Data
output levels are set Data Exchange -
Exchange N £
Remote /0| «— | V/OImage Update &
Buffer — Table /0 image 3
43 v
i T Data T
During logic scan, inputs are read from and Exchange
outputs are written to the 1/O image table. a Processor-
During housekeeping, data exchange occurs b Resident Logic
between the 1/0 image table and the remote I/O Rack Sean
buffer, extended local I/0, and 1/0 Scan
processor-resident rack. a.
write outputs
47
b
read inputs Program Scan

Program Scanning

Logic Scan

Housekeeping
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The program scan is the time it takes the processor to execute the
logic program once, perform housekeeping tasks, and then start
executing logic again.

The processor continually performs a logic program scan and
housekeeping. Housekeeping activities for PLC-5
processors include:

» performing processor internal checks
e updating the input image table with:
— processor-resident input module data

— remote input module data as contained in the remote
I/O buffer

— extended local I/O input module data

* sending output image table data to:
— processor-resident output modules
— remote I/O buffer
— extended local I/0O output modules
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Transferring Data to A PLC-5 processor transfers discrete and block-transfer data with
Processor-Resident 1/0 processor-resident 1/O.

Transferring Discrete Data to Processor-Resident I/0

ab
The processor scans processor-resident local /O
synchronously and sequentially to the program scan. i T Immediate /O
o —» 10T (x)
/0 Image N5 Ny
Table | /L(J)pi?r?:;e % See explanation below.
The processor-resident rack exchanges Data A :3: v
discrete 1/0 information with the 1/O image table Exchange
during housekeeping.
Processor-
X—» Resident
Rack Logic
y& Scan
a
write outputs
47
b
read inputs Program Scan

Transferring Immediate I/0 Requests

The processor responds to immediate input (IIN) and immediate
output (IOT) requests during the logic scan. The logic scan is
suspended at the request for immediate input/output data. The logic
scan resumes after obtaining the data and fulfilling the request.

IIN data transfers directly to and IOT data transfers directly from I/O
modules in processor-resident I1/0O and extended-local I/O chassis.
With remote 1/O, only the remote 1/O buffer is updated. For more
information, see chapt@2.

When you place 1/0 modules, do not place a block-transfer module
next to or in the same module group as an input module that you plan
to use for immediate I/O. Place the modules in non-adjacent slots.
Placing input modules for immediate /O next to block-transfer
modules can result in a -5 Block-Transfer Read error.

If your application cannot support this configuration, condition the
immediate I/O instructions with the control bits of the adjacent
block-transfer module. This technique helps make certain that an
adjacent block-transfer module is not performing a block-transfer
while an immediate 1/O instruction is executing in its adjacent
input module.
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Transferring Block-Transfer Data to Processor-Resident I/0

The processor performs block-transfers at the same time as it scans
the program.

Block-transfers to processor-resident local 1/0 follow
these procedures:

* Block-transfer requests are queued for the addressed
processor-resident local 1/O rack.

* The active buffer continuously handles all block-transfer modules
whose block-transfer instructions were enabled in the program
scan via the queue scan in the order the requests were dueued.

* Block-transfers of 1/0 data can finish and the done bit can be set
anytime during the program scan.

The processor runs all enabled block-transfers of I/O data to
processor-resident 1/0O continuously as each block-transfer request
enters the active buffer.

Housekeeping

R

Interrupt
—» from STl or
Fault Routine

Program

Multiple 0 Y Scan
Processor- | Block Transfers | Q | «
Resident ¢———%» | — BTR or BTW Data >
A<

Rack 0
OJ

Q= queue
A= active buffer (block-transfer
data buffered here)

Configuring the System To configure the system for processor-resident local 1/0, you need to
for Processor-Resident I/0 set the 1/O chassis switch to indicate the rack-addressing mode. The
addressing mode determines the number of processor-resident rack
numbers used based on the number of slots in the chassis. For more
information on addressing modes, see chaptélo set the 1/0
chassis switch, see chapter 23.

The processor-resident rack address defaults to rack 0. If needed,
you can set it for rack 1 by setting user control bit 2 (S26:2) on the
processor configuration screen in your programming software. If
you select rack 1 as the processor-resident rack, rack 0 becomes
unavailable for your system.
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Chapter 6

Communicating with Remote 1/0

Using This Chapter
For information about: Go to page:
Selecting devices that you can connect 6-2
Introduction to remote 1/0 6-3
Designing a remote I/O link 6-4
Configuring a processor channel as a scanner 6-6
Communicating to a remote 1/O node adapter 6-11
Transferring block data 6-13
Block-transfers of remote I/0 data 6-15
Block-transfer sequence with status bits 6-16
Block-transfer programming considerations 6-20
Monitoring remote 1/O scanner channels 6-21
Addressing the /O status file 6-23

This chapter explains how to configure the processor to
communicate with remote 1/O:

1. Select which channel to configure as a scanner.
2. Define the I/O status file.

Use a unique, unused integer file. You must define an I/O status
file if you want to autoconfigure your system.

3. Define a diagnostic file.
Use a unique, unused integer file.

4. Define the scan list.
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Selecting Devices That The following table lists some of the devices you can use on a
You Can Connect remote I/O link:

Category Product Cat. No.

Other Processors enhanced PLC-5 processors 1785-LxxB

(in adapter mode) Ethernet PLC-5 processors 1785-LxxE
ControlNet PLC-5 processor 1785-LxxC
VMEbus PLC-5 processors 1785-VxxB
extended-local PLC-5 processors 1785-LxxL
classic PLC-5 processors 1785-LTx

Other Processors Direct Communication Module for 1747-DCM

(in adapter mode) SLC Processors

To Remote I/0 SLC 500 Remote I/O Adapter Module 1747-ASB
1791 Block I/0 1791 series
Remote 1/0 Adapter Module 1771-ASB
1-Slot 1/0 Chassis with Integral Power 1771-AM1
Supply and Adapter
2-Slot /O Chassis with Integral Power 1771-AM2
Supply and Adapter
Direct Communication Module 1771-DCM

Operator Interfaces DL40 Dataliner 2706-xxxx
RediPANEL 2705-xxx
PanelView Terminal 2711-xxx

Drives Remote 1/0 Adapter for 1336 AC 1336-RIO
Industrial Drives
Remote I/O Adapter for 1395 AC 1395-NA
Industrial Drives
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Introduction to Remote 1/0

» A PLC-5 processor channel acting as a scanner

The scanner channel maintains a list of all the full and
partial racks connected to that channel, which is

the scan list.

A remote I/O system lets you control I/O that is not within the
processor’s chassis. A PLC-5 processor channel, in scanner mode,
transfers discrete and block-transfer data with remote I/O devices.

An example remote 1/0O system looks like this:
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The remote I/O scanner channel keeps a list of all of the devices
connected to each remote 1/O link called a scan list. An example
channel scan list looks like this:

Ch 1B Scan List
Rack Starting Rack
Address ~ Group Size Range
1 0 Full 010-017
2 0 12 020-023
3 0 Full 030-037

In this example, channel 1B continually scans the three racks in its scan list and

places the data in the remote 1/O buffer in the processor. The processor updates
its own buffer and the I/O image table. During housekeeping, the two buffers are
updated by exchanging the input and output data with each other.

For more information on scan lists, see page 6-9.
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Step:

Follow these steps for setting up a remote 1/0O system:

See:

1. configure the remote I/O adapter devices the device’s user manual

2. layout and connect the remote 1/O link cable  page 6-4 for design

« chapter 3 for cable routing information

« your processor’s installation information
(For enhanced PLC-5 processors, see publication 1785-10.4;
for Ethernet PLC-5 processors publication 1785-10.5)

3. configure the scanner channel page 6-6

Designing a Remote
I/0 Link

1785-6.5.12 January 1997

Designing a remote I/O link requires applying:

remote I/O link design guidelines
cable design guidelines

Link Design Guidelines

Keep these rules in mind as you design remote /O links:

All devices connected to a remote I/O link must communicate
using the same communication rate, either 57.6, 115.2, or 230.4
kbps. Choose a rate that all devices support.

Two or more channels of the same processor operating in scanner
mode cannot scan the same partial or full rack address. Assign
unigue partial and full racks to each channel used in remote I/O
scanner mode.

You can split rack addresses between scanner channels; however,
issues arise when performing block-data transfer. See

page 6-15

A scan list can have a maximum of 16 rack numbers or a
maximum of 32 physical devices connected to it usin@82-
termination resistors. See page9for more information about

scan lists.



Communicating with Remote 1/O 6-5

Cable Design Guidelines

Specify 1770-CD (Belden 9463) cable. Connect a remote 1/0
network using a daisy chain or trunk line/drop line configuration.

Trunk line/drop line considerations: Verify that your system’s design plans specify cable lengths within

When using a trunk line/drop line configuration, allowable measurements.

use 1770-SC station connectors and follow .

these cable-length guidelines: Important: The maximum cable length for remote I/O depends on

« trunk line-cable length—depends on the the transmission rate. Configure all devices on a remote
communication rate of the link I/O link to communicate at the same transmission rate.

* drop-cable length—30.4 m (100 cable-ft) ] ) ] ] ) )
For daisy chain configurations, use this table to determine the total

For more information about designing trunk cable length you can use.
line/drop line configurations, see the Data

Highway/Data Highway Plus/Data Highway Table 6.A

ll/Data Highway-485 Cable Installation Manual, Choose the correct cable length

publication 1770-6.2.2.
A remote /O link using this  Cannot exceed this

communication rate: cable length:
57.6 kbps 3,048 m (10,000 ft)
115.2 kbps 1,524 m (5,000 ft)
230.4 kbps 762 m (2,500 ft)

For proper operation, terminateth ends of a remote 1/O link by
using the external resistors shipped with the programmable
controller. Selecting either a 18Mr 8X2 terminator determines
how many devices you can connect on a single remote 1/O link.

If your remote 1/O link: Use this resistor rating:  The maximum number ~ The maximum number
of physical devices you of racks you can scan
can connect on the link  on the link

operates at 230.4 kbps 82Q2 32 16

operates at 57.6 kbps or 115.2 kbps and no
devices listed in Table 6.B are on the link

contains any device listed in Table 6.B 150Q 16 16

operates at 57.6 kbps or 115.2 kbps, and you
do not require the link to support more than 16
physical devices.

Table 6.B
1/0 Link Devices that Require 1502 Termination Resistors
Device Type ~ Catalog Number Series
Scanners 1771-SN Al
1772-SD, -SD2
1775-SR

1775-S4A, -S4B
6008-SQH1, -SQH2

Adapters 1771-AS
1771-ASB A
1771-DCM All

Miscellaneous | 1771-AF
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Configuring a Processor Use this table to help you determine the processor channels you can
Channel as a Scanner configure as a remote I/O scanner:
Processor: Channels that support
remote /O scanner:
PLC-5/11 1A

PLC-520  PLC-5/20E 1B
PLC-5/30  PLC-5/40E 1A, 1B
PLC-5/40L  PLC-5/80E
PLC-5/60L

PLC-5/40 1A, 1B, 2A, 2B
PLC-5/60
PLC-5/80

To configure a processor channel as a scanner, you:

e define an I/O status file, which stores information about the racks
connected to the processor, by using the processor
configuration screen in your programming software

* specify the scanner’s communication rate and diagnostic file and
define a scan list by using the scanner mode channel
configuration screen in your programming software

1785-6.5.12 January 1997



Communicating with Remote 1/0 6—7

Define an /O Status File

The /O status file stores data for the processor’s I/O rack
configuration tables. The I/O status from each remote I/O rack
requires two words. These two words store the reset, present,
inhibit, and fault bits for each rack.

To define an I/O status file, enter an unused integer file number
(9-255) in the I/O status file field (S:16) of the processor
configuration screen. If you do not want to use I/O rack
configuration tables, enter 0. However, if you want to use the
autoconfiguration option to create your scan list, you must define an
I/O status file. Use the processor configuration screen in your
programming software:

Processor Configuration

User Control Bits 00000000 00000000 RESTART LAST ACTIVE STEP
Fault routine prog file no.: 0 Watchdog (ms): 500

1/0 status file: N12 Communication time slice (ms): 3

VME Status File: N34

The programming software automatically creates the correct size I/O status file. You can
address the individual words within this file in your ladder program to monitor rack status.

1785-6.5.12 January 1997



6-8 Communicating with Remote 1/0

Specify Channel Configuration Information

Use the scanner mode configuration screen in your programming
software to configure a channel for scanner mode.

Scanner Mode

Diag. file: N13 Baud rate:  57.6kB
Complementary 1/0: Enabled

Rack  Starting Rack Range
Address  Group  Size

2 4 1/4  024-027

Cc2 4 1/4  020-021
3 o] 1/2  030-033
3 4 1/4 034-035
3 6 1/4  036-037
c7 0 FULL 170-177
1 0 FULL 010-007 *
In this field: Define: By doing the following:
Diag. file The file containing the channel’s status Cursor to the field, type an integer file number (9-999)
information: ATTENTION: Assign a unique diagnostic file to each channel. Do not assign a
* messages received diagnostic file that is the 1/O status file you assigned or any other used integer
* messages sent file. Unpredictable machine damage can result.

* messages received with error
« unable to receive

« sent with error

* rack retries

Important: You must define a diagnostics file for a channel configured for
anything but unused (even if you are not using the channel) if you want to get
status information for that channel.

Baud rate The communication rate for the remote I/O  Cursor to the field and select the desired rate.

scanner mode link Available rates are: 57.6, 115.2, and 230.4 kbps.
Complementary Whether or not you want to complement Cursor to the field and select Enabled or Disabled
110 I/ racks
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To:

Specify the Scan List

A scan list is a map of the I/O devices being scanned by the scanner
channel. For the channel to communicate with the 1/0O devices
connected to it, you must create a scan list.

Do the following:

Create a scan list

Make sure the processor is in Remote Program or Program mode.

1. Make sure that you defined an I/O status file on the processor configuration screen
(see page 6-7).

2. Accept any edits made to the channel configuration.
3. Use the autoconfiguration function

If you have errors when you accept edits, clear the scan list and accept edits again.

If you encounter the error message “Resource not Available,” you have not defined an
I/0 status file. Define the I/O status file and try automatic configuration again.

Insert an entry into the  Make sure the processor is in Remote Program, Program, or Remote Run mode.

scan list

1. Position the cursor at the place on the scan list where you want to insert an entry.

2. Insert an entry into the list and enter the appropriate values for the list.

Important: If incorrect information is entered for an entry, the processor will not display
the new configuration when you save edits.

Delete an entry forthe  Make sure the processor is in Remote Program, Program, or Remote Run mode.

scan list

1. Position the cursor at the place on the scan list where you want to delete an entry.
2. Delete the entry from the list.

Important: If incorrect information is entered for an entry, the processor will not display
the new configuration when you save edits.

For this field:

A scan list includes the following:

A scan list contains:

Rack Address

1-3 octal (PLC-5/11, -5/20, -5/20E processors)

1-7 octal (PLC-5/30 processors)

1-17 octal (PLC-5/40, -5/40L, 5/40E or -5/80E processors)

1-27 octal (PLC-5/60, -5/60L, -5/80 processors)

If complementary I/O is enabled, a C appears before the complemented rack address.

Starting  Group

0,2,4,0r6

Rack Size

1/2, 1/4, 3/4, or FULL

Range

Automatically calculated based on rack address, starting module group and chassis size.

An asterisk (*) after a range indicates the last valid rack entry.
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If you need multiple updates to an I/O device during an I/O scan, you
can enter a logical address in the scan list more than one time. Do
not assign the same partial or full rack address to more than one
channel in scanner mode. Each channel must scan unique patrtial
and/or full rack addresses.

Keep these limitations in mind when creating/modifying a scan list:

* The automatic configuration always displays the actual hardware
configuration, except for racks that have their global-rack inhibit
bit set. In this case, the global-rack bit overrides the automatic
configuration. You must first clear the global-rack inhibit and
then select autoconfigure.

Clear global-rack inhibit bits for the channel that scans the racks
that you want to resume scanning. Use the scanner mode status
screen in your programming software.

* If you change a channel configuration from adapter or DH+ mode
to scanner mode, use the clear list function of your programming
software to clear the scan list. In any other instance where you
need to clear entries from the scan list, use the delete-from-list
function to delete the entries one at a time.
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Communicating to a

Remote I/O Node Adapter

Remote 1/0 Scan Loop

A scanner channel exchanges discrete data with remote I/O node
adapters like 1771-ASB modules via the remote I/O buffer.

Figure 6.1
Remote 1/0 Scan and Program Scan Loops

Program Scan Loop

Rack 3 ‘% ab Immediate 1/0 O
g Xy 0T
oA i T ———INy)
Data Exchange g a
. & write outputs
8% | Remotel/0| .——»| |/OImage | Update 3 P
Rack2 | &l | Buffer €| Table i 3 >
2 Oimage & «—
Data £ b
\ ,
i T Exchange y read inputs
Logic
S Processor-
Rack 1 % X —» Resident Scan
2 y<4—| Rack
The remote 1/O scan is the time it takes for the During housekeeping:
processor to communicate with all of the entries in its « Data exchange between the /O image table, the
rack scan-list once. The remote 1/O scan is processor-resident rack, and the remote 1/O buffer occurs.
independent of and asynchronous to the program scan. « The remote I/O buffer is updated.

Remember that the I/O scanner is constantly updating the
remote 1/O buffer asynchronously to the program scan.

O In remote racks, immediate I/O data transfers update the remote I/O buffer.

Important: The remote 1/O scan for each channel configured for
scanner mode is independent and asynchronous to the
remote I/O scan for any other channel.

For the scanner channel to communicate with the 1771-ASB For more information, see:
adapter modules, do the following:

1. Setthe I/O chassis backplane switch for each chassis that chapter 23
houses an adapter module.
2. Set the switches on the adapter module itself.

3. Connect the remote I/O cable. your processor installation
instructions
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Troubleshooting Remote I/0 Communication Difficulties

Follow these steps to make sure the processor can communicate with
devices on remote I/O links.

1.

Put the processor in program mode. Go into the memory map
and find two unused file numbers. The processor will use these
files. Do not create the files, just record which file numbers you
will use.

Go to the processor status screen and make sure all rack inhibit
bits are zeroed (0).

. Go to the processor configuration screen and assign one of the

previous file numbers to be the I/O status file (see paga.

Go to the channel configuration screen for the appropriate
channel and assign the remaining file number (from above) to be
the channel diagnostic file (see page8.

. Perform an autoconfigure and confirm that all the racks were

found and listed in the 1/O scan list.

Check all I/O rack retry counters in channel status to make sure
there are no communications problems.

If you follow the above steps and there are still remote 1/0O
communications problems, it is possible that the 1/O status file is
corrupt. Try assigning a brand new 1/O status file and repeat the
steps above. Also, confirm that the 1/0 image tables exist for the
racks you are having difficulty communicating with.
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Transferring Block Data

In addition to discrete data, the processor can also exchange block
data with remote 1/0. Block-transfer instructs the processor to
interrupt normal /O scanning and transfer as many as 64 words of
data to/from a selected 1/0O module. Figure 6.2 shows how the
scanner-mode processor handles a block-transfer.

Figure 6.2

Block-Transferring Data to Processor-Resident Local,
Extended-Local, and Remote I/0

Remote I/0
Scan[]
Extended- Q = Queue
Local A = Active
|/O Scan ] Buffer BT
Local |3 Requests
o
Remote I/0 Rack 4 S q BTR or BTW Data
< One transfer per N >
g /0 scan <+ [
Rack 7 §
< BT Requests
Local | @ One transfer per Q | BTRorBTW Data
Racks 2 | & Oscan < »>
and3 |2 <«
One transfer per BT R
5 I/O scan < equests
Rack6 | & BTR or BTW Dat
ack 6 § \A Q < or a a>
A <[]
Local | & \4
Rack1 | Siq¢—— One transfer per BTRequests
< I/0 scan Q |«
\A BTR or BTW Data
5 A < >
Rack5 | & <« 0
<
Logic
Scan
¢ ) er
Requests
Q| ¢
Processor _ - < BTR or BTW Data >
rosident ™ Mutiple Aletn
Block Transfers A
per I/0 Scan
O  Interrupt from STI or Fault Routine U
O  The adapter used in the remote 1/0 scan is the 1771-ASB. 1/0 Scan Program
Scan

O  The adapter used in the extended-local I/O scan is the 1771-ALX.

15299
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Maximum Number of
Active Buffers
Per Remote I/0 Channel

PLC-5/60, -5/60L, -5/80, -5/80E 23

PLC-5/40, -5/40L, -5/40E 31
PLC-5/30 39
PLC-5/20, -520E 43
PLC-5/11 43

Placing the processor in program
mode, cancels block-transfers in
the active buffers and in the
waiting queues.

1785-6.5.12 January 1997

As shown in Figuré&.2, the processor has the following storage
areas for block-transfers:

Storage area:  Description:

active buffers  store initialized block-transfer requests for a channel

The adjacent table lists the maximum active buffers for each enhanced
and Ethernet PLC-5 processor.

The processor places a block-transfer request directly into the active
buffer only if: a buffer is available and no block-transfers to the slot is in
the queue.

waiting queues  store block-transfer requests that cannot be placed into the active
buffer because:

« all of the channel’s active buffers are being used
« the slot addressed by the block-transfer is currently processing a
block-transfer

Once a block-transfer to a slot completes, the processor checks the
queue to see if a block-transfer addressed to the slot is waiting. If
one exists, the processor moves it to the active buffer.

Since a processor can request a block-transfer from every slot in a
chassis concurrently, the adapter device chooses the order in which
the block-transfers execute on the chassis. Block-transfer requests
are processed differently in fault routines, selectable timed interrupt
routines (STI), and processor input interrupt routines (Pll); see
chaptersl6, 18, and19 respectively for more information.
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Block-Transfer Minor Fault Bits

This minor fault: Description:

S:17/0  Block-transfer queue full to remote I/O There is a possibility that the PLC-5 processor might temporarily be unable to initiate
multiple consecutive user-programmed block-transfers. For any block-transfer which
temporarily can’t be processes, the PLC-5 processor sets minor fault bit S:17/0 and
skips that block-transfer instruction. This condition is self-correcting, but bit S:17/0
remains set until you reset it. You can avoid this minor fault be separating
block-transfer instruction rungs with other rungs.

S:17/1 through S:17/4 Queue full - channel xx The PLC-5 processor can process a maximum of 64 remote block-transfers per
channel pair (1A/1B or 2A/2B). This maximum includes:
« block-transfers that are currently in the active buffer
« initialized block-transfers that are waiting for execution in the holding queue
Once the 64 block-transfer maximum is reached, the following minor fault bits are
set, depending on which channel pair is involved:

Channel pair: Minor fault bits set:
1A/1B S:17/1 and S:17/2
2A/2B $17:3 and S:17/4

The PLC-5 processor won't initialize any remote block-transfer instruction which
exceeds the 64 maximum. The .EW, .DN, and .ER bits are reset on any
block-transfer which exceeds the 64 maximum. This condition is self-correcting, but
the bits remain set until you reset them.

S:10/7  No more command blocks exist This minor fault bit is normally associated with an application programming problem,
but this bit can also be set when using block-transfers if the maximum number of
command blocks available in the PLC-5 processor is exceeded. The command
blocks are used by both the local and remote block-transfers.

PLC-5 type: Maximum number of command blocks:
PLC-5/11, -5/20, -5/30 128
PLC-5/40 256
PLC-5/60, -5/80 384

This condition generally occurs when a program attempts to repeatedly initialize
block-transfers which have not yet completed with a .DN or .ER bit. This condition is
self-correcting, but bit S:10/7 remains set until you reset it.

Block-Transfers of Block-transfers of /O data to remote 1/O follow these guidelines:
Remote I/0 Data « Block-transfer data exchange and the program scan run
independently and concurrently. Once block-transfers are
initiated, the processor performs them asynchronously to the
program scan.
* During every remote I/O scan, the processor performs a
maximum of one block-transfer per entry in the scan list.
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Important: If you split remote rack addresses between scanner

channels, block-transfers to lower priority scanner
channels do not function properly. Scanner channels
have priority according to the following order: 1A, 1B,
2A, then 2B.

For example: if you configure channels 1B and 2A as
remote scanners and split rack #2 between them,
block-transfers to channellB (the higher priority
channel) will be completed, but block-transfers to the
second half of rack #2 (2A, the lower priority channel)
will not be completed.

Although splitting remote 1/O racks across scanner
channels does not affect discrete transfers, 1/O status
bits such as Fault and Present may not indicate the
correct status.

Figure 6.3 shows the remote I/O block-transfer sequence.

Figure 6.3
Block-Transfer Sequence
Ladder Logic Scanner within PLC processor Remote /0
- g O s | 00
—1 —( H 0 Block Discrete 2
Transfer —> s | —p
» | Requests| O . E— 2 45@ BT
: > e
U g
a %— —» BT
[0 Processor executes a block-transfer instruction.
[ Processor sends the block-transfer request to g -
its I/0 scanner. § «—
[0 Scanner places module control byte (MCB) into the

discrete output image table.

(1 Scanner sends MCB as part of the discrete 1/0
update to the adapter.

[1 The scanner sends the block-transfer packet to
the adapter for the block-transfer module
(the packet includes data if it is a block-transfer write).

[J The adapter module sends the block-transfer request
to the block-transfer module.

[] The adapter passes the block-transfer packet to
the block-transfer module.

[1 The block-transfer module returns a module status
byte (MSB) to the adapter.

@ The block-transfer module sends status to the
adapter (will also send data if it is a block-

O MSB returned to the scanner in addition to the transfer read).
discrete 1/0 by the adapter.

[J The scanner forms a block-transfer packet.

Block-Transfer Sequence
with Status Bits
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@ The adapter passes status to the /O scanner;
if the request is a block-transfer read, adapter
sends data.

Figure6.4 describes the different states of the block-transfer

status bits.



Communicating with Remote 1/0 6-17
Figure 6.4
Block-Transfer Status Bit States
Detects that a rung containing a
block-transfer is enabled and sets the
enable .EN bit and resets the .ST, .DN, .ER,
and .EW status bits.
The processor sends the block-transfer
request to the I/O scanner, sets the .EW bit,
and resumes the program scan.
Executes block-transfer
asynchronously to the
program scan
Does this slot add ves
oes this slot address
! The scanner place the request
have a BT in process? I in the waitingpqueue. ‘
¢ no
. . no
Is an active buffer available?
Transfers the block-transfer
¢ yes request to/from the 1/0 chassis.
Is the request a BTW? T, The scanner sets the .ST status
bit and starts the watchdog timer. no
Does the module respond? > —» @
¢ yes see page
6-19

The scanner accesses the BTW file in the data
table and copies the data to the active buffer.

¢ yes
see page
6-18
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Figure 6.4 (continued):
The block-transfer module responds

Did the block-transfer

no
complete without errors? —» | Setsthe error ER bit (12)

¢ yes

\ Sets the done .DN bit (13).\

v

yes
—» ‘ Re-initializes the block-transfer.

¢ goto
es see page
v f Ok
Copies data from the active

buffer to the block-transfer file
in the data table. —

Is the block-transfer

Was the block-transfer continuous? (the .CO bit is set.)

aBTR?

Frees up the active buffer
for the next request

¢ goto
e
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Figure 6.4 (continued):
The block-transfer module does NOT respond

no
—>» | Block-transfer is for a module in a remote rack.

Is the block-transfer for a
local I/O module?

v
L yes

no
—p | Continues to request the
block-transfer until the watchdog
timer expires (4 s).

Is the ti t.TO bit t?
Sets the no response .NR bit (09). s the timeout . TO bit (08) se

L yes

Continues to request the block-transfer for 0-1 s
before setting the .ER bit (12).

no
—» Re-initializes the request until

i i ?
Is the timeout O bit (08) set? the watchdog timer expires (4 s).

L yes

Retries request once more before setting the .ER bit (12)

For a list of block-transfer error codes, see the PLC-5 Programming
Software Instruction Set Reference, publication 1785-6.1.
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Block-Transfer
Programming
Considerations

Design Tip

1785-6.5.12 January 1997

Read this section for information about general programming
considerations and considerations for processor-resident local racks.

General Considerations

The following are general programming considerations when you are
block-transferring 1/0O data.

When performing block-transfers (processor-resident local or
remote I/O) in any PLC-5 processor, clear the output image table
corresponding to the block-transfer module rack location before
changing to run mode. If you do not clear the output image table,
then you encounter block-transfer errors because unsolicited
block-transfers are being sent to the block-transfer module (i.e., if
a block-transfer module is installed in rack 2, group 4, clear
output word 0:024 to 0; do not use the word for storing data).

If you use remote block-transfer instructions and have the timeout
bit (.TO) set to 1, then the processor disables the 4-second timer
and continues to request the block-transfer for 0-1 seconds before
setting the error (.ER) bit.

A PLC-5 processor with at least one channel configured as an
adapter could incur a non-recoverable fault when you switch it
from run to program mode.

To avoid this possibility, program the scanner to request only two
or three block-transfers from the PLC-5 adapter at one time by
conditioning the block-transfer instructions with the

done/error bits.

For Processor-Resident Local Racks

The following are programming considerations when you are
block-transferring data in a processor-resident local rack.

Within the processor-resident local rack, limit the number of

continuous-read block-transfers to 16 transfers of 4 words each or

8 transfers of 64 words each. If you attempt to exceed this

block-transfer limit, a checksum error (error code -5) occurs.

Block-transfer instructions to any of the following modules

residing in the processor-resident local rack result in frequent

checksum errors.

— 1771-OFE1, -OFE2, and -OFE3 modules; all versions prior to
series B, revision B

— 2803-VIM module, all versions prior to series B, revision A

— IMC-120, all versions
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Monitoring Remote 1/0
Scanner Channels

Scanner Mode

To eliminate the checksum errors, replace your modules with the
current series and revision. If replacement is not possible:

1. Go to the processor configuration screen in your
programming software.

. With the processor in program mode, set user control bit 4
(S:26/4) tol (the local block-transfer compatibility bit).

3. Change the processor mode from program to run.

Do not program IIN or IOT instructions to a module in the same
physical module group as a BT module unless you know a
block-transfer is not in progress. If you must do this, then use an
XIO instruction to examine the .EN bit of the block-transfer
instruction to condition the IIN and 10T.

To monitor channels configured as a scanner, use the scanner mode
status screen in your programming software. This screen displays
the data in the diagnostic file you defined on the scanner mode
configuration screen (pagé-9.

Channel 1B Status

0
0
0

Messages sent:
Messages received:
Messages unable to receive:

Rack
Address Group  Size
FULL 010-017
1/4 020-021
3/4  022-027
1/2  030-033
1/4 034-035
1/4 036-037

FULL 170-177
FULL 010-017 *

WwWwwMNN P

i
I
oo bhoONOO

[

Status Field Location

Starting Rack Range

COUNTERS LOCKED
Messages sent with error:
Messages received with error:

0
0

D

Retry bits and message

Fault Inhibit Reset Retry \ information stored in the
diagnostic file defined for
that channel

| 0 0
0 0 0
F 0 0 0 >
0 0 0
0 0 0
0 0 0
0 0 0
1 0 o0 /

Fault, Inhibit, and Reset
bits stored in 1/O status file

Description

Counters Locked

This field is displayed in reverse video if the counters are locked.

» Counters locked: display of the counters stops changing, but counters continue to run in background.
« Counters unlocked: the system displays the current value

Message Counters ( Messages

= SDA messages + SDN messages)

sent word 1 Displays the number of messages sent by the channel.

sent with error word 3 Displays the number of messages containing errors sent by the channel.

received word 0 Displays the number of error-free messages received by the channel.

received  with word2 Displays the number of messages containing errors received by the channel (such as bad CRC).

error
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Status Field Location Description
unable to receive word 4 Displays the number of messages received with protocol-related problems (such as a bad block-transfer
status byte with both read and write bits set).
Retry word 5 Displays the number of retries for the corresponding rack entry.
elc. Entry 1
word69 .
Entry 64
Rack Address This field indicates the rack number of the remote racks being scanned by the scanner channel:

Starting  Group

Rack Size

Range

Fault

Inhibit

Reset

Retry

can only scan rack 3 (PLC-5/11 processor)

1-3 octal (PLC-5/20, -5/20E processor)

1-7 octal (PLC-5/30 processors)

1-17 octal (PLC-5/40, -5/40L, 5/40E processors)

1-27 octal (PLC-5/60, -5/60L, -5/80, -5/80E processors)

If complementary I/O is enabled (on the scanner mode configuration screen), the complement of a rack
is identified with a C to the left of the rack address column on the status screen.

This field indicates the first I/O module group in the rack that the processor scans.

This field displays the portion of the I/O rack addressed by each chassis. Configurations can be 1/4, 1/2,
3/4, or FULL as long as the total sum of the rack does not exceed 8 I/O groups.

This field displays the rack address and module groups being scanned for a rack in the scan list. An
asterisk (*) after a range indicates that it is the last valid rack entry.

An F displayed in this field indicates that the corresponding chassis is faulted. When a fault indicator
appears, the system sets the associated fault bit in the global rack fault status on the processor status
screen in your programming software.

When the global rack fault bit is set, all configuration information starting at the faulted quarter is lost.
When a rack faults, F is displayed. If both the fault and inhibit bits are set for a rack, no rack exists at
that I/O group.

Inhibit a rack by cursoring to the Inhibit  field of the rack you want to inhibit and enter 1

When a chassis is inhibited the processor stops scanning it. You can inhibit an entire rack by setting the
global rack-inhibit bit for that rack on the processor status screen. All chassis within that rack are
inhibited, and an | appears in the Inhibi  t field, indicating the rack was globally inhibited.

Reset a rack by cursoring to the Reset field of the rack you want to reset and type 1

When a chassis is reset, the processor turns off the outputs of the chassis regardless of the last-state

switch setting. You can reset an entire rack by setting the global rack-reset bit on the processor status
screen. All chassis within that rack are reset, and an R appears in the Reset field indicating the rack
was globally reset.

This field displays the number of times the rack was re-scanned.
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Addressing the I/0 During program execution you can address words and fault bits

Status File within the 1/O status file. Figure 6.5 shows the arrangement of the
words in the I/O status file for a given remote or extended local /0O
rack. The example status file used for the figures in this section is
integer file 15.

Figure 6.5
Word Arrangement in the 1/O Status File

Defined I/O status file ~ Word in integer file

g

N15:0
N15:1

rack 0

y rack3  (Maximum for PLC-5/11, -5/20, and -5/20E)
N15:14 .

:I rack7  (Maximum for PLC-5/30 processors)
N15:15

/

N15:30 :I rack 17 (Maximum for PLC-5/40, -5/40L, and -5/40E processors)
N15:31

/

N15:46
:I rack 27 (Maximum for PLC-5/60, -5/60L,
N15:47 -5/80 and -5/80E processors)

The first word for a rack contains present and fault bits, the second
word contains reset and inhibit bits. Figure 6.6 shows present, fault,
reset, and inhibit bit layouts for rack 7 in the 1/O status file.
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Figure 6.6
Bit Layout Diagrams for the First Word Allotted to a Remote
1/0 Rack or an Extended-Local I/0 Rack

N15:14 Present Bits Fault Bits
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
-<+— Not Used —» <+— Not Used —»

This bit: Corresponds to:
Fault bits
00 first 1/4 rack
starting I/O group 0
01 second 1/4 rack
starting 1/0 group 2
02 third 1/4 rack
starting 1/0 group 4
03 fourth1/4 rack

starting /O group 6

Present bits

08 first 1/4 rack
starting 1/O group 0
09 second 1/4 rack
starting I/O group 2
10 third 1/4 rack
starting I/O group 4
11 fourth1/4 rack

starting 1/O group 6
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Figure 6.7
Bit Layout Diagrams for the Second Word Allotted to a
Remote 1/0 Rack or an Extended Local I/O Rack

N15:15 Reset Bits Inhibit Bits
15 14 13 12 1 10 09 08 07 06 05 04 03 02 01 00
<— Not Used —» <— Not Used —»

This bit: Corresponds to:
Inhibit bits
00 first 1/4 rack
starting 1/0 group 0
01 second 1/4 rack
starting 1/0 group 2
02 third 1/4 rack
starting I/0 group 4
03 fourth1/4 rack

starting 1/O group 6

Reset bits

08 first 1/4 rack
starting 1/O group 0

09 second 1/4 rack
starting I/O group 2

10 third 1/4 rack
starting I/O group 4

11 fourth1/4 rack

starting 1/O group 6

ATTENTION:  When you use a ladder program or the software to inhibit and reset an
I/0 rack, you must set or clear the reset and inhibit bits that correspond to each quarter rack in a
given chassis. Failure to set all the appropriate bits could cause unpredictable operation due to
scanning only part of the /O chassis.
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Chapter 7

Using This Chapter

Communicating with a PLC-5
Adapter Channel

For information about: Go to page:
Configuring communication to a PLC-5 adapter channel 7-2
Programming discrete transfers 7-8
Programming block-data transfers 7-8
Monitoring the status of the adapter channel 7-15
Monitoring the status of the supervisory processor 7-16
Monitoring remote 1/O adapter channels 7-17

This chapter explains how to configure the processor to
communicate with an adapter channel:

1.
2.

Select which channel to configure as an adapter.

Define a diagnostic file.

Use a unique, unused integer file.

Define the rack address, starting group and rack size.

The default rack address is rack 3.

Define the discrete transfer files (enter as decimal numbers).

The input source is where the supervisory processor’s output
discrete bits go (default is 001:024 — the decimal representation
of rack 3). The output source is where the supervisory
processor’s input bits go (default is 000:024).

Create the necessary block-transfer control files (one BTR and
one BTW).

Configure the block-transfers so the supervisory processor knows
where to address block-transfers.
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Configuring Because a PLC-5 processor adapter channel is more intelligent than a
Communication to a PLC-5 1771-ASB module, data communication and configuration tasks are
Adapter Channel handled differently for adapter channels.

The supervisory processor or scanner channel and the adapter-mode
processor channel automatically transfer discrete data and status
between themselves via the supervisory processor’s remote I/O scan.

Supervisory Processor in Scanner Mode PLC-5 Processor Channel in Adapter Mode

Discrete Transfer

Discrete Configuration Files
Data and
ev " Etatﬁs Bit i T Data Exchange
xchange
outputs Remote 1/0 Y le A
< Buffer > Remote I/0 Update & write outputs
47
— Buffer 1/0 image £ «
" «—
read £ b
inputs 2 read inputs
§ Update Logic
£ . /0 Image I/O Image Scan
§ I/0 image Table
- Ty 1
ab ab
Remote 1/0 Scan Program Scan
During each remote I/O scan, the supervisory processor transfers The adapter-mode processor transfers 2, 4, 6, or 8 words—depending
2, 4, 6, or 8 words—depending on whether the adapter-mode on whether it is configured as a 1/4, 1/2, 3/4, or full rack.

processor is configured as a 1/4, 1/2, 3/4, or full rack.

Discrete data and block-transfer status bits are transferred between a
remote I/O scanner’s I/O image table and an adapter channel via the
adapter channel’s discrete transfer configuration files, which you
define on the adapter channel configuration screen.

For the scanner channel to communicate with a PLC-5 processor For more information,
adapter channel, do the following: see:
1. Define the communication rate, its address, and rack size (number of page 7-3
words to transfer).
2. Define the discrete transfer configuration files, which are the files from page 7-4

which the adapter processor channel gets the data sent by the
supervisory processor and puts data into for the supervisory processor.

3. Ifyou plan to block-transfer data to the adapter channel, define the page 7-8
block-transfer files and configure the block-transfers.

4. Connect the remote 1/O cable. your processor
installation instructions
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Specify an Adapter Channel’s Communication Rate,
Address, and Rack Size

Use this table to help you determine the processor channels you can
configure as a remote I/O adapter:

Processor: Channels that support
remote 1/O adapter:

PLC-5/11 1A

PLC-520  PLC-5/20E 1B

PLC-5/30  PLC-5/40E 1A, 1B
PLC-5/40L  PLC-5/80E

PLC-5/60L

PLC-5/40  PLC-5/80 1A, 2A, 1B, 2B
PLC-5/60

To select a channel as an adapter, use the adapter mode configuration
screen in your programming software.

Adapter Mode
Channel 1B Configuration

Diagnostics file: N12
Baud rate: 57.6kB
Rack address: 3
Starting group: 0
Rack size: FULL
Last Rack: YES
Discrete Transfer Configuration:
Input source: 001:024 } See page 7-4
Output source: 000:024
Group  Module BTW control  BTR control
0 0 BT000:000 BT000:000 See page 7-8
0 1 BT000:000 BT000:000
In this field: Define: By doing the following:
Diagnostics The file containing the adapter channel’s Cursor to the field and enter an integer file number (9-999).
fil i i . . . "

e status information ATTENTION: Assign a unique diagnostic file to each channel. Do not
assign a diagnostic file that is the 1/O status file you assigned or any
other used integer file. Unpredictable machine damage can result.
Important: You must define a diagnostics file for a channel
configured for anything but unused (even if you are not using the
channel) if you want to get status information for that channel.

Baud rate Communication rate for the remote I/O link  Cursor to the field and select the desired rate.

Available rates are: 57.6, 115.2, or 230.4 kbps.
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In this field: Define:

By doing the following:

Rack address The rack address as it appears to

Cursor to the field and enter the address.

the scanner Valid addresses are:

* 3 octal (PLC-5/11 processors)

« 1-3 octal (PLC-5/20, -5/20E processors)

* 1-7 octal (PLC-5/30 processors)

¢ 1-17 octal (PLC-5/40, -5/40L, 5/40E processors)

« 1-27 octal (PLC-5/60, -5/60L, -5/80, or PLC-5/80E processors)
The default is rack 3.

Starting The starting group number of the rack Cursor to the field and enter the number
group Valid entries are: 0, 2, 4 or 6.
Rack size The number of 1/0 words to exchange with ~ Cursor to the field and select the rack size, which depends on the

the supervisory processor starting group you selected above:

If you want to communicate using:

e 2 words - select 1/4 (starting group 6)

e 4 words - select 1/2 (starting group 4)

* 6 words - select 3/4 (starting group 2)

» 8 words - select FULL (starting group 0)

For example, if you choose starting group 6, you can only transfer 2
words. If you choose starting group 4, you can transfer 4 or 2 words.

Last rack Notifies the supervisory processor that this ~ Cursor to the field and select YES or NO,
is the last chassis

This information is important when the
supervisory processor is a PLC-2
processor.

Specify the Discrete Transfer Configuration Files
Discrete Transfer Configuration:
Input source: 010:015 : : : - .
Output source: 011:020 The dlscre_te t.rans_fer conflguratlt_)n flles_ (output source file and the
input destination file) are the main vehicles for discrete data and
T T block-transfer status bits exchange between a PLC-5 adapter channel

Datafile 11 starts at word 20 and a scanner channel or a supervisory processor (see Fitjure

(decimal)

The discrete transfer configuration files can be integer, BCD, or
binary data file types. Be sure to create the files specified for the
input source and output soungeor to specifying them. If they do
not exist at the time of configuration, you will receive an error when
trying to accept edits.

Note: If N10 and N11 are created, the discrete
transfer files will be integer; if D10 and D11 are
created, the discrete transfer files will be BCD

1785-6.5.12 January 1997



Communicating with a PLC-5 Adapter Channel 7-5

Configure the discrete transfer configuration file as an integer file.
Although the PLC-5 processor allows you to use the input or output
areas, reserve these for real I/O on scanner channels. In doing so,
you are avoiding a possible conflict if you later attempt to add a rack
that uses the same 1/O image space.

Important: Do not configure the adapter channel’s discrete transfer
configuration input destination file to be the data table
input image. You risk clearing inputs when performing
an autoconfiguration for a scanner channel on the
same processor.

The adapter inputs will not be updated until a change is
detected in the input data being sent by the processor.
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Communicating with a PLC-5 Adapter Channel

Supervisory Processor in Scanner Mode

a
write
outputs

47

—
b
read
inputs

Housekeeping

Reserved for status

A

AN

Figure 7.1

Discrete data and block-transfer status are exchanged
between a scanner and a remote 1/0 adapter channel via the
discrete transfer configuration files.

data from scanner’s
output image table sent
to the input source file

»

image table

P

data from output source
file sent to scanner’s input

N

Remote 1/0
Buffer
Update
/0 image I ?alg?: ge

It

Remote 1/0 Scan

Word

—>0

Supervisory Processor

PLC-2 0X0-0X7

PLC-3 OXX0-OXX7

PLC-5 0:X0-0:X7

Reserved for status

1

N oo B~ wND

Word

—» 0

Supervisory Processor

PLC-2 1X0-1X7

PLC-3 IXX0-IXX7

PLC-5 I:X0-1:X7

—_

N oo B~ WD

Scanner’s Output Image Table

17 14{13 10{07 04|03 00
Output File
| Scanner’s Input Image Table |
17 14|13 10/ 07 04|03 00
Input File

Discrete Transfer
Configuration Files

PLC-5 Processor Channel in Adapter Mode

¢ T Data Exchange

Remote I/0
Buffer

Reserved for slatui

e

Housekeeping

Update
1/0 image

Logic
Scan

a
write outputs
—
47
y b
read inputs

Program Scan

Adapter Channel’s Input Destination File
Integer File

15 12|11

08

07

04103 00

Input File

Adapter Channel’s Output Source File
Integer File

Reserved for slalui

15 12|11

08

07

04103 00

Output File

Two, four, six, or eight words of data can be transferred between the scanner and the adapter channel.
The number of words is determined by the rack size specified on the Adapter Channel Configuration screen.
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If data from the supervisory processor is intended to control outputs
of the adapter-mode processor channel, write ladder logic in the
adapter-mode processor to move the data from its input destination
file to its output image. Use XIC and OTE instructions for bit data;
use move and copy instructions for word data.

If you want the supervisory processor to read data from a data file in
the adapter-mode processor, write ladder logic in the adapter-mode
processor to move that data to its output source file for transfer to the
supervisory processor’s input image table.

To create the discrete transfer configuration files, use the adapter
mode configuration screen in your programming software.

Adapter Mode
Channel 1B Configuration

Diagnostics file: 0
Baud rate: 57.6kB
Rack address: 0
Starting group: 0
Rack size: FULL
Last rack: NO

Discrete Transfer Configuration:

Inputs destination: 000:000 Enter an input destination file and word
Outputs source:  000:000 Enter an output source file and word
Group Module BTW control BTR control
0 0 BT000:000 BT000:000
0 1 BT000:000 BT000:000

Important: The processor determines the number of words used by
the file according to the rack size you specified.

In this field: By doing the following:
Input The location where the scanner (host 1. Enter the file number (decimal) of the source data.
destination device) places output words into the

adapter’s input file

2. Enter the word number (decimal) of the source data.
Specify an input image, output image, integer, BCD, or Hex file.

For example: if you use file N7:0 and the rack size is FULL, the scanner places
the 8 discrete words in file N7 words 0-7 (upper byte of first word is for status).

Output source

The location where the adapter places 1. Enter the file number (decimal) of the source data.
discrete output words into the scanner’s
discrete input file

2. Enter the word number (decimal) of the source data.
Specify an input image, output image, integer, BCD, or hex file.

For example: if you use file N7:10 and the rack size is FULL, the adapter
channel places 8 discrete words in file N7 words 10-17 (upper byte of first word
is for status).
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Programming Discrete
Transfers in Adapter Mode

Supervisory Processor (PLC-5)

For more information on configuring this file, see the channel
configuration chapter in the documentation for your
programming software.

Typically, each output instruction in one processor should have a
corresponding input instruction in the other processor. The rack
number of the adapter mode processor-channel determines the
addresses that you use.

Adapter-mode Processor Channel

0:x7 N51:15 N51:15
i —» H/H/E/E/ —
17 8 9 1 13 15
Ix5 I:x5 N51:05
H/H/F 0t «—— 1k v
13 17 16 14
» N51 is the adapter-mode processor’s discrete transfer configuration file. Input destination and output source
entries determine input and output words.
« The ladder logic in the supervisory processor uses the rack number of the adapter-mode processor channel.
« Condition the ladder logic in the adapter processor with the status bits (page 7-15).
Programming Adapter-mode block-transfers are essentially continuous. As soon as
Block-Transfers of Data to a transfer is completed, another block-transfer occurs immediately in
an Adapter Channel the adapter-mode processor; it then waits (with a buffered snap-shot
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of data) for the supervisory processor to perform another
block-transfer request. Therefore, the data that is transferred after
the request is data from the previous transfer. If the supervisory
processor performs a block-transfer request from the adapter-mode
processor every 500 ms, for example, the data is at least 500 ms old.

