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Important User Information

Solid state equipment has operational characteristics differing from those of electromechanical equipment. Safety Guidelines for the
Application, Installation and Maintenance of Solid State Controls (publication SGI-1.1 available from your local Rockwell Automation sales
office or online at http://literature.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 Identifies information that is critical for successful application and understanding of the product.

Identifies information about practices or circumstances that can lead to personal injury or death,
property damage, or economic loss. Attentions help you identify a hazard, avoid a hazard, and
recognize the consequence

ATTENTION

I &TYZLh] | Labels may be on or inside the equipment, for example, a drive or motor, to alert people that
dangerous voltage may be present.

TITTTINTYZY M| Labels may be on or inside the equipment, for example, a drive or motor, to alert people that
surfaces may reach dangerous temperatures.

skl

Allen-Bradley, Rockwell Automation, and TechConnect are trademarks of Rockwell Automation, Inc.

Trademarks not belonging to Rockwell Automation are property of their respective companies.
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Summary of Changes

Introduction This release of this document contains new and updated information. To find
new and updated information, look for change bars, as shown next to this
paragraph.

Updated |nformati0n This document contains the following changes:

Change Page
Chapter 1 — Combined Digital Alarm (ALMD) and Analog Alarm 29

(ALMA) instructions into one chapter. Added configuration, message
string, and status information.

Chapter 4 — Added new GSV/SSV Controller Object attributes. 180
Chapter 20 — Added Debug Instructions (PPT, TPT). 627
Publication 1756-RMO003K-EN-P - July 2008 13
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Summary of Changes

Notes:
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Instruction Locator

Where to Find an Instruction

Use this locator to find the reference details about Logix
instructions (the grayed-out instructions are available in other
manuals). This locator also lists which programming languages are
available for the instructions.

If the locator lists:

The instruction is documented in:

a page number

this manual

motion

Logix5000 Controllers Motion Instruction Set Reference Manual,
publication 1756-RM007

PhaseManager

PhaseManager User Manual, publication LOGIX-UMQ01

process control

Logix5000 Controllers Process Control and Drives Instruction Set
Reference Manual, publication 1756-RMO006

Publication 1756-RMO03K-EN-P - July 2008
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Instruction Locator

Instruction: Location: Languages: Instruction: Location: Languages:
ABL 609 relay ladder BNOT 326 structured text
ASCII Test For Buffer Line structured text Boolean NQT function block
ABS 277 relay ladder BOR 320 structured text
Absolute Value ?&LUCCt'i[Ufegltef Boolean OR function block
on bloc
ACB 573 relay ladder BPT _ 627 relay ladder
ASCII Chars in Buffer structured text Breakpoints
ACL 575 relay ladder BRK 473 relay ladder
ASCI Clear Buffer structured text Break
ACS 532 relay ladder BSL 386 relay ladder
Arc Cosine structured text Bit Shift Left
function block BSR 390 relay ladder
ADD 252 relay ladder Bit Shift Right
Add structured text BTD 294 elav |
. y ladder
function block Bit Field Distribute
AFI 456 relay ladder
Always False Instruction BIDT _ 294 structured text
Bit Field Distribute with function block
AHL 577 relay ladder Target
ASCII Handshake Li structured text
anconae nes BTR 144 relay ladder
ALM process control  [structured text Message structured text
Alarm function block
BTW 144 relay ladder
ALMA 42 relay ladder Message structured text
Analog Al structured text
reieg e function block BXOR 323 structured text
Boolean Exclusive OR function block
ALMD 30 relay ladder
Digital Alarm structured text cc process control  [structured text
function block Coordinated Control function block
AND 303 relay ladder CLR 294 relay ladder
Bitwise AND ?&Luccgg;egéif Clear structured text
ARD 581 relay ladder CMP 206 relay ladder
ASCII Read structured text Compare
ARL lav ladd CONCAT 601 relay ladder
ASCII Read Line %85 ;?r3Ztl?rede{ext String Concatenate structured text
ASN 529 relay ladder coP 355 relay ladder
Arc Sine structured text Copy File structured text
function block CoS 523 relay ladder
ATN 535 relay ladder Cosine structured text
Arc Tangent structured text function block
function block CPS 355 relay ladder
AVE 365 relay ladder Synchranous Copy File structured text
File A
o Tverage CPT 248 relay ladder
AWA 589 relay ladder Compute
ASCII Write Append structured text
e Topen CTD 132 relay ladder
AWT 594 relay ladder Count Down
ASCII Writ structured text
e CTu 128 relay ladder
BAND 317 structured text Count Up
Boolean AND function block
16 Publication 1756-RMO003K-EN-P - July 2008
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Instruction Locator

Instruction: Location: Languages: Instruction: Location: Languages:
CTuD 136 structured text FIND 605 relay ladder
Count Up/Down function block Find String structured text
FLL 361 relay ladder
File Fill
FOR 470 relay ladder
For
DDT 486 relay ladder FRD 559 relay ladder
Diagnostic Detect Convert to Integer function block
FSC 346 relay ladder
File Search and Compare
DEG 553 relay ladder GEQ 215 relay ladder
Degrees structured text Greater than or Equal to structured text
function block function block
DELETE 603 relay ladder GRT 219 relay ladder
String Delete structured text Greater Than structured text
function block
GSV 176 relay ladder
structured text

DIV 261 relay ladder
Divide structured text
function block
DTOS 619 relay ladder
DINT to String structured text
DTR 494 relay ladder
Data Transitional
EOT 458 relay ladder
End of Transition structured text
EQU 206 relay ladder
Equal to structured text

function block

Get System Value

ICON

Input Wire Connector

INSERT
Insert String

607

function block

relay ladder
structured text

10T 201 relay ladder

IREF 641 function block
E\_/ENT 464 relay ladder Input Reference
Trigger Event Task structured text
File Arithmetic and Logic

JMP 434 relay ladder
F_BC _ _ 478 relay ladder Jump to Label
File Bit Comparison

JSR 436 relay ladder
FFL 394 relay ladder Jump to Subroutine structured text
FIFO Load function block
FFU 400 relay ladder JXR 447 relay ladder
FIFO Unload Jump to External Routine

LBL 434 relay ladder

Label

Publication 1756-RM003K-EN-P - July 2008
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Instruction Locator

Instruction: Location: Languages: Instruction: Location: Languages:

LEQ 223 relay ladder
Less Than or Equal to structured text
function block
LES 227 relay ladder
Less Than structured text
function block
LFL 406 relay ladder
LIFO Load
LFU 412 relay ladder
LIFO Unload
LIM 231 relay ladder
Limit function block
LN 540 relay ladder
Natural Log structured text
function block
LOG (1) relay ladder
Log Base 10 structured text
function block
LOWER 625 relay ladder
Lower Case structured text

MCR
Master Control Reset
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Instruction Locator

Instruction:

MEQ
Mask Equal to

MID
Middle String

relay ladder
structured text

MSG

Message

Publication 1756-RM003K-EN-P - July 2008

relay ladder
structured text

Instruction:

MUL
Multiply

258

relay ladder
structured text
function block

MVM 285 relay ladder
Masked Move
MVMT 288 structured text
Masked Move with Target function block
NEG 274 relay ladder
Negate structured text
function block
NEQ 242 relay ladder
Not Equal to structured text
function block
NOP 457 relay ladder
No Operation
NOT 314 relay ladder
Bitwise NOT structured text

function block

OCON 641 function block

Output Wire Connector

ONS 88 relay ladder

One Shot

OR 306 relay ladder

Bitwise OR structured text
function block

OREF 641 function block

Output Reference

OSFI 99 structured text

One Shot Falling with Input function block

OSF 94 relay ladder

One Shot Falling

OSRI 9 structured text

One Shot Rising with Input function block

OSR 91 relay ladder

One Shot Rising

OTE 82 relay ladder

Output Energize

OTL 84 relay ladder

Qutput Latch

0TU 86 relay ladder

Output Unlatch
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Instruction Locator

Instruction:

PID
Proportional Integral
Derivative

RAD

Radians

Location:

553

Languages:

relay ladder
structured text

relay ladder
structured text
function block

RES 141 relay ladder

Reset

RET 436 and 474 relay ladder

Return structured text
function block

20
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Instruction:

Location:

Languages:

RTO 112 relay ladder
Retentive Timer On

RTOR 124 structured text
Retentive Timer On with function block
Reset

RTOS 621 relay ladder
REAL to String structured text
SBR 436 relay ladder
Subroutine structured text

function block

SFP 460 relay ladder
SFC Pause structured text
SFR 462 relay ladder
SFC Reset structured text
SIN 520 relay ladder
Sine structured text
function block
SIZE 381 relay ladder

Size In Elements

structured text

sal 420 relay ladder
Sequencer Input

SaL 428 relay ladder
Sequencer Load

SQ0 424 relay ladder
Sequencer Output

SOR 270 relay ladder
Square Root function block
SQRT 270 structured text

Square Root
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Instruction Locator

Instruction: Location: Languages: Instruction: Location: Languages:
SRT 370 relay ladder UIE 454 relay ladder
File Sort structured text User Interrupt Enable structured text
SRTP process control structured text UPDN process control structured text
Split Range Time function block Up/Down Accumulator function block
Proportional
P UPPER 623 relay ladder
SSUM process control  [structured text Upper Case structured text
Selected Summer function block
XIC 78 relay ladder
SSV 176 relay ladder Examine If Closed
Set System Value structured text
XI0 80 relay ladder
STD 375 relay ladder Examine If Open
File Standard Deviati
o XOR 310 relay ladder
STOD 614 relay ladder Bitwise Exclusive OR structured text
String To DINT structured text function block
STOR 616 relay ladder XPY 546 relay ladder
i X to the Power of Y structured text
String To REAL structured text function block
SUB 255 relay ladder
Subtract structured text
function block
SWPB 299 relay ladder
Swap Byte structured text
TAN 526 relay ladder
Tangent structured text
function block
TND 450 relay ladder
Temporary End
TOD 556 relay ladder
Convert to BCD function block
TOFR 120 structured text
Timer Off Delay with Reset function block
TOF 108 relay ladder
Timer Off Delay
TONR 116 structured text
Timer On Delay with Reset function block
TON 104 relay ladder
Timer On Delay
TOT process control  [structured text
Totalizer function block
TPT 631 relay ladder
Tracepoints
TRN 561 relay ladder
Truncate function block
TRUNC 561 structured text
Truncate
uiD 454 relay ladder

User Interrupt Disable

structured text
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Instruction Locator

Notes:
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Preface

Logix5000 Controllers General Instructions

Introduction This manual is one of several Logix5000-based instruction manuals.
Task/Goal Documents
Program the controller for sequential Logix5000 Controllers General Instructions Reference Manual, publication
applications 1756-RM003

You are here I>

Program the controller for process or drives  Lagix5000 Controllers Process Control and Drives Instructions Reference Manual,

applications publication 1756-RM006

Program the controller for motion Logix5000 Controllers Motion Instruction Set Reference Manual, publication
applications 1756-RM007

Program the controller to use equipment PhaseManager User Manual, publication LOGIX-UMOO1

phases

Import a text file or tags into a project Logix5000 Controllers Import/Export Reference Manual, publication 1756-RM084

Export a project or tags to a text file
Convert a PLC-5 or SLC 500 application toa  Logix5550 Controller Converting PLC-5 or SLC 500 Logic to Logix5550 Logic Reference

Logix5000 application Manual, publication 1756-6.8.5
Who Should Use This document provides a programmer with details about each available
This Manual instruction for a Logix-based controller. You should already be familiar with

how the Logix-based controller stores and processes data.

Novice programmers should read all the details about an instruction before
using the instruction. Experienced programmers can refer to the instruction
information to verify details.
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Preface Logix5000 Controllers General Instructions

Purpose of This Manual

This manual provides a description of each instruction in this format.

This section

Provides this type of information

[nstruction name

identifies the instruction

defines whether the instruction is an input or an output instruction

Operands

lists all the operands of the instruction

if available in relay ladder, describes the operands

if available in structured text, describes the operands

E if available in function block, describes the operands

The pins shown on a default function block are only the default pins. The operands
table lists all the possible pins for a function block.

Instruction structure

lists control status bits and values, if any, of the instruction

Description

describes the instruction’s use

defines any differences when the instruction is enabled and disabled, if appropriate

Arithmetic status flags

defines whether or not the instruction affects arithmetic status flags

see appendix Common Attributes

Fault conditions

defines whether or not the instruction generates minor or major faults

if so, defines the fault type and code

Execution

defines the specifics of how the instruction operates

Example

provides at least one programming example in each available programming language

includes a description explaining each example

24

The following icons help identify language specific information:

This icon Indicates this programming language

£

relay ladder

structured text

function block
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Logix5000 Controllers General Instructions Preface

Common Information for The Logix5000 instruction set has some common attributes:
All Instruction
structions For this information See this appendix
common attributes appendix Common Attributes defines:

e arithmetic status flags
o data types
o keywords

function block attributes appendix Function Block Attributes defines:

e program and operator control
e timing modes

Conventions and Set and clear
Related Terms

This manual uses set and clear to define the status of bits (booleans) and
values (non-booleans):

This term Means

set the bit is set to 1 (ON)

a value is set to any non-zero number
clear the bit is cleared to 0 (OFF)

all the bits in a value are cleared to 0

If an operand ot parameter support more than one data type, the bold data
types indicate optimal data types. An instruction executes faster and requires
less memory if all the operands of the instruction use the same optimal data
type, typically DINT or REAL.
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Logix5000 Controllers General Instructions

26

Relay ladder rung condition

The controller evaluates ladder instructions based on the rung condition
preceding the instruction (rung-condition-in). Based on the rung-condition-in
and the instruction, the controller sets the rung condition following the
instruction (rung-condition-out), which in turn, affects any subsequent
instruction.

input instruction output instruction
— | )
e AN

rung-in rung-out
condition condition

If the rung-in condition to an input instruction is true, the controller evaluates
the instruction and sets the rung-out condition based on the results of the
instruction. If the instruction evaluates to true, the rung-out condition is true;
if the instruction evaluates to false, the rung-out condition is false.

The controller also prescans instructions. Prescan is a special scan of all
routines in the controller. The controller scans all main routines and
subroutines during prescan, but ignores jumps that could skip the execution of
instructions. The controller executes all FOR loops and subroutine calls. If a
subroutine is called more than once, it is executed each time it is called. The
controller uses prescan of relay ladder instructions to reset non-retentive 1/O
and internal values.

During prescan, input values are not current and outputs are not written. The
following conditions generate prescan:

e Toggle from Program to Run mode

¢ Automatically enter Run mode from a power-up condition.
Prescan does not occur for a program when:

® The program becomes scheduled while the controller is running;

® The program is unscheduled when the controller enters Run mode.
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Logix5000 Controllers General Instructions Preface

Function block states

IMPORTANT

When programming in function block, restrict the range of engineering units to
+/-10""1 because internal floating point calculations are done using single
precision floating point. Engineering units outside of this range may result in a loss
of accuracy if results approach the limitations of single precision floating point

(+/-10*/3%8),

The controller evaluates function block instructions based on the state of
different conditions.

Possible Condition Description

prescan Prescan for function block routines is the same as for relay ladder routines. The only difference is that the
Enableln parameter for each function block instruction is cleared during prescan.

instruction first scan Instruction first scan refers to the first time an instruction is executed after prescan. The controller uses
instruction first scan to read current inputs and determine the appropriate state to be in.

instruction first run Instruction first run refers to the first time the instruction executes with a new instance of a data structure.
The controller uses instruction first run to generate coefficients and other data stores that do not change for
a function block after initial download.

Publication 1756-RMO003K-EN-P - July 2008

Every function block instruction also includes Enableln and EnableOut
parameters:

e function block instructions execute normally when Enableln is set.

e when Enableln is cleared, the function block instruction either executes
prescan logic, postscan logic, or just skips normal algorithm execution.

e EnableOut mirrors Enableln, however, if function block execution
detects an overflow condition EnableOut is also cleared.

e function block execution resumes where it left off when Enableln
toggles from cleared to set. However there are some function block
instructions that specify special functionality, such as re-initialization,
when Enableln toggles from cleared to set. For function block
instructions with time base parameters, whenever the timing mode is
Oversample, the instruction always resumes were it left off when
Enableln toggles from cleared to set.

If the Enableln parameter is not wired, the instruction always executes as

normal and Enableln remains set. If you clear Enableln, it changes to set the
next time the instruction executes.

21
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Logix5000 Controllers General Instructions

Notes:
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Chapter 1

Introduction

FactoryTalk Alarms and Events Logix-based

Instructions
(ALMD, ALMA)

These Logix-based alarm instructions are available in relay ladder, structured
text, and function block diagram. When used with FactoryTalk View SE
software, version 5.0 and later, these instructions create an alarming system
with your visualization package. The controller detects alarm conditions and
publishes events to FactoryTalk View Alarms and Events servers that
propagate alarms to Factory Talk View SE clients that subscribe to receive
notifications.

If You Want To

Use This Instruction Available In These Languages See Page

detect alarms based on Boolean (true/false)
conditions

ALMD relay ladder 30
structured text

function block

detect alarms based on the level or rate of
change of a value

ALMA relay ladder 42
structured text

function block

Publication 1756-RMO03K-EN-P - July 2008
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Chapter 1 FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA)

Digital Alarm (ALMD)

The ALMD instruction detects alarms based on Boolean (true/false)
conditions. Program (Prog) and operator (Oper) control parameters provide
an interface for alarm commands.

Operands:
_ Relay Ladder
e 2 [ Fematrm— In relay ladder, the alarm condition input (In) is obtained from the rung
Froaek r lcagen— condition.
ProgReset ?
7 i Suppressed —
ProcDisable ?
7 H{Disabled »—
FrogEnable 7
77 = Imetr i —
hiinCurationPRE 7
hiinDurationACC 7
Operand Type Format Description
ALMD tag ALARM_DIGITAL Structure ALMD structure.
In BOOL Tag Structured text only.
Immediate
Value is copied to In when instruction executes. The alarm
input value is compared to determine whether there is an
alarm.
ProgAck BOOL Tag Value is copied to ProgAck when instruction executes. On
Immediate transition from cleared to set, acknowledges alarm (if
acknowledgement is required).
ProgReset BOOL Tag Value is copied to ProgReset when instruction executes. On
Immediate transition from cleared to set, resets alarm (if required).
ProgDisable BOOL Tag Value is copied to ProgDisable when instruction executes.
Immediate When set, disables alarm (does not override Enable
Commands).
ProgEnable BOOL Tag Value is copied to ProgEnable when instruction executes.
Immediate When set, enables alarm (takes precedence over Disable
Commands).
MinDurationPRE DINT Immediate Relay ladder only.
Specifies how long the alarm condition must be met before it
is reported (milliseconds).
MinDurationACC DINT Immediate Relay ladder only.
Indicates the number of milliseconds that have elapsed since
the alarm condition was met.

ALMD (ALMD, In, ProgAck,
ProgReset, ProgDisable,

ProgEnable) ;

30

Structured Text

The operands are the same as those for the relay ladder ALMD instruction,
with a few exceptions as indicated above.
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FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA) Chapter 1

& .

LMD _04

Lig

= In

ALMD
ital Alarm

Inflarm [

Suppressed [

[
Acked [0
o
o

Dizabled [£

Function Block

Operand Type Format Description

ALMDtag  ALARM_DIGITAL Structure ALMD structure

ALARM_DIGITAL Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Relay Ladder:

Corresponds to the rung state. Does not affect processing.

Function Block:

If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes.

Default is set.

Structured Text:

No effect. The instruction always executes.

BOOL

The digital signal input to the instruction.
Default is cleared.
Relay Ladder:

Follows the rung condition. Set if the rung condition is true. Cleared if the rung condition is
false.

Structured Text:

Copied from instruction operand.

InFault

BOOL

Bad health indicator for the input. The user application may set InFault to indicate the input
signal has an error. When set, the instruction sets InFaulted (Status.1). When cleared, the
instruction clears InFaulted (Status.1). In either case, the instruction continues to evaluate In
for alarm conditions.

Default is cleared (good health).

Condition

BOOL

Specifies how alarm is activated. When Condition is set, the alarm condition is activated
when In is set. When Condition is cleared, the alarm condition is activated when In is
cleared.

Default is set.

Publication 1756-RM003K-EN-P - July 2008 Year

Artisan Technology Group -

31

Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 1 FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA)

Input Parameter Data Type

Description

AckRequired

BOOL

Specifies whether alarm acknowledgement is required. When set, acknowledgement is
required. When cleared, acknowledgement is not required and Acked is always set.

Default is set.

Latched

BOOL

Specifies whether the alarm is latched. Latched alarms remain InAlarm when the alarm
condition becomes false, until a Reset command is received. When set, the alarm is latched.
When cleared, the alarm is unlatched.

A latched alarm can only be reset when the alarm condition is false.

Default is cleared.

ProgAck

BOOL

Set by the user program to acknowledge the alarm. Requires a cleared-to-set transition while
the alarm is unacknowledged.

Default is cleared.

Relay Ladder:

Copied from the instruction operand.
Structured Text:

Copied from the instruction operand.

OperAck

BOOL

Set by the operator interface to acknowledge the alarm. Requires a cleared-to-set transition
while the alarm is unacknowledged. The instruction clears this parameter.

Default is cleared.

ProgReset

BOOL

Set by the user program to reset the alarm. Requires a cleared-to-set transition while the
alarm is InAlarm and the In condition is not in alarm.

Default is cleared.

Relay Ladder:

Copied from the instruction operand.
Structured Text:

Copied from the instruction operand.

OperReset

BOOL

Set by the operator interface to reset the alarm. Requires a cleared-to-set transition while
the alarm is InAlarm and the In condition is not in alarm. The alarm instruction clears this
parameter.

Default is cleared.

ProgSuppress

BOOL

Set by the user program to suppress the alarm.

Default is cleared.

OperSuppress

BOOL

Set by the operator interface to suppress the alarm. The alarm instruction clears this
parameter.

Default is cleared.

32
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FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA) Chapter 1

Input Parameter Data Type Description
ProgUnsuppress BOOL Set by the user program to unsuppress the alarm. Takes precedence over Suppress
commands.
Default is cleared.
OperUnsuppress BOOL Set by the operator interface to unsuppress the alarm. Takes precedence over Suppress
commands. The alarm instruction clears this parameter.
Default is cleared.
ProgDisable BOOL Set by the user program to disable the alarm.
Default is cleared.
Relay Ladder:
Copied from the instruction operand.
Structured Text:
Copied from the instruction operand.
OperDisable BOOL Set by the operator interface to disable the alarm. The alarm instruction clears this
parameter.
Default is cleared.
ProgEnable BOOL Set by the user program to enable the alarm. Takes precedence over a Disable command.
Default is cleared.
Relay Ladder:
Copied from the instruction operand.
Structured Text:
Copied from the instruction operand.
OperEnable BOOL Set by the operator interface to enable the alarm. Takes precedence over Disable command.
The alarm instruction clears this parameter.
Default is cleared.
AlarmCountReset BOOL Set by the user program to reset the alarm count. A cleared-to-set transition resets the alarm
count to zero.
Default is cleared.
UseProgTime BOOL Specifies whether to use the controller’s clock or the ProgTime value to timestamp alarm

state change events. When set, the ProgTime value provides timestamp. When cleared, the
controller’s clock provides timestamp.

Default is cleared.
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Chapter 1 FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA)

Input Parameter Data Type Description

ProgTime LINT If UseProgTime is set, this value is used to provide the timestamp value for all events. This
lets the application apply timestamps obtained from the alarm source, such as a
sequence-of-events input module.

Severity DINT Severity of the alarm. This does not affect processing of alarms by the controller, but can be
used for sorting and filtering functions at the alarm subscriber.

Valid = 1...1000 (1000 = most severe; 1 = least severe).
Default = 500.

MinDurationPRE DINT Minimum duration preset (milliseconds) for the alarm condition to remain true before the
alarm is marked as InAlarm and alarm notification is sent to clients. The controller collects
alarm data as soon as the alarm condition is detected, so no data is lost while waiting to
meet the minimum duration.

Valid =0...2,147,483,647.
Default = 0.

Output Parameter Data Type Description

EnableOut BOOL Enable output.

InAlarm BOOL Alarm active status. Set when the alarm is active. Cleared when the alarm is not active
(normal status).

Acked BOOL Alarm acknowledged status. Set when the alarm is acknowledged. Cleared when the alarm
is not acknowledged.

Acked is always set when AckRequired is cleared.

InAlarmUnack BOOL Combined alarm active and acknowledged status. Set when the alarm is active (InAlarm is
set) and unacknowledged (Acked is cleared). Cleared when the alarm is normal (inactive),
acknowledged, or both.

Suppressed BOOL Suppressed status of the alarm. Set when the alarm is suppressed. Cleared when the alarm
is not suppressed.

Disabled BOOL Disabled status of the alarm. Set when the alarm is disabled. Cleared when the alarm is
enabled.

MinDurationACC DINT Elapsed time since the alarm was detected. When this value reaches MinDurationPRE, the
alarm becomes active (InAlarm is set), and a notification is sent to clients.

AlarmCount DINT Number of times the alarm has been activated (InAlarm is set). If the maximum value is
reached, the counter leaves the value at the maximum count value.

InAlarmTime LINT Timestamp of alarm detection.

AckTime LINT Timestamp of alarm acknowledgement. If the alarm does not require acknowledgement, this
timestamp is equal to alarm time.

RetToNormalTime LINT Timestamp of alarm returning to a normal state.

AlarmCountResetTime | LINT Timestamp indicating when the alarm count was reset.

DeliveryER BOOL Delivery error of the alarm notification message. Set when there is a delivery error: either no
alarm subscriber was subscribed or at least one subscriber did not receive the latest alarm
change state message. Cleared when delivery is successful or is in progress.
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FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA) Chapter 1

Output Parameter Data Type Description

DeliveryDN BOOL Delivery completion of the alarm notification message. Set when delivery is successful: at
least one subscriber was subscribed and all subscribers received the latest alarm change
state message successfully. Cleared when delivery does not complete successfully or is in
progress.

DeliveryEN BOOL Delivery status of the alarm notification message. Set when delivery is in progress. Cleared
when delivery is not in progress.

NoSubscriber BOOL Alarm had no subscribers when attempting to deliver the most recent message. Set when
there are no subscribers. Cleared when there is at least one subscriber.

NoConnection BOOL Alarm’s subscribers were not connected when attempting to deliver the most recent
message. Set when all subscribers are disconnected. Cleared when at least one subscriber is
connected or there are no subscribers.

CommError BOOL Communication error when delivering an alarm message. Set when there are communication
errors and all retries are used. This means that a subscriber was subscribed and it had a
connection, but the controller did not receive confirmation of message delivery. Cleared
when all connected subscribers confirm receipt of the alarm message.

AlarmBuffered BOOL Alarm message buffered due to a communication error (CommeError is set) or a lost
connection (NoConnection is set). Set when the alarm message is buffered for at least one
subscriber. Cleared when the alarm message is not buffered.

Subscribers DINT Number of subscribers for this alarm.

SubscNotified DINT Number of subscribers successfully notified about the most recent alarm state change.

Status DINT Combined status indicators:

Status.0 = InstructFault.
Status.1= InFaulted.
Status.2 = Severitylnv.

InstructFault (Status.0) | BOOL Instruction error conditions exist. This is not a minor or major controller error. Check the
remaining status bits to determine what occurred.

InFaulted (Status.1) BOOL User program has set InFault to indicate bad quality input data. Alarm continues to evaluate
In for alarm condition.

Severitylnv (Status.2) | BOOL Alarm severity configuration is invalid.

If severity <1, the instruction uses Severity = 1.

If severity >1000, the instruction uses Severity = 1000.

Publication 1756-RM003K-EN-P - July 2008 Year

Description The ALMD instruction detects alarms based on Boolean (true/false)

conditions.

The ALMD instruction provides additional functionality when used with
RSLinx Enterprise and FactoryTalk View SE software. You can display alarms
in the Alarm Summary, Alarm Banner, Alarm Status Explorer, and Alarm Log
Viewer displays in FactoryTalk View SE software.
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RSLinx Enterprise softwate subscribes to alarms in the controller. Use the
output parameters to monitor the instruction to see the alarm subscription
status and to display alarm status changes. If a connection to RSLinx
Enterprise software is lost, the controller can briefly buffer alarm data until the
connection is restored.

State Diagrams when Acknowledgement Required

Latched = False

In = Condition, MinDurationACC >= MinDurationPRE

InAlarm = False InAlarm = True
Acked = True - Acked = False

InAlarm = False InAlarm = True
Acked = False Acked = True

Latched = True

In = Condition, MinDurationACC >= MinDurationPRE

InAlarm = True
Acked = False

InAlarm = False
Acked = True

In 1= Condition, Reset?

InAlarm = True
Acked = True

" Alarm can be acked by several different ways: ProgAck, OperAck, clients (RSLogix 5000
software, RSView software).

2 Alarm can be reset by several different ways: ProgReset, OperReset, clients (RSLogix 5000
software, RSView software).
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State Diagrams when Acknowledgment Not Required

Latched = False

InAlarm = False l
-

Latched = True

InAlarm = False

In = Condition, MinDurationACC >= MinDurationPRE

z InAlarm = True Acked = True

In = Condition, MinDurationACC >= MinDurationPRE

In 1= Condition

Acked = True

Z InAlarm = True

In = Condition, Reset'

" Alarm can be reset by several different ways: ProgReset, OperReset, clients (RSLogix 5000

software, RSView software)

Arithmetic Status Flags: nonc
Fault Conditions: none

Execution:

Condition

Relay Ladder Action

prescan

The rung-condition-out is set to false.
InAlarm is cleared and Acked is set.

All operator requests, timestamps, and delivery flags are
cleared.

rung-condition-in is false

The rung-condition-out is set to false.
Enableln and EnableQut are cleared.

The In parameter is cleared, and the instruction evaluates to
determine the alarm state.

rung-condition-in is true

The rung-condition-out is set to true.
Enableln and EnableQut are set.

The In parameter is set, and the instruction evaluates to
determine the alarm state.

postscan

The rung-condition-out is set to false.
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Chapter 1 FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA)

Condition Function Block Action Structured Text Action

prescan All operator requests, timestamps, and delivery flags ~ All operator requests, timestamps, and delivery flags
are cleared. are cleared.
InAlarm is cleared and Acked is set. InAlarm is cleared and Acked is set.

instruction first scan No action taken. No action taken.

instruction first run No action taken. No action taken.

Enableln is cleared The instruction does not execute. The instruction executes.
EnableQut is cleared. EnableQOut is always set.

Enableln is set The instruction executes. The instruction executes.
EnableQut is set. EnableQut is always set.

postscan No action taken. No action taken.

