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Important User Information
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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, available from your local
Rockwell Automation sales office or online at
http://wwwliterature.rockwellautomation.com), 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 Rockwell Automation, Inc. 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, Rockwell Automation, Inc. cannot assume responsibility or liability for
actual use based on the examples and diagrams.

No patent liability is assumed by Rockwell Automation, Inc. 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 part, without written
permission of Rockwell Automation, Inc., is prohibited.

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

Identifies information about practices or circumstances
that can cause an explosion in a hazardous environment,
which may lead to personal injury or death, property
damage, or economic loss.

IMPORTANT Iden.tiﬁe.s information that .is critical for successful
application and understanding of the product.

Identifies information about practices or circumstances
ATTENTION outp
that can lead to personal injury or death, property
damage, or economic loss. Attentions help you identify a

hazard, avoid a hazard, and recognize the consequences.

SHOCK HAZARD Labels may be located on or inside the equipment (for
example, drive or motor) to alert people that dangerous
voltage may be present.

BURN HAZARD Labels may be located on or inside the equipment (for
example, drive or motor) to alert people that surfaces may
be dangerous temperatures.

o e |l




Summary of Changes

The information below summarizes the changes to this manual since the last
printing.

To help you find new and updated information in this release of the manual,
we have included change bars as shown next to this paragraph.

The table below lists the sections that document new features and additional
or updated information about existing features.

For This Information See Page
Addition of a powerup error to Table 16.1. 16-4
Revision of the company name from "Allen-Bradley" to "Rockwell Automation”. G-1
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2 Summary of Changes

Notes:
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Preface

Read this preface to familiarize yourself with the rest of the manual. It
provides information concerning:

® who should use this manual.
e the purpose of this manual.
e related documentation.

e common techniques used in this manual

Who Should Use This Use this manual if you are responsible for designing, installing, programming,
Manual or troubleshooting control systems that use SLC 500 programmable

controllers.
You should have a basic understanding of electrical circuitry and familiarity

with relay logic. If you do not, obtain the proper training before using this
product.

Purpose of This Manual This manual is a reference guide for SLC 500 controllers. This manual:

e provides status file functions.
e provides the instructions used in your ladder logic programs.

e compliments the online help available at the terminal.
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2 Preface

Related Documentation

The following documents contain additional information concerning Rockwell
Automation products. To obtain a copy, contact your local Rockwell
Automation office or distributor.

For Read This Document Document Number
An overview of the SLC 500 family of products. SLC 500 System Qverview 1747-S0001
A description on how to install and use your Modular SLC 500 Installation & Operation Manual for 1747-UM011
programmable controller. Modular Hardware Style Programmable

Controllers
A description on how to install and use your Fixed SLC 500 Installation & Operation Manual for Fixed | 1747-6.21
programmable controller. Hardware Style Programmable Controllers
In-depth information on grounding and wiring Allen-Bradley Allen-Bradley Programmable Controller 1770-4.1
programmable controllers. Grounding and Wiring Guidelines
A description of important differences between solid-state Application Considerations for Solid-State | SGI-1.1

programmable controller products and hard-wired electromechanical

devices.

Controls

An article on wire sizes and types for grounding electrical

equipment.

National Electrical Code - Published by the National Fire Protection
Association of Boston, MA.

A glossary of industrial automation terms and abbreviations.

Allen-Bradley Industrial Automation AG-7.1

Glossary

Common Techniques Used
in This Manual
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If you would like a manual, you can:

e download a free electronic version from the Internet at
www.literature.rockwellautomation.com

e purchase a printed manual by contacting your local distributor or
Rockwell Automation representative

The following conventions are used throughout this manual.

e Bulleted lists such as this one provide information, not procedural steps
e Numbered lists provide sequential steps or hierarchical information

e [falic type is used for emphasis



Chapter 1

Processor Files

File Structure SLC 500 user memory is comprised of Data Files and Program Files.

TIP The file types shown below for data files 3 through 8
are the default values. Files 9 to 255 can be
configured to be bit, timer, counter, control, integer,
floating point, ASCII, or String files.

o
ic |i=
s | E[B Bit
S & T Timer
= |2 C Counter
% | R Control
2| N Integer
F Floating Pt."
ing(l
Data ST Stsn(?gm
Files L
Program
Files

System File 0

Program File 2

Program Files
3to 255

(1) SLC 5/03 and higher processors only.
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Output and Input Data Files (Files 00: and I1:)

Data Files 0 and 1 represent external outputs and inputs, respectively. Bits in
file 1 are used to represent external inputs. In most cases, a single 16-bit word
in these files will correspond to a slot location in your controller, with bit
numbers corresponding to input or output terminal numbers. Unused bits of
the word are not available for use.

Table 1.1 explains the addressing format for outputs and inputs. Note that the
format specifies e as the slot number and s as the word number. When
referencing output and input data file words, refer to the element as e.s (slot
and word), taken together.

Table 1.1 Output and Input Data File Addressing Formats

Format Explanation
O:e.s/b 0 Output
l:e.s/b I Input
Element delimiter
e Slot number (decimal) | Slot 0, adjacent to the power supply in the first chassis, applies to the
processor module (CPU). Succeeding slots are 1/0 slots, numbered from 1
to a maximum of 30.
Word delimiter. Required only if a word number is necessary as noted below.
s Word number Required if the number of inputs or outputs exceeds 16 for the slot.
Range: 0-255 (range accommodates multi-word “specialty cards”)
/ Bit delimiter
b Terminal number Inputs: 0-15
Outputs: 0-15
Examples:
0:3/15 Output 15, slot3
0:5/0 Output 0, slot 5
0:10/11 Output 11, slot 10
1:7/8 Input 8, slot 7
1:2.1/3 Input 3, slot 2, word 1
05 Output word 0, slot 5
0:5.1 Output word 1, slot 5
1:8 Input word 0, slot 8

Default Values: Your programming device will display an address more formally. For example, when you assign the address 0:5/0, the
programming device will show it as 0:5.0/0 (Output file, slot 5, word 0, terminal 0).
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Table 1.2 Status File Addressing Format

Status File (File S2:)

You cannot add to or delete from the status file. See Table 1.2 to understand
how to address various bits and words within the status file. You can address
various bits and words as follows.

Format Explanation
S:e/b S Status file
Element delimiter
e Element number Ranges from 0 to 15 in a fixed or SLC 5/01 controller,
0to 32 inan SLC 5/02,
0to 82 inan SLC 5/03 and
0to 82 inan SLC 5/05,
0to 96 in an SLC 5/04 0S400, and
0to 163 in an SLC 5/04 0S401 processors.
These are 1-word elements. 16 bits per element.
/ Bit delimiter
b Bit number Bit location within the element. Ranges from 0 to 15.
Examples:
S:1/15 Element 1, bit 15. This is the “first pass” bit, which you can use to initialize instructions in your program.
S3 Element 3. The lower byte of this element is the current scan time. The upper byte is the watchdog scan time.

Bit Data File (B3:)

File 3 is the bit file, used primarily for bit (relay logic) instructions, shift
registers, and sequencers. The maximum size of the file is 256 1-word
elements, a total of 4096 bits. You can address bits by specifying the element
number (0 to 255) and the bit number (0 to 15) within the element. You can
also address bits by numbering them in sequence, 0 to 4095.

You can also address elements of this file. See Table 1.3 for a detailed format
description. Note the two different possible formats that can be used.
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Table 1.3 Bit File Addressing Format

Format Explanation
Bf:e/b B Bit type file
f File number. Number 3 is the default file. A file number between 9-255 can be used if
additional storage is required.
Element delimiter
e Element number Ranges from 0-255. These are 1-word elements. 16 bits per
element.
/ Bit delimiter
b Bit number ‘ Bit location within the element. Ranges from 0-15.
Bf/b B Same as above.
f Same as above.
/ Same as above.
b Bit number ‘ Numerical position of the bit within the file. Ranges from 0-4095.
Examples:
B3:3/14 Bit 14, element 3
B3:252/00 Bit 0, element 252
B3:9 Bit 62
B3/62 Bit 62
B3/4032 Bit 4032
Timer Data File (T4:)
TIP Timing could be inaccurate if Jump (JMP), Label
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(LBL), Jump to Subroutine (JSR), or Subroutine (SBR)
instructions skip over the rung containing a timer
instruction while the timer is timing. If the skip
duration is less than 2.5 seconds, no time will be lost;
if the skip duration exceeds 2.5 seconds, an
undetectable timing error occurs. When using
subroutines, a timer must be executed at least every
2.5 seconds to prevent a timing error.

Timer instructions use various control bits. These are 3-word elements, used
with Bit, TON, TOF and RTO instructions. Word 0 is the status word, word 1
indicates the preset value, and word 2 indicates accumulator value. This is
shown in Table 1.4.



Processor Files 1-5

Table 1.4 Timer Control Fields

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0 Word
EN |TT DN Internal Use!") 0
Preset Value (PRE) 1
Accumulator Value (ACC) 2

(1)

Bits labeled “Internal Use” are not addressable.

Table 1.5 Timer Elements

Addressable Bits

Addressable Words

EN = Enable (Bit 15)

PRE = Preset Value

TT = Timer Timing (Bit 14)

ACC = Accumulated Value

DN = Done (Bit 13)

Addressing Structure

Address bits and words using the format Tf:e.s/b.

Table 1.6 Timer Addressing Format

Explanation

T Timer file

f File number. For SLC 500 processors the default is 4. A file
number between 9 to 255 can be used for additional
storage.
Element delimiter

e Element number These are 3-word elements.

The range is 0 to 255.

Word Delimiter Range 0 to 2

3 Word Number

/ Bit delimiter

b Bit Number Range 0 to 15

Examples

T4:0/15 or T4:0/EN Enable bit

T4:0/14 or T4:0/TT Timer timing bit

T4:0/13 or T4:0/DN Done bit

T4:0.1 or T4:0.PRE Preset value of the timer

T4:0.2 or T4:0.ACC Accumulated value of the timer

T4:0.1/0 or T4:0.PRE/0 Bit 0 of the preset value

T4:0.2/0 or T4:0.ACC/0 Bit 0 of the accumulated value
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Counter Data File Elements (C5:)

Each Counter address is made of a 3-word data file element. Word 0 is the
control word, containing the status bits of the instruction. Word 1 is the preset
value. Word 2 is the accumulated value.

The control word for counter instructions includes five status bits, as indicated

below.
Table 1.7 Counter Control Fields
15 (14 |13 |12 |1 10 (09 (08 |07 (06 (05 |04 (03 |02 |01 00 | Word
CU |CD |[DN |0V [UN |yam Internal Use'?) 0
Preset Value (PRE) 1
Accumulator Value (ACC) 2

)" Fixed SLC 500 only.

@ Bits labeled “Internal Use” are not addressable.
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Table 1.8 Counter Elements

Addressable Bits

Addressable Words

CU = Count up enable (Bit 15)

PRE = Preset

CD = Count down enable (Bit 14)

ACC = Accum

DN = Done bit (Bit 13)

0V = Overflow bit (Bit 12)

UN = Underflow bit (Bit 11)

UA = Update Accumulator bit (Bit 10) (Fixed
Controller Only)
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Entering Parameters

There are several parameters associated with Counter instructions. The
following parameters detail the operations of the counter.

Accumulator Value (ACC)

'This is the number of false-to-true transitions that have occurred since the
counter was last reset.

Preset Value (PRE)

Specifies the value which the counter must reach before the controller sets the
done bit (DN). When the accumulator value becomes equal to or greater than
the preset value, the done status bit is set. You can use the done bit (DN) to
control an output device.

Preset and accumulated values for counters range from -32,768 to +32,767,
and are stored as signed integers. Negative values are stored in two’s
complement form.

Addressing Structure

Assign counter addresses using the format Cfie.s/b.

Table 1.9 Counter File Addressing Format

Explanation

C Counter

f File number. For SLC 500 processors the default is 5. A file
number between 9 to 255 can be used for additional storage.
Element delimiter

e Element number These are 3-word elements.

The range is 0 to 255.

. Word Delimiter

s Word Element 0to2

/ Bit delimiter

b Bit Number 0to15

Examples

C5:0/15 or C5:0/CU Count up enable bit

C5:0/14 or C5:0/CD Count down enable bit

C5:0/13 or C5:0/DN Done bit

C5:0/12 or C5:0/0V Overflow hit
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Table 1.9 Counter File Addressing Format

Explanation

C5:0/11 or C5:0/UN Underflow bit

C5:0/10 or C5:0/UA Update accum. bit (use with HSC in fixed controller only)

C5:0.1 or C5:0.PRE Preset value of the counter

C5:0.2 or C5:0.ACC Accumulated value of the counter

C5:0.1/0 or Bit 0 of the preset value
C5:0.PRE/0

C5:0.2/0 or Bit 0 of the accumulated value
C5:0.ACC/0

Control Data File (R6:)

These instructions use vatrious control bits. These are 3-word elements, used
with bit shift, FIFO, LIFO, sequencer instructions, and ASCII instructions
ABL, ACB, AHL,, ARD, ARL, AWA, and AWT. Word 0 is the status word,
word 1 indicates the length of stored data, and word 2 indicates position. This
is shown in Table 1.10.

In the control element, there are eight status bits and an error code byte. A
fixed controller and an SL.C 5/01 control element has six bits. Bits EU and
EM are not used by the processor.

Table 1.10 Three Word Element Structure

15 14 13 12 " 10 |09 (08 |07 06 (05 |04 |03 02 |01 00 |Word
EN |y DN |gm™ [ER JUL |IN FD | Error Code 0
Length of Bit Array or File (LEN) 1
Bit Pointer or Position (POS) 2

M Not used in Fixed or SLC 5/01.

Table 1.11 Control Elements

Addressable Bits Addressable Words
EN = Enable LEN = Length
EU = Update Enable POS = Position

Publication 1747-RM001G-EN-P - November 2008



Processor Files 1-9

Table 1.11 Control Elements

DN =Done

EM = Stack Empty

ER = Error

UL = Unload

IN = Inhibit

FD = Found

Assign control addresses as follows.

Table 1.12 Control File Addressing Format

Format Explanation
R Control file
Ri:e f File number. Number 6 is the default file. A
file number between 9 and 255 can be used
if additional storage is required.
Element delimiter
e Element number Ranges from 0 to
255. These are
3-word elements.
See figure above.
Rf:e.s/b Rf:e Explained above.
Word delimiter
s Indicates word
/ Bit delimiter
b Bit
Examples:
R6:2 Element 2, control file 6
Address bits and words by using the format Rf:e.s/b
R6:2/15 or R6:2/EN | Enable bit
R6:2/14 or R6:2/EU | Unload Enable bit
R6:2/13 or R6:2/DN | Done bit
R6:2/12 or R6:2/EM | Stack Empty bit
R6:2/11 or R6:2/ER | Error bit
R6:2/10 or R6:2/UL | Unload bit
R6:2/9 or R6:2/IN Inhibit bit
R6:2/8 or R6:2/FD Found bit

R6:2.1 or R6:2.LEN

Length value

R6:2.2 or R6:2.POS | Position value
R6:2.1/0 Bit 0 of length value
R6:2.2/0 Bit 0 of position value
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Integer Data File (N7:)

Use these addresses as your program requires. These are 1-word elements,
addressable at the element and bit level.

Assign integer addresses as follows.

Table 1.13 Integer File Addressing Format

Format Explanation
N Integer file
Ni:e/b f File number. Number 7 is the default file. A
file number between 9 t0255 can be used if
additional storage is required.
Element delimiter
e Element number Ranges from 0 to
255. These are
1-word elements.
16 bits per element.
/ Bit delimiter
b Bit number Bit location within
the element. Ranges
from 0 to 15.
Examples:
N7:2 Element 2, integer file 7
N7:2/8 Bit 8 in element 2, integer file 7
N10:36 Element 36, integer file 10 (file 10 designated as an integer file by

the user)
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Float Data File (F8:)

Use these addresses as your program requires. These are 2-word elements,
addressable at the element and bit level.

Assign float addresses as follows.

Table 1.14 Float File Addressing Format

Format Explanation
F Integer file
Fre f File number. Number 8 is the default file. A
file number between 9 to 255 can be used if
additional storage is required.
Element delimiter
e Element number Ranges from 0 to
255. These are
2-word elements.
32 bits per element.
Examples:
F8:2 ‘ Element 2, float file 8
TIP Float data type cannot be accessed at the bit level.
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Notes:
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Chapter Z

Basic Instructions

This chapter contains general information about the basic instructions and
explains how they function in your application program. Each of the basic
instructions includes information on:

e the instruction symbol.
e the instruction format.

e the instruction usage.

The Basic Instructions detailed in this chapter are listed in Table 2.1.

Table 2.1 Basic Instructions

Instruction Instruction Name | Purpose Page

Mnemonic

Xic Examine if Closed Examines a bit for an On condition. 2-3

XI0 Examine if Open Examines a bit for an Off condition. 2-3

OTE Output Energize Turns a bit On or Off. 2-4

OTL and OTU QOutput Latch and OTL turns a bit on when the rung is executed, and this bit retains its | 2-4
Output Unlatch state when the rung is not executed or a power cycle occurs. 0TU

turns a bit off when the rung is executed, and this bit retains its
state when the rung is not executed or when power cycle occurs.

OSR One-shot Rising Triggers a one-time event. 2-5
TON Timer On-delay Counts timebase intervals when the instruction is true. 2-9
TOF Timer Off-delay Counts timebase intervals when the instruction is false. 2-10
RTO Retentive Timer Counts timebase intervals when the instruction is true and retains | 2-11

the accumulated value when the instruction goes false or when
power cycle occurs.

CTU Count Up Increments the accumulated value at each false-to-true transition | 2-13
and retains the accumulated value when the instruction goes false
or when power cycle occurs.

CTD Count Down Decrements the accumulated value at each false-to-true transition | 2-14
and retains the accumulated value when the instruction goes false
or when power cycle occurs.

HSC High-speed Counter | Counts high-speed pulses from a fixed controller high-speed input. | 2-15

RES Reset Resets the accumulated value and status bits of a timer or counter. | 2-20
Do not use with TOF timers.
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About the Basic
Instructions

Bit Instructions Qverview
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Basic instructions, when used in ladder programs, represent hardwired logic
circuits used for the control of a machine or equipment.

The basic instructions are separated into three groups: bit, timer, and counter.
Before you learn about the instructions in each of these groups, we suggest
that you read the overviews that follow:

e Bit Instructions Overview.
e Timer Instructions Overview.

e Counter Instructions Overview.

Bit instructions operate on a single bit of data. During operation, the processor
may set or reset the bit, based on logical continuity of ladder rungs. You can
address a bit as many times as your program requires.

TIP Using the same address with multiple output
instructions is not recommended.

Bit instructions are used with the following data files.

e Output/Input Files
e Status File
e Bit File

e Timer File
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Examine if Closed (XIC)

Use the XIC instruction in your ladder program to determine if a bit is On.
When the instruction is executed, if the bit addressed is on (1), then the
instruction is evaluated as true. When the instruction is executed, if the bit
addressed is off (0), then the instruction is evaluated as false.

Table 2.2 XIC Bit State

— =
Bit Address State XIC Instruction
Fixed | SLC | SLC | SLC | SLC | SLC 0 False
5/01 | 5/02 | 5/03 | 5/04 | 5/05 1 True
[ ] [ ] [ ] [ ] [ ] [ ]
Input Instruction Examples of devices that turn on or off include:
e a push button wired to an input (addressed as 1:0/4).
e an output wired to a pilot light (addressed as O:0/2).
e a timer controlling a light (addressed as T4:3/DN).

Examine if Open (XlO) Use the X1IO instruction in your ladder program to determine if a bit is Off.
When the instruction is executed, if the bit addressed is off (0), then the
instruction is evaluated as true. When the instruction is executed, if the bit
addressed is on (1), then the instruction is evaluated as false.

e Table 2.3 XIO Bit State
Bit Address State X10 Instruction
Fixed | SLC | SLC | SLC | SLC | SLC 0 True
5/01 | 5/02 | 5/03 | 5/04 | 5/05 1 False

Input Instruction

Examples of devices that turn on or off include:

e motor ovetload normally closed (N.C.) wited to an input (1:0/10).
e an output wired to a pilot light (addressed as O:0/4).
e a timer controlling a light (addressed as T4:3/DN).
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Output Energize (OTE)

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

Output Latch (OTL) and
Output Unlatch (0TU)

—{—

— U

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instructions
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Use the OTE instruction in your ladder program to turn on a bit when rung
conditions atre evaluated as true.

An example of a device that turns on or off is an output wired to a pilot light

(addressed as O:0/4).
OTE instructions are reset when:

e the SLC enters or returns to the REM Run or REM Test mode or
power is restored.

e the OTE is programmed within an inactive or false Master Control
Reset (MCR) zone.

TIP A bit that is set within a subroutine using an OTE
instruction remains set until the subroutine is
scanned again.

OTL and OTU ate retentive output instructions. OTL can only turn on a bit,
while OTU can only turn off a bit. These instructions are usually used in pairs,
with both instructions addressing the same bit.

Your program can examine a bit controlled by OTL and OTU instructions as
often as necessary.

Under fatal error conditions, physical outputs are
turned off. Once the error conditions are cleared, the
controller resumes operation using the data table
value of the operand.

ATTENTION

JAN

Using OTL

When you assign an address to the OTL instruction that corresponds to the
address of a physical output, the output device wired to this screw terminal is
energized when the bit is set (turned on or enabled).

When rung conditions become false (after being true), the bit remains set and
the corresponding output device remains energized.
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One-shot Rising (OSR)

—0SRF—-

Fixed

SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Input Instruction

When enabled, the latch instruction tells the controller to turn on the
addressed bit. Thereafter, the bit remains on, regardless of the rung condition,
until the bit is turned off (typically by a OTU instruction in another rung).

Using OTU

When you assign an address to the OTU instruction that corresponds to the
address of a physical output, the output device wired to this screw terminal is
de-energized when the bit is cleared (turned off or disabled).

The unlatch instruction tells the controller to turn off the addressed bit.
Thereafter, the bit remains off, regardless of the rung condition, until it is
turned on (typically by a OTL instruction in another rung).

The OSR instruction is a retentive input instruction that triggers an event to
occur one time. Use the OSR instruction when an event must start based on
the change of state of the rung from false-to-true.

When the rung conditions preceding the OSR instruction go from
false-to-true, the OSR instruction will be true for one scan. After one scan is
complete, the OSR instruction becomes false, even if the rung conditions
preceding it remain true. The OSR instruction will only become true again if
the rung conditions preceding it transition from false-to-true.

The SLC 500 and SLC 5/01 processors allow you to use one OSR instruction
pet output in a rung; the OSR cannot be within a branch. The SL.C 5/02 and

higher processors allow you to use one OSR instruction per output in a rung;
putting the OSR within a branch is permitted.

Entering Parameters

The address assigned to the OSR instruction is #o# the one-shot address
referenced by your program, nor does it indicate the state of the OSR
instruction. This address allows the OSR instruction to remember its previous
rung state.

Use a bit address from either the bit or integer data file. The addressed bit is
set (1) for one scan when rung conditions preceding the OSR instruction are
true (even if the OSR instruction becomes false); the bit is reset (0) when rung
conditions preceding the OSR instruction ate false.
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TIP The bit address you use for this instruction must be
unique. Do not use it elsewhere in the program.

Do not use an input or output address to program the address parameter of
the OSR instruction.

Examples

The following rungs illustrate the use of the OSR instruction. The first four
rungs apply to SLC 500 and SLC 5/01 processors. The fifth rung involves
output branching and applies to the SLC 5/02 and higher processors.

SLC 500 and SLC 5/01 Processors

10
f

0 0
When the input instruction goes from false-to-true, the OSR instruction
conditions the rung so that the output goes true for one program scan. The
output goes false and remains false for successive scans until the input makes
another false-to-true transition.

0:3.0
{ —

I B3
— {OSR}

_|]:1 (r] r0833|q1 _TI)O%CD I
01 ' 0 ' Source Tf:0.ACC
Dest 0:3

In this case, the accumulated value of a timer is converted to BCD and moved to an
output word where an LED display is connected. When the timer is running, the
accumulated value is changing rapidly. This value can be frozen and displayed for
each false-to-true transition of the input condition of the rung.

Using an OSR Instruction in a Branch (SLC 500 and SLC 5/01 Processors)

[:1.0 B3 0:3.0
—] [ [0SR} { )
0 0

0
0:3.0
{
1

In the above rung, the OSR instruction is not permitted inside a branch.

1.0 B3 0:3.0
— | [OSR} { )
0 0 0
0:3.0
JE—

1
In this case, the OSR instruction is not in the branch so the rung is legal.
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Timer Instructions
Overview

The SLC 500 and SL.C 5/01 processors allow you to use only one OSR
instruction per rung.

When using a SLC 500 or SLC 5/01 processot, do not

place input conditions after the OSR instruction in a

f} rung. Unexpected operation may occur.

SLC 5/02 (and higher) Processors

1.

_—O

I B3 B3 B3 030
— I/t (0SRH ()
0 1 0 4 0
B3 0:30

B3 B3
o
2

The SLC 5/02 and higher processors allow you to use one OSR instruction
per output in a rung. They also allow input conditions after the OSR
instruction. Input branching around an OSR instruction is not allowed.

Entering Parameters

These are several parameters associated with Timer instructions. The
following paragraphs detail the operation of the timer instruction.

Accumulator Value ((ACC)

This is the time elapsed since the timer was last reset. When enabled, the timer
updates this continually.

Preset Value (.PRE)

This specifies the value which the timer must reach before the controller sets
the done bit. When the accumulated value becomes equal to or greater than
the preset value, the done (DN) bit is set. You can use this bit to control an
output device.

Preset and accumulated values for timers range from 0 to +32,767. If a timer
preset or accumulated value is a negative number, a runtime error occurs.
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Timebase

The timebase determines the duration of each timebase interval. For Fixed and
SLC 5/01 processors, the timebase is set at 0.01 second.

EXAMPLE If the timer base is set to 0.01, it would take 100
counts as the preset value (PRE) to equal 1 seconds

worth of timing.

limer Accuracy

Timer accuracy refers to the length of time between the moment a timer
instruction is enabled and the moment the timed interval is complete.
Inaccuracy caused by the program scan can be greater than the timer timebase.
You must also consider the time required to energize the output device.

Timing accuracy is -0.01 to 0 seconds, with a program scan of up to 2.5
seconds. The 1-second timer maintains accuracy with a program scan of up to
1.5 seconds. If your programs can exceed 1.5 or 2.5 seconds, repeat the timer
instruction rung so that the rung is scanned within these limits.
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Timer On-delay (TON)

TON

TIMER ON DELAY

Timer
Time Base
Preset
Accum

5y Lo
120
0

(EN)

Fixed

SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Output Instruction

Use the TON instruction to turn an output on or off after the timer has been
on for a preset time interval. The TON instruction begins to count timebase
intervals when rung conditions become true. As long as rung conditions
remain true, the timer adjusts its accumulated value (ACC) each evaluation
until it reaches the preset value (PRE). The accumulated value is reset when
rung conditions go false, regardless of whether the timer has timed out.

Using Status Bits

Table 2.4 Setting TON Status Bits
This Bit Is Set When

And Remains Set Until
One of the Following

Timer Done Bit DN (bit 13) | accumulated value is equal | rung conditions go false
to or greater than the preset
value

Timer Timing Bit TT (bit 14) | rung conditions are true and | rung conditions go false or
the accumulated value is when the done bit is set
less than the preset value

Timer Enable Bit EN (bit 15) | rung conditions are true rung conditions go false

When the processor changes from the REM Run or REM Test mode to the
REM Program mode or user power is lost while the instruction is timing but
has not reached its preset value, the following occur.

e Timer Enable (EN) bit remains set
e Timer Timing (TT) bit remains set

e Accumulated value (ACC) remains the same

On returning to the REM Run or REM Test mode, the following can happen.

Table 2.5 Returning to REM Run or REM Test Mode

Condition Result

If the rung is true: EN bit remains set.
TT bit remains set.
ACC value is reset.

If the rung is false: | EN bit is reset.
TT bit is reset.
ACC value is reset.
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Timer Off-delay (TOF)

TOF

- pMER OFF DE%AY

imer 4:1
Time Base 001 ({ON)

Preset 120

Accum

EN)

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction
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Use the TOF instruction to turn an output on or off after its rung has been off
for a preset time interval. The TOF instruction begins to count timebase
intervals when the rung makes a true-to-false transition. As long as rung
conditions remain false, the timer increments its accumulated value (ACC)
based on the timebase for each scan until it reaches the preset value (PRE).
The accumulated value is reset when rung conditions go true regardless of
whether the timer has timed out.

Using Status Bits

Table 2.6 Setting TOF Status Bits

This Bit Is Set When And Remains Set Until
One of the Following

Timer Done Bit DN (Bit 13) | rung conditions are true rung conditions go false and
the accumulated value is
greater than or equal to the
preset value

Timer Timing Bit TT (Bit 14) | rung conditions are false rung conditions go true or
and the accumulated value | when the done bit is reset
is less than the preset value

Timer Enable Bit EN (Bit 15) | rung conditions are true rung conditions go false

When processor operation changes from the REM Run or REM Test mode to
the REM Program mode or user power is lost while a timer off-delay
instruction is timing but has not reached its preset value, the following occurs.

e Timer Enable (EN) bit remains set
e Timer Timing (TT) bit remains set
e Timer Done (DN) bit remains set

e Accumulated value (ACC) remains the same

On returning to the REM Run or REM Test mode, the following can happen.

Table 2.7 Returning to REM Run or REM Test Mode

Condition Result

If the rung is true: TT bit is reset

DN bit remains set
EN bit is set

ACC value is reset.

If the rung is false: | TT bit is reset
DN bit is reset
EN bit is reset
ACC value is set equal to the preset value.
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bits as well as the accumulated value. (See 2-20)

ATTENTION The Reset (RES) instruction cannot be used with the
TOF instruction because RES always clears the status

TIP The TOF timer times inside an inactive MCR Pair.

Retentive Timer (RTO) Use the RTQ instruction to turn an output on or off after its timer has been on
for a preset time interval. The RTO instruction is a retentive instruction that
begins to count timebase intervals when rung conditions become true.

The RTO instruction retains its accumulated value when any of the following

RTO occurs.

_| RETENTIVE TIMER ON |EN)

Timer T4:2

Time Base 0.01 | (DN)

s 2 * Rung conditions become fals.

® You change processor operation from the REM Run or REM Test
Fixed | SLC | SLC | SLC | SLC | SLC mode to the REM Program mode
5/01 | 5/02 | 5/03 | 5/04 | 5/05 e The processor loses power (provided that battery backup is maintained)
d ° ° ° ° . e A fault occurs

Output Instruction
When you return the processor to the REM Run or REM Test mode and/or
rung conditions go true, timing continues from the retained accumulated
value. By retaining its accumulated value, retentive timers measure the
cumulative period during which rung conditions are true.
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Using Status Bits

Table 2.8 Setting RTO Status Bits

This Bit Is Set When And Remains Set Until
One of the Following

Timer Done Bit DN (Bit 13) accumulated value is equal | the appropriate RES
to or greater than the preset | instruction is enabled
value

Timer Timing Bit TT (Bit 14) | rung conditions are true and | Rung conditions go false or
the accumulated value is when the done bit is set
less than the preset value

Timer Enable Bit EN (Bit 15) | rung conditions are true rung conditions go false or
if the timer is reset with the
RES instruction

TIP To reset the retentive timer’s accumulated value and
status bits after the RTO rung goes false, you must
program a reset (RES) instruction with the same
address in another rung,

When the processor changes from the REM Run or REM Test mode to the
REM Program or REM Fault mode, or user power is lost while the timer is
timing but not yet at the preset value, the following occurs.

e Timer Enable (EN) bit remains set
e Timer Timing (TT) bit remains set

e Accumulated value (ACC) remains the same

On returning to the REM Run or REM Test mode or when power is restored,
the following can happen.

Table 2.9 Returning to REM Run or REM Test Mode

Condition Results

If the rung is true: TT bit remains set.
EN bit remains set.
ACC value remains the same and resumes incrementing.

If the rung is false: | TT hit is reset.

DN bit remains in its last state.

EN bit is reset.

ACC value remains in its last state.
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Counter Instructions How Counters Work
Overview

The figure below demonstrates how a counter works. The count value must
remain in the range of —32768 to +32767. If the count value goes above +
32767 or below —32768, the counter status overflow (OV) or underflow (UN)
bit is set.

A counter can be reset to zero using the reset (RES) instruction.

-32,768 +32,767
(CTU) 0

CountUp - o

Counter Accumulated Value

<—' Count Down

! (CTD)

Underflow Overflow

Count Up (CTU) The CTU is an instruction that counts fals.e—to.—true rung transitions.. Rung
transitions can be caused by events occurring in the program (from internal
logic or by external field devices) such as parts traveling past a detector or
actuating a limit switch.

When rung conditions for a CTU instruction have made a false-to-true
i chuUNT = ) transition, the accumulated value is incremented by one count, provided that
Gounter 0 | on) the rung containing the CTU instruction is evaluated between these
Aeeum 0 transitions. The ability of the counter to detect false-to-true transitions
depends on the speed (frequency) of the incoming signal.

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

[ ] ° o ° o o
Output Instruction TIP The on and off duration of an incoming signal must
not be faster than the scan time x2 (assuming a 50%
duty cycle).

The accumulated value is retained when the rung conditions again become
false. The accumulated count is retained until cleared by a reset (RES)
instruction that has the same address as the counter reset.
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Using Status Bits

Table 2.10 Setting CTU Status Bits

This Bit Is Set When And Remains Set Until
One of the Following
Count Up Overflow Bit OV | accumulated value wraps a RES instruction having the
(Bit12) around to -32,768 (from same address as the CTU
+32,767) and continues instruction is executed OR
counting up from there the count is decremented
less than or equal to
+32,767 with a CTD
instruction
Done Bit DN (Bit 13) accumulated value is equal | the accumulated value
to or greater than the preset | becomes less than the
value preset value
Count Up Enable Bit CU rung conditions are true rung conditions go false OR
(Bit 15) a RES instruction having the
same address as the CTU
instruction is enabled

The accumulated value is retained after the CTU instruction goes false, or
when power is removed from and then restored to the controller. Also, the on
or off status of counter done, overflow, and underflow bits is retentive. The
accumulated value and control bits are reset when the appropriate RES
instruction is enabled. The CU bits are always set prior to entering the REM
Run or REM Test modes.

Count Down (CTD) The CTD is an instruction that counts false-to-true rung transitions. Rung
transitions can be caused by events occurring in the program such as parts
traveling past a detector or actuating a limit switch.

When rung conditions for a CTD instruction have made a false-to-true

T _‘CD)_1 transition, the accumulated value is decremented by one count, provided that
EE{S}E 6?21% Lion) the rung containing the CTD instruction is evaluated between these
transitions.
Fixed | SLC | SLC | SLC | SLC | SLC The accumulated counts are retained when the rung conditions again become
5/01 | 5/02 | 5/03 | 5/04 | 5/05 false. The accumulated count is retained until cleared by a reset (RES)
. . . . . . instruction that has the same address as the counter reset.

Output Instruction
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High-speed Counter (HSC)

HSC ———

HIGH SPEED COUNTER

Counter C5:0 —4CU)—1
Preset 120 |-(DN)
Accum 0

Using Status Bits

Table 2.11 Setting CTD Status Bits

This Bit

Is Set When

And Remains Set Until
One of the Following

Count Down Underflow Bit
UN (Bit 11)

accumulated value wraps
around to +32,767 (from
-32,768) and continues
counting down from there

a RES instruction having the
same address as the CTD
instruction is enabled. OR
the count is incremented
greater than or equal to
+32,767 with a CTU
instruction

Done Bit DN (Bit 13)

accumulated value is equal
to or greater than the preset
value

the accumulated value
becomes less than the
preset

Count Down Enable Bit CD
(Bit 14)

rung conditions are true

rung conditions go false OR
a RES instruction having the
same address as the CTD
instruction is enabled

The accumulated value is retained after the CTD instruction goes false, or

when power is removed from and then restored to the controller. Also, the on
or off status of counter done, overflow, and underflow bits is retentive. The
accumulated value and control bits are reset when the appropriate RES

instruction is executed. The CD bits are always set prior to entering the REM
Run or REM Test modes.

The High-speed Counter is a variation of the CTU counter. The HSC
instruction is enabled when the rung logic is true and disabled when the rung
logic is false.

Do not place the XIC instruction with address 1:0/0
in series with the HSC instruction because counts
will be lost.

IMPORTANT

Fixed | SLC

5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Qutput Instruction

The HSC instruction counts transitions that occur at input terminal 1:0/0. The
HSC instruction does not count rung transitions. You enable or disable the
HSC rung to enable or disable the counting of transitions occurring at input
terminal I:0/0. We recommend placing the HSC instruction in an
unconditional rung,

The HSC is a special CTU counter for use with 24 VDC SLC fixed controllers.
The HSC’s status bits and accumulated values are non-retentive.
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Table 2.12 High Speed Counter Structure

This instruction provides high-speed counting for fixed I/O controllers with
24 VDC inputs. One HSC instruction is allowed per controller. To use the
instruction, you must cut the jumper as shown below. A shielded cable is
recommended to reduce noise to the input.

High-speed Counter Data Elements

Address C5:0 is the HSC counter 3-word element.

15 (14 |13 (12 |11 |10 |09 |08 |07 |06 |05 (04 (03 |02 |01 |00 |Word
Cu (CD DN OV |UN [UA Not Used 0
Preset Value 1
Accumulator Value 2
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CU Count up enable (Bit 15)

CD Count down enable (Bit 14)

DN Done bit (Bit 13)

ov Overflow bit (Bit 12)

UN Underflow bit (Bit 11)

UA Update accumulator (HSC only) (Bit 10)

e Word 0 contains the following status bits of the HSC instruction.
— Bit 10 (UA) updates the accumulator word of the HSC to reflect the

immediate state of the HSC when true.

— Bit 12 (OV) indicates if a HSC overflow has occurred.
— Bit 13 (DN) indicates if the HSC preset value has been reached.
— Bit 15 (CU) shows the Enable/Disable state of the HSC instruction.

e Word 1 contains the preset value that is loaded into the HSC when
either the RES instruction is executed, when the Done bit is set, or

when powerup takes place. The valid range is +1 to

+32767.

e Word 2 contains the HSC accumulator value. This word is updated each
time the HSC instruction is evaluated and when the update accumulator
bit is set using an OTE instruction. This accumulator is read only. Any
value written to the accumulator is overwritten by the actual high-speed
counter on instruction evaluation, reset, or REM Run mode entry.
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High-speed Counter Operation

For high-speed counter operation you must:
1. Turn off power to the fixed controller.
2. Remove the SLC 500 cover.

3. Locate and cut jumper wire J2. Do not remove completely but make
certain that the ends of the cut jumper wire are not touching each other.

The High-speed Counter jumper is located either beneath the
battery connector OR to the right of the battery connector.

M ) A

oo
oo
oo

i

ooooo

ooo ooo
coo ooo
ocoo ooo

[ [l

4. Replace the cover.

Input I:0/0 then operates in the high-speed mode. The address of the
high-speed counter enable bit is C5:0/CU. When rung conditions ate true,
C5:0/CU is set and transitions occurring at input 1:0/0 are counted.

To begin high-speed counting, load a preset value into C5:0.PRE and enable
the counter rung. To load a preset value, do one of the following,

e Change to the REM Run or REM Test mode from another mode
¢ Power up the processor in the REM Run mode
e Reset the HSC using the RES instruction

Automatic reloading occurs when the HSC itself sets the DN bit on interrupt.

Each input transition that occurs at input 1:0/0 causes the HSC accumulated
value to increment. When the accumulated value equals the preset value, the
Done bit (C5:0/DN) is set, the accumulated value is cleared, and the preset
value (C5:0.PRE) is loaded into the HSC in preparation for the next
high-speed transition at input 1:0/0.

Your ladder program should poll the Done bit (C5:0/DN) to determine the
state of the HSC. Once the Done bit has been detected as set, the ladder
program should clear bit C5:0/DN (using the unlatch OTU instruction)
before the HSC accumulated again reaches the preset value, or the overflow

bit (C5:0/OV) will be set.
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The HSC differs from the CTU and CTD counters. The CTU and CTD are
software counters. The HSC is a hardware counter and operates
asynchronously to the ladder program scan. The HSC accumulated value
(C5:0.ACC) is normally updated each time the HSC rung is evaluated in the
ladder program. This means that the HSC hardware accumulator value is
transferred to the HSC software accumulator. Only use the OTE instruction
to transfer this value. The HSC instruction immediately clears bit C5:0/UA
following the accumulated update.

Many HSC counts may occur between HSC evaluations, which would make
C5:0.ACC inaccurate when used throughout a ladder program. To allow for an
accurate HSC accumulated value, the update accumulator bit (C5:0/UA)
causes C5:0.ACC to be immediately updated to the state of the hardwate
accumulator when set.

Use the RES instruction to reset the high-speed counter at address C5:0. The
HSC instruction clears the status bits, the accumulator, and loads the preset
value during:

e power up.
e entry into the REM Run mode.

® 3 reset.
Application Example

In the following figures, rungs 1, 18, and 31 of the main program file each
consist of an XIC instruction addressed to the HSC done bit and a JSR
instruction. These rungs poll the status of the HSC done bit. When the Done
bit is set at any of these poll points, program execution moves to subroutine
file 3, executing the HSC logic. After the HSC logic is executed, the Done bit
is reset by an unlatch instruction, and program execution returns to the main
program file.
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Application Example - File 2 (Poll for DN Bit in Main Program)

Rung

Rung

Rung

050 _ JSR
Rung 1 11 JUMP TO SUBROUTINE 3| |
DN
Rung 2 | — ()
[ ]
[ ]
[ ]
Rung 17 . [ . ()
050 _JSR
Rung 18 bl JUMP TO SUBROUTINE 3 ||
DN
Rung 19 ] 7 | ()
[ ]
[ ]
[ ]
Rung 30 ] | f I { )
050 _JSR
Rung 31 T JUMP TO SUBROUTINE 3 ||
DN
Rung 32 ] | — ] f { )
Application Example - File 3 (Execute HSC Logic)
0 [ {} Application
Logic
1 I i ] [ )
[ I 1 \ I
[ )
[ ]
[ )
C5:0 )
20 {U) Unlatch DN Bit
DN
— RET
21 RETURN

Rung
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Reset (RES)

—RES}—

Use a RES instruction to reset a timer or counter. When the RES instruction is
enabled, it resets the Timer On Delay (TON), Retentive Timer (RTO), Count
Up (CTU), or Count Down (CTD) instruction having the same address as the

RES instruction.

Table 2.13 Using an RES Instruction

Using a RES instruction for a:

The processor resets the:

Fixed | SLC | SLC | SLC | SLC | SLC

5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction
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Timer
(Do not use a RES instruction with a TOF)

ACC value to 0
DN hit
TT bit
EN bit

Counter

ACC valueto 0
0V bit
UN bit
DN hit
CU bit
CD hit

Control

POS value to 0

EN bit

EU bit

DN hit

EM bit

ER bit

UL bit

IN and FD go to last state

When resetting a counter, if the RES instruction is enabled and the counter
rung is enabled, the CU or CD bit is reset.

If the counter preset value is negative, the RES instruction sets the
accumulated value to zero. This in turn causes the done bit to be set by a count

down or count up instruction.

ATTENTION

A\

Because the RES instruction resets the accumulated

value, and the done, timing, and enabled bits, do not
use the RES instruction to reset a timer address used
in a TOF instruction. Otherwise, unpredictable

machine operation or injury to personnel may occur.




Chapter 3

Comparison Instructions

This chapter contains general information about comparison instructions and
explains how they function in your application program. Each of the
comparison instructions includes information on:

e the instruction symbol.

® instruction usage.

Table 3.1 Comparison Instructions

Instruction Mnemonic Instruction Name Purpose Page

EQU Equal Test whether two values are 3-2
equal.

NEQ Not Equal Test whether one value is not 3-2
equal to a second value.

LES Less Than Test whether one value is less ~ |3-3
than a second value.

LEQ Less Than or Test whether one value is less ~ |3-3

Equal than or equal to a second value.

GRT Greater Than Test whether one value is greater |3-3
than another.

GEQ Greater Than or Equal Test whether one value is greater |3-4
than or equal to a second value.

MEQ Masked Test portions of two values to see |3-4

Comparison for Equal whether they are equal.

Compares 16-bit data of a source
address to 16-bit data ata
reference address through a
mask.

LIM Limit Test Test whether one value is within |3-5
the limit range of two other
values.

About the Comparison
Instructions

Comparison instructions are used to test pairs of values to condition the
logical continuity of a rung. As an example, suppose a LES instruction is
presented with two values. If the first value is less than the second, then the
comparison instruction is true.

To learn more about the compare instructions, we suggest that you read the
Compare Instructions Overview that follows.
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Comparison Instructions
Overview

Equal (EQU)

EQU
Equal
Source A N7:0
0<

Source B N7:1

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Input Instruction

Not Equal (NEQ)

NEQ
— Not Equal —
Source A N7:2
0<
Source B N7:3
0<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Input Instruction
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The following general information applies to comparison instructions.

Using Indexed Word Addresses

When using comparison instructions, you have the option of using indexed
word addresses for instruction parameters specifying word addresses.

Using Indirect Word Addresses

You have the option of using indirect word-level and bit-level addresses for
instructions specifying word addresses when using an SL.C 5/03 OS302, SLC
5/04 OS401, or SLC 5/05 processots.

Use the EQU instruction to test whether two values are equal. If source A and
source B are equal, the instruction is logically true. If these values are not
equal, the instruction is logically false.

Source A must be an address. Source B can either be a program constant or a
address. Negative integers are stored in two’s complement form.

Use the NEQ instruction to test whether two values are not equal. If source A
and source B are not equal, the instruction is logically true. If the two values
are equal, the instruction is logically false.

Source A must be an address. Source B can be either a program constant ot an
address. Negative integers are stored in two’s complement form.



Comparison Instructions ~ 3-3

Less Than (LES)

LES

Less Than (A<B) —
Source A N7:4

0<
Source B N7:5

0<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
. . . . ] ]

Input Instruction

Less Than or Equal (LEQ)

LEQ

Less Than or Eql (A<=B)

N7:6
0<

N7:7
0<

Source A

Source B

Fixed | SLC | SLC | SLC

5/01 | 5/02 | 5/03

SLC
5/04

SLC
5/05

Input Instruction

Greater Than (GRT)

GRT

Greater Than (A>B)

Source A N7:8
0<

N7:9
0<

Source B

Fixed | SLC | SLC | SLC

5/01 | 5/02 | 5/03

SLC
5/04

SLC
5/05

Input Instruction

Use the LES instruction to test whether one value (source A) is less than
another (source B). If source A is less than the value at source B, the
instruction is logically true. If the value at source A is greater than or equal to
the value at source B, the instruction is logically false.

Source A must be an address. Source B can either be a program constant or an
address. Negative integers are stored in two’s complement form.

Use the LEQ instruction to test whether one value (source A) is less than or
equal to another (source B). If the value at source A is less than or equal to the
value at source B, the instruction is logically true. If the value at source A is
greater than the value at source B, the instruction is logically false.

Source A must be an address. Source B can either be a program constant or an
address. Negative integers are stored in two’s complement form.

Use the GRT instruction to test whether one value (source A) is greater than

another (source B). If the value at source A is greater than the value at source
B, the instruction is logically true. If the value at source A is less than or equal
to the value at source B, the instruction is logically false.

Source A must be an address. Source B can either be a program constant or an
address. Negative integers are stored in two’s complement form.
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Greater Than or Equal (GEQ)

GEQ——
Grtr Than or Eql (A>=B) —
Source A N7:10

0<
Source B N7:11
0<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Input Instruction

Masked Comparison for
Equal (MEQ)

MEQ
Masked Equal
Source N7:12
0<
Mask 00FFh
255<

Compare 255

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Input Instruction
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Use the GEQ instruction to test whether one value (source A) is greater than
or equal to another (source B). If the value at source A is greater than or equal
to the value at source B, the instruction is logically true. If the value at source
A is less than the value at source B, the instruction is logically false.

Source A must be an address. Source B can either be a program constant or an
address. Negative integers are stored in two’s complement form.

Use the MEQ instruction to compare data at a source address with data at a
compare address. Use of this instruction allows portions of the data to be
masked by a separate word.

Entering Parameters

e Source is the address of the value you want to compare.

® Mask is the address of the mask through which the instruction moves
data. The mask can also be a hexadecimal value (constant).

e Compare is an integer value or the address of the reference.

If the 16 bits of data at the source address are equal to the 16 bits of data at the
compare address (less masked bits), the instruction is true. The instruction
becomes false as soon as it detects a mismatch. Bits in the mask word mask
data when reset; they pass data when set.



Comparison Instructions ~ 3-5

Limit Test (LIM)

LIM ———

Limit Test

Low Lim

Test

High Lim

N7:13

5<

7<

Fixed

SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Input Instruction

Use the LIM instruction to test for values within or outside a specified range,
depending on how you set the limits.

Entering Parameters

The Low Limit, Test, and High Limit values can be word addresses or
constants, restricted to the following combinations:

e If the Test parameter is a program constant, both the Low Limit and
High Limit parameters must be word addresses.

o If the Test parameter is a word address, the Low Limit and High Limit
parameters can be either a program constant or a word address.

True/False Status of the Instruction

If the Low Limit has a value equal to or less than the High Limit, the
instruction is true when the Test value is between the limits or is equal to
either limit. If the Test value is outside the limits, the instruction is false, as
shown below.

False ‘ True ‘ False

-32,768 ‘ ‘ +32,767
Low Limit High Limit

Example, low limit less than high limit:

Low Limit High Limit Instruction is True |Instruction is False

when Test value is |when Test value is

5 8 5 through 8 -32,768 through 4 and
9 through 32,767

If the Low Limit has a value greater than the High Limit, the instruction is
false when the Test value is between the limits. If the Test value is equal to
either limit or outside the limits, the instruction is true, as shown below.

True ‘ False | True

-32,768 ‘ | +32,767
High Limit Low Limit

Example, low limit greater than high limit:

Low Limit High Limit Instruction is True Instruction is False
when Test value is when Test value is
8 5 -32,768 through5and 8 |6and 7
through 32,767
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Notes:
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Chapter 4

Math Instructions

This chapter contains general information about math instructions and
explains how they function in your logic program. Each of the math

Table 4.1 Math Instructions

instructions includes information on:

e instruction symbol.

® instruction usage.

Instruction Purpose Page

Mnemonic Name

ADD Add Adds source A to source B and stores the result in the destination. 4-5

SUB Subtract Subtracts source B from source A and stores the result in the destination. 4-5

MUL Multiply Multiplies source A by source B and stores the result in the destination. 4-8

DIV Divide Divides source A by source B and stores the result in the destination and the  |4-9
math register.

DDV Double Divide Divides the contents of the math register by the source and stores the result in |4-11
the destination and the math register.

CLR Clear Sets all bits of a word to zero. 4-12

SQR Square Root Calculates the square root of the source and places the integer result in the  |4-12
destination.

ScpP Scale with Produces a scaled output value that has a linear relationship between the input |4-13

Parameters and scaled values.

SCL Scale Data Multiplies the source by a specified rate, adds to an offset value, and stores ~ [4-15
the result in the destination.

RMP Ramp Provides the ahility to create linear, acceleration, deceleration, and “S” curve [4-20
ramp output data wave forms.

ABS Absolute Calculates the absolute value of the source and places the result in the 4-24
destination.

CPT Compute Evaluates an expression and stores the result in the destination. 4-25

SWP Swap Swaps the low and high bytes of a specified number of words in a bit, integer, |4-28
ASCII, or string file.

ASN Arc Sine Takes the arc sine of a number and stores the result (in radians) in the 4-29
destination.

ACS Arc Cosine Takes the arc cosine of a number and stores the result (in radians) in the 4-29
destination.

ATN Arc Tangent Takes the arc tangent of a number and stores the result (in radians) in the 4-30
destination.

cos Cosine Takes the cosine of a number and stores the result in the destination. 4-30

LN Natural Log Takes the natural log of the value in the source and stores it in the destination. |4-31

LOG Log to the Base 10 |Takes the log base 10 of the value in the source and stores the result inthe  |4-31
destination.

SIN Sine Takes the sine of a number and stores the result in the destination. 4-32

TAN Tangent Takes the tangent of a number and stores the result in the destination. 4-32

XPY X to the Power of Y|Raise a value to a power and stores the result in the destination. 4-33
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About the Math Instructions

Math Instructions Overview
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The majority of the instructions take two input values, perform the specified
arithmetic function, and output the result to an assigned memory location.

For example, both the ADD and SUB instructions take a pair of input values,
add or subtract them, and place the result in the specified destination. If the
result of the operation exceeds the allowable value, an overflow or underflow
bit is set.

To learn more about the math instructions, we suggest that you read the Math
Instructions Overview that follows.

The following general information applies to math instructions.

Entering Parameters

® Source is the address(es) of the value(s) on which the mathematical,
logical, or move operation is to be performed. This can be word
addresses or program constants. An instruction that has two source
operands does not accept program constants in both operands.

® Destination is the address of the result of the operation. Signed integers

are stored in two’s complement form and apply to both source and
destination parameters.

When using either an SLC 5/03 (OS301 and higher), SLC 5/04, or SLC 5/05
processor; floating point and string values (specified at the word level) are

supported.

Using Indexed Word Addresses

You have the option of using indexed word addresses for instruction
parameters specifying word addresses (except for fixed and SLC 5/01
processors).

Using Indirect Word Addresses

You have the option of using indirect word-level and bit-level addresses for
instructions specifying word addresses when using an SLC 5/03 (0S302), SL.C
5/04 (0OS401), or SLC 5/05 processots.
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Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the controller
status file. After an instruction is executed, the arithmetic status bits in the
status file are updated.

Table 4.2 Processor Function

With this Bit The Controller

S:0/0 Carry (C) sets if carry is generated; otherwise cleared.

S:0/1 Overflow (V) indicates that the actual result of a math instruction does
not fit in the designated destination.

S:0/2 Zero (Z) indicates a 0 value after a math, move, or logic instruction.

S:0/3 Sign (S) indicates a negative (less than 0) value after a math, move,
or logic instruction.

Overflow Trap Bit, S:5/0

Minor etror bit (S:5/0) is set upon detection of a mathematical overflow or
division by zero. If this bit is set upon execution of an END statement, a
Temporary End (TND) instruction, ot an I/O Refresh (REF), the recoverable
major error code 0020 is declared.

In applications where a math overflow or divide by zero occurs, you can avoid
a CPU fault by using an unlatch (OTU) instruction with address S:5/0 in your
program. The rung must be between the overflow point and the END, TND,
or REF statement.

Updates to the Math Register, S:13 and S:14

Status word S:13 contains the /east significant word of the 32-bit value of the
MUL instruction. It contains the remainder for DIV and DDV instructions. It
also contains the first four BCD digits for the Convert from BCD (FRD) and
Convert to BCD (TOD) instructions.

Status word S:14 contains the most significant word of the 32-bit value of the
MUL instruction. It contains the unrounded quotient for DIV and DDV

instructions. It also contains the most significant digit (digit 5) for TOD and
FRD instructions.

TIP When using floating point, S:13 and S:14 are not used.
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Using Floating Point Data File (F8:)

This file type is valid for SL.C 5/03 (OS301 and higher), SLC 5/04, and SL.C
5/05 processors. These are 2-word elements and addressable only at the

element level.

Assign floating point addresses as follows.