The supervisory processor contains the ladder-logic transfer
instructions which controls the actual communication transmission.
However, the adapter-mode processor channel controls the:

* actual number of words of data that is transferred

» data table location from which the data is transferred

Important: Do not use ladder-logislock-transfer instructions for
theadapter-mode processor channel; you configure the

block-transfers from channel configuration screens and
data monitor screens.
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Configure Block-Transfer Requests

To configure block-transfers to adapter-mode processor channel,
use the adapter mode configuration screen in your
programming software.

Adapter Mode
Channel 1B Configuration

Diagnostics file: 0
Baud rate: 57.6kB
Rack address: 0
Starting group: 0
Rack size: FULL
Last rack: NO

Discrete Transfer Configuration:
Inputs destination: 000:000
Outputs source:  000:000

. Group Module B 2 BTR control
block-transfer file number e EToorR ) —RT000:000
block-transfer element number 0 1  BT000:000 > G 000:000

1. Define the BTW control and BTR control files you need. These
control files must already exist (appear on the memory map) or
the edit will result in an error. Each control word must contain a

unique block-transfer control address to properly transmit
block-transfers.

A. Enter the block-transfer file number.
B. Enter the element number.

C. Record on paper the BT files you define. This will help
when configuring the BT files through the data monitor.

2. Since the adapter-mode channel controls the location from which
data is transferred as well as the amount of data, load data into the
block-transfer files by using data monitor screen in your
programming software.

A. Specify a BT control file you defined.
B. Enter the transfer length in .RLEN

C. Enter the file and element numbers from which the data is to
be transferred in .FILE and .ELEM respectively.
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Example:
A block-transfer write of 10 words from file 24, element 10 with BT
control file for group 0, module 0 of BT12:000 looks like:

Adapter Mode Configuration screen

Group Module BTW control BTR control

0 0 BT02:000 BT000:000

Data Monitor screen
Address EN ST DN ER CO EW NR TO RW RLEN DLEN BELEM R
BT12:000 0 o0 0 0 0 0 o0 0 0 0 0 o0 0

Program multiple block-transfers to an adapter-mode processor
channel by matching block-transfer instructions in the supervisory
processor to control files in the adapter.

Supervisor Program Adapter Configuration
In this example, the first block BTW -
transfer in the supervisor uses the RACK e ____________ RACK _ ______. * Must Match
BTR control word listed in group 0 STARTING GROUP 0
module 0, which is BT010:000. GROUP a SIZE FULL
MODULE ..
BTW "1~ _Group  Module BTW Control BTR Control
, <0 0> BT000:000 BT010:000
RACK 4 0 1 BT000:000  BT000:000

GROUP /1N ___---- --- BT000:000  BT011:000
MODULE BT011:001  BT011:040

BTW — g
RACK Ll ,,
GROUP ™° -
MODULE 1 7

BTR -

RACK 4

GROUP 1
MODULE 1

Block transfer further defined in the adapter-mode processor channel via Data Monitor

BT10:0 points to file 24 and element 10 and Address EN ST DN ER CO EW NR TO RW RLEN DLEN FILE ELEM R G
has a length of 64 words. BT100 0 0 0 0 0 0 O O O 64 0 24 10 0 0

Assuming that file 24 has been created as an integer file, the data written down from the first block-transfer will
be found in N24:10 to N24:73. The second block-transfer in the supervisor writes its data to the file to which
BT11:0 points, and the third block-transfer writes its data to the file to which BT11:40 points.
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You can have up to 15 writes and 15 reads. Each block transfer to a
particular group/module location uses the I/O addresses for that
rack/group for status bits. These locations are lost to discrete
transfer. Therefore, if you configure all available 15 block-transfer
read/write pairs, no bits will be available for discrete transfer. See
page 7-14for more information.

Important: Adapter-mode block-transfer reads and block-transfer
writes in the same group/module location must have the
same length.

If you want to transfer processor-resident local 1/0 data of the
adapter mode processor channel to a supervisory processor or if you
want to transfer data from the supervisory processor to
processor-resident local 1/0O of the adapter mode processor channel,
you must use MOV or COP instructions within the adapter-mode
processor channel to move the data in or out of the data file used in
the adapter block-transfer control file.

Example of Block-Transfer Ladder Logic

For block-transfer ladder logic in a: See:
PLC-5 supervisory processor Figure 7.2
PLC-5/250 supervisory processor Figure 7.3
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Enter the following parameters in the
block-transfer instructions in the
SUpervisory processor.

* Set the length to 0.

* Use the remote I/O rack number for
which you configure the
adapter-mode processor.

* Use the group and module numbers for
which the adapter-mode processor is
configured.

« Condition the use of BTR data with a
“data valid” bit.

All address comments for contacts shown in

the following examples represent the set (1)
state of the bit in the PLC-5 processor.

You may have to execute the BTR in the
PLC-5 scanner channel twice if the BTR’s
time delay is greater than 2-3 program
scans. If you do not run the BTR twice, the
BTR will read old data from the

adapter processor.

PLC-5 adapter-mode processor channel is configured as rack 2
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Figure 7.2

Example Bidirectional Repeating Block Transfer in PLC-5

Supervisory Processor

Read data from adapter-mode processor

—(EN)—
—DN)
—ER)

BTR and BTW enable bits
BT17:15 BT17:10 — BTR
1/—/t BLOCK TRANSFER READ
EN EN RACK 2
GROUP 0
MODULE 0
CONTROL BLOCK BT17:10
DATA FILE N7:100
LENGTH 0
Send data to adapter-mode processor CONTINUOUS N
BTR and BTW enable bits
BT17:15 BT17:10 — BTW
1/ 1/F BLOCK TRANSFER WRITE
EN EN RACK 2
GROUP 0
MODULE 0
CONTROL BLOCK BT17:15
DATAFILE N7:200
LENGTH 0
CONTINUOUS N

—~EN)—
—ON)
—~ER)

Buffer read data from adapter-mode processor to work area

BTR Done Bit Data Not Valid Bit
BT17:10 1:020 — COP
1L 1/L COPY FILE
DN 10 SOURCE #N7:100
DEST #N7:300
LENGTH 64
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Figure 7.3
Example Bidirectional Repeating Block Transfer in
PLC-5/250 Supervisory Processor
Read data from adapter-mode processor
BRO200  BWO20:0 ~ BTR
Enter the following parameters in the — /[ 1/F BLOCK TRANSFER READ  —(EN)—
block-transfer instructions in the EN EN RACK 002
SUpervisory processor. GROUP 0| (DN
* Set the length to 0.
* Use the remote 1/O rack number for MODULE 0
which you configure the CONTROL BLOCK BR020:0 —ER)
adapter-mode processor. DATAFILE 1BTD1:0
* Use the group and module numbers for BT LENGTH 0
which the adapter-mode processor is CONTINUOUS N
configured. BT TIMEOUT 3
« Condition the use of BTR data with a
“data valid” bit. Send;;zt:otg adapter-mode processor -
: : BW020:0 — BIW
A ediess ot or ot showne |/t BLOCK TRANSFER WAITE | ey
state of the bit in the PLC-5 processor. EN EN RACK 002
GROUP 0 DN
MODULE 0
CONTROL BLOCKBW020:0 |{ER)
DATAFILE 1BTD2:0
BT LENGTH 0
Buffer read data from adapter-mode CONTINUOUS N
processor to work area BT TIMEOUT 3
BTR Done Bit  Data Not Valid Bit
BR020:0 1:020 — FAL
1L 1/ FILEARITHILOGICAL | (En)|
DN 10 CONTROL 1R0:0
LENGTH 64 —~(DN)
POSITION 0
MODE ALL | {ER)
DEST #1N0:0
EXPRESSION  1BTD1:0

PLC-5 adapter-mode processor is configured for rack 2
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Reserved for status.

1785-6.5.12 January 1997

Word

N oo B~ wWw NN —=-Oo

Scanner’s Output Image Table

Effects of Programming Block-Transfers to an Adapter-Mode
Processor Channel on Discrete Data Transfer

Because the discrete transfer configuration files are used for discrete
data transfer as well as block-transfer status exchanges between a
supervisory processor and adapter-mode processor channel,
performing multiple block-transfer to and from the adapter-mode
processor channel impacts discrete data transfer.

Each group/module that is programmed as an adapter channel block
transfer uses one byte in the adapter channel’s input destination file.
For example:

Adapter Channel’s Input Destination File
Example Integer File

17 14/13 10/07 0403 00 15 12‘11 08/07 0403 00
—>
—>
—>
—> /7
Output File —>
> Input File
—>
—>
N =
module 1 module 0
locations of module 0 and 1 data

A block transfer request for group 3, module 0
uses these bytes in the file. This byte is now
unavailable for discrete data transfer.

Use care when planning block-transfer and discrete transfers of data
to an adapter-mode processor channel.

ATTENTION: Use caution when performing data
transfer. The discrete output data is over-written by the
block transfer control on a group/module basis. If you
write both types of transfer to the same group slot,
unpredictable machine operation and possible damage
to equipment or injury to personnel can occur.
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Do not program a block-transfer to group 0, module 1 since this area
of the discrete transfer configuration file is used for communication
status exchanges between the supervisory processor and the
adapter-mode processor channel. For example:

Adapter Channel’s Output Source File

Scanner’s Input Image Table Example Integer File

Status bits sent to scanner

Word |17 1413 10lo7 oalos 00 15 12|11 oslor oslos 00
o S/ /Y < S/
N’
module 1
Scanner’s Output Image Table Adapter Channel’s Input Destination File
Example Integer File
Word |17 14]13 1007 o403 00 15 12|11 08|07 04[03 00
o /LS >
N
module 1
Monitoring the Status of The supervisory processor receives status bits from the adapter-mode
the Adapter Channel processor in word 0 of the input image table for the rack that the

adapter-mode processor is emulating.

Adapter Channel’s Output Source File

Scanner’s Input Image Table Example Integer File

(Octal)
Status bits sent to scanner
Word |17 14/13 10l07 04/03 00 15 12|11 08/07 0403 00
4—
0 |
N ——— o ” N——
Status bits received Adapter channel status

from adapter channel

When this bit(s): Is: It indicates:

10 octal (8 decimal) 1 data not valid

15 octal (13 decimal) 1 adapter-mode processor is in program or test mode
10 octal (8 decimal) 0 adapter-mode processor is in run mode

and

15 octal (13 decimal)

10 octal (8 decimal) 1 adapter-mode processor is in program or test mode
and
15 octal (13 decimal)

Write ladder logic in the supervisory processor to monitor the
rack-fault bits for the rack that the adapter-mode processor channel is
emulating to determine the status of the remote 1/O link.
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Monitoring the Status of The adapter-mode processor channel reserves bits 10-17 of the first

the Supervisory Processor word of the input destination file for status. These bits tell the
adapter-mode processor channel the status of the supervisory
processor and the integrity of the remote I/O communication link.

Scanner’s Output Image Table Adapter Channel’s Input Destination File
Example Integer File
Word 117 14113 10/07 04|03 00 15 12‘11 08/ 07 04|03 00
—_—
0
N ——— e’ Nt

Not used by Status of supervisory

adapter channel. processor
When this bit(s): Is: It indicates that the adapter-mode processor:
10 octal (8 decimal) 1 detects a communication failure or receives a reset command from

the supervisory processor

will be set if either bit 11 octal (9 decimal) or bit 15 octal (13
decimal) is set

11 octal (9 decimal) 1 receives a reset command from the supervisory processor
(processor in program or test mode)

13 octal (11 decimal) 1 detects that the supervisory processor has powered up; this bit is
reset with the first communication from the supervisory processor

15 octal (13 decimal) 1 detects a communication failure (e.g., no communication activity on
the remote 1/0 communication link within the last 100 ms)

1785-6.5.12 January 1997



Communicating with a PLC-5 Adapter Channel 7-17

Monitoring Remote 1/0
Adapter Channels

Status Field

Location

To monitor channels that are configured to support adapter mode, use
the adapter mode status screen. The data displayed is stored in the
diagnostic file you defined in the adapter mode configuration screen
of your programming software.

Adapter Mode
Channel 1B Status
COUNTERS LOCKED
Messages sent: 0 Messages sent with error: 0
Messages received: 0 Messages received with error: 0
Messages unable to receive: 0

Link timeout: 0 No scans received: 0
Mode changed: 0 Protocol fault: 0
Missed turn-around time: 0

Description

Counters Locked

This field is displayed in reverse video if the counters are locked.

« Counters locked: display of the counters stops changing, but counters continue to run in
background.

* Counters unlocked: the system displays the current value

Message Counters

(Messages = SDA messages + SDN messages)

sent word 1 Displays the number of messages sent by the channel.

sent with error word 3 Displays the number of messages containing errors sent by the channel.

received word 0 Displays the number of error-free messages received by the channel.

received with error word 2 Displays the number of messages containing errors received by the channel.

unable to receive word 4 Displays number of messages that contained protocol errors or packets that were garbled by

the adapter.

Adapter Mode Status Diagnostic Counters

Link timeout word 5 Displays the number of times a timeout occurred on the remote I/O link.

Noscans received word 6 Displays the number of times an adapter channel did not receive a packet addressed to itself.
Mode changed word 7 Displays the number of times the adapter channel switched to online.

Protocol  fault word 8 Displays the number of invalid I/O messages the adapter channel received.

Missed turn-around word 9 Displays the number of times the adapter channel took longer than 2 ms to process a message

time

packet. The turn around-time for message packet processing is 2 ms.
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Chapter 8

Communicating with
Extended-Local 1/0

Using This Chapter
For information about: Go to page:
Selecting devices that you can connect 8-1
Cabling 8-2
Addressing and placing 1/0 8-2
Transferring data 8-4
Configuring the processor as an extended-local I/O scanner 8-9
Monitoring extended-local I/O status 8-13
This chapter explains how to configure the processor to
communicate with remote 1/O:
1. Select which channel to configure for extended-local I/O.
2. Define a diagnostic file.
Use a unique, unused integer file.
3. Define the scan list.
Selecting Devices That The only products that can form the extended-local 1/O link are the
You Can Connect PLC-5/40L and -5/60L processors and the extended-local /0O

adapter module.

PLC-5/40L and -5/60L processor 1771-ALX, extended-local I/O adapter module

AR HHAAR LA A

The extended-local /O processor cannot
be an extended-local I/O adapter.

.
=

Q]U:_a,,‘lh—‘_—m

=SS

Extended-local I/O link
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Cabling The maximum cable length for an extended-local I/0 system is
30.5 cable-m (100 cable-ft). Connect extended-local I/O adapters by

Design Tip using any of these cables:

Cable Length:  Catalog Number:

1m (3.3 1) 1771-CX1
2m (6.6f) 1771-CX2
5m (16.5 fi) 1771-CX5

Important: You cannot connect or splice extended-local I/O cables
to form a custom cable length. For example, if you
have a distance of 4 m between two extended-local I1/0
adapters or between a processor and an extended-local
I/O adapter, you cannot connect two 2 m cables
together. You would have to use the 5 m cable and have
the extra 1 m as slack.

Terminate the link by installing the local 1/0 terminator
(1771-CXT) on the last adapter module. The system
will not run without it. The terminator is included with
the processor.

Addressing and When a PLC-5/40L or -5/60L processor is used to scan both
Placing 1/ extended-local I/0 and remote I/O racks, the total of both remote 1/0
and extended-local I/O racks must not exceed the maximum number

of racks allowed for the processor (16 racks for a PLC-5/40L or 24
racks for a PLC-5/60L). Figu®l1shows a PLC-5/40L processor
controlling both extended-local I/O and remote I/O racks.
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Figure 8.1
PLC-5/40L Processor with 16-rack Addressing Capability
(Split Between Extended-local I/0 and Remote 1/0)

Processor-resident local I/O racks Extended-local I/O racks
0 1 2 3 4 5 6 7 0 N
A A A A A A S
HHHHH A 4;LH,H,H,H gH,H HH Q,H,H,H,
E ; ; i
LA | | | D) | |
Remote 1/0 racks
2 13 %4 15 16 17
S A A A
H HHA R

Note: Racks numbers do not need to be consecutive per channel. For example, remote I/O
racks can be numbered 6, 7, 14, 15, 16, and 17, while extended-local I/O racks can be
numbered 4, 5, 10, 11, 12, and 13. 18584

The PLC-5 processor and the 1771-ALX adapter module
automatically allocate the next higher rack number(s) to the
remaining 1/0O group(s) of the chassis. For example, if you select
1/2-slot addressing for your processor-resident local chassis and you
are using a 16-slot (1771-A4B) chassis, the processor will address
racks 0O, 1, 2, and 3 in this chassis.

When assigning a rack number to extended local 1/O, follow
these guidelines:

* Do not split a rack number between extended-local 1/0 and
remote I/O. For example, if you use a partial rack for remote 1/O,
you cannot use the remaining partial rack for extended-local 1/O.
See Figure 8.2.

* You can distribute extended-local 1/0 racks across multiple
chassis on the extended-local I/O bus. See Figure 8.2.

Figure 8.2
Extended-local I/O Rack Number Assigned to
Multiple 1/O Chassis

0 1 2 3

LR (i L
K K
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Design Tip

Transferring Data

1785-6.5.12 January 1997

You can select a different hardware addressing method for each
extended-local I/0O chassis in your PLC-5 system.

You cannot configure more than one rack to have the same
starting rack number and module group; that is, you cannot use
chassis to chassis complementary /0.

Follow these guidelines when you plan your extended-local
I/O system.

Do not configure processor input interrupts (PlIs) for inputs in an
extended-local I/O chassis. The PII inputs must be in the
processor-resident local 1/O rack.

You can either use 32-point I/O modules and any addressing
method or use 1771-1X or -IY modules and any addressing
method in extended- local I/O racks. You must specify the type
of I/0 modules you are using by setting the configuration plug on
the extended-local I/O adapter.

If you need to use a thermocouple module and 32-point I/O
modules in the same 1/O chassis, use the 1771-1XE module.

The PLC-5/40L or -5/60L processor can scan processor-resident /O,
extended local 1/0, and remote 1/O. Figure 8.3 shows how a
PLC-5/40L or -5/60L processor accomplishes 1/0O scanning

and update.
Figure 8.3
PLC-5/40L and -5/60L 1/0 Scanning and Update
Extended > ¢ Processor-
Local Input I/0 Image Table Input  Resident
/0 Output —— —» Output  Local I/0
1/0 Image Table Update = 1
Synchronous to £
program scan S~
(during housekeeping) Remote
I/0
Buffer
A
Remote 1/0 Input Output
Buffer Update
Asynchronous to Remote I/0
program scan Link
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Discrete Data Transfer

The processors scan the extended-local I/O chassis during the
housekeeping portion of the program scan. Extended-local I/O
discrete data is exchanged between the processor’s data table

image and the I/O in the extended-local I/O chassis.

Immediate 1/0 O

\ Ext 5 10T ()
ended
B -local I/0 ¢ IIN (y)
Rack3 | & Xy
2 Data
i T Exchange
Data Lo
Exchange 1/0 Image =
5 » | Remote /0 | ¢——— Table Update §
S -¢—— | Buffer —_— [/Oimage &
Rack2 | & @
< Data £
// Exchange v
Processor- .
. ; Logic
ks a b Resident
Rack1 | & > Rack Scan
5= y%
<
a
write outputs
Remote I/O b <
Scan read inputs

Program Scan

Data exchange occurs during housekeeping. Outputs are written to

and inputs read from the I/O image table during the logic scan.

O 1IN and IOT data transfer directly to and
from 1/0 modules extended-local I/O chassis.

The time that it takes to scan extended-local I/0O chassis is added to
the housekeeping time. See Figure 8.4.

Figure 8.4

PLC-5/40L and -5/60L Extended-Local /O Scan Time

Logic Scan
Processor Remote Processor N Extended-
Uodaie | T s Local /0 Housekeepin
Checks Update /O Update Scan /p g

Program Scan
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The time in ms that it takes to scan extended-local I/0O chassis
depends on the number of 1771-ALX adapter modules and the
number of extended- local I/O racks. The formula used to calculate
the total time to scan extended-local I/O chassis is:

extended-local I/0O scan time = (0.32 ms x A)+(0.13 ms x L)
where:

A = the number of 1771-ALX modules and

L =the number of racks in the extended-local /0 system

Example: If you have three 1771-ALX modules in three chassis and a total of 4
racks, the total time is calculated as follows:

extended-local I/O scan time = (0.32 ms x 3) + (0.13 ms x 4)
extended-local 1/0 scan time = 1.48 ms

housekeeping time = 1.48 ms (extended-local 1/0) + 4.50
ms(other housekeeping)

housekeeping time = 5.98 ms

Transferring Block Data

Requests for block-transfer data occur during the logic scan.
Concurrent with the execution of the program logic, block-transfer
requests are forwarded to the appropriate 1771-ALX adapter
module(s) and data is transferred. A 1771-ALX adapter module may
start block-transfer operations to multiple slots and have
block-transfer data transactions on-going in parallel within the

I/O chassis.

The block-transfer duration shown above does not affect logic scan
time. This transfer of data occurs concurrent with execution of
program logic.

Block-transfer duration is the time interval between the enabling of
the block-transfer instruction and the receipt of the done bit.

Calculating Block-Transfer Completion Time

You can calculate two types of block-transfer timing:

* worst-case calculation for the completion of all block-transfers
in the system

* the time to perform a block-transfer for any one block-transfer
module in the system
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This formula assumes:

* block-transfer instructions are
consecutively placed in the logic program

« block-transfer modules in the I/O chassis
are ready to perform when operations are
requested

This formula assumes:

* block-transfer instructions are
consecutively placed in the logic program

* block-transfer modules in the I/O chassis
are ready to perform when operations are
requested

Calculating Worst-Case Completion Time

block-transfer duration (ms) =D XIR
logic scan + housekeeping
D=2E xL+ (0.1W) and R= logic scan

or
R =1 (when D < logic scan time)

where:

E = number of extended-local I/O chassis with
block-transfer modules

L= largest number of block-transfer modules in any
extended-local I/O chassis

w= number of words in the longest block-transfer request

Calculating Completion Time for any One Block-transfer

block-transfer duration (ms) =D XIR
logic scan + housekeeping
R=
D=[2E x M+ (0.1W)] logic scan
and or

R =1 (when D < logic scan time)

where:

E= number of extended-local I/O chassis with 1771-ALX
adapter modules and block-transfer modules

M= number of block-transfer modules in the chassis of
the module being calculated

w= number of words in block-transfer request being calculated

1785-6.5.12 January 1997



8-8 Communicating with Extended-Local /O

Example Calculations:

Here is an example system that provides sample calculations of a
worst case block-transfer completion time and the completion time
of the modules in chassis 2.

Extended-Local I/O Chassis 1  Extended-Local I/0 Chassis 2 Extended-Local I/O Chassis 3

PLC-5/40L| Processor- 1771-ALX 1771-ALX 1771-ALX
Processor | Resident Adapter Adapter Adapter
2BT 1BT No BT
I/0 Module ‘ odules Module Todules Module modules
No BT
Channel 2 modules

\ \ \
Extended-Local I/O Link

The logic scan completes in 15 ms. Housekeeping completes in
approximately 6 ms (as calculated in the formula on page 8-6).
The longest block-transfer request is 20 words.

Worst-case time (T) =D x R

D=2E x L+ (0.1W) and R=1  Because 10 < 15 (which is the logic scan)
D(ms) = (2 X2) X(@2+(0.1 X 20)]

D=10ms

T=10 xi1

T=10ms

Completion time (T) for module in chassis 2 transfer: =D x R
Block-transfer length = 20

D=2E x M+ (0.1W) and R=1  Because 6 < 15 (which is the logic scan)
D(ms) = (2 X2) X (1)+(.1 X 20)]

D=6ms

T=6 Xxil

T=6ms
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Configuring the Processor
as an Extended-local

I/0 Scanner

This field:

Considerations for Extended-local Racks

The following are programming considerations when you are
transferring block data in an extended-local rack:

* Block-transfer instructions to any of the following modules that
reside in an extended-local rack will result in frequent
checksum errors:

— 1771-OFE1, -OFE2, and -OFE3 modules, all versions prior to

series B, revision B

— IMC-120 and IMC-123, all versions

* If you are using block-transfer to a 2760-RB module located in
the extended-local rack, make sure gaunot set the timeout
bit in the block-transfer control file.

Diag. file:

To configure the extended-local I/O (channel 2), use the
extended-local I/O configuration screen.

Extended Local I/O
Channel 2 Configuration

Rack Starting Chassis Backplane Range
Address Group Size Addressing

1
3
3

Specifies:

16-SLOT 1-SLOT 010-027
4-SLOT 2-SLOT 030-031
12-SLOT 1-SLOT 032-045 *

Configure by doing the following:

Diag. file

The file containing the channel’s
status information

Cursor to the field enter enter an integer file number (9-999).

ATTENTION: Assign a unique diagnostic file to each channel. Do
not assign a diagnostic file that is the I/O status file you assigned or
any other used integer file. Unpredictable machine damage

can result.

Important: You must define a diagnostics file for a channel
configured for anything but unused (even if you are not using the
channel) if you want to get status information for that channel.

Scan list

The channel 1/O configuration

See the next section for information on creating and modifying a
scan list.

1785-6.5.12 January 1997



8-10 Communicating with Extended-Local I/O

The scan list for extended-local I/O is similar to the scan list for
remote I/0. The differences are:

The remote I/O scan list displays rack size. The rack size is
determined by the chassis size (number of slots) and backplane
addressing used by the chassis. Table 8.A explains the
relationship among chassis size, backplane addressing and
rack size.

Table 8.A
How Chassis Size and Backplane Addressing Determine the
Quantity of I/O Racks

If you are using this

And 2-slot addressing Or 1-slot addressing Or 1/2-slot addressing

chassis size: (single density) (double density) (quad density)
4-slot 1/4 logical rack 1/2 logical rack 1 logical rack
8-slot 1/2 logical rack 1 logical rack 2 logical racks
12-slot 3/4 logical rack 11/2 logical rack 3 logical racks
16-slot 1 logical rack 2 logical racks 4 logical racks
On the extended-local-1/O scan list, the actual chassis size and
backplane addressing is displayed, not the rack size.
* The scan list for extended local I/0O has one entry for each
physical chassis on the extended local I/O channel.
If an adapter on a remote I/O channel resides in a physical chassis
that contains more than one 1/O rack, more than one entry appears
on the remote 1/O scan list for that single chassis.
Figure 8.5 shows the scan list for both remote 1/0 and extended
local I/0. Each channel shows a 16-slot chassis using 1-slot
addressing with a starting address of rack 4, module group 0.
This chassis contains logical racks 4-5.
Figure 8.5
Remote /O Scan List vs Extended-local I/O Scan List
Remote Extended
Rack ## Starting Rack Range Rack Starting Chassis Backplane Range
Group Size Address  Group  Size Addressing
4 0 FULL 040-047
4 0 16-SLOT 1-SLOT 040-057
5 0 FULL 050-057
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A scan list includes the following:

For this field: A scan list contains:
Scan rack address 1-17 octal (PLC-5/40L processors)
1-27 octal (PLC-5/60L processors)
Starting group number 0,2,4,0r6
Chassis size 4-slot, 8-slot, 12-slot, 16-slot
Backplane addressing 1-slot, 2-slot, or 1/2-slot
Range Automatically calculated based upon rack address,

starting module group and chassis size.

An asterisk (*) after a range indicates the last valid
rack entry.

Keep the following limitations in mind when creating/modifying
your scan list:

* A scan list only can have 16 entries because only 16 adapters can
be on channel 2.

* The automatic configuration always displays the actual hardware
configuration, except for chassis that have their global inhibit bit
set. In this case, that global bit overrides the automatic
configuration. You must first clear the global inhibit bits for all
chassis on the channel, and then use the autoconfigure function.

Clear global inhibit bits by using the processor status
status screen.

e A scan list can have a maximum of 16 chassis. Entries cannot be
repeated on the scan list.

1785-6.5.12 January 1997



8-12 Communicating with Extended-Local I/O

Use the following table for information about creating/modifying
your scan list:

To: Do the following:
Make sure the processor is in Remote Program or Program mode.

Make sure that you defined an 1/O status file on the processor configuration screen.

Create a scan list
1.

2. Accept any edits made to the channel configuration.

3. Use the autoconfiguration function

If you have errors when you accept edits, clear the scan list and accept edits again.

If some or all adapters are not on the scan list and should be, check to see that they are
powered-up and that the channels are connected properly. Also verify that all switch
settings on the adapters are set correctly.

Make sure the processor is in Remote Program, Program, or Remote Run mode.

Insert an entry into the
scan list - . .
1. Position the cursor at the place on the scan list where you want to insert an entry.

2. Insert an entry into the list and enter the appropriate values for the list.

Important: If incorrect information is entered for an entry, the processor will not display
the new configuration when you save edits.
Make sure the processor is in Remote Program, Program, or Remote Run mode.

Delete an entry for the
scan list - .
1. Position the cursor at the place on the scan list where you want to delete an entry.

2. Delete the entry from the list.

Important: If incorrect information is entered for an entry, the processor will not display
the new configuration when you save edits.
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Monitoring Extended-local

To monitor extended-local I/O of PLC-5/40L and PLC-5/60L

I/O Status processors, use the extended local I/O status screen in your
programming software.
Extended Local /O
Channel 2 Status
COUNTERS LOCKED \
Channel retry counter: 999
counter data stored in
. . - the diagnostics file
Rack Starting Chassis Backplane Range Fault Inhibit Reset Retry 44— )
Address Group Size Addressing defined for that channel
3 2 4-SLOT 1-SLOT 032-035* F 1 1 10000 >
0 000-000 0 0 0
0 000-000 0 0 0
0 000-000 0 0 0
0 000-000 0 0o o /O rack tables stored
0 000-000 0 0o o } in the 1/0 status file
Status Field Location  Description
Counters This field is displayed in reverse video if the counters are locked.
Locked . .
ocke « Counters locked: the display of the counters stops changing, but the counters
continue to run in the background.
« Counters unlocked: the system displays the current value
Channel word 0 Displays the number of times extended local I/O scanner tried and failed to
retry communicate with all adapters on the channel. This value is the sum of all adapter
retry counts.
Retry word 10 Displays the number of retries for the corresponding rack entry (word numbers are in
word 20 multiples of 10).
word 30 Entry 1
etc. Entry 2
word 160 Entry 3
etc.
Entry 16
Rack Address This field displays the rack addresses of the extended local I/O in the scan list.
Starting This field indicates the first I/O module group in the rack that the processor scans.
Group
Chassis Size This field displays the size of the 1/O chassis of the first entry in the scan list.
Backplane This field displays the settings for the I/O chassis backplane switches 5 and 6, which
Addressing specifies the rack addressing selection for the chassis
Range This field displays the rack address and module groups being scanned for a rack in
the scan list. An asterisk (*) after a range indicates that it is the last valid rack entry.
Fault An F displayed in this field indicates that the corresponding chassis is faulted. When

a fault indicator appears, the system sets the associated fault bit in the global rack
fault status on the processor status screen.

When the global rack fault bit is set, all configuration information starting at the
faulted quarter is lost. When a rack faults, F is displayed. If both the fault and inhibit
bits are set for a rack, no rack exists at that 1/0 group.
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Status Field

Location

Description

Inhibit

Reset

Retry

Inhibit a rack by cursoring to the Inhibit  field of the rack you want to inhibit and
type 1

When a chassis is inhibited the processor stops scanning it. You can inhibit an
entire rack by setting the global rack-inhibit bit for that rack on the processor status
screen. All chassis within that rack are inhibited, and an | appears in the Inhibit
field indicating the rack was globally inhibited.

Reset a rack by cursoring to the Reset field of the rack you want to reset and
type 1

When a chassis is reset, the processor turns off the outputs of the chassis
regardless of the last-state switch setting. You can reset an entire rack by setting the
global rack-reset bit on the processor status screen. All chassis within that rack are
reset, and an R appears in the Reset field indicating the rack was globally reset.

This field displays the number of times the rack was re-scanned.
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Chapter 9

Using This Chapter

Program Scan

Maximizing System

Performance
For information about: Go to page:
Program scan 9-1
Calculating throughput 9-5
Input and output modules delay 9-5
/0 backplane transfer 9-5
Remote /0 scan time 9-6
Processor time 9-10
Example calculation 9-11
Performance effects of online operations 9-11
Inserting ladder rungs at the 56K-word limit 9-12

For information about the time that it takes the processor to execute a
specific instruction, see chap2.

Since the program scan is comprised of the logic scan and
housekeeping, any event that impacts the time of one segment affects
the program scan.

You can monitor the scan time by using the processor status screen in
your programming software.

If no change in input status occurs and the processor continues to
execute the same ladder logic instructions, the program scan cycle is
consistent. In real systems, however, the program scan cycle
fluctuates due to the following factors:

» false logic executes faster than true logic
» (different instructions execute at different rates

» different input states cause different sections of logic to
be executed

* interrupt programs affect program scan times
* editing programs while online affects housekeeping times
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Effects of False Logic versus True Logic on Logic Scan Time

The rung below—which changes states from one program scan to the
next—will change your scan time by about 430

‘ 1:000 —LN
] | NATURAL LOG
00 Source N7:0
5
Dest F8:20
1.609438
If1:000/00 is:  Then the rung is:
On True, and the processor calculates the natural log. A natural log
instruction takes 409 us to execute.
Off False, and the processor scans the rung but does not execute it. It takes

only 1.4 us to only scan the rung.

Other instructions may have a greater or lesser effect.

Effects of Different Instructions on Logic Scan Time

Some instructions have a much greater effect on logic scan time than
others based on the time that it takes to execute each instruction.

Program scan time is also affected by the construction of your ladder
rungs. The size of the rung and the number of branches can cause
the scan time to fluctuate greatly.

Effects of Different Input States on Logic Scan Time

You can write your logic so that it executes different rungs at
different times, based on input conditions. The amount of logic
executed in logic scans causes differences in program scan times.
For example, the simple differences in rung execution in the
following example cause the program scan to vary.

1:000 20
rung 1

1 f g (JMP)
02 rung 2 MVM

B3:.0 rung 3 —MVM

]
00
r20 ! rung 4 0:013
LLBLI JVMP

02
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Program Scan 1

Time =20 ms
N
STI/
Logic Scan
Housekeeping
Time=0—"7—

32 + 218 +
House- Logic
keeping Scan

The STI occurred 20 ms Time = 0
into the first program scan.

If1:000/02 is:  Rungs 2 and 3 are:

On Skipped

Off Executed

If you use subroutines, program scan times can vary by the scan time
of entire logic files.

Effects of Using Interrupts on Logic Scan Time

Program scan time is also affected by interrupt programs. An
interrupt is a special situation that causes a separate program to run
independently from the normal program scan. You define the special
event and the type of interrupt that is to occur. For more information
on interrupt programs, see chaptedsand19.

For example, a selectable timed interrupt (STI) is a program file that
you define to execute once every time period. The example shown
below has these parameters:

* you configure an STI to execute every 20 ms
* you configure an STI to execute every 20 ms
* the STI program takes 3 ms to execute

* the logic scan is 21.8 ms

* housekeeping takes 3.2 ms

The first program scan in this example lasts a total of 28 ms. The
program scans look like:

Program Scan 2

3 =928 ms Time =40 ms
STI STl Time = 40 ms (20 ms + 20 ms)
Scan but program scan 1 = 28 ms,

meaning that the STl interrupts
. 12 ms into the second
Logic Scan program scan.

Housekeeping

Because the first program scan takes 28 ms, the STl actually occurs
12 ms into the second program scan (28 + 12 = 40, which is the time
for the second STI to occur). This example points out that when the
STI time period is different than the program scan time, the STI
occurs in different places in the program scan. Also note that, due to
fluctuations in program-scan times, multiple STIs may be executed
during one scan and no STIs during other scans.

1785-6.5.12 January 1997



9-4 Maximizing System Performance

Effects of Housekeeping Time

In PLC-5 processors, basic housekeeping takes 3.5 ms. If it takes the
processor 21.8 ms to execute a ladder program, the overall program
scan time is 25.3 ms. Any increase in housekeeping affects your
program scan.

The following activities can increase housekeeping time:

 editing while in remote run mode

* putting block-transfer modules in the processor-resident chassis
e using the global status flag files

Editing While in Remote Run Mode
The online editing times for ladder programs are as follows:

For this editing operation: And this type of program: The times are:
Accept Rung (after inserting, modifying, or | other than the edited file 0.35 ms per 1000 words
deleting a rung edi) no labels 3 ms + 0.35 ms per 1000 words
with labels 3.5 ms + 0.35 ms per 1000 words
Test Edits of the program (impacts one 0.2 ms to change the status of edits
program scan) from TEST to UNTEST or UNTEST to
TEST.
Assemble Edits no edits pending 0.35 ms per 1000 words
edits pending, no labels 2.0ms + 1.5 ms per 1000 words
edits pending, with labels 2.0 ms + 1.9 ms per 1000 words

1785-6.5.12 January 1997

Important: Editing programs online also delays the execution of
Plls and STls.

Putting Block-Transfer Modules in Processor-resident Chassis

Because processor-resident racks cannot be updated until after active
block-transfers are completed, putting block-transfer modules in the
processor-resident chassis can affect housekeeping by a worst-case
time of approximatei00us per one word of block-transfer data

Note that this estimate is based on a worst-case scenario. Typically,
the effect, if any, on housekeeping will be minimal.
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Design Tip

Calculating Throughput

Input
Card + 1/OBackplane
Delay

Input and Output
Modules Delay

I/0 Backplane Transfer

+

Using Global Status Flag Files
The global status flag files are updated during housekeeping. This
increases housekeeping time as follows:

* each global status flag file on a channel (for example, channel 1A
or 1B) adds 3ms

* housekeeping time does not increase more than 6ms, even if there
are more than two global status flag files

If you need two global status flag files, split them across
two channels.

Throughput is the time that it takes for an output to be energized
after its associated input has been energized. You need to consider
the following components when evaluating throughput:

* input and output module delay
* |/O backplane transfer

* remote I/O scan time

* processor time

To calculate throughput, use the following equation:

Output
Worst-Case Worst-Case Worst-Case

Remote I/0 Processor Remote /0 * /O Backplane ~ + g:{g
Scan Time Time Scan Time y

All input and output modules have a “delay time,”which is the time
that it takes the module to transfer information to/from the 1/0
backplane through the I/0O module to/from the field device.

Depending on the type of modules you are using, these delay times
vary; but, the times must be taken into account when calculating
system throughput. Choose modules that perform the function that
you need with the lowest possible delay times.

The 1/0 backplane transfer time is the time it takes for the 1771-ASB
adapter module to exchange data with the 1/O modules in the same
chassis, generally 1-2 ms for a full I/O rack.

This time is fairly insignificant compared to total system throughput,
but can be optimized in situations where empty slots or modules that
use only backplane power in the chassis exist. For example, if the
last four slots of a rack contain a 1785-KA module and power supply
(with two empty slots), the 1771-ASB can be configured to ignore
those last four slots.

1785-6.5.12 January 1997



9-6 Maximizing System Performance

Remote I/0 Scan Time

For more information about configuring adapter modules, refer to the
1771 Remote I/O Adapter Module User Manual, publication
1771-6.5.83.

The remote I/O scan time is the time it takes for the scanner to
communicate with each device in the remote I/O system.

Remote I/O Scan Loop

I

i

Program Scan Loop

Immediate 1/0 O
10T
<4“— |IN (v)

ko
Rack 3 =
=]
<
[}
Rack 2 ‘g
=]
<
[}
Rack 1 5
=]
<
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g a
2 ite outputs
Remote 1/0 m /0 Image |  Update 8 M
o alabichange | " Table | jOimage g «

47 >
Data e b

LT Exchange Y read inputs

Logic

Processor-
X —»| Resident Scan
y<4—  Rack

These three factors affect the remote 1/0O scan time:
* communication rate

* number of rack entries

* block-transfers

Communication Rate

The communication rate determines the time it takes for the scanner
to communicate with each individual entry in its scan list. Table 9.A
lists the amount of time required to communicate to a device at each
communication rate.

Table 9.A
Communication Times at Different Communication Rates

Communication

Rate (kbps) Time (ms) Note that these are full rack times.
57.6 10 Smaller racks will decrease this time.
115.2 7
230.4 3
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If four full-rack entries are in the scan list, the 1/0O scan for

that channel at 57.6 kbps is 4 x 10 = 40 ms. If you change the
communication rate to 230.4 kbps, the 1/O scan decreases to
4x3=12 ms.

Number of Rack Entries

You determine the total remote I/O scan time in the remote I/O
system by this formula:

total remote I/O scan time = # of rack entries X time per rack-entries in
the scan list (see Tabl®.A on page9-6

If one channel has twice as many racks as another, for example, the
scan time for the first channel is twice as long.

To optimize this scan time, divide your 1/O racks between multiple
channels. Place your most time-critical I/O on one channel, and non-
time-critical I/0O on the other channel. Since all I/O channels are
independent, a long remote 1/O scan on one channel will not affect
the remote 1/O scan on another channel.

Block-Transfers

A block-transfer is an interruption of the normal remote 1/O scan in
order to transfer a block of data to a specific I/O module. Most of
the time that the processor spends in performing the block-transfer is
for the handshaking that occurs between the processor and the
block-transfer module. This handshaking is embedded in the
discrete 1/O transfer and has no effect on the remote 1/0 scan. The
remote I/O scan is affected when the actual data transfer occurs.

The amount of time that the block-transfer interrupts the remote 1/0
scan depends on the number of words being transferred, the
communication rate, and associated overhead:

Use this formula and the table below to calculate block-transfer time:

block-transfer time = (number of words being transferred X ms/word based on
the communication rate) + overhead for the communication rate

Communication

Rate (kbps) ms/Word Overhead (ms)
57.6 .28 3
115.2 14 25
230.4 .07 2
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PLC

115.2 kbps

For example, if the communication rate is 115.2 kbps and you want
to block-transfer 10 words, the interruption of the remote I/O scan is:

(10X .14) + 25=1.4+25=3.9 ms

For the particular remote 1/0 scan in which the block-transfer takes
place, 3.9 ms will be added to the remote I/O scan time.

Calculating Worst-Case Remote /0 Scan Time

Since it is impossible to predict within which remote I/O scan a
block-transfer will occur, you only can calculate the worst-case
remote I/O scan time. To calculate the worst case time:

1. Determine the normal I/O time (without block-transfers)

2. Add the time of the longest block-transfer to each entry in the
scan list. (The processor can only perform one block-transfer per
entry in the scan list per I/O scan.)

For example, if your system is:

Rack 1
BT BT Worst-case 1/O scan:
10 20
— | words | words (3x6) 3 racks at 115.2 kbps—normal 1/O scan
Rack 2 +(20x.14) + 2.5 longest BT in rack 1
+0 no BTs in rack 2
No BTs +(30x.14) + 2.5 longest BT in rack 3
Rack 3 18+53+0+6.7=30ms
BT
] 30
words

Optimizing Remote I/O Scan Time

The best way to optimize your scan time is to place your most
time-critical 1/0 on a separate channel from non-critical /0. If you
have only one channel available for I/0, however, you can still
optimize the scanning by using the processor’s configurable scan list.

In a normal 4-rack system, the scan list would back 1
rack 2

rack 3
rack 4

If you are using 57.6 kbps, the normal I/O scan is 4 racks x 10 ms =
40 ms. Each entry is of equal priority, so each rack is scanned every
40 ms.
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However, if rack 2 has the most time-critical I/O, use the

configurable scan list to specifiack 1
rack 2

rack 3
rack 2

rack 4
rack 2

Using this scan list, rack 2 is scanned every other rack. The list has
6 entries, so the normal 1/0 scan time is 6 x 10 ms = 60 ms. Since
rack 2 is scanned every other rack, however, the rafletive scan
time is 2 x 10 ms = 20 ms. The remaining racks are scanned every
60 ms. Thus, the tradeoff for the more frequent scanning of rack 2
(every 20 ms) means that the other racks are scanned only every
60 ms.

You can also optimize block-transfers within the channel. You
block-transfer to only one block-transfer module per entry in the
scan list per 1/0O scan. If you have three block-transfer modules in
one /O rack, it takes a minimum of three I/O scans to complete the
block-transfers to all of the modules:

System Optimized for Discrete-Data Transfer

With this arrangement, only one block-transfer can
occur to each BT module for every 3 discrete 1/0 scans.

PLC -E;f_ BT| BT|BT| Maximum scantime = 3 discrete scans + 1 block-transfer
= =3D +1BT
&
o
3
< Minimum time to complete
a block-transfer to all modules =3 % (3D + 1BT)
5
= =9D + 3BT
2

If you place the three block-transfer modules in different racks,
however, you can block-transfer to all three modules in one I/O scan.
To optimize your system layout fbfock-data transfers, use an
arrangement similar to the following:
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System Optimized for Block-Data Transfer

With this arrangement, a block-transfer to each BT
module can occur in a single discrete I/O scan.

PLC ‘% BT Maximum scan time = 3 discrete scans + 3 block-transfers

=

= =3D + 3BT
)
S | BT
2

Minimum time to complete

B a block-transfer to all modules =1 x (3D + 3BT)
g BT

- < =3D + 3BT

Processor Time The processor time is the time needed to process the inputs and set

the corresponding outputs. This processor time varies for different
processors and is based on input buffering, program scan, etc.

In a PLC-5 system, inputs are buffered between the I/O image table and the remote I/O
buffer. The movement of inputs from the remote 1/O buffer to the input buffer is
asynchronous to the movement of data from the input buffer to the input image table.

Remote 1/0 Scan Loop Program Scan Loop
Rack3 | & ab Immediate /O
2 ————» 10T (x)
........ . H 1INy
' Input ; = a
. . Buffer s rite outputs
Rack 2 g —»—| Remote I/O um’ , | 1/0Image IL/JS({?ntgge § we o pu’
gle—| Bufler |} DalaBuchange)  Table frominput 3 <
' ' buffer 2 b
bommmmm i Data Y read inputs
Exchange
Logic
= Processor-
Rack 1 ‘% X~ Resident Scan
g y<4—|  Rack
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Example Calculation

Performance Effects of
Online Operations

The worst-case processor time is:

Periodic input buffer update =10 ms
from remote 1/O buffer

One program scan to guarantee

inputs received = XX Ms
One program scan to guarantee

outputs received = XX ms
18 ms times the number of racks =XXMs

For a 3-rack system with a 20 ms program scan, the worst-case
processor time is: 10 + 20 + 20 + (.¥83 ) = 50.54 ms.

Based on the results of each throughput component calculation

presented within the chapter, an example of a worst-case update time

calculation is:
Input card delay =10 ms (typical)
1/0 backplane =1ms

Worst-case remote I/0 scan time =30 ms

Worst-case processor time =50.54 ms

Worst-case remote I/0 scantime =30 ms

1/0 backplane =1ms
Output card delay =1 ms (typical)
Total 123.54 ms

The performance of the PLC-5 processor is affected when you
perform online operations via a DH+ link to your program files
while in Run mode. Affected activities are:

* DH+ messages

* serial port messages
* channel 3A messages
* remote block-transfers

The amount of time that the messaging and block-transfers can be

delayed igproportional to the size (K words) of the ladder file

Table 9.B lists the performance effects (when using any of the 6200

Series PLC-5 Programming Software releases that support the
processor you are using).
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Effect of Inserting
Ladder Rungs at the
56K-word Limit

This consideration applies to PLC-5/60,
-5/60L, -5/80, and -5/80E processors
when you are editing a program file that
approaches the maximum file limit of
57,344 words.

1785-6.5.12 January 1997

Table 9.B
Worst-case Performance Effects When Performing Online
Operations While in Run Mode

Online Operations via any DH+ Channel:
Effected Data Perform a Page Up/Page Insert/Delete ladder
Transfers: Down at the end of a rungs:
program file:

Remote block-transfers 20 ms/K words 50 ms/Kwords

DH+ messages 20 ms/K words 50 ms/Kwords

Serial port messages 200 ms/K words 50 ms/Kwords
Channel 3A messages no impact 50 ms/Kwords

You should re-design your programs to avoid possible
communication pauses if you currently:

* use large ladder logic program files

* have time critical remote block-transfers and/or serial, DH+, and
channel 3A messages

* must edit the program online during run mode

For best processor performance, segment your program files by
using modular programming design practices, such as main control
programs (MCPs), sequential function charts (SFCs), and the jump
to subroutine (JSR) instruction.