ALMD Alarm Acknowledge Required and Latched

In == Condition |_|
ProgAck/OperAck |_| |_|

ProgReset/OperReset

Inputs

InAlarm

Outputs

Acked

38 Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA) Chapter 1

ALMD Alarm Acknowledge Required and Not Latched

In == Condition

ProgAck/OperAck |_| |_|

Inputs

InAlarm

Outputs

Acked

ALMD Alarm Acknowledge Not Required and Latched

In == Condition

Proghck/Operick

ProgReset/OperReset |_| —| |

InAlarm

Inputs

Outputs

Acked
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In == Condition

ALMD Alarm Acknowledge Not Required and Not Latched

(]
et
= k "
=
InAlarm —
n e
>
[= 8
)
=
(@]
Acked
Example: Two motor failure signals are combined such that if either one occurs, a motor
fault alarm is activated. Programmatically acknowledge the alarm with a
cleared-to-set transition of the Motor101Ack tag value. The application logic
must clear Motor101Ack.
Relay Ladder
Motarl M Overtemp A LD
] F Dicsital Alarm
ALWD Motor M Fault | . | HIndlarm —
hotar1 01 FaittoStarn Progack fotar! 01 Ack
] F 0& [ ocked ==
ProgReset 0
H Suppressed —
ProgDizable 0
7 Dizakled 37—
ProgEnable 0
HCInstructF ault 7 —
hinDwurationPRE 0«
hinCwration . Cic 0«
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FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA) Chapter 1

Structured Text

MotorlOlFaultConditions := MotorlOlOvertemp OR
Motorl0OlFailToStart;

ALMD (MotorlOlFault,Motorl0lFaultConditions,Motor101Ack,
0,0,0 );

Function Block

BOR_01 MotoriO1Fault
BOR .. AL AL
u] L
|h-1-:-t-:-r1D1Dxrertem|:- :ID Boolean Or Crigital Alarm
u] u]
|- — —] In1 Out— — — ] In InAdarm [=
|I‘u1t1III1F iltoSt art >|DD— Inz Progéck Acked [ |
atar ailtaSta — — In — — —F]| Frag ed [0
| )
= In3 Suppressed @
u]
= Ind | Dizabled [
o |
o tori0 1 Ak [+ —
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Chapter 1

FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA)

Analog Alarm (ALMA)

The ALMA instruction detects alarms based on the level or rate of change of
an analog value. Program (Prog) and operator (Opet) control parameters
provide an interface for alarm commands.

Operands:
_ Relay Ladder
— &nalog Llarm _—
ALMA 7 ... | HCHHInALEm —
In 7 HCHInA arm —
s O LInslsrm—
Progackal T HoLLIn&karm —
7 HROCPazinlarm i —
ProgDisable 7 HROCKeginAlarm—
77 HCHH & cked —
ProgEnabls 7 HHACked —
77 HLcked —
HHLIm 77 HLLACked 3 —
HLimit 7 {ROCMrozAcled 3
L Limit ol RO e Acked —
LLLimi 77 H Suppressed—
H Disabled —
HInstrctFaut >—
Operand Type Format Description
ALMA tag ALARM_ANALOG Structure ALMA structure.
In REAL Tag Value is copied to In when instruction executes. The alarm
DINT Immediate input value, which is compared with alarm limits to detect the
INT alarm conditions.
SINT
ProgAckAll BOOL Tag Value is copied to ProgAckAll when instruction executes. On
Immediate transition from cleared to set, acknowledges all alarm
conditions that require acknowledgement.
ProgDisable BOOL Tag Value is copied to ProgDisable when instruction executes.
Immediate When set, disables alarm (does not override Enable
Commands).
ProgEnable BOOL Tag Value is copied to ProgEnable when instruction executes.
Immediate When set, enables alarm (takes precedence over Disable
commands).
HHIimit REAL Immediate Relay ladder only.
High High alarm limit.
HLimit REAL Immediate Relay ladder only.
High alarm limit.
LLimit REAL Immediate Relay ladder only.
Low alarm limit.
LLLimit REAL Immediate Relay ladder only.
Low Low alarm limit.
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ALMA (ALMA, In, ProgAckAll,
ProgDisable, ProgEnable);

ALMA_D1

ALMA

Analog Alarm

OdlIn HHInAlam
HinAlam
LinAlam

LLInAlamm

ROCPosinAlam

RO CHegInAlam
HHAcked

HAched

LA ke d

LL Acded
ROCPosAcked

ROCHeqAded

[=J = RO =D = I =T =Ty =}

Suppressed

LI I I B C I O R B O O R C R O o)

Dizabled
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Structured Text

The operands are the same as those for the relay ladder ALMD instruction,
with a few exceptions as indicated above.

Function Block

Operand Type Format Description
ALMAtag  ALARM_ANALOG Structure ALMA structure
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ALARM_ANALOG Structure

Input Parameter Data Type Description

Enableln BOOL Relay Ladder:

Corresponds to the rung state. If cleared, the instruction does not execute and outputs are not
updated.

Structured Text:

No effect. The instruction always executes.

Function Block:

If cleared, the instruction does not execute and outputs are not updated.

Default is set.

In REAL The alarm input value, which is compared with alarm limits to detect alarm conditions.

Default = 0.0.

Relay Ladder:

Copied from the instruction operand.
Structured Text:

Copied from instruction operand.

InFault BOOL Bad health indicator for the input. The user application may set InFault to indicate the input
signal has an error. When set, the instruction sets InFaulted (Status.1). When cleared, the
instruction clears InFaulted (Status.1). In either case, the instruction continues to evaluate In for
alarm conditions.

Default is cleared (good health).

HHEnabled BOOL High High alarm condition detection. Set to enable detection of the High High alarm condition.
Clear to disable detection of the High High alarm condition.

Default is set.

HEnabled BOOL High alarm condition detection. Set to enable detection of the High alarm condition. Clear to
disable detection of the High alarm condition.
Default is set.

LEnabled BOOL Low alarm condition detection. Set to enable detection of the Low alarm condition. Clear to
disable detection of the Low alarm condition.
Default is set.

LLEnabled BOOL Low Low alarm condition detection. Set to enable detection of the Low Low alarm condition.
Clear to disable detection of the Low Low alarm condition.

Default is set.
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Input Parameter Data Type Description

AckRequired BOOL Specifies whether alarm acknowledgement is required. When set, acknowledgement is
required. When cleared, acknowledgement is not required and HHAcked, HAcked, LAcked,
LLAcked, ROCPosAcked, and ROCNegAcked are always set.

Default is set.

ProgAckAll BOOL Set by the user program to acknowledge all conditions of this alarm. Requires a cleared-to-set
transition while the alarm conditions are unacknowledged.
Default is cleared.

Relay Ladder:

Copied from the instruction operand.
Structured Text:

Copied from the instruction operand.

OperAckAll BOOL Set by the operator interface to acknowledge all conditions of this alarm. Requires a
cleared-to-set transition while the alarm conditions are unacknowledged. The alarm instruction
clears this parameter.

Default is cleared.

HHProgAck BOOL High High program acknowledge. Set by the user program to acknowledge a High High
condition. Requires a cleared-to-set transition while the alarm condition is unacknowledged.
Default is cleared.

HHOperAck BOOL High High operator acknowledge. Set by the operator interface to acknowledge a High High
condition. Requires a cleared-to-set transition while the alarm condition is unacknowledged.
The alarm instruction clears this parameter.

Default is cleared.

HProgAck BOOL High program acknowledge. Set by the user program to acknowledge a High condition. Requires
a cleared-to-set transition while the alarm condition is unacknowledged.

Default is cleared.

HOperAck BOOL High operator acknowledge. Set by the operator interface to acknowledge a High condition.
Requires a cleared-to-set transition while the alarm condition is Unacknowledged. The alarm
instruction clears this parameter.

Default is cleared.

LProgAck BOOL Low program acknowledge. Set by the user program to acknowledge a Low condition. Requires
a cleared-to-set transition while the alarm condition is unacknowledged.

Default is cleared.

LOperAck BOOL Low operator acknowledge. Set by the operator interface to acknowledge a Low condition.
Requires a cleared-to-set transition while the alarm condition is unacknowledged. The alarm
instruction clears this parameter.

Default is cleared.
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Input Parameter Data Type Description

LLProgAck BOOL Low Low program acknowledge. Set by the user program to acknowledge a Low Low condition.
Requires a cleared-to-set transition while the alarm condition is unacknowledged.

Default is cleared.

LLOperAck BOOL Low Low operator acknowledge. Set by the operator interface to acknowledge a Low Low
condition. Requires a cleared-to-set transition while the alarm condition is unacknowledged.
The alarm instruction clears this parameter.

Default is cleared.

ROCPosProgAck BOOL Positive rate of change program acknowledge. Set by the user program to acknowledge a
positive rate-of-change condition. Requires a cleared-to-set transition while the alarm condition
is unacknowledged.

Default is cleared.

ROCPosOperAck BOOL Positive rate of change operator acknowledge. Set by the operator interface to acknowledge a
positive rate-of-change condition. Requires a cleared-to-set transition while the alarm condition
is unacknowledged. The alarm instruction clears this parameter.

Default is cleared.

ROCNegProgAck BOOL Negative rate of change program acknowledge. Set by the user program to acknowledge a
negative rate-of-change condition. Requires a cleared-to-set transition while the alarm
condition is unacknowledged.

Default is cleared.

ROCNegQOperAck BOOL Negative rate of change operator acknowledge. Set by the operator interface to acknowledge a
negative rate-of-change condition. Requires a cleared-to-set transition while the alarm
condition is unacknowledged. The alarm instruction clears this parameter.

Default is cleared.

ProgSuppress BOOL Set by the user program to suppress the alarm.
Default is cleared.

OperSuppress BOOL Set by the operator interface to suppress the alarm. The alarm instruction clears this parameter.
Default is cleared.

ProgUnsuppress BOOL Set by the user program to unsuppress the alarm. Takes precedence over Suppress commands.
Default is cleared.

OperUnsuppress BOOL Set by the operator interface to unsuppress the alarm. Takes precedence over Suppress
commands. The alarm instruction clears this parameter.

Default is cleared.
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Input Parameter Data Type Description

ProgDisable BOOL Set by the user program to disable the alarm.
Default is cleared.
Relay Ladder:
Copied from the instruction operand.
Structured Text:
Copied from the instruction operand.

OperDisable BOOL Set by the operator interface to disable the alarm. The alarm instruction clears this parameter.
Default is cleared.

ProgEnable BOOL Set by the user program to enable the alarm. Takes precedence over a Disable command.
Default is cleared.
Relay Ladder:
Copied from the instruction operand.
Structured Text:
Copied from the instruction operand.

OperEnable BOOL Set by the operator interface to enable the alarm. Takes precedence over Disable command.
The alarm instruction clears this parameter.
Default is cleared.

AlarmCountReset BOOL Set by the user program to reset the alarm counts for all conditions. A cleared-to-set transition
resets the alarm counts to zero.
Default is cleared.

HHLimit REAL High High alarm limit.
Valid = HLimit < HHLimit < maximum positive float.
Default=0.0.

HHSeverity DINT Severity of the High High alarm condition. This does not affect processing of alarms by the
controller, but can be used for sorting and filtering functions at the alarm subscriber.
Valid =1...1000 (1000 = most severe; 1 = least severe).
Default = 500.

HLimit REAL High alarm limit.
Valid = LLimit < HLimit < HHLimit.
Default =0.0.
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Input Parameter Data Type Description

HSeverity DINT Severity of the High alarm condition. This does not affect processing of alarms by the controller,
but can be used for sorting and filtering functions at the alarm subscriber.

Valid =1...1000 (1000 = most severe; 1 = least severe).
Default = 500.
LLimit REAL Low alarm limit.
Valid = LLLimit < LLimit < HLimit.
Default=0.0.

LSeverity DINT Severity of the Low alarm condition. This does not affect processing of alarms by the controller,
but can be used for sorting and filtering functions at the alarm subscriber.
Valid =1...1000 (1000 = most severe; 1 = least severe).
Default = 500.

LLLimit REAL Low Low alarm limit.
Valid = maximum negative float < LLLimit < LLimit.
Default =0.0.

LLSeverity DINT Severity of the Low Low alarm condition. This does not affect processing of alarms by the
controller, but can be used for sorting and filtering functions at the alarm subscriber.
Valid = 1...1000 (1000 = most severe; 1 = least severe).

Default = 500.

MinDurationPRE DINT Minimum duration preset (milliseconds) for an alarm level condition to remain true before the
condition is marked as InAlarm and alarm natification is sent to clients. The controller collects
alarm data as soon as the alarm condition is detected, so no data is lost while waiting to meet
the minimum duration. Does not apply to rate-of-change conditions.

MinDurationPRE only applies to the first excursion from normal in either direction. For example,
once the High condition times out, the High High condition will become active immediately,
while a low condition will wait for the timeout period.
Valid =0...2,147,483,647.
Default=0.
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Input Parameter Data Type Description

Deadband REAL Deadband for detecting that High High, High, Low, and Low Low alarm levels have returned to
normal.
A non-zero Deadband can reduce alarm condition chattering if the In value is continually
changing but remaining near the level condition threshold. The Deadband value does not affect
the transition to the InAlarm (active) state. Once a level condition is active, but before the
condition will return to the inactive (normal) state, the In value must either:

e drop below the threshold minus the deadband (for High and High High conditions).
or
e rise above the threshold plus the deadband (for Low and Low Low conditions).

The Deadband is not used to condition the Minimum Duration time measurement.
Valid = 0 <Deadband < Span from first enabled low alarm to the first enabled high alarm.
Default=0.0.

ROCPosLimit REAL Limit for an increasing rate-of-change in units per second. Detection is enabled for any
value > 0.0 if ROCPeriod is also > 0.0.
Valid = 0.0...maximum possible float.
Default=0.0.

ROCPosSeverity DINT Severity of the increasing rate-of-change condition. This does not affect processing of alarms
by the controller, but can be used for sorting and filtering functions at the alarm subscriber.
Valid =1...1000 (1000 = most severe; 1 = least severe).
Default = 500.

ROCNegLimit REAL Limit for a decreasing rate-of-change in units per second. Detection is enabled for any
value > 0.0 if ROCPeriod is also > 0.0.
Valid = 0.0...maximum possible float.
Default=0.0.

ROCNegSeverity DINT Severity of the decreasing rate-of-change condition. This does not affect processing of alarms
by the controller, but can be used for sorting and filtering functions at the alarm subscriber.
Valid = 1...1000 (1000 = most severe; 1 = least severe).
Default = 500.

ROCPeriod REAL Time period in seconds for calculation (sampling interval) of the rate of change value. Each time
the sampling interval expires, a new sample of In is stored, and ROC is recalculated.
Rate-of-change detection is enabled for any value > 0.0.
Valid = 0.0...maximum possible float.
Default =0.0.
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Output Parameter

Data Type

Description

EnableOut

BOOL

Enable output.

[InAlarm

BOOL

Alarm active status. Set when any alarm condition is active. Cleared when all alarm
conditions are not active (normal status).

AnylnAlarmUnack

BOOL

Combined alarm active and acknowledged status. Set when any alarm condition is detected
and unacknowledged. Cleared when all alarm conditions are normal (inactive),
acknowledged, or both.

HHInAlarm

BOOL

High High alarm condition status. Set when a High High condition exists. Cleared when no
High High condition exists.

HinAlarm

BOOL

High alarm condition status. Set when a High condition exists. Cleared when no High
condition exists.

LInAlarm

BOOL

Low alarm condition status. Set when a Low condition exists. Cleared when no Low
condition exists.

LLInAlarm

BOOL

Low Low alarm condition status. Set when a Low Low condition exists. Cleared when no
Low Low condition exists.

ROCPosInAlarm

BOOL

Positive rate-of-change alarm condition status. Set when a positive rate-of-change
condition exists. Cleared when no positive rate-of-change condition exists.

ROCNeglnAlarm

BOOL

Negative rate-of-change alarm condition status. Set when a negative rate-of-change
condition exists. Cleared when no negative rate-of-change condition exists.

ROC

REAL

Calculated rate-of-change of the In value. This value is updated when the instruction is
scanned following each elapsed ROCPeriod. The ROC value is used to evaluate the
ROCPosInAlarm and ROCNeglnAlarm conditions.

ROC = (current sample of In — previous sample of In) / ROCPeriod

HHAcked

BOOL

High High condition acknowledged status. Set when a High High condition is
acknowledged. Always set when AckRequired is cleared. Cleared when a High High
condition is not acknowledged.

HAcked

BOOL

High condition acknowledged status. Set when a High condition is acknowledged. Always
set when AckRequired is cleared. Cleared when a High condition is not acknowledged.

LAcked

BOOL

Low condition acknowledged status. Set when a Low condition is acknowledged. Always
set when AckRequired is cleared. Cleared when a Low condition is not acknowledged.

LLAcked

BOOL

Low Low condition acknowledged status. Set when a Low Low condition is acknowledged.
Always set when AckRequired is cleared. Cleared when a Low Low condition is not
acknowledged.

ROCPosAcked

BOOL

Positive rate-of-change condition acknowledged status. Set when a positive rate-of-change
condition is acknowledged. Always set when AckRequired is cleared. Cleared when a
positive rate-of-change condition is not acknowledged.

ROCNegAcked

BOOL

Negative rate-of-change condition acknowledged status. Set when a negative
rate-of-change condition is acknowledged. Always set when AckRequired is cleared.
Cleared when a negative rate-of-change condition is not acknowledged.

HHInAlarmUnack

BOOL

Combined High High condition active and unacknowledged status. Set when the High High
condition is active (HHInAlarm is set) and unacknowledged. Cleared when the High High
condition is normal (inactive), acknowledged, or both.

HinAlarmUnack

BOOL

Combined High condition active and unacknowledged status. Set when the High condition
is active (HInAlarm is set) and unacknowledged. Cleared when the High condition is normal
(inactive), acknowledged, or both.
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Output Parameter Data Type Description

LInAlarmUnack BOOL Combined Low condition active and unacknowledged status. Set when the Low condition is
active (LInAlarm is set) and unacknowledged. Cleared when the Low condition is normal
(inactive), acknowledged, or both.

LLInAlarmUnack BOOL Combined Low Low condition active and unacknowledged status. Set when the Low Low
condition is active (LLInAlarm is set) and unacknowledged. Cleared when the Low Low
condition is normal (inactive), acknowledged, or both.

ROCPosInAlarmUnack BOOL Combined positive rate-of-change condition active and unacknowledged status. Set when
the positive rate-of-change condition is active (ROCPosInAlarm is set) and
unacknowledged. Cleared when the positive rate-of-change condition is normal (inactive),
acknowledged, or both.

ROCNeglnAlarmUnack | BOOL Combined negative rate-of-change condition active and unacknowledged status. Set when
the negative rate-of-change condition is active (ROCNegInAlarm is set) and
unacknowledged. Cleared when the negative rate-of-change condition is normal (inactive),
acknowledged, or both.

Suppressed BOOL Suppressed status of the alarm. Set when the alarm is suppressed. Cleared when the alarm
is not suppressed.

Disabled BOOL Disabled status of the alarm. Set when the alarm is disabled. Cleared when the alarm is
enabled.

MinDurationACC DINT Elapsed time since an alarm condition was detected. When this value reaches
MinDurationPRE, all detected alarm level conditions become active (xInAlarm is set), and a
notification is sent to clients.

HHInAlarmTime LINT Timestamp when the ALMA instruction detected that the In value exceeded the High High
condition limit for the most recent transition to the active state.

HHAlarmCount DINT The number of times the High High condition has been activated. If the maximum value is
reached, the counter leaves the value at the maximum count value.

HInAlarmTime LINT Timestamp when the ALMA instruction detected that the In value exceeded the High
condition limit for the most recent transition to the active state.

HAlarmCount DINT The number of times the High condition has been activated. If the maximum value is
reached, the counter leaves the value at the maximum count value.

LInAlarmTime LINT Timestamp when the ALMA instruction detected that the In value exceeded the Low
condition limit for the most recent transition to the active state.

LAlarmCount DINT The number of times the Low condition has been activated. If the maximum value is
reached, the counter leaves the value at the maximum count value.

LLInAlarmTime LINT Timestamp when the ALMA instruction detected that the In value exceeded the Low Low
condition limit for the most recent transition to the active state.

LLAlarmCount DINT The number of times the Low Low condition has been activated. If the maximum value is
reached, the counter leaves the value at the maximum count value.

ROCPosInAlarmTime LINT Timestamp when the ALMA instruction detected that the In value exceeded the positive
rate-of-change condition limit for the most recent transition to the active state.

ROCPosInAlarmCount DINT The number of times the positive rate-of-change condition has been activated. If the
maximum value is reached, the counter leaves the value at the maximum count value.

ROCNeglnAlarmTime LINT Timestamp when the ALMA instruction detected that the In value exceeded the negative
rate-of-change condition limit for the most recent transition to the active state.

ROCNegAlarmCount DINT The number of times the negative rate-of-change condition has been activated. If the

maximum value is reached, the counter leaves the value at the maximum count value.
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Output Parameter Data Type Description

AckTime LINT Timestamp of most recent condition acknowledgement. If the alarm does not require
acknowledgement, this timestamp is equal to most recent condition alarm time.

RetToNormalTime LINT Timestamp of alarm returning to a normal state.

AlarmCountResetTime | LINT Timestamp indicating when the alarm count was reset.

DeliveryER BOOL Delivery error of the alarm notification message. Set when there is a delivery error: either
no alarm subscriber was subscribed or at least one subscriber did not receive the latest
alarm change state message. Cleared when delivery is successful or is in progress.

DeliveryDN BOOL Delivery completion of the alarm notification message. Set when delivery is successful: at
least one subscriber was subscribed and all subscribers received the latest alarm change
state message successfully. Cleared when delivery does not complete successfully or is in
progress.

DeliveryEN BOOL Delivery status of the alarm notification message. Set when delivery is in progress. Cleared
when delivery is not in progress.

NoSubscriber BOOL Alarm had no subscribers when attempting to deliver the most recent message. Set when
there are no subscribers. Cleared when there is at least one subscriber.

NoConnection BOOL Alarm'’s subscribers were not connected when attempting to deliver the most recent
message. Set when all subscribers are disconnected. Cleared when at least one subscriber
is connected or there are no subscribers.

CommError BOOL Communication error when delivering an alarm message. Set when there are
communication errors and all retries are used. This means that a subscriber was subscribed
and it had a connection, but the controller did not receive confirmation of message delivery.
Cleared when all connected subscribers confirm receipt of the alarm message.

AlarmBuffered BOOL Alarm message buffered due to a communication error (Commerror is set) or a lost
connection (NoConnection is set). Set when the alarm message is buffered for at least one
subscriber. Cleared when the alarm message is not buffered.

Subscribers DINT Number of subscribers for this alarm.

SubscNotified DINT Number of subscribers successfully notified about the most recent alarm state change.

Status DINT Combined status indicators:

Status.0 = InstructFault.
Status.1 = InFaulted.
Status.2 = Severitylnv.
Status.3 = AlarmLimitsinv.
Status.4 = Deadbandinv.
Status.5 = ROCPosLimitlnv.
Status.6 = ROCNegLimitlnv.
Status.7 = ROCPeriodInv.
InstructFault (Status.0) | BOOL Instruction error conditions exist. This is not a minor or major controller error. Check the

remaining status bits to determine what occurred.
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Output Parameter Data Type Description
InFaulted (Status.1) BOOL User program has set InFault to indicate bad quality input data. Alarm continues to evaluate
In for alarm conditions.
Severitylnv (Status.2) BOOL Alarm severity configuration is invalid.
If severity <1, the instruction uses Severity = 1.
If severity >1000, the instruction uses Severity = 1000.
AlarmLimitslnv BOOL Alarm Limit configuration is invalid (for example, LLimit < LLLimit). If invalid, the instruction
(Status.3) clears all level conditions active bits. Until the fault is cleared, no new level conditions can
be detected.
DeadbandInv (Status.4) | BOOL Deadband configuration is invalid. If invalid, the instruction uses Deadband = 0.0.
Valid = 0 Deadband < Span from first enabled low alarm to the first enabled high alarm.
ROCPosLimitinv BOOL Positive rate-of-change limit invalid. If invalid, the instruction uses ROCPosLimit = 0.0,
(Status.5) which disables positive rate-of-change detection.
ROCNegLimitinv BOOL Negative rate-of-change limit invalid. If invalid, the instruction uses ROCNegLimit = 0.0,
(Status.6) which disables negative rate-of-change detection.
ROCPeriodInv (Status.7) | BOOL Rate-of-change period invalid. If invalid, the instruction uses ROCPeriod = 0.0, which

disables rate-of-change detection.

Publication 1756-RM003K-EN-P - July 2008 Year

Description The ALMA instruction detects alarms based on the level or rate of change of a

value.

The ALMA instruction provides additional functionality when used with
RSLinx Enterprise and FactoryTalk View SE software. You can display alarms
in the Alarm Summary, Alarm Banner, Alarm Status Explorer, and Alarm Log
Viewer displays in FactoryTalk View SE software.

RSLinx Enterprise software subscribes to alarms in the controller. Use the
output parameters to monitor the instruction to see the alarm subscription
status and to display alarm status changes. If a connection to RSLinx
Enterprise software is lost, the controller can briefly buffer alarm data until the
connection is restored.
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State Diagrams when Acknowledgement Required

In >= HLimit, MinDurationACC >= MinDurationPRE

HinAlarm = False HinAlarm = True
HAcked = True HAcked = False

HinAlarm = False HinAlarm = True
HAcked = False HAcked = True

1 H alarm condition can be acked by several different ways: HProgAck, HOperAck, ProgAckAll, OperAckAll,
clients (RSLogix 5000 software, RSView software).

In <= LLimit, MinDurationACC >= MinDurationPRE

LinAlarm = True
LAcked = False

LinAlarm = False
LAcked = True

LInAlarm = True
LAcked = True

LInAlarm = False
LAcked = False

1 L alarm condition can be acked by several different ways: LProgAck, LOperAck, ProgAckAll, OperAckAll,
clients (RSLogix 5000 software, RSView software).

_ In(CurrentSample) - In(PreviousSample) Where a new sample is collected on the

ROC ;
ROCPeriod next scan after the ROCPeriod has elapsed.

ROC >= RocPosLimit

RocPoslInAlarm = False RocPoslnAlarm = True
RocPosAcked = True RocPosAcked = False

RocPoslInAlarm = False RocPoslnAlarm = True
RocPosAcked = False RocPosAcked = True

T ROCPos alarm condition can be acked by several different ways: RocPosProgAck, RocPosOperAck, ProgAckAll,

OperAckAll, clients (RSLogix 5000 software, RSView software).
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In >= HHLimit, MinDurationACC >= MinDurationPRE

HHInAlarm = False HHInAlarm = True
HHAcked = True HHAcked = False

HHInAlarm = False W HHInAlarm = True
HHAcked = False HHAcked = True

1 HH alarm condition can be acked by several different ways: HHProgAck, HHOperAck, ProgAckAll, OperAckAll,
clients (RSLogix 5000 software, RSView software).

In <= LLLimit, MinDurationACC >= MinDurationPRE

LLInAlarm = True
LLAcked = False

LLInAlarm = False
LLAcked = True

LLInAlarm = True
LLAcked = True

LLInAlarm = False
LLAcked = False

1 LL alarm condition can be acked by several different ways: LLProgAck, LLOperAck, ProgAckAll, OperAckAll,
clients (RSLogix 5000 software, RSView software).

ROC <= -RocNegLimit

RocNeglInAlarm = False RocNegInAlarm = True
RocNegAcked = True RocNegAcked = False

RocNeglInAlarm = False RocNegInAlarm = True
RocNegAcked = False RocNegAcked = True

" ROCNeg alarm condition can be acked by several different ways: RocNegProgAck, RocNegOperAck, ProgAckAll,
OperAckAll, clients (RSLogix 5000 software, RSView software). ’
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Chapter 1

Arithmetic Status Flags:

Fault Conditions:

Execution:

Publication 1756-RM003K-EN-P - July 2008 Year

State Diagrams when Acknowledgement Not Required

In >= HLimit, MinDurationACC >= MinDurationPRE

HinAlarm = False l <

In < (HLimit - Deadband)

In <= LLimit, MinDurationACC >= MinDuralionPRE

LInAlarm = False l <

In > (LLimit + Deadband)

In >= HHLimit, MinDurationACC >= MinDurationPlﬂE

HHInAlarm = False l <

-t

In < (HHLimit - Deadband)

In <= LLLimit, MinDurationACC >= MinDurationPRE

LLInAlarm = False l <

-t

In > (LLLimit + Deadband)

_ In(CurrentSample) - In(PreviousSample)
ROCPeriod

ROC

ROC >= ROCPosLimit

>
RocPosInAlarm = False l <

-t

ROC < ROCPosLimit

ROC <= -ROCNegLimit

[ §

RocNeglInAlarm = False l

-t

ROC > -ROCNegLimit

HinAlarm = True HAcked = True

LInAlarm = True>

HHInAlarm = True>
LLInAlarm = True>

LAcked = True

HHAcked = True

LLAcked = True

Where a new sample is collected on the
next scan after the ROCPeriod has elapsed.

RocPosInAlarm = True RocPosAcked = True

RocNeglInAlarm = True RocNegAcked = True

Arithmetic status flags are set for the ROC output.

Minor Fault Fault Type Fault Code
ROC overflow 4 4
Condition Relay Ladder Action

prescan The rung-condition-out is set to false.

All the xInAlarm parameters are cleared and all alarm
conditions are acknowledged.

All operator requests, timestamps, and delivery flags are
cleared.

rung-condition-in is false

The instruction does not execute.

EnableQOut is cleared.
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Condition Relay Ladder Action

rung-condition-in is true The instruction executes.

EnableQut is set.

postscan The rung-condition-out is set to false.
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Condition Function Block Action Structured Text Action

prescan All operator requests, timestamps, and delivery flags ~ All operator requests, timestamps, and delivery flags
are cleared. are cleared.
All the xinAlarm parameters are cleared and all All the xinAlarm parameters are cleared and all
alarm conditions are acknowledged. alarm conditions are acknowledged.

instruction first scan No action taken. No action taken.

instruction first run No action taken. No action taken.

Enableln is cleared The instruction does not execute. The instruction executes.
EnableQut is cleared. EnableQut is always set.