Table 4.3 Addressing Format

Format Explanation
Ff.e F Floating Point file
f File number. Number 8 is the default file. A
file number between 9- 255 can be used if
additional storage is required.
: Element delimiter
e Element number Ranges from 0- 255.
These are 2-word
elements.
Non-extended 32-bit
numbers
Examples: F8:2 Element 2, floating point file 8
F10:36 Element 36, floating point file 10 (file 10
designated as a floating point file by the
user)
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Add (ADD)

ADD
Add —
Source A N7:14

Source B N7:15

Dest

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

Subtract (SUB)

SuB
Subtract
Source A N7:17
0<
Source B N7:18
0<
Dest N7:19
0<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

Use the ADD instruction to add one value (source A) to another value (soutce
B) and place the result in the destination.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.4 Processor Function

With this Bit The Processor

S:0/0 Carry (C) sets if carry is generated; otherwise resets (integer). For floating
point, itis cleared.

S:0/1 Overflow (V) | sets if overflow is detected at destination; otherwise resets. On
overflow, the minor error flag is also set. For floating point, the
overflow value is placed in the destination. For an integer, the
value -32,768 or 32,767 is placed in the destination. Exception: If
you are using an SLC

5/02 or higher processor and have S:2/14 (math overflow
selection bit) set, then the unsigned, truncated overflow remains
in the destination.

S:0/2 Zero (Z) sets if result is zero; otherwise resets.

S:0/3 Sign (S) sets if result is negative; otherwise resets.

Use the SUB instruction to subtract one value (soutce B) from another (source
A) and place the result in the destination.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.5 Processor Function

With this Bit The Processor

S:0/0 Carry (C) sets if borrow is generated; otherwise resets (integer). For
floating point it is cleared.

S:0/1 Overflow (V) | sets if underflow; otherwise reset. On underflow, the minor error
flag is also set. For floating point, the overflow value is placed in
the destination. For an integer, the value -32,768 or 32,767 is
placed in the destination. Exception: If you are using an SLC 5/02
or higher processor and have S:2/14 (math overflow selection
bit) set, then the unsigned, truncated overflow remains in the

destination.
S:0/2 Zero (Z) sets if result is zero; otherwise resets.
S:0/3 Sign (S) sets if result is negative; otherwise resets.
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32-Bit Addition and

Subtraction
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
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You have the option of petrforming 16-bit or 32-bit signed integer addition and
subtraction. This is facilitated by status file bit S:2/14 (math ovetflow selection
bit).

Math Overflow Selection Bit S:2/14

Set this bit when you intend to use 32-bit addition and subtraction. When
S:2/14 is set, and the result of an ADD, SUB, MUL, DIV, or NEG instruction
cannot be represented in the destination address (due to math underflow or
overflow:

e The overflow bit S:0/1 is set
e The overflow trap bit S:5/0 is se.

e The destination address contains the unsigned, truncated, least
significant 16 bits of the result

TIP For MUL, DIV, integer, and all floating point
instructions with an integer destination, when $:2/14
is set, the state change takes effect immediately.

When S:2/14 is reset (default condition), and the result of an ADD, SUB,
MUL, DIV, or NEG instruction cannot be represented in the destination
address (due to math underflow or overflow).

® The overflow bit S:0/1 is set
e The overflow trap bit S:5/0 is set

® The destination address contains 32767 if the result is positive or -32768
if the result is negative

TIP Additionally, the SLC 5/03 and higher processors
only assert the state of bit S:2/14 at the end of scan
for the ADD, SUB, and NEG instructions.

Note that the status of bit S:2/14 has no effect on the DDV instruction. Also,
it has no effect on the math register content when using MUL and DIV
instructions.

TIP The SLC 5/03 and higher processors only interrogate
the S:2/14 bit upon going to the Run mode and
end-of-scan. Use the Data Monitor function to make
this selection prior to entering the Run mode.
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Example of 32-bit Addition

The following example shows how a 16-bit signed integer is added to a 32-bit
signed integer. Remember that S$:2/14 must be set for 32-bit addition.

Note that the value of the most significant 16 bits (B3:3) of the 32-bit number
is increased by 1 if the carry bit S:0/0 is set and it is decreased by 1 if the
number being added (B3:1) is negative.

TIP The largest possible number is 2,147,483,647
(7FFF FFFF)h.

To avoid a major error from occurring at the end of the scan, you must
unlatch overflow trap bit S:5/0 as shown in the example ladder diagram to
follow.

Table 4.6 Add 16-bit value B3:1 to 32-bit value B3:3 B3:2

Add Operation Binary Hex Decimal(!
Addend B3:3B3:2 0000 0000 0000 0011 0001 1001 0100 0000 | 0003 1940 | 203,072
Addend B3:1 01010101 1010 1000 | 55A8 21,928
Sum B3:3B3:2 0000 0000 0000 00110110 1110 1110 1000 | 0003 6EE8 | 225,000

(1

The programming device displays 16-bit decimal values only. The decimal value of a 32-bit integer is derived from the displayed binary or hex value. For example, 0003
1940 Hex is 16%%3 +16%x1 + 1629 + 164 + 16%0 = 203,072.
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B3 B3  ADD
N [OSR] ADD
0 1 Source A B3:1
0101010110101000
Source B B3:2
0001100101000000
Dest B3:2
0001100101000000
S0 — ADD
1 ADD
0 Source A 1
Source B B3:3
0000000000000011
Dest B3:3
0000000000000011
B3 — SUB
1 SUBTRACT
31 Source A B3:3
0000000000000011
Source B 1
Dest B3:3
0000000000000011
S
(U)
0
{END}
TIP
Multiply (MUL)
B) and place the result in the destination.
Updates to Arithmetic Status Bits
MUL
— Multiply —
Source A N7:20
0<
Source B N7:21
0<
Dest N7:2(2)< up dated.
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
[ ) [ ) [ ) [ ) [ ) [ )

Output Instruction
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When rung goes true for a
single scan, B3:1is added to
B3:2. The result is placed in
B3:2

If a carry is generated (S:0/0

/ set), 1 is added to B3:3.

If B3:1 is negative (B3/31
A/ set), 1is subtracted from
B3:3.

Overflow trap bit S:5/0 is

A/ unlatched to prevent a major
error from occurring at the
end of the scan.

You can use the rung above with a DDV instruction
and a counter to find the average value of B3:1.

Use the MUL instruction to multiply one value (source A) by another (source

The arithmetic status bits are found in Word 0, bits 0 to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are
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Divide (DIV)

DIV
Divide
Source A N7:23
Source B N7:24

Dest

Fixed

SLC
5/01

SLC | SLC
5/02 | 5/03

SLC
5/05

Output Instruction

Table 4.7 Processor Function

With this Bit The Processor

S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) | sets if overflow is detected at destination; otherwise resets. On
overflow, the minor error flag is also set. The value -32,768 or
32,767 is placed in the destination. Exception: If you are using
an SLC 5/02 or higher processor and have S:2/14 (math overflow
selection bit) set, then the unsigned, truncated least significant
16-bits of the result remains in the destination. For floating
point destinations, the overflow result remains in the

destination.
S:0/2 Zero (Z) sets if result is zero; otherwise resets.
S:0/3 Sign (S) sets if result is negative; otherwise resets.

Updates to the Math Register, S:13 and S:14

During integer operation, S:13 and S:14 contain the 32-bit signed result of the
multiply instruction. This result is valid at overflow.

TIP For floating point operation, the math register does
not change.

Use the DIV instruction to divide one value (source A) by another (source B).
The rounded quotient is then placed in the destination. If the remainder is 0.5
or greater, round up occurs in the destination. The unrounded quotient is
stored in the most significant word of the math register. The remainder is
placed in the least significant word of the math register.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.
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Table 4.8 Processor Function

With this Bit The Processor

S:0/0 | Carry (C) always resets.

S:0/1 | Overflow (V) | sets if division by zero or overflow is detected; otherwise resets.
On overflow, the minor error flag is also set. The value 32,767 is
placed in the destination. Exception: If you are using an SLC1
5/02 or higher processor and have S:2/14 (math overflow
selection bit) set, then the unsigned, truncated overflow remains
in the destination. For floating point destinations, the overflow
result remains in the destination.

S:0/2 | Zero (Z) sets if result is zero; otherwise resets; undefined if overflow is
set.

S:0/3 | Sign(S) sets if result is negative; otherwise resets; undefined if overflow
is set.

Updates to the Math Registers, S:13 and S:14

During integer operation, the unrounded quotient is placed in the most
significant word (S:14), the remainder is placed in the least significant word
(8:13).

TIP For floating point operation, the math register does
not change.

Example

The remainder of 11/2 is 0.5, so the quotient is rounded up to 6 and is stored
in the destination. The unrounded quotient, which is 5, is stored in S:14 and
the remainder, which is 1, is stored at S:13.

N —m —
DIVIDE
Source A N7:0
11 where:  N7:.0=11
Source B N7:1

P N7:1=2

Dest N7:é N7:2=6
result.:  S:14=5

S:13=1
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Double Divide (DDV)

DDV

Double Divide

Source N7:26

0<

Dest N7:27

0<
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

QOutput Instruction

The 32-bit content of the math register is divided by the 16-bit source value
and the rounded quotient is placed in the destination. If the remainder is 0.5 or
greater, the destination is rounded up.

TIP This instruction typically follows a MUL instruction
that creates a 32-bit result.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.9 Processor Function

With this Bit The Processor
S:0/0 Carry (C) always resets.
S:0/1 Overflow (V) | sets if division by zero or if result is greater than 32,767 or

less than -32,768; otherwise resets. On overflow, the minor
error flag is also set. The value 32,767 is placed in the

destination.
S:0/2 Zero (Z) sets if result is zero; otherwise resets.
S:0/3 Sign (S) sets if result is negative; otherwise resets; undefined if

overflow is set.

Updates to the Math Registers, S:13 and S:14

Initially contains the dividend of the DDV operation. Upon instruction
execution, the unrounded quotient is placed in the most significant word of
the math register. The remainder is placed in the least significant word of the
math register.
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Clear (CLR)

CLR
Clear —
Dest N7:27
0<

Use the CLR instruction to set the destination value of a word to zero.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

Fixed | SLC | SLC | SLC | SLC | SLC updated.
5/01 | 5/02 | 5/03 | 5/04 | 5/05
o . o . . . Table 4.10 Processor Function
Output Instruction With this Bit The Processor
S:0/0 Carry (C) always resets.
S:0/1 Overflow (V) | always resets.
S:0/2 Zero (Z) always sets.
S:0/3 Sign (S) always resets.
Square Root (SQR) When this instruction is evaluated as true, the square root of the absolute value
of the source is calculated and the rounded result is placed in the destination.
The instruction calculates the square root of a negative number without
Squsa?:Root overflow or faults. In applications where the source value may be negative, use
Source  N7:28 a comparison instruction to evaluate the source value to determine if the
Dest N7:2g< destination may be invalid.
0<
Fixed | SLC | SLC | SLC | SLC | SLC . . .
5/01 | 5/02 | 5/03 | 5/04 | 505  Updates to Arithmetic Status Bits
[ ) L) ° L]

Output Instruction
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The arithmetic status bits are found in Word 0, bits 0 to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.11 Processor Function

With this Bit The Processor

S:0/0 Carry (C) is reserved (integer). For floating point, it is always cleared.
S:0/1 Overflow (V) | always resets.

S:0/2 Zero (Z) sets when destination value is zero.

S:0/3 Sign (S) always resets.
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Scale with Parameters
(SCP)

SCP
— Scale w/Parameters —

Input N7:30
100<

Input Min. 0
0<

Input Max. 32767
32767<

Scaled Min. 0

0<

Scaled Max. 10000
10000<

Output N7:31
0<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

Use the SCP instruction to produce a scaled output value that has a linear
relationship between the input and scaled values. This instruction supports
integer and floating point values. Use this instruction with SLC 5/03 (0S302),
SLC 5/04 (0S401), and SLC 5/05 processorts.

Use the following formula to convert analog input data to engineering units.
y=mx+b

Where:

y = scaled output

m = slope = (scaled MAX. - scaled MIN.) / (input MAX. - input MIN.)
x = input value

b = offset (y intercept) = scaled MIN - (input MIN. x m)

TIP The Input Minimum, Input Maximum, Scaled
Minimum, and Scaled Maximum are used to
determine the slope and offset values. The input
value can go outside of the specified input limits and
no ordering is required. For example, the scaled
output value is not necessarily clamped between the
scaled minimum and scaled maximum values.

Entering Parameters

Enter the following parameters when programming this instruction.

e Input value can be a word address or an address of floating point data
elements.

¢ Input Minimum and Input Maximum values determine the range of
data that appears in the Input Value parameter. The value can be a word
address, an integer constant, floating point data element, or a floating
point constant.

e Scaled Minimum and Scaled Maximum values determine the range
of data that appears in the Scaled Output parameter. The value can be a
word address, an integer constant, floating point data element, or a
floating point constant.

e Scaled Output value can be a word address or an address of floating
point data elements.
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Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.12 Processor Function

With this Bit The Processor

S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) | sets if overflow generated or an unsupported input is detected;
otherwise resets.

S:0/2 Zero (Z) sets when destination value is zero; otherwise resets.

S:0/3 Sign (S) sets if the destination value is negative; otherwise resets.

Application Examples

Example 1

In the first example, an analog I/O combination module (1746-NIO4I) is in
slot 1 of the chassis. A pressure transducer is connected to input 0 and we
want to read the value in engineering units. The pressure transducer measures
pressures from 0 to 1000 psi and provides a 0 to 10V signal to the analog
module. For a 0 to 10V signal, the analog module provides a range between 0
to 32,767. The following program rung places a number between 0 and 1000
into N7:20 based on the input signal coming from the pressure transducer into
the analog module.

— P ——
0000 Scale w/Parameters —
Input 11.0
13
Input Min. 0
13
Input Max. 32767
32767<
Scaled Min. 0
13
Scaled Max. 1000
1000<
Output N7:20
13
0001 END )—
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Scale Data (SCL)

SCL

—| SCALE

Source

Rate [/10000]
Offset
Dest

Fixed

SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Output Instruction

Example 2

In the second example, an analog I/O combination module (1746-NI1OA4I) is
in slot 1 of the chassis. We want to control the proportional valve connected
to output 0. The valve takes a

4 to 20 mA signal to control how far it opens (0 to 100%). (Assume that
additional logic is present in the program that calculates how far to open the
valve in percent and places a number between 0 and 100 into N7:21.) The
analog module provides a 4 to 20 mA output signal for a number between
6242 to 31,208. The following program rung directs an analog output to
provide a 4 to 20 mA signal to the proportional valve (N7:21), based on a
number between 0 and 100.

— S0P ————
0000 Scale w/Parameters —
Input N7:21
0<
Input Min. 0
0<
Input Max. 100
100<
Scaled Min. 6242
6242<
Scaled Max. 31208
31208«
Output 0:10
0
0001 END >—

When this instruction is true, the value at the source address is multiplied by
the rate value. The rounded result is added to the offset value and placed in the
destination.

Example
— SCL
| SCALE
Source N7:0 Th . -
100 e source 100 is multiplied by 25000 and
Rate  [/10000] 25000 divided by 10000 and added to 127. The
result, 377, is placed in the destination.
Offset 127
Dest N7:1
377
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TIP Anytime an underflow or overflow occurs in the
destination file, minor error bit S:5/0 must be reset
by the program. This must occur before the end of
the current scan to prevent major error code 0020
from being declared. This instruction can overflow
before the offset is added.

Note that the term rate is sometimes referred to as s/gpe. The rate function is
limited to the range -3.2768 to 3.2767. For example, -32768/10000 to
+32767/10000.

Entering Parameters

The value for the following parameters is between -32,768 to 32,767.

e Source can be either a constant or a word address

e Rate (or slope) is the positive or negative value you enter divided by
10,000. It can be either a constant or a word address

e Offset can be either a constant or a word address

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.13 Processor Function

With this Bit The Processor

S:0/0 | Carry (C) is reserved.

S:0/1 Overflow (V) | sets if an overflow is detected; otherwise resets. On overflow,
minor error bit S:5/0 is also set and the value -32,768 or 32,767
is placed in the destination. The presence of an overflow is

checked before and after the offset value is applied.“)

S:0/2 Zero (Z) sets when destination value is zero.

S:0/3 | Sign(S) sets if the destination value is negative; otherwise resets.

(" If the result of the Source times the Rate, divided by 10000, is greater than 32767, the SCL instruction
overflows, causing error 0020 (Minor Error Bit), and places 32767 in the Destination. This occurs regardless of
the current offset.
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Application Example 1 - Converting 4 to 20 mA Analog Input
Signal to PID Process Variable

16,383 —
(Scaled MAX.)
Scaled Value
0 —
(Scaled MIN.) |
3,277 16,384
(Input MIN.) Input Value (Input MAX.)

Calculating the Linear Relationship

Use the following equations to express the linear relationship between the

input value and the resulting scaled value.

Scaled value = (Input Value X Rate) + Offset
Rate = (Scaled MAX. - Scaled MIN.) / (Input MAX. - Input MIN.)
(16,383 - 0)/(16,384 - 3277) = 1.249 (or 12,490/10000)

Offset = Scaled Ml

N. - (Input MIN. X Rate)

0-(3277 x 1.249) = -4093
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Application Example 2 - Scaling an Analog Input to Control an
Analog Output

32,764 10V T
(Scaled MAX.)

Scaled Value

0 ov -1
(Scaled MIN.) |

3277 4mA 16,384 20 mA
(Input MIN.) (Input MAX.)

Input Value

Calculating the Linear Relationship

Use the following equations to calculate the scaled units.

Scaled value = (Input Value X Rate) + Offset
Rate = (Scaled MAX. - Scaled MIN.) / (Input MAX. - Input MIN.)
(32,764 - 0) / (16,384 - 3277) = 2.4997 (or 24,997/10000)
Offset = Scaled MIN. - (Input MIN. x rate)
0-(3277 x 2.4997) = - 8192

The above offset and rate values are correct for the SCL instruction. However,
if the input exceeds 13,107, the instruction overflows and sets S:5/0 math
overflow bit. For example:

17 mA = 13,926 x 2.2997 = 34,810 (actual overflow)
34,810-8192=26,618

To avoid an overflow, we recommend shifting the linear relationship along the
input value axis and reduce the values.
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Notice that an overflow occurred even though the final value was correct. This
happens because the overflow condition occurred during the rate calculation.

The following graph shows the shifted linear relationship. The input minimum
value of 3,277 is subtracted from the input maximum value of 16,384, resulting
in the value of 13,107.

32,764 10V —

(Scaled MAX.)

Scaled Value

0 ov 1
(Scaled MIN.) |
0 4mA 13,107 20 mA
(Shifted Input MIN.) (Shifted Input MAX.)
Input Value

Calculating the Shifted Linear Relationship

Use the following equations to calculate the scaled units.

Scaled value = (Input Value x Rate) + offset

Scaled MAX. — Scaled MIN.

Rate = = pUtMAX. — Input MIN.
32,7640
7167 g 24997 lor 24,897/10000

Offset = Scaled MIN. — (Input MIN. x Rate)

0—(0x 2.4997)= 0
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Ramp Instruction (RMP)

RMP
fmp -
Control N7:0
Dest N7:7
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
° ° °

Output Instruction
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In this example, the SCL instruction is entered in the ladder logic program as
follows.

Apply the Shift
— SUB
SUBTRACT Analog Input
Source A [1.0
Source B 3277
Dest N7:0
Scale Shifted Analog Value
— SCL
SCALE
Source N7:0
Rate  [/10000] 24997
Offset 0
Dest 0:20 Analog Output

The Ram P) instruction provides the ability to create linear, acceleration,
p p y
deceleration, and “S” curve ramp output data wave forms. This instruction
) p outp
provides a means to ramp analog outputs when using them to control devices
such as valves.

The instruction has the following parameters.

e Control - Control Block is an integer file address that is user selectable.
It is a 7-element file, which consists of the following bits and registers:

— Word 0 Bit 15 - Enable bit, follows rung state of ramp instruction.

— Word 0 Bit 14 - Ramping bit, when set, RMP function is working.

— Word 0 Bit 13 - Done bit, set once the RMP function completes
(current time = desired time).

— Word 0 Bit 12 - Error bit, set if invalid parameters are specified.

— Word 0 Bits 0 to 7 - Ramp Algorithm Type.

— Word 1 Desired Time - This word defines the time duration of the

ramp, in timebase units (1 second or 10 milliseconds).
(integer value, valid range = +1 to +32767)

— Word 2 Current Time - This word is the current time position of
ramp, in timebase units (1 second or 10 milliseconds). The
instruction updates the current time when the rung state is true.
(integer value, valid range = 0 to +32767)

— Word 3 Beginning Output Value - Starting point of ramp
(integer value, valid range = -32768 to +32767).

— Word 4 Ending Output Value - Ending point of ramp
(integer value, valid range = -32768 to +32767)

— Words 5 and 6 - These words are for internal use only.

e Destination - The Destination is any user defined integer word.
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Table 4.14 Ramp Instruction Control Structure

15 14 13 12 1" 10 8 7 6 5 4 3 2 1 0

Word0 | EN RMP | DN ER Ramp Algorithm Type
0 0 0 181 | O 0 Waveform'?

Word 1 | Desired Time
Word 2 | Current Time
Word 3 | Beginning Output Value
Word 4 | Ending Output Value
Words | Internal use only
5and 6

(1)

TB =0, Timebase = 0.01 seconds

TB =1, Timebase = 1.0 second

Waveform = 00 Linear

Waveform = 01 Acceleration
Waveform = 10 Deceleration

Waveform =11 “S” Curve

Ending Ramp—3m

Output Value

Beginning Ramp
Output Value

Beginning Ramp
Output Value —3m

Ending Ramp
Qutput Value

Ramp Output

The following illustrations show Linear Ramp, Acceleration, Deceleration and
“S” Curve Ramp waveforms.

Linear Ramp Waveform

Ramp Output

Length of Ramp, in seconds

Deceleration Waveform

Length of Ramp, in seconds

Ending Ramp——
Output Value

Ramp Output

Beginning Ramp
Output Value

Acceleration Waveform

Ending Ramp
Output Value

Ramp Output

Beginning Ramp
Output Value

Length of Ramp, in seconds

“S" Curve Ramp Waveform

Length of Ramp, in seconds
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Instruction Operation

When the rung state is true all parameters are validated to be in range. If the
parameters are valid, the ramp function places the calculated output value in
the destination register. The parameters are validated for every scan when the
rung state is true. When the Ramp instruction is scanned and the rung state is
true, the current time is updated, the destination value is calculated, and done
condition is checked.

ATTENTION Chang‘ing words 1 through 4 du'ring instructiﬁ)n
execution causes loss of resolution of one unit of

measurement (1 second or 0.01 seconds depending
on ramp). If these values are modified during

execution the destination value automatically

recalculates for the new value on the next scan.

ATTENTION Modification of words 5 and 6 could result in
unpredictable operation, possibly causing equipment

f} damage and/or injury to personnel.

When the rung state is false, the current time is not updated and the
destination value is not calculated. When the rung state sees another false to
true change the current time is determined from the last updated position. An
accuracy of +/- one unit (1 second or 0.01 seconds depending on ramp) or
one scan, whichever is larger, can be expected for a false-to-true or
true-to-false rung transition.

The Ramp instruction is retentive. If a Ramp instruction is executing when a
power cycle occurs, the instruction continues to operate starting with the last
updated position. The accuracy is limited to one unit or one scan, whichever is
larger. Ramp instructions can be cascaded.
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RMP Equation

The Ramp instruction is defined based on the following equations.

Linear: Qutput= (E-S) X I£+S Acceleration: OQutput= (E-S) X Iz)x §+S

Deceleration:  Output= (E - S) x (1 _LZPX LZP)+S

While 0<P<L/ 2 While (L/ 2)<P<L
“S" Curve:

L. P - L-P L-P
Output= (E-S)x 2 X Z>< Z+S Output= (E-S) X (1 -2X 7 X 7 )+S
¢ S = the Beginning Output value
e E = the Ending Output value
e P = the Current Time
e [. = the Overall Time

e Output = the RMP output value

Continuous Operation

RMP
Ramp
Control N7:0
Dest N7:7
} } Clear
13
W:O\ Dest N7:2
| |
12
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Absolute (ABS)

ABS

Source

Dest

Absolute Value

N7:34
0<

N7:35
0<

Fixed

SLC
5/01

SLC
5/02

SLC | SLC
5/03 | 5/04

SLC
5/05
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Output Instruction

Use the ABS instruction to calculate the absolute value of the Soutce and place
the result in the Destination. This instruction supports integer and floating
point values. Use this instruction with SL.C 5/03 (0S302), SL.C 5/04 (OS401),
and SLC 5/05 processors.

Entering Parameters

Enter the following parameters when programming this instruction.

® Source can be a word address, an integer constant, floating point data
element, or a floating point constant

® Destination can only be a word address or a floating point data element

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated

Table 4.15 Processor Function

With this Bit The Processor

S:0/0 | Carry(C) always resets.

S:0/1 | Overflow (V) | always resets with a floating point value; sets if the input is
-32,768 (integer value).

S:0/2 | Zero(2) sets when destination value is zero; otherwise resets.

S:0/3 | Sign(S) always resets.
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Compute (CPT)

CPT

Compute
Dest N7:36
Expression (N7:13 AND N7:14) OR N7:153<
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

The CPT instruction performs copy, arithmetic, logical, and conversion
operations. You define the operation in the Expression and the result is

written in the Destination. The CPT uses functions to operate on one or more

values in the Expression to perform operations such as:

e converting from one number format to another.
e manipulating numbers.

e performing trigonometric functions.

Use this instruction with SLC 5/03 (O0S302), SLC 5/04 (0S401), and SL.C
5/05 processots.

Instructions that can be used in the Expression include:
+, -, %, | (DIV), SQR, - NEG), NOT, XOR, OR, AND, TOD, FRD, LN,
TAN, ABS, DEG, RAD, SIN, COS, ATN, ASN, ACS, LOG, and ** (XPY).

TIP The execution time of a CPT instruction is longer
than a single arithmetic operation and uses more
instruction words.

Entering Parameters

Enter the following parameters when programming this instruction.

® Destination can be a word address or the address of a floating-point
data element

e Expression is zero or more lines, with up to 28 characters per line, up to
255 characters
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Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.16 Processor Function

With this Bit

The Processor

S:0/0 | Carry(C)

sets based on the result of the last instruction in the Expression.

S:0/1 Overflow (V)

sets any time an overflow occurs during the evaluation of the
Expression.

S:0/2 | Zero(Z)

sets based on the result of the last instruction in the Expression.

S:0/3 | Sign(S)

sets based on the result of the last instruction in the Expression.

The above bits are cleared at the start of the CPT instruction. Status file bit
S:34/2 is for special handling of the math status bits when using floating point.

Application Example

This application example uses Pythagorean’s theorem to find the length of the
long leg of a triangle, knowing the two other leg lengths. Use the following

equation.

c? = aZ+b?

wherec = A/(a%+b?)

N10:0 = J(N7:1)2 + (N7:2)2
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Rung 2:0 uses standard math instructions to implement Pythagorean’s
theorem. Rung 2:1 uses the CPT instruction to obtain the same calculation.

Rung 2:0 +XPY-—————————————— +
————————————————————————————————————————————————————— +-+X TO POWER OF Y +—+=
Source A N7:1
3
Source B 2
Dest N7:3
0
o ——————— +
+XPY—————————————— +
+-+X TO POWER OF Y +=+
Source A N7:2
4
Source B 2
Dest N7:4
0
o +
+ADD——————————————— +
+—+ADD +—+
Source A N7:3
0
Source B N7:4
0
Dest N7:5
0
o +
+SQR——————————————— +
+—-+SQUARE ROOT +—+
Source N7:5
0
Dest N7:0
0
o +
Rung 2:1 +CPT———————————————————————— +
———————————————————————————————————————————————— +COMPUTE +-
Dest N10:0
0
Expression
SQR ((N7:1 ** 2) + (N7:2 **
2))
B +
Rung 2:2
————————————————————————————————————— HEND+———————mm |
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Swap (SWP)

Swap

Source
Length

SWP
#ST10:1.DATA[0]
5

Fixed | SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05
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Output Instruction

Use this instruction to swap the low and high bytes of a specified number of
words in a bit, integer, ASCII, or string file. Use this instruction with SLC 5/03
(08302), SLC 5/04 (0S401), and SLC 5/05 processots.

Entering Parameters

Enter the following parameters when programming this instruction.

e Source can only be an indexed word address

e | ength refers to the number of words to be swapped, regardless of the
file type. The address is limited to integer constants. For bit, integer, and
ASCII file types, the length range is 1 to 128. For the string file type, the
length range is 1 to 41. Note that this instruction is restricted to a single
string element and cannot cross a string element boundary.

The following example shows how the SWP instruction works.

SWP

SWAP -
Source #ST10:1.1
Length 13

ST10:1 = abcdefghijklmnopgrstuvwxyz

Before:

After
ST10:1 = badcfehgjilknmporqtsvuxwzy
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Arc Sine (ASN)

Use the ASN instruction to take the arc sine of a number and store the result
(in radians) in the destination. The source must be greater than or equal to -1
and less than or equal to 1. The resulting value in the destination is always
greater than or equal to -Pi/2 and less than or equal to Pi/2, whetre Pi =
3.141592. Use this instruction with SLC 5/03 (OS302), SLC 5/04 (OS401),
and SLC 5/05 processorts.

Updates to Arithmetic Status Bits

ArcAS?r'l\‘e

Source N7:3(7,< The arithmetic status bits are found in Word 0, bits O to 3 in the status file.

Dest  N7:38 After an instruction is executed, the arithmetic status bits in the status file are

updated.
Fixed | SLC | SLC | SLC | SLC | SLC .
5/01 | 5/02 | 5/03 | 5/04 | 5/05 Table 4.17 Processor Function
° ° ° With this Bit The Processor

Output Instruction S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) | sets if an overflow is generated or an unsupported input is
detected; otherwise resets.

S:0/2 Zero (Z) sets if the result is zero; otherwise resets.
S:0/3 Sign (S) sets if the result is negative; otherwise resets.

Arc Cosine ( ACS) Use the ACS instruction to take the arc cosine of a number (source in radians)
and store the result (in radians) in the destination. The source must be greater
than or equal to -1 and less than or equal to 1. The resulting value in the
destination is always greater than or equal to 0 and less than or equal to P4,
where Pi = 3.141592. Use this instruction with SLC 5/03 (0S302), SL.C 5/04
(O§401), and SLC 5/05 processots.

Updates to Arithmetic Status Bits
ACS
— Arc Cosine —
Source N7:39 . . . . . .
0< The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
Dest N7:40 . . . . . P
0< After an instruction is executed, the arithmetic status bits in the status file are
updated.
Fixed | SLC | SLC | SLC | SLC | SLC ]
5/01 | 5/02 | 5/03 | 5/04 | 5/05 Table 4.18 Processor Function
. . . With this Bit The Processor
Output Instruction S:0/0 | Carry(C) always resets.
S:0/1 | Overflow (V) | sets if an overflow is generated or an unsupported input is
detected; otherwise resets.
S:0/2 | Zero (2) sets if the result is zero; otherwise resets.
S:0/3 | Sign(S) always resets.

Publication 1747-RM001G-EN-P - November 2008



4-30 Math Instructions

Arc Tangent ( ATN) Use the ATN instruction to take the arc tangent of a number (source) and
store the result (in radians) in the destination. The resulting value in the
destination is always greater than or equal to -Pi/2 and less than or equal to
Pi/2, where Pi = 3.141592. Use this instruction with SLC 5/03 (OS302), SLC
5/04 (O8401), and SLC 5/05 processots.

Updates to Arithmetic Status Bits

ATN
Arc Tangent —
Source N7:41 . . . . . .
0< The arithmetic status bits are found in Word 0, bits 0 to 3 in the status file.

Dest N7:42 . . . . .
es After an instruction is executed, the arithmetic status bits in the status file are

0<
updated.

Fixed | SLC | SLC | SLC | SLC | SLC Table 4.19 Processor Function

5/01 | 5/02 | 5/03 | 5/04 | 5/05 With this Bit The Processor

* * * S:0/0 | Carry (C) always resets.
Output Instruction - - - -
S:0/1 Overflow sets if an overflow is generated or an unsupported input is
(V) detected; otherwise resets.
S:0/2 | Zero(Z) sets if the result is zero; otherwise resets.
S:0/3 | Sign(S) sets if the result is negative; otherwise resets.
Cosine (COS) Use the COS instruction to take the cosine of a number (source in radians) and

store the result in the destination. The source must be greater than or equal to
-205887.4 and less than or equal to 205887.4. The greatest accuracy is achieved
when the source is greater than -2 Pi and less than 2 Pi, where Pi = 3.141592.
The resulting value in the destination is always greater than or equal to -1 and
less than or equal to 1. Use this instruction with SLC 5/03 (OS302), SLC 5/04
(O§401), and SL.C 5/05 processots.

Updates to Arithmetic Status Bits

cos
Cosine —
Source N7:43 . . . . . .
0< The arithmetic status bits are found in Word 0, bits O to 3 in the status file.

After an instruction is executed, the arithmetic status bits in the status file are

updated.

Dest

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

. ° ° With this Bit The Processor

Table 4.20 Processor Function

Output Instruction S:0/0 | Carry (C) always resets.

S:0/1 | Overflow (V) | sets if an overflow is generated or an unsupported input is
detected; otherwise resets.

S:0/2 | Zero(Z) sets if the result is zero; otherwise resets.

S:0/3 | Sign(S sets if the result is negative; otherwise resets.
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Natural Log (LN)

LN

Source

Dest

Natural Log
N7:45

N7:46

0<

0<

Fixed

SLC | SLC
5/01 | 5/02

SLC
5/03

SLC
5/04

SLC
5/05

Output Instruction

Log to the Base 10 (LOG)

LOG
Log Base 10
Source

Dest

N7:47

Fixed

SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/05

Output Instruction

Use the LN instruction to take the natural log of the value in the soutrce and
store the result in the destination. The source must be greater than zero. The
resulting value in the destination is always greater than or equal to -87.33654
and less than or equal to 88.72284. Use this instruction with SLC 5/03
(08302), SLC 5/04 (0S401), and SLC 5/05 processorts.

Updates to Arithmetic Status Bits
The arithmetic status bits are found in Word 0, bits 0 to 3 in the status file.

After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.21 Processor Function

With this Bit The Processor

S:0/0 | Carry (C) always resets.

S:0/1 | Overflow (V) | sets if an overflow is generated or an unsupported input is
detected; otherwise resets.

S:0/2 | Zero (Z) sets if the result is zero; otherwise resets.

S:0/3 | Sign (S) sets if the result is negative; otherwise resets.

Use the LOG instruction to take the log base 10 of the value in the source and
store the result in the destination. The source must be greater than zero. The
resulting value in the destination is always greater than or equal to -37.92978
and less than or equal to 38.53184. Use this instruction with SLC 5/03
(08302), SLC 5/04 (OS401), and SLC 5/05 processors.

Updates to Arithmetic Status Bits
The arithmetic status bits are found in Word 0, bits 0 to 3 in the status file.

After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.22 Processor Function

With this Bit The Processor

S:0/0 | Carry(C) always resets.

S:0/1 | Qverflow (V) | sets if an overflow is generated or an unsupported input is
detected; otherwise resets.

S:0/2 | Zero (Z) sets if the result is zero; otherwise resets.

S:0/3 | Sign(S) sets if the result is negative; otherwise resets.
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Instructions

Sine (SIN)

N7:49
0<

N7:50

0<

Source

Dest

Use the SIN instruction to take the sine of a number (source in radians) and
store the result in the destination. The source must be greater than or equal to
-205887.4 and less than or equal to 205887.4. The greatest accuracy is achieved
when the source is greater than -2 Pi and less than 2 Pi, where Pi = 3.141592.
The resulting value in the destination is always greater than or equal to -1 and
less than or equal to 1. Use this instruction with SLC 5/03 (OS302), SLC 5/04
(0S401), and SLC 5/05 processots.

Updates to Arithmetic Status Bits
The arithmetic status bits are found in Word 0, bits O to 3 in the status file.

After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.23 Processor Function

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05 With this Bit The Processor
. . . S:0/0 | Carry (C) always resets.
Output Instruction S:0/1 | Overflow (V) | sets if an overflow is generated or an unsupported input is
detected; otherwise resets.
S:0/2 | Zero (Z) sets if the result is zero; otherwise resets.
S:0/3 | Sign(S) sets if the result is negative; otherwise resets.

Tangent (TAN) Use the TAN instruction to take the tangent of a number (source in radians)
and store the result in the destination. The value in the soutce must be greater
than or equal to -102943.7 and less than or equal to 102943.7. The greatest
accuracy is achieved when the source is greater than -2 Pi and less than 2 Pj,
where Pi = 3.141592. The resulting value in the destination is either a real
number or infinity. Use this instruction with SLC 5/03 (OS302), SLC 5/04
(0S401), and SLC 5/05 processots.

Updates to Arithmetic Status Bits
TAN
Tangent
Sou
ouree The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
Dest . . . . . . .
After an instruction is executed, the arithmetic status bits in the status file are
updated.
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05  Table 4.24 Processor Function
° ° ° With this Bit The Processor
Output Instruction
S:0/0 | Carry (C) always resets.
S:0/1 | Overflow (V) | sets if an overflow is generated or an unsupported input is
detected; otherwise resets.
S:0/2 | Zero (Z) sets if the result is zero; otherwise resets.
S:0/3 | Sign (S) sets if the result is negative; otherwise resets.

Publication 1747-RM001G-EN-P - November 2008




Math Instructions 4-33

X to the Power of Y (XPY)

XPY

X To Power of Y

Source A N7:53

Source B N7:5i<

3<

Dest N7:55

0<
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

QOutput Instruction

Use the XPY instruction to raise a value (source A) to a power (source B) and
store the result in the destination. If the value in source A is negative, the
exponent (source B) should be a whole number. If it is not a whole number,
the overflow bit is set and the absolute value of the base is used in the
calculation. Use this instruction with SLC 5/03 (0S302), SLC 5/04 (OS401),
and SLC 5/05 processorts.

The XPY instruction uses the following algorithm.

XPY = 2% (Y * log, (X))

If any of the intermediate operations in this algorithm produce an overflow,
the Arithmetic Overflow Status bit (S:0/1) is set.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 4.25 Processor Function

With this Bit The Processor

S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) | sets if an overflow is generated or an unsupported input is
detected; otherwise resets.

S:0/2 Zero () sets if the result is zero; otherwise resets.

S:0/3 Sign (S) sets if the result is negative; otherwise resets.
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Notes:
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Chapter 5

Data Handling Instructions

This chapter contains general information about the data handling instructions
and explains how they function in your application program. Each of the
instructions includes information on:

e what the instruction symbol looks like.

® how to use the instruction.

Table 5.1 Data Handling Instructions

Instruction Purpose Page
Mnemonic Name
TOD Convert to BCD Converts the integer source value to BCD format and stores it in the 5-2
destination.
FRD Convert from BCD Converts the BCD source value to an integer and stores it in the 55
destination.
DEG Convert from Radians to | Converts radians (source) to degrees and stores the result in the 5-8
Degrees destination.
RAD Convert from Degrees to | Converts degrees (source) to radians and stores the result in the 59
Radians destination.
DCD Decode 4 to 1 of 16 Decodes a 4-bit value (0 to 15), turning on the corresponding bit in the 5-10
16-bit destination.
ENC Encode 1 of 16 to 4 Encodes a 16-bit source to a 4-bit value. Searches the source from the 5-11

lowest to the highest bit, and looks for the first set bit. The corresponding
bit position is written to the destination as an integer.

COP and FLL Copy File and The COP instruction copies data from the source file to the destination file |5-13
Fill File The FLL instruction loads a source value into each position in the
destination file.
MoV Move Moves the source value to the destination. 5-17
MVM Masked Move Moves data from a source location to a selected portion of the 5-18
destination.
AND And Performs a bitwise AND operation. 5-20
OR Or Performs a bitwise inclusive OR operation. 5-21
XOR Exclusive Or Performs a bitwise exclusive OR operation. 5-22
NOT Not Performs a NOT operation. 5-23
NEG Negate Changes the sign of the source and stores it in the destination. 5-24
FFL and FFU FIFO Load and The FFL instruction loads a word into a FIFO stack on successive 5-26
FIFO Unload false-to-true transitions. The FFU unloads a word from the stack on
successive false- to-true transitions. The first word loaded is the first to be
unloaded.
LFL and LFU LIFO Load and The LFL instruction loads a word into a LIFO stack on successive 5-28
LIFO Unload false-to-true transitions. The LFU unloads a word from the stack on
successive false-to-true transitions. The last word loaded is the first to be
unloaded.
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Convert to BCD (TOD)

TOD

To BCD
Source

Dest

N7:56
824<

N7:57

0000h<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
] . . ] ° °
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Output Instruction

Use this instruction to convert 16-bit integers into BCD values.

With Fixed and SL.C 5/01 processors, the destination can only be the math
register. With SLC 5/02 and higher processors, the destination parameter can
be a word address in any data file, or it can be the math register, S:13 and S:14.

If the integer value you enter is negative, the absolute value of the number is
used for conversion.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 5.2 Processor Function

With this Bit The Processor

S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) sets if the BCD result is larger than 9999. Overflow results in
a minor error.

S:0/2 Zero (Z) sets if destination value is zero.

S:0/3 Sign (S) sets if the source word is negative; otherwise resets.




Data Handling Instructions ~ 5-3

Updates to the Math Register, S:13 and S:14

Contains the 5-digit BCD result of the conversion. This result is valid at
overflow.

Example 1

The integer value 9760 stored at N7:3 is converted to BCD and the BCD
equivalent is stored in N10:0. The maximum BCD value possible is 9999.

— 0D
| TO BCD - . s .
Source N7:3 The destination value is displayed in BCD
9760 format.
Dest N10:0 41
9760
9 7 6 0 N73 Decimal 0010 0110 0010  0O0OO
9 7 6 0 N10:0 4-digitBCD 1001 0111 0110 0000
Example 2

The integer value 32760 stored at N7:3 is converted to BCD. The 5-digit BCD
value is stored in the math register. The lower 4 digits of the BCD value is
moved to output word O:2 and the remaining digit is moved through a mask
to output word O:3.

When using the math register as the destination parameter in the TOD
instruction, the maximum BCD value possible is 32767.

TIP However, for BCD values above 9999, the overflow
bit is set, resulting in minor error bit S:5/0 also being
set. Your ladder program can unlatch S:5/0 before the
end of the scan to avoid major error 0020, as done in
this example.

Publication 1747-RM001G-EN-P - November 2008



5-4  Data Handling Instructions

3 2 7 6 0 N7:3Decimal
0 |o]o |3 2 |7 |6 [0 |S$13&S:145-digit BCD
15 0 15 0
S:14 S:13

This example will output the absolute value (0 to 32767) contained in N7:3 as 5 BCD digits in
output slots 2 and 3.

— 10D
] T0 BCD
Source 32'\%:3 S:13and S:14 are
Dest S13 — displayed in BCD
00032760 47 format.
S:0 S5 |__—Minor Error Bit
b ]
1 0
— MOV
MOVE
Source S:13
10080 00100111 0110 0000
Dest 0:2.0 L —
10080 41|
— MVM
MASKED MOVE
Source S:14
3
Mask 000F
est 039 LIl 0000 0000 0000 0011

Publication 1747-RM001G-EN-P - November 2008



Data Handling Instructions ~ 5-5

Convert from BCD (FRD)

From BCD
Source N7:58

Dest N7:59

FRD

Fixed

SLC
5/01

SLC | SLC
5/02 | 5/03

SLC
5/04

SLC
5/05

Output Instruction

Use this instruction to convert BCD values to integer values. With Fixed and
SLC 5/01 processors, the source can only be the math register. With SLC 5/02
and higher processors, the source parameter can be a word address in any data
file, or it can be the math register, S:13.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 5.3 Processor Function

With this Bit The Processor
S:0/0 | Carry (C) always resets.

S:0/1 | Overflow (V) | sets if non-BCD value is contained at the source or the value to
be converted is greater than 32,767; otherwise reset. Overflow
results in a minor error.

S:0/2 | Zero(2) sets if destination value is zero.
S:0/3 | Sign(S) always resets.
TIP We recommend that you always provide ladder logic

filtering of all BCD input devices prior to performing
the FRD instruction. The slightest difference in
point—to—point input filter delay can cause the FRD
instruction to ovetrflow due to the conversion of a
non-BCD digit.

S:1 — EQU — FRD
1/E EQUAL FROM BCD —
15 Source A N7:1 Source I:0.0
0 0
Source B I:0.0 Dest N7:2
0 0
MOV
MOVE
Source I:0.0
0
Dest N7:1
0

In the above example, the two rungs cause the processor to verify that the
value at 1:0.0 remains the same for two consecutive scans before it executes
the FRD. This prevents the FRD from converting a non—BCD value during an
input value change.
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TIP To convert numbers larger than 9999 BCD, the
source must be the Math Register (S:13). You must
reset the Minor Error bit (S:5/0) to prevent an error.

Changes to the Math Register, S:13 and S:14

Used as the source for converting the entire number range of a register.
Example 1

The BCD value 9760 at source N7:3 is converted and stored in N10:0. The
maximum source value is 9999, BCD.

— FRD The source value is displayed in
FROM BCD BCD format
Source N7:3 .
97604
Dest N10:0
9760

N7:3  4-digitBCD 1001 0111 0110 0000

N10:0 Decimal 0010 0110 0010 0000
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Example 2

The BCD value 32760 in the math register is converted and stored in N7:0.
The maximum soutce value is 32767, BCD.

— FRD
— 1 FROM BCD . . : :
Source $13 S:13 and S:14 are displayed in
00032760 4”1 BCD format.
Dest N7:0
32760
S:14 S:13
0000 0000 0000 0011 0010 0111 0110 0000
15 0 15 0 5-digit BCD
P o p B3 JR [7 [ [0 |
3 2 7 6 0 N7:0 Decimal 0111 1111 1111 1000

You should convert BCD values to integer before you manipulate them in
your ladder program. If you do not convert the values, the processor
manipulates them as integers and their value is lost.

TIP If the math register (S5:13 and S:14) is used as the
source for the FRD instruction and the BCD value
does not exceed 4 digits, be sure to clear word S:14
before executing the FRD instruction. If S:14 is not
cleared and a value is contained in this word from
another math instruction located elsewhere in the
program, an incorrect decimal value will be placed
in the destination word.
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N

Radian to Degrees (DEG)

DEG
Radians to Degrees
Source N7:60

Dest N7:61

Fixed | SLC | SLC | SLC
5/01 | 5/02 | 5/03

SLC
5/04

SLC
5/05

Output Instruction
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Clearing S:14 before executing the FRD instruction is shown.

I:1 — MOV
1 MOVE
JU [ Source NT2 4,/'/ 0001 00100011 0100
4660
Dest S:13
4660 A
— CLR
CLEAR
Dest S:14
0
—RD —mM8¥
FROM BCD S:13and S:14 are
Source 0000'13321334 A’/—/displayed in BCD
Dest N7:0 format.
1234 ||
T 0000 0100 1101 0010

When the input condition is set (1), a BCD value (transferred from a 4-digit
thumb wheel switch for example) is moved from word N7:2 into the math
register. Status word S:14 is then cleared to make certain that unwanted data is
not present when the FRD instruction is executed.

Use this instruction to convert radians (source) to degrees and store the result
in the destination. The following formula applies:

Source * 180/T1
where IT = 3.141592

Use this instruction with SL.C 5/03 (0S302), SL.C 5/04 (OS401), and
SLC 5/05 processofs.

Example: Convert 3 radians to degrees. Using ratio where 180° = I1 in radians,
we have:

Sl (im0

0 )_>x = 171.89 degrees

Entering Parameters

e Source is the integer and/or floating point values.

e Destination is the address of the word where the data is to be stored.



Data Handling Instructions ~ 5-9

Degrees to Radians (RAD)

RAD
Degrees to Radians
Source N7:61

Dest N7:60

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.

Table 5.4 Processor Function

With this Bit
S:0/0 Carry (C)
S:0/1 Overflow (V)

The Processor

always resets.

sets if overflow generated or an unsupported input is
detected; otherwise resets

S:0/2 Zero (Z)
S:0/3 Sign (S)

sets if the result is zero; otherwise resets

sets if the result is negative; otherwise resets

Use this instruction to convert degtrees (source) to radians and store the result
in the destination. The following formula applies.

Source * I1/ 180
where IT = 3.141592

Use this instruction with SLC 5/03 (OS302), SLC 5/04 (OS401), and
SLC 5/05 processots.

Example: Convert 135 degrees to radians.

H X :l-’){j:

I
— 135 = 2. '
130 T35 = 180 ( )_> x = 2.356 Radians

180

Entering Parameters

e Source is the integer and/or floating point values.

e Destination is the address of the word where the data is to be stored.
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Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are

updated.
Table 5.5 Processor Function
With this Bit The Processor
S:0/0 | Carry (C) always resets.
S:0/1 | Overflow (V) sets if overflow generated or an unsupported input is detected;
otherwise resets
S:0/2 | Zero(Z) sets if the result is zero; otherwise resets
S:0/3 | Sign(S) sets if the result is negative; otherwise resets

Decode 4 to 1 of 16 (DCD)

When executed, this instruction sets one bit of the destination word. The

c-oumpmmeeny I particular bit that is turned on depends on the value of the first four bits of the

Source g‘;;gi source word. See the table below.
Dest N7:63
0000000000000100<

Use this instruction to multiplex data in applications such as rotary switches,
keypads, and bank switching.

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

Source Destination

Bit 1504 03 02 01 00 |1 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
X 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
X 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
X 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
X 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
X 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
X 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
X 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
X 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
X 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
X 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
X 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
X 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
X 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
X 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Encode 1 of 16 to 4 (ENC)

Dest

ENC ——

Encode 1 of 16 to 4

Source
0000000000000100<

N7:64

N7:65
0003h<

Fixed | SLC

5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Bit

Output Instruction

Source
15 14

—_
w

—_
N

—
N

—
o

o
(de)

Entering Parameters

e Source is the address that contains the bit decode information. Only the
first four bits (0 to 3) are used by the DCD instruction. The remaining

bits may be used for other application specific needs. Change the value

of the first four bits of this word to select one bit of the destination

word.

e Destination is the address of the word where the data is to be stored.

Updates to Arithmetic Status Bits

Unaffected.

When the rung is true, this output instruction searches the source from the
lowest to the highest bit, and looks for the first set bit. The corresponding bit
position is written to the destination as an integer as shown in the table below.

Use this instruction to multiplex data in applications such as rotary switches,

keypads, and bank switching,

o
(o]

o
~

o
(ep)

o
o1

o
=

o
w

o
N

o

Destination
15t004 03 02

=
o
o
o
=
o
o

— X X X X X X X X X X X X X X X
O — X X X X X X X X X X X X X X

OO — X X X X X X X X X X X X X

OO0 — X X X X X X X X X X X X

OOOO —= X X X X X X X X X X X

OOOOO0O — X X X X X X X X X X

OO O0OODOO — X X X X X X X X X

OO OODOOO —= X X X X X X X X

ODOOODOOOO —X X X X X X X

OO OO OODOO0O — X X X X X X

OO0 OO ODODOOO — X X X X X

ODOOODODODODODOOO — X X X X

ODOOODODODODODOOOO — X X X

[en I en i en i an i es i as i as i an I an I as i an i an B an BEp BP S (9

OO0 oo oDoooooo o — X

o

X X X X X X X X X X X X X X X X
i i e I e B B e BE R il R = N e N e N @ )
—_—_ 00— 0O 00— 00— 00
—_O0O—r0O0—,Lr0O0O—,)rO0 )P0 —,0O0—,0—0

DO ODODOODO O —
B T e S o i oo oo l oo W ool e W o
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Entering Parameters

e Source is the address of the word to be encoded. Only one bit of this
word should be on at any time. If more than one bit in the source is set,
the destination bits ate set based on the least significant bit that is set. If
a source of zero is used, all of the destination bits are reset and the
arithmetic status zero bit (S:0/2) is set.

e Destination is the address that contains the bit encode information. Bits
4 to 15 of the destination are reset by the ENC instruction.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the status file.
After an instruction is executed, the arithmetic status bits in the status file are
updated.

Table 5.6 Controller Function

With this Bit The Controller

S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) | sets if more than one bit in the source is set; otherwise
reset. The math overflow bit (s:5/0) is not set.

S:0/2 Zero (Z) sets if destination value zero.

S:0/3 Sign (S) always resets.
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COPV File (COP) and The destination file type determines the number of words that an instruction

TR = . transfers. For example, if the destination file type is a counter and the soutrce

Fill File (FLL) Instructions file type is an integer, three integer words are transferred for each element in
the counter-type file.

After a COP or FLL instruction is executed, index register S:24 is cleared to
zero.

COP
—1 Copy File —
Source #ST14:0
Dest #ST14:10
Length 3

FLL
" Sowee 0| Using COP
Dest #ST14:0
Length 3

Fixed | SLC | SLC | SLC | SLC | SLC This instruction copies blocks of data from one location into another. It uses
5/01 | 5/02 | 5/03 | 5/04 | 5/05 no status bits. If you need an enable bit, program an output instruction (OTE)
in parallel using an internal bit as the output address. The following figure

shows how file instruction data is manipulated.

QOutput Instruction

Source Destination

File to File

Entering Parameters
Enter the following parameters when programming this instruction.

® Source is the address of the file you want to copy. You must use the file
indicator (#) in the address.

® Destination is the starting address where the instruction stores the copy.
You must use the file indicator (#) in the address.

e Length is the number of elements in the file you want to copy.

— Maximum length is based on destination file type. If the destination
file type is 3 words per element (Timer or Counter), you can specify a
maximum length of 42. If the destination file type is 1 word per
element, you can specify a maximum length of 128 words.

TIP The maximum lengths are based on destination file
type.
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All elements ate copied from the soutce file into the destination file each time
the instruction is executed. Elements are copied in ascending order.

If your destination file type is a timer, counter, or control file, be sure that the
source words corresponding to the status words of your destination file
contains zeros.

Be sure that you accurately specify the starting address and length of the data

block you are copying. The instruction will not write over a file boundary (such
as between files N16 and N17) at the destination. An error occurs if a write is
attempted over a file boundary.

You can perform file shifts by specifying a source element address one or
more elements greater than the destination element address within the same
file. This shifts data to lower element addresses.

Using FLL

This instruction loads elements of a file with either a program constant or
value from an element address.

The instruction fills the words of a file with a source value. It uses no status
bits. If you need an enable bit, program a parallel output that uses a storage
address. The following figure shows how file instruction data is manipulated.

Destination

Source

Word to File
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Entering Parameters

Enter the following parameters when programming this instruction.

e Source is the program constant or element address. The file indicator
(#) is not required for an element address. When using either an SLC
5/03 (OS301 or higher), SLC 5/04 (OS401), or SLC 5/05 processot,
tloating point and string values are supported.

¢ Destination is the destination starting address of the file you want to fill.
You must use the file indicator (#) in the address. When using either an
SLC 5/03 (OS301 or higher), SL.C 5/04 (OS401), or SLC 5/05
processor, floating point and string values are supported.

e Length is the number of elements in the file you want filled.
— Maximum length is based on destination file type. If the destination
file type is 3 words per element (Timer or Counter), you can specify a

maximum length of 42. If the destination file type is 1 word per
element, you can specify a maximum length of 128 words.

TIP The maximum lengths are based on destination file
type.
TIP All elements are filled from the source value (typically

a constant) into the specified destination file each
scan the rung is true. Elements are filled in ascending
order.

The instruction will not write over a file boundary (such as between files N16
and N17) at the destination. An error is declared if a write is attempted over a
file boundary.
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Move and Logical The following general information applies to move and logical instructions.
Instructions Overview

Entering Parameters

e Source is the address of the value on which the logical or move
operation is to be performed. The source can be a word address or a
program constant, unless otherwise described. If the instruction has two
source operands, it does not accept program constants in both
operands.

When using either an SLC 5/03 (OS301 or higher), SLC 5/04 (OS401),
or
SLC 5/05 processort, floating point and string values are supported.

e Destination is the result address of a move or logical operation. It must
be a word address.