Performing run-time or program-mode editing of ladder files that
approach the maximum program file size of 57,344 words could:

* prevent the rung from being inserted

e cause suspension of the operation by 6200 Series PLC-5
Programming Software (release 4.3 and later)

To avoid or correct this problem, segment your program file using
modular programming, such as main control programs (MCPs),
sequential function charts (SFCs), and the jump to subroutine
(JSR) instruction.

If you cannot segment your program file, save the file often while
editing it.

If you encounter the errdtemory Unavailable for
Attempted Operation , then clear processor memory.



Chapter 1 0

Communicating with Devices
on a DH+ Link

Using This Chapter
For information about: Go to page:
Selecting devices that you can connect 10-1
Link design 10-2
Configuring the channel for DH+ communication 10-2
Using the global status flag file 10-4
Monitoring DH+ communication channels 10-5
Estimating DH+ link performance 10-9
Application guidelines 10-14
Selecting Devices That You can use a DH+ link for data transfer to other PLC-5 processors
You Can Connect or higher level computers and as a link for programming multiple
PLC-5 processors. A PLC-5 processor can communicate over a
DH+ link with other processors and with a programming terminal.
You can connect a maximum of 64 stations to a single DH+ link.
Table 10.A
Devices that You Can Connect
Product Catalog Application Required
Number Cables
Data Highway or Data Highway Plus (RS-232C | 1770-KF2 Connects an asynchronous (RS-232C) device to a Data 1770-CD
or RS-422-A) Interface Module Highway or DH+ network
Data Highway / Data Highway Plus 1771-KRF Media bridge connecting as many as 18 Data Highway
on Broadband networks to communicate over a facility-wide broadband
cable system
Communication Interface Card 1784-KL Connects the T47 Portable Programming Terminal to DH+ 1784-CP
1784-CP2
Data Highway Plus XT/AT Interface Module 1784-KT Connects IBM XT or AT compatible computers to DH+ 1784-CP3
1784-CP5
Data Highway Plus PS/2 Interface Module 1784-KT2 Connects IBM PS/2 compatible computers to DH+ 1784-CP6
Data Highway Plus to Data Highway 1785-KA Connects a Data Highway network to a DH+ network 1770-CD
Interface Module
DH+ to DH-485 Interface Module 1785-KA5 Connects a DH-485 link to a DH+ link.
Data Highway Plus RS-232C Interface Module | 1785-KE Connects an asynchronous (RS-232C) device and DH+
PCMCIA Card 1785-PCMK | Connects PCMCIA Bus notebook computers to DH+ 1784-PCM5
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Link Design

Trunk line/drop line considerations:

When using a trunk line/drop line configuration,
use 1770-SC station connectors and follow
these cable-length guidelines:

* trunk line-cable length—depends on the
communication rate of the link

* drop-cable length—30.4 m (100 cable-ft)

For more information about designing trunk
line/drop line configurations, see the Data
Highway/Data Highway Plus/Data Highway
ll/Data Highway-485 Cable Installation Manual,
publication 1770-6.2.2.

Configuring the Channel
for DH+ Communication

1785-6.5.12 January 1997

Specify 1770-CD (Belden 9463) cable. Connect a DH+ network
using a daisy chain or trunk line/drop line configuration.

Verify that your system’s design plans specify cable lengths within
allowable measurements.

Important: The maximum cable length for DH+ depends on the
transmission rate. Configure all devices on a DH+ link
to communicate at the same transmission rate.

For daisy chain configurations, use this table to determine the total
cable length you can use.

Table 10.B

Choose the correct cable length
A DH+ link using this Cannot exceed this
communication rate: cable length:
57.6 kbps 3,048 m (10,000 ft)
115.2 kbps 1,524 m (5,000 ft)
230.4 kbps 762 m (2,500 ft)

For proper operation, termindteth ends of a DH+ link by using
the external resistors shipped with the programmable controller.
Selecting either a 15D or 8X2 terminator determines how many
devices you can connect on a single DH+ link.

If your DH+ 1/0 link operates at: Use this resistor rating:

230.4 kbps 82Q2
57.6 kbps or 115.2 kbps 150€2

Depending on the processor you are using, you can configure
these channels:

Processor: Channels that support DH+:
PLC-5/11 1A

PLC-5/20 1A (fixed DH+), 1B

PLC-530  PLC-5/20E 1A, 1B

PLC-5/40L  PLC-5/40E

PLC-5/60L  PLC-5/80E

PLC-5/40 1A, 2A, 1B, 2B

PLC-5/60

PLC-5/80

Important: To define the DH+ address and baud rate for channel
1A, you must set switch assembly SW1 on the
processor; you cannot set this node address through the
programming software.
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To configure a channel to support a DH+ link, use the DH+
configuration screen in your programming software.

Data Highway Plus
Channel 1A Configuration

Diagnostics file: N14
Baud rate: 57.6KB
Global Status flag file: N12
Node address: 36
Link ID: 0
This field: Specifies: Configure by doing the following:
Diagnostics The file containing the channel’s Enter an integer file number (10-999). The system creates an integer file 40
file status information words long.
ATTENTION: Assign a unique diagnostic file to each channel. Do not
assign a diagnostic file that is the 1/O status file you assigned or any other
used file. Unpredictable machine damage can result.
Important: You must define a diagnostics file for a channel configured for
anything but unused (even if you are not using the channel) if you want to
get status information for that channel.
Baud rate Communication rate for the If the DH+ channel is
current channel « channel 1A, specify the baud rate by setting SW1 (see chapter 23)

« any other channel, select 57.6 kbps, 115.2 kbps, or 230.4 kbps through
the programming software

Global Status
Flag file

The file where you want to store token Cursor to the field, type an integer file number (10-999), and press
pass data [Enter]
The system creates an integer file 64 words long.

ATTENTION: When you change the processor from run or test to program
mode, the processor writes zeroes in the global status flags file. Any
information previously in this file is lost.

For more information on the global status flags file, see below.

Node address

The station address of your processor If your DH+ channel is:
» 1A—specify the DH+ station number by setting SW1 on your processor
(see chapter 23).

« anything other than 1A—cursor to Node Address field, enter a value of
0-77 octal, and press [Enter]

Each station on a DH+ link must have a unique address.

Link 1D

The local link where the channel resides If your DH+ link is bridged to another Data Highway network, cursor to the
field, type a decimal number to identify the protocol link to which the
channel is connected, and press [Enter]
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Using the Global Status
Flag File

Use the global status flag file to store token pass data. This file
stores a 16-bit word of data for each station on the DH+ network.
The stations use this file to automatically share data with other
stations without requiring user programming.

When a station sends the token to the next station, it, in effect, sends
a broadcast message that contains 1 word of information from its
own address area in its global status flag file. The data sent out is
taken from the word in the global status file that is equal to its own
station address. The token is seen by all stations. Each station on
the network examines the token and places the word of global status
data from the sending station into the word that corresponds to the
sending station’s address

This process lets each station automatically see the newly updated
data. You can create ladder logic to monitor and interpret this data
according to your application.

The Global Status Flag data for each node address on your DH+ link is stored in the word address
corresponding to the octal node address. For example, if your DH+ link has processors at node addresses
7,10, 15, and 30 and your global status flag file is N10 for each processor, the global status flag data is

stored as follows:

DH:+ link
Station 7
O o
0 j 0
Global Status Flag File L =

defined in each
processor: N10

Decimal: N10:7
Octal: N10:7

Station 10 Station 15 Station 30
0|0 g 0 0 0 0 E Q 0
HH @H
G@D 0 0z 0 O.@D o
il D I
Decimal: N10:8 Decimal: N10:13 Decimal: N10:24
Octal: N10:10 Octal: N10:15 Octal: N10:30

You can specify any integer file in the processor to be the global status flag file; however, for simplicity,
specify the same file for all your PLC-5 processors on the DH+ link.

The files are updated during housekeeping.
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Monitoring DH+
Communication Channels

Status Field Word(s)

Make sure that the global status flag file in all of the processors on
your DH+ link is as large as the highest node address, so that all of
the nodes can communicate with each other. If station 30 is the
highest node number, for example, the global status flag file (N10) in
each processor must be 24 words long (octal 30 = decimal 24).
When you first configure the global status file, it automatically gets
64 words.

Important: Do not allow either external or internal messages to
write into the global status flag file. Writing into the
global status file faults the processor.

You can change the radix in the data monitor to display the file
address in octal so that you can see the element number of the octal
address matching the node address.

Use the DH+ status screen in your programming software to monitor
channels that are configured to support a DH+ link. The data
displayed is stored in the diagnostic file defined on the DH+
configuration screen in your programming software. Note that this
screen does not display the active node table, which is also stored in
the diagnostic file.

Data Highway Plus
Channel 1A Status
COUNTERS LOCKED

Messages
sent: 0 sent with error: 0
received: 0 received with error: 0 unable to receive: 0
Send data acknowledged
received: 0 received but full: 0 received retrans.: o]
received SAP off: 0 received with error: 0 transmit NAK misc.: 0
transmit failed: 0 transmit confirm: 0 transmit not ACKed: 0
transmit timeout: 0 transmit NAK full: 0 transmit NAKed SAP: 0
Send data no acknowledged
received: 0 transmit failed: 0 transmit confirm: 0
SDA/SDN retrans.: 0
Duplicate node: 0 Claims lost: 0 Network dead: 0
Claims won: 0 Dropped token: 0 Linear scan failed: 0
Token retry: 0 Solicit rotations: 0 Started linear scan: 0
New successor: 0 Token failed: 0
Description

Counters Locked -

This field is displayed in reverse video if the counters are locked.

« Counters locked: display stops changing, but counters continue to run in background.
« Counters unlocked: the system displays the current value.

Active Node Table 0-3
(not displayed)

Stores the active node table for stations configured on this DH+ channel. This information is not
displayed on the screen.

Active Node table

Word Bits DH+ Station #
0 015 00-17

1 0-15 20-37

2 0-15 40-57

3 0-15 60-77

The channel 1A active node table is also stored in S:3-S:6 of the status file.
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Status Field Word(s)  Description

Messages Encompasses all data being sent to and from the port

sent 5 Total number of messages sent by the station
This number is the sum of the send data acknowledge counters (SDA) and send data no
acknowledge (SDN) transmit confirm counters.

sent with error 7 Number of messages sent that were not acknowledged. This number is the sum of the following:
* SDA transmit NAK misc * SDA/SDN retrans
« transmit NAK full « dropped token
* SDA transmit NAKed SAP

received 4 Number of error-free messages the station has received. This number is the sum of the SDA and
SDN received counters.

received with error 6 Number of invalid messages that the station has received. This number is the sum of the SDA
received with error and the SDA received SAP off counters.

unable to receive 8 Total number of times the station NAKed an incoming message due to the lack of an available buffer.

This number should be the same as the SDA received but full counter.

Send Data Acknowledge

These counters apply to SDA messages. A sender sending SDA messages requires the receiver to

Counters acknowledge receiving the message immediately upon receipt. Receivers acknowledge messages
by sending:
« an ACK (acknowledge), which tells the sender the message was received and will be processed
» aNAK (no acknowledge), which tells the sender the message was received but cannot be
processed
The device that sent the message automatically sends the message again.
received 19 Number of error-free SDA messages that the station received
received but full 22 Number of SDA messages the station received but were NAKed due to not having an available buffer
to process the message
This indicates that the messages are coming in to the PLC-5 processor faster than it can process
them. Check to see that you:
« are not scheduling unnecessary traffic (e.g., your are sending continuous messages when you only
need updates once per second)
« are implementing report-by-exception so that data is sent only if it is new data
received 21 Number of times the sending station re-transmitted an SDA message, which was ACKed or NAKed

retransmission

If node sends a message but does not receive an ACK or a NAK response, the node will re-transmit
the message. If a node retransmitted a message because the acknowledge response to the first
message was lost, the node receiving the message detects the retransmission and sends an
acknowledge response. But the receiving node discards the duplicate message. High counts of this
counter indicates noise or cable problems; check that the cable is secure and properly shielded

from noise.
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Status Field Word(s)  Description

received SAPoff 23 Number of SDA messages that the station received but could not process because its service access
point (SAP) was off.
This counter should always be 0.

received  with error 20 Number of invalid SDA messages that the station received. Some causes are:
* bad CRC
« the message has an invalid source address
« the message has an unrecognizable control byte
* the transmission was aborted
This counter indicates noise; increase the cable’s shielding from noise.

transmit  NAKmisc. 25 Number of incoming SDA messages that were NAKed due to reasons other than the NAKed full and
NAKed inactive counters (e.g., a NAK due to a bad CRC)

transmit  failed 29 Number of SDA messages sent by the station that were determined to be in error. This counter is the
sum of the SDA transmit not ACKed and SDA transmit timeout counters.

transmit  confirm 24 Number of SDA messages successfully sent to and acknowledged by the addressed station

transmit  not ACKed 27

Number of SDA messages that were sent but were not ACKed by the receiving station

The following could have occurred:

» message could have been NAKed

« aninvalid ACK was returned

« nothing was returned

This counter can indicate:

* anoise or a cabling problem

« the receiving station has been removed from the link
« the receiving station cannot communicate

transmit  timeout 26 The number of SDA messages that were sent but not ACKed or NAKed by the receiving station
This counter increments even if the message does get through during a retry and if the receiving
station is unable to communicate. This counter indicates a noise or a cabling problem (the receiving
station is not seeing the messages).

transmit  NAK full 30 Number of times the station received a NAK to a message because the destination station was full

This indicates that messages are being sent to the receiving station faster than the PLC-5 processor
can process them. Most likely, more than one station on the DH+ link is sending messages to the
same station. Check to see that you are:

« not scheduling unnecessary traffic (e.g., your are sending continuous messages when you only
need updates once per second)
* implementing report-by-exception so that data is sent only if it is new data

transmit NAKedSAP 31

Number of SDA messages that were successfully sent to but were NAKed by the addressed station
because the SAP specified in the message was illegal

This counter should always be 0.

Send Data No Acknowledge
Counters

These counters refer to SDN “send data no acknowledge” messages, which means that the sender
does not require the receiver to acknowledge receiving the message immediately upon receiving it.
SDN messages are only used for broadcast.

transmit  received 35 Number of valid SDN messages received
transmit  failed 33 Number of SDN messages sent by the station that were in error
This error should never be seen.
transmit  confirm 32 Number of valid SDN messages sent by the station
SDAor SDNtransmit 28 Total number of SDA or SDN messages that were re-transmitted. Some reasons why the station
retry would retry a message are:

« the ACK was lost or corrupted on an SDA message, indicating a possible noise problem
« the original message was NACKed
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Status Field

Word(s)

Description

Network Link Maintenance

Counters

These counters track events on the network as seen by the station.

Duplicate  node

17

Number of times the station has detected the same station address as itself on the network. As a
result, the station goes offline.

Claims lost

1

Number of times the station did not win the claim token sequence. See claims won below for
more information.

Network dead

Number of times the station detects no traffic on the network.

This usually occurs when the station with the token is powered down or is removed from the network.
The other stations are waiting for the token to be passed to them. Eventually a network dead
situation is declared and a claim token sequence initiated. (See claims won for more information.)

Claims won

10

Number of times the station has won the claim token sequence.

All the stations initiated a claim token sequence when a network goes down, is just powered up and
the stations on the network detect that no one has the token, or when a station with the token is
powered down or removed from the network. A claim token sequence is when all the stations on a
network attempt to claim the token. When multiple stations attempt to claim the token, the lowest
numbered station wins.

Dropped token

18

Number of times that the station detected that a duplicate node existed on the link and consequently
dropped itself off the link

A station determines that there is a duplicate node when it detects that the response to a message or
solicit successor is incorrect. For example, if a response is received from a station which was not
communicated with, then the sending station assumes that the response is for a packet sent by
another station with the same node number. Once the station drops itself off the link, it waits
indefinitely to be solicited back into the network. It will only be solicited back into the network if the
duplicate node is removed from the link, because station numbers that already exist on the link are
not solicited into the network..

Linear scan failed

16

Number of times the station solicited every station number without getting a response. See started
linear scan below for more information.

Token retry

13

Number of times the station had to re-transmit a token pass. The station re-transmits a token pass if
it detects that the station it passed the token to did not receive the token. Noise can cause this
to occur.

Solicit rotations

34

Number of times a complete solicit successor of all stations not on the link is completed.

A solicit successor occurs during a token pass around the link. Here a station that is currently not on
the link is solicited to see if it has been added to the link. During each token pass, a different station
number is solicited; solicitation occurs sequentially. A station can only join the link when it is solicited
into it.

Started linear scan

15

Number of times the station has attempted to pass the token to everyone in its active node table and
no one has responded.

The station will then start a linear scan where it solicits every station number until a station responds.

Newsuccessor

12

Number of times the station found a new successor for the token.

A new successor occurs when the station detects that a new station with a station number between
its and a the station it was passing the token to was added to the link. The station now must past the
token to the newly added station.

Token failed

14

Number of times station could not pass token to its listed successor. This usually occurs due to:

« the station being removed from the network
* noise or cabling problems
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Estimating DH+ Link
Performance

Many factors affect the performance of your DH+ link, including:
* nodes

* size and number of messages

* message destination

* internal processing time

Nodes

Nodes affect transmission time in the following ways:
* During one complete token rotation, each node on the DH+ link
receives the token whether or not it has something to send.

* Each node spends from 1.5 ms (if it has no messages to send) to
38 ms (maximum time allotted) with the token, assuming there
are no retries (Figure 10.1)

Figure 10.1
Token Passing
Station
Min. 1.5 ms 1 DH+ link
with the toke
Station Station
5 2
/ Max. 38 ms
with the token
Station Station
4 3
~_
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Size and Number of Messages

A PLC-5 processor encodes messages into packets for transmission
on the DH+ link. The maximum number of data words in a packet
depends on the sending station and command type as shown in the
table below.

Sending Command Type Maximum Packet Size
Station (Data Words)
PLC-5 Typed READ/WRITE 114
PLC-5 Word range READ/WRITE 17
PLC-2 Unprotected READ/WRITE 121

This limit comes from the network protocol, which limits a station to
transmitting a maximum of 271 bytes per token pass. A station can
send more than one message in a token pass, provided that the total
number of combined command and data bytes does not exceed 271.

If a message exceeds the maximum packet size allotted, however, the
sending station will require more than one token pass to complete the
message. For example, if a PLC-5 processor wants to send a
150-word message, it will have to transmit two messages, possibly
requiring multiple token rotations.

The number of messages a station has to send also affects throughput
time. For example, if a station has three messages queued and a
fourth is enabled, the fourth message may have to wait until the
previous three are processed.
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Message Destination

Throughput times vary depending on whether a receiving station can
process the message and generate a reply before it receives the token.
Figure 10.2 assumes that station 1 wants to send a message to

station 4.
Figure 10.2
Message Destination—Station has adequate time to
process a MSG reply
1. Station 1 has the token. Only the R
station that has the token can send a Station T 2 N )
. . . Now station 1 must pass the token on to the next
{gesst?igﬁ' 4Stat|on 1 sends the message 1 '\ next highest station number, which is station 2.
/ U
Station Station
5 Message )

‘\ v

Station
4

mpletes the m transaction. i
completes the message transactio Station

4

Station
1

A

Station
5 Message

4. Station 4 can now reply to the /
message from station 1. This J

3. Station 2 has the token. Assume that station 2 has messages
to send and holds the token for 30 ms. During this time,
station 4 has processed the message from station 1 and
has a reply queued up. When finished, station 2 passes the
token on to the next highest station number, which is station 4.

n

Station

In Figure 10.2, station 4 has had time to process the message and
generate a reply. However, in Figur@.3 station 2 does not have
sufficient time to process a MSG reply.
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Figure 10.3
Message Destination—Station has insufficient time to
process MSG reply

1. In this figure, we assume that station 1 wants to send the
identical message as shown in Figure 10.2 but to station 2.
Station 1 has the token. Station 1 sends the message to

station 2 and then passes the token on to station 2. 2. Now station 2 has the token but has not had time

to generate a reply to station 1. So station 2
RS sends any other messages it has queued and

—4]
Sta1t|on s then passes the token on to station 4.

Station Station
5 2
Station )/
4 K
O _e

4. The token then returns to station 2, which
then sends its reply to station 1.

3. Stations 4, 5, and 1 all receive the Station
token in order and send any O] 5
messages they have queued.

N Station
\ R 4

~

In this example, it took an extra token pass around the 0
network to complete the message transaction even though
the message was identical to the one shown in Figure 10.2.

Internal Processing Time

Internal processing time depends on how busy a given processor on

the network is when sending or receiving a message.

For example, processor A has just received a READ request from

processor B on the network. If processor A already has three

messages of its own to send, the reply to the READ request from

processor B will have to wait until the station completes the
processing of the messages queued ahead of it.
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Test Setup

One to 22 PLC-5 processors were used with one
programming terminal online. Each PLC-5
processor executes 1K of ladder logic.

Initial testing was done with one PLC-5 processor
writing data to another PLC-5 processor. The
response time was recorded. Additional PLC-5
processors were added to the network, each
writing the same amount of data to a PLC-5
processor at the next highest station address.
Four separate tests were run using data
transmissions of 50, 100, 250, and 500 words.

Average DH+ Link Response Time Test Results

This section shows graphically the results of testing performed on a
DH+ link where the number of stations and words sent in the
message varies.

Figure 10.4 shows the average response time of messages of varying
sizes on a DH+ link with a varying numbers of stations. It also gives
you an idea of the typical response time you can expect on a given
DH+ link.

Figure 10.4
Average Response Time for all PLC-5 Processors

5.0
3
45
40 —
/
35
3.0 — |
R .
esponse // | 4| = 50w
Time 25 —
2.0 x| ] . 100W
’ 4]
(Sec) '5 e — + 250W
/x/T - T
1.0 ] X 500W
—AR I —
os ] KfF/T,J, —
| W=Words
00 T T T T T T T
1 2 3 4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Number of PLC-5 Processors

Figure10.5shows the effect of a programming terminal on message
response time under various configurations.
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Figure 10.5
Response Time Increase (%) Due to the Effects of a
Programming Terminal
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Application Guidelines Consider the following application guidelines when configuring a

DH+ link for your system.

— * Minimize the number of DH+ nodes to achieve acceptable
response times. Keep in mind the size and frequency of messages
exchanged between devices.

e Limit the number of nodes on your network when you are trying
to achieve fastest control response time. You can establish
separate DH+ networks to bring-on additional stations. Use a
bridge to connect the DH+ links.

* When you connect a computer to the link for operator interface or
a third-party serial device to the DH+ link, select the fastest
possible serial interface communication rate.

* Do not add or remove nodes from the network during machine or
process operation. If the network token resides with a device that
is removed, the token may be lost to the rest of the network. The
network is automatically re-established, but it could take several
seconds. Control would be unreliable or interrupted during
this time.

* A DH+ link has a 90 s timeout period; however, you can include
watchdog timers in logic programs for DH+ transfer of data (to
provide an orderly shutdown if failure occurs).

* When possible, do not program processors online during machine
or process operation. This could result in long bursts of DH+
activity that could increase response time. See chapter 9 for
more information.

* When possible, add a separate DH+ link for programming
processors to keep effects of the programming terminal from the
process DH+ link.
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Chapter 1 1

Communicating with Devices
on a Serial Link

Using This Chapter
For information about: Go to page:
Choosing between RS-232C, RS-422A, and RS-423 11-1
Configuring the processor serial port 1-2
Using channel 0 1-2
Cabling 11-5
Configuring channel 0 11-5
Monitoring channel 0 status 11-18

If more you are using PLC-5 processors in Supervisory Control and
Data Acquisition (SCADA) applications, see:

* SCADA System Selection Guide, publication AG-2.1
e SCADA System Application Guide, publication AG-6.5.8

Choosing Between The table below summarizes some of the differences between
RS-232C, RS-422A, and RS-232C, RS-422A, and RS-423 communication modes:
RS-423

This

method: Is normally used when you:

RS-232C have a data transmission range of up to 50 ft. (15.2m).
Applications requiring longer distances can use modems or line drivers.

Use RS-232C for half- or full-duplex communication. For example, computers
communicating with processors or modems in SCADA applications.

RS-422A want to transmit data to RS-422A-compatible devices over ranges greater than
RS-232C allows. See Table 11.A on page 11-5.

Use RS-422A for point-to-point communication, with one device
communicating with as many as 16 other devices.

RS-423 want to transmit data to RS-423-compatible devices over ranges greater than
RS-232C allows. See Table 11.A on page 11-5.

Use RS-423 for point-to-point communication, with one device communicating
with as many as 16 other devices.
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Configuring the Processor Channel 0 is the serial port and is configurable for RS-232C,
Serial Port RS-423, or RS-422A compatible communication. Use switch
assembly SW2 to specify the serial port configuration.

To set the processor switch, see chapgar look on the side label
of the processor, which shows the switches in switch assembly SW2
and a table listing the settings.

Using Channel 0 You can use the processor’s serial port (channel 0) to connect the
processor to devices that:

e can send and receive ASCII characters by using User mode
(ASCII communication)

e communicate using DF1 protocol by using one of three available
System modes

User Mode

In user mode, all data are received and sent via a buffer. To access or
send this data, use ASCII instructions in your ladder program. The
ASCII data a PLC-5 processor sends contain no additional

protocol characters.

In user mode, only ASCII instructions can be used. If you try to use
a message (MSG) instruction that references the serial port, the error
(.ER) bit is set.

Examples of ASCII peripheral devices are:
* ASCII terminals

* Bar code readers

* Allen-Bradley Dataliners

* Weigh scales

* Printers
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System Mode

In system mode, the processor interprets a command from another
device. Use system mode when you need to communicate with other
devices on a link. System mode, with DF1 protocol, is a separate
and unique communication link from the DH+ link.

In system mode, you can send data to a device using:

* the message (MSG) instruction; or

* ASCII write instructions (send as an ASCII string)

All data is encapsulated inside a DF1 protocol packet; therefore, the

processor can communicate only with peripheral devices that support
the DF1 protocol.

Examples of DF1 peripheral devices are:
* programming terminals

e communication modules such as 1717-KF2 series C, 1771-KE,
1771-KF, and 1785-KE

e modems

Use this mode: For:

Point-to-Point communication between a PLC-5 processor and one other DF1 protocol compatible device

In point-to-point mode, a PLC-5 processor uses DF1 full-duplex protocol.

DF1 Master Mode  control of polling and message transmission between the master and each remote node
In master mode, a PLC-5 processor uses DF1 half-duplex polled protocol.

The master/remote network includes one PLC-5 processor configured as the master node and up to
254 remote nodes. You link remote nodes using modems or line drivers.

A master/remote network can have node numbers from 0 to 376 (octal). Node 377 is reserved for
broadcast. Each node must have a unique node address. Also, at least 2 nodes must exist to define
your link as a network (1 master and 1 remote station are two nodes).

DF1 Slave Mode  using processor as a remote station in a master/slave serial communication network

When there are multiple remote stations on the network, you link remote nodes using modems or line
drivers. When you have a single remote station on the network, you do not need a modem to
connect the remote station to the master; you can configure the control parameter for no
handshaking. You can connect from 2 to 255 nodes to a single link. In slave mode, a PLC-5
processor follows DF1 half-duplex protocol.

One node is designated as the master and it controls who has access to the link. (For example, a
master can be a PLC-5/250 or PLC-5/40 processor or a computer running ControlView SCADA
option software. All other nodes are remote stations and must wait for permission from the master
before transmitting. The master (except PLC-5/250) can send and receive messages from all nodes
on the link and to nodes on other Data Highway links connected to the multidrop; whereas, a remote
station can only respond to the master.
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Master Station to Remote Station Communication Methods

A PLC-5 master station can communicate with remote stations in

two ways:
Method: Option name: Principal benefits:
initiating polling packets to remote stations standard This is the communication mode used most often in

according to their position on a polling list

Polling packets are formed independently of
any user-programming.

communication mode

point-to-multipoint configurations.

Provides for these capabilities:
« remote stations can send messages to the master
station (polled report-by-exception)

« remote stations can send messages
to each other

« lets the master station maintain an active
node table

The poll list resides in a user designated and

accessible integer-type data file. You can:

« include the master on the poll list

« configure the master for between-station polls
(master transmits any message that it needs to
send before polling the next remote station)

« have the master both in the poll list and configured
for between-station polls

initiating communication to remote stations message-based

using only user-programmed message (MSG)  communication mode

instructions

Each request for data from a remote station
must be programmed via a message
instruction.

The master polls the remote station for a reply
to the message after waiting a
user-configured period of time. The waiting
period gives the remote station time to
formulate a reply and prepare the reply for
transmission. After all of the messages in the
master’s message-out queue are transmitted,
the remote-to-remote queue is checked for
messages to send.

If your application uses satellite transmission or
public switched telephone network transmission,
consider choosing message-based. Communication
to a remote station can be initiated on an as needed
basis.

Or choose this method if you need to communicate
with non-intelligent remote terminal units (RTUs).

Changing Modes

Configure channel 0 of the processor to change communication

modes via:

* the channel configuration screen in your programming software
(in program mode only) ; or

* communication mode change characters (ASCII control
characters) sent remotely to the processor, which switches modes
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Cabling

Configuring Channel 0

Table 11.A lists the maximum cable lengths you can use with
channel 0.

Table 11.A
RS-Port Cable Lengths per Communication Rate
Port Transmission Rate(s) Maximum Cable Length
RS-232C All 15 m (50 fi)
RS-422A All 61 m (200 ft)
(compatible)
RS-423 All 61 m (200 ft)

Important: Follow these guidelines:

* When channel 0 is configured for RS-422A compatibility, do not
use terminating resistors anywhere on the link.

* When channel 0 is configured for RS-422A (compatible) and
RS-423, do not go beyond 61 m (200 ft). This distance restriction
is independent from the transmission rate.

For a list of serial programming cables and pin information for
channel 0, see chapt25.

Use switch assembly SW2 processors to specify RS232-C,
RS422A (compatible), or RS423 communications for channel 0.

You can configure channel 0 to communicate using these protocols:

If you want to use: See page:

System mode | DF1 point-to-point 11-6

DF1 slave 11-8
DF1 master 11-10
User mode ASCII 11-15
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This field:

Configure Channel 0 for DF1 Point-to-Point

To configure channel 0 for DF1 point-to-point communication, use

the system mode configuration screen in your
programming software.

Diag. file:

Remote mode change: DISABLED
Mode attention char.: \Ox1b

Baud rate:
Stop bits:
Control line:

Duplicate detect: ON
ACK timeout (20 ms): 100
Msg appl timeout (30sec): 0

Specifies:

System Mode (DF1 Point-to-Point)
Channel 0 Configuration

20
System mode char.: S
User mode char.: U

2400
1
NO HANDSHAKING

Parity: NONE

Error detect: BCC
NAK receive: 3
DF1 ENQS: 3

Set the device as Serial to PLC and the method of error
checking to be the same for the terminal and the PLC processor.

Configure by doing the following:

Diag. file

The file containing the channel’s status
information

Enter an integer file number (10-999).

ATTENTION: Assign a unique diagnostic file to each channel. Do not
assign a diagnostic file that is the 1/O status file you assigned or any other
used integer file. Unpredictable machine operation can result.

Important: You must define a diagnostics file for a channel configured for
anything but unused (even if you are not using the channel) if you want to
get status information for that channel.

Remote mode

Whether the remote mode change option

Select ENABLED or DISABLED.

change is enabled

Mode The attention character for the system or Enter a character. If the attention character you want to use is a control
attention the user mode character for character, specify the ASCII equivalent.

char.

remote change

System mode
char.

The character to be used with the mode
attention character (above)

Enter a character. If the attention character you want to use is a control
character, specify the ASCII equivalent.

When the processor encounters the attention character and the system
mode character, the processor sets channel 0 communication to system
mode. The remote mode change option must be ENABLED.

User mode The character for the mode attention Enter a character. If the attention character you want to use is a control
char. character (above) character, specify the ASCII equivalent.
When the processor encounters the attention character and the user mode
character, the processor sets channel 0 communication to user mode. The
remote mode change option must be ENABLED.
Baud rate Communication rate for channel 0 Select 110, 300, 600, 1200, 2400, 4800, 9600, or 19.2k bps.
Configure all devices in the system for the
same communication rate
Stop bits Match the number of stop bits to the Select 1, 1.5, or 2.

device with which you are communicating
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This field:

Specifies:

Configure by doing the following:

Parity

Parity setting for channel 0

Parity provides additional message packet
error detection.

Select NONE or EVEN.

Control line

the mode in which the driver operates

Select a method appropriate for your system’s configuration:

« If you are not using a modem, choose NO HANDSHAKING.
« If you are using a full-duplex modem, choose FULL-DUPLEX.

Duplicate
detect

Whether you want the processor to detect
and ignore duplicate messages

Select the desired setting.

Error detect

Whether you want error detection set to
BCC or CRC

Select one of the following:

« BCC: the processor sends and accepts messages that end with a BCC
byte for error checking. BCC is quicker and easier to implement in a
computer driver.

« CRC: the processor sends and accepts messages with a 2-byte CRC for
error checking. CRC is more complete checking

Configure both stations to use the same type of error checking.

ACKtimeout The amount of time you want the Enter a value 0-65535. Limits are defined in 20 ms intervals. For example
processor to wait for an acknowledgement  to wait 40 ms, type 2. The recommended time elapse is 1 second. Specify
to its message transmission 1 second by typing 50.
MSGappl The number of seconds within which the Enter one of the following values:
timeout reply message must be received before « 1° 30-60 seconds
the error bit is set on the message. The . 2. §0.90 seconds
timer starts when the ladder program first ~ , 3. 90-120 seconds
initiates the message and is restarted e 4: 120-150 seconds
if/when the ACK is received « 5 150-180 seconds
* 6: 180-210 seconds
e 7. 210-240 seconds
NAKreceive The number of NAKs your processor can Enter a value 0-255. The recommended setting is 3.
receive in response to a
transmitted message
DF1ENQS The number of enquiries (ENQs) that you ~ Enter a value 0-255. The recommended setting is 3.

want the processor to send after an
ACK timeout
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Configure Channel 0 as a Slave Station

To configure channel 0 for DF1 slave communication, use the system
mode configuration screen in your programming software.

System Mode (DF1 Slave)
Channel 0 Configuration

Diag. file: 10
Remote mode change: DISABLED
Mode attention char.: \0Ox1b

System mode char.: S
User mode char.: U

Baud rate: 2400 Parity: NONE
Stop bits: 1 Station address: 1
Control line: NO HANDSHAKING
Duplicate detect: ON Error detect: BCC
ACK timeout (20 ms): 100
DF1 retries: 3

Msg appl timeout (30sec): 0

RTS off delay (20 ms): 0
RTS send delay (20 ms): 0

This field:

Specifies:

Configure by doing the following:

Diag. file

The file containing the channel’s
status information

Enter an integer file number (10-999).

ATTENTION: Assign a unique diagnostic file to each channel. Do not
assign a diagnostic file that is the 1/O status file you assigned or any other
used integer file. Unpredictable machine action can result.

Important: You must define a diagnostics file for a channel configured for
anything but unused (even if you are not using the channel) if you want to
get status information for that channel.

Remote mode

Whether the remote mode change option

Select ENABLED or DISABLED.

change is enabled

Mode The attention character for the system Enter a character. If the attention character you want to use is a control
attention mode or the user mode character for a character, specify the ASCII equivalent.

char.

remote mode change

System mode
char.

The character for the mode attention
character (above)

Enter an aftention character. If the attention character you want to use is a
control character, specify the ASCII equivalent.

When the processor encounters the attention character and the system
mode character, the processor sets channel 0 communication to system
mode. The remote mode change option must be ENABLED.

User mode The character for the mode attention Enter a character. If the attention character you want to use is a control
char. character (above) character, specify the ASCII equivalent.
When the processor encounters the attention character and the user mode
character, the processor sets channel 0 communication to user mode. The
remote mode change option must be ENABLED.
Baud rate Communication rate for channel 0 Select 110, 300, 600, 1200, 2400, 4800, 9600, or 19.2K bps.
Configure all devices in the system for the
same communication rate.
Stop bits Match the number of stop bits to the Select 1, 1.5, or 2.
device you are communicating with
Parity Parity setting for channel 0 Select NONE or EVEN.
Station The station address for channel 0 on the Enter a valid DF1 address (0-376 octal).
address

DF1 half-duplex link
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This field:

Specifies:

Configure by doing the following:

Control line

The mode in which the remote station
driver operates

Select a method appropriate for your system’s configuration:

« If you are not using a modem, choose NO HANDSHAKING.

« If the master modem is full duplex and transmits a constant carrier and
the remote modem is half-duplex, choose HALF-DUPLEX MODEM WITH
CONTINUOUS CARRIER.

« If all the modems in the system are half-duplex, choose HALF-DUPLEX
WITHOUT CONTINUOUS CARRIER.

Duplicate Whether you want the processor to detect ~ Select the desired setting.
detect and ignore duplicate messages
Error detect Whether you want error detection set to Select on of the following:
BCC or CRC » BCC: the processor sends and accepts messages that end with a BCC
byte for error checking. BCC is quicker and easier to implement in a
computer driver.
« CRC: the processor sends and accepts messages with a 2-byte CRC for
error checking. CRC is more complete checking
ACKtimeout The amount of time you want the Enter a value 0-65535. Limits are defined in 20 ms intervals. For example
processor to wait for an acknowledgement  to wait 40 ms, type 2. The recommended time elapse is 1 second. Specify
to its message transmission 1 second by typing 50.
RTSoff delay The amount of time that elapses between Enter a value 0-255.Limits are defined in 20 ms intervals. For example to
the end of the message transmission and ~ wait 40 ms, type 2.
the de-assertion of the RTS signal.
This time delay is a buffer to make sure
that the modem has transmitted
the message.
DF1retries The number of times the remote station Enter a value 0-255. The recommended setting is 3.

retries a message before the station
declares the message undeliverable

RTSsend delay

The amount of time that elapses between
the assertion of the RTS signal and the
beginning of the message transmission

This time allows the modem to prepare to
transmit the message.

The CTS signal must be high for
transmission to occur.

Enter a value 0-255. Limits are defined in 20 ms intervals. For example to
wait 40 ms, type 2. The recommended time elapse is 0, unless you are
using @ modem that automatically returns the CTS as soon as it receives
the RTS. If this is the case, enter a delay time to make sure the modem is
able to transmit before it attempts to send the message.

MSGappl
timeout

The number of seconds within which the
reply message must be received before
the error bit is set on the message

The timer starts when the ladder program
first initiates the message and is restarted
iffwhen the ACK is received.

Cursor to the field, type in a value 1-7, and press [Enter]

Available options are:

¢ 1: 30-60 seconds
60-90 seconds
90-120 seconds
120-150 seconds
150-180 seconds
180-210 seconds
210-240 seconds

NeahRrwen
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This field:

Configure Channel 0 as a Master Station

To configure channel 0 for DF1 master communication, use the
system mode configuration screen in your programming software.

System Mode (DF1 Master)
Channel 0 Configuration

Diag. file: 20
Remote mode change: DISABLED
Mode attention char.: \Ox1b

System mode char.: S
User mode char.: u

Baud rate: 2400 Parity: NONE
Stop bits: 1 Station address: 1
Control line:  NO HANDSHAKING
Reply msg wait (20 ms): 1792 Error detect: BCC
ACK Timeout (20 ms): 100
DF1 retries: 3

Msg appl timeout (30sec): 0

RTS off delay (20 ms): 0
RTS send delay (20 ms): 0

Polling Mode: STANDARD (MULTIPLE MESSAGE TRANSFER PER NODE FILE SCAN)

Specifies:

Configure by doing the following:

Diag. file

The file containing the channel’s
status information

Enter an integer file number (10-999).

ATTENTION: Assign a unique diagnostic file to each channel. Do not
assign a diagnostic file that is the 1/O status file you assigned or any other
used integer file. Unpredictable machine action can result.

Important: You must define a diagnostics file for a channel configured for
anything but unused (even if you are not using the channel) if you want to
get status information for that channel.

Remote mode

Whether the remote mode change option

Select ENABLED or DISABLED.

change is enabled

Mode The attention character for the system Enter a valid attention character. If the attention character you want to use
attention mode or the user mode character for a is a control character, specify the ASCII equivalent.

char.

remote mode change

System mode
char.

The character for the mode attention
character (above)

Enter a valid attention character. If the attention character you want to use
is a control character, specify the ASCII equivalent.

When the processor encounters the attention character and the system
mode character, the processor sets channel 0 communication to system
mode. Note that the remote mode change option must be ENABLED.

User mode The character for the mode attention Enter a valid attention character. If the attention character you want to use
char. character (above) is a control character, specify the ASCII equivalent.
When the processor encounters the attention character and the user mode
character, the processor sets channel 0 communication to user mode. Note
that the remote mode change option must be ENABLED.
Baud rate Communication rate for channel 0 Select 110, 300, 600, 1200, 2400, 4800, 9600, or 19.2k bps.
Configure all devices in the system for the
same communication rate.
Stop bits Match the number of stop bits to the Select 1, 1.5, or 2.

device with which you are communicating
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This field:

Specifies:

Configure by doing the following:

Control line

The mode in which the master driver
operates

Select a method appropriate for your system’s configuration:

« If you are not using a modem, choose NO HANDSHAKING.
« |f the master modem is full duplex and the remote modem is half-duplex,
choose FULL-DUPLEX MODEM.

« If all the modems in the system are half-duplex, choose HALF-DUPLEX
WITHOUT CONTINUOUS CARRIER.

Parity Parity setting for channel 0 Select NONE or EVEN.
Station The node’s address on the DF1 link Enter a valid DF1 station address. Valid station addresses are: 0-376 octal
address

Reply msgwait

The amount of time the master will wait
after receiving an ACK (to a
master-initiated message) before polling
the slave for a reply

Only define this if you are message-based mode. Enter a valid
value 0-65535 (in 20ms increments).

Error detect Whether you want error detection set to Select one of the following:
BCC or CRC « BCC: the processor sends and accepts messages that end with a BCC
byte for error checking. BCC is quicker and easier to implement in a
computer driver.
» CRC: the processor sends and accepts messages with a 2-byte CRC for
error checking. CRC is more complete checking;
ACKtimeout The amount of time you want the Enter a value 0-65535. Limits are defined in 20 ms intervals. For example
processor to wait for an acknowledgement  to wait 40 ms, type 2. The recommended time elapse is 1 second. Specify
from a remote station to its transmitted 1 second by typing 50.
message before the processor retries the
message or the message errors out
DF1retries The number of times a message is retried  Enter a valid value 0-255.

before being declared undeliverable

RTSsend delay

The time delay between the time the RTS
is asserted and the beginning of the
message transmission

This time allows the modem to prepare to
transmit the message.

Enter a value 0-255. Limits are defined in 20 ms intervals. For example to
wait 40 ms, type 2. The recommended time elapse is 0, unless you are
using a modem that automatically returns the CTS as soon as it receives
the RTS. If this is the case, enter a delay time to make sure the modem is
able to transmit before it attempts to send the message.

RTSoff-delay The time delay between the time the end Enter a value 0-255. Limits are defined in 20 ms intervals. For example to
of the message transmission and the RTS  wait 40 ms, type 2. The recommended time elapse is 0, unless you are
is de-asserted using a modem that automatically returns the CTS as soon as it receives
This time delay is a buffer to make sure the RTS. If th|§ is the case, enter a delay time to make sure the modem is
that the modem has transmitted the able to transmit before it attempts to send the message.
message.

MSGappl The number of seconds within which the Select one of the following:

timeout

reply message must be received before
the error bit is set on the message

The timer starts when the ladder program
first initiates the message and is restarted
iffwhen the ACKis received.

« 1: 30-60 seconds

e 2: 60-90 seconds
90-120 seconds
120-150 seconds
150-180 seconds
180-210 seconds
210-240 seconds

L]
N aRw
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This field: Specifies:

Configure by doing the following:

Poling mode  The current value of the polling mode

Select one of the following:

» MESSAGE BASED (ALLOW SLAVE TO INITIATE
MESSAGES)—default—this option allows remote station initiated
messages to be processed after all master-initiated messages

» MESSAGE BASED (DO NOT ALLOW SLAVE TO INITIATE
MESSAGES)—remote station-initiated messages will be acknowledged
but not processed

» STANDARD (MULTIPLE MESSAGE TRANSFER PER NODE
SCAN)—the master polls stations based on a list; each station can
transmit multiple messages per node scan

» STANDARD (SINGLE MESSAGE TRANSFER PER NODE SCAN)—the
master polls stations based on a list; each station can transmit only one
message per node scan

If you chose standard polling mode:

This field: Specifies: Configure by doing the following:

Master The current value of channel 0 master If you want the master station to:

message message transmit « send all of the master station-initiated MSG instructions to the remote

transmit stations before polling the next remote station in the poll list, choose

Between Station Polls
This method makes certain that master station-initiated messages are sent
in a timely and regular manner (after every remote station poll).
« only send master station-initiated MSG instructions when the master’s
station number appears in the polling sequence, choose In Poll Sequence

With this method, sending master station-initiated messages are dependent
upon where and how often the master station appears in the poll list. To
achieve the same goal as the Between Station Polls method, the
master-station’s address would have to appear after every remote-station’s
address.
The processor sets a minor fault if you are using IN POLL SEQUENCE and
the master’s station is not in either the normal poll list or the priority poll list.

Normal poll The integer file that contains the Enter an integer file number 10-999

node file addresses of the remote stations you want

in the normal poll list
Normal poll The quantity of active stations located in Enter a valid value 10-999.
group size the normal poll list that you want polled

during a scan through the normal poll list
before returning to the priority poll list

Priority poll The integer file that contains the
node file addresses of the remote stations you want
in the priority poll list

Enter an integer file number 10-999.
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To define a polling scheme using standard mode, you must specify
the following on the DF1 master configuration screen in your
programming software:

Configuration Parameter Definition

Polling mode How you want the master to poll the station lists.

Master message When you want the master to send messages.

transmit

Normal poll file An integer file in which you place the station addresses of the

remote stations.

The default size is 64 words.

Priority poll file An integer file in which you place the addresses of stations from
which you need to collect data more frequently.

The default size is 64 words.

Normal poll group The number of stations that the master polls before it polls a station

size in the priority poll list.

Active station file A binary file that stores the station addresses of all active stations
on the link.

The default size is 18 words.

Both the normal poll list and the priority poll list can have active and
inactive stations. A station becomes inactive when it does not
respond to a master’s request for data.

The master station polls the slave station in the following a
definitive sequence:

1. All stations in theactive priority poll file.

2. Specified stations in the active normal poll file. The number of
stations polled in this file is determined by the normal poll group
size specified on the configuration screen. If the group size was
3, for example, then three stations would be polled in the normal
file before the master continues to the next step in the sequence.

3. One station in the inactive poll file after all active stations in the
normal poll file have been polled.
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Poll File Word 0
N:11 3
Nxxx total number
of stations

1785-6.5.12 January 1997

To create station lists, place each station address in an individual
word in a poll file (hormal and/or priority) starting at word 2. The
poll file layout is as follows:

This word in a poll file:  Contains this information:

Word 0 total number of stations in the list
Word 1 address location (poll offset) of the station currently
being polled

For example: a value of 1 means the station address stored in word 2 is
being polled, 2 means the address stored in word 3 is being polled, etc.

This word is automatically updated by the master station as a new remote
station is polled.

Word 2 through word xx remote station address in the order that the station should be polled

To place a station address in a poll file, do the following:

1. Access the data monitor in your programming software.

2. Specify the address of the integer file that is either the normal
poll file or priority poll file (e.g., if the normal poll file is N11,
then you specify N11:0).

3. Enter the station addresses of the remote stations you want in the
poll list starting at word 2. Put them in the order you want
them polled.

Important: Station addresses are octal addresses. The poll files are
integer files. The default radix is decimal. To properly
enter station addresses in a poll file, you must either:

* change the radix of the file to octal

e convert the octal station addresses to decimal before
entering the addresses

Below is an example of a station list containing three stations: octal
addresses 10, 11, and 12 have been entered. Station 12 (10 decimal)

is being polled.
Word 1 Word 2 Word 3 Word 4
3 08 09 10
pointer showing the address of first station address of second address of third
station address being in list station in list station in list
polled
(Station 12 in word 4
is being polled.)
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Configure Channel 0 for User Mode (ASCII Protocol)

To configure channel 0 for user mode, use the user mode
configuration screen in your programming software.