Enableln is set The instruction executes. The instruction executes.
EnableOut is set. EnableOut is always set.

postscan No action taken. No action taken.
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58

Inputs

Outputs

ALMA Level Condition Acknowledge Required

ProgAckAll/OperAckAll |-| |-|

Ack Request Ack Request
Alafm Condition = HH Alarm Condition = 111 |
Gondition In Time = 7 Condition In Time = t11

Alarm Services Ack Request

InAlarm SubcCondition = H
Condition In Time = {7

HHInAlarm ; | | |

HinAlarm

LinAlarm | |

LLInAlarm

| L

HAcked

LAcked

LLAcked
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ALMA Level Condition Acknowledge Not Required

Inputs

HHInAlarm

HinAlarm

LinAlarm | |

LLInAlarm

Outputs

HHAcked

HAcked

LAcked

LLAcked
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Inputs

Outputs

60

Alarm Condition

ProgAckAll/OperAckAll

Alarm Services

ROCPosInAlarm

ROCNeglnAlarm

ROCPosAcked

ROCNegAcked

ALMA Rate of Change Acknowledge Required

Ack Request
Alarm Condition = ROCPos
H Condition In Time = {7

Ack Reguest
Alarm Condition 2 ROCMeg
Condition In Time = {6
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ALMA Rate of Change Acknowledge Not Required

’ a Nl
Alarm Condition \-//\

]
=
o
5 | ]
ROCPosInAlarm
ROCMNeglnAlarm
£
=
o
ROCPosAcked
ROCNeyAcked
Example: A tank alarm is activated if the tank level surpasses a High or High High limit.
Programmatically acknowledge all the alarm conditions with a cleared-to-set
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transition of the Tank32LevelAck tag value. The application logic must clear

Tank32LevelAck.
Relay Ladder
ALMA,
Analog Alarm
AL, Tank32Lewvel | ... HHHInAEmM>—
In Tank32LT HCHInAarm —

0& | Lindlarm»—
Progackal Tank32Leveldck HCLLInA Erm —
e | ROCPosinAlarm—

ProgDizakle 1] HCROCMegIndlarm 3 —
EHHACk e e
ProgEnahble i = HACked e
LA ke He=
HHLImit 900  [ELLAcked ==
HLimit a00e EROCPosAcked =
LLimit 00e EROCMeghcked ==
LLLirmit 00e [ Suppressed —
¢ Dizaklzd —
HCInstructF aut —

Structured Text

ALMA (Tank32Level, Tank32LT, Tank32LevelAck, 0, 0);

Function Block

Tank32Lewel
LUV T Lo
Analog Alam
mg-n—c In HHInAlarm 32
| Tank== Lewelfck >EI— — =] Progfadesll HinAlarm IID
Linalarm [
LLInAlarm IID
ROCFosIin®larm Ellj
RO CrHeglnsl arm I]D
HH Aok d 31
HAuked 31
Lo d 31
LL &ucked 31
FOCFosScked 31
ROCHeagacke d Il;
Suppressed IIEI
Diszabled
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Configure an Alarm
Instruction

ALMD Properties - Motor101Fault (Rung 1)

After you enter an ALMD or ALMA instruction and specify the alarm tag
name, use the Alarm Configuration dialog to specify the details of the message.

A LMD
— Digital Alarm
ALMD Motor1 0 FauC)—(lnAlarm}—
Progack hatar 01 Ack
D) [EAcked ==

ProgReset ]

H Suppressed —
ProgDizakle ]

7 Dizakbled 37—
ProgEnakle ]

HCInstructF aut —
flinDurationPRE 0«
flinCuration&cc 0«

Click here to configure the instruction.

The Properties dialog for the alarm instruction includes a Configuration tab.

[?l ALMA Properties - Tank32Level (Rung 2) fz]

Configuiation | Status | Paremeters| Tag | Corfiguration | Mesaapes| Stalus| Parameters| Tag |
" inpui-1 | I Latched Irput Level Input Fiats of Chanae
LG Lt Sevedity Lirnit Sevarily
e nnn :|: I Ackruossdedgrenerd Reue | ¥ High High ,qﬂni ,ﬂ Poekva: ,nni e ,ﬂ
Mivirrasm Dusstion: U = ¥ Highe (] |stn =] Megalive  [UU I CTT |
Meszoge: | J ¥ Low: 00 E | Paiiod nn #
Assicitind Taps W Lows Lo nn =
| [ Hame |Tvpe Descioion | Manium Duration. [0 s
2 Deadband: 0.0
F]
3 [E T — -
Alawm Mz [
_MewTsa., | Factoey| ak Vicw Command: [
Aam Clags: |
FachoryT ok Wisw Command |
Statuz: DK
D e Mol - 0 Disabled -
e 4 - — Shabus: UK
B Acknowbd [ @3 Suppresead B ISURES e | & 2 Alam Momal & 0
Dheliveny. 0 Dizablad -
[ Help ® Al Acknowiledged - O Supguessed .
[ —
K Cancel Help
For each alarm instruction, configure this information.
Option Description

Condition - ALMD instruction

Condition to trigger the alarm.

Select Input=1 for an active alarm when In=1. Select Input=0 for an active alarm when In=0.

Input Level - ALMA instruction

Input Rate of Change - ALMA instruction

Input Level (High High, High, Low, or Low Low) or Input Rate of Change (Positive or
Negative) to trigger an alarm.

Select the alarm conditions and enter the limits for those conditions. Disable rate-of-change
conditions by entering a 0 for the period or limit.
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Option

Description

Severity

Select a severity range from 1...1000 to rank the importance of an alarm condition. A
severity of 1 is for low priority alarms; a severity of 1000 is for an emergency condition.

By default, in the FactoryTalk Alarms and Events system, severity ranges are mapped to
priorities as follows:

e 1..250 are low priority.

e 257...500 are medium priority.
e 501...750 are high priority.

e 757...1000 are urgent priority.

You can configure the severity-to-priority mapping in the FactoryTalk Alarms and Events
system. See the FactoryTalk help for details.

Minimum Duration

Enter the amount of time in ms an alarm condition must be active before reporting the
alarm.

Latched - ALMD instruction

Select Latched if you want the alarm to stay active (InAlarm) after the alarm condition
returns to inactive (normal). Latched alarms require a reset command to transition to
normal. The reset command must be received after the condition returns to normal.

Acknowledge commands will not reset a latched alarm.

Deadband - ALMA instruction

Specify a Deadband value to reduce alarm condition chattering caused by small fluctuations
in the In value.

The deadband value does not affect the alarm limit for the transition into the active state,
and is also not used during the Minimum Duration interval.

Once a level condition becomes active (InAlarm), it will remain active until the In value
crosses back over the limit by the specified deadband. For example, if the High limit is 80,
the Low limit is 20, and the Deadband is 5, the High condition will be active at > 80 and
return to normal at </5; the Low condition will be active at <20 and return to normal at > <
25.

The Deadband has no effect on Rate of Change alarm conditions.

Acknowledgement Required

Alarms are configured to require acknowledgement by default. Acknowledgement indicates
that an operator is aware of the alarm condition, whether or not conditions have returned to
normal.

Clear the Acknowledgement Required setting when you want the alarm to appear and
disappear from the Alarm Summary on the HMI with no operator interaction.

Alarms that do not require acknowledgement always have the Acked status set.

If a digital alarm is configured as latched, the reset command also acknowledges the alarm.
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Option

Description

Alarm class

Use the alarm class to group related alarms. Specify the alarm class exactly the same for
each alarm you want in the same class. The alarm class is case sensitive.

For example, specify class Tank Farm A to group all the tank alarms for a specific area. Or
specify class Control Loop to group all alarms for PID loops.

You can then display and filter alarms at the HMI based on the class. For example, an
operator can display all tank alarms or all PID loop alarms.

The alarm class does not limit the alarms that an Alarm Summary object subscribes to. Use
the alarm class to filter the alarms that display to an operator once they have been received
by the Alarm Summary object. FactoryTalk View software can filter the alarm class
substituting wild cards for characters.

View command

Execute a command on the operator station when requested by an operator for a specific
alarm. This lets an operator execute any standard FactoryTalk View command, such as call
specific faceplates and displays, execute macros, access help files, and launch external
applications. When the alarm condition occurs and is displayed to the operator, a button on
the summary and banner displays lets the operator run an associated view command.

Be careful to enter the correct command syntax and test the command at runtime as there is
no error checking performed when the command is entered.

Enter Alarm Message Text

Publication 1756-RM003K-EN-P - July 2008 Year

You can edit all aspects of the alarm configuration offline and online. Online
edits of new and existing alarms are immediately sent to FactoryTalk
subscribers (legacy HMI terminals that are just polling the tags do not
automatically update). FactoryTalk subscribers do not have to re-subscribe to
receive updated information. Online changes automatically propagate from
the controller alarm structure to the rest of the architecture.

Enter appropriate message text to display when an alarm condition is active
(InAlarm). For an ALMD instruction, you enter the message information on
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the Configuration tab. For an ALMA instruction, you enter the message
information on the Message tab.

ALMD Properties - Motor101Fault (Rung 1) [‘;l ALMA Properties - Tank32Level (Rung 2) [‘Zl
Conlfiguation | Status| Peremeters| T | Contiguistion Messa08 | Status | Pesemetess| Tap |
g TN~ I ko Low
Severiy: o0 =] W Akt Reuel Hgakigtol] =l
Mirirums Dusoliors [0 = s HOE |
Meszago: | J | J
Low Low. | [
Azzociated Tags
| Hame |Tume Dioscaiption | Fiate 0fChange
| Poshrve: | |
F] Meoative: | =]
F]
5 Broriced Tags
| M | Ty | Dievuniption |
MNew Tag.. J
H
Aam Clags: | 2
[
FachoryT ok Wisw Command |
Hew Tag
Stauz: OF
2 Alame Momnal - 2 Digablad - s (12
# 0 Suppressed
B Acknowbedged - B Sippesss S © Alas Homal i
Defives 2 Disalibal -
[ Help ® ALAcknowledged - & Supsresscd &
Diedivery
Uh | Concel Help
To define an alarm message, specify this information.
Option Description

Message string

The message string contains the information to display to the operator regarding the alarm.
In addition to entering text, you can also embed variable information. In the alarm message
editor, select the variable you want and add it anywhere in the message string.

The message string can have a maximum of 255 characters, including the characters that
specify any embedded variables (not the number of characters in the actual values of the
embedded variables). For example, /*S:0 %Tag1*/ specifies a string tag and adds 13
characters towards the total string length, but the actual value of the string tag could
contain 82 characters.

You cannot programmatically access the alarm message string from the alarm tag. To
change the alarm message based on specific events, configure one of the associated tags
as a string data type and embed that associated tag in the message.

You can have multiple language versions of messages. You enter the different language via
the import/export utility. For more information, see page 68.

Associated tags

You can select as many as four additional tags from the controller project to associate with
the alarm. The values of these tags are sent with an alarm message to the alarm server. For
example, a digital alarm for a pressure relief valve might also include information such as
pump speed and tank temperature.

Associated tags may be any atomic data type (BOOL, DINT, INT, SINT, or REAL) or a STRING.
They may be elements in a UDT or an Array. Variable array references are not allowed. If the
alarm is controller-scoped, the associated tags must also be controller-scoped.

Optionally, embed the associated tags into the message text string.

Associated tag values are always sent with the alarm, viewable by the operator, and
entered in the history log, regardless of whether you embed them in the message string.
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Message String Variables

You can embed this variable information in a message string.

Variable Embeds in the Message String Default Code Added to Message String
Alarm name The name of the alarm, which consists of the /*S:0 %AlarmName*/

controller name, program name, and tag name. For

example,

[Zone1Controller]Program:Main.MyAlarmTagName.

Condition name The condition that triggers the alarm: /*S:0 %$ConditionName*/
o digital alarm displays the trip.

e analog alarm displays HiHi, Hi, Lo, Lolo,
ROC_POS, or ROC_NEG.

Input value The input value to the alarm: /*N:5 $InputValue NOFILL DP:0%*/

o digital alarm displays 0 or 1.

e analog alarm displays the value of the input
variable being monitored by the alarm.

Limit value The threshold of the alarm: /*N:5 %$LimitValue NOFILL DP:0*/
o digital alarm displays 0 or 1.

e analog alarm displays the actual configured range
check for the analog alarm condition.

Severity The configured severity of the alarm condition. /*N:5 %Severity NOFILL DP:0*/
Values of associated tags ~ The value of a tag configured to be included withthe /*N:5 $Tagl NOFILL DP:0*/
alarm event.
The code varies depending on the type of tag you select, how many digits or
characters are in a tag value, and whether you want to left fill the empty bits
with spaces or zeroes. For example:
Tag Code
BOOL value /*N:1 $Tagl NOFILL DP:0*/
DINT value, 9 digits, space left fill /*N:9 %Tag2 SPACEFILL DP:0*/

REAL input value, 9 digits (includes decimal), 3 digits after /*N:9 %InputValue NOFILL DP:3*/
decimal, zero left fill

REAL value, 8 digits (includes decimal), 4 digits after /*N:8 %$Tag3 ZEROFILL DP:4%/
decimal, zero left fill

String value, no fixed width /*S:0 $Tagd*/

String value, 26 characters, fixed width /*S:26 %Tagd*/

All of this variable information is included with the alarm data, viewable by the
operator, and entered in the history log, regardless of whether you embed the
information in the message text.
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Multiple Language Versions of Alarm Messages

You can maintain alarm messages in multiple languages. Either enter the
different languages in the associated language versions of RSLogix 5000
programming software or in an import/export (.CSV or .TXT) file.

You can access alarm message text from an import/export (CSV or [TXT) file
and add additional lines for translated versions of the original message string,

Messages in different languages use ISO language codes in the TYPE column.
Alarm message text, including embedded variable codes, for the operator is in
the DESCRIPTION column. The SPECIFIER identifies the alarm condition.

TYPE SCOPE  MNAME DESCRIFTION DATATYPE SFPECIFIER
TAG almal ALARM ANALOG
ALMMSGE en-us alma’l HH alarm for aperatar in English HH
ALMMEG: en-us alman H alarm for operatar in English H
ALMMEG: en-us alman L alarm far aperator in English L
ALMMEG: en-us alman LL alarm for operator in English LL
ALMMEG: en-us alman ROC positive alarm for operator in English POS
ALMMEG: en-us alman ROC positive alarm for operator in English MNEG
ALMMEG: de-ch alman HH Mlitteilung fir den Operator auf Deutsch HH
ALMMEG: de-ch alman H Mitteilung fir den Operator auf Deutsch H
TAG almd1 ALARM DIGITAL
ALMMSG en-us almd1 digital alarm for operator in English A

Use the import/export utility to create and translate message strings into
multiple languages. The .TXT import/export format supports double-byte
characters, so you can use this format for all languages, including Chinese,
Japanese, and Korean. The .CSV import/export format does not support
double-byte characters.

Importing and exporting messages always performs a merge. Deleting a
message in a .CSV or .-TXT file does not delete the message from the .ACD
file. To delete a message, import the .CSV or .TXT file with the type, name,
and specifier fields filled in but the description blank.
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Monitor Alarm Status

ALMD Properties - Motor101Fault (Rung 1)

On the Status tab of the alarm dialog, monitor the alarm condition,
acknowledge an alarm, disable an alarm, suppress an alarm, or reset an alarm.
Use the dialog selections to see how an alarm behaves, without needing an
operational HMI.

ALMA Properties - Tank32Level (Rung 2) fz]

Corbiguiations  Staus | Pasametess | Tag | Conbiguiation| Mesaages Staluvl Paometers| Tag |
A Al abarm bimes ane duplayed mn the workstabon bme zone of (LM 1 D5:0U). i) Al alam times are dicplaved in the warketation fme 20ne of [GMT-05:001
Iry &l Lewval Rate OF Change
Tme:
Acknowlodas 2 High High (0] |+ # tcknovtedged O Posiive ) |+ © Acknoriedged
Time: I Alsarn Time: Iy Al Tie:
Rebun To . .
Mormal Time: O High [3) |- ® Acknowledged () Megative (0] |- & Acknowladged
Ailanm Courd Iy Alerrs Tiene: Iy Aliarrs Tiene:
Flemsel Tioe .
e Lawll) « ® Acknoviodged
Subsoiibars: 0 I Al Time:
Subsoriber Connaction:  Yer Lo Lowe (1) = @ Aokrossiedgel
Nobed Subscrbess: 0 Iy Akser T -
Cammmrizalan Fron N
Buiferad: Mo Ackronded Subscrbe o
cort : e e
. Fewim To Subscaiber Lonnechion:  es
Iormal Time: Watified Subscibers: o
Alarm Court Comenumicabion Crve: N
Riezat Time:
Bufferad: Na
Status: 0K
2 Al N | 2 Dizabled
2 Alarm: Momal 4& D Digal - -
9 5 rssmd
® Acknowkged s D Suppress e - -
i @ Disabled |4-
[ Help ® AlAcknovlsdged - O Supprerved -
Delivary:
oK. | Concel | Help
- . .
Buffe"ng Alarms In order to receive controller-based alarm messages, alarm clients (such as an
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RSLinx Enterprise server) must establish a subscription to the alarms in the
Logix controller. The controller maintains a connection to each subscriber and
monitors the status of that connection.

As alarm state changes occur, the alarm instructions in the controller cache the
necessary information (such as timestamps and associated tag values) and
request the transmission of the alarm message to all of the subscribers. The
publisher mechanism delivers the alarm messages to each subscriber as quickly
as possible.

If any subscriber fails to confirm receipt of the alarm message, or if the
connection to a known subscriber is not good, the publisher mechanism stores
the undelivered alarm messages in a 100 KB buffer. Each subscriber has its
own buffer so communication problems with one subscriber do not interfere
with alarm delivery to other subscribers. When the buffer is full, newer alarm
messages are discarded. The buffer is created when the subscriber establishes
its initial connection and is maintained for a configurable length of time
(0...120 minutes, default is 20 minutes) after a subscriber loses its connection.

When the subscriber re-establishes a connection within the buffer timeout
interval, it obtains the current state of all alarms, begins to receive current
alarm messages, and also uploads any buffered messages that may have
accumulated. Even if the buffer was full, and messages were discarded, the
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Programmatically Access

Alarm Information

subscribers accurately synchronize to the current state of the alarms (including
the most recent InAlarmTime, RetToNormalTime, and AckTime timestamps).

The buffer continues until is filled. Once filled, the buffer stops adding alarm
transitions until space is made available in the buffer by the subscriber.

Each alarm instruction has an alarm structure that stores alarm configuration
and execution information. The alarm structure includes both Program and
Operator control elements and operator elements. The alarm instructions do
not use mode settings to determine whether program access or operator access
is active, so these elements are always active.

There are three ways to perform actions on an alarm instruction.

Access Alarm Structure Elements Considerations
User program o ProgAck Use controller logic to programmatically access elements of the
o ProgReset alarming system. For example, the control program can determine
whether to disable a series of alarms that are related to a single
o ProgSuppress root cause. For example, the control program could disable an alarm
e ProgDisable instruction, MyDigitalAlarm of data type ALARM_DIGITAL, by
« ProgEnable accessing the tag member MyDigitalAlarm.ProgDisable.
Custom HMI o OperAck Create a custom HMI faceplate to access elements of the alarming

e OperReset

system. For example, if the operator needs to remove a tool, rather
than manually disable or suppress alarms individually from the

e OperSuppress alarming screens, the operator can press a disable key that
o OperDisable accesses a tag MyDigitalAlarm.OperDisable.

e OperEnable

Operator parameters work with any Rockwell Automation or
third-party operator interface to allow control of alarm states.

When an operator parameter is set, the instruction evaluates
whether it can respond to the request, then always resets the
parameter.

Standard HMI object

Not accessible Normal operator interaction is through the alarm summary, alarm

banner, and alarm status explorer objects in the FactoryTalk View
application. This interaction is similar to the custom HMI option
described above, but there is no programmatic visibility or
interaction.

70

When you create an alarm instruction, you must create and assign a tag of the
correct alarm data type for that alarm. For example, create MyDigitalAlarm of
data type ALARM_DIGITAL. In relay ladder, these instruction parameters
must be entered on the instruction:

® ProgAck

® ProgReset
e ProgDisable
e ProgEnable
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FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA) Chapter 1

In relay ladder and structured text, the value or tag you assign to an instruction
parameter (such as ProgAck) is automatically written to the alarm tag member
(such as MyAnalogAlarm.ProgAck) each time the instruction is scanned.

In relay ladder and structured text, if you want to programmatically access the
alarm structure, assign the structure tag to the parameter on the instruction.
For example, to use MyAnalogAlarm.ProgAck in logic, assign the tag

MyAnalogAlarm.ProgAck to the ProgAck parameter.

oL b,
— Analog Alarm
AL b, by Analogilarm | | HCHHInARRm 3 —
In Amplituclet CHIRAlarm —
00«  HLinAlarm>—
Progackall My &nalogalarm Progackal HCLLINAErm —
0& HCROCPozinAkarm—
Proglizakle My Analogslarm ProgDisakble HCROCMegIndlarm —
& ECHHACKed =
ProgEnakle hyAnalogslarm ProgEnakle B HA Cked ==
0& [ELAcked e
HHLimit 10000 €  [ELLAcked Je=
HLirmnit 100.0 [ ROCPosACked e
LLirmit 200«  ECROCHegSCched e
LLLimit 100«  HSuppressed —
I Dizatled 3—
HCInstructFaut >—

sllppress or Disable Alarms Suppress alarms to remove alarms you know exist from the HMI but still keep

the alarms alive. This lets you clear the alarm summary while you are resolving
a known alarm without continuing to view alarm information. A suppressed
alarm does not appear on the operator summary or banner screens, but a
suppressed alarm is still sent to subscribers, logged in the historical database,
able to transition alarm status, time stamped, and responsive to other
programmatic or operator interactions.

e When an alarm is Suppressed, it continues to function normally,
monitor the In parameter for alarm conditions, and respond to
Acknowledge requests. All subscribers are notified of this event, and any
alarm messages generated while the alarm is in the Suppressed state
include the Suppressed status. Alarm clients can respond differently to
Suppressed alarms. For example, suppressed alarms can be logged to the
historical database but not annunciated to the operator.

® When an alarm is Unsuppressed, all subscribers are notified and alarm
messages to subscribers no longer include the Suppressed status.

Disable an alarm to treat the alarm as if it does not exist in the control
program. A disabled alarm does not transition alarm status or get logged in the
historical database. A disabled alarm is still tracked, and can be re-enabled, in
the Alarm Status Explorer in FactoryTalk View SE software.

e When an alarm is Disabled, all of its conditions are set to the initial state
(InAlarm is cleared and Acked is set). The In parameter is not
monitored for alarm conditions. All subsctibers are notified of this
event.

e When an alarm is Enabled, it begins to monitor the In parameter for
alarm conditions. All subscribers are notified of this event.
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Chapter 1 FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA)

Controller-based Alarm

Execution

Controller-based alarms process inputs from two soutces.

Source

Description

Alarm tag members

Alarm tag members are, for the most part, processed when the user application scans the
alarm instruction. This includes:

processing changes to configuration parameters.
evaluating the alarm condition.

measuring elapsed time for MinDuration.

capturing InAlarmTime and RetToNormalTime timestamps.

e capturing associated tag values.
e processing Prog and Oper commands.

In addition, these alarm tag status members are updated as alarm messages are delivered
to each subscriber, asynchronously to the program scan:

o DeliveryEN, DeliveryER, DeliveryDN
e NoSubscriber, NoConnection, CommError, AlarmBuffered, SubscNotified

Client messages

Client messages are processed as they are received, asynchronously to the program scan.

¢ Reset, Acknowledge, Disable/Enable, and Suppress/Unsuppress commands from an
RSLogix 5000 terminal

¢ Reset, Acknowledge, Disable/Enable, and Suppress/Unsuppress commands from a
FactoryTalk View SE alarm subscriber

12

Use care when determining where to place alarm instructions in the
application. The accuracy of the timestamps are affected by how quickly the
instruction is scanned after the alarm condition changes state. MinDuration
time accumulation and Rate of Change calculations require repeated scanning,
within time intervals determined by the user application. Alarm instructions
must continue to be scanned after the alarm condition becomes false, so that
the ReturnToNormal transition may be detected. For example, if you desire
10 ms accuracy on timestamps, you could place the alarm instructions that
need that resolution in a 10 ms periodic task.
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FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA) Chapter 1

Controller Memory Use

As a guideline use the following alarm sizes for a rough calculation of
controller memory usage:

e Typically 1 KB per digital alarm with no associated tags

Digital Alarm Example Approximate Size

Digital alarm with no associated tags and this configuration: 1012 bytes

¢ Alarm message: Contactor Fault
e Alarm Class: Tank Farm A

Digital alarm with two associated tags and this configuration: 1100 bytes

¢ Alarm message: Contactor Fault

e Alarm Class: Tank Farm A

¢ Associated Tag 1 = DINT data type
o Associated Tag 2 = DINT data type

Digital alarm with two associated tags and this configuration: 1522 bytes

e Alarm message: Contactor Fault

e Alarm Class: Tank Farm A

¢ Associated Tag 1 = DINT data type

o Associated Tag 2 = STRING data type
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Chapter 1 FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA)

e Typically 2.2 KB per analog alarm with no associated tags

Analog Alarm Example Approximate Size

Analog alarm with no associated tags and this configuration: 22728 bytes

o HH Alarm message: Level Alarm

o H Alarm Message: Level Alarm

o | Alarm Message: Level Alarm

o LL Alarm Message: Level Alarm

¢ Rate of Change Positive Message: Fill Too Fast

¢ Rate of Change Negative Message: Empty Too Fast
e Alarm Class: Tank Farm A

Analog alarm with two associated tags and this configuration: 2604 bytes

e HH Alarm message: Level Alarm

o H Alarm Message: Level Alarm

o | Alarm Message: Level Alarm

o LL Alarm Message: Level Alarm

¢ Rate of Change Positive Message: Fill Too Fast

¢ Rate of Change Negative Message: Empty Too Fast
o Alarm Class: Tank Farm A

o Associated Tag 1 = DINT data type

o Associated Tag 2 = DINT data type

Analog alarm with two associated tags and this configuration: 4536 bytes

o HH Alarm message: Level Alarm

e H Alarm Message: Level Alarm

o | Alarm Message: Level Alarm

o LL Alarm Message: Level Alarm

¢ Rate of Change Positive Message: Fill Too Fast

¢ Rate of Change Negative Message: Empty Too Fast
o Alarm Class: Tank Farm A

¢ Associated Tag 1 = DINT data type

o Associated Tag 2 = STRING data type

Longer message strings, as well as message strings for multiple languages,
consume additional memory from your controller.

Actual memory usage will depend on how the alarm is configured, message
length, and any associated tags passed with the alarm.
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FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA) Chapter 1

Scan Time

These execution times show how ALMD instructions and ALMA instructions

affect total scan time.

Rung State Execution Times
Digital Alarm (ALMD) | Analog Alarm (ALMA)
No Alarm State Rung False | 8 s 17 us
Change Rung True | 8 s 60 us
Alarm State Change | Rung False | 35 us 17 us
Rung True | 35us 126 ps

An alarm state change is any event that changes the condition of the alarm,
such as acknowledging or suppressing the alarm. Minimize the potential for a
large number of alarms changing state simultaneously (alarm bursts) by
creating dependencies on related alarms. Large alarm bursts can have a
significant impact on application code scan time.
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Chapter 1 FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA)

Notes:
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Chapter Z

Bit Instructions
(XIC, XI0, OTE, OTL, OTU, ONS, OSR, OSF. OSRI, 0SFI)

Introduction Use the bit (relay-type) instructions to monitor and control the status of bits.
If You Want To Use This Instruction Available In These Languages See Page
enable outputs when a bit is set XIC relay ladder 78

structured text'!

enable outputs when a bit is cleared XI0 relay ladder 80
structured text!!
set a bit OTE relay ladder 82

structured text'!!

set a bit (retentive) 0TL relay ladder 84
structured text!!)
clear bit (retentive) 0TU relay ladder 86

structured text'!)

enable outputs for one scan each time a ONS relay ladder 88

rung goes true structured text!"

set a bit for one scan each time a rung OSR relay ladder 91
goes true

set a bit for one scan each time the rung OSF relay ladder 94
goes false

set a bit for one scan each time the input bit is OSRI structured text 96
set in function block function block

set a bit for one scan each time the input bit is OSFI structured text 99
cleared in function block function block

0" There is no equivalent structured text instruction. Use other structured text programming to achieve the same result. See the description for the instruction.
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Chapter2  Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Examine If C|osed (XlC) The XIC instruction examines the data bit to see if it is set.
Operands:
. Relay Ladder
—E Operand Type Format Description
data bit BOOL tag bit to be tested
| Structured Text

Structured text does not have an XIC instruction, but you can achieve the
same results using an IF..THEN construct.

IF data bit THEN
<statement>;

END IF;

See Appendix 641B, Function Block Attributes for information on the syntax
of constructs within structured text.

Description: The XIC instruction examines the data bit to see if it is set.
Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true +

data bit=0

rung-condition-out is
set to false

examine data bit

data bit=1

rung-condition-out is set
to true -

Y

postscan The rung-condition-out is set to false.
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Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFl) ~ Chapter 2

Example 1: 1f /imit_switch_1 is set, this enables the next instruction (the rung-condition-out
is true).

Relay Ladder

‘ [irmit_zwibch_1
J1LC
L

Structured Text

IF limit switch THEN
<statement>;

END IF;

Example 2: 1f 5:17is set (indicates that an overflow has occurred), this enables the next
instruction (the rung-condition-out is true).

Relay Ladder

L
=

Structured Text

IF S:V THEN
<statement>;

END IF;
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Chapter2  Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Examine If Open (XlO) The XIO instruction examines the data bit to see if it is cleared.
Operands:
Relay Ladder
_]? — Operand Type Format Description
data bit BOOL tag bit to be tested
| Structured Text

Structured text does not have an XIO instruction, but you can achieve the
same results using an IF..THEN construct.

IF NOT data bit THEN
<statement>;

END IF;

See Appendix 641B, Function Block Attributes for information on the syntax
of constructs within structured text.

Description: The XIO instruction examines the data bit to see if it is cleared.
Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true ¢

data bit=0

rung-condition-out is
set to true

examine data bit

data bit=1

rung-condition-out is set
to false |

Y

postscan The rung-condition-out is set to false.

80 Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFl) ~ Chapter 2

Example 1: If limit_switch_2 is cleared, this enables the next instruction (the
rung-condition-out is true).

Relay Ladder

‘ lirmit_zwitch_2
J/F
L

Structured Text

IF NOT limit switch 2 THEN
<statement>;

END IF;

Example 2: 1f 5:17is cleared (indicates that no overflow has occurred), this enables the
next instruction (the rung-condition-out is true).

Relay Ladder

L
=

Structured Text

IF NOT S:V THEN
<statement>;

END IF;
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Chapter2  Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Output Energize (OTE)

Operands:

Description:

Arithmetic Status Flags:

Fault Conditions:

The OTE instruction sets or clears the data bit.

Relay Ladder
Operand Type Format Description
data bit BOOL tag bit to be set or cleared

Structured Text

Structured text does not have an OTE instruction, but you can achieve the
same results using a non-retentive assignment.

data bit [:=] BOOL expression;

See Appendix 641B, Function Block Attributes for information on the syntax
of assignments and expressions within structured text.