Using Indexed Word Addresses

You have the option of using indexed word addresses for instruction
parameters specifying word addresses. Refer to Specifying Indexed Addresses
on page E-10 for more information.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the controller
status file. After an instruction is executed, the arithmetic status bits in the
status file are updated.

Using Indirect Word Addresses

You have the option of using indirect word-level and bit-level addresses for
instructions specifying word addresses when using an SLC 5/03 (0S302), SL.C
5/04 (0S401), or SLC 5/05 processots. Refer to Specifying an Indirect
Address on page E-14 for more information.
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Move (M

ov)

MoV
Move
Source N7:66

Dest N7:14

6<
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
[ L] L] L] L] L]

Output Instruction

Updates to the Math Register, S:13 and S:14

Move and logical instructions do not affect the math register.

Entering Mask Values

TIP When entering constants, you can use ‘b’ or ‘h’ to
change the radix of your entry. For example, instead
of entering -1 as a constant, you could enter

1111111111111111b

or FFFFh.

This output instruction moves the source value to the destination location. As
long as the rung remains true, the instruction moves the data each scan.

Entering Parameters

Enter the following parameters when programming this instruction.

e Source is the address or constant of the data you want to move

® Destination is the address where the instruction moves the data

TIP If you wish to move one word of data without
affecting the arithmetic bits, use a copy (COP)
instruction with a length of 1 word instead of the

MOV instruction.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the controller
status file. After an instruction is executed, the arithmetic status bits in the

status file are updated.
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Masked Move (MVM)

MVM

Masked Move

Source

Mask

N7:68

7FFFh

0<

32767<

Dest N7:67

0<
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
° ° ° ° ° °
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Output Instruction

Table 5.7 Controller Function

With this Bit The Controller

S:0/0 | Carry (C) always resets.

S:0/1 | Overflow (V) always resets.

S:0/2 | Zero (2) sets if result is zero; otherwise resets.

S:0/3 | Sign(S) sets if result is negative (most significant bit is set); otherwise
resets.

The MVM instruction is a word instruction that moves data from a source
location to a destination, and allows portions of the destination data to be
masked by a separate word. As long as the rung remains true, the instruction
moves the data each scan.

Entering Parameters

Enter the following parameters when programming this instruction.

® Source is the address of the data you want to move

e Mask is the address of the mask through which the instruction moves
data; the mask can also be a hexadecimal value (constant)

e Destination is the address where the instruction moves the data

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the controller
status file. After an instruction is executed, the arithmetic status bits in the
status file are updated.

Table 5.8 Controller Function

With this Bit The Controller

S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) always resets.

S:0/2 Zero () sets if result is zero; otherwise resets.
S:0/3 Sign (S) sets if result is negative; otherwise resets.
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Operation

When the rung containing this instruction is true, data at the source address
passes through the mask to the destination address. See the figure below.

— MVM
— | MASKED MOVE
Source B3:0
Mask FOFO
Dest B3:2

B3:2 before move
‘ 1TT11111111111111 ‘

source B3:0
‘ 0101010101010101 ‘

Mask FOFO
‘ 11110000171110000 ‘

B3:2 after move
‘ 0101111101011111 ‘

Mask data by resetting bits in the mask; pass data by setting bits in the mask to
one. The bits of the mask can be fixed by a constant value, or you can vary
them by assigning the mask a direct address.

TIP Bits in the destination that correspond to zeros in the
mask are not altered.
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And (AND)

This instruction performs a bit-by-bit logical AND. The operation is
performed using the value at source A and the value at source B. The result is
stored in the destination.

AND
7| oo MND et | Table 5.9 Truth Table for A AND B = Dest
COEOh<
Source B g:; A B Dest

= corone 0 0 0

1 0 0

Fixed | SLC | SLC | SLC | SLC | SLC 0 1 0

5/01 | 5/02 | 5/03 | 5/04 | 5/05 1 1 1

[ ] [ ] [ ] [ ] [ ] [ )
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Output Instruction

Source A and B can either be a word address or a constant; however, both
sources cannot be a constant. The destination must be a word address.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the controller
status file. After an instruction is executed, the arithmetic status bits in the
status file are updated.

Table 5.10 Controller Function

With this Bit The Controller

S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) always resets.

S:0/2 Zero (Z) sets if result is zero; otherwise resets.

S:0/3 Sign (S) sets if most significant bit is set; otherwise resets.
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Or (OR)

Bitwise Inclusive OR

OR

This instruction performs a bit-by-bit logical OR. The operation is performed
using the value at source A and the value at source B. The result is stored in

Source A B3:2 the destination.
16C8h<
Source B B3:3
EFOCh<
Dest B3:4
FFCCh<
Table 5.11 Truth Table for A OR B = Dest
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05 A B Dest
. . . . . ° 0 0 0
Output Instruction 1 0 1
0 1 1
1 1 1

Source A and B can either be a word address or a constant; however, both
sources cannot be a constant. The destination must be a word address.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the controller
status file. After an instruction is executed, the arithmetic status bits in the

status file are updated.

Table 5.12 Controller Function

With this Bit The Controller

S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) always resets.

S:0/2 Zero (Z) sets if result is zero; otherwise resets.

S:0/3 Sign (S) sets if result is negative (most significant bit is set)
otherwise resets.
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i 'This instruction performs a bit-by-bit logical XOR. The operation is
Xclusive Ur p y g P

performed using the value at source A and the value at source B. The result is
stored in the destination.

XOR——
Sitwise Exclusive OB 1 Table 5.13 Truth Table for A XOR B = Dest
16C8h<
Source B EFBO:’(‘:::< A B Dest
oest Focane 0 0 0
1 0 1
Fixed | SLC | SLC | SLC | SLC|SLC 1 1
5/01 | 5/02 | 5/03 | 5/04 | 5/05
[ ] [ ] [ ] [ ] [ ] [ ] 1 1 0

QOutput Instruction .
P Source A and B can either be a word address or a constant; however, both

sources cannot be a constant. The destination must be a word address.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the controller
status file. After an instruction is executed, the arithmetic status bits in the
status file are updated.

Table 5.14 Controller Function

With this Bit The Controller

S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) always resets.

S:0/2 Zero () sets if result is zero; otherwise resets

S:0/3 Sign (S) sets if result is negative (most significant bit is
set); otherwise resets.
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Not (NOT)

NOT

NOT

Source

Dest

B3:2
0001011011001000<

B3:6
1110100100110111<

Fixed

SLC | SLC

5/01

5/02

SLC
5/03

SLC
5/04

SLC
5/05

Output Instruction

This instruction performs a bit-by-bit logical NOT. The operation is
performed using the value at source A. The result (one’s complement of A) is
stored in the destination.

Table 5.15 Truth Table for A Not = Dest

Dest

1

0

The source and destination must be word addresses.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits 0 to 3 in the controller
status file. After an instruction is executed, the arithmetic status bits in the
status file are updated.

Table 5.16 Controller Function

With this Bit The Controller

S:0/0 Carry (C) always resets.

S:0/1 Overflow (V) always resets.

S:0/2 Zero (Z) sets if result is zero; otherwise resets.

S:0/3 Sign (S) sets if result is negative (most significant bit is
set); otherwise resets.
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Negate (NEG)

NEG
Negate
Source B3:2
0001011011001000<
Dest B3:7
1110100100111000<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction
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Use the NEG instruction to change the sign of the source and then place it in
the destination. The destination contains the two’s complement of the source.
For example, if the source is 5, the destination would be -5.

The source and destination must be word addresses.

Updates to Arithmetic Status Bits

The arithmetic status bits are found in Word 0, bits O to 3 in the controller
status file. After an instruction is executed, the arithmetic status bits in the
status file are updated.

Table 5.17 Controller Function

With this Bit The Controller
S:0/0 Carry (C) clears if 0 or overflow, otherwise sets.
S:0/1 Overflow (V) | sets if overflow, otherwise reset. Overflow occurs only if

-32,768 is the source. On overflow, the minor error flag is
also set. The value 32,767 is placed in the destination. If
S:2/14 is set, then the unsigned, truncated overflow
remains in the destination.

For floating point destinations, the overflow result
remains in the destination.

S:0/2 Zero (Z) sets if result is zero; otherwise resets.

S:0/3 Sign (S) sets if result is negative; otherwise resets.
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FIFO and LIFO Instructions
Overview

FIFO (First in First out) instructions load words into a file and unload them in
the same order as they were loaded. The first word in is the first word out.

LIFO (Last in First out) instructions load words into a file and unload them in
the opposite order as they were loaded. The last word in is the first word out.

Entering Parameters

Enter the following parameters when programming these instructions.

e Source is a word address or constant (-32,768 to 32,767) that becomes
the next value in the stack

e Destination is a word address that stores the value that exits from the
stack

Table 5.18 Instruction Function

This Instruction Unloads the Value from
FIFO's FFU First word
LIFO's LFU The last word entered

e FIFO/LIFO is the address of the stack. It must be an indexed word
address in the bit, input, output, or integer file.

e Length specifies the maximum number of words in the stack. This is
128 words. Address the length value by mnemonic (LEN).

e Position is the next available location where the instruction loads data
into the stack. This value changes after each load or unload operation.
Address the position value by mnemonic (POS).

e Control is a control file address. The status bits, the stack length, and
the position value are stored in this element. Use the same control file
address for the associated FFL and FFU instructions; use the same
control file address for the associated LFL and LLFU instructions. Do
not use the control file address for any other instruction.

Status bits of the control structure are addressed by mnemonic. These include:

e Empty Bit EM (bit 12) is set by the processor to indicate the stack is
empty.

e Done Bit DN (bit 13) is set by the processor to indicate the stack is full.
This inhibits loading the stack.

e FFU/LFU Enable Bit EU (bit 14) is set on a false-to-true transition of
the FFU/LFU rung and is reset on a true-to-false transition.

e FFL/LFL Enable Bit EN (bit 15) is set on a false-to-true transition of
the FFL/LFL rung and is reset on a true-to-false transition.
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FIFO Load (FFL) and FIFO
Unload (FFU)

——FFL

— FIFO Load —CEN>—

Source N7:69

FIFO #N7:76 —C(DN)>—

Control R6:0

Length 48<—CEM)>—
Position 0<
——FFU

— FIFO Unload HCEUD—
FIFO #N7:76
Dest N7:70 —(DN>—
Control R6:0
Length 48<—EM)>—
Position 0<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instructions
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Effects on Index Register S:24

The value present in S:24 is overwritten with the position value when a
false-to-true transition of the FFL/FFU or LFL/LFU rung occurs. For the
FFL/LFL, the position value determined at instruction entry is placed in S:24.
For the FFU/LFU, the position value determined at instruction exit is placed
in S:24.

When the DN bit is set, a false-to-true transition of the FFL/LFL rung does
not change the position value or the index register value. When the EM bit is
set, a false-to-true transition of the FFU/LFU rung does not change the
position value or the index register value.

FFL and FFU instructions are used in pairs. The FFL instruction loads words
into a user-created file called a FIFO stack. The FFU instruction unloads
wortds from the FIFO stack, in the same order as they were entered.

Instruction parameters have been programmed in the FFL-FFU instruction
pair shown on page 5-27.
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Table 5.19 Instruction Function

Destination <+ Position
— FFL
FIFO LOAD —(EN)—] N7:11 N7:12 0
Source N7:10 | (DN)
zzfxgrol #N;é::(z) —(EM) N713 1
?z:g:}:;on 3; FFU instruction N7:14 2
unloads data from 3
stack #N7:12 at
— FFU we
FIFO UNLOAD | (em—| position 0, N7:12 4
Dest g :Ez::: 5 34 words are allocated for FIFO
porerat Re:o g | stackstartingatN7:12, ending
Position 9 at N7:45
_’ 7
Source 8
N7:10 9
FFL instruction loads
data into stack —
#N7:12 at the next
available position, 9 N7:45 33
in this case.

FFL Instruction Operation

When rung conditions change from false-to-true, the FFL enable bit (EN) is
set. This loads the contents of the source, N7:10, into the stack element
indicated by the position number, 9. The position value then increments.

The FFL instruction loads an element at each false-to-true transition of the
rung, until the stack is filled (34 elements). The processor then sets the done
bit (DN), inhibiting further loading.

FFU Instruction Operation

When rung conditions change from false-to-true, the FF'U enable bit (EU) is
set. This unloads the contents of the element at stack position 0 into the
destination, N7:11. All data in the stack is shifted one element toward position
zero, and the highest numbered element is zeroed. The position value then
decrements.

The FFU instruction unloads an element at each false-to-true transition of the
rung, until the stack is empty. The processor then sets the empty bit (EM).

Publication 1747-RM001G-EN-P - November 2008



5-28 Data Handling Instructions

LIFO Load (LFL) and LIFO
Unload (LFU)

LFL and LFU instructions are used in pairs. The LFL instruction loads words
into a user-created file called a LIFO stack. The LFU instruction unloads
words from the LIFO stack in the opposite order as they were entered.

Instruction parameters have been programmed in the LFL - LFU instruction

—LFL
T UFoLoad o [CEO— pair shown below.
LIFO #N7:80 —(DN>—
Control R6:1
Length 10<—CEM—
Position 0<
—LFU
— LIFO Unload HCEUD—
LIFO #N7:80
Dest N7:72 —(DN>—
Control R6:1
Length 10<—CEM>—
Position 0<
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
L) L) L) L]
Output Instruction
Table 5.20 Instruction Function
Destination < Position
[~ LEL N7:11 N7:12 0
——| LIFO LOAD —(EN)—
Source N7310 — (DN) N7:13 1
(Illzfx:rol #N;éltz) [~ (EM) X .
Length 34 LFU instruction N7:14 2
Position 9
unloads data from 3
stack #N7:12 at
- LFS position 8. 4
— LIFO UNLOAD —(EU)—
;:g #g;ﬁ |—(DN) 5 34 words are allocated for FIFO
Control re:0 | =M L] 6 | stack starting at N7:12, ending at
Lengtl} 34 N745
Position 9 —p .
7
Source 8
N7:10 9
LFL instruction loads
data into stack —
#N7:12 at the next
available position, 9
in this case. N7-45 33

Loading and Unloading of Stack #N7:12
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LFL Instruction Operation

When rung conditions change from false-to-true, the LFL enable bit (EN) is
set. This loads the contents of the source, N7:10, into the stack element
indicated by the position number, 9. The position value then increments.

The LFL instruction loads an element at each false-to-true transition of the
rung, until the stack is filled (34 elements). The processor then sets the done
bit (DN), inhibiting further loading.

LFU Instruction Operation

When rung conditions change from false-to-true, the LFU enable bit (EU) is
set. This unloads data from the last element loaded into the stack (at the
position value minus 1), placing it in the destination, N7:11. The position value
then decrements.

The LFU instruction unloads one element at each false-to-true transition of
the rung, until the stack is empty. The processor then sets the empty bit (EM).
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Notes:

Publication 1747-RM001G-EN-P - November 2008



Chapter 6

Program Flow Instructions

This chapter contains general information about the program flow instructions
and explains how they function in your application program. Each of the
instructions includes information on:

e what the instruction symbol looks like.

® how to use the instruction.

Table 6.1 Program Flow Instructions

Instruction Mnemonic Instruction Name Purpose Page

JMP and LBL Jump to Label and Label Jump forward or backward to 6-2
the specified label instruction.

JSR, SBR, and RET Jump to Subroutine, Subroutine, | Jump to a designated subroutine | 6-3

and Return from Subroutine and return.

MCR Master Control Reset Turn off all non-retentive outputs | 6-6
in a section of ladder program.

TND Temporary End Mark a temporary end that halts | 6-7
program execution.

SUs Suspend Identifies specific conditions for | 6-8
program debugging and system
troubleshooting.

1IM Immediate Input with Mask Program an Immediate Input 6-8
with Mask.

oM Immediate Output with Mask Program an Immediate Output | 6-9
with Mask.

REF Refresh Interrupt the program scan to 6-10
execute the I/0 scan and service
communications.

About the Program Flow Use these instructions to control the sequence in which your program is

Control Instructions

executed.

Control instructions allow you to change the order in which the processor
scans a ladder program. Typically, these instructions are used to minimize scan
time, create a more efficient program, and troubleshoot a ladder program.
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Jump to Label (JMP) and
Label (LBL)

—{JMP}—
—BLF——
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
L] ] ] ] [ ] [ ]
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Use these instructions in pairs to skip portions of the ladder program.

Table 6.2 Program Function

If the Rung Then the Program
Containing the
Jump Instruction

is

True Skips from the rung containing the JMP instruction to the rung
containing the designated LBL instruction and continues executing.
You can jump forward or backward.

False Does not execute the JMP instruction.

Jumping forward to a label saves program scan time by omitting a program
segment until needed. Jumping backward lets the controller execute program
segments repeatedly.

TIP Be careful not to jump backwards an excessive
number of times. The watchdog timer could time out
and fault the controller. Use a counter, timer, or the
program scan register (system status register, word
S:3, bits 0 to 7) to limit the amount of time you spend
looping inside of JMP/LBL instructions.

Entering Parameters

Enter a decimal label number from 0 to 255 in each subroutine file.

Using JMP

The JMP instruction causes the controller to skip rungs. You can jump to the
same label from one or more JMP instructions.
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Jump to Subroutine (JSR),
Subroutine (SBR), and

Return (RET)

JSR
JUMP TO SUBROUTINE
SBRfile number

"~ SB
SUBROUTINE
RET.
RETURN

Fixed

SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Using LBL

This input instruction is the target of JMP instructions having the same label
number. You must program this instruction as the first instruction of a rung.
This instruction has no control bits.

You can program multiple jumps to the same label by assigning the same label
number to multiple JMP instructions. However, label numbers must be
unique.

TIP Do not jump (JMP) into an MCR zone. Instructions
that are programmed within the MCR zone starting at
the LBL instruction and ending at the END MCR
instruction are always evaluated as though the MCR
zone is true, regardless of the true state of the Start
MCR instruction.

The JSR, SBR, and RET instructions are used to direct the controller to
execute a separate subroutine file within the ladder program and return to the
instruction following the JSR instruction.

TIP If you use the SBR instruction, the SBR instruction
must be the first instruction on the first rung in the
program file that contains the subroutine.

Use a subroutine to store recurring sections of program logic that must be
executed from several points within your application program. A subroutine
saves memory because you program it only once.

Update critical I/O within subroutines using immediate input and/or output
instructions (IIM, IOM), especially if your application calls for nested or
relatively long subroutines. Otherwise, the controller does not update I/O
until it reaches the end of the main program (after executing all subroutines).

ATTENTION Ou.tputs controlle.d within a sul.)rogtme remain in-
their last state until the subroutine is executed again.

A\
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Program Flow Instructions

Nesting Subroutine Files

Nesting subroutines allows you to direct program flow from the main program
to a subroutine and then on to another subroutine. The following rules apply
when nesting subroutines.

e With Fixed and SL.C 5/01 processots, you can nest subroutines up to
four levels

e With SL.C 5/02 and higher processors, you can nest subroutines up to
eight levels. If you ate using an STI subroutine, DII subroutine, I/O
event-driven interrupt subroutine, or user fault routine, you can nest
subroutines up to three levels from each subroutine.

The following figure illustrates how subroutines may be nested.

Main
Program

Level 2
Subroutine File 7

Level 1
Subroutine File 6

Level 3
Subroutine File 8

6
SBR
S

7

SBR
/ 8

/ SBR

RET —‘ RET —‘ RET —‘

An error occurs if more than the allowable levels of subroutines are called
(subroutine stack overflow) or if more returns are executed than there are call
levels (subroutine stack underflow).

Using JSR

When the JSR instruction is executed, the controller jumps to the subroutine
instruction (SBR) at the beginning of the target subroutine file and resumes
execution at that point. You cannot jump into any part of a subroutine except
the first instruction in that file.
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You must program each subroutine in its own program file by assigning a
unique file number (3 to 255)

TSNl [Vxed and SLC 5/01 specific - The JSR instruction

cannot be programmed in nested output branches. A
compiler error will occur if a rung containing
multiple outputs with conditional logic and a JSR
instruction is encountered.

Using SBR

The target subroutine is identified by the file number that you entered in the
JSR instruction. This instruction serves as a label or identifier for a program
file as a regular subroutine file.

This instruction has no control bits. It is always evaluated as true. The
instruction must be programmed as the first instruction of the first rung of a
subroutine. Use of this instruction is optional; however, we recommend using
it for clarity.

Using RET

This output instruction marks the end of subroutine execution or the end of
the subroutine file. It causes the controller to resume execution at the
instruction following the JSR instruction. If a sequence of nested subroutines
is involved, the instruction causes the processor to return program execution
to the previous subroutine.

The rung containing the RET instruction may be conditional if this rung
precedes the end of the subroutine. In this way, the controller omits the
balance of a subroutine only if its rung condition is true.

Without an RET instruction, the END instruction (always present in the
subroutine) automatically returns program execution to the instruction
following the JSR instruction in your calling ladder file.

TIP The RET instruction terminates execution of the DII
subroutine (SLC 5/03 and higher processors), STI
subroutine, I/O event-driven interrupt subroutine,
and the user fault routine (SLC 5/02 or higher
processor).
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Use MCR instructions in pairs to create program zones that turn off all the
Master Control Reset (MCR) P prog

non-retentive outputs in the zone. Rungs within the MCR zone are still
scanned, but scan time is reduced due to the false state of non-retentive
outputs.

MCR
—MCRI— Table 6.3 Controller Function

Fixed | SLC | SLC | SLC | SLC | SLC If the MCR Rung Then the Controller
5/01 | 5/02 | 5/03 | 5/04 | 5/05 st Starts the

° ° ° ° ° ° Zone is
True Executes the rungs in the MCR zone based on each rung’s
individual input condition (as if the zone did not exist).
False Resets all non-retentive output instructions in the MCR zone

regardless of each rung's individual input conditions.

MCR zones let you enable or inhibit segments of your program, such as for
recipe applications.

When you program MCR instructions, note that:

¢ you must end the zone with an unconditional MCR instruction.
e you cannot nest one MCR zone within another.

¢ do not jump into an MCR zone. If the zone is false, jumping into it
activates the zone.

e always place the MCR instruction as the last instruction in a rung.

Processor Operation

Do not jump (JMP) into an MCR zone. Instructions that are programmed
within the MCR zone starting at the LBL instruction and ending at the END
MCR instruction are always evaluated as though the MCR zone is true,
regardless of the true state of the Start MCR instruction. If the zone is false,
jumping into it activates the zone from the LBL to the end of the zone.

Publication 1747-RM001G-EN-P - November 2008



Program Flow Instructions ~ 6-7

Temporary End (TND)

ATTENTION

A\

If you start instructions such as timers or counters in
an MCR zone, instruction operation ceases when the
zone is disabled. Re-program critical operations
outside the zone if necessary.

The TOF timer activates when placed inside of a false
MCR zone.

The MCR instruction is not a substitute for a
hard-wired master control relay. We recommend that
your programmable controller system include a
hard-wired master control relay and emergency stop
switches to provide I/O power shut down.
Emergency stop switches can be monitored but
should not be controlled by the ladder program. Wire
these devices as described in the installation manual.

SLC 5/03 and higher processors - When online and an
unmatched MCR instruction exists in your program,
the END instruction acts as the second unconditional
MCR instruction and all of the rungs following the
first MCR instruction execute via the current MCR
instruction state.

You can save the program while online if unmatched
MCR instructions exist. However, if you are offline
and unmatched MCR instructions exist, an error will
occut.

—{TND}—
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

This instruction, when its rung is true, stops the processor from scanning the

rest of the program file, updates the 1/O, and resumes scanning at rung 0 of
the main program (file 2). If this instruction’s rung is false, the processor
continues the scan until the next TND instruction or the END statement. Use
this instruction to progressively debug a program, or conditionally omit the

balance of your current program file or subroutines.

TIP

If you use this instruction inside a nested subroutine,
execution of all nested subroutines is terminated.
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Suspend (SUS)

SUS

Suspend
Suspend ID

0

Fixed

SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Immediate Input with Mask

(1IM)

Output Instruction

m
Immediate Input w/Mask —
Slot 1:1.0
Mask OFFO0Oh
Length 1
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
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Input Instruction

When this instruction is executed, it causes the processor to enter the Suspend
Idle mode and stores the Suspend ID in word 7 (5:7) of the status file. All
outputs are de-energized.

Use this instruction to trap and identify specific conditions for program
debugging and system troubleshooting,

Entering Parameters

Enter a suspend ID number from -32,768 to +32,767 when you program the
instruction.

When the SUS instruction is executed, the programmed suspend 1D, S:7 (word
7), as well as the program file ID, S:8 (wotd 8), from which the SUS instruction
executed is placed in the system status file.

This instruction allows you to update data prior to the normal input scan.
When the IIM instruction is enabled, the program scan is interrupted. Data
from a specified I/O slot is transferred through a mask to the input data file,
making the data available to instructions following the IIM instruction in the
ladder program.

Entering Parameters

Slot - Specify the input slot number and the word number pertaining to the
slot. Word 0 of a slot need not be specified. Fixed and SLC 5/01 processors
can have up to 8 words associated with the slot. The SLC 5/02 and higher
processors can have up to 32 words associated with the slot (0 to 31).

For 16 1/O controllers, O:0/0 to 5 are valid and O:0/6 to 15 are considered
unused outputs. (They do not physically exist). For 32 1/O controllers, O:0/0
to 11 are valid and O:0/12 to 15 are considered unused outputs.

Example

[:2 Inputs of slot 2, word 0
[:2.1 Inputs of slot 2, word 1
[:1 Inputs of slot 1, word 0

Mask - Specify a hexadecimal constant or register address.

For the mask, a 1 in an input’s bit position passes data from the source
(physical input) to the destination (input image table). A 0 inhibits data from
passing from the source to the destination.
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Immediate Qutput with
Mask (I0M)

——IiomMm
— Immediate Output w/Mask —
Slot 0:2.0
Mask 00FFh
Length 1
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
° ° ° ° ° °

Output Instruction

Refer to Entering Mask Values on page 5-17 for information about entering
mask.

Length - For SLC 5/03 and higher processors, this parameter is used to
transfer more than one word per slot. Valid value is from 1 to 32.

This instruction allows you to update the outputs prior to the normal output
scan. When the IOM instruction is enabled, the program scan is interrupted to
transfer data to a specified I/O slot through a mask. The program scan then
resumes.

Entering Parameters

Slot - Specify the slot number and the word number pertaining to the slot.
Word 0 of a slot need not be specified. Fixed and SL.C 5/01 processors can
have up to 8 words associated with the slot. The

SLC 5/02 and higher processors can have up to 32 words associated with the
slot (0 to 30).

For 16 I1/O controllers, O:0/0 to 5 are valid and O:0/6 to 15 are considered
unused outputs. (They do not physically exist). For 32 I/O controllers, O:0/0
to 11 are valid and O:0/12 to 15 are considered unused outputs.

Example
0:2 Outputs of slot 2, word 0
0:1 Outputs of slot 1, word 0
0:2.1 Outputs of slot 2, word 1

Mask - Specify a hexadecimal constant or register address.
For the mask, a 1 in the output bit position passes data from the source
(output image table) to the destination (physical output). A 0 inhibits the data

from passing from the source to the destination.

Refer to Entering Mask Values on page 5-17 for information about entering
mask.

Length - For SLC 5/03 and higher processors, this parameter is used to
transfer more than one word per slot. Valid value is from 1 to 32.
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1/0 Refresh (REF)

—REF}——
SLC 5/02 Processor

Fixed | SLC | SLC
5/01 | 5/02

SLC
5/03

SLC
5/04

SLC
5/05

Output Instruction

REF
— Refresh I/O
Channel 0
Channel 1

Yes
No
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Using an SLC 5/02 Processor

The REF instruction has no programming parameters. When it is evaluated as
true, the program scan is interrupted to execute the I/O scan and setrvice
communication portions of the operating cycle (write outputs, service comms,
read inputs). The scan then resumes at the instruction following the REF
instruction.

You ate not allowed to place a REF instruction in an STI subroutine, I/O
subroutine, or user fault subroutine.

The watchdog and scan timers are reset when
executing the REF instruction. You must insure that
an REF instruction is not placed inside a
non-terminating program loop. Do not place an REF
instruction inside a program loop unless the program
is thoroughly analyzed.

Using SLC 5/03 and Higher Processors

Operation of the REF instruction in the SLC 5/03 and higher processors is
the same as the SLC 5/02 processor. However, when using the SLC 5/03 and
higher processors, you can also select a specific communication channel to be
serviced.

e SL.C 5/03 processot.

— channel 0 is RS-232/DF1 Full-duplex, DF1 Half-duplex (mastet or
slave), DF1 Radio Modem, DH-485, or ASCII

— channel 1 is DH-485
e SL.C 5/04 processot.

— channel 0 is RS-232/DF1 Full-duplex, DF1 Half-duplex (master ot
slave), DF1 Radio Modem, DH-485, or ASCII

— channel 1 is DH+
e SL.C 5/05 processot.

— channel 0 is RS-232/DF1 Full-duplex, DF1 Half-duplex (master ot
slave), DF1 Radio Modem, DH-485, or ASCII

— channel 1 is Ethernet

You are not allowed to place a REF instruction in a DII subroutine, STI
subroutine, I/O subroutine, or user fault subroutine.



Chapter 7

Application Specific Instructions

This chapter contains general information about the application specific
instructions and explains how they function in your application program. Each
of the instructions includes information on:

e what the instruction symbol looks like.

® how to use the instruction.

Table 7.1 Application Specific Instructions

Instruction Mnemonic

Instruction Name

Purpose

Page

BSL and BSR

Bit Shift Left and
Bit Shift Right

Loads a bit of data into a it
array, shifts the pattern of data
through the array, and unloads
the last bit of data in the array.
The BSL shifts data to the left
and the BSR shifts data to the
right.

SQ0 and SQC

Sequencer Output and
Sequencer Compare

Controls sequential machine
operations by transferring 16-bit
data through a mask to image
addresses.

7-6

saL

Sequencer Load

Captures referenced conditions
by manually stepping the
machine through its operating
sequences.

7-12

RHC

Read High Speed Clock

Provides a high performance
time-stamp for performance
diagnostics and preforming
calculations such as velocity.

7-17

TDF

Compute Time Difference

Calculates the number of 10 ps
“ticks” between any two
time-stamps captured using the
RHC instruction.

7-17

FBC

File Bit Comparison

DDT

Diagnostic Detect

Used to monitor machine or
process operations to detect
malfunctions.

7-18

7-18

RPC

Read Program Checksum

Copies the program checksum
from processor memory or from
the memory module into the
data table.

7-23
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About the Application
Specific Instructions

Bit Shift Instructions
Overview

Table 7.2 Control File Structure

These instructions simplify your ladder program by allowing you to use a
single instruction or pair of instructions to perform common complex
operations.

In this chapter you will find a general overview preceding groups of
instructions. Before you learn about the instructions in each of these groups,
we suggest that you read the overview that precedes each section. This chapter
contains the following overviews.

e Bit Shift Instructions Overview

¢ Sequencer Instructions Overview
e RHC/TDF Instructions Overview

The following general information applies to bit shift instructions.

Entering Parameters

Enter the following parameters when programming these instructions.

e File is the address of the bit array you want to manipulate. You must
use the file indicator (#) in the bit array address.

e Control is the control element that stores the status byte of the
instruction and the size of the array (in number of bits). Note that the
control address should not be used for any other instruction.

15 14 13 12

11 |10 |09 [08 |07 ‘06 ‘05 |o4 |03 ‘oz ‘01 ‘oo

Word0 | EN DN

ER UL Not Used

Word 1 | Size of bit array (number of bits)

Word 2 | Reserved
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Status bits of the control element may be addressed by mnemonic. They
include:

— Unload Bit UL (bit 10) stores the status of the bit exited from the
array cach time the instruction is enabled.

— Error Bit ER (bit 11), when set, indicates the instruction detected an
error such as entering a negative number for the length or position.
Avoid using the output bit when this bit is set.

— Done Bit DN (bit 13), when set, indicates the bit array has shifted
one position.

— Enable Bit EN (bit 15) is set on a false-to-true transition of the rung
and indicates the instruction is enabled.

When the register shifts and input conditions go false, the enable, done,
and error bits are reset.

e Bit Address is the address of the source bit that the instruction inserts
in the first (lowest) bit position (BSL) or the last (highest) bit position
(BSR).

e Length (size of bit array) is the number of bits in the bit array, up to
2048 bits. A length value of 0 causes the input bit to be transferred to
the UL bit.

A length value that points past the end of the programmed file causes a
runtime major error to occut.

TIP If you alter a length value with your ladder program,
make certain that the altered value is valid.

The instruction invalidates all bits beyond the last bit in the array (as defined
by the length) up to the next word boundary

TIP If a String element address is used for the file
parameter, the maximum length for SLC 5/03 and
higher processors is 672 bits. Additionally, String
element boundaries cannot be crossed.
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Application Specific Instructions

Bit Shift Left (BSL)
Bit Shift Right (BSR)

BSL

— Bit Shift Left HCEN)>——
File #B3:1
Control R6:14 —(DN)>—
Bit Address 1:1/4
Length 58<
BSR
— Bit Shift Right HCEND>—
File #B3:2
Control R6:15 —(DN)>—
Bit Address 1:1/6
Length 28<
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
[ ] [ ) [ ) [ ) [ ) [ )

Effects on Index Register S:24

The shift operation clears the index register S:24 to zero.

BSL and BSR are output instructions that load data into a bit array one bit at a
time. The data is shifted through the array, then unloaded one bit at a time.

Use BSL

When the rung goes from false-to-true, the processor sets the enable bit (EN
bit 15) and the data block is shifted to the left (to a higher bit number) one bit
position. The specified bit at the bit address is shifted into the first bit position.
The last bit is shifted out of the array and stored in the unload bit (UL bit 10).
The shift is completed immediately.

For wraparound operation, set the position of the bit address to the last bit of
the array or to the UL bit, whichever applies.

The figure below illustrates how the Bit Shift Left instruction works.
— BSL

Output Instructions
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— BIT SHIFT  LEFT HEN)
File #B3:1 HDN)
Control R6:14
Bit  Address 1:22/12
Length 58
Source Bit
[:22/12

Data block is shifted one bit at a time
from bit 16 to bit 73.

31301292827 |26 (25|24 1232221 |20|19 (18|17 |16
47 |46 45|44 |43 |42 (41140 (39|38 |37 |36|35(34|33 |32
63 |62 |61 |60 |59 |58 |57 |56 |55 |54 |53 |52 |51 |50 |49 |48
INVALID 737217117069 |68 |67 |66 |65 |64

58 Bit Array #B3:1

Unload Bit
(R6:14/10)

If you wish to shift more than one bit per scan, you must create a loop in your
application using the JMP, LBL, and CTU instructions.
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Use BSR

When the rung goes from false-to-true, the enable bit (EN bit 15) is set and
the data block is shifted to the right (to a lower bit number) one bit position.
The specified bit at the bit address is shifted into the last bit position. The first
bit is shifted out of the array and stored in the unload bit (UL bit 10) in the
status byte of the control element. The shift is completed immediately.

For wraparound operation, set the position of the bit address to the first bit of
the array or to the UL bit, whichever applies.

The figure below illustrates how the Bit Shift Right instruction works.

— BSR
— BIT SHIFT  RIGHT —(EN)

File #B3:2

Control R6:15 —(ON)

Bit  Address 1:23/06

Length 32
Unload Bit
(R6:15/10)

]

|

32 Bit Array
#B3:2

47 |46 |45 |44 |43 |42 |41 |40 |39 (38 |37 |36 (35 |34 (33 |32
63 (62 (61 |60 |59 |58 |57 |56 (55 |54 |53 |52 |51 (50 (49 |48
INVALID 69 |68 |67 |66 |65 |64

Sequencer Instructions

Overview

I:‘/' Data block is shifted one bit at a time
from bit 69 to bit 32.
Source Bit

1:23/06

If you wish to shift more than one bit per scan, you must create a loop in your
application using the JMP, LBL, and CTU instructions.

The following general information applies to sequencer instructions.

Effects on Index Register S:24

The value present in the index register S:24 is overwritten when the sequencer
instruction is true. The index register value will equal the position value of the
instruction.
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Sequencer Qutput (SQO)

Sequencer Compare (SQC)

SQO0

— Sequencer Output —CEN>—

File #B20:1
Mask OFOFh —(DN>—
Dest 0:2.0
Control R6:20
Length 4<
Position 2<
sSQcC
— Sequencer Compare —(EN%
File #B20:6
Mask OFFFoh —(DN>—
Source I:1.0
Control R6:2 —(FD)>—
Length 4<
Position 2<
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
° [} [} ° ° °
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Output Instructions

Applications Requiring More than 16 Bits

When your application requires more than 16 bits, use parallel multiple
sequencer instructions.

TIP If a String element address is used for the file
parameter, the maximum length for SLC 5/03 and
higher processors is 41 words. Additionally, String
element boundaries cannot be crossed.

These instructions transfer 16-bit data to word addresses for the control of
sequential machine operations.

Enter Parameters

Enter the following parameters when programming these instructions.

e File is the address of the sequencer file. You must use the file indicator
(#) for this address.

Table 7.3 Instructions for Sequential Machine Operation

Instruction | Sequencer File Stores

SQ0 Data for controlling outputs

SQC Reference data for monitoring inputs

e Mask (SQO, SQC) is a hexadecimal code or the address of the mask
word or file through which the instruction moves data. Set mask bits to
pass data and reset mask bits to mask data. Use a mask word or file if
you want to change the mask according to application requirements.

If the mask is a file, its length will be equal to the length of the
sequencer file. The two files track automatically.

e Source is the address of the input word or file for a SQC from which
the instruction obtains data for comparison to its sequencer file.

e Destination is the address of the output word or file for a SQO to
which the instruction moves data from its sequencer file.
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Table 7.4 Control File Structure

TIP You can address the mask, source, or destination of a
sequencer instruction as a word o file. If you address
it as a file, the instruction automatically steps through
the source, mask, or destination file.

e Control (SQO, SQC) is the control structure that stores the status byte
of the instruction, the length of the sequencer file, and the instantaneous
position in the file. You should not use the control address for any other
instruction.

15 [14 [13 [12 [11 [10 [09 |08 |07 ‘06 |05 |04 ‘03 ‘oz ‘01 ‘oo
Word0 | EN DN ER FD Not Used
Word 1 | Length of sequencer file
Word 2 | Position

Status bits of the control structure include:

— Found Bit FD (bit 08) - SQC only. When the status of all
non-masked bits in the source address match those of the
corresponding reference word, the FD bit is set. This bit is assessed
each time the SQC instruction is evaluated while the rung is true.

— Error Bit ER (bit 11) is set when the processor detects a negative
position value, or a negative or zero length value. This results in a
major error if not cleared before the END or TND instruction is
executed.

— Done Bit DN (bit 13) is set by the SQO or SQC instruction after it
has operated on the last word in the sequencer file. It is reset on the
next false-to-true rung transition after the rung goes false.

— Enable EN (bit 15) is set by a false-to-true rung transition and
indicates the SQO or SQC instruction is enabled.

e Length is the number of steps of the sequencer file starting at position
1. The maximum number you can enter is 255 words. Position 0 is the
startup position. The instruction resets (wraps) to position 1 at each
cycle completion.

The address assigned for a sequencer file is step zero. Sequencer
instructions use length +1 word of data table files for each file
referenced in the instruction. This applies to the soutce, mask, and/or
destination if addressed as files.

A length value that points past the end of the programmed file causes a
runtime major error to occut.
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TIP If you alter a length value with your ladder program,
make certain that the altered value is valid.

e Position is the word location ot step in the sequencer file from/to
which the instruction moves data.

A position value that points past the end of the programmed file causes
a runtime major error to occut.

TIP You may use the reset (RES) instruction to reset a
sequencer. All control bits (except FD) will be reset to
zero. The Position will also be set to zero. Program
the address of your control register in the RES (for
example,R6:0).

Use SQ0

This output instruction steps through the sequencer file whose bits have been
set to control various output devices.

When the rung goes from false-to-true, the instruction increments to the next
step (word) in the sequencer file. Data stored there is transferred through a
mask to the destination address specified in the instruction. Current data is
written to the corresponding destination word every scan that the rung
remains true.

The done bit is set when the last word of the sequencer file is transferred. On
the next false-to-true rung transition, the instruction resets the position to step
one.

If the position is equal to zero at startup, when you switch the processor from
the program mode to the run mode instruction operation depends on whether
the rung is true or false on the first scan.

e If true, the instruction transfers the value in step zero.

e If false, the instruction waits for the first rung transition from
false-to-true and transfers the value in step one.
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Word
B10:1
2

3
4
5

The bits mask data when reset and pass data when set. The instruction will not
change the value in the destination word unless you set mask bits. The mask
can be fixed or variable. If you enter a hexadecimal code, it is fixed. If you
enter an element address or a file address for changing the mask with each

step, it is variable.

The following figure indicates how the SQO instruction works.

— SQ0
— SEQUENCER  OUTPUT —(EN){
File #B10:1
Mask oFoF  —(DN)
Dest 0:14.0
Control R6:20
Length 4
Position 2
Destination 0:14.0 External Outputs
Associated with 0:14
15 8 7 0 00
‘0000 ‘0101 ‘0000 ‘1010 | 01 «——ON
02
Mask Value OFOF 03 «——ON
15 8 7 0 04
‘0000 ‘1111 ‘0000 ‘1111 | 05
06
Sequencer Qutput File #B10:1 07
Step 08 — ON
0000 |{000OO |00OOO |0OOO |0 09
1010 (0010 {1111 0101 |1 10 |¢—_ON
1111|0101 {0100 |1010 |2 4——— Current Step "
0101 {0101 {0101 {0101 |3 12
0000 {1111 |0000 [1111 |4 13
14
15
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Use SQC

When the status of all non-masked bits in the source word match those of the
corresponding reference word, the instruction sets the found bit (FD) in the
control word. Otherwise, the found bit (FD) is cleared.

The bits mask data when reset and pass data when set. The instruction will not
change the value in the destination word unless you set the mask bits. The
mask can be fixed or variable. If you enter a hexadecimal code, it is fixed. If
you enter an element address or a file address for changing the mask with each
step, it is vatiable.

When the rung goes from false-to-true, the instruction increments to the next
step (word) in the sequencer file. Data stored there is transferred through a
mask and compared against the source data for equality. If the source data
equals the reference data, the FD bit is set in the SQC’s control counter.
Current data is compared against the soutce every scan that the rung evaluates
as true.
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Applications of the SQC instruction include machine diagnostics. The
following figure explains how the SQC instruction works.

Word
B10:11
12

13

14

15

— SQC
SEQUENCER  COMPARE —(EN)ﬂ
File #B10:11 — (DN)
Mask FFFO | (FD)
Source 1:3.0
Control R6:21
Length 4
Position 2
Input Word 1:3.0
‘0010 ‘0100 1001 ‘1101 ‘
v
Mask Value FFFO0
‘1111 ‘1111 "M ‘0000 ‘
v

Sequencer Ref File #810:11

Step

0010 |0100 ‘1001

‘0000

B WO N -

SQC FD bit is set when the instruction detects that an
input word matches (through mask) its corresponding
reference word.

The FD bit R6:21/FD is set in the example, since the
input word matches the sequencer reference value

using the mask value.
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Sequencer Load (SQL)

——SAaL

—{ SequencerLoad CEN>—
File #B20:0
Source 1:1.0 —(DN>—
Control R6:3
Length 2<
Position 1<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction
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The SQL instruction stores 16-bit data into a sequencer load file at each step
of sequencer operation. The soutce of this data can be an I/O or storage word
address, a file address, or a constant.

Enter Parameters

Enter the following parameters when programming this instruction.

e File is the address of the sequencer file. You must use the indexed file
indicator (#) for this address.

e Source can be a word address, file address, ot a constant (-32768 to
32767).

If the source is a file address, the file length equals the length of the
sequencer load file. The two files will step automatically, per the position
value.

e Length is the number of steps of the sequencer load file (and also of
the source if the source is a file address), starting at position 1. The
maximum number you can enter is 255 words. Position 0 is the startup
position. The instruction resets (wraps) to position 1 at each cycle
completion.

The position address assigned for a sequencer file is step zero.
Sequencer instructions use length plus one word of data for each file
referenced in the instruction. This applies to the source if addressed as a
file.

A length value that points past the end of the programmed file causes a
runtime major etror to occut.

TIP If you alter a length value with your ladder program,
make certain that the altered value is valid.

e Position is the word location or step in the sequencer file to which data
is moved.

A position value that points past the end of the programmed file causes
a runtime major error to occur.

TIP If you alter a length value with your ladder program,
make certain that the altered value is valid.
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Table 7.5 Control File Structure

e Control is a control file address. The status bits, length value, and
position value are stored in this element. Do not use the control file
address for any other instruction.

The control element is shown below.

15 (14 [13 [12 |11 10987‘6|5|4‘3‘2‘1‘0
Word0 | EN DN ER Not Used
Word 1 | Length
Word 2 | Position

Status bits of the control structure include:

— Error Bit ER (bit 11) is set when the processor detects a negative
position value, or a negative or zero length value.

— For SLC processors, this results in a major error if not cleared before
the END or TND instruction is executed.

— Done Bit DN (bit 13) is set after the instruction has operated on the
last word in the sequencer load file. It is reset on the next
false-to-true rung transition after the rung goes false.

— Enable Bit EN (bit 15) is set on a false-to-true transition of the SQL
rung and reset on a true-to-false transition.
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Operation

Instruction parameters have been programmed in the SQL instruction shown
below. Input word 1:1.0 is the source. Data in this word is loaded into integer
file #N7:30 by the sequencer load instruction.

—sa —
—| SEQUENCER  LOAD L{EN) {
File #N7:30
Source 1.0 HDN)
Control R6:4
Length 4
Position 2
Source I:1.0 External Inputs Associated with
1:1.0
15 8 7 0 00
— |OOOU ‘0101 ‘0000 |1U1U ‘ 01 |«——0ON
02
Sequencer Qutput File #N7:30 03 |<—ON
Word Step 04
N:7:30 {0000 (0000 (0000 (0000 |0 05
3 1010 {0010 (1111 0101 11 06
L 532 0000 (0701 |00OCO (1010 |2 <«—— Current Step 07
33 0000 |0000 {0000 (0000 |3 08 |«——ON
34 0000 (0000 |0OCO (0000 |4 09
10 <«——ON
"
12
13
14
15
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When rung conditions change from false-to-true, the SQL enable bit (EN) is
set. The control element R6:4 increments to the next position in the sequencer
file, and loads the contents of source 1:1.0 into this location. The SQL
instruction continues to load the current data into this location each scan that
the rung remains true. When the rung goes false, the enable bit (EN) is reset.

The instruction loads data into a new file element at each false-to-true
transition of the rung. When step 4 is completed, the done bit (DN) is set.
Operation cycles to position 1 at the next false-to-true transition of the rung
after position 4.

If the source wete a file address such as #N7:40, files #N7:40 and #N7:30
would both have a length of 5 (0 to 4) and would track through the steps
together per the position value.
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Read High-speed Clock and TDF and RHC instructions are used together. The RHC is used to record the

Compute Time Difference
Overview

start and stop time of an event. The TDF is used to calculate the time
difference between the recorded start and stop times from the RHC
instruction.

RHC Instruction Operation

SLC 500 maintains a 20-bit integer free running clock. This 20-bit value
increments every 10 Us. The free running clock is non-retentive, a power cycle
resets the free running clock to 0. It is accessed using the RHC instruction.
When the RHC rung is true, the instruction moves the current value of the 10
Us free running clock into the destination address. If the destination is an
integer address, the RHC moves the first 16 least significant bits to the
destination address. If the destination is a float address, the instruction
converts the 20-bit free running clock integer value into a float and moves this
value to the destination address. Once the free running clock reaches 0x000F
FFFF (10.48575 seconds), it wraps around to 0 and continues incrementing;

TIP The RHC instruction does have an inherent latency
due to execution time. The 20-bit float and 16-bit
integer do not have the same amount of latency. A
20-bit tloat destination has additional latency due to
the integer to float conversion. The accuracy of this
instruction is based on the latency of the RHC
instruction and potential hardware interrupts. See Table
7.6, “Accuracy (in counts: 1 count = 10 us),” for more
information.

Table 7.6 Accuracy (in counts: 1 count =10 ps)

Processor Best Case Worst Case Typical
SLC 5/05 Integer 1 26 1

Float 1 29 2
SLC 5/04 Integer 1 26 1

Float 1 29 2
SLC5/03 Integer 1 53 2

Float 2 62 3
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TIP Measurements were calculated with both
communication channels active and no devices
connected to the processor. Worst case accuracy is
improved by shutting down an unused
communication channel.

TDF Instruction Operation

When the TDF is evaluated with a true rung state, the instruction calculates
the number of 10 ps ticks that have elapsed from the Start value to the Stop
value and places the result into the Destination location. The TDF instruction
with float addresses accurately computes the time difference between the Start
and Stop timestamps captured within 10.48575 seconds of each other
(1048575 10 ps ticks). The TDF with float addresses calculates an invalid result
if more than 10.48575 seconds have elapsed between the Start and Stop
timestamps. The TDF with integer addresses accurately computes the time
difference between the Start and Stop timestamps captured within 655.36 ms
of each other (65536 10 us ticks). The TDF with integer address calculates an
invalid result if more than 655.36 ms have elapsed between the Start and Stop
timestamps. It is up to you to assure that the timestamps are captured within
the valid time difference range.
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Read High-speed Clock
Instruction (RHC)

RHC

— Read High Speed Clock

Dest

N7:0

Fixed | SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Compute Time Difference
Instruction (TDF)

TDF

Compute Time Difference
N7:72
N7:73
N7:74

Start
Stop

Dest

Fixed | SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

The Read High-speed Clock Instruction (RHC) provides a high performance
timestamp for performance diagnostics and performing calculations such as
velocity.

Enter Parameters

Destination - The address to store the current value of the 10 us free running
clock. It can be an integer address (Nx:x) or Float address (Fx:x). The integer
address supports 16 bits range time (0 to 655.36 ms). The float address gives
the exact time for the free running clock value with 20 bits range time (0 to
10.48575 seconds).

The compute Time Difference Instruction (TDF) is used to calculate the
number of 10 us ticks between any two time-stamps captured using the RHC
instruction. This lets your program determine the time difference between any
two events using a 10 ps timebase.

Enter Parameters

This instruction has three parameters. All of these parameters should be of the
same data type (Nx:x or Fx:x).

e Start - The address of the eatliest value previously captured using the
RHC instruction.

® Stop - The address of a later value captured using the RHC instruction.

e Destination - The address to store the result of the time difference
calculation.
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File Bit Comparison (FBC)
and Diagnostic Detect
(DDT)

FBC
— File Bit Comparison —C(EN>—

Source #B3:0
Reference  #B3:10 —(DN>—
Result #N7:0
Control R6:0 —(FD —
Length 48<
Position 0<—CIND>—
Control R6:1
Length 10<—CER)—
Position 0<

DDT ——

—{ Diagnostic Detect —(EN>—

Source #B3:0
Reference  #B3:10 —(DN)—
Result #N7:0
Control R6:0 —(FD —
Length 48<
Position 0<—CIN>—
Control R6:1
Length 10<—CER)—
Position 0<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
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The FBC and DDT diagnostic instructions ate output instructions that you
use to monitor machine or process opetations to detect malfunctions.

Table 7.7 Available Diagnostic Instructions

If You Want to Detect Malfunctions By Use this
Instruction
Comparing bits in a file of real-time inputs with a reference bit file FBC

that represents correct operation

Change-of-state diagnostics DDT

Both the FBC and DDT instructions compare bits in a file of real-time
machine or process values (input file) with bits in a reference file, detect
deviations, and record mismatched bit numbers. These instructions record the
position of each mismatch found and place this information in the result file.
If no mismatches are found, the DN bit is set and the result file remains
unchanged.

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. The FBC instruction does not change the reference bit.
Use the DDT instruction to update your reference file to reflect changing
machine or process conditions.

Select the Search Mode

Select whether the diagnostic instruction searches for a mismatch one bit at a
time or whether it searches for all mismatches during one program scan.

One Bitat a Time

With each false-to-true rung transition, the instruction compares the next bit
between the input and reference files. If a mismatch is detected, the instruction
stops and sets the found FD bit. Then the instruction enters the position
number of the mismatch into the result file.

The DDT instruction also changes the status of the reference bit to match the
status of the corresponding input bit. The instructions resets the found bit
when the rung goes false.



Application Specific Instructions 719

After the instruction compares the last bit in two files, the done bit (bit 13 DN
on the compare control element) is set. Then, when the rung goes false, the
instruction resets the:

enable bit.
found bit (if set).

compare done bit.

result done bit (if set).

The control position counters are reset on the next false-to-true rung
transition. To enable this mode of operation, set the inhibit bit IN=1) either
by ladder program or manually before program execution.

All Per Scan

After a false-to-true rung transition, the instruction searches for all mismatches
between the input and reference files in one program scan. Upon finding
mismatches, the instruction enters the position numbers of mismatched bits
into the result file in the order it finds them. After reaching the end of the
input and reference files, the instruction sets the FD bit if it finds at least one
mismatch. Then the instruction sets the DN bit.

If you use a result file that cannot hold all detected mismatches (if the result
file fills), the instruction stops and requires another false-to-true rung
transition to continue operation. The instruction wraps the new mismatched
bit positions into the beginning of the result file writing over the old.

TIP To detect one mismatch at a time, set the result
length value to one.

After completing the comparison and when the rung goes false, the instruction
resets the:

e cnable bit.
e found bit (if set).
e compare done bit.

e result done bit (if set).
The control position counters are reset on the next false-to-true rung

transition. To enable this mode of operation, reset the inhibit bit IN=0) by
ladder program or manually before program execution.
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Enter Parameters

To program these instructions, you need to provide the processor with the
following information.

¢ Source - The indexed address of your input file.

e Reference - The indexed address of the file that contains the data with
which you compare your input file.

e Result - The indexed address of the file where the instruction stores the
position (bit) number of each detected mismatch.

e Control - The control is the address of TWO continuous control
structures (i.e. R6:0 and R6:1). The first control structure is a
comparison control, which stores status bits, the length of the source
and reference files (in bits), and the next bit position during operation.
The second control structure is a result control, which stores the bit
position number each time the instruction finds a mismatch between
source and reference files.

Use the result control address with mnemonic when you address these
parameters.

e Length (LEN) is the decimal number of elements in the result file.
Make the length long enough to record the maximum number of
expected mismatches.

e Position (POS) is the current position in the result file. Enter a value
only if you want the instruction to start at an offset concurrent with a
control file offset for one scan.

ATTENTION Do not use the same addréss for more than one
control structure. Duplication of these addresses

could result in unpredictable operation, possibly
causing equipment damage and/or injury to
personnel.
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Table 7.8 FBC and DDT Status Bits

Use Status Bits

To use the FBC or DDT instruction correctly, examine the control bits in both
the comparison and result control elements. You address these bits by

Bit Function
Comparison Enable EN (bit 15) Starts operation on a false-to-true rung transition. If the IN bit is set for one
Control Bits bit-at-a-time operation, the ladder program must toggle the EN bit after the

instruction compares each bit.

Done DN (bit 13)

Is set when the processor reaches the end of the source and reference files.

Error ER (bit 11)

Is set when the processor detects an error and stops operation of the
instruction. For example, an error occurs if the length (LEN) is less than or
equal to zero or if the position (POS) is less than zero. The ladder program
must reset the ER bit if the instruction detects an error.

Inhibit IN (bit 09)

Determines the mode of operation. When this bit is reset, the processor
detects all mismatches in one scan. When this bit is set, the processor stops
the search at each bit and waits for the ladder program to re-enable the
instruction before continuing the search.