User Mode
Channel 0 Configuration

Diag. file: 20 XON/XOFF
Remote mode change: DISABLED
Mode attention char.: \0x1b

DISABLED
System mode char.: S
User mode char.: U

Baud rate: 9600 Parity: NONE
Stop bits: 1 Bits per character: 8
Control line: NO HANDSHAKING

Echo/delete mode: CRT RTS send delay (20 ms): 0
RTS off delay (20 ms): 0

This field:

Termination 1:
Termination 2:

Specifies:

\oxd Append 1: \oxd
\Oxff Append 2: \Oxa

Configure by doing the following:

Diag. file

The file containing the channel’s
status information

Enter an integer file number (10-999).

ATTENTION: Assign a unique diagnostic file to each channel. Do not
assign a diagnostic file that is the 1/O status file you assigned or any other
used integer file. Unpredictable machine action can result.

Important: You must define a diagnostics file for a channel configured for
anything but unused (even if you are not using the channel) if you want to
get status information for that channel.

XON/XOFF

Whether or not you want
XON/XOFF enabled

As the processor receives characters, it constantly determines how many
more it can receive without losing any. When XON/XOFF is enabled, the
processor sends a “stop sending character,” XOFF. If the sending device
has the XON/XOFF feature, it stops sending characters. When the
processor has more room, it will send a “start sending” character (XON).

Select ENABLED or DISABLED.

Remote mode

Whether the remote mode change option

Select ENABLED or DISABLED.

change is enabled

Mode The attention character for the system Enter a character. If the attention character you want to use is a control
attention mode or the user mode character character, specify the ASCII equivalent.

char.

System mode
char.

The character for the mode attention
character (above)

Enter a character. If the attention character you want to use is a control
character, specify the ASCII.

When the processor encounters the attention character and the system
mode character, the processor sets channel 0 communication to system
mode. The remote mode change option must be ENABLED.

User mode The character for the mode attention Enter a valid attention character. If the attention character you want to use

char. character (above) is a control character, specify the ASCII equivalent.
When the processor encounters the attention character and the user mode
character, the processor sets channel 0 communication to user mode. The
remote mode change option must be ENABLED.

Baud rate Communication rate for channel 0 Select 110, 300, 600, 1200, 2400, 4800, 9600, or 19.2k bps.
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This field: Specifies: Configure by doing the following:
Stop bits Match the number of stop bits to the Select 1, 1.5, or 2.
device you are communicating with
Parity Parity setting for channel 0 Select NONE, EVEN, or ODD.
Bits per The number of bits in a transmission Select 7 or 8.
character character

Control line

The control line

Select one of the following:

» HALF DUPLEX MODEM WITHOUT CONTINUOUS CARRIER—if the
sending device and the processor have a half-duplex modem

e HALF DUPLEX MODEM WITH CONTINUOUS CARRIER—if the sending

device has a full-duplex modem and the processor has a half-duplex
modem

» NO HANDSHAKING—if you are not using a modem

Echo/delete
mode

What the processor should do when it
receives an ASCII delete character

Select one of the following:

» DISABLE—characters received by the processor are sent only to the
Echo counter and not to an output device

» CRT—the processor ignores the character immediately in front of the
delete character and sends a signal to the CRT to erase the character

» PRINTER—the processor ignores the character immediately in front of
the delete character and sends a signal to the printer to erase the
character

RTSsend delay

The time delay between the time the RTS
is asserted and the beginning of the
message transmission

Enter a value between 0 and 255. Limits are defined in 20 ms intervals.
For example to wait 40 ms, type 2. The recommended time elapse is 0,
unless you are using a modem that automatically returns the CTS as soon
as it receives the RTS. If this is the case, enter a delay time to make sure
the modem is able to transmit before it attempts to send the message.

RTSoff-delay

The time delay between the time the end
of the message transmission and the RTS
is de-asserted

Enter a value between 0 and 255. Limits are defined in 20 ms intervals.
For example to wait 40 ms, type 2. The recommended time elapse is 0,
unless you are using a modem that automatically returns the CTS as soon
as it receives the RTS. If this is the case, enter a delay time to make sure
the modem is able to transmit before it attempts to send the message.

Termination 1
Termination 2

The termination characters you defined

Enter a maximum of two characters (hexadecimal).

Use termination characters with the ASCII Read Line instruction or with the
Test Buffer for Line (ABL) to indicate a line has been entered.

The default character is the ASCII equivalent for [RETURN], 0x0D. You can
also use the ASCII equivalent for LINE FEED (0x0A). To specify no
character, enter \FF.

Append 1
Append 2

The append characters you defined

Enter a maximum of two characters (hexadecimal).

Use append characters with the ASCII Write with Append (AWA) instruction
to indicate the end of a line. Append characters are the last characters sent
after a line of information.

The default characters are the ASCII equivalent for [RETURN] (/0D) and
LINE FEED (/0A). To specify no character, enter \FF.
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Configure Channel 0 for a Communication Mode Change

You can configure channel O so that it switches from one
communication mode to another upon receiving a control command.
You define a mode attention character and either a system or user
mode character.

Character Tells the processor to: Default Character

Mode attention character ~ expecta change communication [Esc]
mode command

System mode character switch the communication mode to S
system mode

User mode character switch the communication mode to the U
user mode

Every time the processor receives the mode attention character and
either a system or user mode character, channel 0’'s communication
mode will be switched to the new mode.

To configure channel 0 for a remote communication-mode change,
follow the steps on the left:

If you want to: Select:

Change the communication mode of channel 0 remotely ENABLE

Not change the communication mode of channel 0 remotely DISABLE

Important: Make sure the remote mode change option is disabled if
you do not want to change channel 0's communication
mode over a remote link. Having the mode disabled
prevents an unexpected communication mode change.

The Mode Attention character tells the processor to expect a
communication mode change. If you are using a control character,
enter the ASCII equivalent in hexadecimal. With other characters,
just enter the character. Do one of the following:

Enter the character you want to use to tell the processor to switch
communication modes for channel 0. If you are using a control
character, use the ASCII equivalent in hexadecimal. With other
characters, just enter the character.
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Monitoring Channel 0 The channel 0 status screens display the information stored in the
Status diagnostic file you specified when you configured channel 0.

If channel 0 is in this mode: See:

System mode (DF1 point-to-point) Figure 11.1

System mode (DF1 slave) Figure 11.2

System mode (DF1 master) Figure 11.3

User mode (ASCII) Figure 11.4

Using the System Mode Status Display

This section explains the status data displayed on system
mode screens in your programming software:

Figure 11.1
System Mode (DF1 Point-to Point) Status Screen
System Mode (DF1 Point-to-Point)

Channel 0 Status
COUNTERS LOCKED

DCD recover: 0 Lost modem: 0
Messages sent: 0 Undelivered messages: 0
Messages received: 0

Inquiry received: 0 Inquiry sent: 0
Received NAK: 0 Bad packet/no ACK: 0
Lack of memory/sent NAK: 0 Duplicate messages received: 0

Modem lines

DTR DCD DSR RTS CTS
OFF OFF OFF OFF OFF

Figure 11.2
System Mode (DF1 Slave) Status Screen
System Mode (DF1 Slave)

Channel 0 Status
COUNTERS LOCKED

DCD recover: 0 Lost modem: 0
Messages sent: 0 Undelivered messages: 0
Messages received: 0 Messages retry: 0
Polling received: 0

Received NAK: 0 Bad packet/no ACK: 0
Lack of memory/no ACK sent: 0 Duplicate messages received: 0

Modem lines
DTR DCD DSR RTS CTS
OFF OFF OFF OFF OFF
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Status Field

Word: Bit

Figure 11.3
System Mode (DF1 Master) Status Screen

System Mode (DF1 Master)
Channel 0 Status

DCD recover: 0 Lost modem: 0
Messages sent: 0 Undelivered messages: 0
Messages received: 0 Messages retry: 0
EOT received on first poll: 0 Bad packet/no ACK: 0

Duplicate messages received: 0

Normal poll list scan [100 ms] last: 0 max: 0
Priority poll list scan [100 ms] last: 0 max: 0
Modem lines

DTR DCD DSR RTS CTS

OFF OFF OFF OFF OFF
Table 11.B
Descriptions of System Mode Status Screen Fields

Description

Counters Locked

This field is displayed in reverse video if the counters are locked. Pressing [F2] - Lock

(Unlock)  Counter locks or unlocks counter display..

« Counters locked: the display of the counters stops changing, but the counters continue
to run in the background.

 Counters unlocked: the system displays the current value

DCDrecover 1 Displays the number of times the processor detects the DCD-handshaking line has gone
low to high.

Lost modem 12 Displays the number of times a modem was disconnected.

Messages sent 1 Displays the total number of DF1 messages sent by the processor (included
message retry).

Messages received 2 Displays the number of messages the processor received with no error.

Undelivered messages 3 Displays number of messages that were sent by processor but not received by the
destination device.

Messages retry 4 For slave and master mode, displays the number of messages resent.

Inquiry  received 6 For point-to-point mode, displays the number of inquiries made by the destination device.

Inquiry  sent 4 For point-to-point mode, displays the number of inquiries made by the processor.

Polling  received 6 For slave mode, displays number of times a DF1 master device has polled processor for
a message.

Duplicate  messages 9 Displays the number of times the processor received a message packet identical to the

received previous message packet.

Received NAK 5 For Point-to-point and slave mode, displays the number of NAK messages received by
the processor.

EOTENd of 8 Displays the number of times the master received an EOT in response to the first poll of

Transmission a station.

Bad packet/no  ACK 7 Displays the number of incorrect data packets that the processor has received.

Lack of memory/sent 8 For Point-to-point and slave mode, displays the number of times the processor could not

NAK
Lack of memory/no ACK
sent

receive a message because it did not have enough memory.
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Status Field Word: Bit Description

Normal Poll List scan 5 The time it took to complete the previous scan of the normal station poll list.
last (100 ms)

Normal Poll List scan 6 The maximum time taken to complete a scan of the normal station poll list.
maximum (100 ms)

Priority ~ Poll List 10 The time it took to complete the previous scan of the priority station poll list.
scan last (100 ms)

Priority ~ Poll List 13 The maximum time taken to complete a scan of the priority station poll list.
scan maximum (100 ms)

DTRData Terminal Read 0:4 Displays the status of the DTR handshaking line (asserted by the processor)
DCDCarrier  Detect 0:3 Displays the status of the DCD handshaking line (received by the processor)
DSRData Set Ready 0:2 Displays the status of the DSR handshaking line (received by the processor)
RTSRequest to Send 0:1 Displays the status of the RTS handshaking line (asserted by the processor)
CTSClear to Send 0:0 Displays the status of the CTS handshaking line (received by the processor)
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Using the User Mode (ASCII) Status Display

This section describes the user-mode status data displayed on the
user mode (ASCII) status screen in your programming software.

Figure 11.4
User Mode Status Screen
User Mode
Channel 0 Status
COUNTERS LOCKED
DCD recover: 0 Lost modem: 0

Chars. received with error: 0

Modem lines
DTR DCD DSR RTS CTS
OFF OFF OFF OFF OFF
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Table 11.C

Descriptions of User Mode Status Screen Fields
Status Field Word: Bit Description
Counters Locked - This field is displayed in reverse video if the counters are locked.

« Counters locked: the display of the counters stops changing, but the counters continue
to run in the background.

« Counters unlocked: the system displays the current value

DCDrecover 1 Displays the number of times the processor detects the DCD-handshaking line has gone
low to high

Lost modem 12 Displays the number of times a modem was disconnected.

DTRData Terminal Read 0:4 Displays the status of the DTR handshaking line (asserted by the processor)

DCDCarrier  Detect 0:3 Displays the status of the DCD handshaking line (received by the processor)

DSRData Set Ready 0:2 Displays the status of the DSR handshaking line (received by the processor)

RTSRequest to Send 0:1 Displays the status of the RTS handshaking line (asserted by the processor)

CTSClear to Send 0:0 Displays the status of the CTS handshaking line (received by the processor)

Character  received 10 Displays the number of characters the processor received with parity or with errors

with error and discarded
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Communicating with Devices
on an Ethernet Network

Using This Chapter
For information about: Go to page:
Media and Cabling 12-1
Assigning Your IP Address 12-2
Network addressing 12-2
Configuring channel 2 for Ethernet communication 12-3
Using DOS/Windows BOOTP 12-6
Using advanced Ethernet functions 12-11
Interpreting error codes 12-16
Interpreting Ethernet status data 12-17
Ethernet PLC-5 performance considerations 12-18

Media and Cabling Ethernet is a local area network that provides communication

between various devices at 10 Mbps. The physical communication
media you use can be any standard 802.3 media, including:

 thick-wire coaxial cable (10Base5)

* thin-wire coaxial cable (10Base?2)

* twisted pair (10Base-T)

» fiber optic

* broadband

The Ethernet port (channel 2) connects to either a thin-wire,
thick-wire, or twisted-pair network via a 15-pin transceiver or

Medium Access Unit (MAU) connection. See chatefor
detailed information about Ethernet cable connections.
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Assigning Your IP Address

Network Addressing

1785-6.5.12 January 1997

The way in which you assign yolR addressdepends on how
familiar you are with Internet addressing.

If you are not familiar with Internet addressing, see

Comer, Douglas Ejnternetworking with TCP-IP, Volume 1:

Protocols and ArchitectureEnglewood Cliffs, N.J.: Prentice-Hall,

1990. Use unique addresses that follow the basic TCP/IP guidelines.

If you are familiar with Internet addressing, contact your network
administrator or the Network Information Center for a unique IP
address to assign to your PLC-5/20E, -5/40E, or 5/80E processor.

Because the Ethernet PLC-5 processor uses the TCP/IP protocol,
each processor on the network requires a unique IP address. The
IP address is software-configurable using either the BOOTP protocol
or your programming software.

If you are using the BOOTP protocol, you must also obtain the
hardware Ethernet address. Allen-Bradley assigns each Ethernet
PLC-5 processor a hardware Ethernet address at the factory. Look
for the address either:

* in the back, upper corner of your module; or

* in the channel 2 configuration screen of of your
programming software
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Configuring Channel 2 for After you assign a unique IP address to your PLC-5E processor, you
Ethernet Communication must configure channel 2 so your network recognizes the processor.
Configure this channel using one of two methods:

* manual configuration using programming software over the DH+
or serial link; or

* dynamic configuration using a BOOTP utility

If you Then

have a BOOTP server on  use that server; or

your network use manual configuration with programming software

do not have a BOOTP dynamically configure with the BOOTP utility disk that came
server on your network with your processor; or

use manual configuration with programming software

Manually Configuring Channel 2

You can manually configure channel 2 for Ethernet communication
using your programming software over the DH+ or serial link

Ethernet
Channel 2 Configuration

Diagnostics file: N10
Ethernet address: 00:00:BC:1C:00:00
IP address: 130.151.133.222
BOOTP —————————3®0TP enable: NO
enable field Message connect timeout (msec): 15000

Message reply timeout (msec): 3000
Inactivity timeout (minutes):

Advanced Functions

See page 12-12 Broadcast address:  255.255.255.255
if using subnets — P subnet mask: Default
and gateways Gateway address: 130.151.133.1

Enter the IP address and toggle the BOOTP enable fi&ld. t&enter
further configuration information in the appropriate fields. See
Table12.A on the following page.

You cannot change the Ethernet Important: BOOTP enabled is the factory default. You cannot

configuration while you are manually change the IP address with your programming
communicating over Ethernet. . .
software if BOOTP is enabled.
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Table 12.A
Ethernet Channel 2 Configuration Fields
This field: Specifies: Configure by doing the following:
Diagnostics The file containing the channel’s Enter an integer file number (10-999). The system creates an integer file
file status information. 44 words long.
ATTENTION: Assign a unique diagnostic file to each channel. Do not
assign a diagnostic file that is the 1/O status file you assigned or any other
used file. Unpredictable machine action can result.
Important: You must define a diagnostics file for a channel configured for
anything but unused (even if you are not using the channel) if you want
status information for that channel.
Ethernet The processor’s Ethernet Assigned by Allen-Bradley and cannot be changed. Displayed as a set of 6
Address hardware address. bytes (in hex), separated by colons.
Display only
IP Address The processor’s Internet address. Disable BOOTP first. You cannot manually change the IP address with
6200 software if BOOTP is enabled.
Enter an address in this form:
ab.cd Where:a, b, c, d are between 1-254 (decimal)
You must specify the IP address to have the processor connect to the
TCP/IP network. Do not use 0 or 255 as a, b, ¢, or d in the IP address.
BOOTFENnable Whether BOOTP is enabled. Select NO.
Before you specify No, make sure you have an IP address specified. With
BOOTP set to No, the processor uses the parameters that you
specify locally.
To enable BOOTP, see the page 12-5.
MSGConn The number of milliseconds allowed foran  Enter a timeout period in milliseconds. (The processor rounds to the
Timeout MSG instruction to establish a connection ~ nearest 250 ms.) The valid range for a timeout period is 0-65,535 ms.
with the destination node. The default is 15,000 ms.
MSGReply The number of milliseconds the Ethernet Enter a timeout period in milliseconds. (The processor rounds to the
Timeout interface waits for a reply to acommand it nearest 250 ms.) The valid range for a timeout period is 0-65,535 ms.
initiated (through an MSG instruction). The default is 3,000 ms.
Inactivity The number of minutes of inactivity before  Enter a timeout period in minutes. The valid range for a timeout period is
Timeout the connection is closed. 0-65,535 minutes.

The default is 30 minutes.

Advanced Functions

Broadcast
Address

The broadcast address to which the
processor should respond.

See page 12-11 for information about advanced network functions,
including the use of broadcast addressing.

This function does not allow for sending one message simultaneously to
multiple PLC-5E processors.
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This field:

Specifies: Configure by doing the following:

Subnet Mask

The processor’s subnet mask. See page 12-12 for information about subnetworks and gateways.

The subnet mask is used to interpret IP
addresses when the network is divided
into subnets.

Gateway
Address

The IP address of the gateway that See page 12-12 for information about subnetworks and gateways.
provides a connection to another IP
network.

This field is required when you
communicate with other devices not on a
local subnet.

You can also use BOOTP to obtain
subnet masks and gateway addresses.

See page 12-12.

Dynamically Configuring Channel 2 using BOOTP

BOOTP is a protocol that will supply the processor with

assign IP addresses to processors on the Ethernet link.

To use BOOTP, a BOOTP server must exist on the local Ethernet

subnet. The server is a computer (either a personal computer, VAX,

or UNIX system) that has BOOTP-server software installed and

reads a text file containing network information for individual nodes

on the network.

If you do not have boot-server capabilities on your network and you

want to dynamically configure channel 2, use the BOOTP utility
contained on the disk that shipped with your PLC-5E processor.

To enable BOOTP, use the Ethernet channel 2 configuration screen

in your programming software. Specify YES B®OTP Enable .

Important: If you change this field from NO to YES, the change
does not take effect until you cycle power.

Ethernet
Channel 2 Configuration

Diagnostics file: N10
Ethernet address: 00:00:BC:1C:00:00
IP address: 130.151.133.222
BOOTP, ————PWOOTP enable: YES
enable field Message connect timeout (msec): 15000

Message reply timeout (msec): 3000
Inactivity timeout (minutes):

Advanced Functions

,See.page 12-12 Broadcast address: 255.255.255.255
if using subnets — subnet mask: Default
and gateways Gateway address: 130.151.133.1
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Using DOS/Windows
BOOTP
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Specify further configuration information using this screen. See
Table12.A on pagel2-4for other field descriptions.

When BOOTP is enabled, the following events occur at power-up:

« The processor broadcasts a BOOTP-request message containing its
hardware address over the local network or subnet.

¢ The BOOTP server compares the hardware address with the addresses
in its look-up table in the BOOTPTARB file.

« The BOOTP server sends a message back to the processor with the IP
address and other network information that corresponds to the hardware
address it received.

With all hardware and IP addresses in one location, you can easily change
IP addresses in the BOOTP configuration file if your network needs change.

If you have BOOTP enabled and the mes&@@TP response
not received appears, check the cabling connections and the
BOOTP server system.

Important: If BOOTP is disabled, or no BOOTP server exists on
the network, you must use PLC-5 programming
software to enter/change the IP address for
each processor.

Allen-Bradley supports BOOTP on DOS and Windows platforms.
A version of the DOS/Windows BOOTP utility on disk was shipped
with your PLC-5E processor.

The disk you received with your processor contains DOS-based and
Windows-based BOOTP server utilities. Both provddeTP

services for Ethernet PLC-5 processors. Regardless of the platform
you are using, you must:

* install the boot-server utility

* edit the boot-server configuration file

* run the boot-server utility

Important: Do not use the BOOTP utility disk if you already have
INTERCHANGE software installed. Instead, use the
boot-server capabilities that came with your
INTERCHANGE software.
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Install the DOS/Windows BOOTP server
To install the DOS BOOTP server:

1. Put the utility disk that came with your processor in your
disk drive.

2. Change directory to the disk drive.
3. Typeinstall , and presfenter]

4. The software is installed in C:\ABIC\BIN. Put this directory in
the path statement of your AUTOEXEC.BAT file.

Edit the DOS/Windows BOOTP Configuration File

The boot-server configuration filBpOTPTABIs located in the
C:\ABIC\BIN directory. This file contains the information needed to
boot Ethernet PLC-5 processors.

You must edit th@ooTPTAHile, which is an ASCII text file, to
include the name, IP (Internet Protocol) address, and hardware
address for each Ethernet PLC-5 processor you want the server to
boot. To edit this file:

1. Open theBOOTPTAHile using a text editor.

— The file contains lines that look like this:

#Default  string for each type of Ethernet client
defaults5E: ht=1:vm=rfc1048

— These are the default parameters for Ethernet PLC-5

processors and must always precede the client lines in the
BOOTPTAB file.

— The file also contains a line that looks like this:

plcSname: tc=defaults5E:ip=aa.bb.cc.dd:ha=0000BC1Cxxyy

Important: Use this line as the configuration template for Ethernet
PLC-5 processors.
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2. Make one copy of the Ethernet PLC-5 processor template for
every Ethernet PLC-5 processor in your system.

3. Edit each copy of the template as follows:

A.

Replacepicsname with the name of the Ethernet PLC-5
processor. Use only letters and numbers; do not
use underscores.

Replaceaa.bb.cc.dd  with the IP address to be assigned to
the processor.

. Replacexyy with the last four digits of the hardware

address. Use only valid hexadecimal digits (0-9, A-F); do
not use the hyphens that separate the numbers. (You will
find the hardware address on a label affixed to the printed
circuit board of the Ethernet PLC-5 processor.)

4. Save, close, and make a backup copy of this file.

Example
In this example there are three Ethernet PLC-5 processors and an

HP 9000 programming terminal. The names and hardware addresses

are device specific:

Device Name IP Address Hardware Address

Ethernet PLC-5 sigmat 12.34.56.1 00-00-BC-1C-12-34
Ethernet PLC-5 sigma2 12.34.56.2 00-00-BC-1C-56-78
Ethernet PLC-5 sigma3 12.34.56.3 00-00-BC-1C-90-12

802.3/Ethernet (TCP/IP)

BOOTP
server

HP 9000
(HP-UNIX)
computer)
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PLC-5/20E PLC-5/40E or

processor : -5/80E

sigmal PLC-5/20E processor
processor sigmas
sigma2 9
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Based on this configuration, tB©OOTPTABIle looks like:

# Legend: gw — gateways

# ha — hardware address

# ht — hardware type O

# ip — host IP address

# sm— subnet mask

# vm— BOOTP vendor extensions format ]
# tc — template host

#Default string for each type of Ethernet client
defaults5E: ht=1:vm=rfc1048

#Entries for Ethernet PLC-5 processors:

sigmal: tc=defaults5E:ip=12.34.56.1:ha=0000BC1C1234
sigmaz2: tc=defaults5E:ip=12.34.56.2:ha=0000BC1C5678
sigma3: tc=defaults5E:ip=12.34.56.3:ha=0000BC1C9012

[0 1 = 10MB Ethernet
O Use rfc1048

Run the Boot Server Utility

You can run either the DOS-based utility or the Windows-based
BOOTP utility, but not both.

If you’re using then invoke this

this platform executable from the See page

DOS-based DTLBOOTD.EXE DOS command line 12-10
(specify optional
parameters if necessary)

Windows DTLBOOTW.EXE Windows Program 12-10
Manager

Both utilities are located in the\ABIC\BIN  directory and use the
information contained in thBOOTPTAHile.

Be sure to place tr@ooTPTAHile in the directory from which you
are running the BOOTP uitility. If this file is not found in that
directory, the utility will try to find the file in the directory specified
by the environment variabksiC_CONFIG.
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Running the DOS-Based Utility

To run the DOS-based boot-server utilif,LBOOTD.EXE follow
these steps:

1. At the DOS prompt, type:

DTLBOOTD[ -D][ -T <timeout> ][ -B <numboots> ][ -F
<numfiles> ][ configfile 1[ logfile ]

Parameter Description

-D provide additional information for debug purposes.

-T <timeout> exit after <timeout> seconds of inactivity.

-B <numboots> exit after answering <numboots> number of boot requests.
-F <numfiles> exit after answering <numfiles> number of file requests.
configfile name of the boot server configuration file to use. The default

configuration file is %ABIC_CONFIG%\BOOTPTAB.

logfile name of the log file to use. The default log file is
%ABIC_CONFIG%\DTLBOOTD.LQG

Once you invoke the utility, it runs until the specified exit

To exit, press [Ctr-C]  or [Esc ] . parameter is satisfied. Exit any time by presghsg .

2. Apply power to all chassis containing Ethernet PLC-5 processors.

At power-up, each Ethernet PLC-5 processor broadcasioep
request if BOOTP was enabled at the channel 2 configuration
screen. The Ethernet boot server compares the hardware address
with those listed irBOOTPTARN responds by sending the
corresponding IP address and other configuration data to the
client via aBoOTPreply.

Running the Windows-Based Utility

To run the Windows-based boot-server utility| BOOTW.EXEfollow
these steps:

1. Start Microsoft Windows 3.x, if it is not already running.
2. Open the Program Manager window, if it is not already open.

3. Choose File on the menu bar and select Run from the menu.
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Using Advanced
Ethernet Functions

4. In the dialog box, type:\ABIC\BIN\DTLBOOTW ; then, choose OK
Or pressEnter]

Once you invoke the utility, it will run until you terminate it by
closing theDTLBOOTW.EXEWindow and exiting from Windows.

5. Apply power to all chassis containing and Ethernet
PLC-5 processors.

At power-up, each Ethernet PLC-5 processor broadcasio P
request. The Ethernet boot server compares the hardware address
with those listed irBOOTPTARNd responds by sending the
corresponding IP address and other configuration data to the

client via aBooTPreply.

Configure the following advanced communication characteristics
using the Ethernet channel 2 configuration screen:

* broadcast address
e subnet mask
* gateway address

If you are using See page
Broadcast addressing 12-11
Subnet masks and gateways 12-12

Important: If BOOTP is enabled, you can’t change any of the
advanced Ethernet communications characteristics.

Using Broadcast Addressing

The broadcast address is part of the IP protocol used by a host to
send messages to every IP address on the link. This field in the
channel 2 configuration screen identifies the address on which the
module will receive broadcast messages sent by a host.

Important: The broadcast address is used only for the reception of
messages. When used in the context of Ethernet
addressing, the broadcast function doetsrefer to
ladder-logic messaging.

This function does not allow for sending one message
to multiple PLC-5E processors at the same time.

In most cases, you can leave the broadcast address at the
default setting.
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Ethernet
Channel 2 Configuration

Diagnostics file: N10

Ethernet address: 00:00:BC:1C:00:00
IP address: 130.151.133.222
BOOTP enable: YES

Message connect timeout (msec): 15000
Message reply timeout (msec): 3000
Inactivity timeout (minutes):

Advanced Functions

Broadcast address: DEFAULT
Subnet mask: DEFAULT.
Gateway address: 130.151.133.1

Configure this field: By doing the following:

Broadcast Cursor to the field, and enter an address of the following form:

Address

ab.cd Where: a, b, ¢, d are between 0-255 (decimal)
If you change the default and need to reset it, type 0.0.0.0.

Using Subnet Masks and Gateways

If your network is divided into subnetworks that use gateways or
routers, you must indicate the following information when
configuring channel 2:

* subnet mask
e gateway address

A subnet masis a filter that a node applies to IP addresses to
determine if an address is on the local subnet or on another subnet.
If an address is located on another subnetwork, messages are routed
through a local gateway to be transferred to the

destination subnetwork.

For more information about using subnet masks and gateways, see
Comer, Douglas Ejnternetworking with TCP-IP, Volume 1:
Protocols and ArchitectureEnglewood Cliffs, N.J.:

Prentice-Hall, 1990.

If your network is not divided into subnets, then leave the subnet
mask field at the default.

If you are Then See page

manually configuring channel 2 « be sure the BOOTP enable field is setto No ~ 12-13
and have a network with subnets ~ « use your programming software to enter the

subnet mask and gateway address; see

Table 12.B.
using BOOTP to configure « be sure BOOTP is enabled 12-13
channel 2 and have a network « configure the BOOTPTAB file to include the
with subnets subnet mask(s) and gateway address(es)
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Manually Configuring Channel 2 for Processors on Subnets

If you are manually configuring channel 2 for a processor located on
a subnet, see Table 12.B to configure the subnet mask and gateway
address fields for each processor via your programming software.

Ethernet
Channel 2 Configuration

Diagnostics file: N10
BOOTP Ethernet address: 00:00:BC:1C:00:00
enable field IP address: 130.151.194.19
———®OOTP enable: NO

Message connect timeout (msec): 15000
Message reply timeout (msec): 3000
Inactivity timeout (minutes):

Advanced Functions

Broadcast address: 255.255.255.255

Subnet mask: 255.255.255.0

Gateway address: 130.151.194.1
Table 12.B

Ethernet Channel 2 Configuration Screen Advanced Functions

This field: Specifies: Configure by doing the following:

Subnet Mask  The processor’s subnet mask. Enter an address of the following form:
The subnet mask is used to interpret IP ab.cd Where: a, b, ¢, d are between 0-255 (decimal)
addresses when the internet is divided

into subnets.

If your network is not divided into subnets, then leave the subnet mask field
at the default.. If you change the default and need to reset it, type 0.0.0.0.

Gateway
Address

The IP address of the gateway that Enter an address of the following form:

provides a

connection to another ab.cd Where: a, b, ¢, d are between 0-255 (decimal)

IP network.

The default address is No Gateway .

This field is required when you
communicate with other devices not on a
local subnet..

Using BOOTP to Configure Channel 2 for Processors on Subnets

Configure the BOOTPTAB file according to the subnet mask and
gateway address for each PLC-5E processor on the link. See the
example below and the corresponding BOOTPTAB file on the
next page.

Important: Because BOOTP requests are seen only on the local
subnet, each subnet needs its own BOOTP server and
BOOTPTAB file.
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personal computer WINDOWS ‘ PLC-5/20E |
or HP 9000 or VAX computer ‘ processor 1
| T

BOOTP

‘ Subnet A

SSE ez

130.151.194.xxx

A

v

Ethernet TCP/IP network ! Hostname: lotat |
| IP address: 130.151.194.19
Subnet Mask: 255.255.255.0 '

Gateway Address:  130.151.194.1

130.151.194.1

Ethernet gateway ~ °°°
or “router” I [
[
gog |l
BOOTP 130.151.132.1 130.151.138.1
server
J 130.151.132.xxx ; 130.151.138.Xxx _ 1
‘ Subnet B 1 ! Subnet C
‘ PLC-5/80E ! ! PLC-5/20E ‘
: processor ‘ ! processor
CRAR ‘ LR
‘ Hostname: lota2 1 l Hostname: lota3 1
‘ IP address: 130.151.132.110 - ‘ IP address: 130.151.138.123
1 Subnet Mask: 255.255.255.0 | ! Subnet Mask: 255.255.255.0 1
Gateway | | Gateway |

| Address: 130.151.132.1 ' ‘ Address: 130.151.138.1
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The BOOTPTARB files that correspond to this example looks like:

# Legend: gw — gateways

# ha — hardware address

# ht — hardware type

# ip — host IP address

# sm— subnet mask

# vm— BOOTP vendor extensions format
# tc — template host

#Default string for each type of Ethernet client
defaults5E: ht=1:vm=rfc1048: sm=255.255.255.0

#Entries for Ethernet PLC-5 processors:
iotal:\
tc=defaults5E:\
gw=130.151.194.1:\
ha=0000BC1C1234:/
ip=130.151.194.19

# Legend: gw — gateways

# ha — hardware address

# ht — hardware type

# ip — host IP address

# sm— subnet mask

# vm— BOOTP vendor extensions format
# tc — template host

#Default string for each type of Ethernet client
defaults5E: ht=1:vm=rfc1048: sm=255.255.255.0

#Entries for Ethernet PLC-5 processors:

iota2:\
tc=defaults5E:\
gw=130.151.132.1:\
ha=0000BC1C5678:/
ip=130.151.132.110

# Legend: gw — gateways

# ha — hardware address

# ht — hardware type

# ip — host IP address

# sm— subnet mask

# vm— BOOTP vendor extensions format
# tc — template host

#Default string for each type of Ethernet client
defaults5E: ht=1:vm=rfc1048: sm=255.255.255.0

#Entries for Ethernet PLC-5 processors:

iota3:\
tc=defaults5E:\
gw=130.151.138.1:\
ha=0000BC1C9012:/
ip=130.151.138.123
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Interpreting Error Codes When the processor detects an error during the transfer of message
data, the processor sets the .ER bit and enters an error code that you
can monitor from your programming software.

Code - hexadecimal Description
(word 1 of the control block) (displayed on the data monitor screen)
0010 No IP address configured for the network
0011 Already at maximum number of connections
0012 Invalid internet address or host name
0013 No such host
0014 Cannot communicate with the name server
0015 Connection not completed before user-specified timeout
0016 Connection timed out by the network
0017 Connection refused by destination host
0018 Connection was broken
0019 Reply not received before user-specified timeout
001A No network buffer space available
0037 Message timed out in local processor
0083 Processor is disconnected
0089 Processor’s message buffer is full
0092 No response (regardless of station type)
00D3 You formatted the control block incorrectly
00D5 Incorrect address for the local data table
1000 llegal command from local processor
2000 Communication module not working
4000 Processor connected but faulted (hardware)
5000 You used the wrong station number
6000 Requested function is not available
7000 Processor is in program mode
8000 Processor’s compatibility file does not exist
B000 Processor is downloading so it is inaccessible
Fo01 Processor incorrectly converted the address
F002 Incomplete address
F003 Incorrect address
F006 Addressed file does not exist in target processor
Foo7 Destination file is too small for number of words requested
FO0A Target processor cannot put requested information in packets
FOOB Privilege error, access denied
FooC Requested function is not available
FOOD Request is redundant
Fo11 Data type requested does not match data available
Fo12 Incorrect command parameters
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Interpreting Ethernet Monitor the status of Ethernet PLC-5 processors by accessing the
Status Data Ethernet channel 2 status screen of your programming software.
Ethernet
Channel 2 Status

Commands
sent: received:

Replies
sent: received
sent with error: received with error:
timed out:

Ethernet
In Octets: Out Octets:
In Packets: Out Packets:
alignment errors: FCS errors:
carrier sense errors excessive collisions:
excessive deferrals MAC receive errors:
MAC transmit errors single collisions
multiple collisions deferred transmission:

late collisions

The diagnostic counter data displayed is stored in the diagnostic file
defined on the Ethernet channel 2 configuration screen.

Status field: Bytes:  Displays the number of:

Commands | sent 0-3 Commands sent by the channel
received 4-7 Commands received by the channel

Replies sent 8-11 Replies sent by the channel
received 12-15 Replies received by the channel
sent with error 16-19 Replies containing errors sent by the channel
received with error 20-23 Replies containing errors received by the channel
timed out 24-27 Replies not received within the specified timeout period

1785-6.5.12 January 1997



12-18 Communicating with Devices on an Ethernet Network
Status field: Bytes:  Displays the number of:
Ethernet In Octets 28-31 Octets received on the channel
Out Octets 32-35 Octets sent on the channel
In Packets 36-39 Packets received on the channel, including broadcast packets
Out Packets 40-43 Packets sent on the channel, including broadcast packets
alignment errors 44-47 Frames received on the channel that are not an integral number of octets
in length
FCSerrors 48-51 Frames received on the channel that do not pass the FCS check
carrier  sense errors 52-55 Times that the carrier sense condition was lost or never asserted while
trying to transmit a frame
excessive  collisions 56-59 Frames for which a transmission fails due to excessive collisions
excessive deferrals 60-63 Frames for which transmission is deferred for an excessive period of time
MAQreceive errors 64-67 Frames for which reception on an interface fails due to internal MAC
sublayer receive error
MAGQtransmit  errors 68-71 Frames for which reception on an interface fails due to internal MAC
sublayer transmit error
single  collisions 72-75 Successfully transmitted frames for which transmission was delayed
because of collision.
multiple  collisions 76-79 Successfully transmitted frames for which transmission was delayed more
than once because of collision.
deferred  transmission 80-83 Frames for which the first transmission attempt is delayed because the
medium is busy
late collisions 84-87 Times that a collision is detected later than 512 bit-times into the
transmission of a packet
Ethernet PLC-5 Actual performance of an Ethernet PLC-5 processor varies
Performance according to:
Considerations * size of Ethernet messages
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frequency of Ethernet messages
network loading

the implementation of and performance of your processor
application program

Table 12.C
Optimal Performance: Ethernet PLC-5 Processor to
Ethernet PLC-5 Processor (2-node Ethernet network)

MSG per ms per Words per
Operation Words second MSG second
Single 1 32 313 32
Typed write |7, 32 31.7 632
100 31 327 3,058
1000 14 73.4 13,625
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Using This Chapter

About Passwords
and Privileges

Protecting Your Programs

For information about: Go to page:
About passwords and privileges 13-1
Defining privilege classes 13-3
Assigning a privilege class to a channel or offline file 13-4
Assigning a privilege class to a node 13-4
Assigning read/write privileges to a program file 13-5
Assigning read/write privileges to a data file 13-5
Using protected processors 13-5

Read this chapter for an overview of:

 defining privilege classes

* assigning a privilege class to a channel or offline file
* assigning a privilege class to a node

* assigning read/write privileges to a program file

* assigning read/write privileges to a data file

Important: To use these options, select the full passwords and
privileges feature when you install the software.

For detailed information about configuring privileges, see the
documentation for your programming software.

If your application requires privileges beyond those provided by the
enhanced or Ethernet PLC-5 processors, see the PLC-5 Protected

Processor Product Data for 1785-5/26, -5/46, and -5/86 processors,
publication 1785-2.28.

The passwords and privileges function supported by enhanced and
Ethernet PLC-5 processors helps you protect your programs by
restricting access to processor files and functions.

You can assign privilege classto a node, channel or file. The
privilege class defines the level of access (read or write) or type of
function (1/O forcing, memory clearing) the PLC-5 processor allows.

This privilege:  Restricts access:

Node from a particular node to the processor.
Channel to a particular channel on the processor.
File to view or change a file.
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Protecting Your Programs

Node A

Node
Privileges ———»

Class 1 privileges

Important:

Figure 13.1

Node privileges override the default privilege class

of the channel.

Privileges Supported by Enhanced and Ethernet
PLC-5 Processors

Node B

Node C Node D

Class 2 privileges

Class 3 privileges Class 4 privileges

DH+

Classes assigned to nodes

Classes assigned
to channels
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<—— Channel Privileges

File Privileges (program and data)

In Figure 13.1, the class privileges assigned to each node govern the
access the device has to the processor. For example:

* Node B has Class 2 access to channel 1A, based on the node

privilege

the processor has assigned it

* Node C has Class 3 access to channel 2A, based on the node

privilege

Important:

the processor has assigned it

If node privileges had not been assigned in this
example, the node would have had the same privilege
class as that assigned to its channel.
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Operation Tip

Defining Privilege Classes

Follow these guidelines when using the passwords and
privileges function:

You must define the passwords and privileges information for
each processor in your system.

You cannot assign default class privileges to channels configured
as scanner or adapter. The read/write privileges you see on the
channel privileges screen apply to read/write access of the
channel configuration screen of that channel. The read/write
privileges for each channel’s diagnostic file (channel status
screen) must be set up through the data table privileges screen.
The default privilege fields on the channel privileges screen
determine the privilege class of all stations/nodes that are
attached through that channel.

Tell all of the users of your software which privilege class they

can use and the appropriate password. If they want to change to a
different class (other than the one for which the programming
terminal is configured), they must enter the new class

and password.

The passwords and privileges feature helps prevent unauthorized
or accidental changes to the system. However, the passwords and
privileges feature has limitations; it will not prevent acts of
malicious tampering nor can it ensure that changes made by an
individual with the password will be appropriate for a

particular application.

You can define four privilege classes (class 1-4), each with its own
password. Within each class, you then can assign access to certain
operations in the software (such as modifying program or data files,
or channel configurations). These privilege classes are the upper
level organization for your password structure.
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Assigning a Privilege
Class to a Channel or
Offline File

Assigning a Privilege
Class to a Node
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You can define Class 1 to have all privileges, equivalent to a

system manager. Then, define the remaining three classes to have
fewer privileges.

For example, set your privilege classes as follows on the channel

privileges screen of your programming software (an X indicates that
the privilege is enabled):

Privileges \ Privilege Class Names Classl Class2 Class3 Class4

Modify Privileges

Data Table File Create/Delete
Program File Create/Delete
Logical Write

Physical Write

Logical Read

Physical Read

Mode Change

1/0 Force

SFC Force

Clear Memory

Restore

On-line Editing

Modify passwords

X

You can assign a privilege class to all channels (except remote I/O
scanner or adapter channels) and offline files. Each channel and
offline file has a Class 1 privilege by default.

The read/write privileges you see on the channel privileges screen
apply to read/write access to the channel configuration screen of that
channel. The read/write privileges for each channel’'s diagnostic file
(channel status screen) must be set up through the data table
privileges screen. The default privilege fields on the channel
privileges screen determine the privilege class of all stations/nodes
that are attached through that channel.

Important: You cannot assign default class privileges to scanner or
adapter channels.

All stations/nodes default to the same privilege class as that of the
channel they communicate through. You can give a node its own
privilege class if you want it to have a class different from the default
privilege assigned to that channel.

Important: Node privileges override the default privilege class of
the channel assigned on the channel privileges screen.
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Assigning Read/Write
Privileges to a
Program File

Assigning Read/Write
Privileges to a Data File

Using Protected
Processors

You can assign read and write privileges for each program file in a
processor. These privileges limit the access of users to view or
change your program files. Two privileges determine whether a user
can read or write to a program file:

* the users’ privilege class

* whether read and write privileges have been assigned to the
program file itself

You can assign read and write privileges for each data file in a
processor. These privileges limit the access of users to view or
change data file values. Two privileges determine whether a user
can read or write to a data file:

* the users’ privilege class

* whether read and write privileges have been assigned to the data
file itself

Important: Removing both the read and write access from a data
table file prevents you from accessing that file.

To avoid compromising security when importing and exporting files
to and from PLC-5/26, -5/46, or -5/86 processors that contain
series C/revision H or later firmware, be sure to program with
release 5.0 or later of 6200 Programming Software.

Earlier releases of 6200 software will not communicate with
seriesC/revision H and later protected processors and may
incorrectly identify them. Likewise, early releases of programming
software from other manufacturers will not recognize

series C/revision H and later PLC-5 protected processors.

For more information about programming protected processors, see
the PLC-5 Protected Processor Supplement, publication 1785-6.5.13.
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Using This Chapter

Forcing

Programming Considerations

For information about: Go to page:
Forcing 14-1
Using special programming routines 14-2
Priority scheduling for interrupts and MCPs 14-4
Defining and programming interrupt routines 14-6

Forcing 1/O lets you turn specific input and output bits on or off for
testing purposes. Forcing bits on or off or forcing SFC transitions
lets you simulate operation or control of a device.

Important:  Forcing inputs lets you force the bits in the input image
file. Forcing output lets you force the actual output
module, leaving the output image table file in its
original state.

Important: Forces are held by the processor (and not the
programming terminal). Forces remain even if the
programming terminal is disconnected.

ATTENTION: When anything is forced on or off,
keep personnel away from the machine area. Forcing
can cause unexpected machine motion that could
injure personnel.

Forcing Inputs and Outputs

You can forces bits directly from the ladder editor or the force
monitor screens in your programming software. After you configure
which bits to force, you must enable forces before the forces

take effect.

You can only force live 1/O points, which are bits in an input or
output word that are physically attached to and configured for
your system.

With the processor-resident local rack set for 1/2-slot addressing, you
cannot force the input bits for the upper word of any slot that is
empty or that has an 8-point or 16-point I/O module. For example, if
you have an 8-point or a 16-point I/O module in the first slot of your
local rack (words 0 and 1 of the I/O image table, 1/2-slot
addressing), you cannot force the input bits for word 1 (1:001) on

or off.
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Using Special
Programming Routines
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You can't force
e output addresses on input instructions
* input addresses on output instructions

* other bit addresses other than inputs and outputs, such as N, B, T,
C, etc. addresses

Forcing SFC Transitions

When you monitor an SFC through your programming software, you
can force transitions on or off. This lets you override the flow of
your SFC for troubleshooting purposes.

Use your design specification to determine if you need one or more
of the following special programming routines:

* power-up routines

* fault-driven routines (necessary to safely manage
equipment faults)

* time-driven interrupt routines (selectable timed interrupts)
e event-driven interrupt routines (processor input interrupts)

Table14.A explains when it is appropriate to use these
programming features.
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If a portion of logic
should execute:

Example:

Table 14.A

Deciding When to Use Special Routines

Use:

By doing the following:

Immediately on
detecting conditions
that require a startup

Restart the system
after the system has
been shut down

Power-Up Routine

Create a separate file for a controlled start-up procedure for the first
time you start a program or when you start a program after system
down time. The processor executes the power-up routine to
completion.

Immediately on
detecting a major fault

Shut down plant floor
devices safely upon
detecting a major fault

or

Send critical status to
a supervisory
processor

via DH+ after
detecting a major fault

Fault Routine

Create a separate file for a controlled response to a major fault. The
first fault detected determines which fault routine is executed. The
processor executes the fault routine to completion. If the routine clears
the fault, the processor resumes the main logic program where it was
interrupted. If not, the processor faults and switches to program mode.

At a specified time
interval

Monitor machine
position every 250ms
and calculate the
average
rate-of-change

or

Take a measurement
and compare it with a
standard every 1.0
seconds

Selectable Timed
Interrupt (STI)

Create a separate program file and specify the interrupt time interval.
The processor interrupts the main logic program at the specified
interval, runs the STI to completion, then resumes the main logic
program where it left off.

The processor interrupts the main logic program at the specified
interval and runs the STls. When a block-transfer instruction to remote
I/0 is encountered in an STI, the processor resumes execution of lower
priority programs (main logic program) until the block-transfer is
completed. When this occurs and you want your STl to run to
completion before returning to the main logic program, use UID and
UIE instructions in your STI program file.

Immediately when an
event occurs

Eject a faulty bottle
from a bottling line

Processor Input
Interrupt (PII)

Create a separate program file and specify 16 inputs of an input word in
the 1/0 rack. When the event(s) occurs, the processor interrupts the
main logic program, runs the PII to completion, then resumes the main
logic program where it left off.

When a block-transfer instruction to remote I/O is encountered in a PII,
the processor resumes execution of lower priority programs (main logic
program) until the block-transfer is completed. When this occurs and
you want your Pl to run to completion before returning to the main logic
program, use UID and UIE instructions in your PII program file.
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Priority Scheduling for
Interrupts and MCPs
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PLC-5 processors prioritize when fault routines, interrupts, and main
control programs are executed. This prioritization is called
“scheduling.” The PLC-5 processor considers some scheduling tasks
to be of greater importance than others. The scheduling priority of
each task is as follows (from highest to lowest):

1. Fault Routine

2. Processor Input Interrupt (PII)
3. Selectable Timed Interrupt (STI)
4. Main Control Program (MCP)

This scheduling determines what controls the program execution
path. For example, if a Pll is currently executing, it cannot be
interrupted by an STI until the PII is completed (since the PII has
scheduling priority over the STI). If an MCP is executing and a fault
routine is called, however, the MCP’s execution will be interrupted
because fault routines have priority over the MCPs.

Important: You can temporarily override this priority scheduling by
using the UID and UIE instructions. These instructions
can be interrupted by a fault routine (see pade.