When the OTE instruction is enabled, the controller sets the data bit. When
the OTE instruction is disabled, the controller clears the data bit.

not affected

none
Execution:
Condition Relay Ladder Action
prescan The data bit is cleared.

The rung-condition-out is set to false.

rung-condition-in is false

The data bit is cleared.

The rung-condition-out is set to false.

rung-condition-in is true

The data bit is set.

The rung-condition-out is set to true.

postscan

The data bit is cleared.

The rung-condition-out is set to false.
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Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFl) ~ Chapter 2

Example: When switch is set, the OTE instruction sets (turns on) /ght_1. When switch is
cleared, the OTE instruction clears (turns off) /ght 1.

Relay Ladder
‘ awitch light_1 ‘
1 E oo

| 1 -

Structured Text

light 1 [:=] switch;
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Chapter2  Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Output Latch (OTL)

Operands:

Description:

Arithmetic Status Flags:

Fault Conditions:

The OTL instruction sets (latches) the data bit.

Relay Ladder
Operand Type Format Description
data bit BOOL tag bit to be set

Structured Text

Structured text does not have an OTL instruction, but you can achieve the
same results using an IE..THEN construct and an assignment.

IF BOOL expression THEN
data bit := 1;
END IF;

See Appendix 641B, Function Block Attributes for information on the syntax

of constructs, expressions, and assighments within structured text.
When enabled, the OTL instruction sets the data bit. The data bit remains set
until it is cleared, typically by an OTU instruction. When disabled, the OTL

instruction does not change the status of the data bit.

not affected

none
Execution:
Condition Relay Ladder Action
prescan The data bit is not modified.

The rung-condition-out is set to false.

rung-condition-in is false

The data bit is not modified.

The rung-condition-out is set to false.

rung-condition-in is true

The data bit is set.

The rung-condition-out is set to true.

postscan

The data bit is not modified.

The rung-condition-out is set to false.

84
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Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFl) ~ Chapter 2

Example: When enabled, the OTL instruction sets /Zgh_2. This bit remains set until it is
cleared, typically by an OTU instruction.

Relay Ladder

light_2 ‘
Ig.f]_“.

Structured Text

IF BOOL expression THEN
light 2 := 1;
END IF;
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Chapter2  Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Output Unlatch (0TU)

Operands:

Description:

Arithmetic Status Flags:

Fault Conditions:

Execution:

The OTU instruction clears (unlatches) the data bit.

Relay Ladder
Operand Type Format Description
data bit BOOL tag bit to be cleared

Structured Text

Structured text does not have an OTU instruction, but you can achieve the
same results using an IF..THEN construct and an assignment.

IF BOOL expression THEN
data bit := 0;
END IF;

See Appendix 641B, Function Block Attributes for information on the syntax

of constructs, expressions, and assighments within structured text.

When enabled, the OTU instruction clears the data bit. When disabled, the
OTU instruction does not change the status of the data bit.

not affected

none

Condition

Relay Ladder Action

prescan

The data bit is not modified.

The rung-condition-out is set to false.

rung-condition-in is false

The data bit is not modified.

The rung-condition-out is set to false.

rung-condition-in is true

The data bit is cleared.

The rung-condition-out is set to true.

postscan

The data bit is not modified.

The rung-condition-out is set to false.
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Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFl) ~ Chapter 2

Example: When enabled, the OTU instruction clears /ight 2.
Relay Ladder

light_2 ‘
IR

Structured Text

IF BOOL expression THEN
light 2 := 0;
END IF;
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Chapter2  Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Description

internal storage bit

stores the rung-condition-in from the last
time the instruction was executed

The ONS instruction enables or disables the remainder of the rung, dependin
ne ono g, dep g
on the status of the storage bit.
Operands:
Relay Ladder
?
_[oNsT- Operand Type Format
storage bit ~ BOOL tag
| Structured Text

Structured text does not have an ONS instruction, but you can achieve the
same results using an IF.. THEN construct.

IF BOOL expression AND NOT storage bit THEN

<statement>;
END IF;
storage bit := BOOL expression;

See Appendix 641B, Function Block Attributes for information on the syntax
of constructs, expressions, and expressions within structured text.

Description: When enabled and the storage bit is cleared, the ONS instruction enables the
remainder of the rung, When disabled or when the storage bit is set, the ONS
instruction disables the remainder of the rung.

Arithmetic Status Flags: not affected

Fault Conditions: none

88

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFl) ~ Chapter 2

Execution:

Condition

Relay Ladder Action

prescan

The storage hit is set to prevent an invalid trigger during the first scan.

The rung-condition-out is set to false.

rung-condition-in is false

The storage hit is cleared.

The rung-condition-out is set to false.

rung-condition-in is true

examine storage bit

storage bit =1

storage bit remains set

-

storage bit = 0 storage bit is set

rung-condition-out is

rung-condition-out is set

-

y

postscan

The storage bit is cleared.

The rung-condition-out is set to false.

Example: You typically precede the ONS instruction with an input instruction because

Publication 1756-RMO003K-EN-P - July 2008

you scan the ONS instruction when it is enabled and when it is disabled for it
to operate correctly. Once the ONS instruction is enabled, the
rung-condition-in must go clear or the storage bit must be cleared for the
ONS instruction to be enabled again.
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Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSF)

90

On any scan for which /Jmit_switeh_1 is cleared or storage_1 is set, this rung has
no affect. On any scan for which Zmit_switch_1 is set and storage_1 is cleared,
the ONS instruction sets sforage_1 and the ADD instruction increments sz by
1. As long as /imit_switch_1 stays set, sum stays the same value. The
limit_swirch_1 must go from cleared to set again for sum to be incremented

again.
Relay Ladder
lirmit_zwitch_1  storage_1 A 00
] E [ONST] Add
Source & 2um
0+
Source B 1
Dzt Fum
0+

Structured Text

IF limit switch 1 AND NOT storage 1 THEN

sum := sum + 1;
END IF;
storage 1 := limit switch 1;
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Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFl) ~ Chapter 2

isi The OSR instruction sets or clears the output bit, depending on the status of
ne ot hising p P g
the storage bit.

This instruction is available in structured text and function block as OSRI, see

page 96.
Operands:
Relay Ladder
0sh Operand Type Format Description
— Ore Shat Rising - COBT— P : P : P :
Storage Bit 7 SB—  storage bit  BOOL tag internal storage bit
Cutput Bit ?
stores the rung-condition-in from the last
time the instruction was executed
output hit BOOL tag bit to be set

Description: When enabled and the storage bit is cleared, the OSR instruction sets the
output bit. When enabled and the storage bit is set or when disabled, the OSR
instruction clears the output bit

rung condition in

_

storage bit

output bit J s o0

instruction is instruction resets during
executed next scan execution
Arithmetic Status Flags: not affected
Fault Conditions: none
Execution:
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Chapter2  Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)
Condition Relay Ladder Action
prescan The storage bit is set to prevent an invalid trigger during the first scan.

The output bit is cleared.

The rung-condition-out is set to false.

rung-condition-in is false

The storage bit is cleared.

The output bit is not modified.

The rung-condition-out is set to false.

rung-condition-in is true

examine storage bit

storage bit =1

storage bit remains set

storage bit=0
—

storage bit is set

output bit is set

output bit is cleared

y

postscan

The storage bit is cleared.

The output bit is not modified.

The rung-condition-out is set to false.

92

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFl) ~ Chapter 2

Example: Each time Zmit_switeh_1 goes from cleared to set, the OSR instruction sets
output_bit_1 and the ADD instruction increments s# by 5. As long as
limit_switch_1 stays set, sum stays the same value. The Zmit_switch_1 must go
from cleared to set again for sum to be incremented again. You can use
output_bit_1 on multiple rungs to trigger other operations

[irmit_zwibch_1 Osk
] E One Shat Rising 0B
Starage Bit storage_bit_1 | SB—
Cutput Bit output_bit_1
output_bit_1 A 00
JE Add
Source &, Fum
0+
Source B a
Dzt Fum
0+
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Chapter2  Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

One Shot Fa""]g (OSF) The OSF instruction sets or clears the output bit depending on the status of
the storage bit.

This instruction is available in structured text and function block as OSFI, see

page 99.
Operands:
Relay Ladder Operands
0O5F Operand Type Format Description
— i (] - - -
gtr;?aagguéifa"mg 5 :ESB))j storage bit ~ BOOL tag internal storage bit
Cutput Bit ? o
stores the rung-condition-in from the last
time the instruction was executed
output bit BOOL tag bit to be set

Description: When disabled and the storage bit is set, the OSF instruction sets the output
bit. When disabled and the storage bit is cleared, or when enabled, the OSF

instruction clears the output bit.

o o0

rung condition in 4( U
o 00

storage bit 4( —|—,7

ouputbit ., 4|
b

instruction is instruction resets during
executed next scan execution
Arithmetic Status Flags: not affected
Fault Conditions: none
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Execution:

Condition

Relay Ladder Action

prescan

The storage bit is cleared to prevent an invalid trigger during the first scan.

The output bit is cleared.

The rung-condition-out is set to false.

rung-condition-in is false

examine storage bit

storage bit =1

storage bit is cleared

storage bit=0

storage bit remains cleared

output bit is cleared

output hit is set

>
i

rung-condition-in is true

The storage hit is set.

The output bit is cleared.

The rung-condition-out is set to true.

postscan

See rung-condition-in is false above.

Example:

[irmit_zwibch_1
J1LC

Each time Zmit_switeh_1 goes from set to cleared, the OSF instruction sets
output_bit_2 and the ADD instruction increments s## by 5. As long as
limit_switch_1 stays cleared, sum stays the same value. The /Jimit_switeh_1 must go
from set to cleared again for s to be incremented again. You can use
output_bit 2 on multiple rungs to trigger other operations.

J

output_bit_2
1F

J

Publication 1756-RMO003K-EN-P - July 2008

Q5F
Ore Shat Falling I |y
Storage Bit storage_hit?  —SBT—
Cutput Bit output_bit_2
A0D
Add
Source &, Fum
0+
Source B a
Dzt Fum
0+
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Chapter2  Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

One Shot RlSIﬂg with Input The OSRI instruction sets the output bit for one execution cycle when the
(OSR” input bit toggles from cleared to set.

This instruction is available in relay ladder as OSR, see page 91.

Operands:
OSRI (OSRI_tag); Structured Text
Operand Type Format Description
OSRItag FBD_ONESHOT structure OSRI structure
E Function Block
OSRI_tag
o - Operand Type Format Description
Hne Shot Rising with Input OSRItag FBD_ONESHOT structure  OSRI structure
[ InputBit CutputBit [
FBD_ONESHOT Structure
Input Parameter Data Type Description
Enableln BOOL Function Block:
If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes.
Default is set.
Structured Text:
No effect. The instruction executes.
InputBit BOOL Input bit. This is equivalent to rung condition for the relay ladder OSR instruction.
Default is cleared.
Output Parameter Data Type Description
EnableOut BOOL The instruction produced a valid result.
OutputBit BOOL Output bit
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Chapter 2

Description: When InputBit is set and InputBit, ; is cleared, the OSRI instruction sets
OutputBit. When InputBit,_; is set or when InputBit is cleared, the OSRI

instruction clears OutputBit.

InputBit

—

InputBit, 4

OutputBit

instruction is
executed

Arithmetic Status Flags: not affected

Fault Conditions: none

b4

I

instruction resets during
next scan execution 40048

Execution:
Condition Function Block Action Structured Text Action
prescan No action taken. No action taken.

instruction first scan

InputBit .4 is set.

InputBit .4 is set.

instruction first run

InputBit .1 is set.

InputBit .y is set.

Enableln is cleared

EnableQut is cleared, the instruction does nathing,
and the outputs are not updated.

na

Enableln is set

On a cleared to set transition of InputBit, the
instruction sets InputBit ;.

The instruction executes.

EnableOut is set.

On a cleared to set transition of InputBit, the
instruction sets InputBit ;.

Enableln is always set.

The instruction executes.

postscan

No action taken.

No action taken.
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Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSF)

98

Example: When Zmit_switchl goes from cleared to set, the OSRI instruction sets

OutputBit for one scan.

Structured Text

OSRI _0l1l.InputBit := limit switchl;

OSRI (OSRI_01) ;

State := OSRI_ 01.OutputBit;

Function Block

OSRI_04

u}

limit_amitch1 [ — —]

One Shot Rising with Input

InputBit

OsRI ;J

Outputditf— — I State |
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Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Chapter 2

One Shot Falling with Input

(OSFI)

Operands:

OSFI (OSFI tag);

B O5FI_tag

The OSFI instruction sets the OutputBit for one execution cycle when the

InputBit toggles from set to cleared.

This instruction is available in relay ladder as OSEF, see page 94.

Structured Text

Operand Type Format Description

OSFl tag FBD_ONESHOT structure OSFI structure

Function Block

OSF = —
Operand Type Format Description
One Shot Falling with Input
o OSFl tag FBD_ONESHOT structure OSFI structure
[ InputBit CutputBit [
FBD_ONESHOT Structure
Input Parameter Data Type Description
Enableln BOOL Function Block:
If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes.
Default is set.
Structured Text:
No effect. The instruction executes.
InputBit BOOL Input bit. This is equivalent to rung condition for the relay ladder OSF instruction
Default is cleared.
Output Parameter Data Type Description
EnableOut BOOL The instruction produced a valid result.
OutputBit BOOL Output bit
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Chapter2  Bit Instructions (XIC, XIO, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Description: When the InputBit is cleared and the InputBit , 4 is set, the OSFI instruction
sets the OutputBit. When InputBit _; is cleared or when InputBit is set, the
OSFI instruction clears the OutputBit.

I o 00 U
InputBit

o 00
InputBit .4 U

OutpuBit ~ —— e e j—
b

instruction is instruction resets during
executed next scan execution 40047
Arithmetic Status Flags: not affected
Fault Conditions: none
Execution:
Condition Function Block Action Structured Text Action
prescan No action taken. No action taken.
instruction first scan InputBit .4 is cleared. InputBit ,.q is cleared.
instruction first run InputBit .4 is cleared. InputBit .4 is cleared.
Enableln is cleared EnableQut is cleared, the instruction does nothing,  na
and the outputs are not updated.
Enableln is set On a cleared to set transition of InputBit, the On a cleared to set transition of InputBit, the
instruction clears InputBit ;. instruction clears InputBit ;.
The instruction executes. Enableln is always set.
EnableQOut is set. The instruction executes.
postscan No action taken. No action taken.
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Example: When /limit_switchl goes from set to cleared, the OSFI instruction sets
OutputBit for one scan.

Structured Text

OSFI 0l.InputBit := limit switchl;
OSFI (OSFI_01);
Output state := OSFI 01.OutputBit;

Function Block

OSFI_02

OsF| _I

One Shot Falling with Input

) )
limit_switch1 o — =] InputBit OutputBit F— —— El Ouput_state
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Notes:
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Chapter 3

Timer and Counter Instructions
(TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

Introduction Timers and counters control operations based on time or the number
of events.
If You Want To Use This Instruction Available In These Languages See Page
time how long a timer is enabled TON relay ladder 104
time how long a timer is disabled TOF relay ladder 108
accumulate time RTO relay ladder 112
time how long a timer is enabled with built-in TONR structured text 116

reset in function block
function block

time how long a timer is disabled with built-in TOFR structure text 120
reset in function block
function block

accumulate time with built-in reset in function RTOR structured text 124
block

function block
count up CTu relay ladder 128
count down CTD relay ladder 132
count up and count down in function block CTUD structured text 136

function block

reset a timer or counter RES relay ladder 141

The time base for all timers is 1 msec.
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Chapter 3 Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

Timer On Delay (TON) The TON instruction is a non-retentive timer that accumulates time when the
instruction is enabled (rung-condition-in is true).

This instruction is available in structured text and function block as TONR,

see page 116.

Operands:
Relay Ladder
TOM -
—1 Timer On Delay | N Operand Type Format Description
Timer 7 DN— Timer TIMER tag timer structure
Preszet 7
Acoum ? Preset DINT immediate  how long to delay (accumulate time)
Accum DINT immediate  total msec the timer has counted
initial value is typically 0
TIMER Structure
Mnemonic Data Type Description
EN BOOL The enable hit indicates that the TON instruction is enabled.
IT BOOL The timing bit indicates that a timing operation is in process
.DN BOOL The done bit is set when .ACC > .PRE.
.PRE DINT The preset value specifies the value (1 msec units) which the accumulated value must reach
before the instruction sets the .DN hit.
ACC DINT The accumulated value specifies the number of milliseconds that have elapsed since the
TON instruction was enabled.
Description: The TON instruction accumulates time until:
e the TON instruction is disabled
e the ACC = .PRE
The time base is always 1 msec. For example, for a 2-second timer, enter 2000
for the .PRE value.
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES) Chapter 3

When the TON instruction is disabled, the .ACC value is cleared.

rung condition in
timer enable bit (.EN) I

timer timing bit (.TT) J‘
|

timer done bit (.DN)

!
N
!
[=%
@O
Qo =
T

preset

[ timer did not reach \ |

.PRE value
N i 7

16649

timer accumulated value (.ACC) g

A timer runs by subtracting the time of its last scan from the time now:
ACC = ACC + (current time- last time scanned)

After it updates the ACC, the timer sets 1ast time scanned=
current time. This gets the timer ready for the next scan.

IMPORTANT Mak,e sure to scan the timer at least every 69 minutes while it runs. Otherwise, the ACC value
won't be correct.

The 1ast time scannedvalue has arange of up to 69 minutes. The timer’s
calculation rolls over if you don't scan the timer within 69 minutes. The ACC value won't be
correct if this happens.

While a timer runs, scan it within 69 minutes if you put it in a:

e subroutine

e section of code that is between JMP and LBL instructions
e sequential function chart (SFC)

e gvent or periodic task

o state routine of a phase

Arithmetic Status Flags: not affected

Fault Conditions:

A Major Fault Will Occur If  Fault Type Fault Code
PRE<D 4 34
ACC<0 4 34
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Chapter 3 Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

Execution:
Condition Relay Ladder Action
prescan The .EN, .TT, and .DN bits are cleared.
The .ACC value is cleared.
The rung-condition-out is set to false.
rung-condition-in is false The .EN, .TT, and .DN hits are cleared.

The .ACC value is cleared.

The rung-condition-out is set to false.

rung-condition-in is true

v

examine .DN bit

DN bit=1

.EN bit is set
examine .EN bit

TT bitis set

ENbit=1

TThitis set examine .ACC ACC= PRE

ACC = .ACC + (current_time - last_time)

i AACC < PRE \ /

DN is set

TT bit is cleared

.ACC value no - I

rolls over A

yes rung-condition-out is set to
true

ACC =2,147,483,647

postscan The rung-condition-out is set to false.
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

Chapter 3

Example: When /limit_switch_1 is set, light_2 is on for 180 msec (Zimer_1 is timing). When
timer_1.acc reaches 180, lght_2 goes off and /fight 3 goes on. Light 3 remains on
until the TON instruction is disabled. If Zmit_switch_1 is cleared while #mzer 1

is timing, /ght 2 goes off.

[irmit_zwibch_1 TOM
1 E Timer On Drelay - EM
Tirmner timer 1 —DMN3—
Preset 180 €
Accum ne
tirner_1.t light_2
Slgs =
L
timer_1.dn light_3
T s
L
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

Timer Off Delay (TOF)

The TOF instruction is a non-retentive timer that accumulates time when the
instruction is enabled (rung-condition-in is false).

This instruction is available in structured text and function block as TOFR, see

page 120.

Operands:
Relay Ladder
TOF ings
—{ Timer O Delay | cen Operand Type Format Description
;lmEFt 3 —DNa— Timer TIMER tag timer structure
(=0 ¢
Acoum ? Preset DINT immediate  how long to delay (accumulate time)
Accum DINT immediate  total msec the timer has counted
initial value is typically 0

TIMER Structure
Mnemonic Data Type Description
EN BOOL The enable bit indicates that the TOF instruction is enabled.
IT BOOL The timing bit indicates that a timing operation is in process
.DN BOOL The done bit is cleared when .ACC > .PRE.
.PRE DINT The preset value specifies the value (1 msec units) which the accumulated value must reach

before the instruction clears the .DN bit.
ACC DINT The accumulated value specifies the number of milliseconds that have elapsed since the TOF
instruction was enabled.
Description: The TOF instruction accumulates time until:
o the TOF instruction is disabled
e the . ACC = .PRE
The time base is always 1 msec. For example, for a 2-second timer, enter 2000
for the .PRE value.
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When the TOF instruction is disabled, the .ACC value is cleared.

rung condition in I
|

E—

| [ ]

| L

| [

\ | |
timer timing bit (.TT) } } } [

| | I

i 1 f

| o

| L

timer enable bit (.EN)

\ \
timer done bit (.DN) ‘

| \
OFF delay
< e

preset

|
7
timer accumulated value (.ACC) |
0

timer did not reach .PRE value

16650

A timer runs by subtracting the time of its last scan from the time now:
ACC=ACC+ (current_time- last time scanned)

After it updates the ACC, the timer sets last time scanned=
current time. This gets the timer ready for the next scan.

IMPORTANT I\/Iak'e sure to scan the timer at least every 69 minutes while it runs. Otherwise, the ACC value
won't be correct.

The last time scannedvalue has arange of up to 69 minutes. The timer's
calculation rolls over if you don't scan the timer within 69 minutes. The ACC value won't be
correct if this happens.

While a timer runs, scan it within 69 minutes if you put it in a:

e subroutine

o section of code that is between JMP and LBL instructions
e sequential function chart (SFC)

e event or periodic task

e state routine of a phase

Arithmetic Status Flags: not affected

Fault Conditions:

A Major Fault Will Occur If  Fault Type Fault Code
PRE<O 4 34
ACC<0 4 34
Execution:
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Condition Relay Ladder Action
prescan The .EN, .TT, and .DN bits are cleared.

The .ACC value is set to equal the .PRE value.

The rung-condition-out is set to false.

rung-condition-in is false

v

examine .DN bit DN bit=0

DN bit=1

.EN bit is cleared

examine .EN bit
TT bitis set

ENbit=0

TT bit is set examine ACC AACC > PRE

AACC = .ACC + (current_time - last_time)

y

' ACC < .PRE :
DN is cleared

T bitis cleared

no
ACC value <

rolls over A

yes rung-condition-out is set to
false

ACC =2,147,483,647

rung-condition-in is true The .EN, .TT, and .DN bits are set.
The .ACC value is cleared.

The rung-condition-out is set to true.

postscan The rung-condition-out is set to false.
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Example: When /limit_switch_2 is cleared, /ight 2 is on for 180 msec (#imer_2 is timing).
When #imer_2.acc reaches 180, /ight 2 goes oft and /ight_3 goes on. Light 3
remains on until the TOF instruction is enabled. If Zwit switch 2 is set while
timer_2 1s timing, /ght_2 goes off.

lirmit_zwitch_2 TOF
] E Tirner O Dielay —CEM
Tirmner timer 2 —CDMN3—
Prezet 180
Accum ne
tirmer_2. tt light_2
7 T
L
timer_2.dn light_3
-y == 7
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

Retentive Timer On (RTO)

The RTO instruction is a retentive timer that accumulates time when the
instruction is enabled.

This instruction is available in structured text and function block as RTOR, see

page 124,

Operands:
Relay Ladder
RTO inti
1 Retentive Timer On | cEN Operand Type Format Description
ILimer 3 —DN2—  Timer TIMER tag timer structure
reszet ‘
Acoum 7 Preset DINT immediate  how long to delay (accumulate time)
Accum DINT immediate  number of msec the timer has counted
initial value is typically 0
TIMER Structure
Mnemonic Data Type Description
EN BOOL The enable it indicates that the RTO instruction is enabled.
IT BOOL The timing bit indicates that a timing operation is in process
.DN BOOL The done bit indicates that .ACC > .PRE.
.PRE DINT The preset value specifies the value (1 msec units) which the accumulated value must reach
before the instruction sets the .DN bit.
ACC DINT The accumulated value specifies the number of milliseconds that have elapsed since the RTO
instruction was enabled.

Description: The RTO instruction accumulates time until it is disabled. When the RT'O
instruction is disabled, it retains its .ACC value. You must clear the .ACC value,
typically with a RES instruction referencing the same TIMER structure.
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The time base is always 1 msec. For example, for a 2-second timer, enter 2000
for the .PRE value.

rung condition in

|
timer enable bit (.EN) \ \

|
. . . \ |
rung condition that controls RES instruction ‘ | ‘m | | ‘W
| \
| \
| \
|
I
|
|
|
|
|

|
timer timing bt (TT) J‘\_j—‘

timer done bit (.DN)

preset

|
timer accumulated value (.ACC) ~ = 16651

0 timer did not reach .PRE value

A timer runs by subtracting the time of its last scan from the time now:
ACC = ACC + (current _time- last time scanned)

After it updates the ACC, the timer sets last time scanned=
current time. This gets the timer ready for the next scan.

IMPORTANT I\/Iak’e sure to scan the timer at least every 69 minutes while it runs. Otherwise, the ACC value
won't be correct.

The Iast time scannedvalue has arange of up to 69 minutes. The timer's
calculation rolls over if you don't scan the timer within 69 minutes. The ACC value won't be
correct if this happens.

While a timer runs, scan it within 69 minutes if you put it in a:

e subroutine

e section of code that is between JMP and LBL instructions
e sequential function chart (SFC)

e gvent or periodic task

e state routine of a phase

Arithmetic Status Flags: not affected

Fault Conditions:

A Major Fault Will Occur If  Fault Type Fault Code
PRE<D 4 34
ACC<0 4 34
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Execution:

Condition

Relay Ladder Action

prescan

The .EN, .TT, and .DN bits are cleared.

The .ACC value is not modified.

The rung-condition-out is set to false.

rung-condition-in is false

The .EN and .TT bits are cleared.
The .DN bit is not modified.
The .ACC value is not modified.

The rung-condition-out is set to false.

rung-condition-in is true

Y

examine .DN bit

DN bit=0

examine .EN bit

DN bit=1

.EN bit is set

TT bit is set

TT bit is set

ACC = .ACC + (current_time - last_time)

'

ACC value
rolls over

yes

ACC =2,147,483,647

examine .ACC

ACC > .PRE

y

DN is set

ACC < .PRE

TT bitis cleared

- I

true

rung-condition-out is set to

postscan

The rung-condition-out is set to false.
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Chapter 3

Example: When /limit_switch_1 is set, light_1 is on for 180 msec (Zimer_2 is timing). When

timer_3.acc reaches 180, /ght_1 goes off and /ight_2 goes on. Light 2 remains

until zmer_3 is reset. If limit_switch_2 is cleared while #imer_3 is timing, /ight 1
remains on. When Amit_switch_2 is set, the RES instruction resets #mer_3

(clears status bits and .ACC value).

[irmit_zwibch_1 RT0O
1 E Retertive Timer On - EM
Tirmner timer_ 3 | DMN3—
Preset 180 €
Accum ne
birmer_3.t light_1
1T T
L
timer_3.dn light_2
TLC T
L
lirmit_zwitch_2 timer_3
Tk RES —
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Timer On Delay with Reset

(TONR)

The TONR instruction is a non-retentive timer that accumulates time when
TimerEnable is set.

This instruction is available in relay ladder as two separate instructions: TON

(see page 104) and RES (see page 141).

Operands:
TONR (TONR_tag) ; Structured Text
Variable Type Format Description
TONR tag FBD_TIMER structure TONR structure
E o L Function Block
Timer On Delay with Reset Operand  Type Format Description
B TimerEnable At TONR tag FBD_TIMER structure TONR structure
O FRE oH [
B Resst FBD_TIMER Structure
Input Parameter Data Type Description
Enableln BOOL Function Block:
If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes.
Default is set.
Structured Text:
No effect. The instruction executes.
TimerEnable BOOL If set, this enables the timer to run and accumulate time.
Default is cleared.

PRE DINT Timer preset value. This is the value in Tmsec units that ACC must reach before timing is
finished. If invalid, the instruction sets the appropriate bit in Status and the timer does
not execute.

Valid = 0 to maximum positive integer

Reset BOOL Request to reset the timer. When set, the timer resets.
Default is cleared.

Output Parameter Data Type Description

EnableQut BOOL The instruction produced a valid result.

ACC BOOL Accumulated time in milliseconds.

EN BOOL Timer enabled output. Indicates the timer instruction is enabled.

1T BOOL Timer timing output. When set, a timing operation is in progress.
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Input Parameter Data Type Description

DN BOOL Timing done output. Indicates when the accumulated time is greater than or equal to the
preset value.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL

The instruction detected one of the following execution errors. This is not a minor or major
controller error. Check the remaining status bits to determine what occurred.

Presetlnv (Status.1) BOOL

The preset value is invalid.

Description: The TONR instruction accumulates time until the:

timer accumulated value (ACC) g

Publication 1756-RMO003K-EN-P - July 2008

enable bit (EN)
timer timing bit (TT)

timer done bit (DN)

e TONR instruction is disabled
e ACC 2PRE

The time base is always 1 msec. For example, for a 2-second timer, enter 2000
for the PRE value.

TimerEnable
|| | |

|

N

i

preset

L
o
o

® o

3 =

<4

\
timer did not | | 16649
Hﬂ‘i reach PRE value | ‘

Set the Reset input parameter to reset the instruction. If TimerEnable is set
when Reset is set, the TONR instruction begins timing again when Reset is
cleared.

A timer runs by subtracting the time of its last scan from the time now:

ACC = ACC + (current time- last time scanned)
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Chapter 3 Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

After it updates the ACC, the timer sets last time scanned=
current time. This gets the timer ready for the next scan.

Make sure to scan the timer at least every 69 minutes while it runs. Otherwise, the ACC value

IMPORTANT )
won't be correct.

The last time scannedyvalue has arange of up to 69 minutes. The timer's
calculation rolls over if you don't scan the timer within 69 minutes. The ACC value won't be

correct if this happens.

While a timer runs, scan it within 69 minutes if you put it in a:

e subroutine

e section of code that is between JMP and LBL instructions

e sequential function chart (SFC)
e event or periodic task
e state routine of a phase

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Function Block Action Structured Text Action
prescan No action taken. No action taken.

instruction first scan

EN, TT and DN are cleared.

ACC value is set to 0.

EN, TT and DN are cleared.

ACC value is set to 0.

instruction first run

EN, TT and DN are cleared.

ACC value is set to 0.

EN, TT and DN are cleared.

ACC value is set to 0.

Enableln is cleared

EnableQut is cleared, the instruction does nothing,
and the outputs are not updated.

na

Enableln is set

\When Enableln transitions from cleared to set, the
instruction initializes as described for instruction
first scan.

The instruction executes.

EnableOut is set.

Enableln is always set.