Found FD (bit 08)

s set each time the processor records a mismatch bit number in the result file
(one bit-at-a-time operation) or after recording all mismatches (all per scan).

Result Control
Bits

Done DN (bit 13)

Is set when the result file fills. The instruction stops and requires another
false-to-true rung transition to reset the result DN bit and then continue. If the
instruction finds another mismatch, it wraps the new position number around
to the beginning of the file, writing over previous position numbers.

DDT ————
— Diagnostic Detect —(EN)>—

Source #B3:0
Reference  #B3:10 —(DN>—
Result #N7:0
Control R6:0 —C(FD)>—
Length 48<
Position 0<—CIN>—
Control R6:1
Length 10<—(ER>—
Position 0<

The instruction control bits are reset when the rung’s input conditions go false.
The instruction control elements reset on a false-to-true rung transition under
the following conditions.

e Compate position equals compare length (clears compare position and
result position)

e Result position equals result length (clears result position)

EXAMPLE The DDT instruction below compares the bits in the

source file (B3:0) with the bits in the reference file
(B3:10), recording the mismatched bit positions in
the result file (N7:0).
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Reference File " Result File 2
Source bit 3 #83:10 (mismatched bit #s)
File #B3:0 #N7:0
15 08 |07 / 0 15 08 | 07 0
1111111100001‘000 1111111100000‘000 0 8
r>1‘011001100110011 0‘011001100110011 ! 3
bit31”11000‘11111000‘1 1111000‘01111000‘0 2 %2

bit 40 bit 32 gﬁ

/ 3 40

The FBC and DDT instructions detect mismatches and record their locations by bit number in a result file.

(1) The DDT instruction changes the status of the corresponding bit in the reference file to match the input file
when it detects a mismatch.

(2) The length of the result file is the length that you enter for RESULT CONTROL.

Table 7.9 FBC and DDT Explanation

This Parameter

Tells the Processor

Source (B3:0) Where to find input data for comparison.
Reference Where to find the reference file.

(B3:10)

Results (N7:0) Where to store mismatched bit numbers.

Compare Control
(R6:0)

What control structure controls the comparison.

Length (48)

The number of bits to be compared (2048 max).

Position (0)

To start at the beginning of the file.

Result Control
(R6:1)

What control structure controls the result.

Length (10)

The number of words reserved for mismatches (256 max).

Position (0)

To start at the beginning of the file.
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Read Program Checksum

(RPC)

——FEPC
Fead Program Checksum

Proc/Mmod MEM-MOD
Dest

H7:l

0000h=

Fixed

SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Output Instructions

The Read Program Checksum (RPC) instruction copies the checksum of the
user ladder program from either the processor’s RAM memory ot from the
installed memory module into the designated destination integer file location.
The program checksum is a 16-bit value that is calculated for the entire ladder
logic image, excluding the data table values. The checksum changes any time
program edits are made. Therefore, the RPC instruction can be used within the
ladder logic to determine whether online edits have changed the checksum
from a known value or can verify the program in the memory module matches
the program in the processors RAM memory. If a mismatch is detected,
additional ladder logic may trigger an alarm bit for a higher level HMI to
evaluate or even fault the processor so that it cannot run with a modified
program.

This instruction requires RSLogix 500 software, version 7.10 or higher, for
programming,

Enter Parameters

e Proc/Mmod selects the source of the program checksum;
PROC-MEM for processor RAM memory or MEM-MOD for memory
module.

e Destination is the integer file address where to copy the selected
program checksum.
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Notes:
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Chapter 8

Block Transfer Instructions

This chapter contains general information about block transfer instructions
and explains how they function in your application program. Each of the block
transfer instructions includes information on:

e what the instruction symbol looks like.

® how to use the instruction.

Table 8.1 Block Transfer Instructions

Instruction Mnemonic Instruction Name Purpose Page

BTR Block Transfer Read A BTR is used to receive data 8-1
from a remote device.

BTW Block Transfer Write ABTW is used to send datatoa | 8-1
remote device.

Block Transfer Instructions
(BTR and BTW)

Block transfer instructions ate supported by SLC 5/03 (OS302, Seties C),
SLC 5/04 (OS401, Seties C) and SLC 5/05 (OS501, Seties C) and higher
processors using RSLogix 500 version 4.10 and higher. With block-transfer
instructions, you can transfer up to 64 words to or from a remote device over
an Allen-Bradley Remote I/O (RIO) link. A Block Transfer Read (BTR) is
used to receive data from a remote device. A Block Transfer Write (BTW) is
used to send data to a remote device. The RIO Series B scanner (1747-SN)
modules and the back-up scanner (1747-BSN) modules perform block
transfers via MO and M1 file buffers.

BIW —m——
Block Transfer Write —CEN>—

Rack

0
Group 0 —(DN>—
Slot 0 | >
Control Block N10:10 ER
S Mo are A false-to-true rung transition initiates a BTW or BTR instruction. The BTW
Requested Word Count 0 . . . . .
Transmitted Word Court 0 instruction tells the processor to write data stored in the BTW Data File to a

device at the specified RIO rack/group/slot address. The BTR instruction tells
Fixed 1SLC | SLC 1SLC I SLC | SLC the processor to rffad data from a devlice at the speciﬁed RIO rack/grgup/slot
5/01 | 5/02 | 5/03 | 5/04 | 5/05 address and store it in the BT Data File. The Data File may be any valid
integer, floating point or binary data table file. A total of 32 block transfer
buffers are available; you can execute a maximum of 32 different block
transfers. Each buffer is made up of 100 consecutive words. The processor
runs each block transfer request in the order it is requested. When the
processor changes to Program mode, all pending block transfers are cancelled.
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A BTR or BTW instruction writes information into its control structure
address (a three-word integer Control Block) when the instruction is entered.
The processor uses these values to execute the transfer.

You must enter an M1 file address into BTR Instructions and an MO file
address into BTW Instructions. However, each instruction uses both the M0
and M1 file for that one hundred word buffer (1 through 32). For example, to
use the first available buffer (1) for a BTR, enter M1:¢.100 into the “Buffer
File” field. However, M0:¢.100 is also used by this BTR. So, the next BT
instruction must use another M-file buffer (2 through 32).

RIO Block Transfer General Functional Overview

The RIO scanner petforms block transfers through control/status buffers
allocated in the scanner’s MO and M1 files. For BTW’s, the data stored in the
Data File is copied into the MO block transfer buffer, the MO block transfer
buffer is then transferred to the RIO device. The corresponding M1 block
transfer buffer contains only BTW status information. For BTR’s, the M0
block transfer buffer contains only BTR control information. The actual data
read from the remote device is received in the scanner’s M1 block transfer
buffer. This data is then copied into the BTR Data File. A total of 32 block
transfer control/status buffers exist in the MO (output/control) and the M1
(input/status) files.

Entering Parameters for BTR and BTW

The instructions have the following parameters.

e Data File - The address in the SLC processot’s data file containing the
BTW or BTR data. Valid file types are B, N and F

e BTR/BTW Buffer File - Block transfer buffer file address;
i.e. MO: e.x00, where “e” is the slot number of the scanner and “x” is the
buffer number. The range of the buffer number is from 1 to 32. Each
BTR and BTW instruction uses both the M1 and MO files for a specific
buffer number. MO is used for BTR control and for BTW data. M1 is
used for BTW status and BTR data.

TIP Since buffer number 32 is utilized by the SLC
processor for Remote 1/O passthru, you should not
assign buffer number 32 to a block transfer
instruction unless you do not intend to ever use
Remote I/O passthru.
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Table 8.2 Control Block Structure

e Control - The control block is an integer data file address that stores all
the block transfer control and status information. The control block is
three words in length. Note that these integer file addresses should not
be used for any other instructions. You should provide the following
information for the control structure.

— Rack - The I/O rack number (0 to 3) of the I/O chassis in which
you placed the target I/O module.

— Group - The I/O group number (0 to 7) which specifies the position
of the target I/O module in the I/O chassis. When using 1/2-slot
addressing, only even group numbers are valid.

— Slot - The slot number (0 or 1) within the group. When using 2-slot
addressing, the 0 slot is the low (right) slot and the 1 slot is the high
(left) slot within the group. When using 1-slot or 1/2-slot addressing,
always select slot 0.

— Requested Word Count - The number of words to transfer. If you
set the length to 0, the processor reserves 64 words for block transfer
data. The block transfer module transfers the maximum words the
adapter can handle. If you set the length from 1 to 64, the processor
transfers the number of words specified.

TIP The three-word control block has the following
structure. Before executing a block transfer, the BTR
and BTW instructions clear all status bits and
initialize word 2 to 0. See Table 8.2, “Control Block

Structure,” for more information.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Word0 | EN ST DN ER EW T0 RW | Rack Group Slot
Word 1 | Requested word count
Word 2 | Transmitted word count/Error code
Control Status Bits

To use the BTR and BTW instructions correctly, examine the instruction’s
control and status bits stored in the control structure. These bits are mapped
to bits in word 0 of the control block structure.
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Control Information

Control Bits
EN
T0

Status Information

Status Bits
EW

ST

ER

DN
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Figure 8.1 Successful Block Transfer

Successful Block Transfer Read/Write

Figure 8.1 illustrates a successful BT operation.

1.

The SLC control program copies new data to the data file (BTW only)
and solves the BT rung true, which sets the enable (EN) bit.

. The scanner detects that the EN bit is set, validates the control block

information, puts the BT request on the RIO link successfully, and since
no other BTs are pending for the same logical rack, sets the enable

waiting (EW) and start (ST) bits.

. The scanner receives a BT reply (with no errors) from the RIO link

device, copies the received data to the data file (BTR only) and sets the
done (DN) bit.

. The SLC control program detects the DN bit, processes the BTR data

and solves the BT rung false, which clears the enable (EN) bit.

. The scanner detects that the SLC control program has completed

processing (because the EN bit is clear) and clears the EW, ST and DN
bits. At this point, the SLC control program could re-initiate the same
BT operation by solving the BT rung true again.
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TIP Except for the time-out bit, TO (bit 08), do not
modify any controller status bits while the block
transfer is in progress.

IMPORTANT HRELE B.TR/ BTW instruction must be scanned (trge or
false) in order to update the control and status bits.

TIP In order to conserve scan time, place each block
transfer instruction in its own subroutine and only
call the subroutine while the block transfer
instruction is enabled.

Table 8.3 Control and Status Bit Descriptions

Control/Status Bit

Description

Enable EN (bit 15)

Block Transfer Enabled - (EN = Enabled). The processor sets/resets this bit depending on the rung state
(true/false). The processor sends the enable bit to the RIO scanner when the BTR/BTW instruction is
scanned. If the BT is not waiting (EW set) and is not started (ST set), and the EN bit sees a false-to-true
transition, the RIO scan triggers a BT.

Start ST (bit 14)

Block Transfer Started - (ST = Started). When the instruction is scanned (true or false), the processor reads
this bit from the RIO scanner. The scanner sets this bit when the BT starts. The scanner resets this bit when
the ladder logic (processor) clears the EN bit indicating the BT is finished.

Done DN (bit 13) Block Transfer Successful - (DN = Done). When this bit is set, it indicates the successful completion of a
block transfer operation. When the instruction is scanned (true or false), the processor reads the DN bit from
the RIO scanner. The scanner clears the DN bit when the ladder logic (processor) clears the EN bit.

Error ER (bit 12) Block Transfer Error - (ER = Error). When this bit is set, it indicates that the process detected a failed block

transfer. When the instruction is scanned (true or false), the processor reads the ER bit from the RIO scanner.
The scanner clears the ER bit when the ladder logic (processor) clears the EN bit.

Enable-waiting EW (bit 10)

Block Transfer Enabled and waiting for block transfer to start - (EW = Enable Waiting). When the EW bit is

set and the ST bit is clear, this indicates that a block transfer operation is pending. When the instruction is
scanned (true or false), the processor reads the EW bit from the scanner. The scanner clears the EW bit after
the ladder logic (processor) clears the EN bit.

Time Out TO (bit 08)

Block Transfer Time-out (TO = Time-out). You can set this bit to cancel block transfer operation by forcing the
BT to time out once the Enabled Waiting (EW) bit sets and before the RIO scanner’s internal four-second
block transfer timer times out or the block transfer completes. Cancelling a block transfer causes an error
(ER) bit to set and an error code of -9 to display in the control structure. Note that the Time-out (TO) bit must
be cleared before initiating a new block transfer. The RIO scanner ignores a block transfer request if both TO
and EN bits are set at the same time.

Read-Write RW (bit 07)

Block Transfer Type. This bit is controlled by the instruction type. A “0” indicates a write operation (BTW); a
“1" indicates a read operation (BTR).
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In addition to the control and status bits, the control block contains two other
parameters the processor uses to execute the block transfer instructions.

Requested Word Count, Word 1 (RLEN)

This is used to configure BTR/BTW length information (0 to 64). Length is
the number of BIR/BTW words read from or written to the RIO device. If
RLEN = 0 for a BTW instruction, 64 words are sent. If RLEN = 0 for a BTR
instruction, the actual length is determined by the RIO device responding to
the block transfer read request.

Transmitted Word Count/Error Code, Word 2 (DLEN)

Transmitted Word Count is the status of the actual number of BTW words
sent or the number of BTR words received. The processor uses this number to
verify the transfer. This number should match the requested word count
(unless the transmitted word count is zero). If these numbers do not match,
the processor sets the ER bit (bit 12). If there is an error, the processor gives
the error code in Word 2 of the control structure in the form of a negative
numbet. See Table 8.4, “BTR/BTW Error Codes,” for a list of error codes.
Only one error code is stored at a time (a new error code overwrites the
previous error code).

Table 8.4 BTR/BTW Error Codes

Error Code Description

0 The block transfer completed successfully.

-6 lllegal block transfer length requested.

-7 Block transfer communication error occurred when block transfer
request was initiated.

-8 Error in block transfer protocol.

9 Block Transfer Time-out - Either the SLC user program cancelled the

block transfer or the scanner’s block transfer timer timed out. Note
that a time-out error occurs if a block transfer is attempted at a
location that is not configured for block transfer operation (for
example, requesting a block transfer for a location that is an output

module).
-10 No RIO channel configured.
-1 Attempted a block transfer either to a non-configured block transfer

device (i.e., an invalid logical rack, group, or slot), or at a
complementary device location where there is no corresponding
primary image space allocated.

-12 Attempted a block transfer to an inhibited device.
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Instruction Operation

1. The scanner processes the BIR/BTW when it detects that the SLC
control program rung, which contains the BTR/BTW, goes true.

If the RIO scanner detects any problem at this point (such as invalid
block transfer control field, or unconfigured device), the control
structure word 2 fills with the error code and the ER bit (bit 12) is set. If
no problems occur, the EW bit (bit 10) and ST bit (bit 14) are set in the
control block.

TIP The ST bit is not set if the scanner is already in the
process of block transferring data to a location within
the same logical RIO rack. The ST bit is set only after
any previous pending block transfers to the same
logical rack are completed and the block transfer
request is scheduled on the RIO link.

The SLC control program can monitor the block transfer by examining
bits in word O of the control block. They indicate when the scanner has
started processing (EW and ST) the block transfer and whether the
block transfer operation completed successfully (DN) or failed (ER).
The SLC control program can take different actions based on these
status bits.

2. When a block transfer completes successfully, the DN bit is set. This
indicates that the block transfer control block has been updated with the
actual transmitted word count. This is important for BTR instructions,
because this indicates the number of valid data words received from the
remote device. This data is stored in the BTR data file.

3. If the block transfer fails, the length field and the data file are not
updated. The ER bit is set and the error code field indicates the
problem.

4. The SLC control program must indicate to the scanner when it is done
processing the status word in the control structure (because DN or ER
was set) so the corresponding control bits can be reused for another
block transfer operation. The SLC control program indicates that it is
done processing the block transfer when it solves the BT rung false,
which clears the EN bit in the control block.

5. When the RIO scanner detects that the EN bit cleared, it then clears the
EW, ST and DN or ER bits, as well as the Transmitted Word
Count/Error Code. This ensures that the status bits in the control block
are not reflecting the results of the previous block transfer operation.
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IMPORTANT To prevent configuration conflicts, it is highly
recommended that each M-file buffer (My:e.x00)
should be used by only one block transfer

instruction.

Programming Examples

Table 8.5 Block Transfer Programming Examples

Figure 8.2, "Directional” on page 8-8

Figure 8.3, "Directional Repeating" on page 8-9

Figure 8.4, "Directional Continuous" on page 8-9

Figure 8.5, "Bi-directional Continuous" on page 8-9

Figure 8.6, "Bi-directional Alternating” on page 8-10

Figure 8.7, "Bi-directional Alternating Repeating" on page 8-10

Figure 8.2 Directional
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Figure 8.3 Directional Repeating
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Figure 8.4 Directional Continuous
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Figure 8.5 Bi-directional Continuous
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Figure 8.6 Bi-directional Alternating
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Figure 8.7 Bi-directional Alternating Repeating
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Table 8.6 Block Transfer Comparison

Comparison to the PLC-5 BTR and BTW

BTR/BTW in SLC processors are quite similar to the instructions in the
PLC-5. However, some differences exist between them, as shown in the table

below.

Parameter

SLC

PLC-5

Control Block

3-element integer (N) type

5-element integer (N) type or 1-element
block transfer (BT) type.

EN (Enable Bit) Follows BT rung state. Gets set when BT rung goes true. Remains
set until the BT finishes or fails, and the BT
rung goes false.

NR (No Response hit) None This bit is in control block word 0 bit 9.

CO (Continuous bit) None This bit is in control block word 0 bit 11.

FILE (File Number) None This word is control block word 3.

ELEM (Element Number) None This word is control block word 4.

Error Codes

7 error codes

11 error codes

BTR/BTW number limitation for one
scanner/channel

32

64

BT Status Bits

Can only change when BT rung is scanned.

Can change at any point in the program
scan.

IMPORTANT

Do not manipulate the I/O image wotds of the RIO
scanner for modules you are block transferring to.

These words are used by the RIO scanner and the
remote device as block transfer handshake bits. Any
manipulation of them by the user program while a
block transfer is in progress causes the block transfer

to fail.
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Notes:

Publication 1747-RM001G-EN-P - November 2008



Chapter 9

Proportional Integral Derivative Instruction

This chapter describes the Proportional Integral Derivative (PID) instruction.

Overview This is an output instruction that controls physical properties such as
temperature, pressure, liquid level, or flow rate using process loops.

The PID instruction normally controls a closed loop using inputs from an

PID analog input module and provides an output to an analog output module. For
PID —

Control Block N18:0 temperature control, you can convert the analog output to a time
Z:,(),,'if:,s V\fr:;ﬁ:: ﬁ}giﬁ proportioning on/off output for driving a heater or cooling unit. An example
Control Block Length 23

appears on pages 9-30 through 9-31.

Setup Screen

The PID instruction can be operated in the timed mode or the STI mode. In
Fixed | SLC | SLC | SLC | SLC | SLC  the timed mode, the instruction updates its output periodically at a

5/01 | 5/02 | 5/03 | 5/04 | 5/05  scr-selectable rate. In the STI mode, the instruction should be placed in an
o o . . STI interrupt subroutine. It then updates its output every time the STI

Output Instruction subroutine is scanned. The STI time interval and the PID loop update rate
must be the same in order for the equation to execute propetly.

The PID C(mcept PID closed loop control holds a process variable at a desired set point. A flow

rate/fluid level example is shown below.

Feed Forward
or Bias

Set Point /< Error PID
=z Equation > ( 2>
Flow Rate
Process Control
_____ Variable Output

I[-)i‘;:::tor Cl
<~

Control Valve
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The PID Equation
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The PID equation controls the process by sending an output signal to the
control valve. The greater the error between the setpoint and process vatiable
input, the greater the output signal, and vice versa. An additional value (feed
forward/bias) can be added to the control output as an offset. The result of
PID calculation (control variable) drives the process variable you are
controlling toward the set point.

The PID instruction uses the following algorithm:

Standard equation with dependent gains is shown below.

Output = KC[(E) + %j (Eydi+ T, 2L V)} + Feed Forward/Bias
1

Standard Gains constants are listed in the following table.

ar

Table 9.1 Standard Gain Constants

Term

Range (Low to High)

Reference

Controller Gain K¢

0.1t025.5 (dimensionless)“)

0.01 to 327.67 (dimensionless)(z)

Proportional

Reset Term 1/T, 25510 0.1 (minutes per repeat)’) Integral
327.67 t0 0.01 (minutes per repeat)(z)
Rate Term Tp 0.110 25.5 (minutes)'" Derivative

0.01 to 327.67 (minutes)"?)

M sic 5/02 processors.

@ Applies to SLC 5/03 and higher processors PID ranges when bit Reset and Gain Range (RG) bit is set to 1.

The derivative term (rate) provides smoothing by means of a low-pass filter.
The cutoff frequency of the filter is 16 times greater than the corner frequency

of the derivative term.
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The PID Instruction The figute below shows a PID instruction with typical addresses for these

parameters entered.

H PID
PID
Control Block N10:0
Process Variable N10:28
Control Variable N10:29
Control Block  Length 23

Place the PID instruction on a rung without any conditional logic. If a PID
instruction goes false, the integral term is cleared.

TIP The PID instruction is an integer-only type of PID
algorithm and does not allow you to enter floating point
values for any of its parameters. If you attempt to move a
tloating point value to one of the PID parameters using
ladder logic, a floating point-to-integer conversion occurs.

During programming, enter the Control Block, Process Variable, and Control
Variable addresses after you have placed the PID instruction on a rung,

Entering Parameters

e Control Block is a file that stores the data required to operate the
instruction. The file length is fixed at 23 words and should be entered as
an integer file address. For example, an entry of N10:0 will allocate
elements N10:0 through N10:22. The control block layout is shown on
page 9-5.

Do not write to control block addresses with other instructions in your
program except as described later in this chapter. If you are re-using a
block of data which was previously allocated for some other use, it is
good practice to first zero the data.

TIP Use a unique data file to contain your PID control blocks
(for example, N10:0). This avoids accidental re-use of the
PID control block addresses by other instructions in your
program.
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e Process Variable PV is an element address that stores the process
input value. This address can be the location of the analog input word
where the value of the input A/D is stored. This value could also be an
integer value if you choose to pre-scale your input value to the range 0
to 16383.

e Control Variable CV is an element address that stores the output of the
PID instruction. The output value ranges from 0 to 16383, with 16383
being the 100% on value. This is normally an integer value, so that you
can scale the PID output range to the particular analog range your
application requires.

- Turing Parameters -\ Inputs- | [ Flags
Controller Gain Ke = 0.0 SeipointSP= [0 ] 1M = [7]
RecalTil= Setpoint MAXSmax] = [0 ] m'%
Ao T~ 000 ] Setnomt MIN[Smin = | I:IL:T
T Pla:enVaiﬂﬂeW-D. o - o]
Curivol Mode = [E=5FPV ] || - Output- ! ?E:%
0]

FID Coritiol = [AUTO Control Output TV [%] = I D4 =

Time Moda = [STI Dutput Max TV [%) - | DB-E
Limit Qtpust C = Dupt M (v (z1=[0_ ] L:'['_ %,
Deadband= [T Suded EnurSE= [T | gp_ ]

e Fonord Bioss ,—| M= E
' | nn=[o]

ok | Cancel | Help ] En=[0]
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PID Control Block Layout

Table 9.2 Control Block Structure

The control block length is fixed at 23 words and should be programmed as an
integer file. PID instruction flags (word 0) and other parameters are listed in

the following table.

15 14 13 (12 (11 |10 |09 |08 |07 06 05 04 03 02 01 00
Word0 | EN Rall | DN | PV | SP | LL UL | DB | pal@ | TF SC RG2 | ot | cm®@ | AMB | TMI)
Word 1 PID Sub Error Code (MSbyte)
Word 2 | Setpoint SP
Word3 | GainK;
Word4 | ResetT;
Word5 | Rate Ty
Word 6 | Feed Forward/Bias
Word 7 Setpoint Max (SMax)
Word 8 | Setpoint Min (SMin)
Word9 | Deadband
Word 10 | Internal Use Do Not Change
Word 11 | Output Max
Word 12 | Output Min
Word 13 | Loop Update
Word 14 | Scaled Process Variable
Word 15 | Scaled Error SE
Word 16 | Qutput CV% (0 to 100%)
Word 17 | MSW Integral Sum
Word 18 | LSW Integral Sum
Word 19 | Internal Use Do Not Change
Word 20 | Internal Use Do Not Change
Word 21 | Internal Use Do Not Change
Word 22 | Internal Use Do Not Change

) Applies to SLC 5/03 and higher processors with QS Series C FRN 11 and higher firmware.

@ Applies to the SLC 5/03 and higher processors.

(3)

You may alter the state of these values with your ladder program.

ATTENTION

Do not alter the state of any PID control block value unless
you fully understand its function and related effect on your

Q process.
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Controller Gain (K;)

Table 9.3 Controller Gain Parameter

Tuning Parameter |Address |Data Format |[Range Type |User
Descriptions Program
Access

KC - Controller Gain ~ |Word 3 word (INT) 0t0 32,767 |control |read/write

Gain K (word 3) is the proportional gain, ranging from 0 to 3276.7 (when RG

=0), or 0 to 327.67 (when RG = 1). Set this gain to one-half the value needed
to cause the output to oscillate when the reset (T;) and rate terms (T) (below)

are set to zero.

TIP Controller gain is affected by the reset and gain range (RG)
bit. For information, see Reset and Gain Enhancement Bit
(RG) on page 9-10.

Reset Term (T;)

Table 9.4 Reset Term Parameter

Tuning Parameter |Address |Data Range Type User Program

Descriptions Format Access

TI - Reset Term - T, |Word 4 word 0to 32,767 control  |read/write
(INT)

Reset Term T (word 4) is the Integral gain, ranging from 0 to 3276.7 (when

RG =0), or 327.67 (when RG = 1) minutes per repeat. Set the reset time equal
to the natural period measured in the above gain calibration. A K_ value of 1

adds the maximum integral term into the PID equation.

TIP Reset term is affected by the reset and gain range (RG) bit.
For information, see Reset and Gain Enhancement Bit (RG)
on page 9-10.
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Rate Term (T)

Table 9.5 Rate Term Parameter

Tuning Parameter |Address  |Data Format |Range Type User Program
Descriptions Access

TD - Rate Term - Ty |Word 5 word (INT) ~ {0t0 32,767 |control |read/write

Rate Ty (word 5) is the Derivative term. The adjustment range is 0 to 327.67
minutes. Set this value to 1/8 of the integral gain T;.

TIP This word is not affected by the reset and gain range (RG)
bit. For information, see Reset and Gain Enhancement Bit
(RG) on page 9-10.

Feed Forward/Bias

Applications involving transport lags may require that a bias be added to the
CV output in anticipation of a disturbance. This bias can be accomplished
using the processor by writing a value to the Feed Forward/Bias element, the
seventh element (word 6) in the control block file (See page 9-5.) The value
you write is added to the output, allowing a feed forward action to take place.
You may add a bias by writing a value between -16383 and +16383 to word 6
with your programming terminal or ladder program.

Mode (TM)

Table 9.6 Mode Bit Parameter

Tuning Parameter |Address Data Range (Type User Program
Descriptions Format Access

TM - Mode Word 0, Bit 0 |binary Oort control  |read/write

The mode bit specifies when the PID is in timed mode (1) or STI mode (0).
This bit can be set or cleared by instructions in your ladder program.

When set for timed mode, the PID executes and updates the CV at the rate
specified in the loop update parameter (word 13).
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When set for STT mode, the PID executes and updates the CV every time the
PID instruction is scanned in the control program. When you select STI,
program the PID instruction in the STT interrupt subroutine. The STI routine
should have a time interval equal to the setting of the PID “loop update”
parameter. Set the STI period in word S:30. For example, if the loop update
time contains the value 10 (for 100 ms), then the STI time interval must also
equal 100 (for 100 ms).

TIP When using timed mode, your processor scan time should
be at least ten times faster than the loop update time to
prevent timing inaccuracies or disturbances.

Loop Update

Table 9.7 Loop Update Parameter

Tuning Parameter Address |Data Format |[Range Type User

Descriptions Program
Access

Loop Update Word 13 |{word (INT) ~ [1t0 1024 |control |read/write

The loop update (word 13) is the time interval between PID calculations. The
entry is in 0.01 second intervals. Enter a loop update time five to ten times
faster than the natural period of the load. The natural period of the load is
determined by setting the reset and rate parameters to zero and then increasing
the gain until the output begins to oscillate. When in STT mode, this value
must equal the STT time interval value loaded in S:30. The valid range is 0.01 to
10.24 seconds. See page 11-12 for help entering STT setpoint.

Deadband

Table 9.8 Deadband Parameter

Tuning Parameter |Address Data Range Type User Program

Descriptions Format Access

DB - Deadband Word 9 word 0t0 32,767 |control |read/write
(INT)
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The deadband extends above and below the setpoint by the value entered. The
deadband is entered at the zero crossing of the process variable and the
setpoint. This means that the deadband is in effect only after the process
variable enters the deadband and passes through the setpoint.

The valid range is O to the scaled maximum, or 0 to 16,383 when no scaling
exists.

Scaled Error

Table 9.9 Scaled Error Parameter

Tuning Address |Data Range Type |User

Parameter Format Program

Descriptions Access

Scaled Error Word 15 |word -32,768 to +32,767 |status |read only
(INT)

Scaled error is the difference between the process variable and the setpoint.
The format of the difference (E = SP-PV or E = PV-SP) is determined by the
control mode (CM) bit. See Control (CM) on page 9-10.

Auto / Manual (AM)

Table 9.10 Automatic/Manual Parameter

Tuning Parameter Address Data Format |Range |Type |User

Descriptions Program
Access

AM - Automatic/Manual |Word 0, Bit 1 |binary (bit) Oor1 |control |read/write

The auto/manual bit can be set or cleared by instructions in your ladder
program. When off (0), it specifies automatic operation. When on (1), it
specifies manual operation. In automatic operation, the instruction controls
the control variable (CV). In manual operation, the user/control program
controls the CV. During tuning, set this bit to manual.

TIP Output limiting is also applied when in manual.
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Control (CM)

Table 9.11 Control Mode Parameter

Tuning Parameter |Address Data Format |Range |Type User Program
Descriptions Access

CM - Control Mode  |Word 0, Bit 2 |binary (bit) Oor1 control  |read/write

Control mode, or forward-/treverse-acting, toggles the values E=SP-PV and
E=PV-SP.

When set (1) - Forward acting (E=PV-SP) causes the control variable to
increase when the process variable is greater than the setpoint.

When cleared (0) - Reverse acting (E=SP-PV) causes the control variable to
decrease when the process variable is greater than the setpoint.

Deadband (DB)

Table 9.12 Deadband Parameter

Tuning Parameter |Address Data Format |Range |Type User Program
Descriptions Access

DB - PV in Deadband |Word 0, Bit 8 |binary (bit) Oor1 status  |read/write

This bit is set (1) when the process variable is within the zero-crossing
deadband range.

Reset and Gain Enhancement Bit (RG)

Table 9.13 Reset and Gain Parameter

Tuning Parameter  |Address |Data Format [Range |Type User Program
Descriptions Access

RG - Reset and Gain ~ [Word 0, Bit [binary (bit) |Oor1 |control |read/write
Enhancement 4

When set (1), the reset and gain range enhancement bit (RG) causes the reset
minute/repeat value (TT) and the gain multiplier (KC) to be divided by a factor
of 10. That means a reset multiplier of 0.01 and a gain multiplier of 0.01.

When clear (0), this bit allows the reset minutes/repeat value and the gain
multiplier value to be evaluated with a reset multiplier of 0.1 and a gain
multiplier of 0.1.
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Example with the RG bit set. The reset term (TI) of 1 indicates that the integral
value of 0.01 minutes/repeat (0.6 seconds/tepeat) is applied to the PID
integral algorithm. The gain value (KC) of 1 indicates that the error is
multiplied by 0.01 and applied to the PID algorithm.

Example with the RG bit clear: The reset term (TT) of 1 indicates that the integral
value of 0.1 minutes/repeat (6.0 seconds/repeat) is applied to the PID integral
algorithm. The gain value (KC) of 1 indicates that the error is multiplied by 0.1
and applied to the PID algorithm.

TIP The rate multiplier (TD) is not affected by this selection.
Valid on SLC 5/03 and higher processots.

Setpoint Scaling (SC)
Table 9.14 Setpoint Scaling Parameter
Tuning Parameter |Address |Data Format |[Range |Type User Program
Descriptions Access
SC - Setpoint Scaling |Word 0, Bit |binary (bit)  [Oor1  |control |read/write
5

The SC bit is cleared when setpoint scaling values are specified.

Loop Update Time Too Fast (TF)

Table 9.15 Loop Update Time Too Fast Parameter

Tuning Parameter |Address Data Format |[Range |Type User Program
Descriptions Access

TF - Loop Update Too |Word 0, Bit 6|binary (bit) Oor1 status  |read/write
Fast

The TF bit is set by the PID algorithm if the loop update time specified cannot
be achieved by the controller due to scan time limitations.

If this bit is set, correct the problem by updating your PID loop at a slower

rate or move the PID instruction to an STT interrupt routine. Reset and rate
gains will be in error if the instruction operates with this bit set.
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Derivative Rate Action Bit (DA)

Table 9.16 Derivative Rate Action Bit Parameter

Tuning Parameter Address Data Format [Range |Type |User
Descriptions Program
Access
DA - Derivative Action Bit|Word 0, Bit |binary (bit) {Oor1 |control |read/write
7

When set (1), the derivative (rate) action (DA) bit causes the derivative (rate)
calculation to be evaluated on the error instead of the process variable (PV).
When clear (0), this bit allows the derivative (rate) calculation to be evaluated
where the derivative is performed on the PV.

Output Alarm Upper Limit (UL)

Table 9.17 Output Alarm Upper Limit Parameter

Tuning Parameter Address |Data Format |Range (Type |User Program
Descriptions Access

UL - Output Alarm Upper |Word 0, Bit |binary (bit) {Oor1 |status |read/write
Limit 9

The control variable upper limit alarm bit is set (1) when the calculated CV
output exceeds the upper CV limit.

Output Alarm Lower Limit (LL)

Table 9.18 Output alarm Lower Limit Parameter

Tuning Parameter Address |Data Format |Range |Type User Program
Descriptions Access

LL - Output Alarm Lower |Word 0, Bit |binary (bit) |0or1 |[status |read/write
Limit 10

The control variable lower limit alarm bit is set (1) when the calculated CV
output is less than the lower CV limit.
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Setpoint Out Of Range (SP)

Table 9.19 Setpoint Out Of Range Parameter

Tuning Parameter Address |Data Format [Range |Type User
Descriptions Program
Access

SP - Setpoint Out of Range |Word 0, Bit |binary (bit)  |Oor1 | status |read/write
"

This bit is set (1) when the setpoint:

e cxceeds the maximum scaled value, or

® is less than the minimum scaled value.

PV Out Of Range (PV)

Table 9.20 PV Out Of Range Parameter

Tuning Parameter |Address |Data Format |Range |Type User Program
Descriptions Access
PV - PV Out of Range |Word 0, binary (bit)  [Oor1 |status |read/write

Bit 12

The process variable out of range bit is set (1) when the unscaled process

variable (PV):

e cxceeds 16,383, or

® is less than zero.

PID Done (DN)

Table 9.21 PID Done Parameter

Tuning Parameter |Address |Data Format [Range |Type User Program
Descriptions Access
DN - PID Done Word 0, binary (bit) Oor1 status  [read only

Bit 13

The PID done bit is set (1) for one scan when the PID algorithm is computed.
It resets automatically.
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PID Rational Approximation Bit (RA)

Table 9.22 PID Rational Approximation Parameter

Tuning Parameter |Address Data Format |Range |Type User Program
Descriptions Access

RA - Rational Word 0, binary (bit) Oor1 control  |read/write
Approximation Bit 14

When the RA bit is set, rational approximation method is used for PID
computation, resulting in a more accurate output.

PID Enable (EN)
Table 9.23 PID Enable Parameter
Tuning Parameter |Address Data Format |Range |Type User Program
Descriptions Access
EN - PID Enable Word 0, binary (bit) Oor1 |status |read only
Bit 15

The PID enabled bit is set (1) whenever the PID instruction is enabled. It
follows the rung state.

Integral Sum

Table 9.24 Integral Sum Parameter

Tuning Address |Data Format [Range Type |User Program
Parameter Access
Descriptions
Integral Sum Word 17 |long word -2,147,483,648 to |status |read/write

and 18 (32-bit INT)  |2,147,483,647

1

This is the result of the integration ZT[J- E(dt)
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Input Parameters The table below shows the input parameter addresses, data formats, and types
of user program access. See the indicated pages for descriptions of each
parameter.

Table 9.25 Input Parameters

Input Parameter Descriptions Address Range Type UserProgram | For More
Access Information

SP - Setpoint Word 2 0 to 1638312 control read/write 9-15

SPV - Process Variable Scaled Word 14 0to 16383 status read only 9-16

SMAX - Maximum Setpoint Word 7 010 163831 control read/write 9-16

SMIN - Minimum Setpoint Word 8 0 to 163834 control read/write 9-17

) The SMAX must be greater than SMIN or the processor will fault with error code.

) Maximum SP scaling range: SLC 5/02 is -16382 to +16383; SLC 5/03 and higher is -32767 to +32767.

@ Minimum SP scaling range: SLC 5/02 is -16383 to +16382; SLC 5/03 and higher is -32768 to +32766.

The range listed in the table is for when scaling is not enabled. With scaling, the range is from minimum scaled (SMIN) to maximum scaled (SMAX).

Setpoint (SP)
Table 9.26 Setpoint Parameter
Input Address Data Range Type User Program
Parameter Format Access
Descriptions
SP - Setpoint Word 2 word (INT) control | read/write
16383

M The range listed in the table is for when scaling is not enabled. With scaling, the range is from minimum scaled

(SMIN) to maximum scaled (SMAX).

The SP (Setpoint) is the desired control point of the process variable.
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Scaled Process Variable (SPV)

Table 9.27 Scaled Process Variabhle Parameter

Input Address Data Range Type User Program
Parameter Format Access
Descriptions

SPV - Scaled Word 14 word (INT) | 0to 16383 | control | read/write
Process Variable

The SPV (Scaled Process Variable) is the analog input variable. If scaling is
enabled, the range is the minimum scaled value (SMIN) to maximum scaled

value (SMAX).

If the SPV is configured to be read in engineering units, then this parameter
corresponds to the value of the process vatiable (PV) in engineering units.

Setpoint Maximum Scaled (SMAX)

Table 9.28 Setpoint Maximum Scaled Parameter

Input Address Data Range Type User
Parameter Format Program
Descriptions Access
SMAX - Word 7 word -32,767 to control | read/write
Maximum (INT) | 432,767"")

Scaled

() SLC 5/02 valid range is 16382 to +16383.

If the SPV is read in engineering units, then the SMAX (Setpoint Maximum)
parameter corresponds to the value of the setpoint in engineering units when
the control input is at its maximum value.
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Setpoint Minimum Scaled (SMIN)

Table 9.29 Setpoint Minimum Scaled Parameter

Input Address Data Range Type | User
Parameter Format Program
Descriptions Access
SMIN - Word 8 word -32,768 to control | read/write
Minimum (INT) +32.766!")

Scaled

(1 SLC 5/02 valid range is -16383 to +16382.

If the SPV is read in engineering units, then the SMIN (Setpoint Minimum)
parameter corresponds to the value of the setpoint in engineering units when
the control input is at its minimum value.

TIP

SMIN - SMAX scaling allows you to work in engineering
units. The deadband, error, and SPV are also displayed in
engineering units. The process variable, PV, must be within
the range of 0 to 16383. Use of SMIN - SM.AX does not
minimize PID PV resolution.
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Outp ut Parameters The table below shows the output parameter addresses, data formats, and
types of user program access. See the indicated pages for descriptions of each
parameter.

Table 9.30 Output Parameters

Output Parameter Descriptions | Address Data Format | Range Type User Program For More
Access Information
CV - Control Variable User-defined word (INT) 0t0 16,383 | control | read/write 9-18
CV% - Output CV Percent Word 16 word (INT) 0to 100 control | read 9-19
OL - Output Limiting Enable Word 0, Bit 3 binary 1=enabled | control | read/write 9-19
0 =disabled
CVH - Output Maximum Word 11 word (INT) 0to 100% control | read/write 9-20
CVL - Output Minimum Word 12 word (INT) 0to 100% control | read/write 9-20
Control Variable (CV)
Table 9.31 Control Variable Parameter
Output Parameter | Address Data Range Type | User
Descriptions Format Program
Access
CV - Control User-defined | word 010 16,383 | control | read/write
Variable (INT)

The CV (Control Variable) is user-defined. See the ladder rung below.

L

M
9%
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Control Variable Percent (CV%)

Table 9.32 Control Variable Percent Parameter

Output Parameter | Address Data Range Type User
Descriptions Format Program

Access
CV% - Control Word 16 word 0to 100 status | read only
Variable Percent (INT)

CV% (Control Variable Percent) displays the control variable as a percentage.
The range is 0 to 100%. If the AM bit (word 0, bit 1 of the PID Control Block)
is off (automatic mode), this value tracks the control variable (CV) output
being calculated by the PID equation. If the AM bit is on (manual mode), this
value tracks the value that can be manipulated in the control variable (CV) data
word. If no change is made to the CV while in manual mode, the CV% will
display the last value calculated by the PID equation.

Output Limiting Enable (OL)

Table 9.33 Output Limiting Enable Parameter

Output Address Data Range Type | User Program
Parameter Format Access
Descriptions

OL - Qutput Word 0, binary 1 =enabled |control |read/write
Limiting Enable Bit 3 0 =disabled

A value of one enables output limiting to the values defined in Control
Variable Maximum (Word 11) and Control Variable Minimum (Word 12).

A value of zero disables OL (Output Limiting).

Publication 1747-RM001G-EN-P - November 2008



9-20  Proportional Integral Derivative Instruction

Publication 1747-RM001G-EN-P - November 2008

Output Maximum (CVH)
Table 9.34 Output Maximum Parameter
OutputParameter | Address Data Range Type | User
Descriptions Format Program
Access
CVH - Output Word 11 word (INT) | 0to 100% | control | read/write
Maximum

When the output limiting bit (OL) word 0, bit 3 of PID Control Block is
enabled (1), the CVH (Control Value High) you enter is the maximum output
(in percent) that the control variable attains. If the calculated CV exceeds the
CVH, the CV is set (overridden) to the CVH value you entered and the upper
limit alarm bit (UL) is set.

When the output limiting bit (OL) word 0, bit 3 of PID Control Block is
disabled (0), the CVH value you enter determines when the upper limit alarm
bit (UL) is set. If CV exceeds the maximum value, the output is not overridden
and the upper limit alarm bit (UL) is set.

Output Minimum (CVL)

Table 9.35 Output Minimum Parameter
Output Address Data Range Type | User Program
Parameter Format Access
Descriptions

CVL - Output Word 12 word 0to100% | control | read/write
Minimum (INT)

When the output limiting bit (OL) word 0, bit 3 of PID Control Block is
enabled (1), the CVL (Control Value Low) you enter is the minimum output
(in percent) that the Control Variable attains. If the calculated CV is below the
minimum value, the CV is set (overridden) to the CVL value you entered and
the lower limit alarm bit (LL) is set.

When the output limiting bit (OL) word 0, bit 3 of PID Control Block is
disabled (0), the CVL value you enter determines when the lower limit alarm
bit (LL) is set. If CV is below the minimum value, the output is not overridden
and the lower limit alarm bit (LL) is set.
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Runtime Errors

Table 9.36 PID Instruction Runtime Errors

Error code 0036 appears in the status file when a PID instruction runtime
error occurs. Code 0036 covers the following PID error conditions, each of
which has been assigned a unique single byte code value that appears in the MS
byte of the second word of the control block.

Error Code Description of Error Condition or Conditions Corrective Action
11H SLC 5/02 SLC 5/03 and higher SLC 5/02 SLC 5/03 and higher
1. Loop update time 1. Loop update time 1. Change loop update | Change loop update time 0 <
D¢> 255 D> 1024 time Dgto0<Dy< | Dy< 1024
2. Loop update time 2. Loop update time 25
Dt = 0 Dt = D
12H SLC 5/02 SLC 5/03 and higher SLC 5/02 SLC 5/03 and higher
1. Proportional gain 1. Proportional gain Change proportional gain K¢ to | Change proportional gain K
K¢ > 255, or K¢ <0 0<Kg <255 to Kz >0
2. Proportional gain
K.=0
13H SLC 5/02 SLC 5/03 and higher SLC 5/02 SLC 5/03 and higher
Integral gain (reset) Integral gain (reset) Change integral gain (reset) T; | Change integral gain
T; > 255 T;<0 0 0< T; <255 (reset) Tito T; 20
14H SLC 5/02 SLC 5/03 and higher SLC 5/02 SLC 5/03 and higher
Derivative gain (rate) Derivative gain (rate) Change derivative gain (rate) Ty | Change derivative gain (rate)
Td>255 Td<0 tOOSTd§255 TdtOTdZO
21H 1. Scaled setpoint max Smax > 16383, or Change scaled setpoint max Smax to
(SLC 5/02 only) -16383 < Smax < 16383
2. Scaled setpoint max Smax < -16383
22H 1. Scaled setpoint min Smin > 16383, or Change scaled setpoint min Smin to
(SLC 5/02 only) -16383 < Smin < Smax < 16383
2. Scaled setpoint min Smin < -16383
23H Scaled setpoint min Change scaled setpoint min Smin to
Smin > Scaled setpoint max Smax -16383 < Smin < Smax < 16383
(SLC 5/03 and higher -32768 to 82767)
31H If you are using setpoint scaling and If you are using setpoint scaling, then change

Smin > setpoint SP > Smax, or

If you are not using setpoint scaling and

0 > setpoint SP > 16383,

the setpoint SP to Smin < SP < Smax, or

If you are not using setpoint scaling, then change
the setpoint SP to 0 < SP < 16383.

then during the initial execution of the PID loop, this
error occurs and bit 11 of word 0 of the control block is
set. However, during subsequent execution of the PID
loop if an invalid loop setpoint is entered, the PID loop
continues to execute using the old setpoint, and bit 11
of word 0 of the control block is set.
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Table 9.36 PID Instruction Runtime Errors

Error Code Description of Error Condition or Conditions Corrective Action
41H Scaling Selected Scaling Deselected Scaling Selected Scaling Deselected
1. Deadband <0, or 1. Deadband <0, or | Change deadband to Change deadband to
0 < deadband < 0 < deadband < 16383
(Smax - Smin) < 16383
2. Deadband > 2. Deadband >
(Smax - Smin), or 16383
3. Deadband > 16383
(5/02 specific)
51H 1. Output high limit <0, or Change output high limit to
0 < output high limit < 100
2. Output high limit > 100
52H 1. Output low limit <0, or Change output low limit to
0 < output low limit < output high limit < 100
2. Output low limit > 100
53H Output low limit > output high limit Change output low limit to
0 < output low limit < output high limit < 100
60H SLC 5/02- PID is being entered for the second time. (PID | You have at Ieast three PID loops in your program: One in

loop was interrupted by an I/0 interrupt, which is then
interrupted by the PID STl interrupt.

the main program or subroutine file, one in an 1/0
interrupt file, and one in the STl subroutine file. You must
alter your ladder program and eliminate the potential
nesting of PID loops.
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PID and Analog I/0 Scaling

For the SLC 500 PID instruction, the numerical scale for both the process
variable (PV) and the control variable (CV) is 0 to 16383. To use engineering
units, such as PSI or degrees, you must first scale your analog I/O ranges
within the above numerical scale. To do this, use the Scale (SCL) instruction
and follow the steps below.

1. Scale your analog input by calculating the slope (or rate) of the analog
input range to the PV range (0 to 16383.) For example, an analog input
with a range of 4 to 20mA has a decimal range of 3277 to 16384. The
decimal range must be scaled across the range of 0 to 16383 for use as

PV.

2. Scale the CV to span evenly across your analog output range. For
example, an analog output which is scaled at 4 to 20mA has a decimal
range of 6242 to 31208. In this case, 0 to 16383 must be scaled across
the range of 6242 to 31208.

Once you have scaled your analog I/O ranges to/from the PID
instruction, you can entet the minimum and maximum engineering units
that apply to your application. For example, if the 4 to 20mA analog
input range represents 0 to 300 PSI, you can enter 0 and 300 as the
minimum (Smin) and maximum (Smax) parameters respectively. The
Process Variable, Error, Setpoint, and Deadband are displayed in
engineering units in the PID Data Monitor screen. Setpoint and
Deadband can be entered into the PID instruction using engineeting
units.

The following equations show the linear relationship between the input value
and the resulting scaled value.

Scaled value = (input value x slope) +offset
Slope = (scated MAX. —scaled MIN.) / (imput MAX. —input MIN)

Offset = scaled MIN. —(input MIN. x slope)
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Using the SCL Instruction

Use the following values in an SCL instruction to scale common analog input
ranges to PID process variables
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Table 9.37 SLC Instruction

Parameter 4 to 20mA 0to 5V 0to 10V
Rate/10,000 12,499 10,000 5,000
Offset -4096 0 0

Use the following values in an SCL instruction to scale control variables to
common analog outputs.

Table 9.38 SLC Instruction

Parameter 4 to 20mA 0to 5V 0to 10V
Rate/10,000 15,239 10,000 19,999
Offset 6242 0 0

Using the SCP Instruction

Use the following values in an SCP instruction to scale your analog inputs to
the PV range and scale the CV range to your analog output

Table 9.39 SCP Instruction

Parameter 4 to 20mA 0to5V 0to 10V
Input minimum 3277 0 0

Input maximum 16384 16384 32767
Scaled minimum | 0 0 0
Scaled maximum | 16383 16383 16383
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Use the following values in an SCP instruction to scale control variables to
common analog outputs.

Table 9.40 SCP Instruction

Parameter 4 to 20mA 0to 5V 0to 10V
[nput minimum 0 0 0

[nput maximum 16383 16383 16383
Scaled minimum | 6242 0 0
Scaled maximum | 31208 16384 32764
Example

The following ladder diagram shows a typical PID loop that is programmed in
the STT mode. This example is provided primarily to show the proper scaling
techniques. It shows a 4 to 20mA analog input and a 4 to 20mA analog output.
The following parameters are:

e STI subroutine file (S:31) = 3.
e STI Setpoint (S:30) = 10.
e STI Enabled bit (S:2/1) = 1.
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Rung
3.0

Rung
31

Rung
32

Rung
33

Rung
34

This rung immediately updates the analog input used for PV.

- M —
IMMEDIATE  IN w MASK

Slot
Mask

1:1.0
FFFF

These two rungs ensure the analog input value to be scaled remains within the limits of 3277 to 16384.
This is necessary to prevent “out of range” conversion errors in both the SCL and PID instructions. The latch
bits can be used elsewhere in your program to identify the particular out of range condition that occurred.

Under range

LES B3
LESS  THAN —L)
Source A 1.0 0
0
Source B 3277
MOV
MOVE I
Source 3277
Dest 1:1.0
0
Over range
GRT B3
GREATER ~ THAN (L)
Source A 111.0 1
0
Source B 16384
MOV-
MOVE
Source 16384
Dest 1:1.0

The source to be scaled is the input I:1 and its destination is the process variable of the PID instruction.
These values are calculated knowing that the input range is 3277 to 16384, while the scaled range (PV) is 0

to 16383.

— SCL
SCALE I
Source 1.0
0
Rate  [/10000] 12499
Offset —4096
Dest N10:28
0
— PID
PID I
Control Block N10:0
Process Variable N10:28
Control Variable N10:29
Control Block  Length 23

The STI routine should have a time interval equal to the setting of the PID

“loop update” parameter.
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Application Notes The following sections discuss:

e input/output ranges.

e scaling to engineering units.

e output alarms.

e output limiting with anti-reset windup.

the manual mode.

PID rung state.

® time proportioning outputs.

Input/Output Ranges

The input module measuring the process variable (PV) must have a full scale
binary range of 0 to 16383. If this value is less than O (bit 15 set), then a value
of zero is used for PV and the Process var out of range bit is set (bit 12 of
word 0 in the control block). If the process variable is >16383 (bit 14 set), then
a value of 16383 is used for PV and the Process var out of range bit is set.

The Control Variable, calculated by the PID instruction, has the same range of
0 to 16383. The Control Output (word 16 of the control block) has the range
of 0 to 100%. You can set lower and upper limits for the instruction’s
calculated output values (where an upper limit of 100% corresponds to a
Control Variable limit of 16383).

Scaling to Engineering Units

Scaling lets you enter the setpoint and zero-crossing deadband values in
engineering units, and display the process variable and error values in the same
engineering units. Remember, the process variable PV must still be within the
range 0-16383. The PV is displayed in engineering units, however.

Select scaling as follows:

1. Enter the maximum and minimum scaling values Smax and Smin in the
PID control block. Refer to the control block of the PID instruction on
page 9-5. The Smin value corresponds to an analog value of zero for the
lowest reading of the process variable, and Smax corresponds to an
analog value of 16383 for the highest reading. These values reflect the
process limits. Setpoint scaling is selected by entering a non-zero value
for one or both parameters. If you enter the same value for both
parameters, setpoint scaling is disabled.
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For example, if measuring a full scale temperature range of

-270°C (PV=0) to #000°C (PV=16383), enter a value of -270 for Smin
and 1000 for Smax. Remember that inputs to the PID instruction must
be 0 to 16383. Signal conversions could be as follows:

Table 9.41 Signal Conversions

Parameter Range

Process limits —270to +1000 °C
Transmitter output (if used) +41t0+20mA
Output of analog input module 0to 16383

PID instruction, Smin to Smax —270t0 +1000 °C

2. Enter the setpoint (word 2) and deadband (word 9) in the same scaled
engineering units. Read the scaled process variable and scaled error in
these units as well. The control output percentage (word 10) is displayed
as a percentage of the 0 to 16383 CV range. The actual value transferred
to the CV output is always between 0 and 16383.

When you select scaling, the instruction scales the setpoint, deadband, process
variable, and error. You must consider the effect on all these vatriables when
you change scaling,

Output Alarms

You may set an output alarm on the control output (CO) at a selected value
above and/or below a selected output percent. When the instruction detects
that the output (CO) has exceeded either value, it sets an alarm bit (bit 10 for
lower limit, bit 9 for upper limit) in word 0 of the PID control block. Alarm
bits are reset by the instruction when the output (CO) comes back inside the
limits. The instruction does not prevent the output (CO) from exceeding the
alarm values unless you select output limiting.

Select upper and lower output alarms by entering a value for the upper alarm
(word 11) and lower alarm (word 12). Alarm values are specified as a
percentage of the output. If you do not want alarms, enter zero and 100%
respectively for lower and upper alarm values and ignore the alarm bits.
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Output Limiting with Anti-Reset Windup

You may set an output limit (percent of output) on the control output. When
the instruction detects that the output (CO) has exceeded a limit, it sets an
alarm bit (bit 10 for lower limit, bit 9 for upper limit) in word 0 of the PID
control block, and prevents the output (CO) from exceeding either limit value.
The instruction limits the output (CO) to 0 and 100% if you choose not to
limit.

Select upper and lower output limits by setting the limit enable bit (bit 3 of
control word 0), and entering an upper limit (word 11) and lower limit (word
12). Limit values are a percentage (0 to 100%) of the control output (CO).

The difference between selecting output alarms and output limits is that you
must select output limiting to enable limiting. Limit and alarm values are
stored in the same words. Entering these values enables the alarms, but not
limiting. Entering these values and setting the limit enable bit enables limiting
and alarms.

Anti-reset windup is a feature that prevents the integral term from becoming
excessive when the output (CO) reaches a limit. When the sum of the PID and
bias terms in the output (CO) reaches the limit, the instruction stops
calculating the integral sum until the output (CO) comes back in range. The
integral sum is contained in words 17 and 18 of the control block.