Fault routines, Plls, and STIs are interrupt driven. They can execute
at any time except during run-time edit operations. MCPs, however,
are executed to completion from first user program to last.

Program Execution States

User programs in the PLC-5 processor are always in one of the
following five states: completed, ready, executing, waiting,
or faulted.
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14-5

Completed State

Program has completed execution
or has not yet started execution

'

> Program would be executing if it were of a higher priority;

Ready State

all programs pass through this state; there can be
several programs in this state at any given time

Rescheduling Operation

'

Waiting State

Program is ready for execution but is waiting
for some event to occur (such as an input to
transition or a timer to complete)

)

Waiting State

While block-transfer to remote rack
occurs, a rescheduling operation is
performed and lower-priority programs
are executed (unless all other
executions are prohibited by a UID/UIE
zone around the block-transfer.

Executing State

Program is executing; only
one program can be in this
state at one time

Yes

Has a new program

with a higher priority
become ready?

(e.g., an MCP, STI, PII)

Does the program fault?

Does the program request

a remote block transfer?
(STl and Pl routines only)

Completed State

Program has completed execution
or has not yet started execution

Rescheduling Operation

Rescheduling Operation

Faulted State

A run-time error
has occurred within
the program

!

Yes

—

Program counter is
adjusted to point to
next instruction

Does an appropriate fault routine
choose to clear the fault?

All active user programs
are aborted and processor
enters faulted state
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Influencing Priority Scheduling

Use the UID (user interrupt disable) and UIE (user interrupt enable)
instructions to influence user program scheduling. They can be used
to protect important portions of ladder logic that must be executed
through to completion. The UID/UIE instructions are designed to be
used in pairs. For example:

1:012 1:012 1:012 0:013 Program can be
1 f 1 F [ ( interrupted
01 02 03 02
(uD
1:012 1:012 0:013
1 1 (
1L 10
01 04 02 Program cannot be
interrupted
1:012
/b
03
1:012 1:012 0:013
1 il (
1L 10
04 02 03
(UIE ) Program can be
interrupted

After a UID instruction has executed, interrupts are postponed. The
interrupt program is placed in theady state. After a UIE

instruction has executed, any user programs that are currently in the
ready state are checked for priority. If theady program is of a

higher priority than the currently executing program, the executing
program returns to theady status while the interrupt program
begins executing. While the processor is executing within a
UID/UIE zone, the executing program cannot be interrupted except
by a fault routine.

For more information on programming UID or UIE instructions, see
the PLC-5 Programming Software Instruction Set Reference,
publication 1785-6.1.

Defining and Programming For information about configuring and programming these routines,
Interrupt Routines see the appropriate chapter:

For information about: See chapter:

Power-up routines 15

Fault routines 16

Main control programs (MCPs) 17

Selectable timed interrupts (STls) 18

Processor input interrupts (Plls) 19
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Preparing Power-up Routines

Using This Chapter
For information about: Go to page:
Setting power-up protection 15-1
Allowing or inhibiting startup 15-1
Defining processor power-up procedure 15-2
Setting Power-up You can configure your processor so that if a power-loss is
Protection experienced while in run mode, the processor does not come back up
in run mode. User control bit S:26/1 defines whether power-up
protection (e.g., fault routine) is executed upon power-up.
If S:26/1is:  After power loss, the processor:
Set (1) Scans the fault routine before returning to normal program scan
When set, the processor scans the fault routine once to
completion after the processor recovers from a power loss. You
can program the fault routine to determine whether the
processor’s status will let the processor respond correctly to logic
and whether to allow or inhibit the startup of the processor.
Reset (0) Powers up directly at the first rung on the first program file
Set S:26/1 manually from the Processor Status screen, or latch this
bit through ladder logic.
Allowing or Inhibiting Major fault bit S:11/5 controls whether you can power up the
Startup processor in run mode after a loss of power. Do not confuse this bit

with user control bit S:26/1.

This bit Tells the processor

user control S:26/1  whether or not to scan a fault routine upon power up before
returning to normal program scan.

major fault S:11/5  whether or not to fault at the end of scanning the fault routine.
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Defining Processor
Power-up Procedure
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After a power loss is experienced while the processor is in run mode,
the processor automatically sets major fault bit S:11/5 if user control
bit S:26/1 has been set.

If the fault routine Then the processor:
makes S:11/5:

Set (1) Faults at the end of scanning the fault routine
Leave this bit set to inhibit startup

Reset (0) Resumes scanning the processor memory file
Reset this bit to allow startup

Important: You can use JMP and LBL instructions to scan only
the portion of the fault routine associated with a
particular fault or power-up condition.

The user control bits S:26/0 and S:26/1 define how the processor
starts in run mode after a power loss or when you switch to run mode
from program or test mode.

Processor Configuration

User Control Bits 00000000 000000 00 RESTART FIRST STEP
Fault routine prog file no.: 0 Watchdog (ms): 500

1/0 status file: 0 Communication time slice (ms): 3

VME STatus File: N34

To set and reset bits:
1. Cursor to the bit location.

2. Set by entering 1; reset the bit by entering 0.

Use this bit: To:

0 Control processors that are using SFCs

This bit determines if the SFC restarts or resumes at the last active step
after a power loss.

1 Select power-loss protection

If this bit is set and a power loss occurs, the processor sets major fault bit
5 and executes a fault routine you define before it returns to normal
program scan.

Table15.A describes the possible start-up routines. For more
information about fault routines, see chagtér

See chapter 21 for definitions of the user control bits (S:26/0-6).
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Table 15.A
Possible Processor Power-Up Routines

If you are: With: And you want to: Then set bit 0 and 1 as shown:
15 s 0

Using SFCs No fault routine Restart at the first step XXXXXXXX  XXXXXX00
Restart at the last active step XXXXXXXX  XXXXXX01

Not using SFCs Fault routine Start at the first file XXXXXXXX  XXXXXXOX
Restart using the fault routine file XXXXXXXX  XXXXXX1X

Using a fault file SFCs Restart using the fault file and then the first step XXXXXXXX  XXXXXX10
Restart using the fault file and then the last active step ~ XXXxxxxx  Xxxxxx11

Not using a fault file Not using SFCs Start at the first file in the processor’s memory. XXXXXXXX  XXXXXX00

Each x indicates a bit that can be 0 or 1 for the status value described.
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Using This Chapter

Understanding the Fault
Routine Concept

Preparing Fault Routines

For information about: See page:
Understanding the fault routine concept 16-1
Understanding processor-detected major faults 16-2
Defining a fault routine 16-4
Defining a watchdog timer 16-5
Programming a fault routine 16-6
Monitoring faults 16-10

Fault routines execute when a PLC-5 processor encounters a major
fault during program execution.

Use a fault routine to specify how you want the processor to respond
to a major fault. If your processor experiences a fault during
program execution, you can tell the processor to interrupt the current
program, run your fault routine, and then continue processing the
original program.

A fault routine processes the major fault bit found in S:11 and
determines the course of program execution based on the fault bit
present. Fault routines provide a means to either:

* systematically shut down a process or control operation
* log and clear the fault and continue normal operation

For a detailed list of the words in the processor status file, see
chapter2l.

Responses to a Major Fault

When the processor detects a major fault, the processor immediately
interrupts the current program. If a fault routine exists (i.e., program
file is specified in S:29 as a fault routine), the processor runs that
fault routine program for recoverable faults. Depending on the type
of fault, the processor then:

* returns to the current ladder program file if the processor can
recover from the fault

* enters fault mode if the processor cannot recover from the fault
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For example, this rung includes an instruction that causes a

major fault:

A B c
11 Causes a
i major fault -

In this example, the processor runs the fault routine after detecting the fault. If the
fault routine resets the faulted bits, the processor returns to the next instruction in
the program file that follows the one that faulted and continues executing the
remainder of the rung.

If you do not program a fault routine for fault B, the processor immediately faults.

Understanding In general:
Processor-Detected
Major Faults If the processor detects a: It sets:
major fault a major fault bit and resets 1/0
hardware fault outputs in 1771-ASB remote /O racks and/for 1771-ALX

extended-local I/O racks are set according to their last state
switch setting

The outputs remain in their last state or they are de-energized,
based on how you set the last state switch in the I/O chassis.

Important: In the PLC-5 processor-resident chassis, outputs are
reset regardless of the last state switch setting when one
of the following occurs:

* processor detects a major fault
* you set a status file bit to reset a local rack
* you select program or test mode
To decide how to set this switch, evaluate how the machines in your

process will be affected by a fault. For example:

* how will the machine react to outputs remaining in their last state
or to outputs being automatically de-energized?

e what is each output connected to?
* will machine motion continue?
* could this cause the control of your process to become unstable?

To set this switch, see chap&s:
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Fault in a Processor-Resident or Extended-Local I/O Rack

If a problem occurs with the chassis backplane, the processor sets the
appropriate minor fault bit (S:7/0-7) and continues scanning the
program and I/O. As soon as this bit is set, the outputs for that rack
are reset. However, the processor continues normal

run-time operation.

The outputs are enabled again only if the faulted rack condition is
cleared. For example, if a local I/O module faults, all outputs in that
rack are reset and the processor continues executing the program
scan. Outputs will be enabled only after the faulted module

is removed.

Your ladder program should monitor the 1/O rack fault bits (S:7/0-7)
and take the appropriate recovery action.

ATTENTION: If a processor-resident local I/O rack
fault occurs and you have no recovery methods, the
input image table and outputs for the faulted rack
remain in their last state. Potential injury to personnel
and damage to the machine may result.

Fault in a Remote I/0 Chassis

A remote I/O rack fault can be a loss of communications with the
remote I/O device or a problem with the remote 1/0O device itself.
When the processor detects a remote 1/O rack fault, the processor
sets an I/O rack fault bit in the processor status table. The processor
then continues scanning the program and controlling 1/O.

The outputs in the faulted rack remain in their last state or they are
de-energized, based on how you set the last state switch in the
I/O chassis.

ATTENTION: If outputs are controlled by inputs in

a different rack and a remote 1/O rack fault occurs (in
the inputs rack), the inputs are left in their last
non-faulted state. The outputs may not be properly
controlled and potential injury to personnel and
damage to the machine may result. Be sure you have
recovery methods.
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Defining a Fault Routine
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Outputs in the processor-resident chassis and in any non-faulted
remote rack can remain active if a remote I/O rack fault is detected.
Make sure to design your program so that the system goes to a
known state in the event that outputs in the processor-resident chassis
or non-faulted remote racks are controlled by inputs from the faulted
remote I/O rack. Your program must be able to account for the

inputs remaining in their last state or the program must monitor the
rack fault status bits and reset the input image data table to make
remote inputs inactive.

Here are two programming methods you can use:

* In the very first executable instruction, the program monitors the
rack fault bits. If any faults bits are set, the program copies
zeros (0) to the faulted rack’s input image data table. The
program must continually copy zeros at the beginning of the
program scan to the input image table as long as the fault
condition remains because the processor sets the input image bits
back to the last state at the end of the program scan.

* In the very first executable instruction, the program monitors the
rack fault bits. If any fault bits are set, the program sets the
corresponding inhibit bit for the faulted rack. The program must
then execute a one time copy of zeros to the faulted rack’s input
image table to reset all inputs.

You can write multiple fault routine programs and store them in
multiple fault routine files, but the processor runs only one fault
routine program when the PLC-5 processor detects a major fault.
You can, however, change the fault routine program that is to be run
through ladder logic. If you do not specify a program file number,
the processor immediately enters fault mode after detecting a fault.

To define a processor fault routine:

Processor Configuration

User Control Bits 00000000 00000000  RESTART LAST ACTIVE STEP

Fault routine prog file no.: 0 Watchdog (ms): 500
1/O status file: 0

Communication time slice (ms): 3
VME Status File: N34

Enter in S:29 the number of the program file to be
executed when a fault occurs. Set this field to zero
if you do not use fault routines.

For more information about fault codes, see the documentation for
your programming software.
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Defining a
Watchdog Timer

If you continue to encounter

the hardware error, call your
Allen-Bradley representative.

The watchdog timer (S:28) monitors the program scan. If the scan
takes longer than the watchdog timer value, a fault routine is initiated
and executed.

The timer is the maximum time (in ms) for the watchdog; or if you
use an SFC, it is the maximum time for a single pass through all the
active steps.

To define a different value other than the default:

Processor Configuration

User Control Bits 00000000 00000000  RESTART LAST ACTIVE STEP

Fault routine prog file no.: 0 Watchdog (ms): 00
1/0 status file: 0

Communication time slice (ms): 3
VME Status File: N34

Enter a new value of 10-32767ms.
Try to avoid arbitrarily changing the
default value.

Important: The watchdog timer can go only as low as 10 ms, even
though the programming software allows
single-digit inputs.

Avoiding Multiple Watchdog Faults

If you encounter a hardware error or watchdog major fault, it may be
because multiple watchdog faults occurred while the processor was
busy servicing a ladder—related major fault. The hardware error
occurs when the fault queue, which stores a maximum of six faults,
becomes full and cannot store the next fault.

Before calling a service representative when you encounter either a
hardware error or multiple watchdog faults, check:

If you encounter a:  Then:

watchdog errorand  Extend the watchdog timer so that the real run-time error is not masked.
a fault bit

Check your major fault bits. Ignore the watchdog faults and use any
remaining fault bits to help indicate the source of the processor fault.

hardware error

1. Power down then power up the processor.

2. Reload the program.

3. Set the watchdog timer to a value = 10 X current setting
4. Run the program again.
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Programming a
Fault Routine
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To prepare your fault-routine program, first examine the major fault
information recorded by the PLC-5 processor and then decide
whether to do the following before the PLC-5 processor
automatically goes to fault mode:

set an alarm

clear the fault

execute the appropriate fault routine through ladder logic
execute the appropriate ladder logic to recover from a fault

Important: If the PLC-5 processor detects a fault in the fault

routine (double-fault condition), the PLC-5 processor
goes directly to fault mode without completing the
fault routine.

Setting an Alarm

If you need an alarm to signal the occurrence of a major fault, put
this rung first in your fault routine program:

alarm
output

and combine it with a counter. You can also set an alarm in your
fault routine to signal when the fault routine clears a major fault.

Clearing a Major Fault

You can clear a major fault with one of these methods:

Turn the keyswitch on the PLC-5 processor from REM to
PROG to RUN.

Use the programming software to clear the major fault
(if recoverable).

ATTENTION: Clearing a major fault doemt

correct the cause of the fault. Be sure to examine the
fault bit and correct the cause of the fault before
clearing it.

For example, if a major fault is encountered causing bit
S:11/2 to be set, indicatingpaogramming errordo

not use a fault routine to clear the fault until you
correct your program.
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If you decide to clear the fault in the fault routine, follow these steps:

1.

6.

Place the ladder logic for clearing the fault at the beginning of the
fault routine.

Identify the possible major faults.

Select only those your application will let you safely clear. These
are yourreference fault codes

From the fault routine, examine the major fault code that the
processor stores in S:12.

Use an FSC instruction to compare the fault code to the reference
file that contains “acceptable” fault codes (word-to-file
comparison).

If the processor finds a match, the FSC instruction sets the found
(.FD) bit in the specified control structure.

Use a MOV instruction to clear the fault in S:11.

In Figure 16.1, #N10:0 is the reference file.

Figure 16.1
Example of Comparing a Major Fault Code with a Reference
R6:0
RES )—
R6:0
4< U >,
IN
— FSC
FILE SEARCH/COMPARE  —(EN )~
Control R6:0
Length 20 | —(DN)
Position 0
Mode ALL |—(ER)
Expression
S:12 = #N10:0
R6:0 MOV
11 MOVE
FD Source 0
Dest S
(TND -

Remainder of fault routine follows
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If the fault routine Then the processor

clears S:11 returns to the program file and
resumes program execution.

does not clear S:11 executes the rest of the fault routine
and then faults

Important: If the fault routine clears the major fault, the processor
completes the fault routine and returns to the next
instruction in the program file that follows the one that
contained the faulted instruction.

The remainder of the rung is executed and it appears
that the fault never occurred. The fault routine
execution continues until you correct the cause of
the fault.

Follow these guidelines when creating fault routines:

e Store initial conditions and reset other data to achieve an orderly
start-up later.

* Monitor the shutdown of critical outputs. Use looping if needed
to extend the single fault routine scan time up to the limit of the
processor watchdog timer so your program can confirm that
critical events took place.

Changing the Fault Routine from Ladder Logic

You can change the specified fault routine from ladder logic by
copying a new fault routine file number into word 29 of the
processor status file.

Figure 16.2 shows an example rung for changing the fault routine
file number.

Figure 16.2
Example of Changing the Fault Routine File Number
‘ — MOV
1r L
I MOVE
Source 12
Dest S:29

ATTENTION: Do not corrupt the program-file
number of the fault routine or use the same file for any
other purpose. If the file number you specify results in
a non-existent fault routine, the processor immediately
enters fault mode after detecting a fault. Unexpected
machine operation may result with damage to
equipment and/or injury to personnel.
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Using Ladder Logic to Recover from a Fault

If you have the appropriate fault routine and ladder logic to perform
an orderly shutdown of the system, you may want to configure an
I/O rack fault as a minor fault. You can program ladder logic in
several ways to recover from an 1/O rack fault.

Table 16.A
Ways to Recover from a Rack Fault

Method Description

User-generated major fault The program jumps to a fault routine when a remote 1/O rack fault
occurs. In other words, if the status bits indicate a fault, you program
the processor to act as if a major fault occurred (i.e., jump to the fault
routine). You then program your fault routine to stop the process or
perform an orderly shutdown of your system. When the processor
executes the end-of-file instruction for the fault routine, a
user-generated major fault is declared.

Reset input image table You monitor the status bits and, if a fault is detected, you program
the processor to act as if a minor fault occurred. After the status bits
indicate a fault, use the 1/O status screen in your programming
software to inhibit the remote rack that faulted. You then use ladder
logic to set or reset critical input image table bits according to the
output requirements in the non-faulted rack.

If you reset input image table bits, during the next I/O update, the
input bits are set again to their last valid state. To prevent this from
occurring, your program should set the inhibit bits for the faulted rack.
The global inhibit bits control the input images on a rack by rack
basis; the partial rack inhibit bits control the input images on a
1/4-rack basis. For more information on these global status bits, see
the documentation for your programming software.

This method requires an extensive and careful review of your system
for recovery operations. For more information on inhibiting 1/O racks,
see the documentation for your programming software.

Fault zone programming method ~ Using fault zone programming method, you disable sections of your
program with MCR zones. Using the status bits, you monitor your
racks; when a fault is detected, you control the program through the
rungs in your MCR zone. With this method, outputs within the MCR
zone must be non-retentive to be de-energized when a rack fault
is detected.

For more information on MCR zone programming, see the
documentation for your programming software.

1785-6.5.12 January 1997



16-10 Preparing Fault Routines

Monitoring Faults
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You can monitor:

Block-Transfers in Fault Routines

If the processor runs a fault routine that contains block-transfer
instructions, the processor performs these block-transfers
immediately upon completing any block-transfers currently in the
active buffer, ahead of block-transfer requests waiting in the queue.

The block-transfers in a fault routine or an STI should be between
the processor and local 1/0 only.

ATTENTION: If you program block-transfer
instructions to remote chassis within a fault routine or
STI, be aware that the MCP resumes processing while
waiting for the block-transfer to complete unless you
use a UIE/UID instruction pair.

Testing a Fault Routine

To test a fault routine, use a JSR instruction to jump to the fault
routine. Send a fault code as the first input parameter of the JSR
instruction. The processor stores the fault code in S:12 and sets the
corresponding bit in S:11.

You can detect and set your own faults by using fault codes 0-9 or by
using the processor-defined fault codes 10-87.

Monitor processor faults using the processor status screen in your
programming software.

Description: See page:

Minor and major faults Processor faults are categorized into major and minor faults. The 16-11

processor displays a unique bit for each fault and displays text
that describes the fault.

Fault codes Fault codes provide information about processor-defined errors. 21-5

Global status bits Global status bits are set if a fault occurs in any one of the 16-11
logical racks.

Multiple chassis status bits ~ Multiple chassis status bits are used to monitor the racks in your 16-11
/0 system.
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Monitoring Major/Minor Faults and Fault Codes

When a fault occurs, the processor status screen in your
programming software displays program file and rung number
indicators that point to where the fault occurred.

Processor Status
Fault code 0 ~-—— program file (S:13), rung number (S:14)
Where faulted: 0:0
Major fault: 00000000 00000000
Minor fault 1: 00000000 00000000
2: 00000000 00000000

Interpreting Major Faults

Displaying a description of the major faults: Clear the faults by:

* The status text that appears corresponds to the most significant « Using the clear major-fault-function on the processor status screen
fault when the cursor is not on the major fault status word. of your programming software. When you clear major faults, the

« Ifthe cursor is on a major fault word bit and that bit is set, the fault code, program file, and rung number fields are also cleared.
status text that appears corresponds to the bit that the cursor is on.  « Resetting individual bits. If you have more than one major fault

« If no bits are set, the message area is blank. and you reset a bit, the status text displays the next major

fault message.

For a description of the major faults (S:11), see ch&dter

Interpreting Minor Faults

Displaying a Description of the Minor Faults: Clear the Faults by:

« The status text that appears corresponds to the most significant « Using the clear minor-fault-function on the processor status screen
fault when the cursor is not on the minor fault status words. of your programming software.

* Ifthe cursor is on a minor fault word bit and that bit is set, the * Resetting individual bits. If you have more than one minor fault
status text that appears corresponds to the bit that the cursor is on. and you reset a bit, the status text displays the next minor fault

« If no bits are set the message area is blank. message.

For a description of the minor faults in word 1 (S:10) and word
2 (S:17), see chapter 21.

Monitoring Status Bits

Two types of status bits display information about your system:
global status bits and multiple chassis status bits.

Each bit represents an entire rack, no matter how many chassis make
up arack. (Remember that you can have a maximum of four chassis
configured as quarter racks to make up one I/O rack.) These bits are
stored in the lower eight bits of words S:7, S:32, and S:34.
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Theglobal status bitsare set if a fault occurs in any one of the
racks. See the table below to determine the number of bits.

Processor Possible I/0 Rack Bits
PLC-5/11, -5/20, 5/20E 4
PLC-5/30 8
PLC-5/40, -5/40L, 5/40E 16
PLC-5/60, -5/60L, -5/80, 5/80E 24

Themultiple chassis status bitsare used to monitor the racks in

your I/O system. This information is stored in the 1/O status file
(S:16, low byte) that you specify using the processor configuration
screen in your programming software. The software automatically
creates an integer data file to store two words of status bits for every
rack configured in your system.

For more information on global status bits and multiple chassis status
bits, see the documentation for your programming software.
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Using This Chapter

Selecting Main Control
Programs

Using Main Control Programs

For information about: Go to page:
Selecting main control programs 17-1
Understanding how the processor interprets MCPs 17-1
Configuring MCPs 17-3
Monitoring MCPs 17-4

You can have as many as 16 control programs active at one time.
Each of these programs is called a “main control program” (MCP).
You can define one MCP for each particular machine or function of
your process. This lets you separate sequential function charts
(SFCs), ladder logic, and structured text to better modularize your
process and make troubleshooting easier.

Consider using this technique: If you are:

SFC defining the order of events in the process
Ladder Logic » more familiar with ladder logic than with programming
languages such as BASIC
« performing diagnostics
Structured Text « more familiar with programming languages such as

BASIC than with ladder logic
« using complex mathematical algorithms
« using program constructs that repeat or “loop”
« creating custom data-table monitoring screens

Understanding How the
Processor Interprets MCPs

A main control program can be an SFC numbered 1-999; it can also
be a ladder or structured-text program numbered 2-999 in any
program file. You can use any mix of SFC, ladder, and
structured-text programs to define 16 main control programs. One
data table is used by all MCPs (i.e., you do not have a separate data
table for each MCP).

The MCPs are scheduled to execute in the order in which you
specify on the Processor Configuration screen. You can configure:

* an I/O image update and housekeeping after each MCP is
completed (default parameteoy,

* the processor to skip the I/0O scan and run the next MCP
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After the last MCP is completed, all MCPs are then repeated in the
same order. Note that the watchdog setpoint covers one scan of all
MCPs. Figure 17.1 shows how the processor interprets MCPs when
an 1/0O image update is specified to occur after each MCP

is completed.

Figure 17.1
MCP Execution with I/O Update after Each MCP

A

MCP A MCP B MCP P
« | /0 image update | I/O image update —» --. B |/O image update
’ and and and
housekeeping housekeeping housekeeping
I/0 pre-scan performed on Important: Mode changes to program or
transition from program to remote program can occur between the
run mode execution of MCPs.

MCP A MCP C MCP xx
MCP B . MCP D i MCP xx
D I/0 image update “1jo image update g I/0 image update
’ and and and
housekeeping housekeeping housekeeping

By disabling I/O scans between MCPs, you can gain 2-3 ms of
program-scan time per disabled I/O scan. The processor updates
your 1/O when it reaches the next I/O scan command, which can be:
* an enabled I/O scan between MC#sj/or

* the end of a pass through the entire MCP list.

The processor always performs an I/O scan after a pass through the
MCP list.

Figure 17.2 shows how the processor skips I/O scans and moves to
the next MCP.

Figure 17.2
MCP Execution with I/0 Update Disabled between MCPs

4
N

1/O pre-scan performed on
transition from program to Important: Mode changes to program or
run mode remote program can occur between the

execution of MCPs.
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If the MCP is a: The following occurs:

Ladder-logic program 1. Allrungs are executed—from the first rung to the last, with all
timers, counters, jumps, and subroutines active.

2. After the END instruction in the ladder program, the processor
initiates an I/O update—reading local inputs, writing local outputs,
reading remote buffers, and writing remote outputs to the buffer.

3. The processor starts the next MCP.

Structured-text program 1. Code is executed normally.

2. Atter the last instruction in the program, the processor initiates an
1/0 update.

3. The processor starts the next MCP.

SFC 1. Only the active steps are scanned, and transitions from those
active steps are examined.

2. After one complete pass through the active steps, the processor
initiates an I/O update.

3. The processor starts the next MCP.

Configuring MCPs You configure MCPs on the processor configuration screen in your
programming software.

Processor Configuration

User control bits: 00000000 00000000 RESTART FIRST STEP
Fault routine prog file no.: 0 Watchdog (ms): 500
1/0 status file: 0 Communication time slice (ms): 3

Processor input interrupt  bit mask: 00000000 00000000
compare value: 00000000 00000000
down count: O
prog file no.: 0 module group: 0

Selectable timed interrupt prog file no.: 0 setpoint: 0

Main control program A:  prog file no.: 0 disable: 0 1/O update: O
B: prog file no.: 0 disable: 0 /O update: O
C: prog fileno.: 0 disable:0 I/O update: O
D: progfileno.: 0 disable:0 1/O update: O
E: progfileno.: O disable:0 1/O update: 0
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In this field:

Do the following: Status File:

prog file
no.

Specify the program file numbers for MCPs A-P and the order in which the MCPs S:80-S:127
should be run. This configuration is read before the MCP is executed; if you make a

change to the configuration screen regarding an MCP, that change takes effect on

the next execution of the MCP. You can change the MCP information on the

Processor Configuration screen or through ladder logic.

If you specify an MCP file that does not exist or is not a ladder-logic program,
structured-text program, or SFC file, a major fault is logged in the status file. A minor
fault is also logged if all MCP program files are set to zero.

You can have the same program file number specified more than once as an MCP.
For example, you may want a program to execute frequently and have a higher
priority over other programs.

If you do not want to use multiple main programs, program an SFC (program file 1),
ladder-logic program (program file 2), or structured-text program (program file 2) and
the processor will execute your main program. You do not need to make any entries
on the Processor Configuration screen (the processor automatically enters the first
configured program file number in the first MCP entry).

disable

By setting or resetting the bit in these fields, you tell the processor to skip over the S:79
MCP until the bit is reset. If an MCP program file is inhibited, the processor skips the
file and goes to the next program file.

ATTENTION: If you disable an MCP, outputs remain in the state that they were in
during the last scan (i.e., all actions remain active). Make sure that you consider any
outputs that might be controlled within that MCP before disabling it. Otherwise, injury
to personnel or damage to equipment may result.

Disable an MCP if you temporarily want to hold a machine state, regardless of
transitions (for example, in machine fault conditions). Disabling an MCP also can
help improve scan time; if you know you don’t need to run one of your MCPs every
scan, you can disable it until you need it.

To set and reset the bits for Main Control Programs A-P, cursor to the appropriate
field and type 1 to disable (skip) this MCP or 0 to enable (scan) this MCP.

If the disable bit is set for all the MCP program files (which indicates that all control
programs are to be skipped), a minor fault is logged in the processor status file.

1/0 update

A1 in this field tells the processor to skip the I/O scan after this MCP. The default 0 S:78
tells the processor to perform the I/O scan after the corresponding MCP.

To specify the 1/O bit, cursor to the appropriate field and enter 0 or 1.

Monitoring MCPs
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Important: If you plan to use SFC subcharts, make sure you define
something for MCP A — even an empty ladder file is
sufficient. If MCP a is undefined, the processor faults
on the second SFC scan with major fault code 71 SFC
subchart is already executing.

The program scan times for each MCP are stored in the processor
status file, including the previous and maximum scan time. The
status file also stores the cumulative scan time, S:8 (the scan time for
one complete pass through all MCPs) and the maximum cumulative
scan time, S:9.
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Using Selectable Timed

Interrupts

Using This Chapter

For information about: Go to page:

Using a selectable timed interrupt 18-1

Defining a selectable timed interrupt 18-3

Monitoring selectable timed interrupts 18-4
Using a Selectable A selectable timed interrupt (STI) tells the processor to periodically
Timed Interrupt interrupt program execution (due to elapsed time) to run an STI

program once to completion. Then, the processor resumes executing
the original program file from where it was interrupted. For

example, you might want to use an STI to periodically update analog
values for a process control loop or send machine data to a host at
scheduled intervals.

Writing STI Ladder Logic

Follow these guidelines when you write ladder logic for an STI.
* Store the STI program in its own ladder file.

* Make sure that the interrupt interval you specify (in status word
S:30) is longer than the execution time of the STI program. If it
is not, an STI overlap can occur and the processor sets a minor
fault bit at S:10/2.

* Note that the processe watchdog timer continues to run while
the processor runs an STI program.

Important : If the interrupt occurs during the execution of an
instruction, the processor stops executing the
instruction, scans the interrupt file once to completion,
and then resumes executing the instruction.ffecg
STI execution is transparent to program execution time
unless you specify too short an interval. An interval
that is too short can cause the watchdog timer to time
out or cause excessively long program scans.

Online editing #&ects the performance of an STl routine. The STI
cannot interrupt the processor while it is managing its memory due
to the online edits being made. The STI input must be on for an
amount of time slightly greater than the actual time required to
complete the online edits. If not, the STI does not execute.
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Design Tip
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STI Application Example

Periodically check the status of PLC-5 family processors on the DH+
communication link. Compare the status of each processor with a
file of reference data (see rungs below). Set a bit if a mismatch is
found. Perform this comparison once every 800 ms. Assume that
another active step retrieves status data from the PLC-5 processors
with a MSG instruction and loads it into a temporary source

file (N5:10).

R6:0 — FSC
A FILE SEARCH/COMPARE —(EN —
DN Control R6:0
Length 10 —(DN)
Position 0
Mode ALL < ER)
Expression
#N5:0 <> #N5:10
R6:0 0:000
1T
1 L
FD 00

Block-Transfers in Selectable Timed Interrupts (STIs)

If the processor runs an STI that contains block-transfer instructions,
the processor performs these block-transfers immediately on
completing any block-transfers currently in the active buffer, ahead
of block-transfer requests waiting in the queue.

You can program “immediate” block-transfers to a local I/0O chassis
using the STI program (i.e., the STl is invoked and the block-transfer
occurs immediately). The processor executes the block-transfer
immediately, completes the remaining rungs in the STI, then resumes
execution of the ladder program.

Set the .TO bit on any block-transfer instruction destined for the
same slot as the block-transfer in the STI. These block-transfers
only try to execute once so as not to keep the STI from completing.

The block-transfers in a fault routine or an STI should only be
between the processor and local I/O. Remote block-transfer
instructions in an STI cause the processor to resume executing the
user program while waiting for the block-transfer to complete. If
you want the STI to run to completion before returning to your main
logic program, include a UID and UIE instruction pair in your STI
program file. Place the block-transfer instruction inside of a
UID/UIE pair.
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ATTENTION: When the processor runs a fault
routine or STI with a block-transfer instruction to a
remote chassis, the MCP resumes processing while
waiting for the block-transfer to complete unless a
UIE/UID instruction pair is used.

Defining a Selectable To configure a selectable timed interrupt, you must specify:
Timed Interrupt

Processor Configuration

User Control Bits 00000000 00000000 RESTART LAST ACTIVE STEP

Fault routine prog file no.: 0 Watchdog (ms): 500
1/O status file: 0 Communication time slice (ms): 3
VME Status File: N34
Processor input interrupt bit mask: 0
compare value: 0 down count: 0
prog file no.: 0 module group: 0
Selectable timed interrupt prog file no.: 0 setpoint (ms): 0
In this field: Do the following: Status File:
program Enter the number of the program file that contains the S:31
file no. STI program.

If you are not using an STI, enter zero.

set point Enter the time interval between interrupts (1 to 32767 ms). S:30
If you are not using or want to disable an STI, enter zero.

Important: Remember to specify an interrupt time longer than
the STI file execution time. If you do not, the processor sets a
minor fault (S:10, bit 2).

For example, you could entei7an S:31 and a5 in S:30. This
causes the processor to execute ladder file 7 every 15 ms.

You can use only one STI at any one time. However, you can enable
or disable the interrupt, change to a different interrupt file, or change
the time between interrupts. Use ladder logic to change the values in
word S:30 and word S:31 as needed.

ATTENTION:  STI programs lengthen the program scan by an
amount equal to the interrupt delay multiplied by the number of times the
interrupt occurs during a program scan.

Important: If you disable the STI through ladder logic (write a 0
to S:30), it could take the processor up to 100 ms to
re-enable the STI. If you disable the STI (write a O to
S:31), the processor uses the value in S:30 to determine
how often to check for a non-zero value in S:31.
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Monitoring Selectable

Timed Interrupts monitor STIs.

Processor Status

Use the processor status screen in your programming software to

Processor input interrupt scan [ms]  last: maximum: 0
events since last interrupt: 0
changed bits 00000000 00000000

Selectable timed interrupt scan [ms] last:

maximum: 0

Overall program scan [ms] last: 0 maximum: 0
Main control program A scan [ms] last: maximum: 0

B scan [ms] last: 0 maximum: 0

C scan [ms] last: 0 maximum: 0

D scan [ms] last: 0 maximum: 0

E scan [ms] last: 0 maximum: 0

F scan [ms] last: 0 maximum: 0

G scan [ms] last: 0 maximum: 0

H scan [ms] last: 0 maximum: 0

| scan [ms] last: 0 maximum: 0

This scan field: Stored in:  Displays the:

Last S:53

Current or last scan time through the STI.

Maximum S:54

Maximum value that was displayed in the last scan field.
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Using This Chapter

Using a Processor
Input Interrupt

Using Processor Input

Interrupts
For information about: Go to page:
Using a processor input interrupt 19-1
Defining a processor input interrupt 19-5
Monitoring processor input interrupts 19-6

A processor input interrupt (PIl) specifies when an event-driven
input causes the processor to interrupt program execution and run a
PIll program file once to completion. Afterwards, the processor
resumes executing the program file from where it was interrupted.
Use PlIs only for inputs in the processor-resident chassis.

You can use a processor input interrupt (PIl) as an event-driven
interrupt or in high-speed processing applications. For example, you
may need to count inputs quickly to track production, such as in a
canning line. Or, use a PII if your application calls for an immediate
input update when a part is seen on a conveyor and you need to do
an immediate output update to perform the next action. For
example, when a part moving down a conveyor line is detected, you
may need to stop it so the next piece can be added.

Your PII program can contain immediate update instructions to
complete high-speed control functions. As your ladder program is
running and the input condition occurs, the processor interrupts
program execution and runs the PIl program file. Then, the
processor resumes executing the program file from the point where it
was interrupted.
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Writing PIl Ladder Logic

Follow these rules when you write ladder logic for a PII.

Store the PIl program in a ladder file.

Make sure the input condition (to cause the interrupt) doesn’t
occur faster than the execution time of the Pl program. If a
second identical input condition occurs before the interrupt
program has finished executing for the first input condition, a PII
overlap occurs and the processor sets a minor fault bit at S:10/12.

The timing for a Pll is as follows:

— 1 ms to switch to the PII task

— PIlI ladder logic execution time

— 1 ms to return to executing the control program

Since you need to allow at least 1 ms to run your PII logic, define
a Pll time of at least 3 ms to help prevent PII overlaps.

The processor’s watchdog timer continues to run while running a
PIl program.

A PII can detect an event within 106; however, you must allow
at least 3 ms between successive Pll events.

Pll Application Examples

Two ways that you can use a PII program:

Mode Description

Counter Using counter mode, you make use of the processor’s internal counter. You
configure the PIl with a preset value so that the hardware counts an input condition
and then runs the PIl when the preset equals the accumulated value. The PII
ladder logic only needs to contain the output that you want to occur.

Bit Using bit-transition mode, you configure the PIl to occur every time the input

transition condition is true. For example, you want to count tablets as they leave the

production line at a rate of 100 tablets per second. The machinery packs 100
tablets per package. Assume an optical switch detects each tablet.

The PII program (Figur&9.1) must:

count 100 tablets per group
set an output at the 100th tablet
reset the counter for the next group
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Figure 19.1
Example PIl Program
C4:.0.CU
U
— CTU
COUNT UP —(CU
Counter C4:.0
Preset 100 |—(DN)
Accum
C4.0 Output
1T
1t
DN
Output C4:0
]t RES
— CLR
CLEAR I
Destination S:51

The output image bit remains set until the next count.

Block-Transfers in Processor Input Interrupts (Plis)

If the processor runs a PII that contains block-transfer instructions,
the processor performs these block-transfers immediately on
completing any block-transfers currently in the active buffer, ahead
of block-transfer requests waiting in the queue.

You can program “immediate” block-transfers to a local 1/0O chassis
using the PII program (i.e., the PIl is invoked and the block-transfer
occurs immediately). The processor executes the block-transfer
immediately, completes the remaining rungs in the PII, then resumes
execution of the ladder program.

You can use the PII for a block-transfer to remote /0. Remote
block-transfer instructions in a PIl cause the processor to resume
executing user programs, including STIs, while waiting for the
block-transfer to complete. If you want the PII to run to completion
before returning to your main logic program, include a UID and UIE
instruction pair in your PIl program file. Place the block-transfer
instruction inside of a UID/UIE pair.
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Design Tip
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Important: If the interrupt occurs during the execution of an

instruction, the processor stops executing the
instruction, scans the interrupt file once to completion,
then resumes executing the instruction. In effect,
execution of a Pll is transparent to program execution
time unless you program too many too often. Too many
Plls often can cause the watchdog timer to time out or
cause excessively long program scans.

PII configuration changes are not put into effect until the processor
goes from program to run or test mode.

Design Considerations

Consider the following guidelines when planning PlIs.

Do not use 2-slot addressing when using Plls.

Do not use 1771-1G or -IGD, 8- and 16-point TTL modules for

the PII. Use the 1771-1Q16 input module instead. Since the
module’s input delay filter is selectable, you can set the delay to 0
or about 20Qus.

Avoid using a block-transfer module in the processor-resident
rack with a PIl configured because you could miss an input pulse
while a block-transfer of data is in progress. However, if you
need to use block-transfers, make sure that a PIl input pulse is at
least 40Qus, which causes the block-transfer not to affect the PII.

Online editing affects the performance of a Pll routine. A PII
cannot interrupt the processor while it is managing its memory
due to the online edits being made. The PII input must be on for
an amount of time slightly greater than the actual time required to
complete the online edits. If not, the PIl does not execute.

Clear S:51 in one of two ways:

— using a CLR instruction (see Figure 19.1)

— placing a MOV (move) instruction on the last rung in the
PIl file. Move a 0 into S:51 to reset the PII bits before
finishing the PII file.

Important: If S:51 is not cleared, a Pl overlap bit is set on
that status page, causing a minor fault.
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Defining a Processor To define a PII, use the processor configuration screen in your
Input Interrupt programming software.

Processor Configuration

User Control Bits 00000000 00000000  RESTART LAST ACTIVE STEP

Fault routine prog file no.: 0 Watchdog (ms): 500
1/0 status file: 0 Communication time slice (ms): 3
VME Status File: N34

Processor input interrupt  prog file no.: 0 module group: 0
down count: O
bit mask: 00000000 00000000
compare value: 00000000 00000000

In this PlI Do the following: Status File

configuration field: Address:

prog file no. Enter the number of the program file that contains the S:46
PIl program.

This is the only Pl parameter that you can change while the
processor is in RUN mode.

module group Enter the assigned rack number and I/O group number of the S:47
input to monitor (e.g., 21 for rack 2, group 1). Do not enter the
address. (Only for inputs in the processor-resident chassis).

If the input word number specified is not in the local rack or if
there is not an input module in the slot addressed, a minor fault
bit (S:10/11) is set at mode transition.

bit mask Each module group (specified in S:47) has a control bit that is S:48
used to monitor the input bit.

« To monitor the bit, enter a 1.
« To ignore the bit, enter a 0.

compare value Each module group (specified in S:47) has a bit that is used S:49
when controlling a Pl through bit transition.
« For afalse to true transition to count (bit trigger), enter a 1.
« For atrue to false transition to count (event trigger), enter a 0.

down count Enter a preset value to determine how many conditions you want S:50
to occur before the interrupt. Valid range is 0 - 32,767.

If you want the interrupt to occur every time, entera 0 or 1.

Important: If you change the PIlI configuration while in run mode,
you must toggle the mode to program, then back to run
mode for the change to take effect.
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Monitoring Processor

Input Interrupts monitor PlIs.

Use the processor status screen in your programming software to

Processor Status

Processor input interrupt scan [ms] last: 0 maximum: 0
events since last interrupt: 0
changed bits 00000000 00000000
Selectable timed interrupt scan [ms]  last: 0 maximum: 0
Overall program scan [ms] last: 0 maximum: 0
Main control program A scan [ms] last: 0 maximum: 0
B scan [ms] last: 0 maximum: 0
C scan [ms] last: 0 maximum: 0
D scan [ms] last: 0 maximum: 0
E scan [ms] last: 0 maximum: 0
F scan [ms] last: 0 maximum: 0
G scan [ms] last: 0 maximum: 0
H scan [ms] last: 0 maximum: 0
| scan [ms] last: 0 maximum: 0
This address:  Stores: Description:
S:51 Return mask  Displays the bit transitions that caused the interrupt. If a bitis 1, the
(changed bits)  bit has changed since the last interrupt. If a bit is 0, it has not
changed since the last interrupt. You can use this information to
condition other rungs in your ladder program.
Important: If one of these bits is already set (i.e., a previous
interrupt set the bit), the processor sets a minor fault (S:10/12) to
indicate a possible Pl overlap.
Important: If you want to monitor this overlap, make sure the last
rung in your PII program clears this return mask in the
status file.
S:52 Accumulator Displays the number of conditions that occurred before the interrupt.
(events) This value should match the value in the counter field of your
configuration information. If these values do not match:
« the interrupts are not executing when they are supposed to
« you are trying to count too many events
« the events are happening too quickly to count
S:55 Scan time Displays the current or last scan time through the PIL.
(last)
S:56 Scan time Displays the maximum value that was displayed in the last
(maximum) scan field.
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Use S:51/0-15 within the PII file because these bits are:
* mapped from the actual input module being used for the PII
* retentive

For the PII routine to execute properly, do not use the addresses of
the input module’s bits within the PII routine.



Chapter 2 0

System Specifications

Processor Specifications

Backplane Current PLC-5/11, -5/20,-5/26,-5/30 .................. 2.3A
PLC-5/40, -5/46, -5/40L, -5/60, -5/60L -5/80, -5/86 .. 3.3A
PLC-5/20E, -5/40E, -5/80E ................... 3.6A

Heat Dissipation PLC-5/11, -5/20, -5/26, -5/30 .................. 41.30 BTU/hr
PLC-5/40, -5/46, -5/40L, -5/60, -5/60L -5/80, -5/86 . . 59.04 BTU/hr
PLC-5/20E, -5/40E, -5/80E ................... 61.43 BTU/hr
Operating Temperature . . . . .. 010 60° C (32-140° F)

Environmental Conditions Storage Temperature . ... ... -40 to 85° C (-40 to 185° F)
Relative Humidity ......... 5 t0 95% (without condensation)

Shock Operating ....... 30 g peak acceleration for 111 ms duration
Non-operating . ... 50 g peak acceleration for 11+1 ms duration

Vibration 1g @ 10to 500 Hz

(operating and non-operating) 0.012 inches peak-to-peak displacement

Maximum Variations at 60° C . % 5 min per month

Time-of-Day Clock/Calender Typical Variations at 20° G ... £ 20 s per month
Timing Accuracy .......... 1 program scan
Battery 1770-XYC
Memory Modules 1785-ME16 1785-ME64
1785-ME32 1785-M100

* 0.5 ms/ extended-local I/O

» 10 ms/ remote 1/O adapter communication at 57.6 kbps
< 7 ms/remote I/O adapter communication at 115.2 kbps
« 3 ms/remote I/O adapter communication at 230.4 kbps

Typical Discrete /0 Scan

1/0 Modules Bulletin 1771 1/O including 8-, 16-, 32-pt, and intelligent modules
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Hardware Addressing

2-slot

* Any mix of 8-pt modules

* 16-pt modules must be /O pairs

* No 32-pt modules

1-slot

* Any mix of 8- or 16-pt modules

« 32-pt modules must be /O pairs

1/2-slot — Any mix of 8-,16-, or 32-pt modules

Communication

* DH+

 DH using 1785-KA

* Serial

« Ethernet (TCP/IP protocol, 15-pin AUI transceiver port)

« remote I/O

« extended-local I/0 (PLC-5/40L and -5/60L processors only)

Location 1771-A1B, -A2B, A3B, -A3B1, -A4B, chassis, left-most slot
Keying « Between 40 and 42
* Between 54 and 56
PLC-5/20, -5/26 1.21 kg (2.7 Ibs)
PLC-5/30 1.20 kg (2.6 Ibs)
PLC-5/40, -5/46, -5.40L 1.42 kg (3.1 Ibs)
PLC-5/60, -5/60L 1.42 kg (3.1 Ibs)
Weight
PLC-5/80, -5/86 1.42 kg (3.1 Ibs)
PLC-5/20E 1.43 kg (3.2 Ibs)
PLC-5/40E 1.39 kg (3.1 Ibs)
PLC-5/80E 1.38 kg (3.0 Ibs)
Agency Certification : Sﬁsﬂzss I, Division 2, Groups A, B, C, D

(When product is marked)

 CE marked for all applicable directives
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Processor Specifications

(continued)
Maximum
Number of
1/0 Racks
Processor/ Maximum User  Total /0 Maximum (rack
Cat. No. Memory Words  (any mix) Types of Communication Ports  addresses)  Maximum Number of I/0 Chassis
« 1 DH+/Remote 1/0 (Adapter or Total | ExtLocal | Remote
Scanner) 2
* 512 (any mix) or « 1 serial port, configurable for
PLC-5/11 « 384 in + 384 out RS-232 and 423 and RS-422A (must be
(1785-L11B) | 8K (complementary) compatible 4(0-3) 5 0 rack 3)
1 DH+ (Fixed)
PLC-5/20 . 1S gl:;gj)emote 1/O (Adapter or
(1785-L208B) * 512 (any mix) or « 1 serial port, configurable for
PLC-5/26 *512in + 512 out RS-232 and 423 and RS-422A
(1785-L26B) | 16K (complementary) compatible 4(0-3) 13 0 12
* 1 DH+ (Fixed)
« 1 DH+/Remote I/O (Adapter or
Scanner)
« 1 serial port, configurable for
* 512 (any mix) or RS-232 and 423 and RS-422A
PLC-5/20E «512in + 512 out compatible
(1785-L20E) 16K (complementary) « 1 channel Ethernet only 4(0-3) 13 0 12
« 2 DH+/Remote I/O (Adapter or
Scanner)
1024 (any mix) or « 1 serial port, configurable for
PLC-5/30 * 1024 in and 1024 out RS-232 and 423 and RS-422A
(1785-L30B) | 32K (complementary) compatible 8(0-7) 29 0 28
PLC-5/40 « 4 DH+/Remote I/O (Adapter or
Scanner)
(1785-L40B) * 2048 (any mix) or « 1 serial port, configurable for
PLC-5/46 * 2048 in + 2048 out RS-232 and 423 and RS-422A
(1785-L46B) | 48 KO (complementary) compatible 16 (0-17) 61 0 60
* 2 DH+/Remote 1/O (Adapter or
Scanner)
« 1 channel Ethernet only
* 2048 (any mix) or « 1 serial port, configurable for
PLC-5/40E * 2048 in + 2048 out RS-232 and 423 and RS-422A
(1785-L40E) | 48 KO (complementary) compatible 16 (0-17) 61 0 60
« 2 DH+/Remote 1/O (Adapter or
Scanner)
« 1 serial port, configurable for
* 2048 (any mix) or RS-232 and 423 and RS-422A
PLC-5/40L * 2048 in + 2048 out compatible
(1785-L40L) 48 KO (complementary) « 1 Extended-Local I/O 16 (0-17) 61 16 60
« 4 DH+/Remote I/O (Adapter or
Scanner)
3072 (any mix) or « 1 serial port, configurable for
PLC-5/60 *3072in + 3072 out RS-232 and 423 and RS-422A
(1785-L60B) 64 KO (complementary) compatible 24 (0-27) 93 0 92
« 2 DH+/Remote I/O (Adapter or
Scanner)
« 1 serial port, configurable for
* 3072 (any mix) or RS-232 and 423 and RS-422A
PLC-5/60L +3072in + 3072 out compatible
(1785-L60L) 64 KO (complementary) « 1 Extended Local I/O 24 (0-27) 81 16 64

O The PLC-5/40, -5/40E, -5/40L processors have a limit of 32K words per data table file.