The instruction executes.

reset When the Reset input parameter is set, the When the Reset input parameter is set, the
instruction clears EN, TT and DN and sets instruction clears EN, TT and DN and sets
ACC = zero. ACC = zero.
postscan No action taken. No action taken.
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES) Chapter 3

Example: Each scan that it _switchT is set, the TONR instruction increments the ACC
value by elapsed time until the ACC value reaches the PRE value. When ACC
2 PRE, the DN parameter is set, and #mer_state is set.

Structured Text

TONR 0l.Preset := 500;
TONR _Ol.Reset : = reset;
TONR Ol.TimerEnable := limit switchl;

TONR (TONR_O01) ;

timer state := TONR 01.DN;

Function Block Example

TONR_0A

TONR =

Timer On Delay with Rezet

u] u]
limit_snitzh1 [ — —— —fz| TimerEnable ACC O
u]
o’ — —a ez
a00
oo [ — — — —¢f s
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Chapter 3 Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

Timer Oﬁ Delay W|th Reset The TOFR instruction is a non-retentive timer that accumulates time when
(TOFR) TimerEnable is cleared.

This instruction is available in relay ladder as two separate instructions: TOF

(see page 108) and RES (see page 141).

Operands:
TOFR (TOFRﬁtag) : structured TeXt
Variable Type Format Description
TOFR tag FBD_TIMER structure TOFR structure
E T Function Block Operands
Timer Off Delay with Reset Operand Type Format Description
B TimerEnable e TOFR tag FBD_TIMER structure TOFR structure
O FRE DH [0
E| Rezeat
FBD_TIMER Structure
Input Parameter Data Type Description
Enableln BOOL Function Block:
If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes.
Default is set.
Structured Text:
No effect. The instruction executes.
TimerEnable BOOL If cleared, this enables the timer to run and accumulate time.
Default is cleared.

PRE DINT Timer preset value. This is the value in Tmsec units that ACC must reach before timing is
finished. If invalid, the instructions sets the appropriate bit in Status and the timer does
not execute.

Valid = 0 to maximum positive integer

Reset BOOL Request to reset the timer. When set, the timer resets.
Default is cleared.

Output Parameter Data Type Description

EnableQut BOOL The instruction produced a valid result.

ACC BOOL Accumulated time in milliseconds.

EN BOOL Timer enabled output. Indicates the timer instruction is enabled.
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES) Chapter 3

Input Parameter Data Type Description

T BOOL Timer timing output. When set, a timing operation is in progress.

DN BOOL Timing done output. Indicates when accumulated time is greater than or equal to preset.
Status DINT Status of the function block.

InstructFault (Status.0) BOOL

The instruction detected one of the following execution errors. This is not a minor or major
controller error. Check the remaining status hits to determine what occurred.

Presetlnv (Status.1) BOOL

The preset value is invalid.

Description: The TOFR instruction accumulates time until the:
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\
e
timer accumulated value (ACC) ; |

e TOFR instruction is disabled
e ACC 2PRE

The time base is always 1 msec. For example, for a 2-second timer, enter 2000
for the PRE value.

TimerEnable

\
enable bit (EN) ;
\

[

|

]

|

timer timing bit (TT) } \
\

timer done bit (DN) | ‘
L

b

preset

* 16650

timer did not reach PRE value

Set the Reset input parameter to reset the instruction. If TimerEnable is
cleared when Reset is set, the TOFR instruction does not begin timing again
when Reset is cleared.

A timer runs by subtracting the time of its last scan from the time now:

ACC = ACC + (current time- last time scanned)
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

After it updates the ACC, the timer sets last time scanned=
current time. This gets the timer ready for the next scan.

IMPORTANT

won't be correct.

Make sure to scan the timer at least every 69 minutes while it runs. Otherwise, the ACC value

The last time scannedyvalue has arange of up to 69 minutes. The timer's
calculation rolls over if you don't scan the timer within 69 minutes. The ACC value won't be

correct if this happens.

While a timer runs, scan it within 69 minutes if you put it in a:

e subroutine

e section of code that is between JMP and LBL instructions

e sequential function chart (SFC)
e event or periodic task
e state routine of a phase

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Function Block Action Structured Text Action
prescan No action taken. No action taken.

instruction first scan

EN, TT and DN are cleared.

ACC value is set to PRE.

EN, TT and DN are cleared.

ACC value is set to PRE.

instruction first run

EN, TT and DN are cleared.

ACC value is set to PRE.

EN, TT and DN are cleared.

ACC value is set to PRE.

Enableln is cleared

EnableQut is cleared, the instruction does nothing,
and the outputs are not updated.

na

Enableln is set

\When Enableln transitions from cleared to set, the
instruction initializes as described for instruction
first scan.

The instruction executes.

EnableQut is set.

Enableln is always set.

The instruction executes.

reset When the Reset input parameter is set, the When the Reset input parameter is set, the
instruction clears EN, TT and DN and sets instruction clears EN, TT and DN and sets
ACC = PRE. Note that this is different than usinga ~ ACC = PRE. Note that this is different than using a
RES instruction on a TOF instruction. RES instruction on a TOF instruction.
postscan No action taken. No action taken.
Example: FEach scan after /imit_switch1 is cleared, the TOFR instruction increments the
ACC value by elapsed time until the ACC value reaches the PRE value. When
ACC 2 PRE, the DN parameter is cleared, and zmer_state2 is set.
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES) Chapter 3
Structured Text
TOFR 0l.Preset := 500
TOFR 0l.Reset := reset;
TOFR Ol.TimerEnable := limit switchl;
TOFR (TOFR_01) ;
timer state2 := TOFR 01.DN;
Function Block
TOFR_01
TOFR o |
Timer Off Drelay with Reset
1] 1]
:| — — g TimeEnable accp
on o — et |
500
m- r— —=| Reset
]
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Chapter 3 Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

Retentive Timer On with
Reset (RTOR)

Operands:

RTOR (RTOR tag) ;

E RTOR =
Retentive Timear On with Rezet
El TimerEnable ALC
O FRE LN
E| Rezeat

]

The RTOR instruction is a retentive timer that accumulates time when
TimerEnable is set.

This instruction is available in relay ladder as two separate instructions: RTO
(see page 112) and RES (see page 141).

Structured Text

Variable Type Format Description
RTOR tag FBD_TIMER structure RTOR structure

Function Block Operands

Operand Type Format Description
RTOR tag FBD_TIMER structure RTOR structure

FBD_TIMER Structure

Input Parameter Data Type

Description

Enableln BOOL Function Block:
If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes.
Default is set.
Structured Text:
No effect. The instruction executes.

TimerEnable BOOL If set, this enables the timer to run and accumulate time.
Default is cleared.

PRE DINT Timer preset value. This is the value in Tmsec units that ACC must reach before timing is
finished. If invalid, the instruction sets the appropriate bit in Status and the timer does
not execute.
Valid = 0 to maximum positive integer

Reset BOOL Request to reset the timer. When set, the timer resets.

Output Parameter Data Type Description

EnableQOut BOOL The instruction produced a valid result.

ACC DINT Accumulated time in milliseconds. This value is retained even while the TimerEnable input is
cleared. This makes the behavior of this block different than the TONR block.

EN BOOL Timer enabled output. Indicates the timer instruction is enabled.

T BOOL Timer timing output. When set, a timing operation is in progress.
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES) Chapter 3

Input Parameter Data Type Description
DN BOOL Timing done output. Indicates when accumulated time is greater than or equal to preset.
Status DINT Status of the function block.

InstructFault (Status.0) BOOL

The instruction detected one of the following execution errors. This is not a minor or major
controller error. Check the remaining status bits to determine what occurred.

Presetlnv (Status.1) BOOL

The preset value is invalid.

Description:

|
timer timing bit (TT) J‘\_j—‘

timer done bit (DN)

timer accumulated value (ACC) [+
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Artisan Technology Group -

W \ \

| |
enable bit (EN) l \ ! \

\ \

\ \

\ \

The RTOR instruction accumulates time until it is disabled. When the RTOR
instruction is disabled, it retains its ACC value. You must clear the .ACC value
using the Reset input.

The time base is always 1 msec. For example, for a 2-second timer, enter 2000
for the PRE value.

TimerEnable

Reset ‘ | ‘W
|
\
\
|
I
|
|
|
|
|

|

\

i

|

|

|

f—— preset
;rr
"_'_,_,_,7 ‘ 16651

timer did not reach PRE value

Set the Reset input parameter to reset the instruction. If TimerEnable is set
when Reset is set, the RTOR instruction begins timing again when Reset is
cleared.

A timer runs by subtracting the time of its last scan from the time now:

ACC=ACC+ (current time- last time scanned)
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Chapter 3 Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

After it updates the ACC, the timer sets last time scanned=
current time. This gets the timer ready for the next scan.

Make sure to scan the timer at least every 69 minutes while it runs. Otherwise, the ACC value

IMPORTANT )
won't be correct.

The last time scannedyvalue has arange of up to 69 minutes. The timer's
calculation rolls over if you don't scan the timer within 69 minutes. The ACC value won't be

correct if this happens.

While a timer runs, scan it within 69 minutes if you put it in a:

e subroutine

e section of code that is between JMP and LBL instructions

e sequential function chart (SFC)
e event or periodic task
e state routine of a phase

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Function Block Action Structured Text Action
prescan No action taken. No action taken.

instruction first scan

EN, TT and DN are cleared

ACC value is not modified

EN, TT and DN are cleared

ACC value is not modified

instruction first run

EN, TT and DN are cleared

ACC value is not modified

EN, TT and DN are cleared

ACC value is not modified

Enableln is cleared

EnableQOut is cleared, the instruction does nothing,
and the outputs are not updated.

na

Enableln is set

Function Block:

When Enableln transitions from cleared to set, the
instruction initializes as described for instruction
first scan.

The instruction executes.

EnableQut is set.

Enableln is always set.

The instruction executes.

reset When the Reset input parameter is set, the When the Reset input parameter is set, the
instruction clears EN, TT and DN and sets instruction clears EN, TT and DN and sets
ACC = zero. ACC = zero.
postscan No action taken. No action taken.
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Chapter 3

Example:

u]
limit_switchq =

auln]
ml i —=] Rezet

o |
(e
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Each scan that Zmit_switch is set, the RTOR instruction increments the ACC
value by elapsed time until the ACC value reaches the PRE value. When ACC

2 PRE, the DN parameter is set, and #mwer_state3 is set.

Structured Text

RTOR 0Ol.Preset := 500
RTOR 0Ol.Reset := reset;
RTOR Ol.TimerEnable := limit switchl;

RTOR (RTOR _01) ;

timer state3 := RTOR 01.DN;

Function Block

RTOR_0A

RTOR |

Retentive Timer On with Reset

il

— — TimerEnakble ACC O

u}
FRE DN Of— — — | timer_state3
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Count Up (CTU) The CTU instruction counts upward.

This instruction is available in structured text and function block as CTUD,
see page 136.

Operands:
Relay Ladder
CTU A
_ count Up o Operand Type Format Description
g:::untter 3 —(DN3— Counter COUNTER  tag counter structure
(=0 ¢
Acoum ? Preset DINT immediate  how high to count
Accum DINT immediate  number of times the counter has counted
initial value is typically 0
COUNTER Structure

Mnemonic Data Type Description

.CU BOOL The count up enable bit indicates that the CTU instruction is enabled.

.DN BOOL The done bit indicates that .ACC > .PRE.

0V BOOL The overflow bit indicates that the counter exceeded the upper limit of 2,147,483,647. The
counter then rolls over to -2,147,483,648 and begins counting up again.

.UN BOOL The underflow bit indicates that the counter exceeded the lower limit of -2,147,483,648. The
counter then rolls over to 2,147,483,647 and begins counting down again.

.PRE DINT The preset value specifies the value which the accumulated value must reach before the
instruction sets the .DN hit.

ACC DINT The accumulated value specifies the number of transitions the instruction has counted.
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES) Chapter 3

Description: When enabled and the .CU bit is cleared, the CTU instruction increments the
counter by one. When enabled and the .CU bit is set, or when disabled, the
CTU instruction retains its .ACC value.

rung condition in
\ \ \

count-up enable bit (.CU) mﬂ |

count-up done bit (.DN)

preset - - - - oo oo - oo | [-----

counter accumulated value (.ACC)
16636

The accumulated value continues incrementing, even after the DN bit is set.
To clear the accumulated value, use a RES instruction that references the
counter structure or write 0 to the accumulated value.

Arithmetic Status Flags: not affected

Fault Conditions: none
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Execution:
Condition Relay Ladder Action
prescan The .CU bit is set to prevent invalid increments during the first program scan.
The rung-condition-out is set to false.
rung-condition-in is false The .CU bit is cleared.
The rung-condition-out is set to false.
rung-condition-in is true
it= .CU bit is set
examine .CU bit LUbit=0 ACC value
ACC = ACC+ 1 rolls over
CUbit=1
-
.UN bit is cleared UN bit=1
examine .UN bit
.DN bit is cleared
examine .UN bit M examine .0V bit LOV bit=0

UNbit=1

.0V bit is set

0V bit=1

ACC = .PRE

examine .ACC

ACC < .PRE

DN bit is cleared

.DN bit is set

.

rung-condition-out is set to
true

postscan

The rung-condition-out is set to false.
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Example: After limit_switch_1 goes from disabled to enabled 10 times, the .DN bit is set
and Zight_1 turns on. If Zimit_switch_1 continues to go from disabled to enabled,
counter_1 continues to increment its count and the .DN bit remains set. When
limit_switch_2 is enabled, the RES instruction resets counter_1 (clears the status
bits and the .ACC value) and Zgh#_7 turns off.

[irmit_zwibch_1 CTU
] E Count Up g [y S
Counter counter_1  —CDM—
Prezet 10*
Accum ne
counter_1.dn light_1
1T T
L
lirmit_zwitch_2 counter_1
Tk CRESS—
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cOunt Down (CTD) The CTD instruction counts downward.

This instruction is available in structured text and function block as CTUD,

see page 136.

Operands:
Relay Ladder
CTD o
| Count Domn | ooy Operand Type Format Description
gﬂunttEf 3 —CDONZ3— Counter COUNTER  tag counter structure
(=0 ¢
Acum ? Preset DINT immediate  how low to count
Accum DINT immediate  number of times the counter has counted
initial value is typically 0
COUNTER Structure

Mnemonic Data Type Description

.CD BOOL The count down enable bit indicates that the CTD instruction is enabled.

.DN BOOL The done bit indicates that .ACC > .PRE.

0V BOOL The overflow bit indicates that the counter exceeded the upper limit of 2,147,483,647. The
counter then rolls over to -2,147,483,648 and begins counting up again.

.UN BOOL The underflow bit indicates that the counter exceeded the lower limit of -2,147,483,648. The
counter then rolls over to 2,147,483,647 and begins counting down again.

.PRE DINT The preset value specifies the value which the accumulated value must reach before the
instruction sets the .DN hit.

ACC DINT The accumulated value specifies the number of transitions the instruction has counted.
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Description: The CTD instruction is typically used with a CTU instruction that references
the same counter structure.

When enabled and the .CD bit is cleared, the CTD instruction decrements the
counter by one. When enabled and the .CD bit is set, or when disabled, the
CTD instruction retains its .ACC value.

rung condition in mﬂiﬂﬂ

count-down enable bit (.CD) J—‘—’—I—‘—IJ—‘—J—‘ ‘\—‘ h !—‘

| \ \ \
| \ \

| [ [

I I

\ \

\ \

\ \

\ \

\ \

\ \

\ \

\ \

count-down done bit (.DN)

|
\
[
|
\
\
\
\
counter accumulated value (.ACC) \
|

The accumulated value continues decrementing, even after the .DN bit is set.
To clear the accumulated value, use a RES instruction that references the
counter structure or write 0 to the accumulated value.

Arithmetic Status Flags: not affected

Fault Conditions: none
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Execution:
Condition Relay Ladder Action
prescan The .CD bit is set to prevent invalid decrements during the first program scan.
The rung-condition-out is set to false.
rung-condition-in is false The .CD bit is cleared.
The rung-condition-out is set to false.
rung-condition-in is true
it= .CD bit is set
examine .CD bit LDbit=0 ACC value
rolls over
AACC=.ACC-1
CDbit=1
-
.0V bit is cleared OVbit=1
examine .0V bit
.DN bit is cleared
examine .UN bit M examine .0V bit O\/ bit=0
.UN bit is set

UNbit=1

0OVbit=1

ACC = .PRE

examine .ACC

ACC < .PRE

.DN bit is cleared DN bit is set

.

rung-condition-out is set to
true

postscan

The rung-condition-out is set to false.
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES) Chapter 3

Example: A conveyor brings parts into a buffer zone. Each time a part enters,
limit_switch_1 is enabled and counter_1 increments by 1. Each time a part leaves,
limit_switeh_2 is enabled and counter_1 decrements by 1. If there are 100 patts in
the buffer zone (counter_1.dn is set), conveyor_a turns on and stops the conveyor
from bringing in any more parts until the buffer has room for more parts.

Publication 1756-RMO003K-EN-P - July 2008

restart counter_1
] [ fHEg‘j_
[irmit_zwibch_1 CTU
] E Count Up o1y W
Courter counter_1  —CDM—
Prezet 100 %
Accum ne
lirmit_zwitch_2 CTD
] E Count Diown L CO
Courter counter_1  —CDM—
Prezet 100 %
Accum ne
counter_1.dn u:u:unvegsr_.-’-'-.
If'
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Count Up/DOW“ (CTUD) The CTUD instruction counts up by one when CUEnable transitions from
clear to set. The instruction counts down by one when CDEnable transitions
from clear to set.

This instruction is available in relay ladder as three separate instructions: CTU

(see page 128), CTD (see page 132), and RES (see page 141).

Operands:

CTUD (CTUD_tag) ; Structured Text

Variable Type Format Description
CTUD tag FBD_COUNTER structure CTUD structure

Fig CTUD_O1 Function Block
CTUD El

Count UpsCrown

Operand Type Format Description
CTUD tag FBD_COUNTER structure CTUD structure

5| CUEnable ACC O

0

5| ClEnable CH [0
J FRE

I

7| Rezeat

FBD COUNTER Structure

Input Parameter Data Type Description
Enableln BOOL Function Block:

If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes.

Default is set.

Structured Text:

No effect. The instruction executes.

CUEnable BOOL Enable up count. When input toggles from clear to set, accumulator counts up by one.

Default is cleared.
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Input Parameter Data Type Description

CDEnable BOOL Enable down count. When input toggles from clear to set, accumulator counts down by one.

Default is cleared.

PRE DINT Counter preset value. This is the value the accumulated value must reach before DN is set.
Valid = any integer

Default is 0.

Reset BOOL Request to reset the timer. When set, the counter resets.

Default is cleared.

Output Parameter Data Type Description

EnableOut BOOL The instruction produced a valid result.

ACC DINT Accumulated value.

cu BOOL Count up enabled.

CD BOOL Count down enabled.

DN BOOL Counting done. Set when accumulated value is greater than or equal to preset.

oV BOOL Counter overflow. Indicates the counter exceeded the upper limit of 2,147,483,647.

The counter then rolls over to 2,147,483,648 and begins counting down again.
UN BOOL Counter underflow. Indicates the counter exceeded the lower limit of -2,147,483,648.

The counter then rolls over to 2,147,483,647 and begins counting down again.

Description When enabled and CUEnable is set, the CTUD instructions increments the
counter by one. When enabled and CDEnable is set, the CTUD instruction
decrements the counter by one.

Both the CUEnable and CDEnable input parameters can both be toggled
during the same scan. The instruction executes the count up prior to the count
down.
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Counting Up

CUEnable m

count-up enable bit (CU) m

count-up done it (DN)

counter accumulated value (ACC) 4‘

16636

Counting Down

coenable ] L] LT L L L]

\ \
count-down enable bit (CD) J—L'mwﬁthT
\

count-down done bit (DN)

counter accumulated value (ACC)

preset

When disabled, the CTUD instruction retains its accumulated value. Set the
Reset input parameter of the FBD_COUNTER structure to reset the
instruction.

Arithmetic Status Flags: not affected

Fault Conditions: none
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Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES) Chapter 3

Execution:
Condition Function Block Action Structured Text Action
prescan No initialization required. No initialization required.

instruction first scan

CUEnable,,., and CDEnable,,_; are set.

CUEnable,,., and CDEnable,,_; are set.

instruction first run

CUEnable,..; and CDEnable,,; are set.

CUEnable,..; and CDEnable,,; are set.

Enableln is cleared

EnableQut is cleared, the instruction does nothing,

and the outputs are not updated.

na

Enableln is set

The instruction sets CUEnable,,_; and CDEnable,,.;.

On a cleared to set transition of Enableln:

e The instruction executes.
e EnableQOut is set.

The instruction sets CUEnable,,_; and CDEnable,,.;.

Enableln is always set.

The instruction executes.

reset When set, the instruction clears CUEnabley,.q, When set, the instruction clears CUEnabley,.q,
CDEnable,.;, CU, CD, DN, OV, and UN and sets CDEnable,.;, CU, CD, DN, OV, and UN and sets
ACC = zero. ACC = zero.

postscan No action taken. No action taken.

Example: When /limit_switchl goes from cleared to set, CUEnable is set for one scan and
the CTUD instruction increments the ACC value by 1. When ACC 2 PRE, the
DN parameter is set, which enables the function block instruction following

the CTUD instruction.

Structured Text

CTUD 0l.Preset := 500;

CTUD 0Ol.Reset := Restart;

CTUD_O1.CUEnable :=

CTUD (CTUD_01) ;

limit switchl;

counter state := CTUD_O01l.DN;

Function Block
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CTUD_0Z

cTue

Count Up/Dronn

1] a
limit_switch4 F— — —— —— —] CUEnable ACC O
u]
geoEnable DN ja— — — —f[_ counter_state |
500
o Pre

a — —— —— —— —=| Reset
e s
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Reset (RES) The RES instruction resets a TIMER, COUNTER, or CONTROL structure.
Operands:
Relay Ladder
7
—CRES - Operand Type Format Description
structure TIMER tag structure to reset
CONTROL
COUNTER

Description: When enabled the RES instruction clears these elements:

When Using a Res The Instruction Clears
Instruction For a
TIMER ACC value

control status bits
COUNTER ACC value

control status bits
CONTROL .POS value

control status bits

Becagse the RES instruction clears.the ACC value, .DN bit, and
T bit, do not use the RES instruction to reset a TOF timer.

A\

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
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Chapter 3 Timer and Counter Instructions (TON, TOF, RTO, TONR, TOFR, RTOR, CTU, CTD, CTUD, RES)

Condition Relay Ladder Action
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The RES instruction resets the specified structure.

The rung-condition-out is set to true.

postscan The rung-condition-out is set to false.
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Chapter 4

Input/Output Instructions
(MSG, GSV, SSV, 10T)

Introduction The input/output instructions read ot write data to ot from the controller or a
block of data to or from another module on another network.

If You Want To Use This Instruction Available In These Languages See Page

send data to or from another module MSG relay ladder 144

structured text

get controller status information GSV relay ladder 176

structured text

set controller status information SSV relay ladder 176

structured text

e send output values to an 1/0 module or 10T relay ladder 201
consuming controller at a specific point in
your logic structured text

e trigger an event task in another controller

Publication 1756-RMO03K-EN-P - July 2008 143

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 4 Input/Qutput Instructions (MSG, GSV, SSV, 10T)

Message (MSG)
Operands:
MSG
e
eszage Lonlrol k4 _(EH)_

MSG (MessageControl) ;

The MSG instruction asynchronously reads or writes a block of data to
another module on a network.

Relay Ladder
Operand Type Format Description
Message MESSAGE  tag message structure
control

Structured Text

The operands are the same as those for the relay ladder MSG instruction.

MESSAGE Structure

ATTENTION

If you check the status bits more than once

The controller changes the DN, ER, EW, and ST bits asynchronous to the scan of
your logic. Use a copy of the bits if you check them in more than one place in your
logic. Otherwise, the bits may change during the scan and your logic won't work
as you expect it.

One way to make a copy is to use the FLAGS word. Copy the FLAGS word to
another tag and check the bits in the copy.

IMPORTANT

Do not change the following status bits of a MSG instruction:

e DN

o EN

¢ ER

o EW

o ST

Do not change those bits either by themselves or as part of the FLAGS word. If
you do, the controller may have a non-recoverable fault. The controller clears the
project from its memory when it has a non-recoverable fault.

144
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Mnemonic Data Description
Type
FLAGS INT The FLAGS member provides access to the status members (bits) in one 16-bit word.
This bit: Is this member:
2 EW
4 ER
5 DN
6 ST
7 EN
8 10
9 EN_CC

Important: Do not change the EW, ER, DN, or ST bits of the FLAGS member. For example, do not
clear the entire FLAGS word. The controller ignores the change and uses the internally-stored values

of the bits.
.ERR INT If the .ER bit is set, the error code word identifies error codes for the MSG instruction.
.EXERR INT The extended error code word specifies additional error code information for some error codes.
REQ_LEN INT The requested length specifies how many words the message instruction will attempt to transfer.
.DN_LEN INT The done length identifies how many words actually transferred.
EW BOOL The enable waiting bit is set when the controller detects that a message request has entered the

queue. The controller resets the.EW bit when the .ST bit is set.

Important: Do not change the EW bit. The controller ignores the change and uses the
internally-stored value of the bit.

.ER BOOL The error bit is set when the controller detects that a transfer failed. The .ER bit is reset the next
time the rung-condition-in goes from false to true.

Important: Do not change the ER bit.

DN BOOL The done hit is set when the last packet of the message is successfully transferred. The .DN bit is
reset the next time the rung-condition-in goes from false to true.

Important: Do not change the DN bit.

ST BOOL The start bit is set when the controller begins executing the MSG instruction. The .ST bit is reset
when the .DN bit or the .ER bit is set.

Important: Do not change the ST bit. The controller ignores the change and uses the
internally-stored value of the bit.

EN BOOL The enable bit is set when the rung-condition-in goes true and remains set until either the .DN bit or
the .ER bit is set and the rung-condition-in is false. If the rung-condition-in goes false, but the .DN
bit and the .ER bit are cleared, the .EN bit remains set.

Important: Do not change the EN bit.

10 BOOL If you manually set the .TO bit, the controller stops processing the message and sets the .ER bit.

EN_CC BOOL The enable cache bit determines how to manage the MSG connection. Refer to Choose a cache
option on page 4-173 Connections for MSG instructions going out the serial port are not cached,
even if the .EN_CC bit is set.

.ERR_SRC SINT Used by RSLogix 5000 software to show the error path on the Message Configuration dialog box

DestinationLink INT To change the Destination Link of a DH+ or CIP with Source ID message, set this member to the
required value.
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Mnemonic Data Description
Type
DestinationNode INT To change the Destination Node of a DH+ or CIP with Source ID message, set this member to the
required value.
.SourceLink INT To change the Source Link of a DH+ or CIP with Source ID message, set this member to the required
value.
.Class INT To change the Class parameter of a CIP Generic message, set this member to the required value.
Attribute INT To change the Attribute parameter of a CIP Generic message, set this member to the required value.
JInstance DINT To change the Instance parameter of a CIP Generic message, set this member to the required value.
.Locallndex DINT If you use an asterisk [*] to designate the element number of the local array, the Locallndex provides
the element number. To change the element number, set this member to the required value.
If the message: Then the local array is the:
reads data Destination element
writes data Source element
.Channel SINT To send the message out a different channel of the 1756-DHRIO module, set this member to the
required value. Use either the ASCII character A or B.
.Rack SINT To change the rack number for a block transfer message, set this member to the required rack
number (octal).
.Group SINT To change the group number for a block transfer message, set this member to the required group
number (octal).
Slot SINT To change the slot number for a block transfer message, set this member to the required slot number.
If the message Then specify the slot number in:
goes over this
network:
universal remote I/0  octal
ControlNet decimal (0-15)
Path STRING  To send the message to a different controller, set this member to the new path.
o Enter the path as hexadecimal values.
o Omit commas [,]
For example, for a path of 1, 0, 2, 42, 1, 3, enter $01$00$02$2A$01$03.
To browse to a device and automatically create a portion or all of the new string, right-click a string
tag and choose Go to Message Path Editor.
.Remotelndex DINT If you use an asterisk [*] to designate the element number of the remote array, the Remotelndex
provides the element number. To change the element number, set this member to the required value.
If the message: Then the remote array is the:
reads data Source element
writes data Destination element
.RemoteElement STRING  To specify a different tag or address in the controller to which the message is sent, set this member

to the required value. Enter the tag or address as ASCII characters.

If the message: Then the remote array is the:
reads data Source element
writes data Destination element
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Input/Qutput Instructions (MSG, GSV, SSV, 10T) Chapter 4

Mnemonic Data Description
Type
UnconnnectedTimeout DINT Time out for an unconnected message or for making a connection. The default value is 30 seconds.

If the messageis  Then

unconnected The ER bit turns on if the controller doesn't get a response within the
UnconnectedTimeout time.

connected The ER bit turns on if the controller doesn’t get a response for making the
connection within the UnconnectedTimeout time.

.ConnectionRate DINT Time out for a connected message once it has a connection. This time out is for the response from
TimeoutMultiplier SINT the other device about the sending of the data.

¢ This time out applies only after the connection is made.

e The time out = ConnectionRate x TimeoutMultiplier.

e The default ConnectionRate is 7.5 seconds.

e The default TimeoutMultiplier is 0 (which is a multiplication factor of 4).

e The default time out for connected messages is 30 seconds (7.5 seconds x 4 = 30 seconds).

e To change the time out, change the ConnectionRate and leave the TimeoutMultiplier at the
default value.

Description The MSG instruction transfers elements of data.
This is a transitional instruction:

e In relay ladder, toggle the rung-condition-in from cleared to set each
time the instruction should execute.

e In structured text, condition the instruction so that it only executes
on a transition. See Appendix B.
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The size of each element depends on the data types you specify and the type of
message command you use.

connection with .EN_CC = 1 4” i i
| |
rung-condition -in | | ‘
| |
EN bit 4”—“—[
|
|
|
|
|

I
|

|
|
|
|
EW bit |ﬂ

|
connection with .EN_CC =0 —”I—\—‘ ‘
|

ST bit

.DN bit or .ER bit

41382
6 7
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Where Description Where Description
1 rung-condition-in is true 5 message is sent
EN is set ST is set
EW is set EW is cleared
connection is opened*
2 message is sent 6 message is done or errored
STis set rung-condition-in is still true
EW is cleared DN or .ER is set
STis cleared
connection is closed (if .EN_CC = 0)
3 message is done or errored 7 rung-condition-in goes false and .DN or .ER is set

rung-condition-in is false

DN or .ER is set

ST is cleared

connection is closed (if .EN_CC =0)

.EN is cleared (rung-condition-in is false)

.EN is cleared

4 rung-condition-in is true
.DN or .ER was previously set
EN is set
EWis set
connection is opened*

.DN or .ER is cleared

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
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Chapter 4 Input/Qutput Instructions (MSG, GSV, SSV, 10T)

Condition Relay Ladder Action

Structured Text Action

rung-condition-in is false
EN bit=1

\

examine .EW bit

EW bit=1

examine .ST bit

examine .DN bit

ERbit=1 ERbit=0

examine .ER bit

DN bit=1

examine .DN bit

examine .EN bit

block-transfer
command

ENbit=0

no

module path valid

module
connection
running

DN bit=0

.EN bit is cleared

execute message request

v

—

examine .ER bit

EW bit is set

.ER bit is set

ERbit=0

.

rung-condition-out is set
to false

e‘

rung-condition-in is true The instruction executes.