The Manual Mode

In the manual mode, the PID algorithm does not compute the value of the
control variable. Rather, it uses the value as an input to adjust the integral sum
(words 17 and 18) so that a bumpless transfer takes place upon re-entering the
AUTO mode.

To set the manual output level, design your ladder program to write to the CV
address when in the manual mode. Note that this number is in the range of 0
to 16383, not 0 to 100. Writing to the CV percent (word 16) with your ladder
program has no effect in the manual mode but adversely effects bumpless
transfer.

The example on the next page shows how you can manually control the
control variable (CV) output with your ladder program.
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PID Rungstate

If the PID rung is false, the integral sum (words 17 and 18) is cleared and CV

remains in its last state.

1:2.0 N7:10
— I (L—
2 1
1:2.0 N7:10
— I (U—
1 1
N7:10 2.0 B3 — FRD
[ ] [0SR} FROM BCD
1 0 0 Source 1:1.0
Dest N7:0
LIM — MUL
LIMIT  TEST MULTIPLY |
Low Lim 0 Source A N7:0
Test N7:0 Source B 16384
High  Lim 100 Dest N7:2
— DDV
|| DOUBLE DIVIDE |
Source 100
Notes on Operation Dest N78
A 3-digit BCD thumbwheel is wired to an input module at 11:1.0 (range
0-100). §U5\
A pushbutton wired to 11:2.0/0 accepts the thumbwheel value. 0
A selector switch for auto/manual mode is wired to 11:2.0/1 (auto) and
11:2.0/2 (manual). LM
N7:0 stores the value entered on the thumbwheel switch. UMIT  TEST B3
N7:2 stores an intermediate calculation. Low Lim 101 3
N7:8 is the PID control variable address. Test N7:0
N7:10 is the control block address of the PID instruction. High  Lim »

N7:26 Percent output is updated automatically by the PID instruction.

Time Proportioning Outputs

For heating or cooling applications, the Control Variable analog output is

typically converted to a time-proportioning output. While this cannot be done
directly with the processor, you can use the program on the following page to
convert the Control Variable to a time proportioning output.
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In this program, cycle time is the preset of timer T4:0. Cycle time relates to
% on-time as follows:

«—T4:0.PRE is the cycle time—p»

«—C% on-time —p

1«——100% output on-time —»

Example - Time proportioning outputs

— PID
PID —
Control Block N7:2
Process Variable N7:0
Control Variable N7:1
Control Block  Length 23
—TON——M8¥
TIMER  ON DELAY EN}
Timer T4.0 B
Time Base 0.01
Preset 1000 ON)
Accum 0 —
Cycle Time of Output
GRT —————————— 0:1.0
GREATER ~ THAN u
Source A T4:0.ACC \0 W
0
Source B N7:25
0 . .
Time Proportioning
Output Contacts
T4:0 T4.0
— [ {RES)
N NEQ
———1 010
NOT EQUAL ——(L) K
Source A N7:25 0
0
Source B 0

Control Variable
. — MUL-
L MULTIPLY . —

] ]
Source A N7:1
0
) / Source B T4:0.PRE
PID Instruction 1000
Done Blt Dest N7.Zg
—DDV
|| DOUBLE DIVIDE L .
Source 16383 Output as a Fraction of
" Cycle Time
Dest N725 ot yele ti
0
(R——————
CLEAR - Clears Minor Error Flag
Dest S5 & —
0
{END}
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Notes:
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Chapter 10

ASCII Instructions

This chapter contains general information about the ASCII instructions and
explains how they function in your application program. Each of the
instructions includes information on:

e what the instruction symbol looks like.

® how to use the instruction.

Table 10.1 ASCII Instruction

Instruction Mnemonic Instruction Name Purpose Page

ABL Test ASCII Buffer for Line Determine the number of 10-6
characters in the buffer, up to
and including the user
configured end of line
character(s).

ACB Number of ASCII Determine the total number of | 10-7

Characters in Buffer characters in the buffer.

ACI String to Integer Convert a string to an integer 10-8
value.

ACL ASCII Clear Clear the receive and/or 10-9

Receive and/or Send Buffer transmit buffers.

ACN String Concatenate Link two strings into one. 10-11

AEX String Extract Extract a portion of a string to 10-12
create a new string.

AHL ASCIl Handshake Lines Set or reset modem handshake | 10-13
lines.

AIC Integer to String Convert an integer value to a 10-14
string.

ARD ASCII Read Characters Read characters from the input | 10-15
buffer and place them into a
string.

ARL ASCII Read Line Read one line of characters from | 10-17
the input buffer and place them
into a string.

ASC String Search Search a string. 10-18

ASR ASCII String Compare Compare two strings. 10-19

AWA ASCII Write with Append Write a string with 10-20
user-configured character(s)
appended.

AWT ASCIl Write Write a string. 10-22
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ASCII Instruction Overview ASCII instructions are available in SLC 5/03 OS301 and above processors,

Protocol Parameter
Overview
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and all SLC 5/04 and SLC 5/05 processots. Thete are two types of ASCII
instructions.

e ASCII port control - these include instructions that use or alter the
communication channel for receiving or transmitting data. When using
these instructions, the system configuration for channel 0 must be set to
“User Mode.”

(ABL, ACB, ACL*, AHL*, ARD, ARL, AWA*, AWT*)
*may be executed in either user or system mode

ASCII port control instructions are queued in the order that they are
scanned and are dependent on one another to execute (except ACL
which executes immediately). For example, if you have an ARD (ASCII
Read instruction) and then an AWT (ASCII Write instruction), the
Done bit or the Error bit of the ARD must be set before the AWT can
begin executing (even if the AWT was enabled while the processor was

executing the ARD). A second ASCII port control instruction cannot
begin executing until the first has completed. However, the processor
does not wait for an ASCII port control instruction to complete before
continuing to execute your ladder program.

e ASCII string control - these include instructions that manipulate string

data. (ACIL, ACN, AEX, AIC, ASC, ASR)

ASCII string control instructions execute immediately. They are never
sent to the queue to wait their turn for execution.

Listed below are the ASCII protocol parameters that you set via the Channel O
configuration screens in your programming software.

Table 10.2 ASCII Protocol Parameters

Description Specification

Baud Rate Toggles between 110, 300, 600, 1.2K, 2.4K, 4.8K, 9.6K, and
19.2K (additional rate of 38.4K for SLC 5/04 and SLC 5/05
only). The default is 19.2K.

Start Bits The default is 1 and cannot be changed.

Stop Bits Options include 1, 1.5, and 2 The default is 1.

Parity Toggles between None, Odd, and Even. The default is None.
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Table 10.2 ASCII Protocol Parameters

Description

Specification

Data Bits

Toggles between 7 and 8. The default is 8.

Termination Characters

Allows you to configure up to 2 ASCII characters. The
default is CR.

Append Characters

Allows you to configure up to 2 ASCII characters. The AWA
instruction adds the characters to the end of every string to
serve as termination characters for the receiving device.
The defaultis CR LF.

Using the ASCII Data File Type

These are 1-word elements. Assign ASCII addresses as follows.

Table 10.3 Addressing Format

Format Explanation
A | ASCllfile
f | File number. A file number between 9 to 255 can be used.
Af:e/b
Element delimiter
e | Element number | Ranges from 0 to 255. This is a 1-word element.
/ | Bitdelimiter
b | Bit number Bit location within the element. Ranges from 0
to 15.
Examples A9:2 Element 2, ASCII file 9
A10:0/7 Bit 7, Element 0, ASCII file 10

Using the String (ST) Data File Type

This file type is valid for SLC 5/03 OS301 and higher, SLC 5/04, and SLC
5/05 processors. These are 42-word elements. You can address string lengths
by adding a .LEN to any string address (for example, ST17:1.LEN). Valid

string data file numbers are 9 to 255.

String lengths must be between 0 and 82 bytes. In general, lengths that are
outside of this range cause the processor to set the ASCII Error bit (S:5/15)

and the instruction is not executed.

TIP

You can enter ASCII strings characters either directly
into the ST file or as \ followed by the Hex value of
the ASCII character. Refer to See Table 10.9 for more

information.
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TIP You configure append or end-of-line characters via
the Channel Configuration screen. The default
append characters are carriage return and line feed;
the default end-of-line (termination) character is a
carriage return.

All instructions except ACL and AHL will error if the
port is disabled.

Assign string addresses as follows.

Table 10.4 Addressing Formats

Format Explanation
ST | String file
STf.e.s/b f File number. A file number between 9 to 255 can be used.

Element delimiter

e Element number Ranges from 0 to 255. These are
42-word elements.

Subelement delimiter

s Subelement number | Ranges from 0 to 41. Word 0 is the
length,.LEN. Words 1 to 41 are
entered in as .DATA[0] to .DATA[40]

/ Bit delimiter

b Bit number Bit location within the element.
Ranges from 0 to 15.
Examples ST9:2 Element 2, string file 9

ST9:2.LEN Length, in bytes of element 2,
string file 9

ST9:2.DATA[0] Word 1 of element 2, string file 9

ST9:2.DATA[0]/15 | Bit 15 of word 1 of element 2,
string file 9
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Entering Parameters

The control element for ASCII instructions includes eight status bits, an error
code byte, and two character words.

Table 10.5 ASCII Control Element

15 14 13 12 1" 10 09 08 07 06 05 04 03 02 0 00

Word 0 | EN EU DN EM ER UL IN FD Error Code

Word 1 | Number of Characters For Sending or Receiving (LEN)

Word 2 | Number of Characters Sent or Received (POS)

EN = Enable Bit

EU = Queue Bit

DN = Asynchronous Done Bit

EM = Synchronous Done Bit

ER = Error Bit

UL = Unload Bit

IN = Running Bit (This is the IN Bit in the control data file [R6:].)
FD = Found Bit

e Found Bit FD (bit 8) indicates that the instruction found the end of line
or termination characters in the buffer (applies to ABL and ACB
instructions).

e Running Bit IN (bit 9) indicates that a queued instruction is executing,

e Unload Bit UL (bit 10) ceases instruction operation before (may be
queued) or during execution. If this bit is set while an instruction is
executing, any data already processed is sent to the destination. Note
that the instruction is not removed from the queue; any remaining data
is just not processed. You set this bit.

e Error Bit ER (bit 11) indicates that an error occurred while executing
the instruction, such as a mode change via channel 1, or the instruction
was cancelled using the UL bit or ACL instruction.

e Synchronous Done Bit EM (bit 12) is set concurrently to a program
scan to indicate the completion of an ASCII instruction.

¢ Asynchronous Done Bit DN (bit 13) is set opposite to a program scan
when an instruction successfully completes its operation. Note that an
instruction can take longer than one program scan to finish executing;

¢ Queue Bit EU (bit 14) indicates that an ASCII instruction was placed in
the ASCII queue. This action is delayed if the queue is already filled. The
queue may contain up to 16 instructions.

e Enable Bit EN (bit 15) indicates that an instruction is enabled due to a
false-to-true transition. This bit remains set until the instruction has
completed executing or errors.
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Test ASCII Buffer for Line
(ABL)

ABL

— Ascii Test For Line  —(EN>—
Channel 0
Control R16:0 —(DN>—
Characters 0
Error o —(ER>—

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

Use the ABL instruction to determine the total number of characters in the
input buffer, up to and including the end-of-line characters (termination). This
instruction looks for two termination characters that you configure via the
ASCII port configuration screen. On a false-to-true transition, the processor
reports the number of characters in the POS field of the ASCII control block.
The serial port must be configured for User mode.

Entering Parameters

Enter the following parameters when programming this instruction.

e Channel is the number of the RS-232 port (Channel 0).

e Control is the area that stores the control register required to operate
the instruction.

e Characters are the number of characters in the buffer that the
processor finds (0-1024). This parameter is display only and resides in
wotd 2 of the control block.

e Error displays the hexadecimal error code that indicates why the ER bit
was set in the control data file (R6). See page 10-24 error code

descriptions.
Example

I:1 AFL
1 E dscii Test ForLine | —CEN

10 Charmel ]

. ) . Control R6:32 (DN —
Ifinput slot 1, bit 10 15 set, the processor performs an Chararters 0
ABL operation for channel 0. Enor O0h | —CER —
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When the rung goes from false-to-true, the Enable bit (EN) is set. The
instruction is put in the ASCII instruction queue, the Queue bit (EU) is set,
and program scan continues. The instruction is then executed outside of the
program scan. However, if the queue is empty the instruction executes
immediately. Upon execution, the Running bit (IN) is set.

The processor determines the number of characters (up to and including the
end-of-line/termination characters) and puts this value in the position field.
The Done bit (DN) is then set.

If a zero appears in the POS field, no end-of-line/termination characters were
found. The Found bit (FD) is set if the position field was set to a non-zero
value.

When the program scans the instruction and finds the Done bit (DN) set, the
processor then sets the Synchronous Done bit (EM). The EM bit acts as a
secondary done bit corresponding to the program scan.
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Number of ASCII

Characters In Buffer (ACB)

ACB

Ascii Chars In Buffer

The Error bit (ER) is set during the execution of the instruction if:

e the instruction is aborted - serial port not in User mode.
e the instruction is aborted due to channel mode change.

e the Unload bit (UL) is set and the instruction is not executed.

Use the ACB instruction to determine the total characters in the buffer. On a
false-to-true transition, the processor determines the total number of
characters and records it in the position field of the ASCII control block. The
serial port must be in User mode.

Entering Parameters

— HCEND>—
Channel 0
Control Ri6:1 N> Enter the following parameters when programming this instruction.
aracters
Error 0o —(ER>—
e Channel is the number of the RS-232 port (Channel 0).
Fixed | SLC | SLC | SLC | SLC | SLC e Control is the area that stores the control register required to operate
5/01 | 5/02 | 5/03 | 5/04 | 5/05 the instruction.
* * * e Characters are the number of characters in the buffer that the
Output Instruction processor finds (0-1024). This parameter is display only.
¢ Error displays the hexadecimal error code that indicates why the ER bit
was set in the control data file (RG). See page 10-24 for error
descriptions.
Example
I1 ACE
] F Ascii Chars In Buffer  [—CEN
10 Channel 0
Control RE32 (DN D—
Ifinput slot 1, bit 10 15 set, the processor performs an Chararters i
ACE operation For channel 0. Eror 00k —CERD—

When the rung goes from false-to-true, the Enable bit (EN) is set. When the
instruction is placed in the ASCII queue, the Queue bit (EU) is set. The
Running bit (IN) is set when the instruction is executing. The Done bit (DN)
is set upon completion of the instruction.

The processor determines the number of characters in the buffer and puts this
value in the position field of the control block. The Done bit (DN) is then set.
If a zero appears in the characters field, no characters were found.

When the program scans the instruction and finds the Done bit (DN) set, the

processor then sets the Synchronous bit (EM). The EM bit acts as a secondary
done bit corresponding to the program scan.
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String to Integer (ACI)

ACI

String to Integer

Source
Dest

ST10:0
N7:75
0<

Fixed

SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05
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Output Instruction

The Error bit (ER) is set during the execution of the instruction if:

e the instruction is aborted - serial port not in User mode.
e the instruction is aborted due to channel mode change.

e the Unload bit (UL) is set and the instruction is not executed.

Use the ACI instruction to convert a numeric ASCII string to an integer value
between -32,768 and 32,767.

Example

11 —4CI
[ String to Integer
10 Source ST38:80

Dest H7:123

75

L

If input slot 1, bit 10 12 set, convert the string in 2T38:90
to an integer and store the result in M7:123

The processor searches the source (file type ST) for the first character between
0 and 9. All numeric characters are extracted until a non-numeric character or
the end of the string is reached. Action is taken on/y if numeric characters are
found. If the string contains an invalid length (<0 or >82) the ASCII Error bit
S:5/15 is set. Commas and signs (+ -) are allowed in the string. However, only
the minus sign is displayed in the data table.

The extracted numeric string is then converted to an integer. The ASCII Error
bit S:5/15 is set if the string contains an invalid string length. The value of

32,767 is returned as the result.

This instruction also sets the arithmetic flags (found in word 0, bits 0-3 in the
processor status file S:0).

Table 10.6 Processor Function

With this Bit The Processor

S:0/0  Carry (C) is reserved.

S:0/1  Overflow (V) sets if the integer value is outside of the valid range.
S:0/2  Zero(Z) sets if the integer value is zero.

S:0/3  Sign(S) sets if the result is negative.
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ASCII Clear Receive and/or

Transmit Buffer (ACL)

ACL ————
Ascii Clear Buffers —
Channel 0
Receive Buffer Yes
Transmit Buffer No
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

Use this instruction to clear an ASCII buffer. ASCII instructions are removed
from the queue and then the Error bit (ER) is set. This instruction clears the
ASCII buffers immediately upon the rung transitioning to a true state. The
instruction works when the channel is in User Mode or System Mode
configured for DF1 Full-duplex or Half-duplex drivers. In System Mode, only
the ASCII transmit buffer can be cleared.

For OS Series C, FRN 7 and higher, the ACL instruction can also be used to
clear the DF1 communication buffers when the channel is configured for any
of the DF1 communication drivers. Select 0 for the channel number and Yes
for both the receive and transmit buffers. When the ACL instruction is
executed, any pending outgoing DF1 replies, incoming DF1 commands, and
outgoing DF1 commands are flushed. Any MSG instructions in progress on
that channel will error out with an error code of 0x0C. The DF1
communication buffers are cleared at end-of-scan or during REF instruction
execution.

IMPORTANT For OS Series C, FRN 7 and higher, when the ACL

instruction is executed with both the Receive Buffer
and Transmit buffer set to Yes while channel 0 is in
System Mode and configured for DF1, two actions
occut.

e The ASCII transmit buffer is cleared and any AWA
and AWT instructions in the ASCII queue are
removed.

¢ Any pending outgoing DF1 replies, incoming DF1
commands, and outgoing DF1 commands are
flushed.

In addition, for SLC 5/03 processors with OS302 Series C, FRN 7 or higher,
the ACL instruction can be used to clear the Local Passthru Queue when
channel 0 is configured for DF1 and the DF1 Remote/Local Passthru bit
(S:34/6) is set to Local. Select No for the receive buffer and Yes for the
transmit buffer.
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IMPORTANT For SLC 5/03 with OS302, Series C, FRN 7 and higher,
when the ACL instruction is executed with:

o the receive buffer set to No and the Transmit
buffer set to Yes while channel 0 is in System
Mode and configured for DF1.

e the DF1 Remote/Local Passthru bit is set for Local
(S34/6=1).
Two actions occut.
e The ASCII transmit buffer is cleared and any AWA

and AWT instructions in the ASCII queue are
removed

¢ The Local Passthru queue is flushed

Entering Parameters

Enter the following parameters when programming this instruction.

e Channel is the number of the RS-232 port (Channel 0).

e Receive Buffer, when set to Yes, clears the receive buffer and removes
the ARD and ARL instructions from the queue. The Error bit (ER) is
set in each of these instructions.

e Transmit Buffer, when set to Yes, clears the transmit buffer and
removes the AWA and AWT instructions from the queue. The Error bit
(ER) is set in each of these instructions.

Example
I:1 -ACL
1 E Ascii Clear Buffers
10 Channel a
Ifinput slot 1, bt 10 15 set, then only clear the receive ?ce‘w_?gﬁ; ";es
FATIsIT er o
buffer for channel 0.
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When the rung goes true, the selected buffer(s) will be cleared and the ASCII
instruction(s) are removed from the ASCII instruction queue.
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String Concatenate (ACN) The ACN instruction combines two strings using ASCII strings as operands.

The second string is appended to the first and the result stored in the

destination.

Entering Parameters

-4 CH
— String Concatenate
Source &4 5T37:42 Enter the following parameters when programming this instruction.
Soroe B iT3E:91
Dest §T32:76 ® Source A is the first string in the concatenation procedure.
e Source B is the second string in the concatenation procedure.
Fixed | SLC | SLC | SLC | SLC | SLC e Destination is where the result of Source A and B is stored.

5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction
Example

Il ACH

] [ String Concatenate
10 Source & ST37:42
. . . . : . Sonurce B T3g:81

Ifinput slot 1, bit 10 15 set, concatenate the string in 3T27:42 Dast ST276

with the string in 3T35:91 and store the result in 3T5276.

Oanly the first 82 characters (0 to 81) are written to the destination.

If the result is > 82 the ASCII Error bit S:5/15 is set.
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String Extract (AEX)

AEX
— String Extract
Source ST28:0

Index 32
Number 10
Dest ST14:3

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

Use the AEX instruction to create a new string by taking a portion of an
existing string and linking it to a new string,

Entering Parameters

Enter the following parameters when programming this instruction.

e Source is the existing string. The source value is not affected by this
instruction.

¢ Index is the starting position (from 1 to 82) of the string you want to
extract. (An index of 1 indicates the left-most character of the string.)

e Number is the number of characters (from 1 to 82) you want to extract,
starting at the indexed position. If the index plus the number is greater
than the total characters in the source string, the destination string will
be the characters from the index to the end of the source string.

¢ Destination is the string element (ST) where you want the extracted
string stored.

Example
I:1 AEX
] [ Strng Extract
10 Sonrea IT38:40
. . . . Index 42
If input slot 1, bit 10 is set, extract 10 characters starting at amber 10
the 43 character of ST38:40 and store the result in ST52:75. Drest ST52:75
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The following conditions cause the processor to set the ASCII Error bit
(S:5/15).

e Invalid source string length or string length of zero
e Index or number values outside of range

e Index value greater than the length of the source string

The destination string is not changed in any of the above error conditions.
However, the destination will be changed if the index value plus the number

value are greater than the string length. Note that the ASCII Error bit (S:5/15)
is not set.
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ASCII Handshake Lines

(AHL)

AHL

Ascii Handshake Lines  —CEN)>—
Channel 0
AND Mask OFF03h —(DN>—
OR Mask OFDEBh
Control R6:4 —CER—
Channel Status 0000h
Error 0
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
° . .

Output Instruction

Use the AHL instruction to set or reset the RS-232 Data Terminal Ready
(DTR) and Request to Send (RTS) handshake control lines for your modem.
On a false-to-true transition, the processor uses the two masks to determine
whether to set or reset the DTR and RTS lines, or leave them unchanged. This
instruction will operate when the port is in either mode or is disabled.

Make sure the automatic modem control used by the
port, in system mode, does not conflict with this
instruction.

TIP

Entering Parameters

Enter the following parameters when programming this instruction.

e Channel is the number of the RS-232 port (Channel 0).

e AND Mask is the type of mask used to reset the DTR and RTS control
lines. Bit 0 corresponds to the DTR line and bit 1 corresponds to the
RTS control line. A 1 at the mask bit causes the line to be reset; a 0
leaves the line unchanged. Note that mask values do not have a
one-to-one correspondence to the modem control lines.

e OR Mask is the type of mask used to set the DTR and RTS control
lines. Bit 0 corresponds to the DTR line and bit 1 corresponds to the
RTS control line. A 1 at the mask bit causes the line to be set; a 0 leaves
the line unchanged. Note that mask values do not have a one-to-one
correspondence to the modem control lines.

e Control is the area that stores the control register required to operate
the instruction.

e Channel Status displays the current status (0000 to 001F) of the
handshake lines for the channel, specified above. This field is display
only and resides in word 2 of the control element.

e Error displays the hexadecimal error code that indicates why the ER bit
was set in the control data file (R6). See page 10-24 for error code
descriptions.
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Table 10.7 Control Block Structure

Example

The following shows the channel status as O01F.

Channel |15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Status
Bit
Bit Reserved DTR |DCD |DSR |RTS |CTS
Line 0 ‘0 ‘0 ‘0 0 ‘0 ‘0 ‘0 0 ‘0 ‘0 1 1 1 1 1
Channel |0 0 1 F
Status
Example
I:1 AHL
JE duseii Handshake Lines BN —
10 Chanmel u}
AND Mask ABCD |—DHT—
If input slot 1, bit 10 is set, bit 0 of the AND mask is set to clear | oot Teas |cER
the DTE line. Bit 1 of the OF. mask 15 set to set the BTS line. Chanmel Status ]
Error u}

Integer to String (AIC)

AIC
Integer to String
Source N7:98

0<

Dest ST10:6

Fixed | SLC

5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05
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Output Instruction

The Error bit (ER) is set during the execution of the instruction if:

e the instruction is aborted due to channel mode change.

e the Unload bit (UL) is set and the instruction is not executed.

The AIC instruction converts an integer value (-32,768 and 32,767) to an
ASCII string. The source can be a constant or an integer address.

Example

AT
Integer to String
Source

| 11
I1E
=
10
If mput slot 1, bit 1015 zet, convert the value 367 to
a string and store the result in 3T3E:42.

[

a7
a7

Dest ST3E42
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ASCII Read Characters

(ARD)

Dest

Charac
Error

—ARD ———
ASCII Read
Channel 0

Control
String Length

ST10:7
R6:5

ters Read 0

—EN—
—DN>—
20<—ER)>—

Fixed | SLC

5/01

SLC
5/02

SLC | SLC
5/03 | 5/04

SLC
5/05

Output Instruction

[

Use the ARD instruction to read characters from the buffer and store them in
a string; To repeat the operation, the rung must go from false-to-true.

Entering Parameters

Enter the following parameters when programming this instruction.

e Channel is the number of the RS-232 port (Channel 0).
¢ Destination is the string element where you want the characters stored.

e Control is the address of the control block used to store data for the
ARD instruction.

e String Length (LEN) is the number of characters you want to read
from the buffer. The maximum is 82 characters. If you specify a length
larger than 82, only the first 82 characters will be read. (A 0 defaults to
82.) This is word 1 in the control block.

e Characters Read (.POS) ate the number of characters that the
processor moved from the buffer to the string (0 to 82). This field is
updated during the execution of the instruction and is display only. This
is word 2 in the control block.

e Error displays the hexadecimal error code that indicates why the ER bit
was set in the control data file (R6). See page 10-24 for error code
descriptions.

Example

AT

(1.

C
C
1

[}

If input slot 1, bit 10 iz set, read 50 characters from the
buffer and mowve to 3T52:76.

A3CTT Read

Channel 1]
Diest ST52: 78
Control R&:25
String Length 50
Characters Fead 1]
Erar 0ok

BN —
— (D —
—CERD—

When the rung goes from false-to-true, the Enable bit (EN) is set. When the
instruction is placed in the ASCII queue, the Queue bit (EU) is set. The
Running bit (IN) is set when the instruction is executing. The DN bit is set
upon completion of the instruction.

Once the requested number of characters are in the buffer, the characters are
moved to the destination string. The number of characters moved is put in the
POS field of the control block. The number in the Characters Read field is
continuously updated and the Done bit (DN) is not set until all of the
characters are read.

When the program scans the instruction and finds the Done bit (DN) set, the

processor then sets the Synchronous Done bit (EM). The EM bit acts as a
secondary done bit corresponding to the program scan.
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The Error bit (ER) is set during the execution of the instruction if:

e the instruction is aborted - serial port is not in User mode.

e the modem is disconnected (control line selection is other than NO
HANDSHAKING).

e the instruction is aborted due to channel mode change.

e the Unload bit (UL) is set. The instruction stops executing, but received
characters are sent to the destination.

e an ACL to clear the receive buffer is executed, removing the ARD
instruction from the ASCII queue.

Timing Diagram for a Successful ARD, ARL, AWA, and AWT

Instructions
Fung Condition TRUE
FALSE —d

Enable Bit (EN) oM

OF F e B : : : : : :
Queue Bit(ELY aM

aF F
Running Bit (N} aN

aF F
Cone ar Error Bit OH . P
(D'H or ER) OFF ——
Synchronous Done aM
Bit(EM) OFF

1 26 3 4 5 1 5 2 B 3 4

1-FRung Goes True

2 - Instruction Successfully Queued

2 - Instruction Execution Complete

4 - Instruction Scanned for the First Time After Execution i Complete
5-FRung Goes Falze

G - Either the Irstruction & notinthe Queue or it i Being Executed
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ASCII Read Line (ARL)

ARL
ASCII Read Line

Channel

Dest

Control

String

Characters Read

Error

Length

ST10:8
R6:6

—CEN—
—ON>—

16<—CER>—

0

Fixed

SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Output Instruction

:1
r
|

g

Use the ARL instruction to read characters from the buffer, up to and
including the end-of-line (termination) characters, and store them in a string.
The end-of-line characters are specified via the ASCII Configuration screen.

Entering Parameters

Enter the following parameters when programming this instruction.

e Channel is the number of the RS-232 port (Channel 0).
e Destination is the string element where you want the characters stored.

e Control is the address of the control block used to store data for the
ARL instruction.

e String Length (LEN) is the number of characters you want to read
from the buffer. The maximum is 82 characters. If you specify a length
larger than 82, only the first 82 characters are read and moved to the
destination. (A 0 defaults to 82.) This is word 1 in the control block.

e Characters Read (POS) are the number of characters that the
processor moved from the buffer to the string (0 to 82). This field is
display only and resides in word 2 of the control block.

¢ Error displays the hexadecimal error code that indicates why the ER bit
was set in the control data file (R6). See page 10-24 for error code
descriptions.

Example

AL

10

Ifinput slot 1, bit 10 15 set, read 18 characters (or until Contrel Rf:23
end-of-line) from the buffer and move to 3T52:72. String Langth 13 —CERO—

ASCII Fead Line iy ;R —

Channel 1]

Dest 5T52:72 —CDH—

Characters Fead 1]
Erar 0ok

When the rung goes from false-to-true, the control element Enable (EN) bit is
set. When the instruction is placed in the ASCII queue, the Queue bit (EU) is
set. The Running bit (IN) is set when the instruction is executing. The DN bit
is set upon completion of the instruction.

Once either the end of line character(s) are received or, the requested number
of characters are in the buffer, all characters (including the end-of-line
characters) are moved to the destination string. The number of characters
moved is stored in the POS word of the control block. The number in the
Characters Read field is continuously updated and the Done bit (DN) is not
set until either the end of line charactet(s) are received or, all of the characters
have been read.
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String Search (ASC)

ASC
String Search —
Source ST10:9
Index 22
String Search ST10:10
Result N7:99
0<

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction
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When the program scans the instruction and finds the Done bit (DN) set, the
processor then sets the Synchronous bit (EM). The EM bit acts as a secondary
done bit corresponding to the program scan.

The Error bit (ER) is set during the execution of the instruction if:

e the instruction is aborted - serial port is not in User mode.

e the modem is disconnected (when control line selection is other than
“NO HANDSHAKING”).

e the instruction is aborted due to channel mode change.

the Unload bit (UL) is set. The instruction stops executing, but received
characters are sent to the destination.

an ACL to clear the receive buffer is executed, removing the ARL
instruction from the ASCII queue.

TIP For information on the timing of this instruction, refer
to the timing diagram on page 10-16.

Use the ASC instruction to search an existing string for an occurrence of the
source string.

Entering Parameters

Enter the following parameters when programming this instructio.:

e Source is the string you want to find when examining the search string,

¢ Index is the starting position (from 1 to 82) of the portion of the string
you want to find. (An index of 1 indicates the left-most character of the
string.)

e String Search is the string you want to examine.

e Result is an integer where the processor stores the position of the
search string where the source string begins. If no match is found, result
is set equal to zero.
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ASCII String Compare (ASR)

ASR

Example

ASCII String Compare

1.1 ASC
] E String Search
10 Source STag:40
If input slot 1, bit 10 is set, search the string in ST52:80 Indexc i
i3 . : g st String Search  STS2:20
starting at the 36t character, for the string found in Result H104
2T38:40. In this example, the result iz stored in M10:0. 0

The following conditions cause the processor to set the ASCII Error bit
(S:5/15).

e Invalid string length or string length of zero
¢ Index value outside of range

e Index value greater than the length of the source string

The destination is not changed in any of the above conditions.

Use the ASR instruction to compate two ASCII strings. The system looks for
a match in length and upper/lower case characters. If two strings are identical,
the rung is true; if there are any differences, the rung is false.

Entering Parameters

223:33 21}8;3 Enter the following parameters when programming this instruction.
- ¢ Source A is string one for comparison.
Fixed | SLC | SLC | SLC | SLC | SLC . . .
5/01 | 5/02 | 5/03 | 5/04 | 5/05 e Source B is string two for comparison.
[ ] [ ] [ ]
Input Instruction
Example
ASR 0:1
ASCIT String Compare 7y
Sowce 4 ST3T2 1
Souce B ST33:30 Ifthe string in 3T27:42 is identical to the

string 1n 3T38:90, set cutput bat O 171

An invalid string length causes the processor to set ASCII Error bit S:5/15,
and the rung goes false.
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ASCII Write with Append
(AWA)

—AWA——
— ASCII Write Append HCEND>——
Channel 0
Source sT10:11 —(DN>—
Control R6:7
String Length 3<—ER)—
Characters Sent 0
Error 0

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05

Output Instruction

Use the AWA instruction to write characters from a source string to an
external device. This instruction adds the one or two appended characters that
you configure on the ASCII Configuration screen. The default is a carriage
return and line feed appended to the end of the string. When using this
instruction you can also perform in-line indirection. See page 10-21 for more
information.

Entering Parameters

Enter the following parameters when programming this instruction.

e Channel is the number of the RS-232 port (Channel 0).
e Source is the string element you want to write.

e Control is the area that stotes the control register required to opetate
the instruction.

e String Length (LEN) is the number of characters you want to write
from the source string (0 to 82). If you enter a 0, the entire string will be
written. This is word 1 in the control block.

e Characters Sent ((POS) are the number of characters that the
processor sent to the display area (0 to 82). This field is continuously
updated during the execution of the instruction. This value can be
greater than the string length if appended characters or inserted values
from in-line indirection are used. If the string length is greater than 82,
the string written to the destination is truncated to 82 characters. This is
word 2 in the control block.

¢ Error displays the hexadecimal error code that indicates why the ER bit
was set in the control data file (R6). See page 10-24 for error code
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descriptions.
Example

Il LAVL
1E ASCII Write Append . W

10 Charmel ]

) ) ) Souree ST3742 [DN—
Ifinput slot 1, bat 10 15 set, read 25 characters from Caontral R&:23
5T37:42 and write it to the display device. Then String Length 25 —(ER3—

. . . Characters Sent o
write a carriage return and line feed (default). Freoy 0k

When the rung goes from false-to-true, the control element Enable (EN) bit is
set. When the instruction is placed in the ASCII queue, the Queue bit (EU) is
set. The Running bit (IN) is set when the instruction is executing. The DN bit
is set on completion of the instruction.

The system sends 25 characters from the start of string ST37:42 to the display
device and then sends user-configured append characters. The Done bit (DN)
is set and a value of 27 is present in .POS word of the ASCII control block.
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When the program scans the instruction and finds the Done bit (DN) set, the
processor then sets the Synchronous Done bit (EM) to act as a secondary
done bit corresponding to the program scan.

The Error bit (ER) is set during execution of the instruction if:

e the modem is disconnected (control line selection is other than NO
HANDSHAKING).

e port is in System Mode and is configured for DH-485 or DF1 Radio
Modem.

e the Unload bit (UL) is set. The instruction stops executing, but received
characters are sent to the destination.

e an ACL to clear the send buffer is executed, removing the AWA
instruction from the ASCII queue.

TIP For information on the timing of this instruction, refer
to the timing diagram on page 10-16.

Using Inline Indirection

This allows you to insert integer and floating point values into ASCII strings.
The Running bit (IN) must be set before the string value can be used.

The following conditions apply to performing in-line indirection.

e All valid integer (N) and floating point (F) files can be used.
Valid ranges include 7, 8, and 9-255

e file types are not case sensitive and can include either a colon (:)
or semicolon (3)

e positive values and leading zeros are not printed. Negative values are
printed with a leading minus sign
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ASCII Write (AWT)

Examples

For the following examples:
N7:0 = 250

N7:1 =-37

F8:0 = 2.015000

F8:1 = 0.873000

Valid in-line direction:

Input: Flow rate is currently [N7:0] GPH and contains [F8:0] PPM contaminants.
Output: Flow rate is currently 250 GPH and contains 2.015000 PPM contaminants.
Input: Current position is [N7:1] at a speed of [F8:1] RPM.

Qutput:  Current position is -37 at a speed of 0.873000 RPM.

Invalid in-line indirection:

—AWT
— ASCII Write —C(EN>—
Channel 0
Source ST10:12 —(DN)>—
Control R6:8
String Length 12<—(ER)—
Characters Sent 0
Error 0
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
° ° °
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Output Instruction

Input: Current position is [N5:1] at a speed of [F8:1] RPM.
Qutput:  Current position is [N5:1] at a speed of 0.873000 RPM.
TIP Truncation occurs in the output string if the

indirection causes the output to exceed 80 characters.
The appended characters are always applied to the
output.

Use the AWT instruction to write characters from a source string to an
external device. To repeat the instruction, the rung must go from false-to-true.
When using this instruction you can also perform in-line indirection. See page
10-21 for more information.

Entering Parameters

Enter the following parameters when programming this instruction.

e Channel is the number of the RS-232 port (Channel 0).
® Source is the string element you want to write.

e Control is the area that stotes the control register required to opetate
the instruction.

e String Length (LEN) is the number of characters you want to write
from the source string (0 to 82). If you enter a 0, the entire string will be
written.
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e Characters Sent (POS) is the number of characters that the processor
sent to the display atea (0 to 82). Only after the entire string is sent is
this field updated (no running total for each character is stored). This
field is display only. This value can be greater than the string length if
inserted values from in-line indirection are used. If the string length is
greater than 82, the string written to the destination is truncated to 82
characters.

¢ Error displays the hexadecimal error code that indicates why the ER bit
was set in the control data file (R6). See page 10-24 for error code
descriptions.

Example

I:1 AT
] ASCIT Wiite —EH T —
o Channel ]
Sonree 5T37:20 |—{DN—
. . . . Comntral Re:23
Ifinput slot 1, bat 10 15 set, write 40 characters from String Lensth 40 CERT—
2T27:20 to the display dewice. Characters Sent 0
Error 00k

When the rung goes from false-to-true, the control element Enable (EN) bit is
set. When the instruction is placed in the ASCII queue, the Queue bit (EU) is
set. The Running bit (IN) is set when the instruction is executing. The DN bit
is set on completion of the instruction.

Forty characters from string ST37:40 are sent through channel 0. The Done
bit (DN) is set and a value of 40 is present in the POS word of the ASCII
control block.

When the program scans the instruction and finds the Done bit (DN) set, the
processor then sets the Synchronous Done bit (EM) to act as a secondary
done bit corresponding to the program scan.

The Error bit (ER) is set during execution of the instruction if:

e the modem is disconnected (control line selection is other than “NO
HANDSHAKING”).

e port is in System Mode and is configured for DH-485 or DF1 Radio
Modem.

e the Unload bit (UL) is set. The instruction stops executing, but received
characters atre sent to the destination.

e an ACL to clear the transmit buffer is executed, removing the AWT
instruction from the ASCII queue.

TIP For information on the timing of this instruction, refer
to the timing diagram on page 10-16.
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ASCII Instruction Error

Codes

data file (RO).

Table 10.8 ASCII Error Codes

The following error codes indicate why the Error bit (ER) is set in the control

Error | Conditions Resulting in the Recommended Action

Code | Setting of the ER Bit

(HEX)

00 No error. The instruction completed successfully. None required.

02 Operation cannot be completed because the modem went offline. Check modem cabling to communication
channel. If the channel is configured for modem
handshaking, both the DCD
(Data-Carrier-Detect) and DSR (Data-Set-Ready)
lines to the channel must be active for the
modem to be online.

03 Transmission cannot be completed because the Clear-to-Send signal was Check modem and modem cabling connections.

lost.

04 Cannot perform ASCII receives because the communication channel is Reconfigure the communication channel for
configured for System Mode. User Mode.

05 While attempting to perform ASCII transmission, System Mode (DF1) Verify that the modem is online and
communication was detected. communicating with required devices.

07 Cannot perform ASCII send or receive because channel configuration has Reconfigure the channel configuration menu
been shut down via the channel configuration menu. and retry operation.

08 Cannot perform ASCII write due to an ASCII transmission already in Resend the transmission.
progress.

09 ASCII communication requested is not supported by current channel Configure channel 0 for DF1 Full-duplex, DF1
configuration. (Channel 0 is configured for DH-485 or DF1 Radio Modem Half-duplex Master, or DF1 Half-duplex Slave.
while trying to initiate an ASCII transmission or modem handshake control.)

0A The Unload bit (UL) was set, stopping instruction execution. None required.

0B The requested length for the string is either a negative number or greater Enter a valid string length and retry operation.
than 82. Applies to ARD and ARL instructions.

0C The length of the source string is either a negative number or greater than Enter a valid string length and retry operation.
82. Applies to AWA and AWT instructions.

0D The requested length (.LEN) in the control block is a negative number or a Enter a valid length and retry operation.
value greater than 82. Applies to AWA and AWT instructions.

OE The ACL instruction was aborted. None required.

OF The channel configuration mode was changed. None required.
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ASCII Conversion Table

Table 10.9 ASCII Conversion Table

The table below lists the decimal, hexadecimal, and ASCII conversions.

ASCII Hex Decimal Enter as Displayed as
NUL 00 0 \00 \00
SOH 01 1 AA or Aa or \01 M
STX 02 2 B or Ab or \02 "B
ETX 03 3 AC or Ac or\03 AC
EOT 04 4 AD or Ad or \04 "D
ENQ 05 5 AE or 2e or\05 AE
ACK 06 6 AF or A or \06 AR
BEL 07 7 AG or Ag or\07 A3
BS 08 8 AH or *h or \08 "
HT 09 9 M or Aior\09 A
LF 0A 10 AJor Ajor\OA or\0a N
VT 0B 1 MK or Mk or \OB or \Ob AK
FF 0C 12 AL or M or\0C or\Oc AL
CR 0D 13 AM or *m or \0D or \0d "M
SOH OE 14 AN or *n or \OE or \Oe N
Sl OF 15 AQ or 2o or \OF or \Of "0
DLE 10 16 AP orpor\10 AP
DC1 1 17 AQor Aqor\11 "
DC2 12 18 MRor/ror\12 "R
DC3 13 19 ASor*sor\13 AS
DC4 14 20 AT or Mor\14 AT
HAK 15 21 AU or *uor\1b AU
SYN 16 22 AV or Mv or\16 AV
ETB 17 23 AW or Aw or\17 AW
CAN 18 24 AXor xor\18 X
EM 19 25 AY or My or\19 Y
SuB 1A 26 AZor*zor\Aor\la N
ESC 1B 27 \Bor\1b \1B
FS 1C 28 \1Cor\lc \1C
GS 1D 29 \1D or\1d \1D
RS 1E 30 \1E or\le \1E
N 1F 31 \1F or \1f \F
SP 20 32 \20

Publication 1747-RM001G-EN-P - November 2008



10-26

ASCII Instructions

Table 10.9 ASCII Conversion Table (Continued)

ASCII Hex Decimal Enter as Displayed as
! 21 33 lor\21 !
22 34 """ or\22”
# 23 35 #0r\23 #
$ 24 36 $or\24 $
% 25 37 % or\25 %
& 26 38 & or\26 &
27 39 “or\27
( 28 40 (or\28 (
) 29 41 ) or\29 )
* 2A 42 *or\2A or\Za *
+ 2B 43 +0or\2B or\2b +
2C 44 ,0r\2C or\2c
2D 45 -or\2D or\2d
2E 46 .or\2E or\2e
/ 2F 47 / or \2F or \2f /
0 30 48 0or\30 0
1 31 49 1 0r\31 1
2 32 50 20r\32 2
3 33 51 30r\33 3
4 34 52 4 0r\34 4
5 35 53 50r\35 5
6 36 54 6 or\36 6
7 37 55 7 0r\37 7
8 38 56 8or\38 8
9 39 57 90r\39 9
3A 58 cor\3A or\3a
3B 59 ;or\3B or\3b
< 3C 60 <or\3C or\3c <
= 3D 61 =or\3D or\3d =
> 3E 62 >or\3E or\3e >
? 3F 63 7 or\3F or \3f
@ 40 64 @ or\0 @
A 41 65 Aor\d1 A
B 42 66 Bor\42 B
C 43 67 Cor\3 C
D 44 68 D or\44 D
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Table 10.9 ASCII Conversion Table (Continued)

ASCII Hex Decimal Enter as Displayed as
E 45 69 Eor\ds E
F 46 70 For\6 F
G 47 71 G or\47 G
H 48 72 Hor\8 H
| 49 73 [ or\49 |
J 4A 74 JorMAor\Ma J
K 4B 75 K or 4B or \4b K
L 4C 76 L or\MC or\ec L
M 4D 77 M or\D or \d M
N 4E 78 N or \AE or \de N
0 4F 79 0 or \4F or \4f 0
p 50 80 P or\50 p
Q 51 81 Qor\51 Q
R 52 82 Ror\62 R
S 53 83 Sor\s3 S
T 54 84 Tor\54 T
U 55 85 U or\b5 U
V 56 86 V or\56 V
W 57 87 W or\57 W
X 58 88 X or\58 X
Y 59 89 Y or\59 Y
Z 5A 90 Z or\5A or\ba Z
[ 5B 91 [ or\5B or \bb [
\ 5C 92 \or\5C or\5¢ \
] 5D 93 ] or\5D or \bd ]
A 5E 94 \A or \5E or \be \A

5F 95 _or\5F or \5f

60 96 "or\60
a 61 97 aor\61 a
b 62 98 b or\62 b
c 63 99 c or\63 c
d 64 100 d or\64 d
e 65 101 e or\6b e
f 66 102 f or\66 f
g 67 103 gor\67 g
h 68 104 h or \68 h
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Table 10.9 ASCII Conversion Table (Continued)

ASCII Hex Decimal Enter as Displayed as
[ 69 105 [ or\69 [
] 6A 106 j or\GA or\Ga ]
k 6B 107 k or \6B or \6b k
| 6C 108 | or\6C or\6c |
m 6D 109 m or \6D or \6d m
n 6E 110 n or \6E or \6e n
0 6F 1 o or \6F or \6f 0
P 70 112 por\70 p
q Al 113 qor\71 q
r 72 114 ror\72 r
S 73 115 sor\/3 S
t 74 116 tor\/4 t
u 75 117 uor\/5 u
v 76 118 v or\76 v
w 77 119 w or\/7 w
X 78 120 x or\78 X
y 79 121 y or\79 y
z 7A 122 zor\/Aor\a z
{ 7B 123 {or\/Bor\7b {
| 7C 124 | or\7C or\7c |
} 7D 125 }or\7D or\7d }
~ 7E 126 ~or\/E or\Ve ~
DEL 7F 127 \7F or \7f ?
80 to FF 12810 255 \80 to \FF
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Chapter 11

Understanding Interrupt Routines

This chapter contains general information about interrupt routines and
explains how they function in your logic program. Each interrupt routine
includes:

® an overview.
® programming procedure.
e operational description.

e associated bit description.

In addition, each interrupt routine contains an application example that shows
the interrupt routine in use.

Table 11.1 Interrupt Routine Instructions

Instruction Mnemonic Instruction Name Purpose Page
User Fault Routine Provides the option of preventing a processor shutdown. | 11-2
STI Selectable Timed Interrupt Allows you to interrupt the scan of the main program file | 11-8
automatically, on a periodic basis, to scan a specified
subroutine file.
STD Selectable Timed Disable Disables STI's from occurring. 11-16
STE Selectable Timed Enable Enables STIs to occur. 11-16
STS Selectable Timed Start Sets or changes the file number or setpoint frequency of | 11-17
the STl routine.
][] Discrete Input Interrupt Allows the processor to execute a subroutine when the 11-18
input bit pattern of a discrete 1/0 card matches a compare
value that you programmed.
ISR I/0 Interrupt Allows a specialty I/0 module to interrupt the normal 11-27
processor operating cycle in order to scan a specified
subroutine file.
ID /0 Interrupt Disable Disables I/0 interrupts from occurring. 11-32
lIE I/0 Interrupt Enable Enables 1/0 interrupts to occur. 11-32
RPI Reset Pending Interrupt Aborts a pending /0 Interrupt. 11-34
INT Interrupt Subroutine Optional instruction to identify interrupt subroutines. 11-34
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User Fault Routine

Overview

Fixed | SLC | SLC
5/01 | 5/02

SLC
5/03

SLC
5/04

SLC
5/05
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The user fault routine gives you the option of preventing a processor
shutdown when a specific user fault occurs. The file is executed when any
recoverable or non-recoverable user fault occurs. The file is not executed for
non-user faults.

A fault routine is programmed in a program file other than 2. The program file
used is specified as the fault routine in word S:29 in the status file. More than
one user fault routine can exist. The example on page 11-5 shows how this can
be accomplished.

Faults are classified as recoverable and non-recoverable user faults, and
non-user faults,

Table 11.2 Fault Classification

Non-User Fault Non-Recoverable User Fault Recoverable User Fault
The Fault Routine The Fault Routine executes for 1 The Fault Routine may
does not execute. pass. clear the fault by clearing
bit S:1/13.
TIP You may initiate a MSG instruction to another node to

identify the fault condition of the processot.

TIP For SLC 5/02 processors: You must save youtr program
with test single step selected in order for S:20 and S:21 to be
activated.

For SLC 5/03 and higher processors: If your program
contains four message instructions with the Continuous
Operation (CO) bit set, the fault routine’s message
instruction is not executed.
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Status File Data Saved

Data in the following words is saved on entry to the user fault subroutine and
re-written upon exiting the subroutine.

e §5:0 Arithmetic flags
e §5:13 and S:14 Math register
e S:24 Index register

Creating a User Fault Subroutine

'To use the user fault subroutine:
1. Create a subroutine file: valid range is 3-255.

2. Enter the file number in word S:29 of the status file.
Project Tree - Controller Folder - Processor Status File - Errors Tab

The occurrence of recoverable or non-recoverable user faults causes the
processor to read S:29 and execute the subroutine number contained in S:29.
If the fault is recoverable, the routine can be used to correct the problem and
clear the fault bit S:1/13. The processor then continues in the REM Run
mode.

The routine does not execute for non-user faults.

Words S:20 and S:21 can be examined in your fault routine to pinpoint the file
and rung number where the fault occurred. If the fault occurred outside of the
ladder scan, this value will contain the rung number where the TND, END, or
REF instruction is located. Use words S:20 and S:21 with your power-up
protection fault routine to determine the exact point that the previous power
down occurred.
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User Interrupt Routine Application Example

Suppose you have a program in which you want to control major errors 0020h
(MINOR ERROR AT END OF SCAN) and 0034h NEGATIVE VALUE
IN TIMER PRE OR ACC) under the following conditions.

e Prevent a processor shutdown if the overflow trap bit S:5/0 is set.
Permit a processor shutdown when S:5/0 is set more than five times.

e Prevent a processor shutdown if the accumulator value of timer T4:0
becomes negative. Reset the negative accumulator value to zero.
Energize an output to indicate that the accumulator has gone negative
one or more times.

e Allow a processor shutdown for all other user faults.

A possible method of accomplishing this is shown in the following examples.
The user fault routine is designated as file 3.

When a recoverable or non-recoverable user error occurs, the processor scans
subroutine file 3. The processor jumps to file 4 if the error code is 0020 and it
jumps to file 5 if the error code is 0034h. For all other recoverable and
non-recoverable errors, the processor exits the fault routine and halts
operation in the fault mode.
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Fault Routine - Subroutine File 3

Word S:6 is the fault code (in decimal).

— EQU ~JSR——m—
EOUAL A 56 JUMP TO SUBROUTINE
ource 0 | Fault Code 0020 SBR file number 4
(Enter &H20. Decimal
Source B 32 | equivalent 32 appears.)

— EQU rJSR———
EQUAL JUMP TO SUBROUTINE
Source A 8:8 Fault Code 0034 SBR file number 5

(Enter &H34. Decimal
Source B 52 | equivalent 52 appears.)

| END |
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Subroutine File 4 - Executed for Error 0020h

SBR S5 Cs0
SUBROUTINE ! 6 —CTU () o
COUNT UP (CU)
Counter S5:0
Preset 120 | (DN)
Accum 0
_EECI%UAL rRET——
Source A C5:0.ACC RETURN
0
Source B 5
Sb S5
1 [ U)
0 Si 0
U
(U) ”
RET
RETURN
JEND |

If the overflow trap bit, S:5/0 is set, counter C5:0 increments.

If the count of C5:0 is 4 o less, the overflow trap, S:5/0 is cleared, the major
error halted bit S:1/13 is cleared, and the processor remains in the REM Run
mode. If the count is equal to 5, the processor sets S:5/0 and S:1/13 and

enters the Fault mode.

Subroutine file 5 is executed if the control register error bit S:5/2 is set.
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0000

0001

0002

Subroutine File 5 - Executed for Error 0034h

The following rung toggles an output every time an error code of 0034h has occurred in the processor assuming the reason for the error

was a negative value in timer T4:0.

Major
Error
Halted
SBR —LES ——m—— Si
—w Less Than (A<B) >
Source A T4:0.ACC 13
0<
Source B 0 —CLR
0< Clear —
Dest  T4:0.ACC
0<
02 0:2
£ S
0 0
1746-0W8 1746-0W8

The following run returns program execution back to the main program.

hR ET
Return }—

END>—]

If the accumulator value of timer T4:0 is negative, the major error halted bit,
S:1/13 is unlatched, preventing the processor from entering the Fault mode.
At the same time, the accumulator value T4:0 ACC is cleared to zero and
output O:2.0/0 is energized. Fault code 0034h is displayed in the status file.

If the preset of timer T4:0 is negative, S:1/13 remains set and the processor
enters the Fault mode (O:2.0/0 will be reset if previously set). Also, if either
the preset or accumulator value of any other timer in the program is negative,
S:1/13 is set and the processor enters the Fault mode. If previously set,

0:2.0/0 is reset.
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Selectable Timed Interrupt
Overview

Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
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This function allows you to interrupt the scan of the processor automatically,
on a periodic basis, to scan a specified subroutine file. Afterward, the
processor resumes executing from the point where it was interrupted.

This section desctibes:

e STI programming procedure.
e STI operation and parameters.
e STD and STE instructions.

e STS instruction.

Basic Programming Procedure for the STI Function

To use the STI function in your application file:

1. Create a subroutine file and enter the desired ladder rungs. This is your
STI subroutine file. The valid range is 3 to 255.

2. Enter the STT subroutine file number in word S:31 of the status file
(Project Tree - Controller Folder - Processor Status File - STI Tab).
Refer to page B-45 in this manual for more information. A file number
of zero disables the STI function.

3. Enter the setpoint (the time between successive interrupts) in word S:30
of the status file. Refer to page B-45 for more information.

e For SLC 5/02: The range is 10 to 2550 ms (entered in 10 ms
increments). A setpoint of zero disables the STI function. Refer to
page B-16 in this manual for more information about the STI
Resolution bit S:2/10.

e For SL.C 5/03: The range is 2 to 32,767 ms. A setpoint of zeto
disables the STT function. Refer to page B-16 in this manual for more
information about the STT Resolution bit S:2/10.

e For SLC 5/04 and higher processors: The range is from 1 to 32,767
ms (entered in 1 ms increments). A setpoint of zero disables the STI
function.

TIP The setpoint value must be a longer time than the execution
time of the STI subrouting file plus the maximum interrupt
latency, or a minor error bit is set. For all processors, the
STI Pending bit and STT Overflow bit will be set.
Additionally, for the SLC 5/03 and higher processors, the
STI Lost bit may be set.
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Operation After you download your program and enter the REM Run mode, the STI
begins operation as follows.

1. The STI timer begins timing.

2. When the STT interval expires, the STI timer is reset, the processor scan
is interrupted and the STT subroutine file is scanned.

3. If while executing the STI subroutine, another STT interrupt occurs, the
STI Pending bit (S:2/0) is set.

4. If while an ST is pending, the STI timer expires, the ST Lost bit
(8:36/9) is set. (For SLC 5/02 processors, the Ovetflow (S5:5/10) bit is
set.)