O The PLC-5/60 and -5/60L processors have a limit of 56K words per program file and 32K words per data table file.
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Maximum

Processor/ Maximum User Total /0 Maximum Number of
Cat. No. Memory Words (any mix) Types of Communication Ports I/O Racks Maximum Number of I/O Chassis
PLC-5/80 . g(l;)al;l];g?)emote 1/O (Adapter or
(1785-L80B) * 3072 (any mix) or « 1 serial port, configurable for
PLC-5/86 * 3072 in + 3072 out RS-232 and 423 and RS-422A
(1785-L86B) 100 KO (complementary) compatible 24 (0-27) 93 0 92

« 2 DH+/Remote I/O (Adapter or

Scanner)
« 1 serial port, configurable for
* 3072 (any mix) or RS-232 and 423 and RS-422A

PLC-5/80E +3072in + 3072 out compatible
(1785-L80E) 100 KO (complementary) « 1 channel Ethernet only 24 (0-27) 65 0 64

O The PLC-5/80, -5/80E processors have 64K words of total data table space with a limit of 56K words per program file and 32K words per data table file.

Battery Specifications

(1770-XYC)
Worst-case Battery Life Estimates
Battery used in this processor: At this temperature: | Power off Power off 50%: | Battery Duration after
100%: the LED lights (I
PLC-5/11, -5/20, and-5/20E 60°C 256 days 1.4 years 11.5 days
25°C 2 years 4 years 47 days
PLC-5/30, -5/40, -5/40L, -5/60, 60°C 84 days 150 days 5 days
-560L, -5/80, -5/40E, and -5/80E
25°C 1 year 1.2 years 30 days

0 The battery indicator (BATT) warns you when the battery is low. These durations are based on the battery supplying the only power to the
processor (power to the chassis is off) once the LED first lights.

1785-6.5.12 January 1997



Chapter 2 1

Processor Status File

Processor status data is stored in data file 2.

Important: For more information about any of these topics, see the
description in this manual or the documentation for
your programming software.

S:0-S:2

This word of Stores:
the status file:

S:0 Arithmetic flags
 bit 0 = carry
* bit 1 = overflow
* bit2 = zero
« bit 3 = sign
S: Processor status and flags
S:1/00 RAM checksum is invalid at power-up
S:1/01 Processor in run mode
S:1/02 Processor in test mode
S:1/03 Processor in program mode
S:1/04 Processor uploading to memory module
S:1/05 Processor in download mode
S:1/06 Processor has test edits enabled
S:1/07 Mode select switch in REMOTE position
S:1/08 Forces enabled
S:1/09 Forces present
S:1/10 Processor successfully uploaded to memory module
S Performing online programming
S:1/12 Not defined
S:1/13 User program checksum calculated
S:1/14 Last scan of ladder or SFC step
S:1/15 Processor running first program scan or the first scan of the next step in
an SFC
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S:3-10
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This word of Stores:
the status file:

S:2 Switch setting information
S:2/00 Channel 1A DH+ station number
through
S:2/05

S:2/06 Channel 1A DH+ baud rate

0 57.6kbps
1 230.4 kbps
S:2/07 Not defined
S:2/08
S:2/09 Last state
0  outputs are turned off
1 outputs retain last state
S:2/11 I/0 chassis addressing
S22 hiip it
0 0 illegal
1 0 1/2-slot
0 1 1-slot
1 1 2-slot
S:2/13 Memory module transfer
S:2/14 bit14  bit13
0 0 memory module transfers to processor memory
if processor memory is not valid
0 1 memory module does not transfer to
processor memory
1 1 memory module transfers to processor memory
at powerup
S:2/15 Processor memory protection
0 enabled
1 disable
This word of Stores:
the status file:
S:3t0 S:6 Active Node table for channel 1A
Word Bits DH+ Station #
3 0-15 00-17
4 0-15 20-37
5 0-15 40-57
6 0-15 60-77

S7

Global status bits: (See also S:27, S:32, S:33, S:34, and S:35)

* S:7/0-7 rack fault bits for racks 0-7
* S:7/8-15 unused
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This word of
the status file:

Stores:

S8 Last program scan (in ms)
S:9 Maximum program scan (in ms)
S:10 Minor fault (word 1)
See also S:17
S:10/00 Battery is low (replace in 1-2 days)
S:10/01 DH+ active node table has changed
S:10/02 STI delay too short, interrupt program overlap
S:10/03 memory module transfered at power-up
S:10/04 Edits prevent SFC continuing; data table size changed during program
mode; reset automatically in run mode
S:10/05 Invalid 1/O status file
S:10/06 reserved
S:10/07 No more command blocks exist to execute block-transfers
S:10/08 Not enough memory on the memory module to upload the program
from the processor
S:10/09 No MCP is configured to run
S:10/10 MCP not allowed
S:10/11 PII word number not in local rack
S:10/12 Pl overlap
S:10/13 no command blocks exist to get PII
S:10/14 Arithmetic overflow
S:10/15 SFC “lingering” action overlap - step was still active when step

was reactivated
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S:11

This word of Stores:
the status file:

S major fault word

S:11/00 Corrupted program file (codes 10-19). See majpt fault codes (S:12).

S:11/01 Corrupted address in ladder program (codes 20-29). See major fault
codes (S:12).

S:11/02 Programming error (codes 30-49). See major fault codes (S:12).

S:11/03 Processor detected an SFC fault (codes (71-79). See major fault
codes (S:12).

S:11/04 Processor detected an error when assembling a ladder program file
(code 70); duplicate LBLs found.

S:11/05 Start-up protection fault. The processor sets this major fault bit when
powering up in Run mode if the user control bit S:26/1 is set.

S:11/06 Peripheral device fault

S:11/07 User-generated fault; processor jumped to fault routine (codes 0-9).
See major fault codes (S:12).

S:11/08 Watchdog faulted

S:11/09 System configured wrong (codes 80-89). See major fault codes (S:12).

S:1110 Recoverable hardware error

S MCP does not exist or is not a ladder or SFC file

S:11/12 Pll file does not exist or is not a ladder file

S:1113 STl file does not exist or is not a ladder file

S:11/14 Fault routine does not exist or is not a ladder file

S:11/15 Faulted program file does not contain ladder logic
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S:12 This word stores the following fault codes:
This
fault
code: Indicates this fault: And the fault is:
00-09 Reserved for user-defined fault codes. Recoverable:
You can use user-defined fault codes to identify different types of faults or error conditions in your program  the fault routine
by generating your own recoverable fault. To use these fault codes, choose an input condition that decides  can instruct the
whether to jump to a fault routine file, then use the JSR instruction as the means to jump to the fault processor to clear
routine file. the fault and then
To use the JSR instruction, enter the fault code number 0-9 (an immediate value) as the first input resume scanning
parameter of the instruction. Any other input parameters are ignored (even if you have an SBR instruction the program.
at the beginning of your fault routine file. You cannot pass parameters to the fault routine file using
JSR/SBR instructions). A fault routine
You do not have to use the user-defined fault codes to generate your own fault. If you program a JSR with  executes when
no input parameters, the processor will write a zero to the Fault Code field. The purpose of using the any of these faults
user-defined fault codes is to allow you to distinguish among different types of faults or error codes based  occur.
on the 0-9 fault code numbers.
When the input condition is true, the processor copies the fault code number entered as the first input
parameter of the JSR instruction into word 12 of the processor status file (S:12), which is the Fault Code
field. The processor sets a Major Fault S:11/7 “User-Generated Fault.” The processor then faults unless
you clear the Major Fault word (S:11) or the specific fault bit via ladder logic in the fault routine.
10 Run-time data table check failed Recoverable:
1 Bad user program checksum the fault routine
12 Bad integer operand type, restore new processor memory file can instruct the
13 Bad mixed mode operation type, restore new processor memory file processor to clear
- - - the fault and then
14 Not enough operands for instruction, restore new processor memory file resume scanning
15 Too many operands for instructions, restore new processor memory file the program.
16 Corrupted instruction, probably due to restoring an incompatible processor memory file (bad opcode)
17 Can't find expression end; restore new processor memory file A fault routine
18 Missing end of edit zone; restore new processor memory file executes when
19 Download aborted any of these faults
20 You entered too large an element number in an indirect address oceur.
21 You entered a negative element number in an indirect address
22 You tried to access a non-existent program file
23 You used a negative file number, you used a file number greater than the number of existing files, or you
tried to indirectly address files 0, 1, or 2
24 You tried to indirectly address a file of the wrong type Recoverable
30 You tried to jump to one too many nested subroutine files Non-recoverable:
31 You did not enter enough subroutine parameters the fault routine
32 You jumped to an invalid (non-ladder) file will be executed
but cannot clear
33 You entered a CAR routine file that is not 68000 code major fault bit 2.
34 You entered a negative preset or accumulated value in a timer instruction Recoverable
35 You entered a negative time variable in a PID instruction
36 You entered an out-of-range setpoint in a PID instruction
37 You addressed an invalid module in a block-transfer, immediate input, or immediate output instruction
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Processor Status File

This
fault
code: Indicates this fault: And the fault is:
38 You entered a RET instruction from a non-subroutine file Non-recoverable
the fault routine
39 FOR instruction with missing NXT \glljltl 2::1)305::::
major fault bt 2.
40 The control file is too small for the PID, BTR, BTW, or MSG instruction Recoverable
4 NXT instruction with missing FOR Non-recoverable
42 You tried to jump to a non-existent label the fault routine
43 File is not an SFC will be executed
44 Error using SFR. This error occurs if: but.cannot c!ear
major fault bit 2.
* you tried to reset into a simultaneous path
* you specified a step reference number that is not found or is not tied to a step (it is a transition)
« the previous SFR to a different step is not complete
45 Invalid channel number entered Recoverable
46-69 Reserved
70 The processor detected duplicate labels
71 The processor tried to start an SFC subchart that is already running
72 The processor tried to stop an SFC subchart that isn’t running
73 The processor tried to start more than the allowed number of subcharts
74 SFC file error detected
75 The SFC has too many active functions
76 SFC step loops back to itself.
77 The SFC references a step, transition, subchart, or SC file that is missing, empty or too small
78 The processor cannot continue to run the SFC after power loss
79 You tried to download an SFC to a processor that cannot run SFCs
80 You have an I/O configuration error Non-recoverable
81 You illegally set an 1/O chassis backplane switch by setting both switch 4 and 5 on
82 lllegal cartridge type for selected operation. This error also occurs if the processor doesn’t have a memory  Non-recoverable
module, but the backplane switches are set for a memory module. Make sure the backplane switches are
correct (set switch 6 ON and switch 7 OFF if the processor doesn’t have a memory module).
83 User watchdog fault Non-recoverable
84 Error in user-configured adapter mode block-transfer
85 Memory module bad
86 Memory module is incompatible with host
87 Scanner rack list overlap
88 Scanner channels are overloading the remote I/O buffer; too much data for the processor to process. If

you encounter fault code 88, be sure you followed the design guidelines listed on page 4-9. Specifically,
make sure you:
« group together 1/4-racks and 1/2-racks of each logical rack. Do not intersperse these with other

rack numbers

* if using complementary 1/O addressing, treat complementary rack addresses individually when grouping
racks; primary rack numbers are separate from complement rack numbers
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This
fault
code: Indicates this fault: And the fault is:
90t Sidecar module extensive memory test failed. Call your Allen-Bradley representative for service Recoverable
91 Sidecar module undefined message type
92 Sidecar module requesting undefined pool
93 Sidecar module illegal maximum pool size
94 Sidecar module illegal ASCII message
95 Sidecar module reported fault, which may be the result of a bad sidecar program or of a hardware failure
96 Sidecar module not physically connected to the PLC-5 processor
97 Sidecar module requested a pool size that is too small for PC3 command (occurs at power-up)
98 Sidecar module first/last 16 bytes RAM test failed
99 Sidecar module-to-processor data transfer faulted
100 Processor-to-sidecar module transfer failed Recoverable
101 Sidecar module end of scan transfer failed Recoverable
102 The file number specified for raw data transfer through the sidecar module is an illegal value
103 The element number specified for raw data transfer through the sidecar module is an illegal value
104 The size of the transfer requested through the sidecar module is an illegal size
105 The offset into the raw transfer segment of the sidecar module is an illegal value
106 Sidecar module transfer protection violation; for PLC-5/26, -5/46, and -5/86 processors only
200 ControlNet output transfer missed
201 ControlNet input data missed
202 ControlNet diagnostic data missed
203 ControlNet schedule transmit data overflow
204 ControlNet configuration too complex for the PLC-5 processor
205 ControlNet configuration exceeded PLC-5 bandwidth
$:13-S:24

This word of Stores:
the status file:

S:13 Program file where fault occurred
S:14 Rung number where fault occurred
S:15 VME status file

S:16 /O status File
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This word of Stores:
the status file:

S:17 Minor fault (word 2)
See also S:10.

S:17/00 BT queue full to remote I/O

S:17/01 Queue full - channel 1A; maximum remote block-transfers used
S:17/02 Queue full - channel 1B; maximum remote block-transfers used
S:17/03 Queue full - channel 2A; maximum remote block-transfers used
S:17/04 Queue full - channel 2B; maximum remote block transfers used

S:17/05 No modem on serial port

S:17/06 » Remote I/O rack in local rack table or

 Remote I/O rack is greater than the image size. This fault can also
be caused by the local rack if the local rack is set for octal density
scan and the I/O image tables are smaller than 64 words
(8 racks) each.

S:17/07 Firmware revision for channel pairs 1A/1B or 2A/2B does not match
processor firmware revision

S:17/08 ASCII instruction error

S:17/09 Duplicate node address

S:17110 DF1 master poll list error

S:17/1 Protected processor data table element violation

S:17112 Protected processor file violation

S:7/13 Using all 32 ControlNet MSGs

S:17/14 Using all 32 ControlNet 1771 READ and/or 1771 WRITE CIOs

S:17/15 Using all 8 ControINet Flex I/O CIOs

S:18 Processor clock year
S:19 Processor clock month
S:20 Processor clock day

S:21 Processor clock hour
S:22 Processor clock minute
S:23 Processor clock second
S:24 Indexed addressing offset
S:25 Reserved
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S$:26-S:35

This word of

the status file:

Stores:

S:26

User control bits

S5:26/00

Restart/continuous SFC: when reset, processor restarts at first step in SFC. When
set, processor continues with active step after power loss or change to RUN

S:26/01

Start-up protection after power loss: when reset, no protection. When set, processor
sets major fault bit S:11/5 when powering up in run mode.

S:26/02

Define the address of the local rack: when reset, local rack address is 0. When set,
local rack address is 1.

S:26/03

Set complementary I/O (series A only): when reset, complementary 1/O is not
enabled. When set, complementary 1/O is enabled.

S:26/04

Local block-transfer compatibility bit: when reset, normal operation. When set,
eliminates frequent checksum errors to certain BT modules.

S:26/05

PLC-3 scanner compatibility bit: when set (1), adapter channel response delayed by
1 ms; when reset (0) operate in normal response time.

S:26/06

Data table-modification inhibit bit. When set (1), user cannot edit the data table or
modify forces while the processor keyswitch is in the RUN position. You control this
bit with your programming software

S:26/07
through
S:26/15

Not defined

S:27

Rack control bits: (See also S:7, S:32, S:33, S:34, and S:35)

e $:27/0-7 - - I/O rack inhibit bits for racks 0-7
e S:27/8-15 - - 1/O rack reset bits for racks 0-7

S:28

Program watchdog setpoint

S:29

Fault routine file

S:30

STI setpoint

S:31

STl file number

S:32

Global status bits: (See also S:7, S:27, S:33, S:34, and S:35)

» S:32/0-7 rack fault bits for racks 10-17 (octal)
» S:32/8-15 unused

S:33

Rack control bits: (See also S:7, S:27, S:32, S:34, and S:35)

« S:33/0-7 I/O rack inhibit bits for racks 10-17
« S:33/8-15 I/O rack reset bits for racks 10-17

S:34

Global status bits: (See also S:7, S:27, S:32, S:33, and S:35)

« S:34/0-7 rack fault bits for racks 20-27 (octal)
e S:34/8-15 unused

S:35

Rack control bits: (See also S:7, S:27, S:32, S:33, and S:34)

* S:35/0-7 I/O rack inhibit bits for racks 20-27
e S:35/8-15 I/O rack reset bits for racks 20-27
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S:36-S:78
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This word of Stores:

the status file:

S:36 - S:45 Reserved

S:46 PII program file number

S:47 PII module group

S:48 PII bit mask

S:49 PIl compare value

S:50 PII down count

S:51 PII changed bit

S:52 PII events since last interrupt

S:53 STl scan time (in ms)

S:54 STl maximum scan time (in ms)

S:55 Pl last scan time (in ms)

S:56 PII maximum scan time (in ms)

S:57 User program checksum

S:58 Reserved

S:59 Extended-local I/O channel discrete transfer scan (in ms)

S:60 Extended-local I/O channel discrete maximum scan (in ms)

S:61 Extended-local I/0 channel block-transfer scan (in ms)

S:62 Extended-1/O channel maximum block-transfer scan (in ms)

S:63 Protected processor data table protection file number

S:64 The number of remote block-transfer command blocks being used by
channel pair 1A/1B.

S:65 The number of remote block-transfer command blocks being used by
channel pair 2A/2B.

S:66 Reserved.

S:77 Communication time slice for communication housekeeping
functions (in ms)

S:78 MCP 1/0 update disable bits

Bit 0 for MCP A
Bit 1 for MCP B
etc.
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S:79-S:127

This word of

the status file:

Stores:

S:79 MCP inhibit bits
Bit 0 for MCP A
Bit 1 for MCP B
etc.

S:80-S:127 MCP file number

MCP scan time (in ms)
MCP max scan time (in ms)

The above sequence applies to each MCP; therefore, each MCP has
3 status words.

For example, word 80: file number for MCP A
word 81: scan time for MCP A
word 82: maximum scan time for MCP A
word 83: file number for MCP B
word 84: scan time for MCP B
etc.
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Chapter 2 2

Instruction Set Quick

Reference
Using This Chapter
If you want to read about: Go to page:
Relay instructions 22-2
Timer instructions 22-3
Counter instructions 22-4
Compare instructions 22-5
Compute instructions 22-7
Logical instructions 22-14
Conversion instructions 22-15
Bit modify and move instructions 22-16
File instructions 22-17
Diagnostic instructions 22-18
Shift register instructions 22-19
Sequencer instructions 22-20
Program control instructions 22-21
Process control and message instructions 22-23
Block Transfer instructions 22-24
ASClII instructions 22-25
Timing and memory requirements for bit and word instructions 22-28
Timing and memory requirements for file program control, and 22-31

ASClII instructions

Important: For a more detailed description of each of these
instructions, see the PLC-5 Programming Software
Instruction Set Reference, publication 1785-6.1.
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Relay Instructions
Instruction Description
[:012 Examine On Examine data table bit 1:012/07, which corresponds to terminal 7 of
—F XIC an input module in 1/O rack 1, 1/0 group 2. If this data table bit is set
07 (1), the instruction is true.
[:012 Examine Off Examine data table bit 1:012/07, which corresponds to terminal 7 of
VE XI0 an input module in 1/O rack 1, 1/O group 2. If this data table bit is
07 reset (0), the instruction is true.
0:013 Output Energize If the input conditions preceding this output instruction on the same
—( OTE rung go true, set (1) bit 0:013/01, which corresponds to terminal 1
01 of an output module in I/O rack 1, 1/O group 3.
0:013 Output Latch If the input conditions preceding this output instruction on the same
—(L)— OoTL rung go true, set (1) bit 0:013/01, which corresponds to terminal 1
01 of an output module in I/O rack 1, 1/O group 3. This data table bit
remains set even if the rung condition goes false.
0:013 Output Unlatch If the input conditions preceding this output instruction on the same
—(U )— oTu rung go true, reset (0) bit 0:013/01, which corresponds to terminal 1
01 of an output module in I/O rack 1, 1/O group 3. This is necessary to
reset a bit that has been latched on.
01 Immediate Input This instruction updates a word of input-image bits before the next
—(IN ) IIN normal input-image update. Address this instruction by rack and
group (RRG). For alocal chassis, program scan is interrupted while
the inputs of the addressed I/O group are scanned; for a remote
chassis, program scan is interrupted only to update the input image
with the latest states as found in the remote I/O buffer.
01 Immediate Output This instruction updates a word of output-image bits before the next
—(I0T ) 10T normal output-image update.. Address this instruction by rack and

group (RRG). For alocal chassis, program scan is interrupted while
the outputs of the addressed I/0 group are updated; for a remote
chassis, program scan is interrupted only to update the remote I/0
buffer with the latest states as found in the output image.

1785-6.5.12 January 1997



Instruction Set Quick Reference

22-3

Timer Instructions

Instruction Description
TON Timer On Delay If the input conditions go true, timer T4:1 starts incrementing in
TON 1-second intervals. When the accumulated value is greater than
PMER ON DELAYT4_1 or equal to the preset value (15), the timer stops and sets the timer
T!merB 1' 0 Status Bits: done bit.
Proset - ;5|  EN- Enable
Accum o|  TT - Timer Timing Rung EN | TT | DN | ACC TON
DN - Done Condition 15 | 14 | 13 Value Status
False 0 0 0 0 Reset
True 1 1 0 increase Timing
True 1 0 1 >= preset Done
TOF Timer Off Delay If the input conditions are false, timer T4:1 starts incrementing in 10
TIMER OFF DELAY TOF ms intervals as long as the rung remains false. When the
Ti 44 accumulated value is greater than or equal to the preset value
T!merB 0 1 (180), the timer stops and resets the timer done bit.
Presel go| ~ Sratus Bis eN | T | on | Acc TOF
Aceum 0 EN - Enable Rung
TT - Timer Timing Condition 15 14 13 | Value Status
DN - Done True 1 1o |1 o Reset
False 0 1 1 increase Timing
False 0 0 0 >= preset Done

See page 24-8 for a description of prescan operation for
this instruction.
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Instruction Description
RTO Retentive Timer On If the input conditions go true, timer T4:10 starts incrementing in
RETENTIVE TIMER ON RTO 1-second intervals as. long as the rung remains true. Whe'n the
i Ta: rung goes false, the timer stops. If the rung goes true again, the
T!mer 4'118 timer continues. When the accumulated value is greater than or
'I;:gcseelitiase 1' 0 equal to the preset (10), the timer stops and sets the timer done bit.
Accum 0 )
Status Bits: Rung EN [ TT | DN ACC RTO
EN - Enable Condition 15 | 14 |13 Value Status
TT - Timer Timing Fal 0 0 0 0 Reset
DN - Done alse ese
True 1 1 0 increase Timing
False 0 0 0 maintains Disabled
True 1 0 1 >= preset Done
Ta:A Timer Reset If the input conditions go true, timer T4:1 is reset. This instruction
— (RES) RES resets timers and counters, as well as control blocks. This is
necessary to reset the RTO accumulated value.
Counter Instructions
Instruction Description
CTU Count Up If the input conditions go true, counter C5:1 starts counting,
CTu incrementing by 1 every time the rung goes from false-to-true.
COUNT UP )
c 51 When the accumulated value is greater than or equal to the
ounter 5 preset value (10), the counter sets the counter done bit.
Preset 10
Acour 0 Aung cu |on |ov | acc cTU
Condition 15 |13 |12 | Value Status
Status Bits:
CU-Count Up False 0 0 0 0 Reset
CD-Count Down ] ]
DN-Count Up done  Toggle True 1 | 0 | [incrbyt Counting
OV-Overflow
True 1 1 0 = preset Done
UN-Underfiow >=P
True 1 1 1 >32767 Overflow

See page 24-8 for a description of prescan operation for

this instruction.
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22-5

Instruction Description
CTD Count Down If the input conditions go true, counter C5:1 starts counting,
COUNT DOWN CTD decrementing by 1 every time the rung goes from
c C5:1 false-to-true. When the accumulated value is less than the
ounter > preset value (10), the counter resets the counter done bit.
Preset 10
Acourn % co | on | un | Acc CTD
- Rung. )
Status Bits: Condition 14 | 13 [ 11 | Value Status
CU-Count Up
CD-Count Down False 0 0 0 |o0 Reset
DN-Count Down done  False 0 1 0 | >=preset Preload
OV-Overflow Toggle True 1 1 | 0 |decbyt Counting
UN-Underflow
True 1 0 0 |<preset Done
True 1 0 1 <-32768 Underflow
See page 24-8 for a description of prescan operation for
this instruction.
Compare Instructions
Instruction Description
— LIM Limit Test If the Test value (N7:15) is >= the Low Limit (N7:10) and <= the
LIMIT TEST (CIRC) LIM High Limit (N7:20), this instruction is true.
Low limit N7:10 Low Limit Test High Limit LIM
3
Test N7:15 0 0 10 T
4 5 5 10 T
High limit N7:20
29 5 1 10 F
10 0 0 T
10 5 -5 F
10 1 5 T
— MEQ Mask Compare Equal ~ The processor takes the value in the Source (D9:5) and passes that
MASKED EQUAL MEQ value through the Mask (D9:6). Then the processor compares the
S D95 result to the Compare value (D9:10). If the result and this
ource 000'0 comparison values are equal, the instruction is true.
Mask D9:6 Source Mask | Compare MEQ
0000 T
Compare D9:10 0008 0008 0009
0000 0008 0001 0001 F
0087 000F 0007 T
0087 00F0 0007 F
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Instruction Description
— CMP Compare If the expression is true, this input instruction is true. The CMP
CMP instruction can perform these operations: equal (=), less than (<),
COMPARE
E . less than or equal (<=), greater than (>), greater than or equal (>=),
N);[:)srefs,\'l%?1 0 not equal (<>), and complex expressions (up to 80 characters).

— XXX Source A | Source B EQU |GEQ | GRT | LEQ | LES | NEQ
XXXXXXXXXXXXX 10 10 T T F T F F
Source A N7:5

3 5 6 F F F T T T
Source B N7:10 29 20 F T T F F T
1
-30 -31 F T T F F T
-15 -14 F F F T T T
Equal to If the value in Source A (N7:5) is = to the value in Source B (N7:10),
EQU this instruction is true.

Greater than or Equal
GEQ

If the value in Source A (N7:5) is > or = the value in Source B
(N7:10), this instruction is true.

Greater than
GRT

If the value in Source A (N7:5) is > the value in Source B (N7:10),
this instruction is true.

Less than or Equal
LEQ

If the value in Source A (N7:5) is < or = the value in Source B
(N7:10), this instruction is true.

Less than If the value in Source A (N7:5) is < the value in Source B (N7:10),
LES this instruction is true.

Not Equal If the value in Source A (N7:5) is not equal to the value in Source B
NEQ (N7:10), this instruction is true.
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Compute Instructions

Instruction Description
CPT Compute If the input conditions go true, evaluate the Expression N7:4 - (N7:6
COMPUTE CPT *N7:10) and store the result in the Destination (N7:3).
Dest N7:3 The CPT instruction can perform these operations: add (+), subtract
3 (-), muttiply (¥), divide (|), convert from BCD (FRD), convert to
Expression BCD (TOD), square root (SQR), logical and (AND), logical or (OR),
N7:4 - (N7:6 * N7:10) logical not (NOT), exclusive or (XOR), negate (-), clear (0), and
move, X to the power of Y (**), radians (RAD), degrees (DEG), log
(LOG), natural log (LN), sine (SIN), cosine (COS), tangent (TAN),
inverse sine (ASN), inverse cosine (ACS), inverse tangent (ATN),
and complex expressions (up to 80 characters)
Note: Any value entered (i.e., 2.3) expands to 8
characters (2.3000000).
ACS Arc cosine If input conditions go true, take the arc cosine of the value in
ARCCOSINE ACS F8:19 and store the result in F8:20.
Source F8:19 Status -
07853982 Bit | Descripton
Dest 0 66;18552 C always resets
sets if overflow is generated;
v otherwise resets
7 sets if the result is zero;
otherwise resets
S always resets
— ADD Addition When the input conditions are true, add the value in Source
ADD ADD A (N7:3) to the value in Source B (N7:4) and store the result
Source A N73 in the Destination (N7:12).
u :
3
Source B N73‘1‘ S;ius Description
Dest N7:12 . )
4 c sets if carry is generated;
otherwise resets
sets if overflow is generated;
v otherwise resets
7 sets if the result is zero;
otherwise resets
sets if the result is negative;
S otherwise resets
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Instruction Description
ASN Arc sine When input conditions go true, take the arc sine of the value in
ARCSINE ASN F8:17 and store the result in F8:18.
Source F8:17
07853982 Sg"i:”s Description
Dest F8:18
0.9033391 C always resets
\Y sets if overflow is generated;
otherwise resets
Z sets if the result is zero;
otherwise resets
S always resets
ATN Arc tangent When input conditions go true, take the arc tangent of the
ARCTANGENT ATN value in F8:21 and store the result in F8:22.
Source F8:21 Status Descriofi
0.7853982 Bit escription
Dest 06 65F787§§ C always resets
\Y sets if overflow is generated;
otherwise resets
Z sets if the result is zero;
otherwise resets
S sets if the result is negative;
otherwise resets
— AVE Average When the input conditions go from false-to-true, take the average of
AVERAGE FILE AVE the file #N7:1 and store the result in N7:0.
File #N7:1 e Status Description
Dest N7-o | Status Bits: Bit p
Control Re0 | oI c always resets
Length 4| DN-Done bit Y
Position 0| ER-EmorBi Vv sets if overflow is generated;

otherwise resets

Z sets if the result is zero;
otherwise resets

S sets if the result is negative;
otherwise resets
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Instruction Description
CLR Clear When the input conditions are true, clear decimal file 9, word 34
CLR CLR (set to zero).
Dest D9:34
0000 Status Description
Bit
C always reset
\' always reset
z always set
S always reset
cos Cosine When input conditions go true, take the cosine of the value in
COSINE CcoSs F8:13 and store the result in F8:14.
Source F8:13
0.7853982 Sg‘i‘t“s Description
Dest F8:14
0.7071068 C always resets
\" sets if overflow is generated;
otherwise resets
Z sets if the result is zero;
otherwise resets
S

sets if the result is negative;
otherwise resets
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Instruction Description
— DIV Division When the input conditions are true, divide the value in Source A
DIVIDE DIV (N7:3) by the value in Source B (N7:4) and store the result in the
Source A N73 Destination (N7:12).
3 Sta.tus Description
Source B N7:4 Bit
1 C always resets
Dest N7:12
3 v sets if division by zero or overflow;
otherwise resets
VA sets if the result is zero;
otherwise resets; undefined if overflow is set
S sets if the result is negative;
otherwise resets; undefined if overflow is set
LN Natural log When input conditions go true, take the natural log of the value in
NATURAL LOG LN N7:0 and store the result in F8:20.
Source N75g Stélittus Description
Dest F8:20 C always resets
1.609438
Vv sets if overflow is generated;
otherwise resets
z sets if the result is zero;
otherwise resets
S sets if the result is negative;
otherwise resets
LOG When input conditions go true, take the log base 10 of the value in
LOG BASE 10 N7:2 and store the result in F8:3.
Source N7:2 Sta_tus Description
5 Bit
Dest F8:3 C always resets
0.6989700
v sets if overflow is generated;
otherwise resets
7 sets if the result is zero;
otherwise resets
S sets if the result is negative;
otherwise resets
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Instruction Description
— Multipl When the input conditions are true, multiply the value in Source
MUL ply Y ply
MULTIPLY MUL A (N7:3) by the value in Source B (N7:4) store the result in the
Destination (N7:12).
Source A N7:3
3 Status | pescription
Source B N7:4 Bit
Dest N7 1; C always resets
es :
3 \Y sets if overflow is generated;
otherwise resets
z sets if the result is zero;
otherwise resets
S sets if the result is negative;
otherwise resets
— NEG Negate When the input conditions are true, take the opposite sign of the
NEGATE NEG Source (N7:3) and store the result in the Destination (N7:12). This
S N7:3 instruction turns positive values into negative values and negative
ource '3 values into positive values.
, Status | Description
Dest N7.1§ Bit p
C sets if the operation generates a carry;
otherwise resets
\Y sets if overflow is generated;
otherwise resets
Z sets if the result is zero;
otherwise resets
S sets if the result is negative;
otherwise resets
— SIN Sine When input conditions go true, take the sine of the value in F8:11
SINE SIN and store the result in F8:12.
Source F8:11 St;ttus Description
0.7853982
Dest F8:12 C always resets
0.7071068
v sets if overflow is generated;
otherwise resets
Z sets if the result is zero;
otherwise resets
S

sets if the result is negative;
otherwise resets
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Instruction Description
— SQOR Square Root When the input conditions are true, take the square root of the
SQUARE ROOT SQR Source (N7:3) and store the result in the Destination (N7:12).
Source N7:3
25 S‘SFUS Description
Dest N7:12 t
5 C always resets
\' sets if overflow occurs during floating point
to integer conversion; otherwise resets
Z sets if the result is zero; otherwise resets
S always reset
— SRT Sort When the input conditions go from false-to-true, the values in N7:1,
SORT SRT N7:2, N7:3.and N7:4 are sorted into ascending order.
File #N7:1 e
Control R6:0 Status Bits:
Length 4 EN-Enable
Position o/ DN-Done Bit
ER-Error Bit
— STD Standard Deviation When the input conditions go from false-to-true, take the
STANDARD DEVIATION STD standgrd dewatlo_n of the values in file #N7:1 and store the
Eil NT-1 result in the Destination (N7:0).
lie : Status Bits:
Dest N7:0 EN - Enabl
Control R6:0 - =nable Status Description
Length 4 DN - Done Bit Bit
Position o| ER-ErorBit Cc always resets
\" sets if overflow is generated;
otherwise resets
Z sets if the result is zero; otherwise resets
S always resets
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Instruction Description
— gug ——————— Subtract When the input conditions are true, subtract the value in Source B
SUBTRACT SUB (N7:4) from the value in Source A (N7:3) and store the result in the
Destination (N7:12).
Source A N7:3
3
Source B N7:4 Status | Description
1 Bit
Dest N7:12 C sets if borrow is generated:
2 otherwise resets
\Y sets if underflow is generated;
otherwise resets
Z sets if the result is zero; otherwise resets
S sets if the result is negative;
otherwise resets
— Tangent When input conditions go true, take the tangent of the value
TAN
TANGENT TAN in F8:15 and store the result in F8:16.
Source F8:15 Status -
0.7853982 Bit Description
Dest 10 (;:()8()38 c always resets
v sets if overflow is generated;
otherwise resets
z sets if the result is zero;
otherwise resets
S sets if the result is negative;
otherwise resets
— XPY ————— Xto the power of Y When input conditions go true, take the the value in N7:4, raise
X TO POWER OF Y XPY it to the power stored in N7:5, and store the result in N7:6.
Source A N7:4
5 Sgai:us Description
Source B N7:5
2 C always resets
Dest N7:6
25 v sets if overflow is generated;
otherwise resets
7 sets if the result is zero;
otherwise resets
S sets if the result is negative;
otherwise resets
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Logical Instructions
Instruction Description
— AND AND When the input conditions are true, the processor performs an
BITWISE AND AND operation (bit-by-bit) between Source A (D9:3) and Source B
S A D9:3 (D9:4) and stores the result in the Destination (D9:5). The truth
ource 3F3;7 table for an AND operation is:
Source B D9:4
00FF Source A Source B Result
Dest D9:5 o 0 0
0037 1 0 0
0 1 0
1 1 1
NOT NOT Operation When the input conditions are true, the processor performs a NOT
NOT (takes the opposite of) operation (bit-by-bit) on the Source (D9:3)
S A Do: and stores the result in the Destination (D9:5). The truth table for a
ource 00?:"2 NOT operation is:
Dest D9:5 -
FF00 Source  Destination
0 1
1 0
— OR OR When the input conditions are true, the processor performs an OR
operation (bit-by-bit) between Source A (D9:3) and Source B (D9:4)
EITWISE INCLUSI[\)/E. OR and stores the result in the Destination (D9:5). The truth table for
ource 3;?; an OR operation is:
Source B D9:4
00FF Source A Source B Result
Dest D9:5 0 0 0
3FFF 1 0 1
0 1 1
1 1 1
— XOR Exclusive OR When the input conditions are true, the processor performs an
XOR exclusive OR operation (bit-by-bit) between Source A (D9:3) and
BITWISE EXCLUSIVE OR . o
S S A CLUs Dgg Source B (D9:4) and stores the result in the Destination (D9:5).
ource 3Fé7 The truth table for an XOR operation is:
Source B D9:4
3F37 Source A Source B Result
Dest D9:5 0 0 0
0000 1 0 1
0 1 1
1 1 0
Status
Bit Description
C always resets
\' always resets
Z sets if the result is zero; otherwise resets
S sets if the most significant bit (bit 15 for decimal or bit 17 for octal)
is set (1); otherwise resets
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Conversion Instructions

Instruction Description
— FRD Convert from BCD When the input conditions are true, convert the BCD value in the
FROM BCD FRD Source (D9:3) to a integer value and store the result in the
S D9:3 Destination (N7:12). The source must be in the range of
ource 0037 0-9999 (BCD).
Dest N7:12 Statys Description
37 Bit
C always resets
v always resets
Z sets if the destination value is zero;
otherwise resets
S always resets
— TOD Convert to BCD When the input conditions are true, convert the integer value in
10 BCD TOD Source (N7:3) to a BCD format and store the result in the
Destination (D9:5).
Source N7:3
44 Stat.us Description
Dest D9:5 Bit
0044
C always resets
v sets if the source value is negative
or greater than 9999 (i.e. outside of
the range of 0-9999)
7 sets if the destination value is zero;
otherwise resets
S always resets
DEG Convert to Degrees When the input conditions are true, convert radians (the value in
RADIANS TO DEGREE DEG Source A) to degrees and stores the result in the Destination (Source
Source F8:7 times 180/T).
0.7853982 Status Description
Dest F8:8 Bit
® C always resets
\Y sets if overflow generated;
otherwise resets
Z sets if result is zero; otherwise resets
S sets if result is negative;

otherwise resets
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Instruction Description
RAD —— — Convert to Radians When the input conditions are true, convert degrees (the value
DEGREES TO RADIAN RAD in Source A) to radians and stores the result in the Destination
Source N7-9 (Source times 17180).
45 Status Description
Dest F8:10 Bit
0.7853962 C always resets
\" sets if overflow generated; otherwise resets
Z sets if result is zero; otherwise resets
S sets if result is negative; otherwise resets

Bit Modify and Move Instructions

Instruction Description
— MOy ——————— Move When the input conditions are true, move a copy of the value in
MOV Source (N7:3) to the Destination (F8:12), converting from one
MOVE . : - .
S N73 data type to another This overwrites the original value in
ource 2'0 the Destination.
Dest F8:12 Status Description
20.000000 Bit
C always resets
v sets if overflow is generated during

floating point-to-integer conversion;
otherwise resets

Z sets if the destination value is zero;
otherwise resets

S sets if result MSB is set; otherwise resets
— MVM —m———— Masked Move When the input conditions are true, the processor passes the value
MVM in the Source (D9:3) through the Mask (D9:5) and stores the result
Z‘ASKED MOVED9_3 in the Destination (D9:12). This overwrites the original value in
ource 47éF the Destination.
Mask D9:5 Status \ pescription
00FF Bit
Dest %%;f: C |always resets

v always resets

Z sets if the result is zero; otherwise resets

S sets if most significant bit of resulting value is set;
otherwise resets.
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Instruction Description
— BTD Bit Distribute When the input conditions are true, the processor copies the number
BTD of bits specified by Length, starting with the Source bit (3) of the
BIT FIELD DISTRIB Source (N7:3), and placing the values in the Destination (N7:4),
Source N7:g starting with the Destination bit (10).
Source bit 3
Dest N7:4
0
Dest bit 10
Length 6
File Instructions
Instruction Description
[ FAL File Arithmetic and When the input conditions go from false-to-true, the processor
Logic reads 8 elements of N14:0, and subtracts 256 (a constant)
(F:"'Et AlRITH/LOGK;AL R6-1 FAL from each element. This example shows the result being
L:r? ;?] .8 stored in the eight elements beginning with N15:10. The
p osigti on 0 Status Bits: control element R6:1 controls the operation. The Mode
Mode ALL| EN- Enable determines whether the processor performs the expression on
Dest #N15:10| DN - Done Bit all elements in the files (ALL) per program scan, one element
Expression  #N14:0 - 256| ER - Error Bit in the files (INC) per false-to-true transition, or a specific
number of elements (NUM) per scan.
The FAL instruction can perform these operations: add (+),
subtract (-), multiply (*), divide (|), convert from BCD (FRD),
convert to BCD (TOD), square root (SQR), logical and (AND),
logical or (OR), logical not (NOT), exclusive or (XOR), negate
(-), clear (0), move, and the new math instructions (see the
CPT list).
— FSC File Search and When the input conditions go from false-to-true, the processor
Compare performs the not-equal-to comparison on 10 elements between
(I;ILE SlEARCH/COMPARF:Z_O FSC files B4:0 and B5:0. Mode determines whether the processor
Lg:t;?, 9'0 performs the expression on all elements in the files (ALL) per
P osi%i on 0 Status Bits: program scan, one element in the files (INC) per false-to-true
Mode 10 EN - Enable transition, or a specific number of elements (NUM) per scan.
Expression  #B4:0 <> #B5:0 DN - Done Bit Control element R9:0 controls the operation.
ER - Er.ro.r B',t When the corresponding source elements are not equal
IN - Inhibit Bit (element B4:4 and B5:4 in this example), the processor stops
FD - Found Bit

the search and sets the found .FD and inhibit .IN bits so your
ladder program can take appropriate action. To continue the
search comparison, you must reset the .IN bit.

To see a list of the available comparisons, see the comparisons
listed under the CMP instruction.
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Instruction Description
— COP File Copy When the input conditions are true, the processor copies the
COPY FILE cop contents of the Source file (N7) into the Destination file (N12).
S INT0 The source remains unchanged. The COP instruction copies
Doutrce #N12:O the number of elements from the source as specified
es ) by the Length.
Length 5
As opposed to the MOV instruction, there is no data type
conversion for this instruction.
— FLL File Fill When the input conditions are true, the processor copies the
FILL FILE FLL value in Source (N10:6) to the elements in the Destination
S N10: (N12). The FLL instruction only fills as many elements in the
D(;:trce #N1g:g destination as specified in the Length.
Length '5 As opposed to the MOV instruction, there is no data type
conversion for this instruction.
Diagnostic Instructions
Instruction Description
— FBC File Bit Compare When the input conditions go from false-to-true, the processor
FBC compares the number of bits specified in the Cmp Control Length
;"‘E BIT COMP/:::EM (48) of the Source file (#1:031) with the bits in the Reference file
Rzge;f:nce #BS' 1 Status Bits: (#B3:1). The processor stores the results (mismatched bit
Result #N7:0 EN - Enable numbers) in the Result file (#N7:0). File R6:4 controls the compare
Cmp Control R6;4 DN - Done Bit and file R6:5 controls the file that contains the results. The file
Length 48 ER - Error Bit containing the results can hold up to 10 (the number specified in the
Position 0 IN - Inhibit Bit Length field) mismatches between the compared files.
TgﬁulthCOntrol R6:5 FD - Found Bit Note: To avoid encountering a possible run-time error when
p osigt]i on 18 executing this instruction, add a ladder rung that clears S:24
(indexed addressing offset) immediately before a FBC instruction.
— DDT Diagnostic Detect When the input conditions go from false-to-true, the processor
DDT compares the number of bits specified in the Cmp Control Length
DSIAGNOSTIC DET;%Tso (20) of the Source file (# 1:030) with the bits in the Reference file
Rz:‘]:snce #|'33_ 1 Status Bits: (#B3:1). The processor stores the results (mismatched bit
Result N1 0:0 EN - Enable numbers) in the Result file (#N10:0). Control element R6:0 controls
Cmp Control RSEO DN - Done Bit the compare and the control element R6:1 controls the file that
Length 20|  ER - Error Bit contains the results (#N10:0). The file containing the results can
Position 0 IN - Inhibit Bit hold up to 5 (the number specified in the Length field) mismatches
Result Control R6:1 FD - Found Bit between the compared files. The processor copies the source bits
Length 5 to the reference file for the next comparison.
Position 0 . ) .
The difference between the DDT and FBC instruction is that each

time the DDT instruction finds a mismatch, the processor changes
the reference bit to match the source bit. You can use the DDT
instruction to update your reference file to reflect changing machine
or process conditions.

Note: To avoid encountering a possible run-time error when
executing this instruction, add a ladder rung that clears S:24
(indexed addressing offset) inmediately before a DDT instruction.
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Instruction Description
DTR Data Transition The DTR instruction compares the bits in the Source (1:002) through
DATA TRANSITION DTR a Mask (OFFF) \{Vlth.the bits in the Reference (N63:.1 1). When .the
S I' masked source is different than the reference, the instruction is true

ource 2&2: for only 1 scan. The source bits are written into the reference
Mask 0 address for the next comparison. When the masked source and the
Reference  N63:11 reference are the same, the instruction remains false.
Shift Register Instructions
Instruction Description
BSL Bit Shift Left If the input conditions go from false-to-true, the BSL instruction
BSL shifts the number of bits specified by Length (5) in File (B3), starting
BIT SHIFT LEFT at bit 16 (B3:1/0 = B3/16), to the left by one bit position. The source
File #B3:1( Status Bits: bit (1:022/12) shifts into the first bit position, B3:1/0 (B3/16). The fifth
Control R6:53| EN - Enable bit, B3:1/4 (B3/20), is shifted into the UL bit of the control
BitAddress  1:022/12 DN - Done Bit structure (R6:53).
Length 5 ER - Error Bt
UL - Unload Bit
— BSR Bit Shift Right If the input conditions go from false-to-true, the BSR instruction
BSR shifts the number of bits specified by Length (3) in File (B3), starting
E,:T SHIFT RIGHT 4630 with B3:2/0 (=B3/32), to the right by one bit position. The source bit
e 3 Status Bits: (1:023/06) shifts into the third bit position B3/34. The first bit (B3/32)
Control R6:54 M ) .
: EN - Enable is shifted into the UL bit of the control element (R6:54).
Bit Address 1:023/06 .
Length 3 DN - Done Bit
ER - Error Bit
UL - Unload Bit
— FFL FIFO Load When the input conditions go from false-to-true, the processor loads
FFL N60:1 into the next available element in the FIFO file, #N60:3, as
FIFO LOAD . .
S N6O:1 pointed to by R6:51. Each time the rung goes from false-to-true,
ource 60: Status Bits: the processor loads another element. When the FIFO file (stack) is
FIFO #N60:3 o
Control R6:51 EN - Enable Load full, (64 words loaded), the DN bit is set.
Leng.th 64 [ DN -Done B't, See page 24-8 for a description of prescan activities for
Position o| EM-Empty Bit this intruction.