The rung-condition-out is set to true.

na
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Condition Relay Ladder Action Structured Text Action

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution

ENbit=1 ENbit=0

examine .EN bit

EWbit=1 EWbit=1

examine .EW bit examine .EW bit

SThit=1 SThit=1

examine .ST bit examine .ST bit

EW, .ST, .70, .DN, and .ER bits are
cleared

examine .DN bit

\

DN bit=0 .EN bit is set

ERbit=0 no

block-transfer
command

examine .ER bit

module path valid

module
connection
running

no

EW, .ST, 10, .DN, and .ER bits are cleared

EN bit is set

.ER bit is set

> g«

rung-condition-out is set

to false

postscan The rung-condition-out is set to false. No action taken.
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Arithmetic Status Flags: not affected

Fault Conditions: none

MSG Error Codes

The error codes depend on the type of MSG instruction.

Error Codes

RSLogix 5000 software does not always display the full description.

Error Code Description Display In Software
(Hex)

0001 Connection failure (see extended error codes) same as description
0002 Insufficient resource same as description
0003 Invalid value same as description
0004 I01 syntax error (see extended error codes) same as description
0005 Destination unknown, class unsupported, instance undefined  same as description

or structure element undefined (see extended error codes)
0006 Insufficient packet space same as description
0007 Connection lost same as description
0008 Service unsupported same as description
0009 Error in data segment or invalid attribute value same as description
000A Attribute list error same as description
000B State already exists same as description
000C Object model conflict same as description
000D Object already exists same as description
000E Attribute not settable same as description
000F Permission denied same as description
0010 Device state conflict same as description
0011 Reply will not fit same as description
0012 Fragment primitive same as description
0013 Insufficient command data same as description
0014 Attribute not supported same as description
0015 Too much data same as description
001A Bridge request too large same as description
001B Bridge response too large same as description
001C Attribute list shortage same as description
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Input/Qutput Instructions (MSG, GSV, SSV, 10T) Chapter 4
Error Code Description Display In Software
(Hex)
001D Invalid attribute list same as description
001E Embedded service error same as description
001F Connection related failure (see extended error codes) same as description
0022 Invalid reply received same as description
0025 Key segment error same as description
0026 Invalid 101 error same as description
0027 Unexpected attribute in list same as description
0028 DeviceNet error - invalid member ID same as description
0029 DeviceNet error - member not settable same as description
00D1 Module not in run state unknown error
00FB Message port not supported unknown error
00FC Message unsupported data type unknown error
00FD Message uninitialized unknown error
O0FE Message timeout unknown error
OOFF General error (see extended error codes) unknown error
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Extended Error Codes

RSLogix 5000 software does not display any text for the extended error codes.

These are the extended error codes for error code 0001.

Extended Description Extended Description

Error Code Error Code

(Hex) (Hex)

0100 Connection in use 0203 Connection timeout

0103 Transport not supported 0204 Unconnected message timeout
0106 Ownership conflict 0205 Unconnected send parameter error
0107 Connection not found 0206 Message too large

0108 Invalid connection type 0301 No buffer memory

0109 Invalid connection size 0302 Bandwidth not available

0110 Module not configured 0303 No screeners available

0111 EPR not supported 0305 Signature match

0114 Wrong module 0311 Port not available

0115 Wrong device type 0312 Link address not available
0116 Wrong revision 0315 Invalid segment type

0118 Invalid configuration format 0317 Connection not scheduled
011A Application out of connections

These are the extended error codes for error code 001F.

Extended Error Description
Code (Hex)
0203 Connection timeout

These are the extended error codes for error code 0004 and 0005.

Extended Error Description
Code (Hex)
0000 extended status out of memary
0001 extended status out of instances
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These are the extended error codes for error code 00FF,
Extended Description Extended Description
Error Code Error Code
(Hex) (Hex)
2001 Excessive 10l 2108 Controller in upload or download mode
2002 Bad parameter value 2109 Attempt to change number of array dimensions
2018 Semaphore reject 210A Invalid symbol name
201B Size too small 2108 Symbol does not exist
201C Invalid size 210E Search failed
2100 Privilege failure 210F Task cannot start
2101 Invalid keyswitch position 2110 Unable to write
2102 Password invalid 21M Unable to read
2103 No password issued 2112 Shared routine not editable
2104 Address out of range 2113 Controller in faulted mode
2105 Address and how many out of range 2114 Run mode inhibited
2106 Data in use
2107 Type is invalid or not supported
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Chapter 4

Input/Qutput Instructions (MSG, GSV, SSV, 10T)

PLC and SLC Error Codes (hex)

PLC and SLC Error Codes (.ERR)

Logix firmware revision 10.x and later provides new error codes for errors that
are associated with PLC and SLC message types (PCCC messages).

e This change lets RSLogix 5000 software display a more meaningful
description for many of the errors. Previously the software did not give a
description for any of the errors associated with the 00F0 error code.

e The change also makes the error codes more consistent with errors
returned by other controllers, such as PLC-5 controllers.

The following table shows the change in the error codes from R9.x and earlier
to R10.x and later. As a result of the change, the .ERR member returns a
unique value for each PCCC error. The .EXERR is no longer required for
these errors.

R9.x And Earlier R10.x And Later Description

.ERR .EXERR .ERR .EXERR

0010 1000 lllegal command or format from local processor

0020 2000 Communication module not working

0030 3000 Remote node is missing, disconnected, or shut down

0040 4000 Processor connected but faulted (hardware)

0050 5000 Wrong station number

0060 6000 Requested function is not available

0070 7000 Processor is in Program mode

0080 8000 Processor’s compatibility file does not exist

0090 9000 Remote node cannot buffer command

00BO B0OO0O Processor is downloading so it is not accessible

00F0 0001 FOO1 Processor incorrectly converted the address

00F0 0002 F002 Incomplete address

00F0 0003 F003 Incorrect address

00F0 0004 FO04 lllegal address format - symbol not found

00F0 0005 FO05 lllegal address format - symbol has 0 or greater than the maximum number of
characters supported by the device

00F0 0006 FO06 Address file does not exist in target processor

00F0 0007 F007 Destination file is too small for the number of words requested

00FO0 0008 F008 Cannot complete request
Situation changed during multipacket operation

00F0 0009 F009 Data or file is too large
Memory unavailable
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Input/Qutput Instructions (MSG, GSV, SSV, 10T)

Chapter 4

PLC and SLC Error Codes (hex) (Continued)

R9.x And Earlier R10.x And Later Description
.ERR .EXERR .ERR .EXERR
00F0 000A FOOA Target processor cannot put requested information in packets
00F0 000B FOOB Privilege error; access denied
00F0 000C FooC Requested function is not available
00F0 000D FOOD Request is redundant
00F0 000E FOOE Command cannot be executed
00F0 000F FOOF Overflow; histogram overflow
00F0 0010 FO10 No access
00F0 0011 FO11 Data type requested does not match data available
00F0 0012 F012 Incorrect command parameters
00F0 0013 F013 Address reference exists to deleted area
00F0 0014 F014 Command execution failure for unknown reason
PLC-3 histogram overflow
00F0 0015 FO15 Data conversion error
00F0 0016 FO16 The scanner is not available to communicate with a 1771 rack adapter
00F0 0017 FO17 The adapter is no available to communicate with the module
00F0 0018 F018 The 1771 module response was not valid
00F0 0019 F019 Duplicate label
00F0 001A FO1A File owner active - the file is being used
00F0 001B FO1B Program owner active - someone is downloading or editing online
00F0 001C FO1C Disk file is write protected or otherwise not accessible (offline only)
00F0 001D FO1D Disk file is being used by another application
Update not performed (offline only)
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Block-Transfer Error Codes

These are the Logix5000 block-transfer specific error codes.

Error Code Description Display In Software

(Hex)

00D0 The scanner did not receive a block-transfer response from the block-transfer module unknown error
within 3.5 seconds of the request

00D1 The checksum from the read response did not match the checksum of the data stream unknown error

00D2 The scanner requested either a read or write but the block-transfer module responded with  unknown error
the opposite

00D3 The scanner requested a length and the block-transfer module responded with a unknown error
different length

00D6 The scanner received a response from the block-transfer module indicating the write unknown error
request failed

O0EA The scanner was not configured to communicate with the rack that would contain this unknown error
block-transfer module

0OEB The logical slot specified is not available for the given rack size unknown error

00EC There is currently a block-transfer request in progress and a response is required before unknown error
another request can begin

00ED The size of the block-transfer request is not consistent with valid block-transfer unknown error
size requests

OOEE The type of block-transfer request is not consistent with the expected BT_READ unknown error
or BT_WRITE

0OEF The scanner was unable to find an available slot in the block-transfer table to unknown error
accommodate the block-transfer request

00F0 The scanner received a request to reset the remote I/0 channels while there were unknown error
outstanding block-transfers

00F3 Queues for remote block-transfers are full unknown error

00F5 No communication channels are configured for the requested rack or slot unknown error

00F6 No communication channels are configured for remote I/0 unknown error

00F7 The block-transfer timeout, set in the instruction, timed out before completion unknown error

00F8 Error in block-transfer protocol - unsolicited block-transfer unknown error

00F9 Block-transfer data was lost due to a bad communication channel unknown error

00FA The block-transfer module requested a different length than the associated unknown error
block-transfer instruction

00FB The checksum of the block-transfer read data was wrong unknown error

00FC There was an invalid transfer of block-transfer write data between the adapter and the unknown error
block-transfer module

00FD The size of the block-transfer plus the size of the index in the block-transfer data table was  unknown error
greater than the size of the block-transfer data table file
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Specﬁy the cOnﬁguration After you enter the MSG instruction and specify the MESSAGE structure, use
Details

the Message Configuration dialog box to specify the details of the message.

tSGE

—— Message - CEHT—
MSG Mo—
MEssane @}—_&DH}

Iy
?Click here to configure the MSG instruction

The details you configure depend on the message type you select.

Meszage Configuration - Message_1 |

Canfiguraticn® | Eummunicatinnl Tag I

Meszage Type: IEIF' [rata Table Read j

Source Element: I

MNumber OFf E lements: || 3:
Destination Elerment: I ;I Mew Tag... | 42976

If The Target Device Is a Select One Of These Message Types See Page
Logix5000 controller CIP Data Table Read 160
CIP Data Table Write
I/0 module that you configure using Module Reconfigure 161
RSLogix 5000 software CIP Generic 162
PLC-5 controller PLC5 Typed Read 163
PLC5 Typed Write
PLC5 Word Range Read
PLC5 Word Range Write
SLC controller SLC Typed Read 165
MicroLogix controller SLC Typed Write
Block-transfer module Block-Transfer Read 165
Block-Transfer Write
PLC-3 processor PLC3 typed read 166
PLC3 typed write

PLC3 word range read

PLC3 word range write

PLC-2 processor PLC2 unprotected read 167

PLCZ unprotected write
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You must specify this configuration information.

For This Property Specify

Source Element e |f you select a read message type, the Source Element is the address of the data you want to read in the
target device. Use the addressing syntax of the target device.

e If you select a write message type, the Source Tag is the first element of the tag that you want to send to
the target device.

Number of Elements The number of elements you read/write depends on the type of data you are using. An element refers to one
“chunk” of related data. For example, tag timerT is one element that consists of one timer control structure.

Destination Element o |f you select a read message type, the Destination Element is the first element of the tag in the Logix5000
controller where you want to store the data you read from the target device.

o |f you select a write message type, the Destination Element is the address of the location in the target
device where you want to write the data.

Specify CIP Data Table Read and Write messages

The CIP Data Table Read and Write message types transfer data between

Logix5000 controllers.
Select This Command If You Want To
CIP Data Table Read read data from another controller.

The Source and Destination types must match.

CIP Data Table Write write data to another controller.

The Source and Destination types must match.
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reconfigure[5]

reconfigure[]
r

Example:

Reconfigure an I/0 module

Use the Module Reconfigure message to send new configuration information
to an I/O module. During the reconfiguration:

¢ Input modules continue to send input data to the controller.

e Output modules continue to control their output devices.

A Module Reconfigure message requires this configuration properties.

In This Property Select

Message Type Module Reconfigure

To reconfigure an I/O module:

1. Set the required member of the configuration tag of the module to the
new value.

2. Send a Module Reconfigure message to the module.
When reconfignre/5] is set, set the high alarm to 60 for the local module in slot 4.
The Module Reconfigure message then sends the new alarm value to the

module. The one shot instruction prevents the rung from sending multiple
messages to the module while the reconfigure/5] is on.

Relay Ladder

P40

C
J L

Publication 1756-RMO003K-EN-P - July 2008

L

A

Move
Source B0

Dezt Local:4:C.ChOCanfig.HAlarmlimit
Fo.0e

change_Halarm.EM M5GE
i Type - Module Reconfigure —E

Meszage Cantral change_Halarm |:| D W—

| CFR>—

Structured Text

IF reconfigure[5] AND NOT reconfigure[6] THEN
Local:4:C.ChOConfig.HAlarmLimit := 60;
IF NOT change Halarm.EN THEN
MSG (change Halarm) ;
END IF;
END IF;

reconfigure[6] := reconfigurel[5];
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Specify CIP Generic messages

A CIP Generic message performs a specific action on an I/O module.

If You Want To In This Property Type Or Select
Perform a pulse test on a digital output  Message Type CIP Generic
module Service Type Pulse Test
Source tag_name of type INT [5]
This array contains:
tag_name[0] bit mask of points to test (test only one point
atatime)
tag_name[1] reserved, leave 0
tag_name[2] pulse width (hundreds of psecs, usually 20)
tag_name[3] zero cross delay for ControlLogix 1/0
(hundreds of usecs, usually 40)
tag_namel4] verify delay
Destination leave blank
Reset electronic fuses on a digital Message Type CIP Generic
output module Service Type Reset Electronic Fuse
Source tag name of type DINT
This tag represents a bit mask of the points to reset fuses on.
Destination leave blank
Reset latched diagnostics on a digital Message Type CIP Generic
input module Service Type Reset Latched Diagnostics (1)
Source tag_name of type DINT
This tag represents a bit mask of the points to reset diagnostics on.
Reset latched diagnostics on a digital ~ Message Type CIP Generic
output module Service Type Reset Latched Diagnostics (0)
Source tag_name of type DINT

This tag represents a bit mask of the points to reset diagnostics on.
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If You Want To In This Property

Type Or Select

Unlatch the alarm of an analog input Message Type

CIP Generic

module Service Type

Select which alarm that you want to unlatch:

o Unlatch All Alarms (1)

o Unlatch Analog High Alarm (1)

o Unlatch Analog High High Alarm (1)
e Unlatch Analog Low Alarm (1)

o Unlatch Analog Low Low Alarm (1)
e Unlatch Rate Alarm (1)

Instance

Channel of the alarm that you want to unlatch

Unlatch the alarm of an analog output ~ Message Type

CIP Generic

module Service Type

Select which alarm that you want to unlatch:

e Unlatch All Alarms (0)
o Unlatch High Alarm (0)
e Unlatch Low Alarm (0)
o Unlatch Ramp Alarm (Q)

Instance

Channel of the alarm that you want to unlatch

Specify PLC-5 messages

Use the PLC-5 message types to communicate with PLC-5 controllers.

Select This Command If You Want To

PLC5 Typed Read Read 16-hit integer, floating-point, or string type data and maintain data integrity.

See Data types for PLC5 Typed Read and Typed Write messages on page 164.

PLC5 Typed Write Write 16-bit integer, floating-point, or string type data and maintain data integrity.

See Data types for PLC5 Typed Read and Typed Write messages on page 164

PLC5 Word Range Read Read a contiguous range of 16-bit words in PLC-5 memory regardless of data type.

This command starts at the address specified as the Source Element and reads

sequentially the number of 16-bit words requested.

The data from the Source Element is stored, starting at the address specified as the

Destination Tag.

PLC5 Word Range Write Write a contiguous range of 16-bit words from Logix5000 memory regardless of data
type to PLC-5 memory.

This command starts at the address specified as the Source Tag and reads sequentially
the number of 16-bit words requested.

The data from the Source Tag is stored, starting at the address specified as the

Destination Element in the PLC-5 processor.
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The following table shows the data types to use with PLC5 Typed Read and
PLC5 Typed Write messages.

Data types for PLC5 Typed Read and Typed Write messages

For this PLC-5 data type Use this Logix5000 data type

B INT
F REAL
N INT

DINT (Only write DINT values to a PLC-5 controller if the
value is > -32,768 and <32,767.)

S INT
ST STRING

The Typed Read and Typed Write commands also work with SLC 5/03
processors (OS303 and above), SLC 5/04 processors (OS402 and above), and
SLC 5/05 processots.

The following diagrams show how the typed and word-range commands
differ. The example uses read commands from a PLC-5 processor to a

Logix5000 controller.
Typed read command Word-range read command
16-bit words in 32-bit words in 16-bit words in 32-hit words in
PLC-5 pracessor Logix5000 controller PLC-5 processor Logix5000 controller
T T
1 | 1 1 2 | 1
| |
2 ! 2 2 g | 3
C> | C |
3 | 3 3 |
| |
i i
4 | 4 4 |
| |
The typed commands maintain data structure and value. The word-range commands fill the destination tag
contiguously. Data structure and value change depending on
the destination data type.
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Specify SLC messages

Use the SLC message types to communicate with SLC and MicroLogix
controllers. The following table shows which data types that the instruction
lets you access. The table also shows the corresponding Logix5000 data type.

For this SLC or MicroLogix Data Type | Use This Logix5000 Data Type
F REAL

L (MicroLogix 1200 and 1500 controllers) DINT

N INT

Specify block-transfer messages

The block-transfer message types are used to communicate with block-transfer
modules over a Universal Remote I/O network.

If You Want To Select This Command

read data from a block-transfer module. Block-Transfer Read

This message type replaces the BTR instruction.

write data to a block-transfer module. Block-Transfer Write

This message type replaces the BTW instruction.

To configure a block-transfer message, follow these guidelines:

e The source (for BTW) and destination (for BTR) tags must be large
enough to accept the requested data, except for MESSAGE, AXIS, and
MODULE structures.

e Specify how many 16-bit integers (INT) to send or receive. You can
specify from 0 to 64 integers.

If You Want The Then Specify

Block-transfer module to determine how many 0 for the number of elements
16-bit integers to send (BTR).

Controller to send 64 integers (BTW).
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Specify PLC-3 messages
The PLC-3 message types are designed for PLC-3 processors.

Select this command If you want to

PLC3 Typed Read read integer or REAL type data.
For integers, this command reads 16-bit integers from the PLC-3 processor and stores
them in SINT, INT, or DINT data arrays in the Logix5000 controller and maintains data
integrity.
This command also reads floating-point data from the PLC-3 and stores it in a REAL data
type tag in the Logix5000 controller.

PLC3 Typed Write write integer or REAL type data.
This command writes SINT or INT data, to the PLC-3 integer file and maintains data
integrity. You can write DINT data as long as it fits within an INT data type (32,768 >
data <32,767).
This command also writes REAL type data from the Logix5000 controller to a PLC-3
floating-point file.

PLC3 Word Range Read read a contiguous range of 16-bit words in PLC-3 memory regardless of data type.
This command starts at the address specified as the Source Element and reads
sequentially the number of 16-bit words requested.
The data from the Source Element is stored, starting at the address specified as the
Destination Tag.

PLC3 Word Range Write write a contiguous range of 16-bit words from Logix5000 memory regardless of data
type to PLC-3 memory.
This command starts at the address specified as the Source Tag and reads sequentially
the number of 16-bit words requested.
The data from the Source Tag is stored, starting at the address specified as the
Destination Element in the PLC-3 processor.
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The following diagrams show how the typed and word-range commands
differ. The example uses read commands from a PLC-3 processor to a

Logix5000 controller.

Typed read command

16-bit words in 32-bit words in
PLC-3 processor Logix5000 controller

2 : 2
3 3
4 4

The typed commands maintain data structure and value.

Word-range read command

16-bit words in 32-bit words in
PLC-3 processor Logix5000 controller
T
1 2 | 1
|
2 4 | 3
C> |
3 |
|
A i
|
|

The word-range commands fill the destination tag
contiguously. Data structure and value change depending on
the destination data type.

Specify PLC-2 messages

The PLC-2 message types are designed for PLC-2 processors.

Select this command If you want to

PLC2 Unprotected Read read 16-bit words from any area of the PLC-2 data table or the PLC-2 compatibility file of

another processor.

PLC2 Unprotected Write write 16-bit words to any area of the PLC-2 data table or the PLC-2 compatibility file of

another processor.

The message transfer uses 16-bit words, so make sure the Logix5000 tag
appropriately stores the transferred data (typically as an INT array).
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MSG Cﬂnfiguration The following examples show source and destination tags and elements for
Examples different controller combinations.

For MSG instructions originating from a Logix5000 controller and writing to
another controller:

Message Path Example Source and Destination
Logix5000 —Logix5000 source tag array_1[0]
destination tag array_2[0]

You can use an alias tag for the source tag (in originating Logix5000 controller).

You cannet use an alias for the destination tag. The destination must be a base tag.
Logix5000 —PLC-5 source tag array_1[0]
Logix5000 —SLC destination element ~ N7:70

You can use an alias tag for the source tag (in originating Logix5000 controller).
Logix5000 —PLC-2 source tag array_1[0]

destination element 070

For MSG instructions originating from a Logix5000 controller and reading
from another controller:

Message Path Example Source and Destination
Logix5000 —Logix5000 source tag array_1[0]
destination tag array_2[0]

You cannet use an alias tag for the source tag. The source must be a base tag.

You can use an alias tag for the destination tag (in originating Logix5000 controller).

Logix5000 —PLC-5 source element N7:10
Logix5000 —SLC destination tag array_1[0]
You can use an alias tag for the destination tag (in originating Logix5000 controller).
Logix5000 —PLC-2 source element 010
destination tag array_1[0]
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Specﬁy the To configure a MSG instruction, you specify these details on the
. . . Communication tab.
Communication Details ommeon

Message Configuration - My_Message ﬂ

Configuration E:DI'ﬂl'l'lllﬁithﬁlitlﬁ“| Tang I

Fath: I Erowse... | Specify a path

L | | - Specify a Communication Method Or
FETEIRE 1D Channe 1| Destiration ik ID j Module Address

o ng:‘feitTD Saurnee Link: IU 3: Destifation Node: IU 3: [[ztal]

¥ Corrnected ¥ Cache Connections & Choose a cache option

Specify a path

The path shows the route that the message takes to get to the destination. It
uses either names from the I/O configuration of the controller, numbers that
you type, ot both.

If Then

The 1/0 configuration of the controller has ~ Use the Browse button to select the module.
the module that gets the message.

The 1/0 configuration of the controller has 1. Use the Browse button to select the local communication module.
only the local communication module. 2. Type the rest of the path.

The 1/0 configuration of the controller Type the path.
doesn’t have any of the modules that you
need for the message.
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Example

The I/0 configuration of the controller has
the module that gets the message.
Click the Browse button and select the module.

Browse. ..

Path: IF'eer_Ecuntn:uIIer

Peer_Controller

The I/0 configuration of the controller has
only the local communication module.
— Go to the local communication module.

— Go out the EtherNet/IP port....
to the address of 10.10.10.10.
Go across the backplane. ..

to the module in slot 0.

Path: IL::u:aIENB,E,'IEI.'IEI.'IEI.1EI,'I,EI Browse... |

LocalEME, 2. 1010.10.10.1, 0

The I/0 configuration of the controller
doesnt have any of the modules that you
need for the message. — Go across the backplane. ..

— to the local communication module on slot 1
— Go out the ControlNet port....
to node 4

Go across the backplane. ..

to the module in slot 0.

Bath: [1.1.2.4.1.0 Browse. .. |

1.1.2.4.1.0

To type a path, use this format:

port, next address, port, next address,
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Where Is
For this network Type

port backplane 1

DF1 (serial, serial 2
channel 0)

ControlNet
EtherNet/IP
DH+ channel A
DH+ channel B 3

DF1 channel 1
(serial channel 1)

next address backplane slot number of the module
DF1 (serial) station address (0-254)
ControlNet node number (1-99 decimal)
DH+ 8# followed by the node number (1-77 octal)

For example, to specify the octal node address of 37, type 8#37.

EtherNet/IP You can specify a module on an EtherNet/IP network using any of these formats:
IP address (for example, 10.10.10.10)
IP address:Port (for example, 10.10.10.10:24)

DNS name (for example, tanks)

DNS name:Port (for example, tanks:24)
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For Block Transfers

For block transfer messages, add the following modules to the I/O

configuration of the controller:

For Block-transfers Over
This Network

Add These Modules To The 1/0 Configuration

ControlNet

remote adapter module (for example, 1771-ACN module)

local communication module (for example, 1756-CNB module)

universal remote I/0

the chassis

block-transfer module (optional)

local communication module (for example, 1756-DHRIO module)
one emote adapter module (for example, 1771-ASB module) for each rack, or portion of a rack, in

Specify a Communication Method Or Module Address

Use the following table to select a communication method or module address

for the message.

If The Destination Device Isa Then Select

And Specify

Logix5000 controller cip

PLC-5 controller over an
EtherNet/IP network

PLC-5 controller over a
ControlNet network

SLC 5/05 controller

no other specifications required

PLC-5 controller over a DH+ DH+
network

SLC controller over a DH+
network

PLC-3 processor

PLC-2 processor

Channel: Channel A or B of the 1756-DHRIO module that
is connected to the DH+ network
Source Link: Link ID assigned to the backplane of the

controller in the routing table of the 1756-DHRIO
module. (The source node in the routing table is
automatically the slot number of the controller))

Destination Link

Link ID of the remote DH+ link where the target
device resides

Destination Node:

Station address of the target device, in octal

If there is only one DH+ link and you did not use the RSLinx software to
configure the DH/RIO module for remote links, specify 0 for both the
Source Link and the Destination Link.
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If The Destination Device Isa Then Select And Specify
Application on a waorkstation CIP with Source ID Source Link: Remote ID of the topic in RSLinx software
that is receiving an unsolicited — - - - -
message routed over an Destination Link: Virtual Link ID set up in RSLinx (0-65535)
EtherNet/IP or ContrqINet _ o Destination Node: Destination ID (0-77 octal) provided by the
network through RSLinx (This lets the application application to RSLinx. For a DDE topic in RSLinx,
receive data from a use 77.
troller. - ,
controller ) The slot number of the ControlLogix controller is used as the Source
Node.
block transfer module over a RIO Channel: Channel A or B of the 1756-DHRIO module that
universal remote I/0 network is connected to the RIO network
Rack Rack number (octal) of the module
Group Group number of the module
Slot Slot number that the module is in
block transfer module over a ControlNet Slot Slot number that the module is in
ControlNet network
Choose a cache option
Depending on how you configure a MSG instruction, it may use a connection
to send or receive data.
This Type Of Message And This Communication Method Uses A Connection
CIP data table read or write >
PLC2, PLC3, PLC5, or SLC (all types) CIP
CIP with Source ID
DH+ v
CIP generic »  your option ("
block-transfer read or write »

1) You can connect CIP generic messages. But for most applications we recommend you leave CIP generic
messages unconnected.

If a MSG instruction uses a connection, you have the option to leave the
connection open (cache) or close the connection when the message is done
transmitting,

If You Then

Cache the connection The connection stays open after the MSG instruction is done.
This optimizes execution time. Opening a connection each time
the message executes increases execution time.

Do not cache the The connection closes after the MSG instruction is done. This
connection frees up that connection for other uses.
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The controller has the following limits on the number of connections that you
can cache:

If You Have This Software  Then You Can Cache
And Firmware Revision

11.x or earlier e block transfer messages for up to 16 connections
¢ other types of messages for up to 16 connections

12.x or later up to 32 connections

If several messages go to the same device, the messages may be able to share a

connection.
IF THE MSG Instructions Are To And They Are Then
different devices p  Each MSG instruction uses 1 connection.
same device enabled at the same time Each MSG instruction uses 1 connection.
NOT enabled at the same time The MSG instructions share the connection.
(that is, Together they count as 1
connection.)

EXAMPLE Share a Connection

If the controller alternates between sending a block-transfer
read message and a block-transfer write message to the same
module, then together both messages count as 1 connection.
Caching both messages counts as 1 on the cache list.
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Guidelines

As you plan and program your MSG instructions, follow these guidelines:

Guideline

Details

1. For each MSG instruction, create a control
tag.

Each MSG instruction requires its own control tag.
e Data type = MESSAGE
e Scope = controller

¢ The tag cannot be part of an array or a user-defined data type.

2. Keep the source and/or destination data at
the controller scope.

A MSG instruction can access only tags that are in the Controller Tags folder (controller
scope).

3. If your MSG is to a device that uses 16-bit
integers, use a buffer of INTs in the MSG
and DINTs throughout the project.

If your message is to a device that uses 16-bit integers, such as a PLC-5® or SLC 500™
controller, and it transfers integers (not REALs), use a buffer of INTs in the message and
DINTs throughout the project.

This increases the efficiency of your project because Logix controllers execute more
efficiently and use less memory when working with 32-bit integers (DINTs).

To convert between INTs and DINTs, see Logix5000 Controllers Common Procedures,
publication 1756-PM001.

4. Cache the connected MSGs that execute
most frequently.

Cache the connection for those MSG instructions that execute most frequently, up to
the maximum number permissible for your controller revision.

This optimizes execution time because the controller does not have to open a
connection each time the message executes.

5. If you want to enable more than 16 MSGs at
one time, use some type of management
strategy.

If you enable more than 16 MSGs at one time, some MSG instructions may experience
delays in entering the queue. To guarantee the execution of each message, use one of
these options:

o Enable each message in sequence.

Enable the messages in groups.

Program a message to communicate with multiple devices. For more information,
see Logix5000 Controllers Common Procedures, publication 1756-PM001.

Program logic to coordinate the execution of messages. For more information, see
Logix5000 Controllers Common Procedures, publication 1756-PM001.

6. Keep the number of unconnected and
uncached MSGs less than the number of
unconnected buffers.

The controller can have 10 - 40 unconnected buffers. The default number is 10.

o [f all the unconnected buffers are in use when an instruction leaves the message
queue, the instruction errors and does not transfer the data.