5. When the STT subroutine scan is completed, scanning of the main
program file resumes at the point where it left off, unless an STT is
pending. In this case, the subroutine is immediately scanned again.

6. The cycle repeats.

For identification of your STI subroutine, include an INT instruction as the
first instruction on the first rung of the file.

STl Subroutine Content

The STI subroutine contains the rungs of your application logic. You can
program any instruction inside the STI subroutine except a TND, REF, or
SVC instruction. IIM or IOM instructions are needed in an STI subroutine if
your application requires immediate update of input or output points. End the
STI subroutine with an RET instruction.

JSR stack depth is limited to 3. You may call other subroutines to a level 3
deep from an STI subroutine.

Interrupt Latency and Interrupt Occurrences

Interrupt latency is the interval between the STI time-out and the start of the
interrupt subroutine. STI interrupts can occur at any point in your program,
but not necessarily at the same point on successive interrupts. The tables
below show the interaction between an interrupt and the processor operating
cycle.
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SLC 5/02 STI

SLC 5/03 and Higher
STI with Bit $:33/8 set

SLC 5/03 and Higher
STI with Bit S:33/9
cleared

Input Scan

—» Between slot updates

Between word updates

Between slot updates

Program Scan

|, Between instruction
updates

Between word updates

Between rung updates

Output Scan

—® Between slot updates

Between word updates

Between slot updates

Communications

Between communication
packets

Between word packet
updates

Between
communication packets

Processor Overhead

—» At start and end

Between word updates

Between word updates

L]

Events in the Processor Operating Cycle
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Note that STT execution time adds directly to the overall scan time. During the
latency period, the processor is performing operations that cannot be
disturbed by the STT interrupt function.

Latency periods are:

e SL.C 5/02 processots interrupts are serviced within 2.4 ms maximum.

e SL.C 5/03 and higher processors: If an interrupt occurs while the
processor is performing a multi-word slot update and your interrupt
subroutine accesses that same slot, the multi-word transfer finishes to
completion prior to performing the interrupt subroutine slot access. The

Interrupt Latency Control bit (S:33/8) functions:

e when the bit is set (1), interrupts are serviced within the interrupt

latency time.

e when the bit is clear (0), INTs are serviced per rung, slot, and packet

execution time.

The default state is cleared (0). To determine the interrupt latency with S:33/8
clear, you must calculate the execution time of each and every rung in your
program. Use the longest calculated execution time plus your maximum

interrupt latency.
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Interrupt Priorities

Table 11.3 Interrupt Priorities

SLC 5/02 Processor SLC 5/03 and Higher Processors
1. User Fault Routine 1. User Fault Routine
2. Selectable Timed Interrupt 2. Discrete Input Interrupt (DII)
Subroutine
3. Interrupt Subroutine (ISR) 3. Selectable Timed Interrupt
Subroutine
4. Interrupt Subroutine (ISR)

An executing interrupt can only be interrupted by an interrupt having higher
priority.

TIP Under certain conditions, though, it is possible for a lower
priority task to run during the DII execution.

Status File Data Saved

Data in the following words is saved on entry to the STI subroutine and
re-written upon exiting the STI subroutine.

e §5:0 Arithmetic flags
e §5:13 and S:14 Math register
e 5:24 Index register
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STI Parameters
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The following parameters are associated with the STI function. These
parameters have status file addresses that are described here.

e STI file number (Word S:31) - This can be any number from 3 to 255. A
value of zero disables the STI function. An invalid number generates
fault 0023h.

e Setpoint (Word S:30) - This is the time between the starting point of
successive scans of the ST file. It can be any value from 10 to 2550
milliseconds. (For SLC 5/02 see page 11-8.) You enter a value of 1 to
255, which results in a 10 to 2550 ms setpoint. A value of zero disables
the STI function. An invalid time generates fault 0024h.

SL.C 5/03 and higher processors: If S:2/10 is set, time is in 1 ms increments.
If this bit is clear, time is in 10 ms increments.

If the STT is initiated while in the REM Run mode by loading the status
registers, the interrupt starts timing from the end of the program scan in
which the status registers were loaded. If the STI has been previously
configured (with a different setpoint), the new setpoint takes effect only
after the previously-configured STT has timed out.

e STI Pending Bit (S:2/0) - This bit is set when the STT timer has timed

out and the STI routine is waiting to be executed. This bit is reset upon
starting the STT routine, execution of a true STS instruction, power-up,
or exit from the REM Run or Test mode.

SL.C 5/02 specific: The STI pending bit is not set if the STI timer expites
while executing the fault routine.

SLC 5/03 and higher processors: This bit is set if the STT timer expires
while executing the DII subroutine or fault routine.

e STI Enable Bit (S:2/1) - The default value is 1 (set). When a file number

between 3 and 255 is present in word S:31 and a setpoint value between
1 and 255 1s present in word S:30, a set enable bit allows scanning of the
STI file. If the bit is reset by an STD instruction, scanning of the ST1 file
no longer occurs. If the bit is set by an STE or STS instruction, scanning
is again allowed. The enable bit only enables/disables the scanning of
the STT subroutine. It does not affect the STI timer. The STS
instruction affects both the enable bit and the STT timer. The default
state is enabled. If this bit is set or reset using the STE, STD, or STS
instruction, enable/disable takes effect immediately. If this bit is set in
the user program using an instruction other than STE, STD, or STS, it
takes effect at the next end of scan.

SLC 5/02 specific. If this bit is set or reset by the user program or
communications, it does not take effect until the next end of scan.
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SLC 5/03 and higher processors: If this bit is set ot reset by the user
program or communications, it takes effect upon the STT timer
expiration or next end of scan (whichever occurs first).

e STI Executing Bit (S:2/2) - This bit is set when the ST1I file is being
scanned and cleared when the scan is completed. The bit is also cleared
on power-up and entry into the REM Run mode.

e STI Resolution Selection Bit (S:2/10) - This bit is clear by default. When
clear, this bit selects a 10 ms increment for the STI Setpoint (5:30) value.
When set, this bit selects a 1 ms increment for the STI Setpoint (S:30)
value. To program this feature, use the data monitor function to
set/clear this bit, or address this bit with your ladder program.

This bit is user configurable and takes effect on a REM PROG to REM
RUN mode transition.

e Overflow Bit (5:5/10) - This minor error bit is set whenever the STI
timer expires while the STT routine is executing or disabled while the
pending bit is set. When this occurs, the STI timer continues to operate
at the rate present in word S:30. If the overrun bit becomes set, take the
corrective action your application dictates, then clear the bit.

e STI Lost Bit (Word S:36/9) - This bit is set anytime an STT interrupt
occurs while the STI Pending bit is also set. When set, you are notified
that a STT interrupt has been lost. For example, the interrupt is lost
because a previous interrupt was already pending and waiting execution.
Examine this bit in your user program and take appropriate action if
your application cannot tolerate this condition. Then clear this bit with
your user program in order to prepare for the next possible occurrence
of this error.

Use the following rungs to initialize and measure the amount of time between
two consecutive STI subroutine executions. The 10 us timer is also available in
the DII interrupt and I/O interrupt. This application example can also be used
for the Event I/O interrupt or the DII interrupt by replacing S:43 with either
S:44 or S:45 respectively.
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STl Example
The following program will demonstrate a STI.
The follwoing values need to be loaded into S:30 (1), S:31 (4) and S:2/10 (0) in STI setup.
This will guarantee that subroutine (4) will be executed every 10 ms.
The subroutine program will calculate the time difference from its last execution.
The following rung will ensure that the interrupt measurement is initialized each time the run mode is entered
Indicate Valid
First Pass Measurement
S B30
0000 1 E >
15 0
MOV —
Move
Source 0
0<
Dest N10:2
0<
The following rung will allow a timer to self reset every 1/2 second.
T40 — TN ——
w001 +—3F Timer On Delay —CEN D>—
DN Timer T40
Time Base 001 —ND>—
Preset 58
Accum 0<
Each time the timer completes, a reading will be displayed for visual purposes.
T40 MOV —m
002 +—F Move —
DN Source N10:2
0<
Dest N10:3
0<
0003 CEND D—
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The following rung will measure the time difference between consecutive interrupt subroutine executions.
Integer N10.2 contains the number of microsecond "ticks" that have occured.
Indicate  Valid
Measurement
B3:0 —SB ——
0000 ] E Subtract
0 Source A S43
0<
Source B N10:1
0<
Dest N10:2
0<
Processor
Arithmetic
Sign
Flag
S0 —ADD ——
JE Add —
3 Source A 32767
32767<
Source B N10:2
0<
Dest N10:2
0<
MV ———
Move —
Source S:43
0<
Dest N10:1
0<
Overflow
Trap
S5
O
0
The following rung will set B3:0/0 to indicate that the value in N10.2 is valid. l,\}de‘acsﬁfem\éi!d
B30
0001 G
0
0002 CEND D—

TIP

to entering RUN mode.

The math overflow selection bit (S:2/14) must be set prior
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STD and STE Instructions

Fixed | SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05
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The STD and STE instructions are used to create zones in which STT ladder

execution cannot occur. The STI timer continues to operate at the rate present
in word S:30.

Selectable Timed Disable - STD

When true, this instruction resets the STI enable bit and prevents the STI
subroutine from executing. When the rung goes false, the STI enable bit
remains reset until a true STS or STE instruction is executed. The STT timer
continues to operate while the enable bit is reset.

Selectable Timed Enable - STE

This instruction, upon a false-true transition of the rung, sets the STI enable
bit and allows execution of the STI subroutine. When the rung goes false, the
STT enable bit remains set until a true STD instruction is executed. This
instruction has no effect on the operation of the STI timer or setpoint. When
the enable bit is set, the first execution of the STI subroutine can occur at any
fraction of the timing cycle up to a full timing cycle later.

STD/STE Zone Example

In the program that follows, the STT function is in effect. The STD and STE
instructions in rungs 6 and 12 are included in the ladder program to avoid
having STI subroutine execution at any point in rungs 7 through 11.

The STD instruction (rung 6) resets the STI enable bit and the STE instruction
(rung 12) sets the enable bit again. The STI timer increments and may time out
in the STD zone, setting the pending bit S:2/0 and overrun bit S:5/10.

The first pass bit S:1/15 and the STE instruction in rung 0 are included to
insure that the STI function is initialized following a power cycle. You should
include this rung any time your program contains an STD/STE zone or an
STD instruction.



Selectable Timed Start

(STS)

STl interrupt execution does not oo
occur between STD and STE.

SIS ——
Selectable  Timed Start
File
Time
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
° ° ° °
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Program File 3
STl Example 3
The following program will demonstrate a STE and a STD
First Pass
S hSTE
0000 1 E Timed Enable b—
15
Any Bit Any Bit
B3:0 B3:2
00t +—F >—
0 0
Any Bit Any Bit
B3:2
>7

o

STD
r—

0003

Timed Disable

B30

0002 +——FE
1

:»

’7 Any Bit

|

Any Bit Any Bit
B30 B3:1 B3:2
—E 1 E >
2 2 0
Any Bit Any Bit
B30 B3:2
0005 | —— F —
3 0
’78TE
0006 :E Selectable  Timed Enable bi
Any Bit Any Bit
B30 B3:2
0007 —FE
4 0
Any Bit Any Bit
B3:.0 B3:2
o008 +—F
5 0
0009 END D—

Use the STS instruction to condition the start of the STT timer upon entering
the REM Run mode - rather than starting automatically. You can also use it to
set up or change the file number or setpoint/frequency of the STI routine that
is executed when the STT timer expires.

This instruction is not required to configure a basic STI interrupt application.

The STS instruction requires you to enter two parameters, the STI file number
and the STT setpoint. Upon a true execution of the rung, this instruction enters
the file number and setpoint in the status file (S:31, S:30), overwriting the
existing data. At the same time, the STI timer is reset and begins timing; at
timeout, the ST subroutine execution occurs. When the rung goes false, the
STI function remains enabled at the setpoint and file number you’ve entered in
the STS instruction.

SLC 5/03 and higher processors: The STS instruction uses
the setting of the STT resolution bit S:2/10 to determine the
timebase to be used upon STS instruction execution.

TIP
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Discrete Input Interrupt

Overview
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
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Use the Discrete Input Interrupt (DII) for high-speed processing applications
or any application that needs to respond to an event quickly. This instruction
allows the processor to execute a ladder subroutine when the input bit pattern
of a discrete I/O card matches a compare value that you programmed.

The status file contains six bit values and six word values used to program and
monitor the DII function. The DII does not require ladder logic instructions
for configuration. You program the DII to examine the input bit pattern of the
first bits of any single I/O slot, which contains any discrete input card (such as
1G16,1V16, IB8, IB32). When the input bit pattern matches the compare
value, the accumulator is incremented. The DII accumulator counts to the
preset value and, once the interrupt is generated, it immediately wraps around
and begins counting again at zero.

While scanning the DII subroutine, you can reconfigure the DII to look for an
entirely different event. This facilitates DII sequencing, The DII can be
programmed to compare each input point to either a high (1) or low (0) state.
The accumulator is incremented on the input transition that causes the input
points to match the compare value.

IIM or IOM instructions are needed in the DII subroutine if your application

requires immediate update of input or output points. End the DII subroutine
with an RET instruction.

Basic Programming Procedure for the DIl Function

To use the DII function with your main program file:
1. Create a subroutine file (range is from 3 to 255) and enter the desired
ladder rungs. This is your DII subroutine file.
(Project Tree - Controller Folder - Processor Status File - DII Tab)
2. Enter the Input Slot number (word S:47).
3. Enter the Bit Mask (word S:48). Valid Bit Masks range from 0 to 255.

4. Enter the Compare Value (word S:49). Valid Compare Values range
from O to 255.

5. Enter the Preset Value (word S:50). Valid Preset Values range from 0 to
32,767.

6. Enter the DII subroutine File Number in word S:46 of the status file.
(See page B-55.) A zero value disables the DII function.
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Operation

TIP PLC users: The main difference between the DII and the
PLC 5/40 PII is that the DII requires all stated transitions
to occur prior to generating a count, while the PII requires
that only one of the stated transitions occur. Also, the PLC
term “count” is referred to as “preset” in the DII.

Example

The DII can be programmed to count items on a high-speed conveyer. Each
time 100 items pass a photo-switch, the DII subroutine is executed. The DII
subroutine then uses Immediate I/O instructions to package the products.

After you download your program and enter the REM Run mode, the DII
begins operation as follows.

Counter Mode

This mode is active when the Preset Value (S:50) contains a value greater
than 1.

(1)

. The DII reads the first byte of input data of a selected discrete input

card at least once every 100us. M Note that this “polling” of the input
data has no effect on processor scan time.

. When the input data matches the programmed masked value, the

accumulator is incremented by one. The next count occurs when input
data transitions to non-matched and then back to matched.

. When the accumulator reaches or exceeds the preset value, between 1

and 32,767, the interrupt is generated and the accumulator is reset to
zero.

. The DII subroutine is executed.

. The cycle repeats.

You must add interrupt latency time to the final transition or count that causes the interrupt subroutine to
execute.
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Event Mode

This mode is active when the preset value (S:50) contains a 0 or 1.

1. The DII reads the first byte of input data of a selected discrete input

card at least once every 100;,Ls.(1> Note that this “polling” of the input
data has no effect on processor scan time.

2. When the input data matches the programmed masked value, the
interrupt is generated.

3. The DII subroutine is executed.®

4. The cycle repeats.(l)

DIl Subroutine Content

For identification of your DII subroutine, use the INT instruction as the first
instruction in your first rung,

The DII subroutine contains the rungs of your application logic. You can
program any instruction inside the DII subroutine except a TND, REE, or
SVC instruction. IIM or IOM instructions are needed in a DII subroutine if
your application requires immediate update of input or output points. End the
DII subroutine with an RET instruction.

JSR stack depth is limited to 3. You may call other subroutines to a level 3
deep from an DII subroutine.

M You must add interrupt latency time to the final transition or count that causes the interrupt subroutine to
execute.

2 The DIl continues to compare the input data to the programmed masked value while executing the DI

subroutine.
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Interrupt Latency and Interrupt Occurrences

Interrupt latency is the interval between DII detection and the start of the
interrupt subroutine. DII interrupts can occur at any point in your program,
but not necessarily at the same point on successive interrupts. Interrupts can
occur between instructions in your program, inside the I/O scan (between
slots), or between the servicing of communications packets. The table below
shows the interaction between an interrupt and the processor operating cycle.

DIl

Input Scan

DIl with Bit S:33/8
set

DIl with Bit S:33/8
cleared

L, Between slot updates

Program Scan

Between word updates

Between slot updates

Between instruction
— updates

Qutput Scan

Between word updates

Between rung updates

|5 Between slot updates

Communications

Between word updates

Between slot updates

Between communication
packets

Processor Overhead

Between word packet
updates

Between
communication packets

- » Atstartand end

[

Between word updates

Between word updates

Events in the Processor Operating Cycle

If an interrupt occurs while the SLC 5/03 (or higher) processor is performing
a multi-word slot update and your interrupt subroutine accesses that same slot,
the multi-word transfer completes prior to performing the interrupt

subroutine slot access.

Note that DII execution time adds directly to the overall scan time. During the
latency period, the processor is performing operations that cannot be
disturbed by the DII interrupt function. The Interrupt Latency Control Bit

(S:33/8) functions as follows.

e When the bit is set (1) interrupts ate serviced within the minimum time
possible. The time will vary depending upon which processor and
communication protocol you are using,

® The default state is cleared (0). When S:33/8 is clear (0), user interrupts
occur between rungs and I/0O slot updates. To determine the interrupt
latency with S:33/8 clear, you must calculate the execution time of each
and every rung of your program, then the add the execution time of the

longest rung to the latency time.

Publication 1747-RM001G-EN-P - November 2008



11-22  Understanding Interrupt Routines

Publication 1747-RM001G-EN-P - November 2008

Interrupt Priorities

Interrupt priorities for the SLC 5/03 and higher processors are:
1. User fault routine.
2. Discrete Input Interrupt (DII).
3. STI Subroutine.
4. 1/0 Interrupt Subroutine.

An executing interrupt subroutine can only be interrupted by the fault routine.

TIP Under certain conditions, though, it is possible for a lower
priority task to run during the DII execution.

Status File Data Saved

Data in the following words is saved on entry to the DII subroutine and
re-written upon exiting the DII subroutine.

o 5:0 Arithmetic flags
e 5:13 and S:14 Math register
o 5:24 Index register

Reconfigurability

You can reconfigure the DII entirely or in part, depending on the particular
parameter(s) you choose. You can reconfigure some of the parameters simply
by writing the new value over the old value. Other values require you to set the
reconfiguration bit in addition to writing the new value. The DII is
non-retentive and always reconfigures itself upon entry into the REM Run
mode. Refer to "DII Parameters" for details on reconfiguring each parameter.

Example
The DII can be programmed to count items on a high-speed conveyer. Each

time 100 items pass a photo-switch, the DII subroutine is executed. The DII
subroutine then uses Immediate I/O instructions to package the products.
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DIl Parameters

If you want to vary the number of items that are packaged together, simply
change the number in the DII preset parameter using a MOV instruction.

The following parameters are associated with the DII function. These
parameters have status file addresses that are described here.

e DII Pending Bit (S:2/11) - When set, this bit indicates that the DII
Accumulator (S:52) equals the DII preset (S:50) and the ladder file
number specified by the DII File Number (S:406) is waiting to be
executed. It is cleared when the DII File Number (S:46) begins
executing, or on exit from the REM Run or REM Test mode.

e DII Enable Bit (S5:2/12) - To program this feature, use the data monitor
function to set/clear this bit, or address this bit with your ladder
program. This bit is set in its default condition. If set, it allows execution
of the DII subroutine if the DII File Number (S:406) is non-zero. If clear,
when the interrupt occurs, the DII subroutine will not execute and the
DII Pending bit is be set. The DII function continues to run anytime
the DII file (S:46) is non-zero. If the pending bit is set, the enable bit is
examined at the next end of scan.

e DII Executing Bit (5:2/13) - When set, this bit indicates that the DII
interrupt has occurred and the DII subroutine is currently being
executed. This bit is cleared on completion of the DII routine,
power-up, or REM Run mode entry.

e DII Overflow Bit (S:5/12) - This bit is set whenever the DII interrupt
occurs while still executing the DII subroutine or whenever the DII
interrupt occurs while pending or disabled.

e Reconfigure Bit (S:33/10) - When this bit is set (1), it indicates that at
the next end of scan (END, TND, or REF), fault routine exit, STT ISR
exit, Event ISR exit, or next DII ISR exit the:

— DII accumulator is cleared,

— values at status words S:47 to S:50 are applied,
— the pending bit is cleared, and

— the DII Reconfigure bit is cleared.

e DII Lost Bit (S5:36/8) - This bit is set if a DII interrupt occurs while the
DII Pending bit is set.

e File Number (Word S:406) - Enter a program file number (3 to 255) to be
used as the discrete input interrupt subroutine. Write a 0 value to disable
the function. This value is applied upon detection of a DII Reconfigure
bit, each DII ISR exit, and each end of scan (END, TND, or REF).

e Slot Number (Word S:47) - You enter the slot number (1 to 30) to be
used as the discrete input interrupt subroutine. A zero value disables the
function. This value is applied on detection of the DII Reconfigure bit,
or on entry into the REM Run mode.
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e Bit Mask (Word S:48) - You enter the bit-mapped value that

cotresponds to the bits you wish to monitor on the discrete I/O module
(0 to 255). Only bits 0 to 7 are used in the DII function. Setting a bit
indicates that you wish to include the bit in the comparison of the
discrete I/O card’s bit pattern to the DII compare value (S:49). This
value is applied on detection of the DII Reconfigure bit, each DII ISR
exit, and at each end of scan (END, TND, or REF).

Compare Value (Word S:49) - You enter a bit-mapped value that
corresponds to the bit pattern that must occur on the discrete I/O card
for a count or interrupt to occur (0 to 255). Only bit 0 to 7 are used in
the DII function. The bit must be set (1) or cleared (0) in order to satisfy
the compare condition for that bit. An interrupt or count is generated
upon the last bit transition of the compare value. This value is applied
on detection of DII Reconfigure bit, each DII ISR exit, and at each end
of scan (END, TND, or REF).

To provide protection from inadvertent data monitor alteration of your
selection, program an unconditional MOV instruction containing the
compare value of the DII to S:49.

Preset (Word S:50) - When this value is equal to 0 or 1, an interrupt is
generated each time the comparison specified in words S:48 and S:49 is
satisfied. When this value is between 2 and 32767, a count occurs each
time the bit comparison is satisfied. An interrupt is generated when the
accumulator value reaches 1 or exceeds the preset value. This value is
applied on detection of DII Reconfigure bit, each DII ISR exit, and at
each end of scan (END, TND, or REF).

To provide protection from inadvertent data monitor alteration of your
selection, program an unconditional MOV instruction containing the
preset value of the DII to S:50.

Return Mask (Word S:51) - The Return Mask is updated immediately
preceding entry into the DII subroutine. This value contains the bit map
of the last bit transition that caused the interrupt. If more than one bit
transitions in the same 100us DII sample period, it is included in the
return mask. This bit is cleared by the processor on exit from the DII
subroutine. Use this value to validate the last interrupt transition that
caused the input pattern to match the compare value. Or when
dynamically reconfiguring (sequencing) the DII, use this value inside of
your DII’s subroutine to help determine/validate its position of the
sequence.

Accumulator (Word S:52) - The DII accumulator contains the number

of counts that have occurred. When a count occurs and the accumulator
is greater than or equal to the preset value, a DII interrupt is generated

and the accumulator is cleared.
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For applications that measure the rate of incoming DII pulses while
using a STT (Selectable Timed Interrupt), SLC 5/03 OS301 and above
updates the DII accumulator prior to executing the first rung of the STI
subroutine.

Discrete Input Interrupt Application Example

The following example shows how to use the Discrete Input Interrupt to
control a high-speed application. In the example, the DII is used to ensure that
all bottles exiting a filling and capping machine have their caps installed.

The bottle proximity switch is used as the DII input. When a bottle passes the
proximity switch, the processor executes the DII subroutine. In the subroutine
the processor reads the state of the cap proximity switch. If the cap is installed,
the chute solenoid does not energize; allowing the bottle to continue down the
line. If the cap is missing, the chute solenoid energizes, causing the defective
bottle to divert down the chute and into the reject bin.

/

Cap Proximity (1:1/8)
Bottle Proximity (1:1/0)

Chute (0:2/0)

Reject Bin

The following parameters are used to program the DII for the above
application.

e S:33/8 Interrupt Latency Control Bit = 1
® 5:46 File = 3

e S5:47 Slot = 1

e S:48 Mask = 00000001

e 5:49 Compare = 00000001

® S:50 Preset = 1
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Ladder Diagram for the Bottling Application

DIl Example 4

The following program will demonstrate a DII.
The following values need to be loaded into S:33/8 (1), S:46 (3), S:47 (1), S:49 (1) and S:50 (1) in the DIl setup.
This will guarantee that subroutine (3) will be executed every time that I:1.0/0 is true.

——INT ———— [IM
0000 1/0 Interrupt Immediate  Input w/Mask
Slot 1:1.0
Mask 0064h
Length 1
Cap Proximity Bottle Proximity Chute Open
11 I:1 0:2
0001 1 E 1 E a
8 0 0
1746-1A16 1746-1A16 1746-0W8
10OM
Immediate  Output w/Mask
Slot 0:2.0
Mask 0001h
Length 1
Cap Proximity Chute Open
R 0:2
0002 £ O
8 0
1746-1A16 1746-0W8
—I0M
Immediate  Output w/Mask
Slot 0:2.0
Mask 0001h
Length 1
e RET
0003 e Return
e
e
0004 CEND D>—
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1/0 |nterrupt Overview (ISR) This function allows a specialty I/O module to interrupt the normal processor

operating cycle in order to scan a specified subroutine file. Interrupt operation
for a specific module is described in the user’s manual for the module.

Not all specialty I/O modules ate capable of generating I/O interrupts. Refer

to the user manual of the specific specialty I/O module to see if it supports
Fixed | SLC | SLC | SLC | SLC | SLC this feature. For example, you cannot use a standard discrete I/O module to
5/01 | 5/02 | 5/03 | 5/04 | 5/05 accomplish an I/O event-driven interrupt.

[ ] [ ] L] [ ]
This section describes:
e 1/O operation.
e 1/O interrupt parameters.
e IID and IIE instructions.
e RPI instruction.
e INT instruction.
Basic Programming Procedure for the 1/0 Interrupt Function
e When you are configuring the specialty I/O module slot with the
programming device, make sure you program the “ISR” (interrupt
subroutine) program file number (range 3 to 255) that you want the
processor to execute when the module generates an interrupt. Specialty
I/O modules that create interrupts should be configured in the lowest
numbered I/O slots.
e Create the subroutine file that you have specified as the ISR number in
the I/O module slot configuration.
0peration When you restore your program and enter the REM Run mode, the I/O

interrupt begins operation as follows.

1. The specialty I/O module determines that it needs servicing and
generates an interrupt request to the SLC processor.

2. The processor is interrupted from what it is doing, and the specified
interrupt subroutine file (ISR) is scanned.

3. When the ISR scan is completed, the specialty I/O module is notified.
This informs the specialty I/O module that it is allowed to generate a

new interrupt.

4. The processor resumes normal operation from where it left off.
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Interrupt Subroutine (ISR) Content

The Interrupt Subroutine (INT) instruction should be the first instruction in
your ISR. This identifies the subroutine file as an I/O interrupt subroutine.

The ISR contains the rungs of your application logic. You can program any
instruction inside an ISR except a TND, REF, or SVC instruction. IIM or
IOM instructions are needed in an ISR if your application requires immediate
update of input or output points. Terminate the ISR with an RET (return)

instruction.

JSR stack depth is limited to 3. That is, you may call other subroutines to a

level 3 deep from an ISR.

Interrupt Latency and Interrupt Occurrences

Interrupt latency is the interval between the 1/O module’s request for service
and the start of the interrupt subroutine. I/O interrupts can occur at any point
in your program, but not necessarily at the same point on successive
interrupts. Interrupts can only occur between instructions in your program,
inside the I/O scan (between slots), or between the servicing of
communication packets. The following table shows the interaction between an

interrupt and the processor operating cycle.

SLC 5/02 I/0 Interrupts

5/03 and Higher /0
Interrupts with Bit
S$:33/8 set

5/03 and Higher 1/0
Interrupts with Bit
S$:33/8 cleared

Input Scan

— Between slot updates

Between word updates

Between slot updates

Program Scan

Between instruction
updates

Between word updates

Between rung updates

Output Scan

— Between slot updates

Between word updates

Between slot updates

Communications

Between communication
packets

Between word packet
updates

Between communication
packets

Processor Overhead

—» At start and end

Between word updates

Between word updates

Events in the Processor Operating Cycle
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Note that ISR execution time adds directly to the overall scan time. During the
latency period, the processor is performing operations that cannot be
disturbed by the ISR interrupt function.
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Latency periods ate:

e SL.C 5/02 interrupts ate serviced within 2.4ms maximum.

e SI.C 5/03 and higher processors: If an interrupt occurs while the
processor is performing a multi-word slot update and your interrupt
subroutine accesses that same slot, the multi-word transfer finishes to
completion prior to performing the interrupt subroutine slot access. The
Interrupt Latency Control bit (S:33/8) functions:

e when the bit is set (1) interrupts are serviced within the interrupt
latency time.

e when S:33/8 is clear (0), uset interrupts occut between rungs and
1/0 slot updates.

The default state is cleared (0). To determine the interrupt latency with S:33/8
clear, you must calculate the execution time of each and every rung in your
program.

Interrupt Priorities

Interrupt priorities are as follows.

Table 11.4 Interrupt Priorities

SLC 5/02 Processor SLC 5/03 and Higher Processors
1. Fault Routine 1. Fault Routine
2. STl Subroutine 2. Discrete Input Interrupt (DII)
3. 1/0 Interrupt Subroutine (ISR) 3. STl Subroutine
4.1/0 Interrupt Subroutine (ISR)

An executing interrupt can only be interrupted by an interrupt having higher
priority. The I/O interrupt cannot interrupt an executing fault routine, an
executing DII subroutine, an executing STI subroutine, or another executing
I/0O interrupt subroutine. If an I/O interrupt occurs while the fault routine,
DII, or STI subroutine is executing, the processor waits until the higher
ptiority interrupts are scanned to completion. The I/O interrupt subroutine is
then scanned.

Publication 1747-RM001G-EN-P - November 2008



11-30  Understanding Interrupt Routines

I/0 Interrupt Parameters
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TIP SLC 5/02 specific: It is important to understand that the
I/0 pending bit associated with the interrupting slot
remains clear during the time that the processor is waiting
for the fault routine or STI subroutine to finish.

SLC 5/03 and higher processors: The I/O pending bit is
always set when the interrupt occurs. You can examine the
state of these bits within your higher priority interrupt
routines.

If a major fault occurs while executing the I/O interrupt subroutine, execution
immediately switches to the fault routine. If the fault was recovered by the
fault routine, execution resumes at the point that it left off in the I/O interrupt
subroutine. Otherwise, the fault mode is entered.

If a DII interrupt occurs while executing the I/O interrupt subroutine,
execution immediately switches to the DII subroutine. When the DII
subroutine is scanned to completion, execution resumes at the point that it left
off in the I/O interrupt subroutine.

If the STI timer expires while executing the I/O interrupt subroutine,
execution immediately switches to the STT subroutine. When the STI
subroutine is scanned to completion, execution resumes at the point that it left
off in the I/O interrupt subroutine.

If two or more I/O interrupt requests are detected by the processor at the
same instant, or while waiting for a higher or equal priority interrupt
subroutine to finish, the interrupt subroutine associated with the specialty I/O
module in the lowest slot number is scanned first. For example, if slot 2 (ISR
20) and slot 3 (ISR 11) request interrupt service at the same instant, the
processor first scans ISR 20 to completion, then ISR 11 to completion.

Status File Data Saved

Data in the following words is saved on entry to the I/O interrupt subroutine
and re-written upon exiting the I/O interrupt subroutine.

o 5:0 Arithmetic flags
e 5:13 and S:14 Math register
o 5:24 Index register

The I/O interrupt parameters below have status file addresses. They are
described here.
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¢ ISR Number - Specifies the subroutine file number that will be executed
when an I/O interrupt is generated by an I/O module. The ISR
Numbers are not part of the status file, but they are part of the I/O
configuration for each slot in the SLC system.

¢ 1/0 Slot Enables (Words S:11 and S:12) - These words ate bit mapped
to the 30 I/O slots. Bits S:11/1 through S:12/14 refer to slots 1 through
30. Bits S:11/0 and S:12/15 are reserved.

The enable bit associated with an interrupting slot must be set when an
interrupt occurs. Otherwise a major fault will occur. Changes made to
these bits using the Data Monitor function take effect at the next end of
scan.

e 1/0 Interrupt Pending Bits (Words S:25 and S:26) - These words are bit
mapped to the 30 I/O slots. Bits S:25/1 through S:26/14 refer to slots 1
through 30. Bits S:25/0 and S:26/15 ate reserved. The pending bit
associated with an interrupting slot is set when the corresponding I/O
slot interrupt enable bit is clear at the time of an interrupt request. It is
cleared when the corresponding I/O event interrupt enable bit is set, or
when an associated RPI instruction is executed. The pending bit for an
executing I/O interrupt subroutine remains clear when the ISR is
interrupted by a DII, STI, or fault routine.

SLC 5/02 specific: Likewise, the pending bit remains clear if interrupt
service is requested at the time that a higher or equal priority interrupt is
executing (fault routine, STI, or other ISR).

SLC 5/03 and higher processors: This bit is set if interrupt setvice is
requested at the time a higher or equal priority interrupt is executing
(fault routine, DII, STI, or other ISR).

e 1/O Interrupt Enables (Words S:27 and S:28) - These words ate bit
mapped to the 30 I/O slots. Bits S:27/1 through S:28/14 refer to slots 1
through 30. Bits S:27/0 and S:28/15 ate reserved. The enable bit
associated with an interrupting slot must be set when the interrupt
occurs to allow the corresponding ISR to execute. Otherwise the ISR
will not execute and the associated I/O slot interrupt pending bit will be
set.

SLC 5/02 specific: Changes made to these bits using the data monitor
function or ladder instruction take effect at the next end of scan.

SLC 5/03 and higher processors: Changes made to these bits using the data
monitor function or ladder instruction take effect immediately.
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/0 Interrupt Disable (IID)

and

/0 Interrupt Enable (IE)

—iD

Slots

1/0 Interrupt  Disable

0

—E

Slots

1/0 Interrupt Enable

0

Fixed | SLC | SLC
5/01 | 5/02

SLC
5/03

SLC
5/04

SLC
5/05
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e 1/O Interrupt Executing (Word S:32) - This word contains the slot
number of the specialty I/O module that generated the cutrently
executing ISR. This value is cleared upon completion of the ISR, run
mode entry, or upon power up. You can interrogate this word inside of
your DII or STT subroutine or fault routine if you wish to know if these
higher priority interrupts have interrupted an executing ISR. You may
also use this value to discern interrupt slot identity when multiplexing
two or more specialty I/O module interrupts to the same ISR.

These instructions are generally used in pairs to prevent I/O interrupts from
occurring during time-critical or sequence-critical portions of your main
program or subroutine. The I/O Event-Driven Interrupt function is used with
specialty I/O modules capable of generating an interrupt.

Use these instructions together to create a zone in your main ladder program
file or subroutine file in which I/O interrupts cannot occut. Both instructions
take effect immediately upon execution. You must specify a subroutine to be
executed upon receipt of such an interrupt.

SLC 5/02 specific: Setting/ clearing the I/O interrupt enable bits (S:27 and S:28)
with a programming device or standard instruction such as MVM takes effect
at the END of the scan only.

SL.C 5/03 and higher processors: Setting/ clearing the I/O interrupt enable bits
(8:27 and §:28) with a programming device or standard instruction such as
MVM takes effect immediately.

IID Operation

When true, this instruction clears the I/O interrupt enable bits (S:27/1
through S:28/14) corresponding to the slots patameter of the instruction.
Interrupt subroutines of the affected slots are not able to execute when an
interrupt request is made. Instead, the corresponding I/O pending bits (S:25/1
through S:26/14) are set. The ISR is not executed until an IIE instruction with
the same slot parameter is executed, or until the end of the scan during which
you use a programming device to set the corresponding status file bit.
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The first pass bit S:1/15 and the IIE instruction
in rung 0 are included to insure that the 1/0
interrupt function is initialized following a
power cycle. You should include a rung such as
this any time your program contains an IID/IIE
zone or an lID instruction.

The IID instruction in rung 6 clears the |/0
interrupt enable bits associated with slots 1,2,
and 7 (S:27/1, S:27/2, and S:27/7). The IIE
instruction in rung 12 sets these same bits. If an
I/0 interrupt is detected by the processor while
the processor is executing rungs 7-11, the
interrupt will be marked as pending. (S:25//1,
S:25/2, and/or S:25/7 will be set.) All interrupts
marked as pending are serviced upon execution
of rung 12. The lowest numbered slot is serviced
first when multiple pending bits are set.

IIE Operation

When true, this instruction sets the I/O interrupt enable bits (S:27/1 through
S:28/14) corresponding to the slots parameter of the instruction. Interrupt
subroutines of the affected slots regain the ability to execute when an interrupt
request is made. If an interrupt was pending (S5:25/1 through S:26/14) and the
pending slot corresponds to the IIE slots parameter, the ISR associated with
that slot executes immediately.

IID/IIE Zone Example

In the program below, slots 1, 2, and 7 are capable of generating I/O
interrupts. The IID and IIE instructions in rungs 6 and 12 are included to
avoid having I/O interrupt ISRs execute as a result of interrupt requests from
slots 1, 2, or 7. This allows rungs 7 through 11 to execute without interruption.

IIE 1D Example5
The following program will demonstrate a IIE and a IID.

S:1
First Pass

’7IIE
0000 —F I/Olnterrupt Enable
15 Slots 127

Any Bit Any Bit
B3:0 B3:2
1 S— 5
0 0
Any Bit Any Bit
B3:0 B3:2
7 S— h
1 0
’—HD
0003 |/OInterrupt  Disable
Slots. 127
|SR execution Any Bit Any Bit Any Bit
. 80 B 832
will not occur o I E—F 2
between IID oy oy
B3:0 B3:2
gnd IIE . 005 i Z
instructions. : 0
’7IIE
0006 I/Ointerrupt Enable
Slots 127
Any Bit Any Bit
B3:0 B3:2
007 — F
4 0
Any Bit Any Bit
B30 B32
o008 — F
5 0
0009 END D>—
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Reset Pending Interrupt

(RPI1)

Slots

RPl ————
Reset Pending Interrupt

0

Fixed | SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05

Interrupt Subroutine (INT)

Fixed | SLC
5/01

SLC
5/02

SLC
5/03

SLC
5/04

SLC
5/05
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This instruction resets the pending status of the specified slots and informs the
corresponding I/O modules that you have aborted their interrupt requests.
This instruction is not required to configure a basic 1/O interrupt application.

When true, this instruction clears the I/O pending bits (S:25/1 through
S:26/14) corresponding to the slots parameter of the instruction. In addition,
the processor notifies the specialty I/O modules in those slots that their
interrupt request was aborted. Following this notice, the slot may once again
request interrupt service. This instruction does not affect the I/O slot interrupt
enable bits (S:27/1 through S:28/14).

Entering Parameters

Enter the I/O slot numbers (1 to 30) involved.

Table 11.5 1/0 Slot Numbers

Slot # Slot Indicated

6 indicates slot 6

6.8 indicates slots 6 and 8
6to8 indicates slots 6, 7, and 8
11030 indicates all slots

Use the INT instruction in I/O event-driven interrupt subroutines (ISRs) and
STIs for identification purposes. Use of this instruction is optional.

This instruction has no control bits and is always evaluated as true. When used,
the INT should be programmed as the first instruction of the first rung of the
ISR.



Chapter 12

SLC Communication Instructions

This chapter contains general information about the SLC communication
instructions. Each of the instructions includes information on:

e what the instruction symbol looks like.

® how to use the instruction.

Table 12.1 Communication Instructions

Instruction Mnemonic

Instruction Name Purpose Page

SVC

Service Communications The SVC instruction interrupts the program scan to 12-3
execute the service communication portion of the
operating cycle.

MSG Message Read/Write This instruction transmits data from one node to another | 12-5
on the communication network.

CEM ControlNet Explicit Message | This instruction transmits CIP generic commands to other | 12-45
ControlNet nodes via the 1747-SCNR.

DEM DeviceNet Explicit Message | This instruction transmits CIP generic commands to other | 12-52
DeviceNet nodes via the 1747-SDN.

EEM EtherNet/IP Explicit Message | This instruction transmits CIP generic commands to other | 12-58

EtherNet/IP nodes via channel 1.
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About the Communication Use the SVC instruction to enhance communication performance of your
. processor. Use the various message instructions to send and receive data from
Instructions other processors and devices.

In this chapter you will find a general overview preceding each type of
instruction.

e Service Communication instruction for SLC 5/02 and higher
processors.

e General message instruction for the SLC 5/02 and higher processors.

e ControlNet Explicit Message instruction for the SLC 5/03 and higher
processors (requites series C, FRN 10 or higher OS firmware).

e DeviceNet Explicit Message instruction for the SLC 5/03 and higher
processors (requires series C, FRN 10 or higher OS firmware).

e Hthernet/IP Explicit Message instruction for the SLC 5/05 processor
(requires series C, FRN 10 or higher OS firmware).
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Service Communications

(SVC)

SVC

_| SERVICE ~ COMMUNICATIONS
Channel 0
Channel 1

SLC 5/03 and higher

Fixed | SLC | SLC | SLC | SLC

5/01 | 5/02 | 5/03 | 5/04

SLC
5/05

Output Instruction

Use an SLC 5/02 Processor

The SVC instruction is an output instruction that has no programming
parameters. When it is evaluated as true, the program scan is interrupted to
execute the service communications part of the operating cycle. The scan then
resumes at the instruction following the SVC instruction. Use this instruction
to enhance the communication performance of your SLC 5/02 processot.

You ate not allowed to place an SVC instruction in an STT interrupt, I/O
interrupt, or user fault subroutine.

Use SLC 5/03 and Higher Processors

When using SLC 5/03 and higher processors, the SVC instruction operates as
described above. These processors also allow you to select a specific
communication channel (0, 1, ot both) to be serviced. You atre not allowed to
place an SVC instruction in a Fault, DII, STI, or I/O Event subroutine.

e SL.C 5/03 processor

— channel 0 is RS-232/DF1 Full-duplex, DF1 Half-duplex (master ot
slave), DF1 Radio Modem, DH-485, Modbus Remote Terminal Unit

(RTU) Master™, or ASCII
— channel 1 is DH-485
e SLC 5/04 processot
— channel 0 is RS-232/DF1 Full-duplex, DF1 Half-duplex (master ot

slave), DF1 Radio Modem, DH-485, Modbus RTU Mastera), or
ASCII

— channel 1 is DH+
e SL.C 5/05 processor
— channel 0 is RS-232/DF1 Full-duplex, DF1 Half-duplex (master or

slave), DF1 Radio Modem, DH-485, Modbus RTU Master!), or
ASCII

— channel 1 is Ethernet

(1 SLC 5/03, SLC 5/04, SLC 5/05 OS Series C FRN 11 and above
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The following status bits let you customize or monitor communications

servicing,

Table 12.2 Status Bits for Customizing Communication Servicing

Channel 1 Channel 0"

S:2/5 Incoming Command Pending Bit | S:33/0 Incoming Command Pending Bit

S:2/6 Message Reply Pending Bit S:33/1 Message Reply Pending Bit

S:2/7 Outgoing Message Command S:33/2 Outgoing Message Command
Pending Bit Pending Bit

S:2/15 | Communications Servicing S:33/5 Communications Servicing
Selection Bit Selection Bit

5:33/71 | Message Servicing Selection Bit | S:33/6 Message Servicing Selection

Bit

" 51¢5/03 and higher processors only.

Channel

Servicing

Whether you select a channel to be serviced by the SVC instruction or not,
that channel is still serviced normally at the end of the scan.

TIP

You may program the SVC instruction unconditionally
across the rungs. This is the normal programming technique
for the SVC instruction.
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Message Instruction
Overview

MSG
READ/WRITE MESSAGE —{EN—
Read/write —{DN)
Target Device
Control Block —ER
Control Block Length
Setup Screen
SLC 5/02
MSG
—| READ/WRITE MESSAGE —{ENI—|
Type —{DN)
Read/write
Target Device —ER)
Local/Remote
Control Block
Control Block Length 14
Setup Screen
SLC 5/03 and higher
Fixed | SLC | SLC | SLC | SLC | SLC
5/01 | 5/02 | 5/03 | 5/04 | 5/05
° ° ° °

Output Instruction

The message instruction is an output instruction that lets you read or write
data from one processor to another processor via the communication
channel(s). The SLC 5/02 processor can setvice one message instruction at
any given time. The SLC 5/03 and higher processors can service up to four
message instructions per channel at a time, for a maximum of eight message
instructions at any given time. Only one message instruction is serviced at a
time for Modbus RTU Master protocol.

To invoke the MSG instruction, toggle the MSG instruction rung from
false-to-true. Do not toggle the rung again until the MSG instruction has
successfully or unsuccessfully completed the previous message, indicated by
the processor setting either the DN or ER bit.

MSG Instruction Operation

SL.C 5/02 - Although only one message instruction can be serviced at a time,
the processor may hold several messages enabled and waiting (control block
status bits EN and EW set). Waiting messages are serviced one at a time in
sequential order.

Ladder logic should be included with every SL.C 5/02 MSG instruction to time
out the message in the event that the MSG starts transmitting successfully
(MSG control block ST bit set), but the response is not received back in a

reasonable amount of time. See Figure 12.1 and Figure 12.2 on how to use the
MSG control block TO bit to accomplish this.
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Figure 12.1 SLC 5/02 Messaging Example with MSG Timeout

0000

0001

0002

0003
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MSG_TRIGGER
B3:0 SLC_502_MSG
1 F MSG
0 Read/Write Message —CEN
Read/Write Read
Target Device 500CPU —(DN —
Control  Block N30
Control Block Length 7 (R
Setup Screen -
MSG_ST_BIT
N3:0 MSG_TIMEOUT
J TON
14 Timer On Delay —(EN ———
Timer T40
Time Base 10 (DN »—
Preset 5
Accum 15
MSG_TIMEQUT/DN MSG_TO_BIT
T40 N3:0
1E L
DN 8
MSG_DN_BIT MSG_TRIGGER
N9.0 B3.0
1E w
13 0
MSG_ER_BIT MSG_TO_BIT ~ MSG_TO_BIT
N9.0 N9.0 N9:0
1k JE W
12 8 8
CEND D
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0000

0001

0002

0003

Figure 12.2 SLC 5/02 Repeating Messaging Example with MSG Timeout

SLC_502_MSG
MSG
Read/Write  Message —CEN D>—
Read/Write Read
Target Device 500CPU  —CDN D>—
Control  Block N3:0
Control Block Length 7 —CBR D>—
Setup Screen
MSG_ST_BIT MSG_TIMEOUT
Ng:.0 TON
1 F Timer On Delay HCEN D
14 Timer T4.0
Time Base 1.0 —QOND>—
Preset 5<
Accum 0<
MSG_TIMEQUT/DN MSG_TO_BIT
T4.0 N9:0
1L D
1C
DN 8
MSG_DN_BIT MSG_EN_BIT
N9:0 Ng:0
1L ad
1
13 15
MSG_ER_BIT MSG_TO_BIT MSG_TO_BIT
N9:0 N9:0 N9:0
1L JrC ad
1 JC
12 8 8
CEND D>—

SLC 5/03 and higher - If a MSG instruction has entered one of the four
channel dependent transmission buffers and is waiting to be transmitted, its
control block will have status bits EN and EW set. If more than four MSG
instructions for that channel are enabled at one time, a channel dependent
overflow queue is used to store the MSG instruction header blocks (not the
data for a MSG write) from the fifth instruction to the fourteenth. If the
channel is configured for Modbus RTU Master, the second through the
eleventh instructions will be added to a channel-dependent overflow queue.
These instructions, queued in a FIFO order, will only have control block status
bit EN set.

If more than 14 (11 for Modbus RTU Mastet) MSG instructions are enabled at
one time for any one channel, only control block status bit WQ is set, as there
is no room available to currently queue the instruction. This instruction must
be re-scanned with true rung conditions until space exists in the overflow
queue.
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TIP If you consistently enable more MSG instructions than the
buffers and queues can accommodate, the order in which
MSG instructions enter the queue is determined by the
order in which they are scanned. This means MSG
instructions closest to the beginning of the program enter
the queue regularly and MSG instructions later in the
program may not ever enter the queue.

You can use the timeout control similar to the SLC 5/02 MSG instruction or
use the built in timeout control (recommended). If the timeout value is set to
0, the functionality is similar to the SLC 5/02 MSG instruction. It differs in
that once the TO bit is set, it will be reset automatically along with the ER bit
on the next MSG rung false-to-true transition. We highly recommend setting
the internal timeout value to something other than zero.

Figure 12.3 SLC 5/03, SLC 5/04, and SLC 5/05 Non-repeating

MSG_TRIGGER SLC_503_504_505_MSG
B3:0 —MSG
0000 1 F Read/Write Message HEN>—
0 Type Peer-To-Peer
Read/Write Read —(DN)>—
Target Device 500CPU
Local/Remote Local —CER>—
Control Block N9:0
Control Block Length 14
Setup Screen
MSG_DN_BIT MSG_TRIGGER
N9:0 B3:0
0001 1 E )
13 0
MSG_ER_BIT
N9:0
1E
1 C
12
0002 CENDY>—
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0000

0001

0002

Figure 12.4 SLC 5/03, SLC 5/04, and SLC 5/05 Repeating Messaging Example

SLC_503_504_505_MSG
MSG

Read/Write Message —CEND>—
Type Peer-To-Peer
Read/Write Read —DN)>—
Target Device 500CPU
Local/Remote Local —CER>—
Control Block NS:0
Control Block Length 14
Setup Screen
MSG_DN_BIT MSG_EN_BIT
N9:0 N9:0
1F W
13 15
MSG_ER_BIT
Ng:0
1F
12
END>—

For the SLC 5/05 Channel 1 Ethernet, TCP/IP protocol is used to establish
Ethernet connections, in order to send the MSG commands. Connections can
be initiated by either a client program INTERCHANGE or RSLinx
application) or a processot.

The client program or processor must first establish a connection to the SLC
5/05 to enable the SLC 5/05 to receive solicited messages from a client
program or another processor (incoming connection). The client program
must also establish a connection to the SLC 5/05 to enable the SL.C 5/05 to
send unsolicited messages to a client program (outgoing connection).

To send a peer message, the SLC 5/05 must first establish a connection with
the destination node at a specified IP address on the Ethernet network. A
connection is established when a MSG instruction executes and no previous
connection to the same device exists. When a MSG instruction executes, the
SL.C 5/05 checks to see whether a connection has been established with the
destination node. If a connection has not been established, the SLC 5/05
attempts to establish a connection of the peer type.
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Table 12.3 Dedicated Connections

Number of Connections!"

Dedicated to:

4

peer messages (outgoing)

4

client messages (incoming)

8(2), 16(3), 24(4), 40(5), 56(6)

either peer or client messages

()" Connections established by an INTERCHANGE client, RSLinx client, and peers are all included

when counting the number of connections

@ All series A/B 16 K (1747-1551) processors and series A/B 32 K (1747-1552) and 64 K
(1747-1553) processors with OS 501, series C, FRN 4 and lower firmware.

) Series A/B 32 K (1747-L552) and 64 K (1747L553) processors with 0S 501, series C, FRN 5 and

higher firmware.
) Series C 16 K (1747-L551) processors.
) Series C 32 K (1747-L552) processors.

6 Series C 64 K (1747-L553) processors.

IMPORTANT For .peeF connect{ons, no. more than oge connecpon per.
destination node is established. If multiple MSG instructions

use the same destination node, they share the same

connection.
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MSG Instruction Configuration Options

The following configuration options ate available on all SLC 5/02 and higher
processors.

® Peer-to-peer Read/Write on a local network to another SLC 500
processor

e Peer-to-peer Read/Write on a local network to a 485CIF device (PLC-2
emulation)

In addition, the following configuration options are available on all
SLC 5/03 and higher processots.

® Peer-to-peer Read/Write on a local network to a PLC-5 processor

e Peer-to-peer Read/Write on a remote network to another SLC 500
processor

® Peer-to-peer Read/Write on a remote network to a 485CIF device
(PLC-2 emulation)

® Peer-to-peer Read/Write on a remote network to a PLC-5 processor

® Peer-to-peer Read/Write on a local network to Modbus slave devices

In addition, the following configuration option is available on SL.C 5/05
processors.

e Peer-to-peer Read/Write Multihop from Ethernet to a Logix processor
(Controllogix, FlexLogix, and Compactlogix), or other EtherNet/IP
device, or through ControlLogix gateway to ControlNet, DH+, or
DH-485.

MSG Instruction Parameters

Enter the following parameters when programming this instruction.

e Read/Write - Read indicates the local processor (processor in which
the instruction is located) is receiving data; write indicates the local
processor is sending data.

e Target Device identifies the type of device which responds to the MSG
command. Valid options are:

— 500CPU, if the target device is another SLC processor
— 485CIE, if the target device is a PLC-2 emulator device

— PLC-5, if the target device accepts PLC-5 commands(®
— Modbus, if the target device is configured as Modbus RTU Slave

(1" SLC 5/03 and higher only.
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¢ Local or Remote identifies if the message is sent to a device on a local
network, or to a remote device on another network through a bridge.
Valid options are:

— Local, if the target device is on the local network

— Remote, if the target device is on a remote network®

e Control Block is an integer file address that you select. It is a block of
words, containing the status bits, target file address, and other data
associated with the message instruction.

e Control Block Length is a display-only field that indicates how many
integer file words are being used by the control block.

See Table 12.4 for possible control block lengths.

TIP The MSG control block length increases from 7 to at least
14 words when changing from an SLC 5/02 to an
SLC 5/03, SLC 5/04, or SLC 5/05 processot program. For
ease of program portability between SLC processors,
dedicate an integer file to each MSG instruction control

block.
Table 12.4 MSG Instruction Control Block Lengths
485 CIF 500 CPU PLC-5 PLC-5 with Logical Modbus RTU Master
ASCII/Symbolic
Addressing
SLC 5/02 7 7 Not Applicable Not Applicable Not Applicable
SLC 5/03 14 14 14 ol 148! (Channel 0 only)
SLC 5/04 14 14 14 562) 148) (Channel 0 only)
SLC5/05 Channel 0 | 14 14 14 56 148
SLC 5/05 Channel 1 51 51 51 93 Not Applicable

1 0$302, Series C, FRN 5 or higher with RSLogix 500 version 4.5 or higher.

20 0s401, Series C, FRN 5 or higher with RSLogix 500 version 4.5 or higher.

) Series C

Publication

, FRN 11 or higher with RSLogix 500 version 8.10 or higher.
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MSG Instruction Setup Screen Parameters

Parameters for This Controller

e Data Table Address

— For a Read, this is the starting address which receives the data that is
read from the target device.

— For a Wrrite, this is the starting address of the data which is written to
the target device.

— For Modbus RTU Master, this is the starting address to receive or
send data.

e Size in Elements

— Specifies the length of the message in elements. The maximum
number of elements that are transferred via a MSG instruction is
determined by the size of the destination data type.

— For a Read, the data type in the local processor determines the
maximum number of elements.

— For a Write, the data type in the target device determines the
maximum number of elements. The maximum number of elements
that are transferred may be further limited based on the processor

type.