— FFU FIFO Unload When the input conditions go from false-to-true, the processor
FIFO UNLOAD FFU unloads an element from #N60:3 into N60:2. Each time the rung
FIFO N60:3 goes from false-to-true, the processor unloads another value. All

#60: Status Bits: the data in file #N60:3 is shifted one position toward N60:3. When
Dest N60:2 o o
Control R6:51 EU - Enable Unload the file is empty, the EM bit is set.
Length 64| DN -Done B't_ See page 24-8 for a description of prescan activities for
Position o[ EM-Empty Bit this intruction.
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Instruction Description
— LFL LIFO Load When the input conditions go from false-to-true, the processor loads
LIFO LOAD LFL N70:1 into the next available element in the LIFO file #N70:3, as
S N70:1 pointed to by R6:61. Each time the rung goes from false-to-true,
Llcl):u(;ce #N70:3 Status Bits: the processor loads another element. When the LIFO file (stack) is
Control R6:é1 EN - Enable full (64 words have been loaded), the DN bit is set.
Length 64 Load ) See page 24-8 for a description of prescan activities for
Position 0 [E)I\’\/ll - Eon‘i Bg_t this intruction.
- Empty Bi
— LFU LIFO Unload When the input conditions go from false-to-true, the processor
LIFO UNLOAD LFU unloads the last element from #N70:3 and puts it into N70:2. Each
LIFO NT0:3 time the rung goes from false-to-true, the processor unloads
Dest ij 9 Status Bits: another element. When the LIFO file is empty, the EM bit is set.
Control R6:61 EU - Enable See page 24-8 for a description of prescan activities for
Length 64 Unload this intruction.
Position 0 DN - Done Bit
EM - Empty Bit
Sequencer Instructions
Instruction Description
— 3Ql Sequencer Input The SQl instruction filters the Source (1:031) input image data
Sal through a Mask (FFF0) and compare the result to Reference data
SE_QUENCER INPUT (#N7:11) to see if the two values are equal. The operation is
File #NT11 controlled by the information in the control file R6:21. When the
Mask FFFOQ status of all unmasked bits of the word pointed to by control element
Source 1:031 R6:21 matches the corresponding reference bits, the rung condition
(L;O”t;(r’]l RG:Z; remains true if preceded by a true rung condition.
eng
Position 0
— SQL Sequencer Load The SQL instruction loads data into the sequencer File (#N7:20)
SQL from the source word (1:002) by stepping through the number of
SE_QUENCER LOAD _ elements specified by Length (5) of the Source (1:002), starting at the
g"er #N7:20 | Status Bits: Position (0). The operation is controlled by the information in the
Cg:tfsl Rleogg EN - Enable control file R6:22. When the rung goes from false-to-true, the SQL
Lenath ’ 5 DN - Done B,'t instruction increments the next step in the sequencer file and loads
Pos?ti on 0 ER - Error Bit the data into it for every scan that the rung remains true.
See page 24-8 for a description of prescan operation for
this instruction.
— SQ0 Sequencer Output When the rung goes from false-to-true, the SQO instruction
SQ0 increments to the next step in the sequencer File (#N7:1). The data
SE_QUENCER OUTPUT in the sequencer file is transferred through a Mask (OFOF) to the
File #N7:1 | Status Bits: Destination (0:014) for every scan that the rung
'\E’l)asr OFOF | EN - Enable remains true.
es 0:014 - i
Control R6:20 E: ~ gﬁgf;lt Sge'page ?4—8 for a description of prescan operation for
Length 4 this instruction.
Position 0
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Program Control Instructions

Instruction Description
—(MCR J— Master Control Reset If the input conditions are true, the program scans the rungs
MCR between MCR instruction rungs and processes the outputs
normally. If the input condition is false, rungs between the
MCR-instruction rungs are executed as false.
10 Jump If the input conditions are true, the processor skips rungs by
—(JMP ™ JMP jumping to the rung identified by the label (10).
10 Label When the processor reads a JMP instruction that corresponds to
—[ LBL]— LBL label 10, the processor jumps to the rung containing the label and
starts executing.
Important: Must be the first instruction on a rung.
— FOR FOR Loop The processor executes the rungs between the FOR and the NXT
FOR instruction repeatedly in one program scan, until it reaches the
FOR . . . . i
Label Numb terminal value (10) or until a BRK instruction aborts the operation.
n dee;( umboer N7'g Step size is how the loop index is incremented.
Initial Value 0 See page 24-8 for a description of prescan operation for
Terminal Value 10 this instruction.
Step Size 1
— NXT Next The NXT instruction returns the processor to the corresponding
NXT FOR instruction, identified by the label number specified in the FOR
NEXT . - o
Label Numb 0 instruction. NXT must be programmed on an unconditional rung
€1 fumber that is the last rung to be repeated in a For-Next loop.
Break When the input conditions go true, the BRK instruction aborts a
_[ BRK]_ BRK For-Next loop.

— JSR Jump to Subroutine If the input conditions are true, the processor starts running a
JSR subroutine Program File (90). The processor passes the Input

JL;MP 10 S:,JlBROUQ.I(-)INE Parameters (N16:23, N16:24, 231) to the subroutine and the RET
Inml?tra[:r e N16:23 instruction passes Return Parameters (N19:11, N19:12) back to the
Ingut Ear N1 6: o4 main program, where the processor encountered the
Input par 234 ’ JSR instruction.

Return par N19:11
Return par N19:12

— ubroutine e instruction is the first instruction in a subroutine file. This
SBR Subrouti The SBRii ion is the first i ion i broutine file. Thi
SUBROUTINE SBR instruction identifies Input Parameters (N43:0, N43:1, N43:2) the
Inout N30 processor receives from the corresponding JSR instruction. You do
Izpﬂt pz: N43:1 not need the SBR instruction if you do not pass input parameters to
| ngut g ar N43:2 the subroutine.

— RET Return If the input conditions are ture, the RET instruction ends the
RETURN () RET subroutine and stores the Return Parameters (N43:3, N43:4) to be
Return par N43:3 returned to the JSR instruction in the main program.

Return par N43:4
Always False The AFl instruction disables the rung (i.e., the rung is always false).
—J[ AR }— AFI
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Instruction Description
—(TND | Temporary End If the input conditions are true, the TND instruction stops the
TND processor from scanning the rest of the program (i.e., this
instruction temporarily ends the program).
B3 One Shot If the input conditions preceding the ONS instructions on the same
— oNs}— ONS rung go from false-to-true, the ONS instruction conditions the rung
110 so that the output is true for one scan. The rung is false on
successive scans.
See page 24-8 for a description of prescan operation for
this instruction.
OSF One Shot Falling The OSF instruction triggers an event to occur one time. Use the
ONE SHOT FALLING OSF OSF instruction whenever an event must start baseq on the change
St Bit B30 of state of a rung from true-to-false, not on the resulting rung status.
Olj)tr:l?teBitl 15 Status Bits: The output bit (N7:0/15) is set (1) for one program scan when the
Output Word N7:0 gBB - é)utput Bét. rung goes from true-to-false.
- Storage Bit See page 24-8 for a description of prescan operation for
this instruction.
OSR One Shot Rising The OSR instruction triggers an event to occur one time. Use the
ONE SHOT RISING OSR OSR instruction whenever an event must start baseq on the change
St Bit B30 of state of a rung from false-to-true, not on the resulting rung status.
Ot?tral?teBitl 15 Status Bits: The output bit (N7:0/15) is set (1) for one program scan when the
Outgut Word N7:0 OB - Output Bit rung goes from false-to-true.
SB - Storage Bit See page 24-8 for a description of prescan operation for
this instruction.
SFR SFC Reset The SFR instruction resets the logic in a sequential function chart..
SFC Reset SFR When the SFR instruction goes true, the processor performs a
Prog File Number 3 lastscan/postscan on all active steps and actions in the selected file,
Restart Step At and then resets the logic in the SFC on the next program scan. The
chart remains in this reset state until the SFR instruction goes false.
( EOT) End of Transition The EOT instruction should be the last instruction in a transition file.
EOT If you do not use an EOT instruction, the processor always
evaluates the transition as true.
See page 24-8 for a description of prescan operation for
this instruction.
(UID ) User Interrupt Disable ~ The UID instruction temporarily disables an interrupt-driven ladder
uiD program (such as an STl or PIl) from interrupting the currently
executing program.
( VIE ) User Interrupt Enable  The UIE instruction re-enables the interrupt-driven ladder program

UIE

to interrupt the currently executing ladder program.
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Process Control, Message Instructions

Instruction Description
PID Proportional, Integral, ~ The control block (PD10:0) contains the instruction information for
PID and Derivative the PID. The PID gets the process variable from N15:13 and sends
Control Block PD10:0 PID the PID output to N20:21. The tieback stored in N15:14 handles the
P r%l:: r\;)a fi a(t))fe N15: 1'3 manual control station.
Tieback N15:14 | Status Bits: If you use an N control block, the rung must transition from false to
Control Output N20:21 | EN - Enable true for execution..
DN - Done Bit (for N ) )
irol blocks onl If you use PD control block, then there is no done bit. Also, the rung
control blocks only) input conditions need to be true.
See page 24-8 for a description of prescan operation for
this instruction.

MSG Message If the input conditions go from false to true, the data is transferred
SEND/RECEIVE MESSAGE| MSG according to the instruction parameters you set when you entered
Control Block MGT7:10 the message instruction. The Control Block (MG7:10) contains

i status and instruction parameters.
Bit # Status Bits You can also use N control blocks.
15 EN - Enablg For continuous MSGs, condition the rung to be true for only
14 ST - Start Bit one scan
13 DN - Done Bit '
12 ER - Error Bit See page 24-8 for a description of prescan operation for
10 EW - Enabled-Waiting
9 NR - No Response
8 TO - Time Out Bit
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Block Transfer Instructions

Integer (N) control block Block Transfer (BT) control block
Word o Word
Offset | Description Mnemonic Description
0 status bits (see below) .EN thru .RW status bits
1 requested word count .RLEN requested length
2 transmitted word count .DLEN transmitted word length/error code
3 file number FILE file number
4 element number ELEM element number
.RGS rack/group/slot
Word 0

15|14|13 |12| 11| 10 | 09| 08| 07 |06 | 05| 04 | 03| 02| 01] 00
EN [ ST | DN [ER| CO| EW [NR| TO| RW | * rack ® * group* slot

Instruction Description
— BJR —————— Block Transfer Read If the input conditions go from false-to-true, a block transfer read is
BTR initiated for the I/O module located at rack 1, group 0, module 0.
EL?(CK TRANSFER RE’:‘D The Control Block ( BT11:100, 6-word file) contains status for the
G?gu 0 transfer. The Data File (N10:110) is where the data read from the
Mo duFI’e 0 module is stored. The BT Length (40) identifies the number of
Control Block  BT11:100 words in the transfer. A non-continuous block transfer is queued
Data File N10:110 and run only once on a false-to-true rung transition; a continuous
Length 40 block transfer is repeatedly requeued.
Continuous Y You can also use the N data type for the control block.

See page 24-8 for a description of prescan operation for
this instruction.

PLC-5/30, -5/40 -5/40E, -5/40L PLC-5/40, -5/40L, -5/60, | b 5 160, -5/60L,
960 S0 500560 | 90l 50 50E, " | 5T
S:7 BT queue S:32 BT queue S:34 BT queue
bit # full for rack bit # full for rack | pit # full for rack
080 0 08 10 08 20
090 1 09 11 09 21
100 2 10 12 10 22
10 3 11 13 11 23
12 4 12 14 12 24
13 5 13 15 13 25
14 6 14 16 14 26
15 7 15 17 15 27

O PLC-5/11, -5/20, and -5/20E processors also
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Instruction Description
— BTW Block Transfer Write If the input conditions go from false-to-true, the block transfer write
BTW is initiated for the 1/0 module located at rack 1, group 0, module 0.
ELC:(CK TRNSFR WRlTE1 The Control Block (BT11:0, 6-word file) contains status for the
G?gu 0 transfer. The Data File contains the data to write to the module
M oduTe 0 (N10:10). The BT Length (40) identifies the number of words in the
Control Block BT11:0 transfer. A non-continuous block transfer is queued and run only
Data File N10:10 once on a false-to-true rung transition; a continuous block transfer
Length 40 is repeatedly requeued. You can also use the N data type for the
Continuous Y control block.
See page 24-8 for a description of prescan operation for
this instruction.
ASCII Instructions
Status Bits:
EN - Enable .
DN - Done Bit EM - Emply Bit
ER - Error Bit EU - Queue |
FD - Found Bit
Instruction Description
ABL ASCII Test for Line If input conditions go from false-to-true, the processor
ASCII TEST FOR LINE ABL reports the number of characters in the buffer, up to and
Channel 0 including the end-of-line characters and puts this value
Coﬁtnrgf R6:32 into the position word of the control structure
Characters ’ (R6:32.POS). The processor also displays this value in
the characters field of the display.
See page 24-8 for a description of prescan operation
for this instruction.
— ACB ASCII Characters in If input conditions go from false-to-true, the processor
Buffer reports the total number of characters in the buffer and
ASCII CHARS IN BUFFER
ch | 0 ACB puts this value into the position word (.POS) of the
Coitnrgf R6:32 control structure. The processor also displays this
Characters ' value in the characters field of the display.
See page 24-8 for a description of prescan operation
for this instruction.
— ACI Convert ASCII String If input conditions are true, the processor
STRING TO INTEGER CONVERSION to Integer  ACI converts the string in ST38:90 to an integer and
stores the result in N7:123.
Source ST38:90
Dest N7:123 Status .
75 Bit | Description

c set if a carry was generated during the
conversion; otherwise resets

v set if source is > 32,767 or < -32,768,
otherwise resets

Z set if source is zero; otherwise resets

S set if destination is negative; otherwise
resets
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Instruction Description
— ACN ASCII String If input conditions are true, the processor concatenates
STRING CONCATENATE Concatenate ACN the string in ST38:90 with the string in ST37:91 and
Source A ST38:90 store the result in ST52:76.
Source B ST37:91
Dest ST52:76
— AEX ASCII String Extract If input conditions are true, the processor extracts 10
STRING EXTRACT AEX characters starting at the 42nd character of ST38:40
and store the result in ST52:75.
Source ST38:40
Index 42
Number 10
Dest ST52:75
— AIC Convert Integer to If input conditions are true, the processor converts the
INTEGER TO STRING CONVERSION ASCII String value 876 to a string and store the result in ST38:42.
Al
Source 876 ¢
Dest ST38:42
— AHL ASCII Handshake If input conditions go from false-to-true, the processor
Lines uses the AND and OR masks to determine whether to
gﬁCII HlANDSHAKE LINEO AHL set or reset the DTR (bit 0) and RTS (bit 1) lines, or
AN?)mI\l/Ieask 0001 leave them unchanged. Bit 0 and 1 of the AND mask
OR Mask 0003 Status Bits: cause the line(s) to reset if 1 and leave the line(s)
Control R6:23 EN-Enable unchanged if 0. Blt 0 and 1 of the OR mask cause the
Channel Status DN-Done Bit line(s) to set if 1 and leave the line(s) unchanged if 0.
ER-Error Bit See page 24-8 for a description of prescan operation
for this instruction.
— ARD ASCII Read If input conditions go from false-to-true, read 50
ASCII READ ARD characters from the buffer and move them to ST52:76.
ch | The number of characters read is stored in R6:32.POS
De:tnne STs 2_72 Status Bits and displayed in the Characters Read Field of the
Control R6:32 EN - Enable instruction display.
String Length 50 DN - Done B't See page 24-8 for a description of prescan operation
Characters Read ER - Error Bit for this instruction.
UL - Unload
EM - Empty
EU - Queue
— ARL ASCII Read Line If input conditions go from false-to-true, read 18
ARL characters (or until end-of-line) from the buffer and
éﬁCII RIEAD LINE 0 move them to ST50:72. The number of characters read
De:tnne ST50:72 Status Bits is stored in R6:30.POS and displayed in the Characters
Control R6:30 EN - Enable Read Field of the instruction display.
String Length 18 DN - Done B,'t See page 24-8 for a description of prescan operation
Characters Read ER - Error Bi for this instruction.
UL - Unload
EM - Empty
EU - Queue
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Instruction Description
— ASC ASCII String Search If input conditions are true, search ST52:80 starting at
STRING SEARCH ASC the 35th character, for the string found in ST38:40. In
N ST38:40 this example, the string was found at index 42. If the
In%léfe '35 string is not found, the ASCII instruction minor fault bit
Search ST52:80 S:17/8 is set and the result is zero.
Result 42
— ASR ASCII String Compare  If the string in ST37:42 is identical to the string in
ASCII STRING COMPARE ASR ST38:90, the instruction is true. Note that this is an input
S A ST37:42 instruction. An invalid string length causes the ASCII
Sgu:zg B ST38:90 instruction error minor fault bit S:17/8 to be set, and the
. . instruction is false.
— AWA ASCII Write Append If input conditions go from false-to-true, read 50
ASCII WRITE APPEND AWA characters from ST52:76 and write it to channel 0 and
h | append the two character configuration in the channel
(S:ospcr:ae ST52'7g Status Bits configuration (default CR/LF). The number of
Control R 6:32 EN - Enable characters sent is stored in R6:32.POS and displayed in
String Length 50 DN - Done Bit the characters sent field of the instruction display.
Characters Sent ER - Error Bit See page 24-8 for a description of prescan operation
UL - Unload for this instruction.
EM - Empty
EU - Queue
— AWT ASCII Write If input conditions go from false-to-true, write 40
AWT characters from ST37:40 to channel 0. The number of
éSC" WRITE characters sent is stored in R6:23.POS and displayed in
Sgﬁpclel ST37: 4?) Status Bits the characters sent field of the instruction display.
Control R6:23 E'l:ll h Enabk; See page 24-8 for a description of prescan operation
String Length 40 - Done Bit for this instruction.
Characters Sent ER - Error Bit
UL - Unload
EM - Empty
EU - Queue
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22-28

Instruction Set Quick Reference

Timing and Memory

Bit and Word Instructions

Requirements
Category Code | Title Execution Time (Us) integer Execution Time | Words of
(Us) Memory O
floating point
True False True False
Relay XIiC examine if closed 32 .16 10
XI0 examine if open 32 .16 10
OTL output latch 48 .16 10
oTU output unlatch A48 .16 10
OTE output energize 48 48 10
Branch branch end .16 .16 1
next branch 1
branch start 1
Timer and TON timeron (0.01 base) | 3.8 2.6 2-3
Counter (1.0base) | 4.1 25
TOF timer off  (0.01 base) | 2.6 3.2 23
(1.0 base) | 2.6 3.2
RTO retentive timer on 2-3
(0.01 base) | 3.8 24
(1.0 base) 41 23
CTU count up 3.4 34 2-3
CTD count down 33 34 23
RES reset 22 1.0 23

O Use the larger number for addresses beyond 2048 words in the processor’s data table.

[ For every bit address above the first 256 words of memory in the data table, add 0.16 ps and 1 word of memory.
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Instruction Set Quick Reference 22-29
Category | Code | Title Execution Time (Lis) Execution Time (Lis) Words of
integer floating point Memory O
True False True False
Arithmetic ADD | add 6.1 1.4 14.9 1.4 4-7
SUB | subtract 6.2 1.4 15.6 1.4 4-7
MUL | multiply 9.9 14 18.2 1.4 4-7
DIV divides 12.2 1.4 234 1.4 4-7
SQR | square root 9.9 1.3 35.6 13 3-5
NEG | negate 4.8 1.3 6.0 1.3 3-5
CLR | clear 34 1.1 39 1.1 2-3
AVE | average file 152+E25.8 30 162+E22.9 36 4-7
STD | standard deviation | 262+E92.5 34 295+E85.5 34 4-7
TOD | convertto BCD 7.8 1.3 35
FRD | convertfromBCD | 8.1 1.3 3-5
RAD | radian 57.4 1.4 50.1 1.4 3-5
DEG | degree 55.9 1.4 50.7 1.4 35
SIN sine 414 1.4 3-5
COS | cosine 404 1.4 35
TAN | tangent 504 1.4 35
ASN | inverse sine 426 1.4 3-5
ACS | inverse cosine 436 1.4 35
ATN | inverse tangent 375 1.4 3-5
LN natural log 409 1.4 403 1.4 3-5
LOG | log 411 1.4 403 1.4 3-5
XPY | Xtothe powerof Y | 897 1.5 897 1.5 4-7
SRT | sortfile 35
(5/11, -5/20) 276 + 227 278 + 16[E**1.35] | 227
(-5/30, -5/40, -5/60, | 12(E™1-34] 189 230 + 33[E*1.35] | 189
-5/80) 224 +
25[E**1.34]

O Use the larger number for addresses beyond 2048 words in the processor’s data table.

E = number of elements acted on per scan

SRT true is only an approximation. Actual time depends on the randomness of the numbers.
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22-30 Instruction Set Quick Reference
Category | Code | Title Execution Time (Lis) Execution Time (Lis) Words of
integer floating point Memory O
True False True False
Logic AND | and 5.9 1.4 4-7
OR or 5.9 1.4 4-7
XOR | exclusive or 5.9 1.4 4-7
NOT | not 4.6 1.3 3-5
Move MOV | move 4.5 1.3 5.6 1.3 3-5
MVM | masked move 6.2 1.4 4-7
BTD | bit distributor 10.0 1.7 6-9
Comparison | EQU | equal 3.8 1.0 46 1.0 35
NEQ | not equal 3.8 1.0 45 1.0 35
LES | lessthan 4.0 1.0 5.1 1.0 3-5
LEQ | lessthanorequal | 4.0 1.0 5.1 1.0 3-5
GRT | greater than 4.0 1.0 5.1 1.0 35
GEQ | greater than or 4.0 1.0 5.1 1.0 3-5
equal
LIM limit test 6.1 1.1 8.4 1.1 4-7
MEQ | mask compare if 5.1 1.1 4-7
equal
Compare CMP | all 2.48 + (2[0.8 + 2.16 + 248 + (2[0.8 +1]) | 2.16 + 2+Wi
i) Wi[0.56] Wi[0.56]
Compute CPT | all 2.48.+ (2[0.8 + 2.16 + 2.48.+ (Z[0.8 +i]) | 2.16 + 2+Wi
i) Wi[0.56] Wi[0.56]

[0 Use the larger number for addresses beyond 2048 words in the processor’s data table.

i = execution time of each instruction (operation, e.g., ADD, SUB, etc.) used within the CMP or the CPT expression

Wi = number of words of memory used by the instruction (operation, e.g., ADD, SUB, etc) within the CMP or CPT expression

CMP or CPT instructions are calculated with short direct addressing
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Instruction Set Quick Reference 22-31
File, Program Control, and ASCII Instructions
Category Code | Title Time (lLs) Time (s) Words of
integer floating point Memory[
True False True False
File Arithmetic FAL all 11+ (Z23+ | 6.16+ 1+ (Z23+i)E | 6.16 + 3-5 +Wi
and Logic i)E Wil[0.16] Wil0.16]
File Searchand | FSC all 11+ (Z[23+ | 6.16 + 11+ (Z[23+i)E | 6.16 + 3-5 +Wi
Compare i)E Wil[0.16] Wil0.16]
File CopP copy 16.2+E[0.72] | 14 17.8+E[1.44] 1.4 4-6
counter, timer, and 15.7+E[2.16] 14
control
FLL fill 15.7+E[0.64] | 1.5 18.1+E[0.80] 1.5 4-6
counter, timer, and 15.1+E[1.60] | 1.5
control
Shift Register BSL bit shift left 10.6+B[0.025] | 5.2 4-7
BSR bit shift right 1M1+ 5.2 4-7
B[0.025]
FFL FIFO load 8.9 3.8 4-7
FFU FIFO unload 10.0+E[0.43] | 3.8 4-7
LFL LIFO load 9.1 3.7 4-7
LFU LIFO unload 10.6 3.8 4-7
Diagnostic FBC 0 mismatch 15.4 + 29 6-11
B[0.055]
1 mismatch 22.4 + 29
B[0.055]
2 mismatches 29.9+ 29
B[0.055]
DDT 0 mismatch 15.4 + 29 6-11
B[0.055]
1 mismatch 245 + 29
B[0.055]
2 mismatches 34.2 + 29
B[0.055]
DTR data transitional 5.3 5.3 4-7

O Use the larger number for addresses beyond 2048 words in the processor’s data table.

i = execution time of each instruction (operation, e.g., ADD, SUB, etc.) used within the FAL or the FSC expression

E = number of elements acted on per scan

B = number of bits acted on per scan

Wi = number of words of memory used by the instruction (operation, e.g., ADD, SUB, etc.) within the FAL or FSC expression

FAL or FSC instructions are calculated with short direct addressing
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22-32 Instruction Set Quick Reference
Category Code | Title Time (Js) Time (Us) Words of
integer floating point Memory O
True False True False
Sequencer Sal sequencer input 79 13 5-9
SQL sequencer load 79 3.5 4-7
SQO0 sequencer output 9.7 3.7 59
Immediate /00 | 1IN immediate input 1.1 2
» PLC-5/11, -5/20, o 357
and -5/20E
+ PLC5/30, -5/40, . 307
-5/40E, -5/40L
-5/60, -5/60L, and
-5/80, -5/80E
10T immediate output 1.1 2
» PLC-5/11, -5/20, 361
and -5/20E
+ PLC5/30, -5/40, * 301
-5/40E, -5/40L
-5/60, -5/60L,
-5/80, and -5/80E
Zone Control MCR master control 0.16 0.16 1
Program Control | JMP jump 8.9+(file#-2) | 1.4 2
*0.96
JSRO | jump to subroutine 3+paramete
[RET [return rsiJSR
— 0 parameters 12.3 1.0 not applicable not applicable | 1+paramete
— 1 parameter 16.1 1.0 17.3 10 rs/RET
— increase/ 3.8 not applicable | 5.0 not applicable
parameter
SBR 1+
parameters

[0 Use the larger number for addresses beyond 2048 words in the processor’s data table.
O Timing for immediate /O instructions is the time for the instruction to queue-up for processing.

[ Calculate execution times as follows: (time) + (quantity of additional parameters)(time/parameter). For example: if you are passing 3 integer parameters in a
JSR within a PLC-5/11 processor, the execution time = 16.1 + (2)(3.8) = 23.7 us
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Instruction Set Quick Reference 22-33
Category Code Title Time (Us) Time (s) Words of
integer floating point Memory O
True False True False
Program Control | LBL label 0.16 0.16 2
END end negligible 1
TND temporary end 1
EOT end of transition 1
AFI always false 0.16 0.16 1
ONS one shot 3.0 3.0 2-3
OSR one shot rising 6.2 6.0 4-6
OSF one shot falling 6.2 5.8 4-6
FOR/ for next loop 8.1+ L[15.9]+ | 5.3 + N[0.75] FOR 5-9
NXT (file# - 2) * NXT 2
0.96
BRK break 11.3 + N[0.75] | 0.9 1
uiD user interrupt disable 1.0 1
(PLC-5/11, -5/20, 175
-5/30, -5/40, -5/60, 119
and -5/80 processors)
UIE user interrupt enable 1.0 1
(PLC-5/11, -5/20, 170
-5/30, -5/40, -5/60, 100
and -5/80 processors)

O Use the larger number for addresses beyond 2048 words in the processor’s data table.

L = number of FOR/NXT loops
N = number of words in memory between FOR/NXT or BRK/NXT
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22-34 Instruction Set Quick Reference

Category Code

Title

Time (Us)
integer

True

False

Time (Ls)
floating point

True

False

Words of
Memory O

Process Control | PID

Gains

Modes

Cascade

PID loop control

Independent

 PLC-5/11, -5/20,
-5/20E

« PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L -5/80,
-5/80E

* 462

* 655

ISA

» PLC-5/11, -5/20,
and -5/20E

» PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

* 560

* 895

Manual

« PLC-5/11, -5/20,
and -5/20E

* PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

» 372

* 420

Set Output

* PLC-5/11, -5/20,
and -5/20E

* PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

» 380

e 440

3.0

1120

1180

1150

1130

58

Slave

1530

Master

1080

O Use the larger number for addresses beyond 2048 words in the processor’s data table.
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Instruction Set Quick Reference

22-35

Category Code

Title

Time (Us)
integer

True

False

Time (Us)
floating point

True

False

Words of
Memory O

ASCII O ABLO

test buffer for line

e PLC-5/11, -5/20,
and -5/20E

« PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

» 316

» 388

e 214

e 150

3-5

ACBO

no. of characters in
buffer

» PLC-5/11, -5/20,
and -5/20E

» PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

» 316

* 389

e 214

* 150

3-5

ACI

string to integer

« PLC-5/11, -5/20,
and -5/20E

« PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

. 220 + C[11]

. 140+
Cl21.4]

3-5

ACN

string concatenate

¢ PLC-5/11, -5/20,
and -5/20E

* PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

. 237 +C[2.6]

« 179 + C[5.5]

47

AEX

string extract

e PLC-5/11, -5/20,
and -5/20E

¢ PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

« 226+ C[1.1]

« 159+ C[2.2]

59

AHLO

set or reset lines

e PLC-5/11, -5/20,
and -5/20E

« PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

- 318

* 526

213

e 157

59

O Use the larger number for addresses beyond 2048 words in the processor’s data table.

O Timing for ASCII instructions is the time for the instruction to queue-up for processing in channel 0.

C = number of ASCII characters
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22-36

Instruction Set Quick Reference

Category Code

Title

Time (Us)
integer

True

False

Time (Ls)
floating point

True

False

Words of
Memory O

ASCII AIC

integer to string

e PLC-5/11, -5/20,
and -5/20E

« PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

* 260

e 270

3-5

ARDO

read characters

» PLC-5/11, -5/20,
and -5/20E

» PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

» 315

» 380

e 214

* 149

47

ARLO

read line

» PLC-5/11, -5/20,
and -5/20E

» PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

» 316

« 388

e 214

* 151

47

ASC

string search

¢ PLC-5/11, -5/20,
and -5/20E

* PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

. 222+ C[1.7]

« 151+ C[3.0]

59

ASR

string compare

« PLC-5/11, -5/20,
and -5/20E

« PLC-5/30, -5/40,
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

. 234 +C[1.3]

. 169+ C[24]

e 202

« 119

3-5

[ Use the larger number for addresses beyond 2048 words in the processor’s data table.

O Timing for ASCIl instructions is the time for the instruction to queue-up for processing in channel 0.
C = number of ASCII characters
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Instruction Set Quick Reference 22-37

Category Code | Title Time (Us) Time (s) Words of
integer floating point Memory O
True False True False
AWA O | write with append 4-7
» PLC-5/11,-5/20, « 319 e 215
and -5/20E
ASCII « PLC-5/30, -5/40, e 345 e 154
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E
AWT O | write 4-7
» PLC-5/11, -5/20, » 318 e 215
and -5/20E
* PLC-5/30,-5/40, | * 344 + 151
-5/40E, -5/40L
-5/60, -5/60L, -5/80,
and -5/80E

O Use the larger number for addresses beyond 2048 words in the processor’s data table.

O Timing for ASCII instructions is the time for the instruction to queue-up for processing in channel 0.

C = number of ASCII characters
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Chapter 2 3

Using This Chapter

Switch Setting Reference

For this switch setting: Go to page:
Enhanced and Ethernet PLC-5 switch 1 for defining the 23-2
processor’s DH+ address

Enhanced and Ethernet PLC-5 switch 2 for defining the 23-3
processor’s serial port electrical interface

I/0 chassis containing a PLC-5 processor 23-4
/0 chassis containing a 1771-ASB, remote I/O adapter module 23-5
/0 chassis configuration plug for defining an external or slot 23-6
power supply

1771-ASB not using complementary /0O 23-7
1771-ALX adapter module 23-9
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23-2

Switch Setting Reference

Processor Switches

Switch 1

Side View of PLC-5/11, -5/20, -5/26, -5/20E

processors Switch Assembly SW1

JEEEEEEE)
LU \

1234567

To select DH+ baud rate for

Side View of PLC-5/30, -5/40, -5/46, -5/40L,
-5/60, -5/60L, -5/80, -5/86, -5/40E, and -5/80E
processors Switch Assembly SW1

i
| m

1234567

channel 1A: Set switch:  To: E toggle pushed down
DH+ address 1through6  (See below) on
DH+ baud rate on (down) 57.6 kbps
off (up) 230.4 kbps % toggle pushed up
off
DH+ Switch DH+ Switch
Station Station
Number | 1 2 3 4 5 6 Number | 1 2 3 4 5 6
0 on on on on on on 40 on on on on on off
; g‘;f 8{’_; 82 32 gg 82 4 off on on on on off
42 on off on on on off
2 gﬁ gﬁ g?f 82 82 32 43 off off on on on off
5 off on off on on on 44 on on off on on off
6 n off off on on on 45 off on off on on off
7 Oﬁ i i 46 on off off on on off
0 0 0 on on on 47 off off off on on off
10 on on on off on on 50 on on on off on off
11 off on on off on on 51 off on on off on off
12 on off on off on on 59 on off on off on off
13 off off on off on on 53 off off on off on off
14 on on off off on on 54 on on off off on off
15 off on off off on on 55 off on off off on off
16 on off off off on on 56 on off off off on off
17 off off off off on on 57 off off off off on off
20 on on on on off on 60 on on on on off off
21 off on on on off on 61 off on on on off off
22 on off on on off on 62 on off on on off off
23 off off on on off on 63 off off on on off off
24 on on off on off on 64 on on off on off off
25 off on off on off on 65 off on off on off off
26 on off off on off on 66 on off off on off off
27 off off off on off on 67 off off off on off off
30 on on on off off on 70 on on on off off off
31 off on on off off on 71 off on on off off off
32 on off on off off on 72 on off on off off off
33 off off on off off on 73 off off on off off off
34 on on off off off on 74 on on off off off off
35 off on off off off on 75 off on off off off off
36 on off off off off on 76 on off off off off off
37 off off off off off on 77 off off off off off off
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Switch Setting Reference 23-3

Switch 2
Bottom View of PLC-5/11, -5/20, -5/26, and Bottom View of PLC-5/30, -5/40, -5/46 -5/40L, -5/60, -5/60L, -5/80,
-5/20E processors Switch Assembly SW2 -5/86, -5/40E, and -5/80E processors Switch Assembly SW2
‘ —— QOO0 OOO0QOO Front of
[T1 1
From of q: OOOOOOOOOO OQ’@‘Q\O OOOOOOOOOO G%Dggggg O O O Processor S|de View
Processor Q OO000O FHEEEEEEEE O000O POOOO |
000 00000 ok as Ly \ toggle pushed
Q toward bottom
on
~
12345678910 toggle pushed
12345678910 Y\ o o
off
Set Switches:
To Specify:
1 2 3 4 5 6 7 8 9 10
RS-232C on on on off | off | on on off | on off
RS-422A off | off | on off | off | off | off | off | on off
RS-423 on on on off | off | on off | off | on off
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23-4

Switch Setting Reference

I/0 Chassis Backplane

nmo =o
1 7=
([~
(I []e
1T [=~
[T e
T Je
T T~
[T Te

Always

PLC-5 Processor in the I/0 Chassis

it
il

ol

* processor detects a major fault
« an I/O chassis backplane fault occurs
« you select program or test mode
* you set a status file bit to reset a local rack

Switch
1 Last State
on Outputs of this I/0 chassis remain in their last state when
a hardware failure occurs. O
off Outputs of this I/0 chassis are turned off when a
hardware failure occurs. O
Switches i
Addressing

4 5

off off 2 -slot

off on 1 -slot

on off | 1/2-slot

on on Not allowed

Switches

5 7 Memory Module Transfer
off off | memory module transfer to processor memory at powerup. 0 [

memory module transfers to processor memory if processor memory
on on ;
not valid.
on off | memory module does not transfer to processor memory. (]
SW:Ch Processor Memory Protection
S (Ml Pressedin
off Processor memory protection disabled. attop ON (closed)
on Processor memory protection enabled. [ B Pressedin
at bottom OFF (open)

Regardless of this switch setting, outputs are turned off when any of the following occurs:

If a memory module is not installed and processor memory is valid, the processor’'s PROC LED

indicator blinks, and the processor sets S:11/9 in the major fault status word. Power down the processor
chassis and either install the correct memory module or set switch 6 ON.

its memory updated by the memory module.
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You cannot clear processor memory when this switch is on.

If the processor’s keyswitch is set in REMote, the processor enters remote RUN after it powers up and has




Switch Setting Reference 23-5

1771-ASB Remote 1/0 Adapter or 1771-ALX
Extended-Local I/0 Adapter

Switch
Last State
1
on Outputs of this I/O chassis remain in their last state when a communication
fault is detected by this I/O adapter. O
o Outputs of this 1/0 chassi d off wh ica
[ || utputs of this I/O chassis are turned off when a communication
T off fault is detected by this I/0 adapter.
N
oo
e o L switch
) Processor Restart Lockout
on Processor can restart the 1/O chassis after a communication fault. O
off You must manually restart the 1/O chassis with a switch wired to the
1771-AS or -ASB.
Switches
Addressing
E J- J 5 6
. off off 2-slot [ Hl Pressedin
ﬁ at top ON (closed)
on off 1-slot O
Il | Pressedin
off on 1/2-slot [ at bottom OFF (open)
on on Not allowed

19308

O  ATTENTION: If you set this switch to the ON position, when a communication fault is detected, outputs connected
to this chassis remain in their last state to allow machine motion to continue. We recommend that you set switch 1
to the OFF position to de-energize outputs wired to this chassis when a fault is detected.

Also, if outputs are controlled by inputs in a different rack and a remote I/O rack fault occurs (in the inputs rack), the
inputs are left in their last non-faulted state. The outputs may not be properly controlled and potential personnel

and machine damage may result. If you want your inputs to be anything other than their last non-faulted state, then
you need to program a fault routine.

O  Set this switch to ON if you plan to use I/O rack auto-configuration.

O  The 1771-ASB series A adapter does not support 1/2-slot addressing.
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23-6 Switch Setting Reference

I/0 Chassis Configuration Plug

!
@)

Y N—+
|
|
|

LT
USING ~
POWER SUPPLY
MODULE IN

THE CHASSIS?

Hﬁqﬁﬂ

LTI L]
Set Y when you install Set N when you
a power supply module use an external
in the chassis. power supply.
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1. Locate the chassis configuration plug (between
the first two left-most slots of the chassis).

2. Setthe I/O chassis configuration plug.

The default setting is N (not using a power
supply module in the chassis).

Important: You cannot power a single 1/O chassis
with both a power supply module and an external
power supply.
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Switch Setting Reference 23-7

Remote I/O Adapter (1771-ASB Series C and D) without Complementary 1/0
Module

Pressed in at top
ON (closed)

® ®
D ‘E ﬂ Pressed in at bottom
SW-1 / OFF (Open)

11O Rack Number Z‘fg KS,OGW’)"UP Number ? }
(see next page) Link Response:

ON—for series B emulation
OFF—for unrestricted

Switch Communication Rate
Scan:

1 2 ON—for all but last 4 slots
ON OFF 57.6 Kbps OFF—for all slots
OFF OFF 115.2 Kbps
OFF ON 230.4 Kbps
ON ON Not used

First 1/O Group 7 8
Number:

0 on on

2 on off

4 off on

6 off off
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23-8 Switch Setting Reference

(1771-ASB Series C and D) I/0 Rack Number—
without Complementary 1/0

Rack 1 2 3 4 5 6
01 on on on on on off
02 on on on on off on
03 on on on on off off
04 on on on off on on
05 on on on off on off
06 on on on off off on
07 on on on off off off
10 on on off on on on
1 on on off on on off
12 on on off on off on
13 on on off on off off
14 on on off off on on
15 on on off off on off
16 on on off off off on
17 on on off off off off
20 on off on on on on
21 on off on on on off
22 on off on on off on
23 on off on on off off
24 on off on off on on
25 on off on off on off
26 on off on off off on
27 on off on off off off
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Switch Setting Reference 23-9

Extended-Local I/0
Adapter Module

(1771-ALX) Switch SW1

® ®
27345678
EEEEEEEE SW-2 Not Used
OPEN
Lﬂ First 1/0
Group Number
I/0 Rack Number
Rack: 1 2 3 4 5 6
01 on on on on on off
02 on on on on off on
03 on on on on off off
04 on on on off on on
05 on on on off on off
06 on on on off off on
07 on on on off off off
10 on on off on on on
1 on on off on on off
12 on on off on off on
13 on on off on off off
14 on on off off on on
15 on on off off on off
16 on on off off off on
17 on on off off off off
20 on off on on on on
21 on off on on on off
22 on off on on off on
23 on off on on off off
24 on off on off on on
25 on off on off on off
26 on off on off off on
27 on off on off off off
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23-10 Switch Setting Reference

(1771-ALX) Configuration Plug

1. Lay the module on its right side.

— The configuration plugs are visible on the lower
rear of the module.

2. Set the configuration plug as shown below
according to your application.

Configuration Plug

T

Do not place a jumper
on this set of pins.

17341

If you are using: But Not: Set Configuration Plug:

32-point 1/0 modules and 1771-1X or 1771-1Y on the 2 lower pins
any address method

1771-IX and 1771-1Y 32-point I/0 modules on the 2 upper pins
modules and any
addressing method
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Chapter 2 4

Troubleshooting

Using This Chapter
For information about troubleshooting: Go to page:
General PLC-5 processor and Channel 0 problems 24-2
PLC-5 and Ethernet PLC-5 remote /O scanner, 24-3
adapter, or DH+ problems
Extended-local I/O link problems at the PLC-5/40L or 24-4
-5/60L processor port
PLC-5E Ethernet link 24-4
1771-ASB module 24-5
1771-ALX module 24-7
Unexpected PLC-5 operation when entering run mode 24-8
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24-2

Troubleshooting

PLC-5 Processor

General Problems

Indicator Color Description Probable Cause Recommended Action
BATT Red Battery low Battery low Replace battery within 10 days
Off Battery is good Normal operation No action required
PROC Green Processor is in run mode and Normal operation No action required
(steady) fully operational
Green Processor memory is being
BATT (blinking) transferred to memory module
PROG QC Red Major fault Major fault Check major fault bit in status file
R @ (blinking) (S:11) for error definition
M FORCE
@ Clear fault bit, correct problem,
RUN
%ﬂ and return to Run mode
Red Hardware fault * Processor * Clear memory and
(steady) memory has reload program
checksum error | « Check backplane switch
* Memory settings and/or insert correct
module error memory module
» Power down, reseat processor
* Internal and power up; then, clear
diagnostics have memory and reload your
failed program. Replace memory
module with new program; then,
if necessary, replace
the processor
Off Processor is in program load Check power supply
or test mode or is not and connections
receiving power
FORCE Amber SFC, I/0, and/or extended Normal operation No action required
(steady) forces enabled
Amber SFC, 1/0, and/or extended forces
(blinking) present but not enabled
Off SFC, 1/0, and/or extended forces
not present
COMM Off No transmission on channel 0 Normal operation
if channel is not
being used
Green Transmission on channel 0 Normal operation
(blinking) if channel is
being used
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Remote I/O Adapter
DH+

Troubleshooting 24-3
Processor Communication Channel Troubleshooting
Color Channel Mode Description Probable Cause = Recommended Action
Green Remote 1/0 Active Remote 1/O link, all Normal operation | No action required
(steady) Scanner adapter modules are present
and not faulted
— T Remote I/O Adapter | Communicating with scanner
DH+ Processor is transmitting or
receiving on DH+ link

Green Remote I/0 At least one adapter is * Power off at * Restore power to
(blinking Scanner faulted or has failed remote rack the rack
rapidly or « Cable broken * Repair cable
slowly)

DH+ No other nodes on network
Red Remote I/0 Hardware fault Hardware error Turn power off, then on
(steady) Scanner

Remote I/0 Adapter Check that the software

DH+ configurations match the

hardware set-up
Replace the processor.
Red Remote I/0 All adapters faulted  Cable not * Repair cable
(blinking Scanner connected or
rapidly or broken
slowly) * Power off at * Restore power to racks
remote racks
DH+ Bad communication on DH+ | Duplicate Correct station address
node detected

Off Remote /0 Channel offline Channel is not Place channel online

Scanner being used if needed
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24-4

Troubleshooting

Extended-Local I/O Troubleshooting

Indicator  Color Channel Mode Description Probable Cause = Recommended Action
2 green Extended local I/0 active extended-local I/O link, | normal operation no action required
(steady) Scanner all adapter modules are
present and not faulted
Prlz)%g/:gé ?)'r]\? -5/60L green at least one adapter is faulted | « power off at « restore power to the
P y - (blinking or has failed extended-local |  rack
@ rapidly or 1/O rack
PROG slowly) e communication | restart adapters using
R PROC fault the processor restart
E @ lockout pushbutton
M FORCE .
@ * repair cable
RUN ~ com * cable broken
@ O @ red hardware fault hardware error Turn power off, then on.
o (steady) Check that the software
configurations match the
hardware set-up. Replace
the processor.
red Extended local I/0 all adapters faulted * cable * repair cable
(blinking Scanner disconnected or | « replace or repair
rapidly or broken terminator
slowly) * terminator off | « restore power to racks
 power off at
extended-local
racks
off channel offline channel is not Place channel online if
being used needed
Ethernet Status Indicator
Indicator  Color Description Probable Cause Recommended Action
STAT Solid red Critical hardware fault Processor requires Contact your local
internal repair Allen-Bradley
BATT representative
PROG QOC Blinking red | Hardware or software fault Fault-code dependent | Contact Allen-Bradley’s
R © (detected and reported via a code) Global Technical Support
E (GTS)
M FORCE
RUN @ Off Ethernet interface is functioning Normal operation Attach the processor to an
%" properly but it is not attached to an active Ethernet network
© 0 ENET active Ethernet network
Green Ethernet channel 2 is functioning Normal operation No action required
properly and has detected that it is
STAT connected to an active
Ethernet network
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Troubleshooting 24-5

O

©O ENET

TRANSMIT

c I 3

OZ0gO

Remote 1/0 System

ACTVE @

ADAPTER
FAULT .

1/0 RACK
/FAULT .

Ethernet Transmit LED

The PLC-5 Ethernet interface contains an Ethernet Transmit LED

that lights (green) briefly when the Ethernet port is transmitting a
packet. It does not indicate whether or not the Ethernet port is

receiving a packet.

Troubleshooting Guide for the 1771-ASB Series C and D

Adapter Module

Indicators
Active | Adapter | 1/0 Description Probable Cause Recommended Action
Fault Rack
On Off Off Normal indication; remote
adapter is fully operational
off On Off RAM memory fault, watchdog timeout Replace module.
On Blink Off Module placement error 1/O module in incorrect slot. Place module in correct slot in chassis.
Blink in unison Off Incorrect starting 1/0 group Error in starting 1/O group number or /O rack | Check switch settings.
number address
On On On Module not communicating Incorrect transmission rate setting
off On On Module not communicating Scan switch set for “all but last four slots” in Reset scan switch setting.
1/4 rack
Blink Off Off Remote adapter not actively | Processor is in program or test mode Fault should be cleared by /O scanner.
controlling 1/O (scanner to Scanner is holding adapter module in fault
adapter communication link | mode
is normal) O

LEDs sequence on/off from
top to bottom

Module not communicating

Another remote /O adapter with the same
address is on the link.

Correct the address.

Blink alternately Off

Adapter module not actively
controlling 1/0 O

Adapter module in
processor restart lockout
mode (adapter to scanner
link is normal)

Processor restart lockout switch on chassis
backplane switch assembly on [J

Press reset button to clear lockout feature or cycle
power; if after repeated attempts indicators are still
blinking, check:

* push button not wired properly to field
wiring arm

* wiring arm not connected to adapter module

« adapter module was reset by process or/
scanner, then immediately faulted

O You must select the operating mode of the remote I/O adapter module as outlined in the publication furnished with the remote 1/0 scanner/distribution
panel, remote 1/O scanner-program interface module, or I/O scanner-message handling module. Pay close attention to the disable search mode in the

1771-SD, -SD2.

[0 The I/O chassis is in faulted mode as selected by the last state switch on the chassis backplane.