¢ You can increase the number of unconnected buffers (40 max.), but continue to
follow guideline 5.

e To increase the number of unconnected buffers, see Logix5000 Controllers Common
Procedures, publication 1756-PM001.
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Get 3ystem Value (GSV) and The GSV/SSV instructions get and set controller system data that is stored in
bjects.
Set System Value (SSV) opjects

Operands:
_ Relay Ladder
G5 55
— Get Sypstem Yalue — — Set Syztem YWalue —
Clazz hame ? Clazs name ?
Instance name ¥ Ingtance name ?
Attribute Mame 7 Attnbute Mame ?
Dest 7 Source ?
s e
Operand Type Format Description
Class name name name of object
Instance name name name of specific object, when object requires name
Attribute Name name attribute of object
data type depends on the attribute you select
Destination (GSV) SINT tag destination for attribute data
INT
DINT
REAL
structure
Source (SSV) SINT tag tag that contains data you want to copy to the attribute
INT
DINT
REAL
structure
Structured Text
GSV (ClassName, InstanceName, AttributeName, Dest) ;
SSV (ClassName, InstanceName, AttributeName, Source) ;
The operands for are the same as those for the relay ladder GSV and SSV
instructions.
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Description: The GSV/SSV instructions get and set controller system data that is stored in
objects. The controller stores system data in objects. There is no status file, as
in the PLC-5 processor.

When enabled, the GSV instruction retrieves the specified information and
places it in the destination. When enabled, the SSV instruction sets the
specified attribute with data from the source.

When you enter a GSV/SSV instruction, the programming software displays

the valid object classes, object names, and attribute names for each instruction.
For the GSV instruction, you can get values for all the available attributes. For
the SSV instruction, the software displays only those attributes are allowed to

set (SSV).

Use the GSV and SSV instructions carefully. Making changes to objects may cause
unexpected controller operation or injury to personnel.

A You must test and confirm that the instructions don't change data that you don't
want them to change.

The GSV and SSV instructions write or read past a member into other members of a
tag. If the tag is too small, the instructions don't write or read the data. They log a
minor fault instead.

Example 1
[=-My_T
GV [=-MY_1ag
[=|-My_TagMember_a
Attribute » [+]-My_T ag.Member_a[0]

> [+]-My_T ag.Member_A[1]
#  [+|-My_TagMember_B

Member_A is too small for the attribute. So the GSV instruction writes the last
value to Member_B.

Example 2
GSV =] f:‘lﬁ'_Tag
[=[-My_T ag.Member_z

Atiribute ™ [+-My_Tag.Member_A[0]
—* @ [+ My_Tag Member_A[1]
™ [+-My_Taq.Member_B
-

Tag is too small.

Minar fault

My_Tag is too small for the attribute. So the GSV instruction stops and logs a minor
fault.

The GSV/SSV Objects section shows each object’s attributes and their
associated data types. For example, the MajorFaultRecord attribute of the
Program object needs a DINT[11] data type.
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Arithmetic Status Flags: not affected

Fault Conditions:

A Minor Fault Will Occur If Fault Type Fault Code
invalid object address 4 5

specified an object that does not support 4 6

GSV/SSV

invalid attribute 4 6

did not supply enough information for an SSV 4 6
instruction

the GSV destination was not large enough to hold 4 7

the requested data

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken

rung-condition-in is false

The rung-condition-out is set to false.

na

rung-condition-in is true

The instruction executes.

The rung-condition-out is set to true.

na

Enableln is set

na

Enableln is always set.

The instruction executes.

instruction executes

Get or set the specified value.

Get or set the specified value.

postscan

The rung-condition-out is set to false.

No action taken.
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GSV/SSV Obiects When you enter a GSV/SSV instruction, you specify the object and its
attribute that you want to access. In some cases, there will be more than one
instance of the same type of object, so you might also have to specify the
object name. For example, there can be several tasks in your application. Each
task has its own TASK object that you access by the task name.

For the GSV instruction, only the specified size of data is copied
to the destination. For example, if the attribute is specified as a
SINT and the destination is a DINT, only the lower 8 bits of the

DINT destination are updated, leaving the remaining 24 bits
unchanged.

You can access these objects:

For Information About This Object See This Page Or Publication

AXIS ControlLogix Motion Module Setup and
Configuration Manual, publication
1756-UM006

CONTROLLER 180

CONTROLLERDEVICE 181

CST 183

DF1 184

FAULTLOG 187

MESSAGE 188

MODULE 190

MOTIONGROUP 191

PROGRAM 192

ROUTINE 193

SERIALPORT 193

TASK 195

WALLCLOCKTIME 197
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Access the CONTROLLER object

The CONTROLLER object provides status information about a controller’s

execution.
Attribute Data Type Instruction Description
TimeSlice INT GSV Percentage of available CPU that is assigned to
communications.
SSV
Valid values are 10-90. This value cannot be changed when the
controller keyswitch is in the run position.
ControllerLogTotalEntryCou  DINT SSV Number of controller log entries since the last firmware
nt upgrade.
GSV
The number will be reset if RAM enters a bad state.
The number is capped at the largest DINT.
ControllerLogExecutionMod  DINT SSV Number of controller log entries that originated from a
ificationCount program/task properties change, an online edit, or a controller
GSV timeslice change. It can also be configured to include log
entries originating from forces.
The number will be reset if RAM enters a bad state.
The number is not capped at the largest DINT, and a rollover
can occur.
ControllerLogUnsavedEntry ~ DINT GSV Number of entries in the controller log that have yet to be
Count stored to removable media.
Range from 0 to maximum number of entries.
ControllerLogAutoWrite BOOL MSG Flag used to determine if the automatic write of the controller
log to remavable media is enabled.
0 = auto write is disabled (fault).
1 =controller log will attempt to write to removable media
when the log is 80% full.
ExecutionCountConfigureM  DINT MSG Bit array used to determine what will cause the Modify

ask

Execution Count to increment.
0 = default (everything but forces).

1 = forces included (everything and forces).
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Access the CONTROLLERDEVICE object

The CONTROLLERDEVICE object identifies the physical hardware of the

controllet.
Attribute Data Type Instruction Description
DeviceName SINT[33] GSv ASClI string that identifies the catalog number of the controller
and memory board.
The first byte contains a count of the number of ASCII
characters returned in the array string.
ProductCode INT GSV Identifies the type of controller
Logix Controller Product Code
CompactLogix5320 43
Compactlogix5330 44
CompactLogix5335E 65
ControlLogix5550 3
ControlLogix5553 50
ControlLogix5555 51
ControlLogix5561 54
ControlLogix5562 55
ControlLogix5563 56
Drivelogix5720 48
FlexLogix5433 4
FlexLogix5434 42
SoftLogix5860 15
ProductRev INT GSV Identifies the current product revision. Display should be
hexadecimal.
The low byte contains the major revision; the high byte
contains the minor revision.
SerialNumber DINT GSV Serial number of the device.
The serial number is assigned when the device is built.
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Attribute Data Type Instruction Description
Status INT GSV Bits identify status:

Bits 3-0 are reserved

Device Status Bits

Bits 7-4: Meaning:

0000 reserved

0001 flash update in progress
0010 reserved

0011 reserved

0100 flash is bad

0101 faulted

0110 run

0111 program

Fault Status Bits

Bits 11-8: Meaning:

0001 recoverable minor fault
0010 unrecoverable minor fault
0100 recoverable major fault
1000 unrecoverable major fault

Logix5000 Specific Status Bits

Bits 13-12: Meaning:

01 keyswitch in run

10 keyswitch in program

11 keyswitch in remote

Bits 15-14 Meaning

01 controller is changing modes

10 debug mode if controller is in run mode
Type INT GSV Identifies the device as a controller.

Controller =14
Vendor INT GSV [dentifies the vendor of the device.

Allen-Bradley = 0001
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Access the CST object

The CST (coordinated system time) object provides coordinated system time
for the devices in one chassis.

Attribute Data Type Instruction Description

CurrentStatus INT GSV Current status of the coordinated system time. Bits identify:
Bit: Meaning
0 timer hardware faulted: the device's internal timer

hardware is in a faulted state

1 ramping enabled: the current value of the timer's lower
16+ bits ramp up to the requested value, rather than snap
to the lower value. These bits are manipulated by the
netwark specific tick synchronization method.

2 system time master: the CST object is a master time
source in the ControlLogix system

3 synchronized: the CST object’s 64-bit CurrentValue is
synchronized by a master CST object via a system time
update

4 local network master: the CST object is the local network
master time source

5 in relay mode: the CST object is acting in a time relay
mode

6 duplicate master detected: a duplicate local network time

master has been detected. This bit is always 0 for
time-dependent nodes.

7 unused

8-9 00 = time dependent node
01 = time master node
10 = time relay node

11 = unused
10-15 unused
CurrentValue DINT[2] GSv Current value of the timer. DINT[O] contains the lower 32; DINT[1]

contains the upper 32 bits.

The timer source is adjusted to match the value supplied in update
services and from local communication network synchronization. The
adjustment is either a ramping to the requested value or an
immediate setting to the request value, as reported in the
CurrentStatus attribute.
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Access the DF1 object

The DF1 object provides an interface to the DF1 communication driver that

you can configure for the serial port.

Attribute Data Type Instruction Description
ACKTimeout DINT GSV The amount of time to wait for an acknowledgment to a message
transmission (point-to-point and master only).
Valid value 0-32,767. Delay in counts of 20 msec periods. Default
is 50 (1 second).
DiagnosticCounters INT[19] GSV Array of diagnostic counters for the DF1 communication driver.
word offset DF1 point-to-point DF1 slave master
0 signature (0x0043) signature (0x0042) signature (0x0044)
1 modem bits modem bits modem bits
2 packets sent packets sent packets sent
3 packets received packets received packets received
4 undelivered packets undelivered packets undelivered packets
5 unused messages retried messages retried
6 NAKs received NAKs received unused
7 ENQs received poll packets received unused
8 bad packets NAKed bad packets not ACKed bad packets not ACKed
9 no memory sent NAK no memory not ACKed unused
10 duplicate packets received duplicate packets received duplicate packets received
1 bad characters received unused unused
12 DCD recoveries count DCD recoveries count DCD recoveries count
13 lost modem count lost modem count lost modem count
14 unused unused priority scan time maximum
15 unused unused priority scan time last
16 unused unused normal scan time maximum
17 unused unused normal scant time last
18 ENQs sent unused unused
DuplicateDetection SINT GSV Enables duplicate message detection.
Value: Meaning:
0 duplicate message detection disabled
non zero duplicate message detection disabled
EmbeddedResponseEnable SINT GSV Enables embedded response functionality (point-to-point only).
Value: Meaning:
0 initiated only after one is received (default)
1 enabled unconditionally
ENQTransmitLimit SINT GSV The number of inquiries (ENQs) to send after an ACK timeout
(point-to-point only).
Valid value 0-127. Default setting is 3.
EOTSuppression SINT GSV Enable suppressing EQOT transmissions in response to poll packets
(slave only).
Value: Meaning:
0 EOT suppression disabled (disabled)
non zero EOT suppression enabled
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Attribute Data Type Instruction Description
ErrorDetection SINT GSV Specifies the error-detection scheme.
Value: Meaning:
0 BCC (default)
1 CRC
MasterMessageTransmit SINT GSV Current value of the master message transmission (master only).
Value: Meaning:
0 between station polls
1 in poll sequence (in place of master’s station
number)
Defaultis 0.
NAKReceiveLimit SINT GSV The number of NAKs received in response to a message before

stopping transmission (point-to-point communication only).

Valid value 0-127. Default is 3.

NormalPollGroupSize INT GSV Number of stations to poll in the normal poll node array after
polling all the stations in the priority poll node array (master only).

Valid value 0-255. Default is 0.

PollingMode SINT GSV Current polling mode (master only).
Value: Meaning:
0 message-based, but don't allow slaves
to initiate messages
1 message-based, but allow slaves to
initiate messages (default)
2 standard, single-message transfer per node scan
3 standard, multiple-message transfer per node scan

Default setting is 1.

ReplyMessageWait DINT GSV The time (acting as a master) to wait after receiving an ACK
before polling the slave for a response (master only).

Valid value 0-65,535. Delay in counts of 20 msec periods. The
default is 5 periods (100 msec).

StationAddress INT GSV Current station address of the serial port.

Valid value 0-254. Default is 0.

SlavePollTimeout DINT GSV The amount of time in msecs that the slave waits for the master to
poll before the slave declares that it is unable to transmit because
the master is inactive (slave only).

Valid value 0-32,767. Delay in counts of 20 msec periods. The
default is 3000 periods (1 minute).

TransmitRetries SINT GSV Number of times to resend a message without getting an
acknowledgment (master and slave only).

Valid value 0-127. Default is 3.
PendingACKTimeout DINT SSV Pending value for the ACKTimeout attribute.
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Attribute Data Type Instruction Description

PendingDuplicateDetection SINT SSV Pending value for the DuplicateDetection attribute.
PendingEmbeddedResponse SINT SSV Pending value for the EmbeddedResponse attribute.
Enable

PendingENQTransmitLimit SINT SSV Pending value for the ENQTransmitLimit attribute.
PendingEQTSuppression SINT SSV Pending value for the EQTSuppression attribute.
PendingErrorDetection SINT SSV Pending value for the ErrorDetection attribute.
PendingNormalPollGroupSize  INT SSV Pending value for the NormalPollGroupSize attribute.
PendingMasterMessage SINT SSV Pending value for the MasterMessageTransmit attribute.
Transmit

PendingNAKReceiveLimit SINT SSV Pending value for the NAKReceiveLimit attribute.
PendingPollingMode SINT SSV Pending value for the PollingMode attribute.
PendingReplyMessageWait DINT SSV Pending value for the ReplyMessageWait attribute.
PendingStationAddress INT SSV Pending value for the StationAddress attribute.
PendingSlavePollTimeout DINT SSV Pending value for the SlavePollTimeout attribute.
PendingTransmitRetries SINT SSV Pending value for the TransmitRetries attribute.

To apply values for any of the DF1 pending attributes:
1. Use an SSV instruction to set the value for the pending attribute.

You can set as many pending attributes as you want, using an SSV
instruction for each pending attribute.

2. Use a MSG instruction to apply the value. The MSG instruction applies
every pending attribute you set. Configure the MSG instruction as:

MSG Configuration Tab Field Value
Configuration Message Type CIP Generic
Service Code 0d hex
Object Type az2
Object ID 1
Object Attribute leave blank
Source leave blank
Number of Elements 0
Destination leave blank
Communication Path communication path to self
(1,s where s = slot number of
controller)
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Access the FAULTLOG object

The FAULTLOG object provides fault information about the controller.

Attribute Data Type Instruction Description
MajorEvents INT GSV How many major faults have occurred since the last time this
counter was reset.
SSV
MinorEvents INT GSV How many minor faults have occurred since the last time this
counter was reset.
SSV
MajorFaultBits DINT GSV Individual bits indicate the reason for the current major fault.
SSV Bit: Meaning:
1 power 10ss
3 1/0
4 instruction execution (program)
5 fault handler
6 watchdog
7 stack
8 mode change
11 motion
MinorFaultBits DINT GSV Individual bits indicate the reason for the current minor fault.
SSV Bit: Meaning:
4 instruction execution (program)
6 watchdog
9 serial port
10 battery

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

187



Chapter 4 Input/Qutput Instructions (MSG, GSV, SSV, 10T)

Access The MESSAGE Object

You can access the MESSAGE object through the GSV/SSV instructions.
Specity the message tag name to determine which MESSAGE object you
want. The MESSAGE object provides an interface to setup and trigger
peer-to-peet communications. This object replaces the MG data type of the
PLC-5 processor.

Attribute Data Type Instruction Description
ConnectionPath SINT[130] GSvV Data to setup the connection path. The first two bytes (low byte
and high byte) are the length in bytes of the connection path.
SSV
ConnectionRate DINT GSV Requested packet rate of the connection.
SSV
MessageType SINT GSV Specifies the type of message.
SSV Value: Meaning:
0 not initialized
Port SINT GSV Indicates which port the message should be sent on.
SSV Value: Meaning:
1 backplane
2 serial port
TimeoutMultiplier SINT GSV Determines when a connection should be considered timed out
and closed.
SSV
Value: Meaning:
0 connection will timeout in 4 times the update rate
(default)
1 connection will timeout in 8 times the update rate
2 connection will timeout in 16 times the update rate
UnconnectedTimeout DINT GSV Timeout period in microseconds for all unconnected messages. The
default is 30,000,000 microseconds (30 seconds).
SSV

To change a MESSAGE attribute, follow these steps:

1. Use a GSV instruction to get the MessageType attribute and save it in a
tag.

2. Use a SSV instruction to set the MessageType to 0.

3. Use a SSV instruction to set the MESSAGE attribute that you want to
change.

4. Use a SSV instruction to set the MessageType attribute back to the
original value you obtained in step 1.
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Example:

The following example changes the ConnectionPath attribute, so that the
message goes to a different controller. When msg_path is on, sets the path of
the msg 1 message to the value of zsg 7_path. This send the message to a
different controller.

Where Is
msg 1 message whose attribute you want to change
msg_1_type tag that stores the value of the MessageType attribute
tag a tag that stores a 0.
msg 1_path array tag that stores the new connection path for the message
Relay Ladder
msg]_?ath GSV SSV
0 9 € Get System Value Set System Value
Class name MESSAGE Class name MESSAGE
Instance name msg 1 Instance name msg_ 1
Attribute NamdessageType Attribute NamdessageType
Dest msg_1_type Source tag a
2 0
l_ SSV SSV
Set System Value Set System Value
Class name MESSAGE Class name MESSAGE
Instance name msg 1 Instance name msg_ 1
Attribute Nan@®onnectionPath Attribute N MessageType
Source msg_1_pathl[0 Source msg_1_type
6 2
mngl.EN MSG
1 5 /B Type - CIP Data Table Write  —CEND)—
Message Control msg_1 _.l.—(DN)—
- Crr>—
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Structured Text

IF msg_path THEN
GSV (MESSAGE, msg_1,MessageType,msg 1 type);
SSV (MESSAGE, msg_1,MessageType, tag_a);
SSV (MESSAGE,msg_1,ConnectionPath,msg 1 path[0]);
SSV (MESSAGE, msg_1,MessageType,msg_1 type);
END IF;
IF NOT msg 1.EN THEN
MSG (msg 1) ;

END IF;
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Access The MODULE Object

The MODULE object provides status information about a module. To select a
patticular MODULE object, set the Object Name operand of the GSV/SSV

instruction to the module name, The specified module must be present in the
I/0O Configuration section of the controller organizer and must have a device

name.
Attribute Data Type Instruction Description
EntryStatus INT GSV Specifies the current state of the specified map entry. The lower 12 bits
should be masked when performing a comparison operation. Only bits

12-15 are valid.

Value: Meaning:

16#0000 Standby: the controller is powering up.

16#1000 Faulted: any of the MODULE object’s connections to
the associated module fail. This value should not be
used to determine if the module failed because the
MODULE object leaves this state periodically when
trying to reconnect to the module. Instead, test for
Running state (16#4000). Check for FaultCode
not equal to 0 to determine if a module is faulted.
When Faulted, the FaultCode and Faultinfo attributes
are valid until the fault condition is corrected.

16#2000 Validating: the MODULE object is verifying MODULE
object integrity prior to establishing connections
to the module.

16#3000 Connecting: the MODULE object is initiating
connections to the module.

16#4000 Running: all connections to the module are
established and data is successfully transferring.

16#5000 Shutting down: the MODULE object is in the
process
of shutting down all connections to the module.

16#6000 Inhibited: the MODULE object is inhibited (the
inhibit bit in the Mode attribute is set).

16#7000 Waiting: the parent MODULE object upon which
this MODULE object depends is not running.

FaultCode INT GSV A number which identifies a module fault, if one occurs.
Faultinfo DINT GSV Provides specific information about the MODULE object fault code.
ForceStatus INT GSV Specifies the status of forces.

Bit: Meaning:

0 forces installed (1=yes, 0-no)

1 forces enabled (1=yes, 0=no)

2-15 not used
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Attribute Data Type Instruction Description
Instance DINT GSV Provides the instance number of this MODULE object.
LEDStatus INT GSV Specifies the current state of the I/0 LED on the front of the controller.

Value: Meaning:

0 LED off: No MODULE objects are configured for the
controller (there are no modules in the I/0 Configuration
section of the controller organizer).

1 Flashing red: None of the MODULE objects are Running.

2 Flashing green: At least one MODULE object is
not Running.

3 Solid green: All the Module objects are Running.

Note: You do not enter an object name with this attribute because this
attribute applies to the entire collection of modules.

Mode INT GSV Specifies the current mode of the MODULE object.
SSV Bit: Meaning:
0 If set, causes a major fault to be generated if any of the
MODULE object connections fault while the controller
is in Run mode.
2 If set, causes the MODULE object to enter Inhibited state

after shutting down all the connections to the module.

Access The MOTIONGROUP Object

The MOTIONGROUP object provides status information about a group of
axes for the servo module. Specify the motion-group tag name to determine
which MOTIONGROUP object you want.

Attribute Data Type Instruction Description
Instance DINT GSV Provides the instance number of this MOTION_GROUP object.
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Access The PROGRAM Object

The PROGRAM object provides status information about a program. Specify
the program name to determine which PROGRAM object you want.

Attribute Data Type Instruction Description
DisableFlag SINT GSV Controls this program’s execution.
SSV Value: Meaning:
0 execution enabled
1 execution disabled
Instance DINT GSV Provides the instance number of this PROGRAM object.
LastScanTime DINT GSV Time it took to execute this program the last time it was executed.
Time is in microseconds.
SSV
MajorFaultRecord DINT[11] GSvV Records major faults for this program
SSV We recommend that you create a user-defined structure to
simplify access to the MajorFaultRecord attribute:
Name: Data Type: Style: Description:
TimeLow DINT Decimal lower 32 bits of fault timestamp value
TimeHigh DINT Decimal upper 32 bits of fault timestamp value
Type INT Decimal fault type (program, 1/0, etc.)
Code INT Decimal unique code for the fault (depends on fault type)
Info DINTI[8] Hexadecimal fault specific information (depends on fault type and code)
MaxScanTime DINT GSV Maximum recorded execution time for this program. Time is in
microseconds.
SSV
MinorFaultRecord DINT[11] GSV Records minor faults for this program
SSV We recommend that you create a user-defined structure to
simplify access to the MinorFaultRecord attribute:
Name: Data Type: Style: Description:
TimeLow DINT Decimal lower 32 bits of fault timestamp value
TimeHigh DINT Decimal upper 32 bits of fault timestamp value
Type INT Decimal fault type (program, 1/0, etc.)
Code INT Decimal unique code for the fault (depends on fault type)
Info DINTI[8] Hexadecimal fault specific information (depends on fault type and code)
SFCRestart INT GSV unused - reserved for future use
SSV
192 Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Input/Qutput Instructions (MSG, GSV, SSV, 10T) Chapter 4

Access The Routine object

The ROUTINE object provides status information about a routine. Specify

the routine name to determine which ROUTINE object you want.

Attribute

Data Type

Instruction

Description

Instance

DINT

GSv

Provides the instance number of this ROUTINE object.

Valid values are 0-65,535.

Access The SERIALPORT Object

The SERIALPORT object provides an interface to the serial communication

port.

Attribute

Data Type

Instruction

Description

BaudRate

DINT

GSv

Specifies the baud rate.

Valid values are 110, 300, 600, 1200, 2400, 4800, 9600, and
19200 (default).

DataBits

SINT

GSV

Specifies the number of bits of data per character.

Value: Meaning:
7 7 data bits (ASCII only)
8 8 data bits (default)

Parity

SINT

GSvV

Specifies the parity.

Value: Meaning:

0 no parity (no default)
1 odd parity (ASCII only)
2 even parity

RTSOffDelay

INT

GSv

Amount of time to delay turning off the RTS line after the last
character has been transmitted.

Valid value 0-32,767. Delay in counts of 20 msec periods. The
default is 0 msec.

RTSSendDelay

INT

GSv

Amount of time to delay transmitting the first character of a
message after turning on the RTS line.

Valid value 0-32,767. Delay in counts of 20 msec periods. The
default is 0 msec.

StopBits

SINT

GSvV

Specifies the number of stop bits.

Value: Meaning:
1 1 stop bit (default)
2 2 stop bits (ASCII only)

PendingBaudRate

DINT

SSV

Pending value for the BaudRate attribute.
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Attribute Data Type Instruction Description

PendingDataBits SINT SSV Pending value for the DataBits attribute.
PendingParity SINT SSV Pending value for the Parity attribute.
PendingRTSOffDelay INT SSV Pending value for the RTSOffDelay attribute.
PendingRTSSendDelay INT SSV Pending value for the RTSSendDelay attribute.
PendingStopBits SINT SSV Pending value for the StopBits attribute.
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To apply values for any of the SERIALPORT pending attributes:

1. Use an SSV instruction to set the value for the pending attribute.

You can set as many pending attributes as you want, using an SSV

instruction for each pending attribute.

2. Use a MSG instruction to apply the value. The MSG instruction applies
every pending attribute you set. Configure the MSG instructions as:

MSG Configuration Tab Field Value
Configuration Message Type CIP Generic

Service Code 0d hex

Object Type 6f hex

Object ID 1

Object Attribute leave blank

Source leave blank

Number of Elements 0

Destination leave blank
Communication Path communication path to self

(1,s where s = slot number of
controller)
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Access The TASK Object

The TASK object provides status information about a task. Specify the task
name to determine which TASK object you want.

Attribute Data Type Instruction Description
DisableUpdateQutputs DINT GSV Enables or disables the processing of outputs at the end of a task
Ssy To: Set the attribute to:
enable the processing of outputs 0
at the end of the task
disable the processing of 1 (or any non-zero value)
outputs at the end of the task
EnableTimeOut DINT GSV Enables or disables the timeout function of an event task.
Ssy To: Set the attribute to:
disable the timeout function 0
enable the timeout function 1 (or any non-zero value)
InhibitTask DINT GSV Prevents the task from executing. If a task is inhibited, the controller
still prescans the task when the controller transitions from program
SSV to run or test mode.
To: Set the attribute to:
enable the task 0 (default)
inhibit (disable) the task 1 (or any non-zero value)
Instance DINT GSV Provides the instance number of this TASK object.
Valid values are 0-31.
LastScanTime DINT GSV Time it took to execute this task the last time it was executed. Time
is in microseconds.
SSV
MaxInterval DINT[2] GSV The maximum time interval between successive executions of
the task. DINT[0] contains the lower 32 bits of the value; DINT[1]
SSV contains the upper 32 bits of the value.
A value of 0 indicates 1 or less executions of the task.
MaxScanTime DINT GSV Maximum recorded execution time for this program. Time is
in microseconds.
SSV
MinInterval DINT[2] GSV The minimum time interval between successive executions of the
task. DINTIO] contains the lower 32 bits of the value; DINT[1]
SSV contains the upper 32 bits of the value.
Avalue of 0 indicates 1 or less executions of the task.
OverlapCount DINT GSV Number of times that the task was triggered while it was still
executing. Valid for an event or a periodic task.
SSV

To clear the count, set the attribute to 0.
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Chapter 4 Input/Qutput Instructions (MSG, GSV, SSV, 10T)

Attribute Data Type Instruction Description
Priority INT GSV Relative priority of this task as compared to the other tasks.
SSV Valid values 1...15.
Rate DINT GSV If the task type is: Then the Rate attribute
specifies the:
SSV — - —
periodic Period for the task. Time is
in microseconds.
event The timeout value for the task.
Time is in microseconds.
StartTime DINT[2] GSV Value of WALLCLOCKTIME when the last execution of the task
was started. DINT[O] contains the lower 32 bits of the valug;
SSV DINT[1] contains the upper 32 bits of the value.
Status DINT GSV Provides status information about the task. Once the controller sets
one of these hits, you must manually clear the bit.
SSV To determine if: Examine this bit:
An EVNT instruction triggered 0
the task (event task only).
A timeout triggered the task 1
(event task only).
An overlap occurred for this 2
task.
Watchdog DINT GSV Time limit for execution of all programs associated with this task.
Time is in microseconds.
SV If you enter 0, these values are assigned:
Time: Task Type:
0.5sec periodic or event
5.0 sec continuous
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Access The WALLCLOCKTIME Object

The WALLCLOCKTIME object provides a timestamp the controller can use

for scheduling.
Attribute Data Type Instruction Description
CSTOffset DINT[2] GSV Positive offset from the CurrentValue of the CST object (coordinated
system time, see page 183). DINT[0] contains the lower 32 bits of
SSvV the value; DINT[1] contains the upper 32 bits of the value.
Value in psecs. The default is 0.
CurrentValue DINT[2] GSV Current value of the wall clock time. DINT[0] contains the lower 32
bits of the value; DINT[1] contains the upper 32 bits of the value.
SSV
The value is the number of microseconds that have elapsed since
0000 hrs 1 January 1972.
The CST and WALLCLOCKTIME objects are mathematically related
in the controller. For example, if you add the CST CurrentValue and
the WALLCLOCKTIME CTSOffset, the result is the WALLCLOCKTIME
CurrentValue.
DateTime DINT[7] GSV The date and time in a readable format.
SSV DINT[O]  year

DINT[1]  integer representation of month (1-12)
DINT[2]  integer representation of day (1-31)
DINT[3]  hour (0-23)

DINT[4]  minute (0-59)

DINT[5]  seconds (0-59)

DINT[6]  microseconds (0-999,999)
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GSV/SSV Programming
Example

Get Fault Information

The following examples use GSV instructions to get fault information.

Example 1: This example gets fault information from the I/O module disc_in_2 and places

Example 2:

198

the data in a user-defined structure disc_in_2_info.

Relay Ladder
GSY
Get system value —
Object class MODULE
Object name disc_in_2
Altribute narme FaultCode
[rest disc_in_2_inf0.FauItEodi
a

G5Y

Get system value —
Object class MODULE
Object name disc_in_2
Altribute narme Faullnfa
Dest disc_in_2_info.Faultinfo
D *

G5

Get system value —
Object class MODULE
Object name disc_in_2
Altribute name Mode
[rest dizc_in_2_info.Mode
2#0000_0000_0000_0000_0000_0000_0000_0000 €

Structured Text

GSV (MODULE,disc_in 2,FaultCode,disc_in 2 info.FaultCode);
GSV (MODULE,disc _in 2,FaultInfo,disc in 2 info.FaultInfo);

GSV (MODULE,disc_in 2,Mode,disc_in 2info.Mode) ;

This example gets status information about program discrete and places the data
in a user-defined structure discrete_info.