Table 12.5 MSG Instruction Maximum Number of Elements (except Modbus RTU)

File Types | SLC 500, SLC SLC 5/03, SLC 5/04, SLC 5/05 Channel 1
5/01, SLC5/02 | SLC 5/05 Channel 0 Iy " iihop Multihop to SLC | Multihop to PLC-5
0.1,B,N 41 103 256 119 115
T 13 340 2563 39 3g4)
C.R 13 34 256 39 38
F Not Applicable 51 256 59 57
St Not Applicable 2(2) 25 2 1
A Not Applicable 103 256 119 115

M pLcs type timer element maximum is 20.
PLC-5 type string element maximum is 1.
PLC-5 type timer element maximum is 208.

PLC-5 type timer element maximum is 23.
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Table 12.6 MSG Instruction Maximum Number of Elements for Modbus RTU Master

File Types | Channel 0 on SLC 5/03, SLC 5/04, SLC 5/05
B 1856 bits

N 116 words

F 58 registers (32-bit)

e Channel®

Specifies the communication channel that is used to transmit the
message request.

— SLC 5/03 - (Channel 0, RS-232) or (Channel 1, DH-485)
— SLC 5/04 - (Channel 0, RS-232) or (Channel 1, DH+)
— SL.C 5/05 - (Channel 0, RS-232) or (Channel 1, Ethernet)

Parameters for Target Device (except Modbus RTU)

® Message Timeout®

Specifies the length of the message timer in seconds. A timeout of 0
seconds means that there is no timer and a message that has been
acknowledged waits indefinitely for a reply. Valid range is 0, 1 to 255.

Message Timeout for a channel 0 DF1 Full-duplex MSG instruction
should be configured greater than the channel 0 [ACK Timeout x (ENQ
Retties + 1)] in seconds.

Message Timeout for a channel 0 DF1 Half-duplex Master MSG
instruction with polling mode set to ‘message based’ should be
configured greater than the channel 0 [ACK Timeout x (2 x Message
Retires + 1)] in seconds.

Message Timeout for a channel 0 DF1 Half-duplex Master MSG with
polling mode set to standard should be configured greater than the
channel 0 [ACK Timeout x (Message Retires + 1) x number of slave
stations] in seconds.

Message Timeout for a channel 0 DF1 Half-duplex Slave MSG should
be configured greater than the Mastet’s channel 0 [2 x ACK Timeout x
(message retries + 1) x number of slave stations] in seconds.

(1 SLC 5/03 and higher only.

2 5.C 5/03 and higher only.
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Message Timeout for any SLC 5/05 channel 1 MSG cannot be modified
in the Ethernet Message Setup dialog box. It is assigned by the
processor and is determined by adding the Channel 1 MSG Connection
Timeout to the MSG Reply Timeout, then adding five seconds. This
value can be modified by changing one or both of the timeout values in
the channel 1 channel configuration screen. The modified message
timeout applies to all MSG instructions.

e Data Table Address(V

— For a Read, this is the starting address where the data is being read
from.

— For a Write, this is the starting address where the data is being written
to.

— To enter in a PLC-5 type logical ASCII address, begin the address
name with a § and enclose the name in double quotes (example:
‘$N7:0). To enter in a PLC-5 type symbolic address, enclose the
name in double quotes (example: ‘READ_TAG’).

TIP You may use the PLC-5 type symbolic address to
read/write controller tags in Logix controllers. The
supported address forms are:

® tag name.

® tag name(x].

® tag name(x,y| or tag_namel[x][y].

® tag name[x,y,z] or tag_name[x]|[y][z].
Use INT data type for integer files or REAL data type for
floating point files.

e Data Table Offset®

Specifies the word offset into an SLC 500 or MicroLogix Common
Interface File (CIF) or byte offset into a PLC-5 or Logix PLC-2
compatibility file. Valid range is 0 to 255.

e Local Node Addr (dec)/ (oct)(3> )

500 CPU and PLC-5 Target Devices only.
485 CIF Target Devices only.
Local MSG only.

All processors except SLC 5/05 Channel 1.

Publication 1747-RM001G-EN-P - November 2008



12-16 SLC Communication Instructions

Publication 1747-RM001G-EN-P - November 2008

Specifies the node number of the target device that is receiving the
message.

Table 12.7 Valid Range of Local Node Address, Local Bridge Address, and Remote
Station Address Parameters

(1)

(2)

Protocol Decimal Octal
DH-485 0-31 0-37
DH+ 0-63 0-77
DF1 0-254 0-376

Processors running OS Series C, FRN 6 and higher, can execute a
broadcast write MSG command by entering in a target device local node
address of 255 (decimal) using RSLogix 500 version 5.20 or higher. A
broadcast write command is executed simultaneously by every node that
receives it, but no node acknowledges or responds to it. The broadcast
write command is valid for DH-485 and DF1 networks only. Broadcast
is not supported for read commands or any remote messages.

Ethernet (IP) Address )

Specifies the Ethernet IP address of the target device that is receiving
the message. When using OS501, Series C, FRN 5, or higher firmware
and RSLogix 500 version 5.20, or higher programming software, you
may optionally enter in the device name (as defined on your local
network’s Domain Name System (DNS) servers), in place of the target
device’s Ethernet IP address. (RSLogix 500 versions 6.30 and below
place an additional restriction on the device name that it must start with
an alpha character A to Z.) This device name must be no longer than 41
characters. You must have a Primary Name Server and/or Secondary
Name Server defined in the Channel 1 Ethernet configuration to
successfully use this device name functionality. If you have a Default
Domain Name defined in the Channel 1 Ethernet configuration, then
the Default Domain Name is appended to the device name when
requesting the corresponding IP address from the DNS server.

MultiHop®

Specifies whether or not the message is either routed to an EtherNet/IP
device, such as a Logix controller or an Ethernet Network interface
(1761-NET-ENI), or through a ControlLogix gateway (1756-ENBT). If
yes, then the target device Ethernet address or MSG route must be
configured in the MultiHop tab of the MSG Setup Screen.

Refer to page 12-26 for more information.

SLC 5/05 channel 1 only; no Multihop.

SLC 5/05 channel 1 only.
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e Local Bridge Addr (dec)/ (oct)(1> @
Specifies the node number of the bridge device on the local network.
Refer to page 12-16 for the valid range of addresses.

e Remote Bridge Addr (dec)®

Specifies the node number of the bridge device on the bridging network,
when the bridge is configured for gateway mode. Otherwise, leave at 0.

® Remote Station Addr (dec)(1>
Specifies the node number of the target device on the remote network.
Refer to page 12-16 for the valid range of addresses.

e Remote Bridge Link p®

Specifies the link ID of the remote network where the target device
resides. Valid range is O to 255.

Parameters for Target Device (Modbus RTU)

=4 M5G - Rung #2:0 - N7:0

This Controller Contral Bits
Modbus Command: |01 Read Coil Status [Dxxms lgnare if timed out [TO]): m
Data Table Address: B35/
Size in Elements: :l Awaiting Execution [EW]: m
Channel: El
S Ermor [ER]: m
Target Device Meszage done [DN): m
Message Timeaut : Message Transmitting (ST} [0 ]
ME Data Address [1-65536): Message Enabled [ENJ: 0]
Slave Mode Address (dec): ‘W aiting for Queue Space : m

Modbus Address:

Error

Error Code[Hex): O

Error Description

Mo erars

" Remote MSG only.

@ Al processors except SLC 5/05 Channel 1.
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e Data Table Address

This variable defines the starting address in the local controller. Valid
file types for the Data Table Address are shown below:

Table 12.8 Valid File Types for Data Table Address

Message Read Message Write
Bit (B) Bit (B)

Integer (N) Integer (N)
Floating Point (F) Floating Point (F)

Only Bit (B) and Integer (N) file types are valid for Modbus Command
messages. Starting data table address for coil/input bit commands (1, 2,
5, and 15) require a bit address. Starting data table addresses for register
commands (3, 4, 6, and 16) require a word address.

Floating Point (F) file type is valid for Modbus Command messages for
Holding Registers (commands 03, 06 and 16) when data is configured
for 32 bits.

e Size in Elements

This variable defines the amount of data (in elements) to exchange with
the target device. The maximum amount of data that can be transferred
via an MSG instruction is 116 words for Modbus commands and is
determined by the destination data type.

The destination data type is defined by the type of message: read or
write. When a read message is used, the destination file is the data file in
the local or originating processor. When a write message is used, the
destination file is the data file in the target processor.

TIP Input, output, string, and RTC file types are not valid for
read messages.

The mazimum number of elements that can be transmitted or received
are shown in the following table.

TIP The table is not intended to illustrate file compatibility. It
only illustrates the maximum number of elements that can
be exchanged in each case.
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Message Type | File Type Element Size | Maximum Number of
Elements per Message

Modbus B, N (command 5) 1-bit 1

Commands B, N, F (command 6) 1-word or 1

32-bit register
(float file type)

B, N (commands 1, 2,

and 15)

1-bit

1856 Modbus bit elements
(116 words)

Commands 1 and 2 are
read-only, command 15 is
write-only.)

B, N, F (commands 3
and 16)
B, N (command 4)

multi-register

116 16-bit Modbus
register elements (or 58
32-bit Modbus register
elements)

Modbus RTU Master protocol is implemented with support for 32-bit

registers.

When Modbus command 3, 4, 6 or 16 is selected, a selector for register
size appears. There are two different word orders for 32-bit registers.
For example, a value of aabbccdd h may be represented as:

— aabb ccdd h, or
— ccdd aabb h

To support different processors and file types, the word-swap option
for 32-bit registers is made available.

TIP

When reading and writing with 32-bit registers, verify with
RSLogix 500 if the value appears as intended after the
transfer. Toggle word-swap if necessary.

Word-swap is required when reading and writing to Float
file type with another MicroLogix processor.
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Here are two examples of Read Register commands.

Example 1: A 32-bit Read Request for an Integer (N) command

RSLogix 500 Data View (dec) SLC Processor MLX Processor RSLogix 500 Data View (dec)
(hex) (hex)

2000 47F1 8192 18417

Read no swap

8192 18417 2000 47F1

\

0
NO“WN
e

47F1 2000

error | 18417 8192

Example 2: A 32-bit Read Request for an Float (F) command

RSLogix 500 Data View (dec) SLC Processor MLX Processor RSLogix 500 Data View (dec)
(hex) (hex)

2000 47F1 123456

Read no swap

error 1.086583e-19 2000 47F1

{\’S‘\"a\)

\

?\%66\‘@‘

123456 47F1 2000

Note the format differences between Float File and Integer File.

— If the destination is Floating File (Example 1), word-swap may be
necessary.

— If the destination is Integer File (Example 2), word-swap may not be
necessary.

Here, it is assumed the peer device has not already swapped the word
order in the reply. You need to validate the word order by checking the
received value in RSLogix 500, prior to implementation on the network.

Here are two examples of Write Register commands.

Example 3: A 32-bit Write Request for an Integer (N) command

RSLogix 500 Data View (dec) SLC Processor MLX Processor RSLogix 500 Data View (dec)
(hex) (hex)

Write no swap

- |200047F1 ‘ ‘8192 18417‘

W4
% [P 200 | 18417 8192 | enor
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Example 4: A 32-bit Write Request for a Float (F) command

RSLogix 500 Data View (dec) SLC Processor MLX Processor RSLogix 500 Data View (dec)
(hex) (hex)

Write no swap

123456 47F1 2000 . ‘47F1 2000 | \ 1.0865838-19‘ error

[/l/.
% ‘2000 47F1 | ‘ 123456‘

Similar to the Read Register command,

— If the source file is a Floating file (Example 3), word-swap is
recommended.

— If the source file is an Integer file (Example 4), word-swap is
unnecessary.

Here, it is assumed the peer device does not swap received word order.
You need to validate the word order prior to implemention on the
network.

IMPORTANT Since a 32-bit register is not defined in the Modbus

protocol specification, you are advised to first test if the
word order is decoded correctly. Some devices may require
word-swap and others may not.

RSLogix and SLC firmware do not determine word order
based on element file type. You need to specify if a 32-bit
word-swap is desired.

e Channel

FRN 11 of SLC 5/03, SLC 5/04, and SLC 5/05 supports Modbus RTU
Master on Channel 0 only. Channel 0 is the RS-232 port.

e Message Timeout

This value defines how long, in seconds, the message instruction has to
complete its operation once it has started. Timing begins when the
false-to-true rung transition occurs, enabling the message. If the timeout
period expires, the message instruction will generate a specific error (see
MSG Instruction Error Codes on page 12-41). The amount of time that
is acceptable should be based on application requirements and network
capacity and loading. The default value is 2 seconds for Modbus
commands. The maximum timeout value is 255 seconds.
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If the message timeout is set to zero, the message instruction will never
timeout. Set the Time Out bit (TO = 1) to flush a message instruction
from its buffer if the destination device does not respond to the
communications request.

e Modbus - MB Data Address (1-65530)

Modbus addressing is limited to 16 bits per memory group, each with a
range of 1 to 65,536. There are four memory groups, one for each
function:

— coils (generally addressed as Oxxxx)
— contacts (1Xxxx)
— input registers (3XXxxX)

— holding registers (4xxxx)

Coils and contacts are addressed at the bit level. Coils are outputs and
can be read and written. Contacts are inputs and are read-only.

Input registers and holding registers are addressed at the word level.
Input registers are generally used for internally storing input values.
They are read-only. Holding registers are general purpose and can be
both read and written.

The most significant digit of the address is considered a prefix, and does
not get entered into the MB Data Address field when configuring the
message instruction.

When the message is sent, the address is decremented by 1 and
converted into a 4-character hex number to be transmitted via the
network (with a range of 0-FFFFh); the slave increments the address by
1, and selects the appropriate memory group based on the Modbus
function.

TIP Modbus protocol may not be consistently implemented in
all devices. The Modbus specification calls for the
addressing range to start at 1; however, some devices start
addressing at 0.

The Modbus Data Address in the Message Setup Screen
may need to be incremented by one to propetly access a
Modbus slave’s memory, depending on that slave’s
implementation of memory addressing.

e Slave Node Address

'This is the destination device's node number if the devices are on a
Modbus network.
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The default Slave Node Addtess is 1. The range is O to 247. Zero is the
Modbus broadcast address and is only valid for Modbus write
commands (5, 6, 15 and 10).

TIP To initiate a broadcast message on a Modbus network, set
the slave node address to 0. Do not initiate more than one
Modbus broadcast message at a time. When sequentially
triggering multiple Modbus broadcast messages, insert at
least 10 msec. delay in between each message.

e Modbus Address

This is the translated Modbus address from the MB Data Address.
Configure a Modbus Message

This section describes how to configure a local message using the Modbus
communication commands. Since configuration options are dependent on
which channel is selected, the programming software has been designed to
only show the options available for the selected channel.

Before configuring the MSG instruction, open the Channel Configuration
screen and set the Driver to Modbus RTU Master. For more information on
Channel Configuration, see Configuring a Channel for Modbus RTU Master
on page 13-91.

Figure 12.1 Message Setup Screen

B30 MG
0000 ] E ReadWrite Massage - EHT——

1 Type Peer-To-Peer
ReadWrite 01 Read Coil Stats (Dixx)  —0 DN —
Target Device MODEUS
LocalRemoate Local —ER—
Control Block N0
Control Block Length 14

Setup Screen =

Rung 0 shows a standard RSLogix 500 message (MSG) instruction preceded
by conditional logic.

1. Double-click Setup Screen to access the message setup screen.
2. The RSLogix 500 Message Setup Screen appears. This screen is used to
setup or monitor message parameters for “This Controller”, “Target

Device”, and “Control Bits”. Descriptions of each of these sections
follow.
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Figure 12.2 “This Controller” Parameters

a1 kel

Fead/Write Message BN
(DN
—CER)—
Control Block H70
Control Block Length 14
Setup Sereen

=i MSG - Rung #2:0 - N7:0

General
This Cantraller Control Bits

Maodbus Command: |01 Read Coil Status [xxsxs | lgnare it timed cut (TO]: m

Data Table Address: |B3:0/0
Size in Elements: Aumaiting Execution [E4): m

Channe: El
. Ermor [ER]: m
Target Device Meszage done [DN): m
Message Timeaut : Message Transmitting [ST]: m
MB Data Address [1-65536): Message Enabled [ENJ: [0 ]
Slave Mode Address [dec): W aiting for Dueue Space : [0 |

Modbus Address:

Error

Error Code[Hex): O

Error Description

Mo erors

Modbus Command

Modbus command is configured at rung setup. If a Channel configured for
Modbus Master is selected in the Channel field of the Message Setup Screen,
the following Modbus Command options will become available.

Tl
FeadWrite Messaze - EN
Type Peer-To-Peaer

J DN
¥ | cero

01 Fead Codl Status (O]

01 Read Coil Status (00
02 Fead Input Statos (1)
03 Fead Holding Begisters ()
04 Fead Input Eagisters (S

05 Write Single Coil (O

05 Write Single Eegister (duxxnx)

15 Whate Multiple Coils (O]

16 Write Multiple Fegisters (dao)

I END "—|

The controller supports eight Modbus commands. If the target device
supports any of these Modbus command types, the controller should be
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capable of exchanging data with the device. Supported Modbus commands
include:

Modbus Command Types
Modbus Command Used For
01 Read Coil Status reading bits
02 Read Input Status reading bits
03 Read Holding Registers reading words
04 Read Input Registers reading words
05 Write Single Coil writing 1 bit
06 Write Single Register writing 1 word
15 Write Multiple Coil writing multiple bits
16 Write Multiple Registers writing multiple words
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Configure MultiHop Tab

To message to an Ethernet Network Interface (ENI) or MicroLogix 1100,
enter the target device’s IP address in the first row “To Address’ field.

To message to a CompactlLogix, ControlLogix, or FlexLogix controller, enter
the controllet’s Ethernet interface IP address in the first row “To Address’
field, press the keyboard insert key to add a hop (which appends a second row
labeled ControlLogix Backplane) and enter the controller’s backplane slot
number (0 to 16 for Controllogix, always 0 for Compactlogix and FlexLogix)
in the second row “To Address’ field.

To message through a ControlLogix gateway to ControlNet, DH+, or
DH-485, enter the slot number of the desired network interface module in the
second row “To Address’ field, press the keyboard insert key to add another
hop (which appends a third row), select the appropriate ‘From Device’ and
‘From Port’ (if applicable) and enter the node address in “To Address’ field.

Some message routes may require adding additional hops. Not all message
routes entered with the software are valid. The softwate validates the construct
of the message route when the rung is verified.
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MSG Instruction Setup Screen Status Bits

The column in the table below lists the various status bits associated with the
SLC 500 MSG instruction as displayed in the RSLogix 500 MSG instruction
setup screen.

Table 12.9 MSG Instruction Setup Screen Status Bits

Bit Definition Bit Mnemonic Bit Address
Ignore if timed out TO 08
To be retried NR 09
Awaiting execution EW 10
Continuous run cO 1
Error ER 12
Message done DN 13
Message transmitting ST 14
Message enabled EN 15
Waiting for queue space wa 07

e Timeout Bit TO (word 0, bit 8):Set this bit in your application to
remove an active message instruction from processor control. You must
use your own timeout control routine for the SLC 5/02 MSG
instruction (See Figure 12.1 on page 12-6). You may use the internal
timeout control for SLC 5/03 and higher processors. For these
processors, we recommend using the built-in timeout control because it
simplifies the user program. Default values are 5 seconds for SLC 5/03,
SL.C 5/04, and SL.C 5/05 channel 0, and 23 seconds for SL.C 5/05
channel 1.

To utilize the internal timeout control, a value greater than 0 must be
entered for the MSG instruction timeout parameter. A timeout value of
0 means no timeout value. In other words, if communication is
interrupted, the processor will wait forever for a reply. If an
acknowledgement is received (as indicated by the ST bit being set), but
the reply is not received, the MSG instruction will appear to be locked
up, although it is merely waiting for the reply.

When a value greater than 0 is entered for the MSG timeout parameter
and communication is interrupted, the MSG instruction will timeout
and error after the time expires, allowing the user program to retry the
same message if desired.
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With an SLC 5/02 MSG instruction, the ladder logic must reset the
Timeout Bit before triggering the MSG instruction.

TIP When programming timeout control in SLC 5/03 and
higher processors, omit the Timeout Bit manual reset rung,

® No Response Bit NR (bit 9) is set if the target processor responds to the
MSG instruction that it cannot process the message at the current time
(for DH-485 and DH+ protocols only). This means that the MSG
should be retried. The NR bit is reset the next time the MSG instruction
gets scanned. Do not set or reset this bit. It is informational only.

e Enabled and Waiting Bit EW (bit 10) is set after the enable bit is set and
the message is physically placed in one of the four available transmit
buffers. The EW bit is reset when either the ST or ER bit is set. Do not
set or reset this bit. It is informational only.

e Continuous Operation CO (bit 11)( Set this bit if you wish to
continually resend the MSG instruction. We recommend that internal
timeout control be used for this option and the rung be unconditionally
true. Use this bit to turn the mode on and off. A MSG instruction
occupies one of the four channel transmission buffers when its CO bit
is set. Therefore, a maximum of four MSG instructions per channel may
have their CO bit set.

This mode will continuously operate provided that the rung is
continually scanned. If the instruction errors prior to the MSG timeout,
it will automatically retry until it is successful. If the instruction errors
due to a MSG timeout, the MSG stops triggering. The EN bit must be
toggled off and back on to resume operation.

TIP If your program contains four message instructions assigned
to the same channel with the Continuous Operation (CO)
bit set, no other message instructions can be executed out
that same channel, including message instructions which
may be in the fault routine.

e Error Bit ER (bit 12) is set when message transmission has failed. The
ER bit is reset the next time the associated rung goes from false to true.
Do not set or reset this bit. It is informational only.

e Done Bit DN (bit 13) is set when the message is transmitted
successfully. The DN bit is reset the next time the associated rung goes
from false to true. Do not set or reset this bit. It is informational only.

1 51c5/03 and higher processors only.
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e Start Bit ST (bit 14) is set when the processor receives acknowledgment
(ACK) from the target device. The ST bit is reset when the DN, ER, or
TO bit is set. Do not set or reset this bit. It is informational only.

For SLC 5/05 Ethernet (channel 1) communications, the ST bit
indicates internally that the Ethernet daughterboard has received a
command and it is acceptable for a transmission attempt. The command
has not yet been transmitted.

For all broadcast message writes, and for DF1 Radio Modem
communications, the ST bit only indicates that the command has been
successfully transmitted.

e Enable Bit EN (bit 15) is set when rung conditions go true and there is
space available in either the MSG buffer or MSG queue. It remains set
until message transmission is completed and the rung goes false. You
may reset this bit once either the ER or DN bit is set in order to
retrigger a MSG instruction with true rung conditions on the next scan.
Do not set this bit.

e Waiting for Queue Space Bit WQ (Word 7, bit 0)D is set when the
queue is full. This bit is cleared when space is available in the active
queue. Do not set or reset this bit. It is informational only.

TIP

For a MSG write instruction, when the WQ bit is set, or
when only the EN bit is set, your source data is unbuffered.
If your application requires buffered (or snapshot) data, wait
until the EW bit is set before overwriting your source data.

Table 12.10 Setting Bits for Buffered Data

wa EN EW Description

1 0 0 MSG not queued or buffered

0 1 0 MSG is queued, source data not buffered
0 1 1 MSG and source data is buffered

(1 SLC 5/03 and higher processors only.
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MSG Instruction Control Block

Limitations for Manipulating the Control Block Bits

Do not manipulate the MSG instruction control block values except as noted
below. For example, do not clear the first word of the control block, do not
unlatch the time-out control bit (except in an SLC 5/02 MSG instruction), and
SO on.

The only MSG instruction control bits that may be manipulated by the ladder
program without adversely affecting the operation of the instruction are the
CO, EN, and TO bits. The enable bit (EN = bit 15) may be unlatched, but
only when the done bit (DN = bit 13) or error bit (ER = bit 12) has been set,
indicating the successful or unsuccessful completion of the previous message.

In addition, when a MSG is in progress and the ladder program wishes to
terminate it for any reason, this may be done by enabling the time-out bit (TO
= bit 8). The next time the processor scans the MSG instruction with the TO
bit set, it will error the MSG (ER = 1). The MSG instruction may then be
re-enabled with a false-to-true transition on the next program scan.
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Control Block Layouts

The control block layout is shown below for 500CPU or PLC-5 controller as

the target device.

Table 12.11 Read or Write, Local or Remote!" to a 500 CPU or PLC-5") (Without Logical ASCII/Symbolic Addressing)

5 |14 [13 [12 [1n [10 [os [o8 [o7 |06 o5 [o04 03 [02 o0 [o
Word 0 EN |ST DN [ER |[co™ [EW |[NR |TO |Error Code
Word 1 Reserved Target Node Address (Local)/Remote Station Address
(Remote)
Word 2 Number of Elements
Word 3 File Number
Word 4| File Type (S, B, T, C, R, N} (0, I F, ST, A|"
Word 5 Element Number
Word 6 Not Used
Word 7!" | Remote Bridge Address (Remote only) Reserved (Internal Messaging Bits) wa
Word 81! | Reserved (Internal Messaging Bits) Message Timer Preset
Word 9" | Message Timer Scaled Zero
Word 101" | Message Timer Accumulator
Word 1111 | Reserved (Internal Messaging Bits)
Word 121 | AO=0 | Reserved (Internal Messaging Bits)
Word 131" | Reserved (Internal Messaging Bits)

" s1c5/03and higher processors only.
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Table 12.12 Read or Write, Local or Remote!" to a 485 CIF

The control block layout is shown below for 485CIF as the target device.

15 [14 [13 [12 |11 [10 |09 [08 [o7 |06 [05 |04 [03 |02 [o0 |oO
Word 0 EN | ST |DN | ER | oM |EW | NR | TO | Error Code
Word 1 Not Used Target Node Address (Local)/Remote Station Address
(Remote)
Word 2 Number of Words
Word 3 Offset in Words
Word 4 Not Used
Word 5 Not Used
Word 6 Not Used
Word 7" | Remote Bridge Address (Remote only) Reserved (Internal Messaging Bits) wa
Word 8" | Reserved (Internal Messaging Bits) Message Timer Preset
Word 9! | Message Timer Scaled Zero
Word 10tV | Message Timer Accumulator
Word 111 | Reserved (Internal Messaging Bits)
Word 1211 | Reserved (Internal Messaging Bits)
Word 13" | Reserved (Internal Messaging Bits)

(1 s1C5/03 and higher processors only.
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Table 12.13 Read or Write, Local or Remote to a PLC-5 (with Logical ASCII/Symbolic Addressing)m @@

15 [14 [13 [12 [11 [10 [o9 [08 [07 [06 [05 [04 [03 [02 [01 |0
Word 0 EN ST DN ER co EW | NR T0 Error Code
Word 1 Not Used Target Node Address (Local)/Remote Station Address
(Remote)
Word 2 Number of Elements
Word 3 Not Used
Word 4 | File Type (based on local source or destination address)
Word 5 Not Used
Word 6 Not Used
Word7 | Remote Bridge Address (Remote only) Reserved (Internal Messaging Bits) wa
Word 8 | Reserved (Internal Messaging Bits) Message Timer Preset
Word9 | Message Timer Scaled Zero
Word 10 | Message Timer Accumulator
Word 11 | Reserved (Internal Messaging Bits)
Word 12 | AO=1 | Reserved (Internal Messaging Bits)
Word 13 | Reserved (Internal Messaging Bits) Lower byte internal use.
Word 14 | Logical ASCII Address String Length including NULL Termination Character (bytes)
Word 15 | First Byte of Address String Second Byte of Address String
Word 16 | Third Byte of Address String
Word 55 | Eighty-first Byte of ASCII Address String NULL Byte of Longest ASCII Address String

) SLC 5/05 Channel 0.

2 SLC 5/04 05401, Series C, FRN 5 or higher with RSLogix 500 version 4.5 or higher.

) SLC 5/03 05302, Series C, FRN 5 or higher with RSLogix 500 version 4.5 or higher.
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Table 12.14 SLC 5/05 Channel 1 Read or Write, Local or Remote to an SLC 500 CPU or PLC-5 (without Logical ASCIl/Symbolic

Addressing)
15 (14 [13 [12 [11 [10 [09 |08 |07 ‘06 ‘05 ‘04 |03 |02 ‘01 ‘uo
Word 0 EN ST DN ER co EW | NR T0 Error Codes
Word 1 Reserved Remote Station Address (Remote only)
Word 2 Number of Elements
Word 3 File Number
Word 4 File Type (based on local source or destination address)
Word 5 Element Number
Word 6 Not Used
Word 7 Remote Bridge Address (Remote Only) Reserved (Internal Messaging Bits) wa
Word 8 Reserved (Internal Messaging Bits) Message Timer Preset
Word 9 Message Timer Scaled Zero
Word 10 | Message Timer Accumulator
Word 11 | Reserved (Internal Messaging Bits)
Word 12 éOz Reserved (Internal Messaging Bits)
Word 13 | Reserved (Internal Messaging Bits)
Word 14| First Byte of IP Address String!"! Second Byte of IP Address String
Word 15 | Third Byte of IP Address String
Word 34 | Forty-First Byte of IP Address String NULL Byte of Longest IP Address String
Word Not Used Fthernet Message Type = 012/, 10n3), or 11h%)
3503
Word ASA Service Internal Object Identifier (101) Size in Words (1 to 5)
260
Words ASA Internal Object Identifier (I0l)
37-410)
Word Not Used Connection Path Size in Words (1 to 8)
4913)
Words Connection Path
43 - 508

(1)

The IP Address format is up to 42 ASCII characters including a terminating NULL character. The first byte in the array is the left most character in the string as written. For

example: If the IP Address is 423.156.78.012, the first byte is the ASCII character “4”. If the MSG destination is an INTERCHANGE client on a host computer, the destination
is specified as “client” and stored as a NULL terminated string.

2 Not MultiHop MSG.

) MultiHop MSG.
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Table 12.15 Modbus RTU Master Control Block

15 14 13 12 1" 10 09 08

07 \ 06 \ 05 \ 04 \ 03 \ 02 \ 01 \ 00

Word0 | EN ST DN | ER co EW | NR | TO Error Codes

Word 1 Not Used - Always 0 Target Node

Word 2 | Number of Elements

Word 3 | Target Data Address (decrement user input by 1)

Word 4 | Reserved (unused, default to 0) Start-Bit/Coil/Input at
Physical Address

Word5 | Reserved (unused, default to 0) Register

Size

Word6 | Not Used - Always 0

Word7 | Not Used - Always 0 Reserved (Internal Messaging Bits) wa

Word 8 | Reserved (Internal Messaging Bits) Message Timer Preset

Word9 | Message Timer Scaled Zero

Word 10 | Message Timer Accumulator

Word 11 | Reserved (Internal Messaging Bits)

Word 12 €O= Reserved (Internal Messaging Bits)

Word 13 | Reserved (Internal Messaging Bits)
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Table 12.16 SLC 5/05 Channel 1 Read or Write, Local or Remote to a PLC-5 (with Logical ASCIl/Symbolic Addressing)

15 [14 [13 [12 |11 [10 |09 [08 [07 |06 |05 |04 |03 [02 |01 |00
Word 0 | EN ST DN | ER Co EW [NR |TO Error Code
Word 1 | Reserved Remote Station Address (Remote only)
Word 2 | Number of Elements
Word 3 | Not Used
Word 4 | File Type (Based on Local Source or Destination Address)
Word 5 | Not Used
Word 6 | Not Used
Word 7 | Remote Bridge Address (Remote only) Reserved (Internal Messaging Bits) wa
Word 8 | Reserved (Internal Messaging Bits) Message Timer Preset
Word 9 | Message Timer Scaled Zero
Word 10 | Message Timer Accumulator
Word 11 | Reserved (Internal Messaging Bits)
Word 12 | AO=1 ‘ Reserved (Internal Messaging Bits)
Word 13 | Reserved (Internal Messaging Bits)
Word 14 | Logical ASCII Address String Length including NULL Termination Character (bytes)
Word 15 | First Byte of ASCII Address String Second Byte of ASCII Address String
Word 16 | Third Byte of ASCII Address String
Word 55 | Eighty-First Byte of ASCII Address String NULL Byte of Longest ASCII Address String
Word 56 | First Byte of IP Address String" Second Byte of IP Address String
Word 57 | Third Byte of IP Address String
Word 76 | Forty-First Byte of IP Address String NULL Byte of Longest IP Address String
Word 77 | Not Used Ethernet Message Type = 07, 10n3) or 11h3)
Word ASA Service Internal Object Identifier (I01) Size in Words (1 to 5)
788)
Words | ASA Internal Object Identifier (10I)
79 -
830
Word Not Used Connection Path Size in Words (1 to 8)
g4(3)
Words | Connection Path
85 -
g73)

)" The IP Address format i up to 42 ASCII characters including a terminating NULL character. The first byte in the array is the left most character in the string as written. For
example: If the IP Address is 423.156.78.012, the first byte is the ASCII character “4". If the MSG destination is an INTERCHANGE client on a host computer, the

destination is specified as “client” and stored as a NULL terminated string.
2 Not MultiHop MSG.

) MultiHop MSG.
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Status Bit Sequencing for The following section desctibes the status bit sequencing for an SLC 5/03,

SLC 5/03 SLC 5/04 and SLC 5/04, or SLC 5/05 MSG instruction.
SLC 5/05 MSG Instruction

1.Rung goes True.  2.Target node 3.Acknowledge sent 4 Not shown.  5.Target node processes packet
receives packet. of successful receipt. successfully and returns data
(read) or writes data (success).
1T 2 3 5
: ' : .
N I
1 1 1
EW 1 :
0 : : :
ST !
1 : : '
DN g ! !
1 | | |
S : : :
1 i i |
NR
0 I I I
’I 1 1 1
10 0 T T T
1 ' ' '
WQ 1 1 1
0 ' ' '

Rung Goes True

When the MSG rung becomes true and the MSG is scanned, if there is room
in any of the four active MSG buffers and no other MSG are in the queue, the
MSG is immediately placed in an available buffer, and the EN and EW bits are
set. If this was a MSG Write instruction, the source data would be transferred
to the MSG buffer at this time. If there is no room in the four MSG buffers or
other MSG instructions are already in the queue, and a position is available in
the MSG queue, then the MSG enters the queue and only the EN bit is set.
The 10-position MSG queue works on a first-in-first-out basis that allows the
SLC processor to remember the order the MSG instructions were enabled.
Note that the program does not have access to the SLC MSG queue.

If there is no room in any of the four MSG butffers and no room in the
10-position MSG queue, only the WQ bit is set. Note that when the WQ bit is
set, the MSG instruction must be re-scanned with true rung conditions at a
later time when there is room in either the four MSG buffers or the
10-position MSG queue.
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Once the EN bit is set, it remains set until the entire MSG process is complete
and either the DN, ER, or TO bit is set. The MSG Timeout period begins
timing when the EN bit is set. If the timeout period expires before the MSG
instruction completes it function, the ER bit is set and an error code (37H) is
placed in the MSG block to inform you of the timeout error.

If you choose to set the CO bit, your MSG instruction will take up permanent
residence in one of the four active MSG buffers. The MSG instruction

continues to re-transmit its data each time the DN or ER bit is set. If this were
a MSG Write instruction, your source data would be updated each MSG cycle.

START: M2 G iz scanned while
the rung fate iz TRUE +

Wait far F ALSE 1o TRUE
tranzition or desaring of EM hit
to restarnt MG ovde

(i, ERR, TG
bit SET

Tranzferto tranamit buffer
SET the EM kit

Tranzmit

MEG Queue

A?:ir:;ﬂe Empaty SET the BV hit
Retumto START
SET the Wi hit
Fetumto START

Place MZG in Queus
SET the EM bit
Feturn to START
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Next End of Scan

At the next end of scan or SVC, the SLC processor determines if it should
examine the MSG queue for “something to do.” The processor bases its
decision on the state of bits S:2/15, S:33/7, S:33/5, S:33/6, network
communication requests from other nodes, and if previous MSG instructions
are already in progress. If the SLC processor determines that it should not
access the queue, the MSG instruction remains as it was. (Either the EN and
EW bits remain set, or only the EN bit is set, or only the WQ bit is set until the
next end of scan or SVC. If only the WQ bit is set, the MSG instruction must
be re-scanned later with true rung conditions.)

If the SLC processor determines that it has something to do, it unloads the
MSG queue entries into the MSG buffers until all four MSG buffers are full.
Each MSG buffer contains a valid network packet. If a packet cannot be
successfully built from the MSG queue, the ER bit is set and a code is placed
in the MSG block to inform you of an error. When a MSG instruction is
loaded into a MSG buffer, the EN and EW bits are set.

The SLC processor then exits the end of scan or SVC portion of the scan. The
processor’s background communication function sends the packets to the
Target Nodes that you specified in your MSG instruction. Depending on the
state of bits $:2/15, $:33/7, S:33/5, and S:33/6 you can have up to eight MSG
instructions (four from each channel) active at any given time.

Successful Receipt of Packet

If the Target Node successfully receives the packet, it sends back an ACK
(acknowledge). The ACK causes the processor to clear the EW bit and set the
ST bit. The Target Node has not yet examined the packet, to see if it
understands your request. Note that the Target Node is not required to
respond within any given time frame.

For broadcast write commands, Ethernet and DF1 Radio Modem
communication, there is no ACK/NAK mechanism. For the SL.C 5/05, the
ST bit is set when the Ethernet daughterboard internally indicates it has
received the command from the main processor and will send it out. For
broadcast write commands and DF1 Radio Modem, the ST bit is set when the
command has successfully been transmitted. Skip step 4 for Ethernet and DF1
Radio Modem communications.

TIP If the Target Node faults or power cycles during this time
frame of a MSG transaction, you will not receive a reply. As
a result, use a MSG Timeout value in your MSG instruction.
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Step 4 is not shown in the timing diagram.

An ACK is Not Received

If you do not receive an ACK, step 3 does not occur. Instead, either no
response or a NAK (no acknowledge) is received. When this happens, the ST
bit remains clear.

These conditions can cause no response.

¢ The target node is not there.

e The target node does not respond because the packet became too
corrupted in transmission to be properly received.

e The response was corrupted in transmission back.
These conditions can cause a NAK.

e Target node is too busy.

e Target node received a corrupt packet.

Target Node Sends a Reply Packet

Following the successful receipt of the packet, the Target Node sends a reply
packet. The reply packet will contain one of the following responses.

® The write request was successfully performed.
e The read request was successfully performed and here is the data.

® The request was not performed because of an error.

At the next end of scan or SVC, following the Target Node’s reply, the SLC
processor examines the packet from the target device. If the reply contains
successfully performed the write request, the DN bit is set and the ST bit is
cleared. The MSG instruction function is complete. If the MSG rung is false,
the EN bit is cleared the next time the MSG instruction is scanned.

If the reply contains successfully performed the read request, and here is the
data, the data is written to the data table, the DN bit is set and the ST bit is
cleared. The MSG instruction function is complete. If the MSG rung is false,
the EN bit is cleared the next time the MSG instruction is scanned.

If the reply contains the request was not performed because of an error, the
ER bit is set and the ST bit is cleared. The MSG instruction function is
complete. If the MSG rung is false, the EN bit is cleared the next time the
MSG instruction is scanned.
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For SLC 5/03 (OS301 and higher), SLC 5/04, and SLC 5/05 processors, thete
are four MSG buffers per channel. Each channel has its own 10-position MSG
queue. The SLC processor unloads the two MSG queues into the MSG buffers
evenly at end of scan or SVC. This gives both channels equal access to
communications. If you program a SVC instruction that is configured to
service only one channel, then only that channel will have its MSG queue
unloaded into the MSG buffers (until the next end of scan or SVC when both
channels will again be unloaded evenly).

W en the processor detects an error during the transter or message ata,t c
nstruction Error hen the p d during th fer of ge data, th

Codes

processor sets the ER bit and enters an error code that you can monitor from
your programming software.

Table 12.17 MSG Instruction Error Codes

Error Code | Description of Error Condition

02H Target node is busy. The MSG instruction will automatically reload. If other messages are waiting, the message is
placed at the bottom of the stack.

03H Target node cannot respond because message is too large.

04H Target node cannot respond because it does not understand the command parameters OR the control block may have
been inadvertently modified.

05H Local processor is offline (possible duplicate node situation).

06H Target node cannot respond because requested function is not available.

07H Target node does not respond.

08H Target node cannot respond.

09H Local modem connection has been lost.

0AH Buffer unavailable to receive SRD reply.

0BH Target node does not accept this type of MSG instruction.

OCH Received a master link reset (one possible source is from the DF1 master).

10H Target node cannot respond because of incorrect command parameters or unsupported command, or the data file
specified does not exist.

11H Local file has constant file protection.

12H Local channel configuration protocol error exists.

13H Local MSG configuration error in the Remote MSG parameters.

14H Local communication driver is incompatible with the MSG instruction.

15H Local channel configuration parameter error exists.

16H Target or Local Bridge address is higher than the maximum node address.

17H Local service is not supported.

18H Broadcast (Node Address 255) is not supported.
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Table 12.17 MSG Instruction Error Codes (Continued)

Error Code | Description of Error Condition

19H Improperly formatted Logical ASCII Address string. String not properly terminated with a NULL character or the string
length does not match the value in the length parameter.

20H Target Node responded with: Host has a problem and will not communicate.

30H Target Node responded with: Remote station host is not there, disconnected, or shutdown.

37H Message timed out in local processor.

38H Message disabled pending link response.

40H Target Node responded with: Host could not complete function due to hardware fault.

45h Parameters of a reply to a MSG command do not match what was expected.

50H Target node is out of memory.

60H Target node cannot respond because file is protected.

70H Target Node responded with: Processor is in Program Mode.

80H Target Node responded with: Compatibility mode file missing or communication zone problem.

81H Modbus Error 1: lllegal Function. The function code sent by the Master is not supported by the slave or has an incorrect
parameter.

82H Modbus Error 2: lllegal Data Address. The data address referenced in the Master command does not exist in the slave, or
access to that address is not allowed.

83H Modbus Error 3: lllegal Data Value. The data value being written is not allowed, either because it is out of range, or
because it is being written to a read-only address.

84H Modbus Error 4: Slave Device Failure. An irrecoverable error occurred while the slave was attempting to perform the
requested action.

85H Modbus Error 5: Acknowledge. The slave has accepted the request, but a long duration of time will be required to process
the request.

86H Modbus Error 6: Slave Device Busy. The slave is currently processing a long-duration command.

87H Modbus Error 7: Negative Acknowledge. The slave cannot perform the program function received in the command.

88H Modbus Error 8: Memory Parity Error. The slave attempted to read extended memory, but detected a parity error in the
memory.

89H Modbus Error: Non-standard reply. An error code greater than 8 was returned by the slave.

90H Target Node responded with: Remote station cannot buffer command.

BOH Target Node responded with: Remote station problem due to download.

COH Target Node responded with: Cannot execute command due to active IPBs.

DOH No IP address configured for the network, -or-
Bad command - unsolicited message error, -or-
Bad address - unsolicited message error, -or-
No privilege - unsolicited message error, -or-
Multihop messaging cannot route request.

D1H Maximum connections used - no connections available

DZH Invalid internet address or host name

D3H No such host

D4H Cannot communicate with the name server

D5H Connection not completed before user-specified timeout
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Table 12.17 MSG Instruction Error Codes (Continued)

Error Code | Description of Error Condition

D6H Connection timed out by the network

D7H Connection refused by destination host

D8H Connection was broken

DIH Reply not received before user-specified timeout

DAH No network buffer space available

DBH Multi-hop messaging CIP message format error

DFH MSG has no IP address configured for network

ETH Target Node responded with: lllegal Address Format, a field has an illegal value.

E2H Target Node responded with: lllegal Address format, not enough fields specified.

E3H Target Node responded with: lllegal Address format, too many fields specified.

E4H Target Node responded with: lllegal Address, symbol not found.

E5H Target Node responded with: lllegal Address Format, symbol is 0 or greater than the maximum number of characters
support by this device.

E6H Target Node responded with: lllegal Address, address does not exist, or does not point to something usable by this
command.

E7H Target node cannot respond because length requested is too large.

E8H Target_Node responded with: Cannot complete request, situation changed (file size, for example) during multi-packet
operation.

E9H Target Node responded with: Data or file is too large. Memory unavailable.

EAH Target Node responded with: Request is too large; transaction size plus word address is too large.

EBH Target node cannot respond because target node denies access.

ECH Target node cannot respond because requested function is currently unavailable.

EDH Target Node responded with: Resource is already available; condition already exists.

EEH Target Node responded with: Command cannot be executed.

EFH Target Node responded with: Qverflow; histogram overflow.

FOH Target Node responded with: No access

F1H Local processor detects illegal target file type.

F2H Target Node responded with: Invalid parameter; invalid data in search or command block.

F3H Target Node responded with: Address reference exists to deleted area.

F4H Target Node responded with: Command execution failure for unknown reason; PLC-3 histogram overflow.

F5H Target Node responded with: Data conversion error.

F6H Target Node responded with: The scanner is not able to communicate with a 1771 rack adapter.

F7H Target Node responded with: The adapter is not able to communicate with a module.

F8H Target Node responded with: The 1771 module response was not valid - size, checksum, etc.

FIH Target Node responded with: Duplicated Label.

FAH Target node cannot respond because another node is file owner (has sole file access).

FBH Target node cannot respond because another node is program owner (has sole access to all files).
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Table 12.17 MSG Instruction Error Codes (Continued)

Error Code | Description of Error Condition
FCH Target Node responded with: Disk file is write protected or otherwise inaccessible (off-line only).
FDH Target Node responded with: Disk file is being used by another application; update not performed (off-line only).
FFH Local communication channel is shut down.
TIP The MSG error code reflects the STS field of the reply to

Explicit Message
Instruction Overview
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your MSG instruction.
Codes EO - EF represent EXT STS codes 0 - E.
Codes FO - FC represent EXT STS codes 10 - 1C.

The CEM, DEM, and EEM explicit message instructions allow generic
Common Industrial Protocol (CIP) commands to be initiated to devices, such
as drives, communicating on ControlNet, DeviceNet, and EtherNet/IP
networks. Each instruction requires RSLogix 500 version 7.10 or higher
software for programming,

The CEM instruction utilizes the explicit message capability built into the
1747-SCNR ControlNet scanner module, while the DEM instruction utilizes
the explicit message capability built into the 1747-SDN DeviceNet scanner
module. While not adding any additional capability over what already exists in
the scanner modules, the CEM and DEM instructions greatly simplify the
programming, configuration, monitoring, and troubleshooting of explicit
messages on ControlNet and DeviceNet. Unlike I/O configured in the
scanner module’s scan list, which is updated on a continual basis, explicit
messages allow data to be sent and received on an as-needed basis, minimizing
network traffic. For instance, you may only want to write configuration
parameters to a drive once at machine start-up time. The CEM and DEM
instructions can be used with any SLC 5/03, 5/04, or 5/05 processor that is at
OS firmware level Series C, FRN 10 or higher.

The EEM instruction explicit message capability is implemented through the
channel one Ethernet port of the SLC 5/05 processor. It shares the same
queuing and buffering scheme, as well as Ethernet connection resources, that
are used by the MSG instruction. Like the standard MSG instruction, data can
be sent and received on an as-needed basis. Ethernet explicit messages are
useful for communicating with third party EtherNet/IP devices that don’t
understand standard MSG commands, as well as providing access to data in
Allen-Bradley EtherNet/IP devices that isn’t accessible via standard MSG
instruction commands. The EEM instruction can be used with any SLC 5/05
processor at OS firmware level Series C, FRN 10 or higher.
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ControlNet Explicit
Message (CEM)

ok ————
Controltfet Explicit Message —EN
Control Black W10 (DN —
Control Elack Length &7 - ER 31—
Setup Screen <
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Output Instruction

All three instructions use an integer control block for storing the instruction
parameters and a configuration setup screen, similar to the MSG instruction.
The CIP commands consist of a Service Code; the object Class, Instance, and
Attribute; and Send and Receive Data (if required for the selected Service
Code). The setup screen provides a list of standard CIP Services to select
from, including:

e Read Assembly.
o Write Assembly.
® Read Parameter.
® Write Parameter.
¢ Generic Get Attribute Single.
e Generic Set Attribute Single.

In addition, a Custom setting lets you enter any Service Code. For the CEM
and EEM instructions, send data and receive data are stored in separate data
table files. For the DEM instruction, send data and receive data are both
stored within the instruction control block.

This is an output instruction that lets you initiate unconnected CIP Generic
messages via a 1747-SCNR ControlNet scanner module installed in the local
chassis. These messages can be initiated to any nodes on the same ControlNet
network as the 1747-SCNR, regardless of whether the destination node is in
the scanner’s scan list or not, and regardless of whether the scanner is in Run
mode or Idle mode. Each scanner module can process only one CEM
instruction at a time. The instruction is similar in operation to a standard MSG
instruction.

CEM Instruction Parameters

Enter the following parameters when programming this instruction.

e Control Block is an integer file address that you select. It is a block of
words, containing the status bits and other data associated with the
CEM instruction.

¢ Control Block Length is a display-only field that indicates how many
integer file words are being used by the control block. For the CEM
instruction, the length is always 67 words.
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CEM Instruction Setup Screen Parameters

The following sections provide parameters for the CEM instruction setup
screens.

Parameters for This Controller on the General Tab

e 1747-SCNR Slot

This drop-down field lists all of the local slots that contain ControlNet
scanner (1747-SCNR) modules within the IO Configuration. Select the
slot number of the particular scanner module that this explicit message
will be initiated through.

e Size in Words (Receive Data)

This field defines the size of the integer data file that will be used to
store the data that is returned by this explicit message command. For
best performance, define this file size to only be as large as is required. If
no receive data is expected, you may leave this field at 0 and no receive
data file will be defined. If unsure of how much data will be returned,
you may select up to the maximum size of 250 words, and then reduce
the size later based on experience.

e Size in Words (Send Data)

This field defines the size of the integer data file that will be used to
store the data that is sent along with this explicit message command. For
best performance, define this file size to only be as large as is required. If
no send data is required, you may leave this field at 0 and no send data
file will be defined. If unsure of how much data will be sent, you may
select up to the maximum size of 248 words when defining the
instruction, and then reduce the size later based on experience.

e Data Table Address (Send Data)

If Size in Words (Send Data) is non-zero, then this field requires a
starting integer (N) file address for storing the Send Data.

® Data Table Address (Receive Data)

If Size in Words (Receive Data) is non-zero, then this field requires a
starting integer (N) file address for storing the Receive Data.
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Parameters for Target Device on the General Tab
® Message Timeout(x1 ms)

The amount of time in milliseconds that the scanner will wait for a reply
to the explicit message command. Range is 2 to 32767.

e ControlNet Addr (dec)

The target ControlNet node address. Valid range is 1 to 99. If you enter
in the local scannet’s ControlNet node address, the command is
executed by the local scannet.

e Service

This dropdown allows you to select services based on name rather than
Service Code. The Custom service allows you to enter in any Service
Code in the hexadecimal range of 1 to 7F. The services listed in the
dropdown selection are:

— Read Assembly.

— Write Assembly.

— Write Output Point.

— Read Output Point.

— Read Input Point.

— Read Parameter.

— Write Parameter.

— Read Analog Input.

— Write Analog Output.

— Generic Get Attribute Single.
— Generic Set Attribute Single.
— Generic Get Member.

— Generic Set Member.

— Reset Identity Object.

— Custom.

e Service Code (hex)

This field is read-only unless the Custom Service is selected. Possible
Service Codes are 1 to 7F (hex). See Volume 1 of the CIP Common
Specification, Appendix A, for the list of valid explicit messaging Service
Codes.
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e Class (hex)/(dec)

Possible Classes are 0 to FF (hex). See Volume 1 of the CIP Common
Specification for the list of defined Classes. You may either enter in a
hexadecimal Class value in the (hex) field or a decimal Class value in the

(dec) field.
e Instance (hex)/(dec)

Possible Instances are 0 to FFFF (hex). See Volume 1 of the CIP
Common Specification for the list of valid Instances for each Class. You
may either enter in a hexadecimal Instance value in the (hex) field or a
decimal Instance value in the (dec) field.

e Attribute (hex)/(dec)

Possible Attributes are 0 to FFFF (hex). See Volume 1 of the CIP
Common Specification for the list of valid Attributes for each Class.
You may either enter in a hexadecimal Attribute value in the (hex) field
or a decimal Attribute value in the (dec) field.

e Member (hex)/(dec)

Possible Members are 0 to FFFF (hex). See Volume 1 of the CIP
Common Specification for the list of valid Members for each Class. You
may either enter in a hexadecimal Member value in the (hex) field or a
decimal Member value in the (dec) field.

Definitions for Message Status Bits on the General Tab

The table below lists the various status bits associated with the CEM
instruction as displayed in the CEM instruction setup screen.

Table 12.18 CEM Instruction Setup Screen Status Bits

Bit Definition Bit Mnemonic Bit Address
Timeout T0 08
Error ER 12
Done DN 13
Enabled EN 15
Waiting for slot WS 10

e Timeout bit TO (word 0, bit 8) is set when the scanner module times
out the message either due to no response from the target device or due
to no reply being returned within the configured timeout period. The
ER bit will be set at the same time the TO bit is set. This bit is reset the
next time the message rung goes from false to true. Do not set or reset
this bit. It is informational only.
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e EHrror bit ER (word 0, bit 12) is set when the message has failed to

complete successfully. This bit is reset the next time the message rung
goes from false to true. Do not set or reset this bit. It is informational
only.

Done bit DN (word 0, bit 13) is set when the message has completed
successfully. This bit is reset the next time the message rung goes from
false to true. Do not set or reset this bit. It is informational only.

Enabled bit EN (word 0, bit 15) is set after the message rung goes from
false to true AND the scanner module accepts this message because it is
not currently processing any other explicit messages. (The scanner
module can process only one CEM instruction at a time.) If the message
rung goes false before the scanner module accepts this message, then
the enable bit will remain off and the message will not be executed. This
bit is reset when the message has completed with either the Done bit set
or the Error bit set and the message rung goes false. If the message rung
conditions remain true, you may retrigger the message instruction by
resetting this bit after either the ER or DN bit has been set, indicating
that the previous execution has completed.

Wiaiting for Slot bit WS (word 0, bit 10) is set when the message rung
goes from false to true, but the scanner module is still processing
another CEM instruction. In order to ensure that this message gets
processed, you must leave the message rung conditions true until the
WS bit is reset and the EN bit is set, indicating that the scanner module
has accepted this message for processing. Do not set or reset this bit. It
is informational only.

Scanner Status, Error, and Error Description on the General Tab

The Scanner Code displays the explicit message status returned by the scanner
module. A scanner code of 0 means no errors. Table 12.19 lists other valid

scanner codes.

Table 12.19 CEM Instruction Scanner Codes

Scanner Code | Description of Scanner Status

201H Invalid command data size

202H Internal fault detected

204H Invalid service code

205H Invalid [0l size

206H Invalid CIP request block contents
207H CIP message request timeout
208H CIP timeout value too small
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A scanner code of 0x207 results in an error code of 1. All other scanner codes
listed result in an Error Code of 2. Table 12.20 list all valid CEM instruction
Error Codes.

Table 12.20 Valid CEM Instruction Error Codes

Error Code | Description of Error Condition

0 No error.

1 Timeout error. ControlNet explicit message timed out by scanner.
2 Scanner error. See Scanner Status.

3 Configuration error. Send file length > 248 or invalid [0l size.

5 Processor error. Invalid response.

6 Processor error. Unsolicited response received.

7 Configuration error. Size of response data > receive data size.

For error code 4, the error description displays the CIP response error code
and description as documented in the CIP Common Specification, Appendix
B.

Any time the Error Code is non-zero, the CEM error (ER) bit is set.