0 Cycling power clears block-transfer request queue. All pending block transfers are lost. Your program must repeat the request for block transfers.
[ Ifafault occurs and the processor is in the run mode but is actually operating in the dependent mode, the chassis fault response mode is selected by
the last state switch on the chassis backplane.
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24-6

Troubleshooting

Troubleshooting Guide for the 1771-ASB Series C and D

Adapter Module (continued)

Indicators
Active | Adapter | 1/0 Description Probable Cause Recommended Action
Fault Rack
Off Off On 1/0 chassis fault. O Problem exists between: Cycle power to the chassis to clear a problem
No communication « adapter and module in chassis; the resulting from high noise. [
on link. module will stay in fault mode until + Remove and replace all [0 modules one at
fault is corrected atime
« shorted printed circuit board runs on * If problem does not clear, something is
backplane or I/0 module wrong in chassis or 1/0 module
Blink | Off On Communication * Noise on backplane « Eliminate noise
on link. « Shorted circuit board runs + Isolate noise
Possible shorted backplane |« Faylty card in chassis « Add surge suppression
* Replace chassis
* Replace defective card in chassis
Blink On Off Module identification line Excessive noise on backplane Verify power supply and chassis grounding.
fault
Off off Off Module not communicating Power supply fault Check power supply, cable connections, and make

Wiring from scanner to adapter module
disrupted

Scanner not configured properly

One faulted chassis within a rack group
address causing scanner/distribution panel to
fault all chassis in rack group address (when
in disable search mode)

sure adapter module is fully seated in chassis.

Correct cable and wiring defects

See publication 1772-2.18 for scanner configuration.

Check sequentially from the first module to the last
module to pinpoint fault; correct any faults and
proceed to the next chassis.

You must select the operating mode of the remote I/O adapter module as outlined in the publication furnished with the remote 1/O scanner/distribution
panel, remote I/0 scanner-program interface module, or I/O scanner-message handling module. Pay close attention to the disable search mode in the
1771-SD, -SD2.
The 1/O chassis is in faulted mode as selected by the last state switch on the chassis backplane.

Cycling power clears block-transfer request queue. All pending block transfers are lost. Your program must repeat the request for block transfers.

If a fault occurs and the processor is in the run mode but is actually operating in the dependent mode, the chassis fault response mode is selected by
the last state switch on the chassis backplane.
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Troubleshooting 24-7

Extended-Local I/0

System

ACTIVE

ADAPTER
FAULT

1/0 RACK
FAULT .

Troubleshooting Guide for the 1771-ALX Adapter Module

Indicators
Active | Adapter | /0 Description Probable Cause Recommended Action
Fault | Rack
On Off Off Normal indication; remote
adapter is fully operational
Off On Off Local adapter fault O Local adapter not operating; it will stay in fault | Cycle power to the chassis to clear the adapter
mode until fault is corrected fault. O Replace adapter if fault does not clear.
off Off On /0 chassis fault O Problem exists between: Cycle power to the chassis to clear a problem
« adapter and module in chassis; the resulting from high noise. ]
module will stay in fault mode until * remove and replace all I/O modules one at
fault is corrected atime
« shorted printed circuit board runs on * replace adapter
backplane or I/O module + If problem does not clear, something is
wrong in chassis or I/O module
Blinkin | Off Off Outputs are reset Processor is in program or test mode None
g Local I/0 Scanner is holding adapter module
in fault mode Fault should be cleared by extended-local I/O
scanner.
Blinking Off Adapter module not actively | Processor restart lockout switch on chassis Press chassis reset button to clear lockout feature
alternately controlling 1/0 O backplane switch assembly on (] or cycle power; if after repeated attempts indicators
are still blinking, check that adapter module was
Adapter module in reset by processor/scanner, then immediately
processor restart lockout faulted.
mode (adapter to scanner
link is normal)
Off Off Off No power or no Power supply fault Check power supply, I/O cable and power supply
communication. cable connections, and make sure adapter module
is fully seated in chassis.
On Blinking | Off Module placement error in Incorrect placement of high-density modules Verify addressing modes and switch settings.
extended-local I/O chassis

[ The I/O chassis is in faulted mode as selected by switch 1 (the last stare switch) on the chassis backplane.

[ Cycling power clears the block-transfer request queue. All pending block transfers are lost. Your program must repeat the request for block

transfers from the chassis.

[0 Ifafault occurs and the processor is in the run mode but is actually operating in the dependent mode, the chassis fault response mode is selected
by switch 1 (the last state switch) on the chassis backplane.
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24-8 Troubleshooting

Unexpected Operation
when Entering Run Mode

This

If unexpected operation occurs whenever your processor enters run
mode, be sure to examine the prescan operation of the instructions in
this section. These instructions execute differently during prescan
than they do during a normal scan.

The prescanfunction is an intermediate scan between the transition
from program to run modes, during which all rungs are scanned as
false. The prescan examines all ladder program files and instructions
and initializes the data table based on the results of the program.

For example, a subroutine that is called infrequently may contain a
bad indirect address and generate a major fault. However, many
normal program scans may occur before the majpr fault is actually
generated. Prescan provides the opportunity for the processor to
examine the program for errors such as lleforetransitioning to

Run mode.

Instructions with Unique Prescan Operations

Use the table below to track prescan operations that deviate from
normal instruction operation.

Table 24.A
Instruction Operation During Prescan

instruction  Executes these actions during prescan

ARD
ARL
AWT
AWA
ACB
ABL
AHL

If the EN bit is set and the DN and ER bits are cleared, then the control word is
cleared. If either the DN or ER bit is set, then the EN bit is cleared and the DN bit
is set.

BTR
BTW

All non-user configuration bits 15, 14, 13, 12, 10, and 9 are cleared (for both INT and
BT file types).

CTU
CTD

The CU/CD bit is set to prevent a false count when the first run-mode scan begins.

EOT

This instruction is skipped so all ladder instructions can be prescanned.

FFL
LFL

The EL bit is set to prevent a false load when the first run-mode scan begins.

FFU
LFU

The EU bit is set to prevent a false unload when the first run-mode scan begins.

FND

This instruction is skipped so all ladder instructions can be prescanned.

FOR

Ladder instructions within the FOR/NXT loop are prescanned.
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Troubleshooting 24-9

This
instruction  Executes these actions during prescan

MSG If the SFC startover bit is cleared and the CO bit is cleared, then all non-user
configuration bits 15, 14, 13, 12, 10, and 9 are cleared in both the INT and MG file
types. The MG file type also clears bits 11,7, 6, 5, 4,2, 1, and 0.

ONS The programmed bit address of the instruction is set to inhibit false triggering when
the first run-mode scan begins.

OSF The programmed bit address of the instruction is cleared to inhibit false triggering
OSR when the first run-mode scan begins. The output bit is also cleared.

PID For PD file type, the INI bit is cleared.

INT file type clears status bits 8, 9, and 10 (deadband, upper, and lower output
alarm). The error register from the previous scan is set to 32767, which indicates that
the setpoint and ER bits from previous scans have not yet been initialized). The
Integral Accumulator and Derivative Error bits are cleared.

SQL The EN bit is set to prevent a false increment of the table pointer when the first
SQ0 run-mode scan occurs.

TOF The TT, TC, TE, and TO bits are cleared and the ACC = preset.

DTRO The reference value is updated (regardless of the rung condition).

O The DTR instruction operates in this manner during a normal scan as well.

Suggested Action

To avoid unexpected operation that may result from these prescan

activities, follow these guidelines:

* Do not use indexed or indirect addressing with the instructions
listed in Table 24.A.
If you mustuse indexed or indirect addressing, use the first scan
bit (S:1/15) to pre-initialize all of the other used variables.

* |f using indirect addressing with any ladder instructions, do not
use the data variable holding the indirect address for
multiple functions.
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Chapter 2 5

Cable Reference

Using This Chapter
For information about: Go to page:
Pin assignments for the processor’s channel 0 25-1
Serial cable pin assignments 25-2
Cable connection diagrams 25-3
Programming cable specification 25-5
Ethernet cable connections 25-10
Channel 0 Pin The side label of the processor shows a table listing channel 0
Assignments (RS-port) pin assignments. This table shows the same information:
Pin RS-232C RS-422A RS-423 Pin RS-232C RS-422A RS-423
1 C.GND C.GND C.GND 14 NOT USED TXD.OUT SEND COM
2 TXD.OUT TXD.OUT* TXD.OUT 15
3 RXD.IN RXD.IN* RXD.IN 16 NOT USED RXD.IN- REC COM
4 RTS.OUT RTS.OUT* RTS.OUT 17
5 CTS.IN CTS.IN* CTS.IN 18
6 DSR.IN DSR.IN DSR.IN 19 NOT USED RTS.OUT NOT USED
7 SIG.GND SIG.GND SIG.GND 20 DTR.OUT DTR.OUT DTR.OUT
8 DCD.IN DCD.IN DCD.IN 21
9 22 NOT USED DSR.IN NOT USED
10 NOT USED DCD.IN NOT USED 23 NOT USED DTR.OUT NOT USED
1 24
12 25
13 NOT USED CTS.N- NOT USED

The shading indicates that the pin is reserved.
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25-2 Cable Reference

Serial Cable Pin

Assignments

Cable #1

9-pin SKT
IBM AT
(female)
RXD2 ————
GND5 ————

TXD3

DCD1 — ‘7
DTR4 — —
DSR6 —

RTS7 ]
CTS8 —— ‘7

Cable #4

9-pin SKT
IBM AT
(female)
pcbt
RXp2
™oy
DTR4
GNDS
DSR6
RTS 7
crss
RNG 9 -
CASE
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25-pin SKT
1770-KF2
(female)

2

7

- 3

4RTS
5CTS

— 6DSR

8 DCD
20 DTR

119551

25-pin
Modem
(Male)

o

—lBU'I-hO’\II\JI\JWCD

119591

The following diagrams show the pin assignments for the cables you
need for serial port communications.

25-pin SKT
IBM XT
(female)
TXD 2

Cable #2

GND7 —

RXD3 ——

RTS 4 ]
CTS5 —

DSR6 ~ |
DCD8
DTR20 —

9-pin SKT
Computer
(female)

Cable #5

RNG1 ———

TXD 2

RXD3 ———

RTS 4

CTS6 ————

DSR 6

GND7 ————

DCD 8

DTR9 ———

Cable #3
25-pin SKT 9-pin SKT
1770-KF2 Computer
(female) (female)
3 ™02 —
7 GND7 —————
2 RXD3 ———
4 RTS RTS 4 ]
5CTS CTS5 —
6 DSR DSR6
8 DCD DCD8 ~
20 DTR DTR9 —

11957-1

Cable #6
25-pin 25-pin SKT
Modem Computer
(Male) (female)
22 CHS1 ———
2 ™b2 ———
3 RXD3 ——
4 RTS4 ——
5 CTS5 ————
6 DSR6 ———
7 GND7 ————
8 DCD8 ———
20 DTR20 ———

11960-1

25-pin SKT
1770-KF2
(female)

3

7

2

4RTS
5CTS

6 DSR
8 DCD
20 DTR

11958-1

25-pin
Modem
(Male)

NDOONOOTHAS WN —

11961-1



Cable Reference 25-3

Connection Diagrams

cable #1 1784-CP5 with -CP7 adapter
Terminal 1770-KF2 P PLC-5
9-Pin Serial Port
1784-T50
6160-T53 —
1784-CAK - 1770-CD
6160-T60 Terminal 1785KE PLC-5
Series B
6160-T70 —
IBM PC/AT
Note: 1785-KE Series A uses 1785-CP5 cable and 1785-CP7 adapter with the enhanced and
Ethernet PLC-5 processors
1784-CP10
. To channel 0 of
Terminal the PLC-5
cable #4
Terminal modem
phone line
1784-CP7  1784-CP5
PLC5 1770-KF2 cable #6 modem
cable #4
Terminal modem
- phone line
To channel 0 of cable #6 LI modem
the PLC-5

O  Requires either a gender changer or one end of cable #2 fitted
with a male 25-pin plug.
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25-4 Cable Reference

Terminal

25-Pin Serial Port
1784-T47

IBM XT

IBM PS/2 Model 30
IBM PS/2 Model 60

1784-CP5 1784-CP7
cable #2 1770-KF2 PLC-5
N 1770-CD
Terminal 1784-CXK 178.5'KE PLC-5
Series B

Note: 1785-KE Series A uses 1785-CP5 cable and 1785-CP7 adapter with the enhanced and Ethernet PLC-5
processors

1784-CP11
i To channel 0 of
Terminal the PLE-5
cable #6
Terminal modem
phone line
PLCS 1784-CP6 1770-KF2 cable #6 modem
cable #6
Terminal modem
phone line
To channel 0 of cable #6 [ modem

the PLC-5

O  Requires either a gender changer or one end of cable #2 fitted

with a male 25-pin plug.
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Cable Reference 25-5

Programming Cable The specifications for each Allen-Bradley cable used for DH+
Speclflcatlons communications are shown on the following pages. Tabke 25.A.
Table 25.A
Programming Cable Specifications
For: To: Use this cable: See page:
6160-T53 1785-KE 1784-CAK 25-5
6160-T60
6160-T70
IBM PC/AT
1784-T45 1785-KE 1784-CXK 25-6
IBM PC
IBM XT
enhanced or Ethernet Terminal 1784-CP6 25-6
PLC-5 processor (using a 1784-KT, 1784-CP with a 257
K12, KL, or KLB) 1784-CP7 adapter | 5 5
1784-CP8 adapter
Terminal 1784-CP5 with a 25-7
(using a 1784-KTK1) 1785-CP7 adapter
Terminal 1784-CP10 25-8
(using a 9-pin serial
cable)
Terminal 1784-CP11 25-8
(using a serial 25-pin
cable)
Termninal 1784-PCM5 witha | 25-9 and

(using a 1784-PCMK) 1784-CP7 adapter | 25-7

Figure 25.1
Cable—1784-CAK
Connects 1785-KE to 6160-T53, 6160-T60, 6160-T70, or

IBM PC/AT
15-Pin I I
D-Shell 9-Pin D-Shell ] 4
Cpnnector Connector 6
Pin—Male Pin—Female . SN [ o |
2 | — 12
[l 7 ; ; 5
% 7 |9
e I M 3|
6 13 -
4 - 7
1785-KE IBN-PG/AT wpil [ M
6 | D-sub 9-Pin
8 (IBM PCJAT)
1]
D-sub 15-Pin
(1785-KE) 4198
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25-6 Cable Reference

Figure 25.2
Cable—1784-CXK
Connects 1785-KE to 1784-T45, IBM PC, or IBM XT

oo e -
Connecto 289.6 cm ( — o RED —
PinTMaIe; (114in) Pin—Female 20 BLK | 2 |
7 7
Shielded Cable 5| WHT |
[ 24 AWG |2 BLK | 3 |
13
3 { T _ T
5] s
1785-KE 1 6 | 6|
| 8 8|
i 120
D-sub D-sub 25 pin
15-Pin (IBM XT)
(1785-KE)
12727
Figure 25.3
Cable—1784-CP6
Connects Terminal Using 1784-KT, -KT/2, -KL, or -KL/B
to Processor
| 62 |
| 61| -
— | 8 |
- Clear | 7 |
| 38 | | 6|
= 27; Clear Shield %
| .o | Shield Ield ——
18 | E*\ Pt (B 3|
2 . | 34 | Blue | 2 |
Ping Pin3 133 | 1]
| 32 |
62-Pin D-Shell 8-Pin Mini-DIN | 31| 8-Pin Mini-DIN
Terminal End Processor End ~ Processor End
\
| 3 |
| 2 |
1]
62-Pin D-Shell
Terminal End

18378
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Cable Reference 25-7

Figure 25.4
Cable and Adapter—1784-CP7 Connects to Processor via a
a 9-pin D-Shell of a 1784-CP, -CP5, or -PCM5 cable

8
7
cl —
- 6
19| 15
8 g 4]
7 Shield |  Shield 3
s | 6| 12
Pin 1 5 Bue | Bue -
: . 4
Ping Pin3 31 8-Pin Mini-DIN
9-Pin D-Shell 8-Pin Mini-DIN | Processor End
Processor End EN Clear
9-Pin D-Shell

18377

Figure 25.5
Cable Adapter—1784-CP8 Connects a Terminal Using a
1784-KT, -KT2, or -KL Card to a Permanent DH+ Network

1
2
3
[N—
— 3-position
33 terminal connector
3-position v Blue
) terminal connector 34
Terminal end (front) 35| Shield
62-position Network end (back) had Clear
sub-miniature 36 1770-CD
connector - — Twinax Cable
62-position | 37
sub-miniature| |
connector |
60|
61
E 19816
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25-8 Cable Reference

Figure 25.6

Cable—1784-CP10
Connects Terminal to Processor Using Serial Port

1 | -=||| ,

O o
6600
Ol ouoayP

14

2

[s]

5 ===
9-SKT 25-SKT
IBM AT—Female PLC Processor—Male

Figure 25.7

Cable—1784-CP11
Processor to Terminal Using a Serial Port

25-SKT 25-SKT

IBM XT Computer—Female
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13

PLC Processor—Male

1

13

RXD
GND

TXD

DTR
DSR

RTS
CTS

TXD
GND

RXD

RTS
CTS

DSR
DCD
DTS

12|

.

‘w

EN
1 6 |
7|
|8 |

[ ]

[ 1]

RTS
CTS

DSR
DCD
DTR

RTS
CTS

DSR
DCD
DTR

19870

19871



Cable Reference 259

Figure 25.8
Cable - 1784-PCM5

Processor to Terminal (using a 1784-PCMK)

124.25in
51
@ oD X
9 %95
PLC-5 DH+
9-pin
] CR M) LNE1CLR [—
BLUE LINE 2 CLR )
5
DRAIN DRAIN
7 3
SHIELD SHIELD
SHELL SHELL

DTD
SY
DRD
RET
EN
D
RET
RIO
DTR
SY
RTS
CTS

BLACK

=
N

KT/PCMCIA

WHITE

RED

GREEN

BROWN

BLUE

ORANGE

YELLOW

PURPLE

GRAY

PINK

TAN

DRAIN

SHELL| |

SHELL

SHIELD

SHELL
|| SHELL

19872
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25-10 Cable Reference

Ethernet Cable The Ethernet port connects to either a thin-wire or thick-wire
Connections network via a 15-pin transceiver or Medium Access Unit (MAU)
connection.
Transceiver Transceiver
Ethernet Network ] ]
L L
To connect a programming terminal to a
PLC-5/20E, -5/40E, or -5/80E processor through
Transceive an Ethernet network, use the following:
irhatded «  Ethemet PCMCIA or PC/AT-compatible
(6628-A5) communication card
AUI port « Ethernet cable
« Transceivers and transceiver cables

Programming Terminal

1785-6.5.12 January 1997

Ethernet interface card

Transceiver Cable

PLC-5/40E

Two types of Allen-Bradley transceivers are available.

Catalog Number Description
5810-AXMT Thin-wire Ethernet/802.3 transceiver
5810-AXMH Thick-wire Ethernet/802.3 transceiver

The processor connects to the transceiver using a standard
transceiver cable, which is also known as an Access Unit Interface
(AU cable. Allen-Bradley has two lengths of transceiver cables and
four kits consisting of transceivers and cables.

Catalog Number Description

5810-TC02/A Thick-wire 2.0 m (6.5 ft) transceiver cable
5810-TC15/A Thick-wire 15.0 m (49.2 ft) transceiver cable
5810-TAS/A (kit) Thin-wire transceiver and 2.0 m (6.5 ft) cable
5810-TAM/A (kit) Thin-wire transceiver and 15.0 m (49.2 ft) cable
5810-TER Thinwire Ethernet terminating resistors
5810-TBS/A (kit) Thick-wire transceiver and 2.0 m (6.5 ft) cable
5810-TBM/A (kit) Thick-wire transceiver and 15.0 m (49.2 ft) cable

Connection to “10baseT” (fiber-optic) and broadband networks is
also supported if you purchase the appropriate transceivers and
cables from a third-party source.
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Numbers

1-slot addressing, _4-4, _23-4, 23-5
1/2-slot addressing, _4-4, _23-4, 23-5
1770-KF2, _10-1

1770-XYC, _20-1

1771-AF, _6-5

1771-ALX, _8-1, _23-5, _24-7
1771-AS, _6-5

1771-ASB, _6-5, _6-11, _23-5, _24-5
1771-CD, _10-1

1771-DCM, _6-5

1771-KRF, _10-1

1771-SN, _6-5
1772-SD, -SD2,
1775-S4A, -S4B,
1775-SR, _6-5
1784-CAK, _25-5

1784-CP, _10-1, _25-7

1784-CP10, _25-2, _25-5, _25-8
1784-CP11, _25-2, _25-5, _25-8
1784-CP2, _10-1

1784-CP3, _10-1

1784-CP5, _10-1, _25-5, _25-7
1784-CP6, _10-1, _25-5, _25-6
1784-CP7, _25-5, _25-7

1784-CXK, _25-5, _25-6

1784-KL, _10-1, _25-5, _25-6, _25-7
1784-KT, _10-1, _25-5, _25-6, _25-7
1784-KT2, _10-1, _25-5, _25-6, _25-7
1784-KTK1, _25-5

1784-PCM5, _25-5, _25-7, _25-9
1784-PCMK, _10-1, _25-5, _25-9
1784-CP8, _25-5, _25-7

1784-PCM5, _10-1

1785-KA, _10-1

1785-KA5, _10-1

1785-KE, _10-1, _25-5, _25-6

2-slot addressing, _4-4, _23-4, 23-5
6008-SQH1, -SQH2, _6-5

6-5
6-5

A

active buffers, _6-14
active node table, _10-5
adapter mode

adapter channel status, _7-15, _7-17

block-transfer programming example,
7-1

channel configuration, _7-2

communicating with, _7-1

configuring channels, _7-3

defined, _1-12

discrete transfer configuration file, _7-2,
7-7

effects of block-transfer on discrete data,
7-14

programming block transfers, _7-8

supervisory processor status, _7-16

transferring data, _7-8

addressing

32-point example, _4-6

8- and 16-point example, _4-5

assigning

DH+ node address, _10-3
rack numbers, _4-9

block-transfer modules, _4-8

choosing a mode, _4-4

concept, _4-1

data files, _4-15

Ethernet, _12-2

Ethernet broadcast, _12-11

extended-local I/0, _8-2

frequently used files, _4-21

I/O image, _4-15

/O specifications, _20-2

I/O status file, _6-23

indexed, _4-19

indirect, _4-18

IP address, _12-2

logical, _4-16

mnemonics, _4-17

racks, _8-10

relating a bit to an input/output device,
4-3

remote 1/O racks, _4-10

selecting mode, _23-4, 23-5

stations in poll file, _11-14

summary, _4-8

symbolic, _4-20

terms, _4-2
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ASCII install, _12-7

configuring serial port, _11-15 IP address, _12-8
instructions, _22-25 using, _12-5

status, _11-20 BOOTPTAB.TXT, _12-7
automatic configuration, 6-9, 6-10, broadcast addressing 12-11

8-10, _8-11 T

c
B
. cables

backpanel spacing, _3-5 Belden 9463. 6-3
backplane communication interfaces, _25-5
current draw, _20-1 DH+ link, _10-1, _10-2
switch settings, _23-4, _23-5 Ethernet, _12-1, _25-10
battery, _20-1, _20-4 extended-local /0, _8-2

pin assignments, _25-2

Belden 9463, _6-3 programming, _10-1

bit, data storage, _4-11 raceway layout, _3-3
bit modify instructions, _22-16 reference, _25-1
block-transfer remote I/O, _6-5
active buffers.  6-14 rou_tmg conductors, _3-4
adapter . serial, _11-5
channel, _7-8 calculating
programming example, _7-11 processor scan time, _9-10, 9-11
addressing modules, _4-8 remote /O scan time, _9-8
calculating timing throughput, _9-5
extended-local I/0, _8-6 timing, _9-5
remote 1/0, _9-7 CE compliancy, _20-2

control files, _7-9

trali ntrol system, _1-1
data transfer, 6-13 centralized control system, _1-1

editing online, _9-11 certfication, _20-2

fault routine, _16-10 changing modes, _1-9

in PIl program file, _19-3 channel

in STI program file, _18-2 adapter configuration, _7-2
instructions, _22-24 configuring

minor fault bits, _6-15
module placement, _2-3

remote 1/0 adapter, _7-3

remote 1/0 scanner, _6-6

placing modules, _5-3 DH+ configuration, _10-2, _10-3
processor-resident racks, _6-20 Ethernet
programming considerations, _6-20 using 6200 software, _12-3
remote 1/O data, _6-15 using BOOTP, _12-5
zfz?tﬂgnbcifs’ %;11% T extended-local 1/0 scanner configuration,
y V710, 70 8_9
to extended-loca}l /O, _8-6 extended-local 1/0, _8-10
to processor-resident /O, _5-4 monitoring
waiting queues, _6-14 DH+ link, _10-5
boot-server host, _12-6 extended-local 1/0, _8-13
install, _12-7 remote 1/0 adapter, _7-17
modify boot-service configuration file, remote 1/O scanner, _6-21
12-7 privilege class, _13-4
boot-services, _12-9 ren_10|te I/ﬂ sganner configuration, _6-8
serial, _11-
B%(i)szf)ling 19-4 troubleshooting, _24-3
edit configuration file, _12-7 channel status
example, _12-8 DH+, _10-5

hardware address, _12-8 Ethernet, _12-17
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extended-local 1/0, _8-13 fault routine, _16-4
remote 1/0 adapter, _7-17 I/O status file, _6-7
remote 1/O scanner, _6-21 main control programs, _17-3
serial, _11-18 Pll, _19-5
chassis point-to-point, _11-6
configuration plug, _23-6 processor-resident rack, _5-4

remote 1/0 adapter channel, _7-2, 7-3

dimensions, _3-1
location in, _20-2
setting switches,
spacing, _3-1

classes, privileges, _13-3
clock, processor, _20-1

communicating

1771-ASB, _6-11

DH+ link, _10-1

Ethernet, _12-1
extended-local I/0, _8-1
point-to-point, _11-3
processor-resident /0, _5-1
remote /O, _6-1

serial devices, _11-1

with adapter channel, _7-1

23-4, 23-5

communication
configuring serial mode change, _11-17
rate, _9-6
specifications, _20-2
time slice, _21-10

compare instructions, _22-5

complementary 1/0, _4-22, _6-8
completed, program state, _14-4
components

front panel, _1-2

spacing, _3-1

compute instructions, _22-7
conductors, _3-4

configuring
ASCII (user mode), _11-15
block-transfer requests in an adapter

channel, _7-9
BOOTP host, _12-6
chassis

extended-local 1/0, _23-10

power supply, _23-6
communication mode change, _11-17
DF1 master, _11-10

DF1 slave, _11-8

DH+ channel, _10-2

discrete transfer configuration files, _7-4

Ethernet
using 6200 software,
using BOOTP, _12-5
extended-local I/0 scanner channel,
8-9

12-3

remote I/O scanner channel, _6-6
serial port, _11-2, _11-5
startup procedure, _15-2

STI, _18-3

connections, Ethernet, _25-10
control bits. See user control bits
controlling outputs, _16-3
conversion instructions, _22-15
cooling, _3-1

counter instructions, _22-4

D

daisy chain, _6-5,
data block, _4-11

data file

addressing, _4-13

range of values, _4-14
read/write privileges, _13-5
types of addressing, _4-15
unused, 4-12

data storage

bit, _4-11

concepts, _4-10
data block, _4-11
files, _4-11

member, _4-11
structure, _4-11
type, _4-11
user-defined,
words, _4-11

data table
file defaults, _4-13
memory per file, _4-12

data transfer
See also discrete-transfer data and
block-transfer data
block-transfer, _8-6

10-2

4-11

effects of block-transfer on discrete data,

7-14
extended-local 1/0, _8-4
I/0 backplane transfer time, _9-5
/O transfer time, _9-5
system design, _9-9
types, _1-12
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data type, valid values, _4-14
delay, due to online editing, _9-4
density, I/O modules, _2-2

design tip

addressing and placing extended-local
/O, _8-2

addressing extended-local I/O racks,
8-3

assigning privileges, _13-3

assigning racks, _4-9

assigning remote 1/O rack numbers,
4-10

block-transfer programming, _6-20

DH+ link design, _10-14

editing the scan list for multiple
rack-updates, _6-10

extended-local /O link design, _8-2

global status flag file, _10-5

group data, _4-12

quidelines for Plls, _19-4

guidelines for writing STI programs,
18-1

optimizing instruction execution time,
4-21

optimizing processor memory, _4-21

organizing files, _4-12

placing block-transfer modules, _5-3

placing extended-local 1/O modules,
8-4

program design tips, _9-12

programming considerations for
extended-local I/0, _8-9

remote /O cable design, _6-5

remote I/O link, _6-4

RS-232, -422A, and -423 cable lengths,

1n-5
split global status flags files across
channels, _9-5

using block-transfers in STls, _18-2

writing PII programs, _19-2
designing systems

centralized control, _1-1

distributed control, _1-2

devices

DH+ link, _10-1
extended-local I/0, _8-1
maximum, _6-4
remote /O, _6-2
serial, _11-1

DF1 master
communication, _11-3
configuring, _11-10
polling scheme, _11-13
DF1 slave, _11-3, 11-8

DH+ link
active node table, _10-5

application guidelines, _10-14
cable lengths, _10-2
communicating with devices, _10-1
configuring channels, _10-2
default address, _10-2

defining the processor address, _10-3
design tip, _10-14

diagnostic counters, _10-5
estimating performance, _10-9
global status flag file, _10-4
internal processing time, _10-12
message destination, _10-11
monitoring status, _10-5
nodesftiming, _10-9

planning cabling, _10-1
response time test results, _10-13
size and number of messages, _10-10
terminating, _10-2

token passing, _10-9
transmission rate, _10-3
troubleshooting, _24-3

diagnostic counters
DH+, _10-5
remote 1/0, _6-21

diagnostic instructions, _22-18

dimensions
chassis, _3-1
power supplies, _3-6

discrete data transfer
between scanner and remote I/O adapter,
7-6
extended-local 1/0, _8-5
discrete-transfer configuration files, _7-2,
7-4
discrete-transfer data
adapter mode, _7-8
monitoring adapter channel status,
7-15
monitoring supervisory processor status,
7-16
processor-resident /0, _5-3

distributed control system, _1-2
DOS host, for BOOTP, _12-6
dilbootd.exe, _12-9

dtlbootw.exe, _12-9

E

edit BOOTPTAB.TXT file, _12-7
element. See word
enclosures, _3-3

environment
proper, _3-1
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specifications, _20-1
error codes, Ethernet messaging, _12-16
ESD protection, _3-3

Ethernet
addressing, _12-2
advanced functions, _12-11
broadcast addressing, _12-11
cables, _25-10
communication, _12-1
configuring
using 6200 software, _12-3
using BOOTP, _12-5
error codes, _12-16
gateways, _12-12
IP address, _12-2
messaging, _12-18
network requirements, _12-1
processor performance, _12-18
status data, _12-17
subnet masks, _12-12
transceivers, _25-10
transmit indicator, _24-5
troubleshooting, _24-4

event-driven interrupts. See Pl

example

32-point addressing, _4-6

8- and 16-point addressing, _4-5

adapter-mode block-transfer, _7-11

block-transfer timing in extended-local
/O, _8-8

BOOTP, _12-8

calculating processor time, _9-11

efficiently using image table space, _4-7

PIl application, _19-2
STI application, _18-2

executing, program state, _14-4

extended-local 1/0

addressing, _8-2

block-transfers, _6-13

cable lengths, _8-2

calculating block-transfer completion,
8-6

chassis backplane switch settings,
23-5

communicating with, _8-1

configuration plug setting, _23-10

configuring channel 2, _8-10

data transfer, _8-4

defined, _1-14

devices you can connect, _8-1

grounding configuration, _3-7

interpreting status, _8-13

placing I/O modules, _8-4

programming considerations, _8-9

rack fault, _16-3

scan list, _8-10

switch setting, _23-9
terminating, _8-2
troubleshooting, _24-4, _24-7

F

fault routines

block-transfer data, _16-10
change from ladder logic, _16-8
configuring, _16-4

controlling outputs, _16-3
enabling, _16-4

how to program, _16-6-16-10
power-up protection, _15-1
preparing, _16-1

program flow, _14-2
programming feature, _14-2
recover rack fault via ladder logic, _16-9
startup, _15-2

testing, _16-10

using, _16-1

watchdog timer, _16-5

when to use, _14-3

faulted, program state, _14-4
faults

block-transfer, minor, _6-15
clearing, _16-6, _16-11
detecting major, _16-2
extended-local 1/O rack, _16-3
major, _16-1, _16-11

major and minor, _16-10
minor, _16-11

monitoring, _16-11
processor-resident local /O rack, _16-3
remote I/O chassis, _16-3
remote I/O rack, _16-3
status information, _16-10

file instructions, _22-17
files, _4-14

data storage, _4-11
frequently used, _4-21
read/write privileges, _13-5

floating point, valid value range, _4-14
forcing

inputs and outputs, _14-1
SFC transitions, _14-2

front panel

PLC-5/20E, _1-6

PLC-5/30, _1-4

PLC-5/40, -5/60, and -5/80, _1-5
PLC-5/40E and -5/80E, _1-7
PLC-5/11,-5/20, _1-3

PLC-5/40L, -5/60L, _1-8
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G

gapping, _4-12
gateways, _12-12
global inhibit bits, clearing, _6-10, _8-11

global status bits, _16-10, _16-11
racks 0-7, _21-2
racks 10-17, _21-9

global status flags file, _9-5, _10-4

grounding
extended-local 1/O system,
processor-resident chassis,
remote /O system, _3-7

groups, definition, _4-2

guidelines
addressing, _4-7, _4-8
cable routing, _3-4
DH+ link application, _10-14
/0 point size (density) selection, _2-2
I/O selection, _2-1
PII programming considerations, _19-4
placing extended-local 1/O modules,
8-4
placing 1/O modules, _2-3
proper environment, _3-1
selecting interrupt routines, _14-3

3-7
3-7

STI programming considerations, _18-1

when to use interrupt routines, _14-3

H

hardware
addressing, _20-2
fault, _16-2

heat dissipation, _20-1

housekeeping
See also 1/0 housekeeping
defined, _5-2
effects of, _9-4

I/O addressing, _20-2
See also addressing

I/O modules, _20-1

block-transfer module placement, _2-3
cable categories, _3-4

placing, _2-3

select point size (density), _2-2
selection guidelines, _2-1

I/O scan
defined, _5-2
disabling, _17-2

discrete, _20-1

/O status file

addressing, _6-23
bit layout, _6-24, 6-25
configuring, _6-7

I/O update, configuring, _17-4
ignoring empty slots, _9-5
image table

address, _4-15
input and output, _4-1

immediate I/O

data transfers, _6-11

extended-local 1/0, _8-5

programming with block-transfers, _6-21

timing, _5-3

using with adjacent block-transfer
modules, _5-3

indexed, address, _4-19
indicators

1771-ALX, _24-7
1771-ASB, _24-5
communication, _24-3
Ethernet, _24-4, 24-5
extended-local /0, _24-4
PLC-5/20E, _1-6
PLC-5/30, _1-4

PLC-5/40, -5/60, and -5/80, _1-5
PLC-5/40E and -5/80E, _1-7
PLC-5/11,-5/20, _1-3
PLC-5/40L, -5/60L, _1-8
processor, _24-2

indirect, address, _4-18
installing, BOOTP, _12-7
instructions

ASCIl, _22-25

bit modify, _22-16

block-transfer, _22-24

compare, _22-5

compute, _22-7

conversion, _22-15

counter, _22-4

diagnostic, _22-18

file, _22-17

logical, _22-14

memory

bit and word instructions, _22-28

file, program control, and ASCII,
22-31

message, _22-23

move, _22-16

PID, _22-23

prescan timing, _24-8

program control, _22-21

quick reference, _22-1
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relay, _22-2

sequencer, _22-20

shift register, _22-19

timer, _22-3

timing
bit and word instructions, _22-28
file, program control, and ASCII,

22-31

Internet Protocol address. See IP address

interrupt routines. See STls, Plls, fault
routines, powerup routines

interrupts, _9-3
scheduling, _14-4

introduction
PLC-5 processors, _1-

processor scanning, _5-1
remote 1/0, _6-3

IP address, _12-2

K

keying, _20-2

keyswitch
operation, _1-9
PLC-5/20E, _1-
PLC-5/30, _1-4

PLC-5/40, -5/60, and -5/80, _1-5
PLC-5/40E and -5/80E, _1-7
PLC-5/11, -5/20, _1-3
PLC-5/40L, -5/60L, _1-8

6

L

ladder logic, _1-10
last state, _16-2, _23-4, _23-5
location, _20-2

logic scan
See also program scan
defined, _5-2
time, _9-2

logical address

mnemonic, _4-17
specifying, _4-16
logical instructions, _22-14

main control program. See MCP

main control programs, _17-1
See also MCPs

major faults
clearing, _16-6, _16-11

defined, _16-2

responses, _16-1

master communication, _11-10
DF1 master mode, _11-3
message-based mode, defined, _11-4
point-to-point, _11-6
standard mode, _11-4

master station polling, _11-4

maximizing system performance, _17-2

MCPs, _1-10

configuring, _17-3
monitoring, _17-4

scan time, _17-4
scheduling, _14-4, 17-1
specify order, _17-4
temporarily disable, _17-4
using, _17-1

media, Ethernet, _12-1
member, data storage, _4-11

memory

bit and word instructions, _22-28

data storage, _4-10

data table file sizes, _4-13

file, program control, and ASCII
instructions, _22-31

gapping, _4-12

modules, _20-1

optimizing, _4-21

program files, _4-14

protection, _23-4

memory module, transfer, _23-4
message instruction, _22-23
message-based communication, _11-4

messages

DH+ link, _10-10

editing online, _9-11
Ethernet error codes, _12-16

minor faults, _16-11
mnemonic, addressing, _4-17

modes

adapter, _1-12
addressing, _4-4
extended-local, _1-14
keyswitch, _1-9

scanner, _1-11

modify boot-service configuration file,
12-7
monitoring
adapter channel status, _7-15
DH+ channel status, _10-5
Ethernet channel status, _12-17
extended-local I/0, _8-13
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faults, _16-10

Pll, _19-6

remote 1/0 adapter channel status,
=17

remote 1/O scanner channel status,
6-21

serial port channel status, _11-18

STl status, _18-4

supervisory processor status, _7-16

mounting
I/O chassis dimensions, _3-5
power supply dimensions, _3-6

move instructions, _22-16

multiple chassis status bits, _16-10,
16-11

noise protection, _3-4

0]

offline file, privileges, _13-4

online editing

housekeeping, _9-4

messages and block-transfers, _9-11
Plls, _19-4

STls, _18-1

operating temperature, _3-1
optimizing
processor memory and instruction

execution, _4-21
system, _9-5

outputs, controlling after a fault, _16-3

P

passwords, _13-1

performance
DH+ link, _10-9
Ethernet processor, _12-18
housekeeping, _9-4
impact of online editing, _9-11
inserting rungs at 56K limit, _9-12
maximizing, _17-2
maximizing your system, _9-1
optimizing instruction execution time,

4-21

optimizing processor memory, _4-21
Pll, _19-4
STI, _18-1

PID, _22-23

Pll, 9-3, 9-4

configuring, _19-5

example application ladder logic, _19-2
monitoring, _19-6

performance, _19-4

program flow, _14-2

programming considerations, _19-4
status, _19-6

to extended-local I/O chassis, _8-4
using, _19-1

when to use, _14-3

with a block-transfer instruction, _19-3
writing ladder logic, _19-2

placing

backpanels, _3-5
extended-local /O, _8-2
extended-local I/O modules, _8-4
hardware, _3-1

I/O modules, _2-1, 2-3
point-to-point communication, _11-3

points, definition, _4-2
polling

schemes, _11-13
techniques, _11-4

power supplies, mounting dimensions,
3-6

power-up routines

how to startup, _15-3

preparing, _15-1

programming feature, _14-2
protection, _15-1

start-up procedure, _15-2

when to use, _14-3

priority scheduling, _14-4

privilege class
assigned to channel, _13-4
assigned to node, _13-4
assigned to offline file, _13-4
privileges
assigning class to channels, _13-4
assigning class to offline files, _13-4
assigning to data files, _13-5
assigning to program files, _13-5
defining classes, _13-3
guidelines for assigning, _13-3
types of, _13-1

process control instructions, _22-23
processor input interrupt. See PII
processor status file, layout, _21-1

processor time
data exchange, _9-10
example, _9-11
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processor-resident 1/0
block-transfers, _6-20
forcing, _14-1

rack fault, _16-3

Program (PROG) mode, _1-9

program constant, valid value range, _4-14

program control instructions, _22-21
program execution, _1-9, _14-4

program file

maximum size, _9-12
memory, _4-14
read/write privileges, _13-5
storage, _4-14

program scan
activities that can affect the time, _9-1
defined, _5-2

effect of housekeeping, _9-4

false versus true logic, _9-2

input states, _9-2

instructions, _9-2

introduction, _5-2

MCP, _17-4

using interrupts, _9-3

program states, _14-4
programming
block-transfers to an adapter channel,
7-8
considerations, _14-1
design tips for better performance,

9-12
effects of block-transfers on discrete
data, _7-14

extended-local I/O, _8-9
fault routines, _16-6
features, _1-10

handling faults in remote I/O chassis,

16-4
multiple block-transfers in an adapter
channel, _7-10

protecting, _13-1
recover from rack fault, _16-9
terminal connections, _25-5

protected processors, _13-5
protecting programs, _13-1
protecting the processor, enclosures, _3-3

R

raceway layout, _3-3
rack addressing limits, _20-3

rack control bits
racks 0-7, _21-9
racks 10-17, _21-9

rack entries, how they affect scan time,
9-7
rack size
extended-local 1/O scanner, _8-10
remote I/O scanner, _6-9

racks
addressing, _8-10
definition, _4-2

extended-local I/O, _8-3

processor-resident local 1/0, _4-9
relationship to chassis size and
addressing mode, _4-9

remote 1/0, _4-10

read/write privileges
assigned to data file, _13-5
assigned to program file, _13-5

ready, program state, _14-4
relative humidity, _3-1
relay instructions, _22-2
Remote (REM) mode, _1-9

remote 1/O

adapter mode. See adapter mode

adapter-mode status, _7-17

block-transfers, _6-13, _6-15

cable lengths, _6-5

calculating scan time, _9-8

chassis backplane switch setting, _23-5

communicating with, _6-1

communication rate, _9-6

configuration overview, _6-1

configuration steps, _6-12

data transfer, _6-11

design, _9-9

faults, _16-3

how block-transfers affect scan time,
9-7

I/O status file, _6-7

introduction, _6-3

maximum devices, _6-4

number of rack entries in scan list, _9-7

optimizing scan time, _9-8

possible devices, _6-2

programming block-transfers, _7-8

rack fault, _16-3

scan list, _6-3, 6-9

scan time, _9-6

scanner channel configuration, _6-6

status, _6-21

switch settings, _23-7

system setup, _6-4

terminating the link, _6-5

troubleshooting, _24-3, _24-5

remote 1/0 adapter, defined, _1-12
remote I/O scanner, defined, _1-11
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remote 1/O system, grounding configuration,
3-7

remote mode change, _11-4

Run (RUN) mode, _1-9

S

SCADA, _11-1

scan list, _6-3

contents, _6-9

creating, _6-9

extended-local I/0, _8-10

how entries affect scan time, _9-7
limitations, _6-10, _8-11

modifying, _6-10
scan time, calculating, _9-5
scanner

configuring channels, _6-8
creating a scan list, _8-10, _8-12
modifying a scan list, _8-11

scanner mode

block transfer in a PIl, _19-3

block-transfer, _6-15

block-transfer in an STI, _18-2

channel configuration, _6-6

communicating with 1771-ASB, _6-11

configuring extended-local I/O channels,
8-9

creating a scan list, _6-9, _8-11

data transfer, _6-11

defined, _1-11

introduction, _5-3

monitoring status, _6-21

scanning
block-transfer data, _6-13
introduction to, _5-1

scheduling, _14-4

selectable timed interrupt. See STI
selecting, 1/0 modules, _2-1
sequencer instructions, _22-20
sequential function charts. See SFCs

serial

ASCII (user mode), _11-15
cables, _25-2

changing modes, _11-4

choosing the digital interface, _11-1
communication mode change, _11-17
configuring, _11-5

DF1 master, _11-3, _11-10

DF1 master status, _11-19

DF1 point-to-point, _11-3

DF1 slave, _11-3, _11-8

DF1 slave status, _11-18

pin assignments, _25-1
planning cabling, _11-5
point-to-point, _11-6
point-to-point status, _11-18
protocols, _11-5

setting switches (SW2), _11-2
status, _11-18

system mode, _11-3

user mode, _11-2

user mode (ASCII) status, _11-20
using channel 0, _11-2

serial devices, _11-1

setting switches

chassis backplane, _23-4, 23-5

extended-local I/0, _23-9

last state, _16-2

remote I/0, without complementary 1/O,
23-7

SW1, _23-2

SW2, _23-3

SFC transitions, forcing, _14-2
SFCs, _1-10
shift register instructions, _22-19
shock, specifications, _20-1
site preparation
conductor categories, _3-4
raceway layout, _3-3
routing conductors, _3-4
slave communication, _11-8
See also remote station communication
spacing chassis, _3-1
specifications, _20-1
standard communication, _11-4
startup, _15-2
status
adapter-mode channel, _7-15
remote 1/0, _6-21
supervisory processor, _7-16
status bits, monitoring, _16-11

status file
processor, _21-1
size, _4-13

status information
main control program scan, _17-4
Plls, _19-6
STis, _18-4

STI, _9-3, 9-4, 16-10

application example ladder logic, _18-2
configuring, _18-3

performance, _18-1

program flow, _14-2

program scan, _18-3
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status, _18-4

using, _18-1

when to use, _14-3

with a block-transfer instruction, _18-2
writing ladder logic, _18-1

storage

program files, _4-14
temperature, _3-1

structure, data storage, _4-11
structured text, _1-10
subnet masks, _12-12

subroutines, _1-10

switch assemblies
chassis, _23-4, _23-5
chassis configuration plug, _23-6
extended-local 1/0, _23-9
remote I/0, without complementary 1/O,

23-7
SW1, _23-2
SW2, _23-3

switch assembly SW1, defining the default
DH+ address, _10-2

switch setting, reference, _23-1
symbol, address, _4-20

system

design, _9-9
performance, _9-1, _17-2
specifications, _20-1
system layout

backpanel spacing, _3-5
environment, _3-1

system mode, _11-3
DF1 master, _11-3
DF1 slave, _11-3
point-to-point, _11-3
status, _11-18

T

terminating

DH+ link, _10-2
extended-local I/O link, _8-2
remote /O link, _6-5

termination resistors, _6-5, _10-2

testing, fault routines, _16-10

throughput

calculating, _9-5

I/0 backplane transfer time, _9-5
/O transfer time, _9-5
processor scan time, _9-10
remote I/O scan time, _9-6

time-driven interrupts. See STI

timer instructions, _22-3

timing

bit and word instructions, _22-28

block-transfer data, _6-13, 8-6

calculating block-transfer completion
time, _8-6, 9-7

calculating throughput. See throughput

communication rate, _9-6

discrete-transfer data, placement for
optimal speed, _2-3

example, _9-11

false vs. true logic, _9-2

file, program control, and ASCII
instructions, _22-31

global status flags file, _9-5

housekeeping, _9-4

I/O scan, _6-11

immediate 1/0, _6-11

input states,

instructions,

internal processing, _10-12

nodes, _10-9

optimizing for remote 1/0, _9-8

prescan, _24-8

program scan, _5-2, _5-

to extended-local /0, _8-5

using interrupts, _9-3
token passing, _10-9
transceivers, _25-10

troubleshooting

communications, _24-3
Ethernet, _24-4

extended-local I/0, _24-4, _24-7
processor, _24-2

remote /0, _24-5
trunk line/drop line, _6-5, _10-2

type, data storage, _4-11

9-2
9-2

(8]

U

UID/UIE

influencing processor priorities, _14-6
STI, _16-10, _18-2

understanding

PLC-5 processors, _1-1

processor memory, _4-10

user control bits

processor status file, _21-9

startup procedure, _15-2

user interrupts. See UID/UIE
user mode, _11-2, _11-15
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V' waiting queues, _6-14
vibration, specifications, _20-1 watchdog timer, _16-5
weight, _20-2

words, data storage, _4-11
W g

waiting, program state, _14-4
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