Send Data Tab

The Send Data Tab provides a convenient way of viewing and entering in data
to be sent along with the explicit message command. The data is shown in byte
format with a selectable radix of either Decimal or Hex/BCD. The display
only shows the number of words that are defined in the Size in Words (Send
Data) field, starting with the low byte of the first word as defined in the Data
Table Address (Send Data) field. If the Size in Words is zetro, then no data is
displayed. You can also change the data being viewed, but only when offline or
during an online edit. Click on the data and enter in a byte value based on the
current radix (0 to 255 for Decimal and 0 to FF for Hex/BCD). The changed
data gets copied to the Send Data data table file when the rung is accepted. To
update the Send Data display with the current values stored in the Send Data
data table file, click on the Refresh button.

Receive Data Tab

The Receive Data Tab provides a convenient way of viewing the data that is
returned by the target device in response to the explicit message command
sent. The data is shown in byte format with a selectable radix of either Decimal
ot Hex/BCD. The display only shows the number of words that are defined in
the Size in Words (Receive Data) field, starting with the low byte of the first
word as defined in the Data Table Address (Receive Data) field. If the Size in
Words is zero, then no data is displayed. To update the Receive Data display
with the current values stored in the Receive Data data table file, click on the
Refresh button.
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Control Block Layout

The control block layout is shown below.

Table 12.21 SLC 5/0x ControlNet Explicit Message (CEM) Control Block Structure

15 (14 [13 [12 |11 [10 |09 |08 o7 ‘06 ‘05 ‘04 ‘03 ‘oz ‘01 ‘o

Word 0 EN DN |ER WS T0 Reserved by 1747-SCNR
Word 1 Target MAC ID

Word 2 Message Timeout Preset (x1 ms)

Word 3 Complex 101 Size

Word 4 Reserved Service Code

Word 5 Reserved Class

Word 6 Instance

Word 7 Attribute

Word 8 Member

Word 9 Size of Command Data (Words)

Word 10 Request Status - Scanner Status (Scanner Code)

Word 11 Response Status

Word 12 Extended Status Size (Words)

Word 13 Size of response and status (Words)

Word 14 Complex 101 Buffer
— (Allows you to manually set I0l)

Word 63

Word 64 Error Code Transaction ID

Word 65 Extended Status Debug Word 1

Word 66 Extended Status Debug Word 2
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DeviceNet Explicit
Message (DEM)
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This is an output instruction that lets you initiate unconnected CIP Generic
messages via a 1747-SDN DeviceNet scanner module installed in the local
chassis. These messages can be initiated to any node on the same DeviceNet
network as the 1747-SDN, as long as the node is in the scanner’s scan list. The
scanner can be in either Idle mode or Run mode. Each scanner module can
only process one DEM instruction at a time. The instruction is similar in
operation to a standard MSG instruction.

DEM Instruction Parameters

Enter the following parameters when programming this instruction:

e Control Block is an integer file address that you select. It is a block of
words, containing the status bits and other data associated with the
DEM instruction. It also contains the Send and Receive data.

e Control Block Length is a display-only field that indicates how many
integer file words are being used by the control block. For the DEM
instruction, the length is always 70 words.

DEM Instruction Setup Screen Parameters

The following sections provide parameters for the DEM instruction setup
screens.

Parameters for This Controller on the General Tab

e 1747-SDN Slot

This drop-down field lists all of the local slots that contain DeviceNet
scanner (1747-SDN) modules within the IO Configuration. Select the

slot number of the particular scanner module that this explicit message
will be initiated through.

e Size in Send Data (Bytes)

This field defines how many bytes of data are sent along with this
explicit message command. If unsure of how much data will be sent,
you may select up to the maximum size of 52 bytes when defining the
instruction, and then reduce the size later based on experience.
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Parameters for Target Device on the General Tab
® Message Timeout(x1 sec)

The amount of time in seconds that the processor will wait for a reply
from the scanner to the explicit message command. Range is 0, 2 to 255.
Like the Message Timeout in a standard MSG instruction, a value of 0
disables the Message Timeout and a value of 1 second gets bumped to 2
seconds upon instruction execution. If the built-in Message Timeout is
disabled, user programmed timeout logic must be included to avoid a
message lockup in the case where a reply is lost.

® DeviceNet Addr (dec)

The target DeviceNet node address. Valid range is 0 to 63. If you enter
in the local scannet’s DeviceNet node address, the command is
executed by the local scannet.

e Service

This pulldown lets you select services based on name rather than Service
Code. The Custom service allows you to enter in any Service Code in
the hexadecimal range of 1 to 7F. The services listed in the pulldown
selection are:

— Read Assembly.
— Write Assembly.
— Write Output Point.
— Read Output Point.
— Read Input Point.
— Read Parameter.
— Write Parameter.
— Read Analog Input.
— Write Analog Output.
— Generic Get Attribute Single.
— Generic Set Attribute Single.
— Reset Identity Object.
— Custom.
e Service Code (hex)

This field is read-only unless the Custom Service is selected. Possible
Service Codes ate 1 to 7F (hex). See Volume 1 of the CIP Common
Specification, Appendix A, for the list of valid explicit messaging Service
Codes.
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e Class (hex)/(dec)

Possible Classes are 0 to FF (hex). See Volume 1 of the CIP Common
Specification for the list of defined Classes. You may either enter in a
hexadecimal Class value in the (hex) field or a decimal Class value in the

(dec) field.
e Instance (hex)/(dec)

Possible Instances are 0 to FFFF (hex). See Volume 1 of the CIP
Common Specification for the list of valid Instances for each Class. You
may either enter in a hexadecimal Instance value in the (hex) field or a
decimal Instance value in the (dec) field.

e Attribute (hex)/(dec)

Possible Attributes are 0 to FF (hex). See Volume 1 of the CIP
Common Specification for the list of valid Attributes for each Class.
You may either enter in a hexadecimal Attribute value in the (hex) field
or a decimal Attribute value in the (dec) field. Note that if the value of
the Attribute is set to 0, the DeviceNet scanner does not transmit an
Attribute byte. Some Service Codes require that a zero-value Attribute
byte be transmitted. For these Service Codes, the first byte of the Send
Data must be set to zero and the Size of Send Data (Bytes) must include
this additional byte.

Definitions for Message Status Bits on the General Tab

The table below lists the various status bits associated with the DEM
instruction as displayed in the DEM instruction setup screen.

Table 12.22 DEM Instruction Setup Screen Status Bits

Bit Definition Bit Mnemonic Bit Address
Abort AB 08
Error ER 12
Done DN 13
Enabled EN 15
Waiting for slot WS 10

e Abort bit AB (word 0, bit 8) lets you abort an executing DEM
instruction by setting this bit. The ER bit will be set as soon as the AB
bit is set. This bit is reset the next time the message rung goes from false

to true.

e Error bit ER (word 0, bit 12) is set when the message has failed to
complete successfully. This bit is reset the next time the message rung

goes from false to true. Do not set or reset this bit. It is informational

only.
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¢ Done bit DN (word 0, bit 13) is set when the message has completed

successfully. This bit is reset the next time the message rung goes from
false to true. Do not set or reset this bit. It is informational only.

Enabled bit EN (word 0, bit 15) is set after the message rung goes from
false to true AND the scanner module accepts this message because it is
not currently processing any other explicit messages. (The scanner
module can only process one DEM instruction at a time.) If the message
rung goes false before the scanner module accepts this message, then
the enable bit will remain off and the message will not be executed. This
bit is reset when the message has completed with either the Done bit set
or the Error bit set and the message rung goes false. If the message rung
conditions remain true, you may retrigger the message instruction by
resetting this bit after either the ER or DN bit has been set, indicating
that the previous execution has completed.

Waiting for Slot bit WS (word 0, bit 10) is set when the message rung
goes from false to true, but the scanner module is still processing
another DEM instruction. To ensure that this message gets processed,
you must leave the message rung conditions true until the WS bit is reset
and the EN bit is set, indicating that the scanner module has accepted
this message for processing, Do not set or reset this bit. It is
informational only.

Scanner Status, Error, and Error Description on the General Tab

The error code displays the explicit message status returned by the scanner

module. An error code of 01h means Transaction completed successfully.

Table 12.23 DEM Instruction Scanner Codes

Scanner Code | Description of Scanner Status

2H Transaction in progress.

3H Slave not in scan list.

4H Slave offline.

5H DeviceNet port disabled/offline.
6H Transaction TXID unknown.

7H Slave not responding to explicit request.
8H Invalid command code.

9H Scanner out of buffers.

10H Another transaction in progress.
11H Could not connect to slave device.
12H Response data too large for block.
13H Invalid port.

14H Invalid size specified.

15H Connection busy.
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All error codes listed above result in an error code of 2.

Table 12.24 Complete List of Valid DEM Error Codes

Error Code | Description of Error Condition

0 No error.

1 Timeout error. DeviceNet explicit message timed out by processor.
2 Scanner error. See Scanner Status.

3 User error. DeviceNet explicit message aborted by user.

For error code 4, the error description displays the CIP response error code
and description as documented in the CIP Common Specification, Appendix
B.

Any time the error code is non-zero, the DEM error (ER) bit is set.

Send Data Tab

The Send Data Tab provides a convenient way of viewing and entering in data
to be sent along with the explicit message command. The data is shown in byte
format with a selectable radix of either Decimal or Hex/BCD. The display
only shows the number of words that are defined in the Size of Send Data
(Bytes) field, starting with the low byte of the first word. If the Size of Send
Data is zero, then no data is displayed. You can also change the data being
viewed, but only when offline or during an online edit. Click on the data and
enter in a byte value based on the current radix (0 to 255 for Decimal and 0 to
FF for Hex/BCD). The changed data gets copied to the DEM control block
when the rung is accepted. To update the Send Data display with the current
values stored in the DEM control block, click on the Refresh button.

Receive Data Tab

The Receive Data Tab provides a convenient way of viewing the data that is
returned by the target device in response to the explicit message command
sent. The data is shown in byte format with a selectable radix of either Decimal
ot Hex/BCD. The display shows 58 bytes of receive data, starting with the low
byte of the first word. To update the Receive Data display with the current
values stored in the DEM control block, click on the Refresh button.
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Control Block Layout
The control block layout is shown below.
Table 12.25 SLC 5/0x DeviceNet Explicit Message (DEM) Control Block Structure
15 [14 [13 |12 [11 [10 |03 |08 |07 ‘06 ‘05 ‘04 ‘03 ‘oz ‘01 ‘o
Word 0 EN DN | ER WS AB Error Code
Word 1 IMR | Message Timeout Preset
Word 2 Message Timeout Accumulator
Word 3 Message Timer Scaled Zero
Word 4 Unused
Word 5 Unused
Word 6 Transaction ID Scanner Command
Word 7 Scanner Port (always 0x00) Size of Send Data (in bytes)
Word 8 Service Code Target MAC ID
Word 9 Reserved (not transmitted) Class
Word 10 Instance
Word 11 Reserved (not transmitted) Attribute (optional)
Word 12 Transaction Send Data
—_ 1 (next 26 words)
Word37 |
Word 38 Transaction ID Scanner Status
Word 39 Scanner Port (always 0x00) Size of Reply Data (in bytes)
Word 40 Reply Service Code Target MAC ID
Word 41 Transaction Reply/Receive Data
— 1 (next 29 words)
“Word 69 |
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EtherNet/lP Exp||c|t This output instruction lets you initiate connected CIP Generic messages via
Messade (EEM) channel 1 on a SLC 5/05 processor. These messages can be initiated to
g EtherNet/IP nodes on the same Ethernet network as the SL.C 5/05 or can be
1 Eﬂjﬂfﬂp Explicit Massags |y bridged through a ControlLogix gateway to nodes on remote ControlNet or
Contral Black wzo —DH3  Ethernet networks. The instruction is similar in operation to a standard MSG
Comtral Elock Length 38 —ERD o ctruction.
Setup Screen =

Fixed

TIMERERET EEM Instruction Parameters

5/01 | 5/02 | 5/03 | 5/04 | 5/05

. Enter the following parameters when programming this instruction:

e Control Block is an integer file address that you select. It is a block of
words, containing the status bits and other data associated with the
EEM instruction.

e Control Block Length is a display-only field that indicates how many
integer file words are being used by the control block. For the EEM
instruction, the length is always 58 words.

EEM Instruction Setup Screen Parameters

Parameters for This Controller on the General Tab
e Channel
Always 1.
e Size in Words (Receive Data)

This field defines the size of the integer data file that will be used to
store the data that is returned by this explicit message command. For
best performance, define this file size to only be as large as is required. If
no receive data is expected, you may leave this field at 0 and no receive
data file will be defined. If unsure of how much data will be returned,
you may select up to the maximum size of 124 words, and then reduce
the size later based on experience.

e Size in Words (Send Data)

This field defines the size of the integer data file that will be used to
store the data that is sent along with this explicit message command. For
best performance, define this file size to only be as large as is required. If
no send data is required, you may leave this field at 0 and no send data
file will be defined. If unsure of how much data will be sent, you may
select up to the maximum size of 124 words when defining the
instruction, and then reduce the size later based on experience.
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e Data Table Address (Send Data)

If Size in Words (Send Data) is non-zero, then this field requires a
starting integer (N) file address for storing the Send Data.

e Data Table Address (Receive Data)

If Size in Words (Receive Data) is non-zero, then this field requires a
starting integer (N) file address for storing the Receive Data.

Parameters for Target Device on the General Tab

® Message Timeout (x1 sec)

Message Timeout for the EEM cannot be modified in the Setup Screen.
It is assigned by the processor and is determined by adding the Channel
1 Msg Connection Timeout value to the Channel 1 Msg Reply Timeout
value, then adding five seconds. This value can be modified by changing
one or both of the timeout values in the Channel 1 Channel
Configuration Screen. The modified message timeout applies to all
EEM and Ethernet MSG instructions.

e MultiHop
Always Yes.
® Service

This pulldown lets you select services based on name rather than Service
Code. The Custom service lets you enter in any Service Code in the
hexadecimal range of 1 to 7 The services listed in the pulldown
selection are:

— Read Assembly.

— Write Assembly.

— Write Output Point.

— Read Output Point.

— Read Input Point.

— Read Parameter.

— Write Parameter.

— Read Analog Input.

— Write Analog Output.

— Generic Get Attribute Single.
— Generic Set Attribute Single.
— Reset Identity Object.

— Custom.
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e Service Code (hex)

This field is read-only unless the Custom Service is selected. Possible
Service Codes are 1 to 7F (hex). See Volume 1 of the CIP Common
Specification, Appendix A, for the list of valid explicit messaging Service
Codes.

Class (hex)/(dec)

Possible Classes are 0 to FFFF (hex). See Volume 1 of the CIP
Common Specification for the list of defined Classes. You may either
enter in a hexadecimal Class value in the (hex) field or a decimal Class
value in the (dec) field.

Instance (hex)/(dec)

Possible Instances are 0 to FFFF (hex). See Volume 1 of the CIP
Common Specification for the list of valid Instances for each Class. You
may either enter in a hexadecimal Instance value in the (hex) field or a
decimal Instance value in the (dec) field.

Attribute (hex)/(dec)

Possible Attributes are 0 to FF (hex). See Volume 1 of the CIP
Common Specification for the list of valid Attributes for each Class.
You may either enter in a hexadecimal Attribute value in the (hex) field
or a decimal Attribute value in the (dec) field.
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Definitions for Message Status Bits on the General Tab

The table below lists the various status bits associated with the EEM
instruction as displayed in the EEM instruction setup screen.

Table 12.26 EEM Instruction Setup Screen Status Bits

Bit Definition Bit Mnemonic Bit Address
Ignore if timed out T0 0/8
Awaiting execution EW 0/10
Continuous run co 0/11

Error ER 0/12

Done DN 0/13
Transmitting ST 0/14
Enabled EN 0/15
Waiting for queue space wa 7/0

e Ionore if timed out bit TO (wotd 0, bit 8) is set when the EEM
instruction times out due to no reply being returned within the

configured timeout period. You may also set this bit in order to abort
the EEM instruction before it has completed. The ER bit will be set at

the same time the TO bit is set. This bit is reset the next time the
message rung goes from false to true.

e Awaiting execution bit EW (word 0, bit 10) is set after the enable bit is

set and the message is physically placed in one of the four available

channel 1 transmit buffers. The EW bit is reset when either the ST or

ER bit is set. Do not set or reset this bit. It is informational only.

e Continuous run bit CO (word 0, bit 11) can be set in order to
continually resend the EEM command. Once the CO bit is set and

the

EEM instruction is triggered, the EEM command will occupy one of

the four channel 1 transmit buffers. Therefore, a maximum of four

EEM and channel 1 MSG instructions may have their CO bits set at the

same time.

e Error bit ER (word 0, bit 12) is set when the message has failed to

complete successfully. This bit is reset the next time the message rung
goes from false to true. Do not set or reset this bit. It is informational

only.

e Done bit DN (word 0, bit 13) is set when the message has completed
successfully. This bit is reset the next time the message rung goes from

false to true. Do not set or reset this bit. It is informational only.

e Transmitting bit ST (word 0, bit 14) is set when the Ethernet
daughtercard has validated and accepted the EEM command for a

transmission attempt. The command may not have been transmitted yet.

Do not set or reset this bit. It is informational only.
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e Enabled bit EN (word 0, bit 15) is set after the message rung goes from
false to true and there is space available in either the channel 1 message
buffers or message queue. It remains set until message transmission is
completed and the rung goes false. If the message rung conditions
remain true, you may retrigger the message instruction by resetting this
bit after either the ER or DN bit has been set, indicating that the
previous execution has completed.

e Waiting for Queue Space bit WQ (word 7, bit 0) is set when the message
rung goes from false to true, but the channel 1 message buffers and
message queue are full. In order to assure that this EEM command gets
processed, you must leave the message rung conditions true until the
WQ bit is reset and the EN bit is set, indicating that the EEM command
has been placed into the message queue. Do not set or reset this bit. It is
informational only.

Error and Error Description on the General Tab

The error codes for the EEM instruction are a superset of the MSG
instruction error codes.

Refer to p. 12-41 for a listing of the MSG instruction error codes.

Table 12.27 lists other valid etror codes.

Table 12.27 EEM Instruction Error Codes

Error Code | Description of Error Condition

51 CIP response error code.

52 Configuration error. Receive/send data size exceeds 124 words.
53 Configuration error. Response data > receive data file size.

54 Response error. Unsupported response format.

For error code 51, the error description displays the CIP response error code
and description as documented in the CIP Common Specification, Appendix
B.

Any time the Error Code is nonzero, the EEM error (ER) bit is set.
MultiHop Tab

The MultiHop Tab provides a way for the path to the destination node to be
configured. This path can be as simple as the IP address of the destination
node, or can include bridging through a Logix gateway to a remote ControlNet
destination node or to a remote Ethernet destination node.
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Send Data Tab

The Send Data Tab provides a convenient way of viewing and entering in data
to be sent along with the explicit message command. The data is shown in byte
format with a selectable radix of either Decimal or Hex/BCD. The display
only shows the number of words that are defined in the Size in Words (Send
Data) field, starting with the low byte of the first word as defined in the Data
Table Address (Send Data) field. If the Size in Words is zero, then no data is
displayed. You can also change the data being viewed, but only when offline or
during an online edit. Click on the data and enter in a byte value based on the
current radix (0 to 255 for Decimal and 0 to FF for Hex/BCD). The changed
data gets copied to the Send Data data table file when the rung is accepted. To
update the Send Data display with the current values stored in the Send Data
data table file, click the Refresh button.

Receive Data Tab

The Receive Data Tab provides a convenient way of viewing the data that is
returned by the target device in response to the explicit message command
sent. The data is shown in byte format with a selectable radix of either Decimal
or Hex/BCD. The display shows only the number of words that are defined in
the Size in Words (Receive Data) field, starting with the low byte of the first
word as defined in the Data Table Address (Receive Data) field. If the Size in
Words is zero, then no data is displayed. To update the Receive Data display
with the current values stored in the Receive Data data table file, click the
Refresh button.
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Control Block Layout

Table 12.28 SLC 5/05 EtherNet/IP Explicit Message (EEM) Control Block Structure

15 |14 [13 [12 [1n [10 o3 [o8 o7 [o06 o5 [o04 |03 [02 o1 [o
Word 0 EN ST DN | ER co EW TO Error Code
Word 1 Extended STS Size (in words) General STS
Word 2 Extended Status Debug Word 1
Word 3 Extended Status Debug Word 2
Word 4 Total Response Size (in bytes)
Word 5 Unused
Word 6 Unused
Word 7 Unused Reserved (internal bits) wa
Word 8 Reserved (internal bits) Message Timer Preset
Word 9 Message Timer Scaled Zero
Word 10 Message Timer Accumulator
Word 11 Reserved (internal bits)
Word 12 A0=0 | Reserved (internal bits)
Word 13 Reserved (internal bits)
Word 14 1st byte of IP Address String 2nd byte of IP Address String
Word 15 3rd byte of IP Address String
Word 34 A1st byte of Address String NULL byte of Longest String
Word 35 Unused Message Type =0x 13
Word 36 ASA Service Code Internal Object Identifier (01): Size
Word 37 Internal Object Identifier (0)
Word 38 Internal Object Identifier (1)
Word 39 Internal Object Identifier (2)
Word 40 Internal Object Identifier (3)
Word 41 Internal Object Identifier (4)
Word 42 Reserved Connection Path Size in Words
Word 43 Connection Path (0)
Word 44 Connection Path (1)
Word 45 Connection Path (2)
Word 57 Connection Path (14)
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Chapter 13

SLC Communication Channels

Use the information in this chapter to understand how to configure and
monitor the SLC 500 communication channels including passthru. The
following communication drivers are supported.

Table 13.1 Supported Communication Drivers

Communication Drivers | SLC 500 SLC 5/01 SLC 5/02 SLC 5/03 SLC 5/04 SLC 5/05 Page
Fixed
Channel 1 DH-485 X X X X 13-7
DH+ X 13-12
Ethernet X 13-24
Channel 0 DH-485 X X X 13-7
DF1 X X X 13-49
Full-duplex
DF1 MU X X 13-56
Half-duplex
Master
DF1 X X X 13-69
Half-duplex
Slave
DF1 Radio X2 x5 x(6) 13-76
Modem
Modbus RTU x3) x3) MEl 13-90
Master
ASCII 4 X X 13-98

(1) 03302, Series A, FRN 9 and higher.
2 0302, Series C, FRN 6 and higher.
B) 03302 Series C / 03401 Series C / 08501 Series C, FRN 11 and higher
) 0S301 Series A, FRN 5 and higher.
) 0s401, Series C, FRN 6 and higher.

6 03501, Series C, FRN 6 and higher.
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Communication Driver
Overview
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DH-485 - The SL.C 500 Fixed, SL.C 5/01, SL.C 5/02 and SL.C 5/03 have a
dedicated channel for DH-485. SI.C 5/03, SLC 5/04 and SLC 5/05 RS-232
channel 0 can be reconfigured for DH-485. This network is a multi-master,
token-passing network protocol capable of supporting up to 32 devices
(nodes). This protocol allows:

e monitoring of data and processor status, along with program uploading
and downloading of any device on the network from one location.

e SLC processors to pass data to each other (peet-to-peer
communication).

e operator interface devices on the network to access data from any SLC
processor on the network.

Data Highway Plus (DH+) - The Data Highway Plus protocol is used by
the SL.C 5/04 processort. This protocol is similar to DH-485, except that it can
support up to 64 devices (nodes) and runs at faster communication (baud)
rates.

Ethernet - The Ethernet TCP/IP protocol is used by the SLC 5/05
processor. Standard Ethernet, utilizing the TCP/IP protocol, is used as the
backbone network in many office and industrial buildings. Ethernet is a local
area network that provides communication between various devices at 10

Mbps or higher. This network provides the same capabilities as DH+ or
DH-485 networks, plus:

e SNMP support for Ethernet network management.

e optional dynamic configuration of the processor IP address using
BOOTP or DHCP.

e ability to message entire SLC 5/05 data files.

¢ an unlimited number of nodes on a single network are possible
compared to DH-485 (32) and DH+ (64).

¢ (64 maximum message connections opened at one time (for 64 K
processors); 4 incoming, 4 outgoing and 56 either incoming or outgoing.
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DF1 Full-duplex - DF1 Full-duplex protocol (also referred to as DF1
point-to-point protocol) allows two devices to communicate with each other
at the same time. This protocol allows:

e transmission of information across full-duplex modems (dial-up, leased
line, radio, or direct cable connections).

e communication to occur between Allen-Bradley products and

third-party products.

DF1 Half-duplex (Master and Slave) - DF1 Half-duplex protocol provides
a multi-drop single master/multiple slave network capable of supporting up to
255 devices (nodes). This protocol also provides modem support and is ideal
for SCADA (Supervisory Control and Data Acquisition) applications because
of the multidrop capability.

DF1 Radio Modem - DF1 Radio Modem protocol is a peet-to-peet protocol
that supports up to 255 devices (nodes) and is optimized for radio modem
communications. It allows Report-by-Exception messaging; any node can
initiate to any other node at any time (as long as the radio modem network
supports full-duplex data port butfering and radio transmission collision
avoidance). It also supports Store and Forward, which allows messages
between two out-of range nodes to be routed through one or more in-range
nodes.

Modbus RTU Master - Modbus protocol exchanges message instructions to
transfer information between the data files in the Modbus RTU Master and
the Modbus RTU Slaves.

ASCII - The ASCII protocol provides connection to other ASCII devices,

such as bar code readers, weigh scales, serial printers, and other intelligent
devices.
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DH-485 Communications
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The DH-485 network offers:

e interconnection of 32 devices.
e multi-master capability.

e token passing access control.

the ability to add or remove nodes without disrupting the network.
e maximum network length of 1219 m (4,000 ft).

DH-485 Network Protocol

The following section describes the protocol used to control message transfers
on the DH-485 network. The protocol supports two classes of devices:
initiators and responders. All initiators on the network get a chance to initiate
message transfers. To determine which initiator has the right to transmit, a
token passing algorithm is used.

DH-485 Token Rotation

A node holding the token can send valid packets onto the data link. The token
hold parameter determines the number of transmissions allowed (plus retries)
each time the node receives the token.

After a node sends one message packet, it attempts to give the token to its
successor by sending a token pass packet. If no network activity occurs, the
initiator attempts to find a new successor.

The node address range for an initiator is 0 to 31. The node address range for
all responders is 1 to 31. There must be at least one initiator on the network.

TIP The maximum address that the initiator searches for before
wrapping to zero is the value in the configurable parameter
maximum node address. The default value of this parameter
is 31 for all initiators and responders.

SLC 500 processors do not allow node address zero to be
applied. If you attempt to apply a zero, node address one
becomes the processor node address. Node address zero is
reserved for a programming device, such as the Hand-Held
Terminal (HHT) or personal computer running
programming software.
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DH-485 Network Initialization

Network initialization begins when a period of inactivity exceeds the time of a
link dead timeout. When the time for the link dead timeout is exceeded, usually
the initiator with the lowest address claims the token.

Building a network begins when the initiator that claimed the token tries to
pass the token to the successor node. If the attempt to pass the token fails, or
if the initiator has no established successor (for example, when it powers up), it
begins a linear search for a successor starting with the node above it. It will
wrap to node 0 upon reaching its maximum node address value.

When the initiator finds another active initiator, it passes the token to that
node, which repeats the process until the token is passed all the way around
the network to the first node. At this point, the network is in a state of normal
operation.

DH-485 Network Considerations

DH-485 Network considerations include the configuration of the network and
the parameters that can be set to the specific requirements of the network. The
following are major configuration factors that have a significant effect on
network performance.

e Number of nodes on the network

e Addresses of those nodes

e Baud rate

e Maximum node address selection

e SL.C 5/03 and higher - token hold factor

e Maximum number of communicating devices

® Broadcasting

The following sections explain network considerations and describe ways to
select parameters for optimum network performance (speed).

Number of Nodes

The number of nodes on the network directly affects the data transfer time
between nodes. Unnecessary nodes (such as a second programming terminal
that is not being used) slow the data transfer rate. The maximum number of
nodes on the network is 32.
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Setting Node Addresses

The best network performance occurs when node addresses start at 0 and are
assigned in sequential order. SLC 500 processors default to node address 1.
The node address is stored in the processor status file (S:15L). Processors
cannot be node 0. Also, initiators such as personal computers should be
assigned the lowest numbered addresses to minimize the time required to
initialize the network.

If some nodes are connected on a temporary basis, do not assign addresses to
them. Simply create nodes as needed and delete them when they are no longer
required.

Setting Processor Baud Rate

The best network performance occurs at the highest baud rate. All devices
must be at the same baud rate. The default DH-485 baud rate for SL.C 500
devices is 19.2K baud. The baud rate is stored in the processor status file
(S:15H).

Maximum Node Address Setting

The maximum node address parameter should be set as low as possible. This
minimizes the amount of time used in soliciting successors when initializing
the network. If all nodes are addressed in sequence from 0, and the maximum
node address is equal to the address of the highest addressed node, the token
rotation will improve by the amount of time required to transmit a solicit
successor packet plus the slot timeout value.

Maximum Number of Communicating Devices

SLC 500 fixed and SI.C 5/01 processors can be selected by no more than two
initiators at the same time. Using more than two initiators to select the same
SLC 500 fixed and SL.C 5/01 processors at the same time can cause
communication time-outs.

Broadcasting

A broadcast write command is sent as a DH-485 Send Data No
Acknowledgement (SDN) packet. No acknowledgement or reply is returned.
Broadcasting is the most efficient way to write the same data to multiple
devices on the DH-485 network.
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Configuring a Channel for DH-485

To configure an SLC processor channel for DH-485, do the following using
your programming software:

To bring up the Channel Configuration

“H° RSLogix 500 - Scada.rss
File Edit “iew Search Comms Tools ‘w

D|=@| =] H[5=(e] =]

Mode
(0] ]|

4=

OFFLIME 4| |MoForces

Mo Edits b
Diriver: AB_DF1-1

T SCADARSS

4=

Forces Dizabled

interface, double-click on the Channel
Configuration icon.

For an SLC 500 Fixed, SLC 5/01 and
SLC 5/02 processor, enter in the Baud
Rate and Node Address parameters.

=3 Project

Cortraller
-

1 Controller Properties
%% Processor Status

Channel Configuration

General I Char 1 - Svsltalll Chan, 0 - System I Chare 0 - Usen I

Channel |
Drriver: W

I white Protectad
Passthiu Link ID (dec) [2

Edit Hesource/Uwner Timecut [x1 sec] |[FN

/' Diagnoshic File |0

For SLC 5/03, SLC 5/04 and SLC 5/05

annel 0

processors, define the location of the System Driver[DIA05
diagnostic file used for Channel Status Mude: [Swiom =]

~.

~

I~ white Protectad
T Passthiu Link 1D (dec) [1

here. See Table 13.2 for diagnostic file
details.

E"CII
[~ Mode Change Ernabled
Mode Attenbon Lharaclzerl\'lb
System Mode c:hmduds

User Driver:

Edit Resdurce/Owner Timeout (x 1s2c] 50 User Mode Lharaclzerlu
A Diagnoshic File |0
K Cancel || ey | Help
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1. On the Channel 1 or O tab,

choose DH-485 for your Driver.

2. Configure the communication
driver characteristics
according to Table 13.2.

Diriver DH4a5 = MNode Address
— |1 [decimal]
Ban’l 159200 v l
Pratocol Control
Token Hold Factor: |1
i Max. Mode Address: |31

Channel Configuration | x]

General Chan. 1 - System | Chan. 0 - Systeml Chan. 0 - Userl

Ok I Cancel Sl Help

Table 13.2 Define these communication parameters when configuring an SLC 5/03 or higher processor for DH-485

communications.

Tab Parameter Default Selections

General Diagnostic File 0 Select an unused file (9 to 255) to store channel status
information. You must define a diagnostic file in order to be able to
view channel 0 or channel 1 status. See Table 13.3 for a file
description.

Channel 0 or Channel | Baud Rate 19200 Toggles between the communication rate of 1200, 2400, 9600, and

1 System 19200.

Node Address 1

This is the node address of the processor on the DH-485 network.
The valid range is 1 to 31.

Max Node Address | 31

This is the maximum node address of an active processor. The
valid range is 1 to 31. The SLC 500 Fixed, SLC 5/01 and SLC 5/02
processors are factory set to 31.

Token Hold Factor 1

Determines the number of transactions allowed to make each
DH-485 token rotation. Increasing this value allows your processor
to increase its DH-485 throughput. This also decreases throughput
to other processors on the DH-485 link. The valid range is 1 to 4 for
SLC 5/03 and higher processors. The SLC 500 Fixed, SLC 5/01 and
SLC 5/02 processors are factory set to 1.
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See Table 13.3 for details concerning
the DH-485 Channel Status Screen.

DH-485 Channel Status

For SL.C 5/03 (OS302, Series C and higher), SLC 5/04 (OS401, Series C and
higher) and SL.C 5/05, channel status data is stored in the diagnostic file
defined on the Channel Configuration screen. Table 13.3 on page 13-9
explains information regarding the diagnostic counter data displayed.

“H° RSLogix 500 - Scada.rss

File Edit “iew Search Comms Tools '

Dl=@| =] [=(e] =]

OFFLINE 3] [Mo Forces +
Double-click on the Channel Status Mo Edits 3| |Forces Disabled |#
Driver: 4B_DF1-1 Mad
Icon Located beneath the [VEE 5 =
Configuration icon to bring up the
- Praoject -
Channel Status screen. B Proiee —
-] Help
ED Contraller
i Controller Properties
%% Processor Status
ng 10 Configuration
Channel Configuration
...... Channel Status:

2 Channel Status

Channel 0 £

DH-435

Meszage Received = (g Total Bad Packets Received = [
Meszages Sent = |g Packets ‘With Bad Type Bute = (g

Meszages Rety = [0 Packets with bad CRC = (g

Fietry Limit Exceeded = | Packets ‘With Parity Errar = g

Mo Memary Sent/MAK = [g Packets ‘With Framing Eror = |g

Mo Memary Receved/Mak = |0 Bad Packets Due To Overun = |g
a

Unexpected Characters Received =

Clear |

Table 13.3 SLC 5/03 Channel 1 and SLC 5/03 and Higher Channel 0 DH-485 Channel Status

Status field Bytes Displays the

Messages Received 0.1 Number of error-free messages that the station has received.

Messages Sent 2.3 Number of messages sent by the channel.

Messages Retry 4 Number of messages resent due to errors.

Retry Limit Exceeded 5 Number of times that the processor exceeded its retry limit in trying to send a message.

No Memory Sent/NAK 6 Number of times the processor could not receive a message because it did not have enough
memory.

No Memory 7 Number of negative acknowledgements received by the processor.

Received/NAK
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Table 13.3 SLC 5/03 Channel 1 and SLC 5/03 and Higher Channel 0 DH-485 Channel Status (Continued)

Status field Bytes Displays the

Total Bad Packets 8 Number of incorrect data packets the processor has received.

Received

Packets with bad type 9 Number of messages that the processor could not receive because they were of an illegal type

byte that contained a bad control byte.

Packets with bad CRC 10 Number of messages received with a CRC (cyclic redundancy check) transmission integrity error.

Packets with Parity Error | 11 Number of messages that could not be processed because of a parity error. Parity is used to detect
errors in data bytes. If the parity of a received character is invalid, this counter is incremented.

Packets with Framing 12 Number of messages containing misaligned data. Each data byte has a start bit and a stop bit.

error These bhits “frame” the actual data byte. If a character is received where these bits are not
correctly placed, the character is invalid and this counter is incremented. These errors normally
mean an electrically noisy environment or poorly terminated cabling.

Bad Packets due to 13 Number of messages that could not be handled because the processor could not move data fast

Overrun enough before new data arrived. In this case data characters are lost and the transmission is bad.

Unexpected Characters | 14 Number of characters the processor received with parity or with errors and discarded. If this is not

Received

zero, it could indicate that an internal hardware problem has occurred. This problem could be that
the communication channel’s receiver has been disabled, but the DH-485 driver is still receiving
characters. If the controller is operating properly, this counter should remain at zero.

Data Highway Plus

Communications

Publication 1747-RM001G-EN-P -

For processors running OS Series C, FRN 6 and higher, clicking the Clear
button while monitoring Channel Status of either channel 1 or channel 0
online, will reset all of the channel status diagnostic counters for both channels
to zero. Prior to OS Series C, FRN 0, the only channel status diagnostic
counters that are reset when the Clear button is clicked are the ones on the
channel that the programming terminal is connected to. For example, if your
programming terminal is connected online via channel 0 and you are
monitoring the Channel Status of channel 1, when you click on the Clear
button, only channel 0 diagnostic counters will be reset, not channel 1
diagnostic counters.

Data Highway Plus (DH+) implements peer-to-peer communication with a
token-passing scheme to rotate link mastership among a maximum of 64
nodes. Since this method does not require polling, it helps provide
time-efficient reliable data transport. The DH+network features:

e remote programming of PLC-5 and SLC 500 processors on your
network.

e direct connections to PLC-5 processors and industrial programming
terminals.

® casy re-configuration and expansion if you want to add more nodes
later.

e communication rates of 57.0K baud, 115.2K baud, or 230.4K baud.

November 2008
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The DH+network uses factory set time-outs to restart token-passing
communication if the token is lost because of a defective or powered down
node.

Example

The example below shows the connectivity of an SLC 5/04 processor to a
PLC-5 processor using the DH+ protocol. A communication rate of 57.0K
baud is used.

A Personal Computer with one of the following:

1784-KTX (ISA)
1784-KTXD (ISA)
1784-PKTX (PCI)
1784-PKTXD (PCI)
1784-PCMK/B (PCMCIA)

PLC-5/40

DH+ Network

SLC 5/04
Modular 1/0 Controller

Example

The example below shows a DH+ protocol using two SLC 5/04 controllers
using the higher baud rates of 115.2K baud or 230K baud.

TIP In the example below, the programming terminal is
connected to the setial port of the SLC 5/04 processot to
communicate on the DH+ network at the higher baud rate.
This method uses the DF1 to DH+ passthru feature.

|o
g

SLC 5/04
Modular 1/0 Controller

L

SLC 5/04

Modular I/0 Controller
DH+ Network

Publication 1747-RM001G-EN-P - November 2008



13-12 SLC Communication Channels

Configuring Channel 1 for DH+

To configure an SLC 5/04 processor channel for DH+, do the following using
your programming software.

“H° RSLogix 500 - Scada.rss

File Edit “iew Search Comms Tools ‘w

D|=@| =] H[5=(e] =]

OFFLINE +|[Mo Forces T .
To bring up the Channel Configuration No Edits | [Forces Disabled [&
interface, double-click on the Channel e AL D7 Nade
Configuration icon.

=3 Project =~

{1 Help

-2 Contraller

: Controller Properties
%% Processor Status

0 Configuration

Channel Configuration;

Channel Confiyuration E x|

General IChan. 1-System | Chan. 0- System | Chan. 0-User |

Lhannel 1

Drriver: r
I Wwiite Protected
Passthiu Link D (dec) [7
Edit Resource/Dwner Timeout [x1 sec] [0

/' Drigurostic File |l]

Define the location of the diagnostic el 0

file used for Channel Status here. See Systenn Ditve [DFT Full Duplers | Use Diven. Jaser———
Table 13.5 on page 13-15 for diagnostic Mode: [System <] I~ Mude Chare Enabled
f||e detalls ™ Wiite Protected Mode Attention Chaacteriw
Passthiu Link 1D [dec] 1 System Mude Charactm |5
Fdit Resnurce/Tiwner Timent (2 18] IF Usar Moda ChaacteriU_
DisunwslicFile [0

| UK. | Lancel Apply Help
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1. On the Channel 1 tab, choose ~
DH+ for your Driver.

2. Configure the communication
driver characteristics
according to Table 13.4.

Channel Configuration =
General Chan. 1 - System | Chan. 0- Systeml Chan. 0 - Userl
Diriver = Node Address

I‘I [octal)
Baud/( [s7ec =]
/
,///

ak. I Cancel Apply Help

Table 13.4 Define these communication parameters when configuring an SLC 5/04 for DH+ communications.

Tab

Parameter

Default Selections

General

Diagnostic File

0 Select an unused file (9 to 255) to store channel status
information. You must define a diagnostic file in order to be able to
view channel 1 status. See Table 13.5 for a file description.

Channel 1 System Baud Rate 57.6k Toggles between the communication rates of 57.6k, 115.2k and
230.4k.
Node Address 1 Valid range is 0 to 77 octal.
DH+ Channel Status

For SLC 5/04 (OS401, Seties C and higher), channel status data is stored in
the diagnostic file defined on the Channel 1 Configuration screen. See Table
13.5 on page 13-15 for information regarding the diagnostic counter data
displayed.
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“H° RSLogix 500 - Scada.rss

File Edit “iew Search Comms Tools '

Dl=@| =] [=(e] =]

OFFLIME *| |Mo Forces *
Double-click on the Channel Status Mo Edits 3| |Forces Disabled |+
Diriver: AB_DF1-1

Icon Located beneath the

Configuration icon to bring up the
Channel Status screen.

=3 Project
{1 Help
-2 Contraller

® Scada.rss

Controller Properties
%% Processor Status
1 10 Configuration
Channel Configuration

Channel 0 { Channel 1
D'ata Highweay Plus Status
See Table 13.5 for details concerning Messages | Sent Data Ack | Send DataNoAck | General]
the DH+ Channel Status Screens _for sont- [ Sentvithoror- ]
Messages, General, Data Sent with Recaivad = [ Received with sncr = [0 |
Acknowledgement, and Data Sent dnbleln iecztva 21
without Acknowledgement.
e |
4 Channel Status | -]of =] -
———| 5 Channel Status [_[o]=]
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M Send Data Ack | Send Data Mok |G -
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Data Highweay Plus Status
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Transmit Failed =
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Table 13.5 SLC 5/04 Channel 1 DH+ Channel Status

Status field

Word

Displays the

Messages

Received

0

Number of error-free messages the station has received. This number is the sum of the
SDA and SDN received counters.

Sent

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.

Received with error

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.

Sent with error

Number of messages sent that were not acknowledged. This number is the sum of the
following.

o SDA transmit NAK misc
o Transmit NAK full

o SDA transmit NAKed SAP
o SDA/SDN retrans

o Dropped token

Unable to receive

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.
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Table 13.5 SLC 5/04 Channel 1 DH+ Channel Status (Continued)

Status field

Word

Displays the

General Network dead

5

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 is initiated. (See claims won for more
information.)

Claims won

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.

Claims lost

Number of times the station did not win the claim token sequence. See claims won for
more information.

New successor

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 retry

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.

Token failed

Number of times station could not pass token to its listed successor. This usually occurs
due to:

e the station being removed from the network.
e noise or cabling problems.

Started linear scan

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.

Linear scan failed

Number of times the station solicited every station number without getting a response.
See started linear scan for more information.

Duplicate node

Number of times the station has detected the same station address as itself on the
network. As a result, the station goes offline.

Dropped token

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
amessage 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.

SDA/SDN
retransmissions

24

Total number of SDA or SDN messages that were re-transmitted. Some reasons why the
station would retry a message are:

o the ACK was lost or corrupted on an SDA message, indicating a possible noise
problem.

o the original message was NAKed.
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Table 13.5 SLC 5/04 Channel 1 DH+ Channel Status (Continued)

Status field

Word

Displays the

General

Solicit rotations

30

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 salicited into it.

Data Sent
with
Acknowled-
gement
(SDA)

Received

15

Number of error-free SDA messages that the station received.

Received with error

16

Number of invalid SDA messages that the station received. Some causes are:

¢ bad CRC.
o the message has an invalid source address.
o the message has an unrecognizable control byte.
o the transmission was aborted.
This counter indicates noise; increase the cable’s shielding from noise.

Received
retransmissions

Number of times the sending station re-transmitted an SDA message, which was
ACKed or NAKed. 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.

Received but full

18

Number of SDA messages that the station could not receive because of lack of memory.

Received SAP off

19

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.

Transmit confirm

20

Number of SDA messages successfully sent to and acknowledged by the addressed
station.

Transmit NAK misc.

Number of incoming SDA messages that were NAKed due to reasons other than the
NAKed full and NAKed inactive counters (for example, a NAK due to a bad CRC).

Transmit time-out

22

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 not ACKed

23

Number of SDA messages that were sent but were not ACKed by the receiving station.
The following could have occurred.

o Message could have been NAKed
e Aninvalid ACK was returned
o Nothing was returned

This counter can indicate:

e anoise or a cabling problem.
o the receiving station has been removed from the link.
e the receiving station cannot communicate.
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Table 13.5 SLC 5/04 Channel 1 DH+ Channel Status (Continued)

Status field Word | Displays the
Data Sent | Transmit failed 25 Number of SDA messages sent by the station that were determined to be in error. This
with counter is the sum of the SDA transmit not ACKed and SDA transmit time-out counter.
Acknowled- Transmit NAK full 26 Number of times the station received NAK to a message because the destination station
gement S \ - X
(SDA) was full. This indicates that messages are being sent to the receiving station faster than
the 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 (for example, you 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 NAKed SAP | 27 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.
Data Sent | Transmit confirm 28 Number of valid SDN messages sent by the station.
VAvétkr:]%l\Jlsled_ Transmit failed 29 Number of SDN messages sent by the station that were in error. This error should never
gement be seen.
(SDN) Received 31 Number of valid SDN messages received.
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For processors running OS Series C, FRN 6 and higher, clicking the Clear
button while monitoring Channel Status of either channel 1 or channel 0
online, will reset all of the channel status diagnostic counters for both channels
to zero. Prior to OS Series C, FRN 6 the only channel status diagnostic
counters that are reset when the Clear button is clicked ate the ones on the
channel that the programming terminal is connected to. For example, if your
programming terminal is connected online via channel 0 and you are
monitoring the Channel Status of channel 1, when you click on the Clear
button, only channel 0 diagnostic counters will be reset, not channel 1
diagnostic counters.

Global Status Word Overview

When a processor passes the DH+ token to the next node, it can also send a
16-bit word called the Global Status Word (GSW). Every node on the network
sees the token pass message, but only the “next” node on the network accepts
the token. However, all of the nodes on the network read the Global Status
Word sent with each token pass and save it to memory. Each processor on the
DH+ network has a table in memory to store Global Status Word(s) it receives
from other nodes. In each SLC 5/04 processot’s status file, there is a
designation for the:

e Global Status Word.
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This word is located in memory at S:99. If, S:34/3 is set, data in this
memory location is transmitted every time the processor passes the
DH+ token. Note that all other DH+ nodes see this data.

e Global Status File.

This file is located in memory at S:100 to S:163, representing one
memory location for each of the 64 possible nodes on the DH+
network. As other nodes transmit Global Status information with their
token passes, the SLC 5/04 processor collects this information and
stores it in the Global Status File. Memory location S:100 corresponds
to node #0 (octal), S:101 corresponds to node #1 (octal), and S:163
corresponds to node #77 (octal).

One word of every node’s Global Status File is updated each token pass. This
can function as a high-speed broadcast message, useful for status passing and
synchronization of processors.

If the Global Status Word Transmit Enable bit (S:34/3) and Global Status
Word Receive bit (S:34/4) are never set, you can use the Global Status File
(5:100 to S:163) for other storage uses. If these bits are reset, this area in the
System Status File is never altered by the SLC 5/04 processot, even after a
power cycle to the processor.

S:34/3 Global Status Word Transmit Enable Bit

Transmission of the Global Status Word is enabled by setting bit S:34/3 in the
status file. If this bit is set (1), the processor transmits the data in S:99 with
every DH+ token pass. If this bit is not set (0), the processor passes the token
and does not attach the Global Status Word. This bit is dynamically
configurable and the default setting is zero. Keep the following guidelines in
mind when using the Global Status Word Transmit Enable bit.

o If this bit is not set, the DH+ Token Pass transmitted out Channel 1 will
contain no Global Status Word bytes

e If this bit is set, but the SLC 5/04 /s no# in RUN mode, REMote Run, or
one of the three test modes, the DH+ Token Pass transmission will
contain a 2-byte Global Status Word of 0x0000.

e If this bit is set and the SL.C 5/04 /s /7 RUN mode, REMote Run, or one
of the three tests modes the DH+ Token Pass transmission will contain
a 2-byte GSW equal to the value in S:99 (Global Status Word). The
word is also placed in the 64-word Global Status File (S:100 to S:163) in

the location corresponding to the DH+ node address associated with
the SLC 5/04 processor.

For example, if the SLC 5/04 processor is operating at octal address 22
(18 decimal), the transmitted GSW is written to word S:118.
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e The word in the Global Status File corresponding to the SL.C 5/04
processor’s DH+ address will be set to 0x0000 if any thing is done to
inhibit the transmission of the Global Status Word from S:99. This
includes:

— clearing S:34/3, Global Status Word Transmit Enable bit

— placing the SLC 5/04 into a mode other than Run mode or Test
mode

— disabling Channel 1

— an error occurring on the DH+ link to cause the Channel 1 LED to
flash red or go solid red (This could be caused by a duplicate node
address.)

— having an OS400 user program downloaded to the SLC 5/04
processor

e 1f S:34/3 is not set from the time the SL.C 5/04 is powered up, the word
corresponding to its DH+ address in the Global Status File will never
be written to during the end-of-scan.

S:34/4 Global Status Word Receive Enable Bit

Receiving the Global Status Words of other processors on the network is
enabled by setting bit S:34/4 in the status file. If this bit is set (1), the
processor fills in the Global Status File with Global Status Words transmitted
by other processors on the network. If this bit is not set (0), the processor
ignores any Global Status Word activity on the network. This bit is
dynamically configurable and the default setting is zero. Note that transmitting
and receiving Global Status Words are independent of each other.

Keep the following guidelines in mind when using the Global Status Word
Receive Enable bit:

e If this bit is not set, the Global Status File (S:100 to S:163) is not
updated with Global Status Word information being passed on the link.

e An error occurring on the DH+ link to cause the Channel 1 LED to
flash red or go solid red disables Global Status Word receptions. (This
could be caused by a duplicate node address.)

® Global Status File (S:100-S:163) support is enabled when the following
four conditions are met:

— Channel 1 is configured for DH+ protocol communication

— the System Status File is at least 164 words in length

— the Global Status Word Receive Enable bit (S:34/3) is set

— operation on the DH+ link is working (Channel 1 LED is green)

e Global Status Word reception will not occur while downloading a
program.
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Note that all 164 words are updated during each end-of-scan. The following
table describes possible states of the DH+ node address and the value written

to the Global Status Word (5:99).

Table 13.6 DH+ Node Address State

State of the DH+ Node Address

Value written into $:99 by the SLC 5/04
processor

Device is not active on the DH+ link

0x0000

Device is active on the DH+ link, but not
sending GSW bytes in its Token Pass

0x0000

Device is active on the DH+ link and is
sending 1 byte of GSW data in its Token
Pass

High byte is set to 0x00; Low byte is set
equal to 1 byte of GSW data

Device is active on the DH+ link and is
sending 2 bytes of GSW data in its Token
Pass

High byte is set equal to the second byte;
Low byte is set equal to the first byte (or
High and Low bytes are set equal to each
other)

Device is active on the DH+ link and is
sending 3 or 4 bytes of GSW data in its
Token Pass

High byte is set equal to the second byte;
Low byte is set equal to the first byte, and
the third and fourth bytes are ignored

e If the Global Status File (5:100-8:163) is working and then Channel 1 is
disabled, the entire Global Status File is zeroed out.

e If the Global Status File (S:100-S:163) is working and bit S:34/4 is reset,
the entire Global Status File is zeroed out except for the one word
corresponding to the Channel 1 DH+ node address.

e If the Global Status File (5:100-8:163) is working and then a DH+ link
error occurs, the entire Global Status File is zeroed out. If the SL.C 5/04
processor recovers from the error on its own, then the Global Status
File updating resumes automatically.

e If the Global Status File (S5:100-8:163) is working and then a user
program with a System Status File of less than 164 words is
downloaded, the SLC 5/04 processor detects this before any further
updating of the Global Status File is attempted. In other words, no
corruption of the user program results even if all other criteria are still
met to support the GSW reception table feature.

TIP The SLC 5/04 processor maintains a working Global Status
Word table regardless if Channel 1 DH+ Active Node Table
operation is enabled, (by setting S:34/1).
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Ethernet Communications
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This section:

e describes SLC 5/05 performance considerations.

e describes Ethernet network connections and media.

e cxplains how the SLC 5/05 establishes node connections.
e lists Ethernet configuration parameters and procedures.

e describes configuration for subnet masks and gateways.

The SLC 5/05 supports Ethernet communication via the Ethernet
communication channel 1. Ethernet is a local area network that provides
communication between various devices at 10 Mbps or higher. The physical
communication media options for the SLC 5/05 are:

¢ built-in.
10/100 Mbps twisted pair (10Base-T/100Base-Tx)

e with media converters, hubs, or switches.
— fiber optic
— broadband
— thick-wire coaxial cable (10Base-5)
— thin-wire coaxial cable (10Base-2)
— 1,000 Mbps twisted pair (1000Base-T)

SLC 5/05 Performance Considerations

Actual performance of an SLC 5/05 processor vaties according to:

¢ size of Ethernet messages.
e frequency of Ethernet messages.
e network loading,

e the implementation and performance of your processor application
program, including status file bit settings.

For the best channel 1 Ethernet performance, clear both the channel 1
Communications Setrvicing Selection bit S:2/15, and the channel 1 Message
Servicing Selection bit, S:33/7. Refer to Appendix A for additional
information regarding these status file bits.
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Optimal Performance: PC to SLC 5/05 Processor (2-node Ethernet network)

Table 13.7 Optimal Performance: RSLinx to SLC 5/05 Processor (2-node Ethernet
network)

Operation Words | MSG per Second | Words per Second
Single Typed Read 1 105 105

Single Typed Read 20 99 1980

Single Typed Read 100 86 8600

Single Typed Read 256 71 18176

SLC 5/05 and PC Connections to the Ethernet Network

TCP/IP is the mechanism used to transport Ethernet messages.

The SLC 5/05 processor uses TCP/IP to establish sessions and to send MSG
commands. Connections can be initiated by either a client program
(INTERCHANGE or RSLinx application) or a processor. Refer to the MSG
instruction operation in chapter 12 for information on how connections are
established using the MSG instruction.

The SL.C 5/05 Ethernet connector conforms to ISO/IEC 8802-3 STD 802.3
and utilizes twisted pair media. Connections are made directly from the SL.C
5/05 to an Ethernet hub or switch. The network setup is simple and cost
effective. The typical network topology is pictured below, as well as an
alternate point-to-point connection using an RJ-45 cross-over cable.

Typical Network Ethernet Hub or|  RJ45 connectors on both
Topology switch ends of straight-through
cable (twisted pair)
to PC Ethernet Card T T to SLC 5/05
Channel 1
Alternate Point-to-Point RJ45 connectors on both ends of the
Connection cross-over cable (twisted pair)
to PC Ethernet to SLC 5/05
Card Channel 1
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iMPORTANT HRELERRE 5/05 processor contains an RJ45 Ethernet

connector which connects to standard Ethernet switches via
8-wire twisted pair straight-through cable. To access other
Ethernet mediums, use RJ45 media converters or Ethernet
switches that can be connected together via fiber, thin-wire,
or thick-wire coaxial cables, or any other physical media
commercially available with Ethernet switches.

There are two ways to configure the SLC 5/05 Ethernet channel 1. The
configuration can be done via a BOOTP or DHCP request at processor
powerup, or by manually setting the configuration parameters using RSLogix
500 Programming Software (refer to Configuring Channel 1 for Ethernet).

Configuring Channel 1 for Ethernet

To configure and SLC 5/05 processor channel 1 for Ethernet, do the
following using your programming software:

To bring up the Channel Configuration
interface, double-click on the Channel
Configuration icon.

“H° RSLogix 500 - Scada.rss
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T SCADARSS M= &=
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1l 10 Configuration

Channel Configuration
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Table 13.8 Define these communication parameters when configuring an SLC 5/05 processor for 