Relay Ladder

G5
Get system value
Object class FROGRARM
Object name DISCRETE
Altribute name  LASTSCANTIME
Dest discrete_info.LastScanTime
3%

G5Y

Get system value

Object class FROGRARM

Object name DISCRETE

Altribute name  MAXSCANTIME

Dest discrete_info.MaxScanTime
4500 €

Structured Text

GSV (PROGRAM, DISCRETE, LASTSCANTIME,
discrete info.LastScanTime) ;

GSV (PROGRAM, DISCRETE, MAXSCANTIME, discrete info.MaxScanTime) ;
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Example 3: This example gets status information about task IO_fest and places the data in
a user-defined structure do_zest_info.

Relay Ladder
G5 G5 G5
Get system value Get system value Get system value
Object class TASK Object class TASK Object class TASK
Object name I0_TEST Object name I0_TEST Object name I0_TEST
Altribute name  LASTSCANTIME Altribute name  MAXSCANTIME Altribute name WATCHDOG
Dest io_test_info.LastScanTime Dest io_test_info.Ma=5 canTime(0] Dest io_test_info.w atchDog
2998 € 6547 € 500000 €
Structured Text

GSV (TASK, IO _TEST, LASTSCANTIME, io test info.LastScanTime);
GSV (TASK, IO TEST,MAXSCANTIME,io test info.MaxScanTime);

GSV (TASK, IO_TEST,WATCHDOG,io test info.WatchDog) ;
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Set Enable And Disable Flags

The following example uses the SSV instruction to enable or disable a
program. You could also use this method to enable or disable an I/O module,
which is a similar to using inhibit bits with a PLLC-5 processor.

Example: Based on the status of SW.7, place the appropriate value in the disableflag
attribute of program discrete.

Relay Ladder
Shaf 1 b 1
] E bl o
Source enable_prog
€
Dest dizcrete_prog_flag
e
S 1 b 1
J/E Miowve
Source dizable_prog
1%
Dest dizcrete_prog_flag
n*
G54
Set zpstem value
Obiject clasz PROGRAM
Obiject name DISCRETE
Aftribute name  DISABLEFLAG
Source dizcrete_prog_flag
n*
Structured Text
IF SW.1 THEN
discrete prog flag := enable prog;
ELSE
discrete prog flag := disable prog;
END_IF;
SSV (PROGRAM, DISCRETE, DISABLEFLAG, discrete prog flag);
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Immediate 0utput (lOT) The IOT instruction immediately updates the specified output data (output tag
ot produced tag).
Operands:
_ Relay Ladder
07
1 Immediate Output - —
Update Tag 7 Operand Type Format Description
Update Tag tag tag that you want to update, either:
e output tag of an I/0 module
¢ produced tag
Do not choose a member or element of a tag.
For example, Local:5:0 is OK but
Local:5:0.Data is not OK.
I0T (output_tag) ; structured Text

The operands are the same as those for the relay ladder IOT instruction.

Description: The IOT instruction overrides the requested packet interval (RPI) of an
output connection and sends fresh data over the connection.

¢ An output connection is a connection that is associated with the output
tag of an I/O module or with a produced tag.

e If the connection is for a produced tag, the IOT instruction also sends
the event trigger to the consuming controller. This lets the IOT
instruction trigger an event task in the consuming controller.

To use an IOT instruction and a produced tag to trigger an event task in a
consumer controller, configure the produced tag as follows:

f& Tag Properties - Produced_Tag

General  Connection® |

b asirnum Consumers: I 3:

Check this box. ———|# Pragrammatically [I0T Instruction] Send Event Trigger ta Conzume

This configures the tag to update its event trigger only via

an |OT instruction.
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The type of network between the controllers determines when the consuming
controller receives the new data and event trigger via the IOT instruction.

With This Controller Over This Network The Consuming Device Receives The
Data And Event Trigger
ControlLogix backplane immediately
EtherNet/IP network immediately
ControlNet network within the actual packet interval (API) of the
consumed tag (connection)
SoftLogix5800 You can produce and consume tags only over  within the actual packet interval (API) of the
a ControlNet network. consumed tag (connection)

The following diagrams compare the receipt of data via an IOT instruction
over EtherNet/IP and ControlNet networks.

EtherNet/IP network ControlNet network

values loaded into f values loaded into
produced tag ' produced tag

|

|OT instruction in the
producing controller

|

|

|OT instruction in the '
producing controller |
|

|

l

|

|

event task in the
consuming controller

S I

|
|
|
i
|
m RPI of the produced tag
|
|

r

event task in the
consuming controller

{---bp-q---
1

Arithmetic Status Flags: not affected

Fault Conditions: none
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Chapter 4

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.

rung-condition-in is false

The rung-condition-out is set to false.

na

rung-condition-in is true

The instruction executes.

The rung-condition-out is set to true.

na

Enableln is set

na

Enableln is always set.

The instruction executes.

instruction execution

The instruction:

e updates the connection of the specified tag.

e resets the RPI timer of the connection

postscan

The rung-condition-out is set to false.

No action taken.

Example 1: When the IOT instruction executes, it immediately sends the values of the
Local:5:0 tag to the output module.

Relay Ladder

a7

Structured Text

IOT (Local:5:0);
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Example 2: This controller controls station 24 and produces data for the next station
(station 25). To use an IOT instruction to signal the transmission of new data,
the produced tag is configured as follows:

§ Tag Properties - Produced_Tag

General Connechion® |

M axirnurn Consurners: I E:
Produced_Tag is configured to update its event trigger via

an 10T instruction. ———®v* Programmatically [|0T Instustion] Send Exvent Trigger to Consume
Relay Ladder

If New_Data = on, then the following occurs for one scan:
The CPS instruction sets Produced_Tag = Source_Tag.

The I0T instruction updates Produced_Tag and sends this update to the consuming controller (station 25). When the
consuming controller receives this update, it triggers the associated event task in that controller.

Mew _Data  Trigger_Consumer CFS 10T
1 F [ONS ] Synchronous Copy File Immediate Dutput
Source Source_Tag dpdate Tag Produced_Tag
Dest  Produced_Tag
Length 1

Structured Text

IF New Data AND NOT Trigger Consumer THEN
CPS (Source Tag, Produced Tag,1);
IOT (Produced Tag);

END IF;

Trigger Consumer := New Data;
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Chapter 5

Compare Instructions
(CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ)

Introduction The compare instructions let you compare values by using an expression or a
specific compare instruction.
If You Want To Use This Instruction Available In These Languages See Page
compare values based on an expression CMP relay ladder 206
structured text!!
test whether two values are equal EQU relay ladder 211
structured text®
function block
test whether one value is greater than or equal GEQ relay ladder 215
to a second value structured text'!
function block
test whether one value is greater than a GRT relay ladder 219
second value structured text!")
function block
test whether one value is less than or equal to LEQ relay ladder 223
a second value structured text!")
function block
test whether one value is less than a LES relay ladder 227
second value structured text!")
function block
test whether one value is between two LIM relay ladder 231
other values structured text!")
function block
pass two values through a mask and test MEQ relay ladder 237
whether they are equal structured text'!)
function block
test whether one value is not equal to a NEQ relay ladder 242

second value

structured text'!)
function block

M Thereisno equivalent structured text instruction. Use other structured text programming to achieve the same result. See the description for the instruction.

(2)

There is no equivalent structured text instruction. Use the operator in an expression.

You can compare values of different data types, such as floating point
and integer.

For relay ladder instructions, bold data types indicate optimal data types. An
instruction executes faster and requires less memory if all the operands of the
instruction use the same optimal data type, typically DINT or REAL.

Publication 1756-RMO03K-EN-P - July 2008

205

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Compare (CMP)

CMP

— Compare
Eupreszion

Arithmetic Status Flags:

Fault Conditions:

206

Description:

The CMP instruction performs a comparison on the arithmetic operations you
specify in the expression.

Relay Ladder

Operand Type Format Description

Expression  SINT immediate  an expression consisting of tags and/or
immediate values separated by operators
INT tag
DINT
REAL

string

A SINT or INT tag converts to a DINT value by sign-extension.

Structured Text

Structured text does not have a CMP instruction, but you can achieve the same
results using an IE..THEN construct and expression.

IF BOOL expression THEN
<statement>;

END IF;

See Appendix C, Structured Text Programming for information on the syntax

of constructs and expressions within structured text.

Define the CMP expression using operators, tags, and immediate values. Use
parentheses () to define sections of more complex expressions.

The execution of a CMP instruction is slightly slower and uses more memory
than the execution of the other comparison instructions. The advantage of the
CMP instruction is that it allows you to enter complex expressions in one
instruction.

The CMP instruction only affects the arithmetic status flags if the expression
contains an operator (for example, +, 5 *, /) that affects the arithmetic status

flags.

none
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Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true

expression is true

rung-condition-out is set

evaluate expression
to true

expression is false

rung-condition-out is set
to false >

Y

postscan The rung-condition-out is set to false.

Examples: If the CMP instruction finds the expression true, the rung-condition-out is set
to true.

ChP

Compare
Ewxpreszion walue_1 =wvalue_2

Compare —
Ewpreszion [wvalue_1 * value_2] - value_3 < value_4

Compare —
Ewpreszion  walue_1

If you enter an expression without a comparison operator, such as palue_1 +
valne_2, or value_1, the instruction evaluates the expression as:

If The Expression The Rung-condition-out Is Set To
non zero true
zero false
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CMP expressions
You program expressions in CMP instructions the same as expressions in FSC
instructions. Use the following sections for information on valid operators,
format, and order of operation, which ate common to both instructions.
Valid operators

Operator: Description Optimal Operator: Description Optimal

+ add DINT, REAL DEG radians to degrees DINT, REAL

subtract/negate DINT, REAL FRD BCD to integer DINT

* multiply DINT, REAL LN natural log REAL

/ divide DINT, REAL LOG log base 10 REAL

= equal DINT, REAL MOD modulo-divide DINT, REAL

< less than DINT, REAL NOT bitwise complement ~ DINT

<= less than or equal DINT, REAL OR bitwise OR DINT

> greater than DINT, REAL RAD degrees to radians DINT, REAL

>= greater than or equal ~ DINT, REAL SIN sine REAL

< not equal DINT, REAL SOR square root DINT, REAL

xx exponent (x to y) DINT, REAL TAN tangent REAL

ABS absolute value DINT, REAL TOD integer to BCD DINT

ACS arc cosine REAL TRN truncate DINT, REAL

AND bitwise AND DINT XOR bitwise exclusive OR  DINT

ASN arc sine REAL

ATN arc tangent REAL

COS cosine REAL
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Format Expressions

For each operator that you use in an expression, you have to provide one or
two operands (tags or immediate values). Use the following table to format
operators and operands within an expression:

For Operators That Use This Format Examples
Operate On

one operand operator(operand) ABS(tag_a)
two operands operand_a operator operand_b e tag b+5

o tag cAND tag_d
o (tag_e** 2) MOD (tag_f/
tag_g)

Determine The Order of Operation

The operations you write into the expression are performed by the instruction
in a prescribed order, not necessarily the order you write them. You can
override the order of operation by grouping terms within parentheses, forcing
the instruction to perform an operation within the parentheses ahead of other
operations.

Operations of equal order are performed from left to right.

Order Operation

1. ()

2. ABS, ACS, ASN, ATN, COS, DEG, FRD, LN, LOG,
RAD, SIN, SQR, TAN, TOD, TRN

*%*

—(negate), NOT
*,/,MOD

G<E > ==

—(subtract), +
AND

XOR

OR

o| ©| X N g~ w®

—_
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Use Strings In an Expression

Use a relay ladder or structured text expression to compare string data types.
To use strings in an expression, follow these guidelines:

e An expression lets you compare two string tags.

® You cannot enter ASCII characters directly into the expression.

® Only the following operators are permitted

Operator Description

= equal

< less than

<= less than or equal

> greater than

>= greater than or equal
<> not equal

e Strings are equal if their characters match.

e ASCII characters are case sensitive. Upper case “A” ($41) is #ot equal to
lower case “a” ($61).

® The hexadecimal values of the characters determine if one string is less
than or greater than another string, For the hex code of a character, see
the back cover of this manual.

e When the two strings are sorted as in a telephone directory, the order of

the strings determines which one is greater.

210

~ ® » » d® —

= M ~+ QO @d = «Q

ASCII Characters | Hex Codes

1ab $31861362

1b $31862

A $41

AB $41842 — AB<B
B $42 jl
a $61 — a>B
ab $61862
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Equal to (EQU)

Operands:

EQL
— Equal
Source &, ?
T
Source B ?
T

IF sourceA = sourceB THEN

<statements>;
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The EQU instruction tests whether Source A is equal to Source B.

Relay Ladder
Operand Type Format Description
Source A SINT immediate value to test against
Source B
INT tag
DINT
REAL
string
Source B SINT immediate value to test against
Source A
INT tag
DINT
REAL
string

e If you enter a SINT or INT tag, the value converts to a DINT value by

sign-extension.

e REAL values are rarely absolutely equal. If you need to determine the
equality of two REAL values, use the LIM instruction.

e String data types are:

— default STRING data type

— any new string data type that you create

e To test the characters of a string, enter a string tag for both Source A

and Source B.
Structured Text

w_»

Use the equal sign

evaluates whether sourceA is equal to sourceB.

as an operator within an expression. This expression

See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.

1
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Function Block

E EQU_0f
EQU E|
ol Operand Type Format Description
qua
EQU tag FBD_COMPARE structure EQU structure
O Sources Lrest [0
O Sourced
FBD_COMPARE Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
SourceA REAL Value to test against SourceB.
Valid = any float
SourceB REAL Value to test against SourceA.

Valid = any float

Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest BOOL Result of the instruction. This is equivalent to rung-condition-out of the relay ladder
EQU instruction.
Description: Use the EQU instruction to compare two numbers or two strings of ASCII
characters. When you compare strings:
e Strings are equal if their characters match.
e ASCII characters ate case sensitive. Upper case “A” ($41) is not equal to
lower case “a” ($61).
Arithmetic Status Flags: not affected
Fault Conditions: none
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Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true

rung-condition-out is set
to true

Source A = Source B

rung-condition-out is set
to false >

Y

postscan The rung-condition-out is set to false.
E Function Block

Condition Action

prescan No action taken.

instruction first scan No action taken.

instruction first run No action taken.

Enableln is cleared EnableOut is cleared.

Enableln is set The instruction executes.

EnableOut is set.

postscan No action taken.
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Compare Instructions (CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ)

EQL
Equal
Source A wvalue_1
ne
Source B wvalue 2
e

Relay Ladder

Example: If value_1 is equal to valne_2, set light_a. 1f valne_1 is not equal to value_2, clear

light_a

214

Structured Text

Function Block

walue_1 O
walue_2 [

light a := (value 1

il

il

= value 2);

Equal

Sources

SourceB

u]
Dest [F— — — — light_a
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Greater than or Equal to
(GEQ)

Operands:

GEQ

—| Grtr Than or Egl [&>=B] —

Source &, ?
T
Source B ?
T

IF sourceA >= sourceB THEN

<statements>;

Publication 1756-RMO003K-EN-P - July 2008

The GEQ instruction tests whether Source A is greater than or equal to

Source B.

Relay Ladder

Operand Type

Format

Description

Source A SINT
INT
DINT
REAL

string

immediate

tag

value to test against Source B

Source B SINT
INT
DINT
REAL

string

immediate

tag

value to test against Source A

e If you enter a SINT or INT tag, the value converts to a DINT value by

sign-extension.

e String data types are:

— default STRING data type

— any new string data type that you create

e To test the characters of a string, enter a string tag for both Source A

and Source B.

Structured Text

Use adjacent greater than and equal signs “>=" as an operator within an
expression. This expression evaluates whether sourceA is greater than or equal

to sourceB.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.
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E GEQ 01 Function Block
GEQ E
Operand Type Format Description
Grtr Than or Eql (Ax=H)
GEQ tag FBD_COMPARE structure GEQ structure
O Sources Lrest [
O SourceB
FBD_COMPARE Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
SourceA REAL Value to test against SourceB.
Valid = any float
SourceB REAL Value to test against SourceA.
Valid = any float
Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest BOOL Result of the instruction. This is equivalent to rung-condition-out for the relay ladder
GEQ instruction.
Description: The GEQ instruction tests whether Source A is greater than or equal to
Source B.
When you compare strings:
® The hexadecimal values of the characters determine if one string is less
than or greater than another string. For the hex code of a character, see
the back cover of this manual.
e When the two strings are sorted as in a telephone directory, the order of
the strings determines which one is greater.
ASCII Characters | Hex Codes
Tab $31$61$62
N ST $31362
e r
) o A $41
s a AB $41$42 — AB<B
e t 1
) e B $42 —
r a $61 — a>B
v ab $61$62
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Arithmetic Status Flags: not affected
Fault Conditions: none
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true
Source A > Source B rung-condition-out is set
to true
rung-condition-out is set
to false >

postscan The rung-condition-out is set to false.
E Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableOut is cleared.
Enableln is set The instruction executes.

EnableOut is set.
postscan No action taken.
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Example: If value_1 is greater than or equal to value_2, set light_b. If value_1 is less than
valne_2, clear light_b.

Relay Ladder
GEQ light_b
Grtr Than or Eql [&>=B]
Source & value_1
0 &
Source B valug_2
[ &
Structured Text
light b := (value 1 >= value 2);
Function Block
GEQ_01
FEQ _I
Ertr Than or Eql (A==8)
l . Sourcef Dest :lD— —_
SourceB
u]
EE
218 Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Compare Instructions (CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ)

Chapter 5

Greater Than (GRT)

GRT
—— [Greater Than [A:B)
Source &, ?
T
Source B ?
T

Operands:

IF sourceA > sourceB THEN

<statements>;

GRT_0M

0O M

GRT E|

Greater Than (AaxB)

Sources Lrest [0

SourceB
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The GRT instruction tests whether Source A is greater than Source B.

Relay Ladder

Operand Type

Format

Source A SINT
INT
DINT
REAL

string

immediate

tag

value to test against Source B

Source B SINT
INT
DINT
REAL

string

immediate

tag

value to test against Source A

e If you enter a SINT or INT tag, the value converts to a DINT value by

sign-extension.

e String data types are:

— default STRING data type

— any new string data type that you create

e To test the characters of a string, enter a string tag for both Source A

and Source B.

Structured Text

Use the greater than sign “> as an operator within an expression. This

expression evaluates whether sourceA is greater than sourceB.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.

Function Block

Operand Type

GRT tag FBD_COMPARE

GRT structure
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FBD_COMPARE Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.

SourceA REAL Value to test against SourceB.
Valid = any float

SourceB REAL Value to test against SourceA.

Valid = any float

Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest BOOL Result of the instruction. This is equivalent to rung-condition-out for the relay ladder

GRT instruction.

Description: The GRT instruction tests whether Source A is greater than Source B.
When you compare strings:

® The hexadecimal values of the characters determine if one string is less
than or greater than another string, For the hex code of a character, see
the back cover of this manual.

e When the two strings are sorted as in a telephone directory, the order of
the strings determines which one is greater.

ASCII Characters Hex Codes
1ab $31$61$62
A g | [ $31362
e r
s . A $41
S a AB $41$42 — AB<B
e t 1
) o B $42 —
r a $61 — a>B
v ab $61$62

Arithmetic Status Flags: not affected
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Fault Conditions: none
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Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true

rung-condition-out is set
to true

Source A >Source B

rung-condition-out is set
to false >

Y

postscan The rung-condition-out is set to false.
E Function Block

Condition Action

prescan No action taken.

instruction first scan No action taken.

instruction first run No action taken.

Enableln is cleared EnableOut is cleared.

Enableln is set The instruction executes.

EnableOut is set.

postscan No action taken.
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Example: If value_1 is greater than value_2, set light_1. 1f value_1 is less than or equal to
valne_2, clear light 1.

Relay Ladder

GRT light_1
Greater Than [&3B]

Source & walue_1

ne
Source B walue_2
ne
Structured Text
light 1 := (value 1 > value 2);
Function Block
GRT_0M
SRT
Greatar Than (Ax=B)
[vavet - Sowcsh  Destjp— —
SourceB
0
[z
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Less Than or Equal to (LEO_) The LEQ) instruction tests whether Source A is less than or equal to Source B.

Operands:

LEQ

— Lesz Thanor Eql [A<=B] —

Source &, ?
T
Source B ?
T

IF sourceA <= sourceB THEN

<statements>;

Publication 1756-RMO003K-EN-P - July 2008

Relay Ladder

Operand Type

Format

Description

Source A SINT
INT
DINT
REAL

string

immediate

tag

value to test against Source B

Source B SINT
INT
DINT
REAL

string

immediate

tag

value to test against Source A

e If you enter a SINT or INT tag, the value converts to a DINT value by

sign-extension.

e String data types are:

— default STRING data type

— any new string data type that you create

e To test the characters of a string, enter a string tag for both Source A

and Source B.

Structured Text

Use adjacent less than and equal signs “<="as an operator within an
expression. This expression evaluates whether sourceA is less than or equal to

sourceB.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.
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E LEQ 01 Function Block
LEQ =
Less Than or Eql (A<=B) Operand Type Format Description
d seurcen Dest [ LEQ tag FBD_COMPARE structure LEQ structure
O Sourced
FBD_COMPARE Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
SourceA REAL Value to test against SourceB.
Valid = any float
SourceB REAL Value to test against SourceA.
Valid = any float
Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest BOOL Result of the instruction. This is equivalent to rung-condition-out for the relay ladder
LEQ instruction.
Description: The LEQ instruction tests whether Source A is less than or equal to Source B.
When you compare strings:
® The hexadecimal values of the characters determine if one string is less
than or greater than another string. For the hex code of a character, see
the back cover of this manual.
e When the two strings are sorted as in a telephone directory, the order of
the strings determines which one is greater.
ASCII Characters | Hex Codes
1ab $31$61$62
I A g 1b $31862
e r
S . A $41
s a AB $41842 — AB<B
e t 1
) e B $42 —
r a $61 — a>B
\/
ab $61$62
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Compare Instructions (CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ) Chapter 5

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true

rung-condition-out is set
to true

Source A <Source B

rung-condition-out is set
to false >

\J

postscan The rung-condition-out is set to false.
E Function Block

Condition Action

prescan No action taken.

instruction first scan No action taken.

instruction first run No action taken.

Enableln is cleared EnableOut is cleared.

Enableln is set The instruction executes.

EnableOut is set.

postscan No action taken.
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Relay Ladder

Source &

Source B

LECQ)
Leszs Than or Eql [4<=B]

value_1

0 #]

value_2

0 #]

Example: If value_1 is less than or equal to value_2, set light 2. If value_1 is greater than
valne_2, clear light 2.

light_2

226

Structured Text

Function Block

(value 1 <= value 2);

LEQ_04

1]
[

Lezz Than ar Eql (A==H)

Sources

SourceB

LEQ

il

0
Dest f— —@ light_2

walue_2 [t
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Chapter 5

Less Than (LES)

IF sourceA < sourceB THEN

Publication 1756-RMO003K-EN-P - July 2008

Operands:

LES
— Leszz Than [4<B]
Source &, ?
T
Source B ?
T

<statements>;
LES_01
LES I
Lesz Than (A=H)
O Sources [rest [
] Sourced

The LES instruction tests whether Source A is less than Source B.

Relay Ladder

Operand Type

Format

Description

Source A SINT
INT
DINT
REAL

string

immediate

tag

value to test against Source B

Source B SINT
INT
DINT
REAL

string

immediate

tag

value to test against Source A

e If you enter a SINT or INT tag, the value converts to a DINT value by

sign-extension.

e String data types are:

— default STRING data type

® any new string data type that you create

e To test the characters of a string, enter a string tag for both Source A

and Source B.

Structured Text

Use the less than sign “<“‘as an operator within an expression. This expression
evaluates whether sourceA is less than sourceB.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.

Function Block

Operand Type

Format Description

LES tag

FBD_COMPARE

structure LES structure
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FBD_COMPARE Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.

SourceA REAL Value to test against SourceB.
Valid = any float

SourceB REAL Value to test against SourceA.

Valid = any float

Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest BOOL Result of the instruction. This is equivalent to rung-condition-out for the relay ladder

LES instruction.

Description: The LES instruction tests whether Source A is less than Source B.
When you compare strings:

® The hexadecimal values of the characters determine if one string is less
than or greater than another string, For the hex code of a character, see
the back cover of this manual.

e When the two strings are sorted as in a telephone directory, the order of
the strings determines which one is greater.

ASCII Characters Hex Codes
1ab $31$61$62
A g | [ $31362
e r
s . A $41
S a AB $41$42 — AB<B
e t 1
) o B $42 —
r a $61 — a>B
v ab $61$62

Arithmetic Status Flags: not affected
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Fault Conditions: none
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Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true

rung-condition-out is set
to true

Source A < Source B

rung-condition-out is set
to false >

Y

postscan The rung-condition-out is set to false.
E Function Block

Condition: Action

prescan No action taken.

instruction first scan No action taken.

instruction first run No action taken.

Enableln is false EnableQut is cleared.

Enableln is true The instruction executes.

EnableOut is set.

postscan No action taken.
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Compare Instructions (CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ)

Example: If value_1 is less than value_2, set light 3. 1f value_1 is greater than or equal to
valne_2, clear light 3.

Relay Ladder

Lezs Than [&<B)
Source s wvalue_1

Souce B wvalue_2

LES light_3

Ik
0]

230

Structured Text

light 3 := (value 1 < value 2);

Function Block

LES_01

LES _I

Lezz Than (A=E)

o o
- Sources Dest [f— — —4  light_3

SourceB
ETED

u]
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Limit (LlM) The LIM instruction tests whether the Test value is within the range of the
Low Limit to the High Limit.
Operands:
Relay Ladder
—1 Limit Test [CIRC] —
Law Lirnit ?3 Operand  Type Format Description
Test 7 Low limit SINT immediate  value of lower limit
e
High Lirnit ? INT tag
e
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Test SINT immediate  value to test
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
High limit SINT immediate  value of upper limit
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
l Structured Text
Structured text does not have a LIM instruction, but you can achieve the same
results using structured text.
IF (LowLimit <= HighLimit AND
(Test >= LowLimit AND Test <= HighLimit)) OR
(LowLimit >= HighLimit AND
(Test <= LowLimit OR Test >= HighLimit)) THEN
<statement>;
END IF;
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s

LIt_04

=

Test

Limit Test (CIRC)

] Lowlimit Lrest [6

i HighLimit

LIkd EI

Function Block

Operand Type Format Description
LIM tag FBD_LIMIT structure LIM structure

FBD_LIMIT Structure

Input Parameter Data Type Description
Enableln BOOL If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes as described under Execution.
Default is set.
LowLimit REAL Value of lower limit.
Valid = any float
Test REAL Value to test against limits.
Valid = any float
Output Parameter Data Type Description
EnableOut BOOL The instruction produced a valid result.
Dest BOOL Result of the instruction. This is equivalent to rung-condition-out for the relay ladder
LIM instruction.
HighLimit REAL Value of upper limit.
Valid = any float
Description: The LIM instruction tests whether the Test value is within the range of the
Low Limit to the High Limit.
If Low Limit And Test Value Is The Rung-condition-out Is
<High Limit equal to or between limits true
not equal to or outside limits false
> High Limit equal to or outside limits true
not equal to or inside limits false
Signed integers “roll over” from the maximum positive number to the
maximum negative number when the most significant bit is set. For example,
in 16-bit integers (INT type), the maximum positive integer is 32,767, which is
represented in hexadecimal as 16#7FFF (bits 0 through 14 are all set). If you
increment that number by one, the result is 16#8000 (bit 15 is set). For signed
integers, hexadecimal 16#8000 is equal to -32,768 decimal. Incrementing from
this point on until all 16 bits are set ends up at 16#FFFL, which is equal to -1
decimal.
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This can be shown as a circular number line (see the following diagrams). The
LIM instruction starts at the Low Limit and increments clockwise until it
reaches the High Limit. Any Test value in the clockwise range from the Low
Limit to the High Limit sets the rung-condition-out to true. Any Test value in
the clockwise range from the High Limit to the Low Limit sets the
rung-condition-out to false.

Low Limit High Limit Low Limit = High Limit
The instruction is true if the test value is equal to or between the low and high limit EPgEhimirtUCtion is true if the test value is equal to or outside the low and
0
4 +1
fow fimit high limit
high fimit low limit
“n+1) "' 4n

“n+1) 'l 4n
n = maximum value

n = maximum value

Arithmetic Status Flags: not affected

Fault Conditions: none
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Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true

comparison is true

rung-condition-out is set
to true

evaluate limit

comparison is false

rung-condition-out is set
to false >

postscan The rung-condition-out is set to false.

E Function Block

Condition Action

prescan No action taken.

instruction first scan No action taken.

instruction first run No action taken.

Enableln is cleared EnableQut is cleared, the instruction does nothing, and the outputs are not updated.
Enableln is set The instruction executes.

EnableQOut is set.

postscan No action taken.
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Example 1: Low Limit High Limit:
When 0 Salne 2 100, set light_1. 1f value < O or value >100, clear /ight 1.

Relay Ladder
LIk light_1
Limit Test [CIRC) 0
Lo Lirik ]
Test walue
0%
High Lirnit 100
Structured Text
IF (value <= 100 AND(value >= 0 AND value <= 100)) OR
(value >= 100 AND value <= 0 OR value >= 100)) THEN
light 1 := 1;
ELSE
light 1 := 0;
END IF;
Function Block
LIM_01
L
D':'_I—[ Limit Test (CIRE)
. Lowlimit  Dest 30— — :|
100 HighLimit
oo o
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Example 2: Low Limit > High Limit:
When value 2 0 ot value <A00, set light_1. 1f value < 0 ot value >-00,
clear /Zight 1.

Relay Ladder
LIk light 1
Limit Test [CIRC) 7
Low Lirnit 0
Test value
|:| =
High Lirmit 400
Structured Text
IF (0 <= -100 AND wvalue >= 0 AND value <= -100)) OR
(0 >= -100 AND(value <= 0 OR value >= -100)) THEN
light 1 := 1;
ELSE
light 1 := 0;
END IF;
Function Block
Lik_01
LIkd J
o Limit Test (CIRE)
Do_l_[ Lontimit Destfp® —
o HighLimit
=100 T
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Mask Equal to (MEQ) The MEQ instruction passes the Source and Compare values through a Mask
and compates the results.
Operands:
_ Relay Ladder
MED
— Mazk Equal —
Source ?3 Operand Type Format Description
b azk. 7 Source SINT immediate  value to test against Compare
e
Caormpare ? INT tag
e
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Mask SINT immediate  defines which bits to block or pass
INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Compare SINT immediate  value to test against Source
INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
l Structured Text
Structured text does not have an MEQ) instruction, but you can achieve the
same results using structured text.
IF (Source AND Mask) = (Compare AND Mask) THEN
<statement>;
END IF;
E MEQ_01 Function Block
MEQ  []
Mask Equal Operand Type Format Description
d Source Dest [ MEQ tag FBD_MASK_EQUAL structure MEQ structure
] Mask
O Compare
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FBD_MASK EQUAL Structure

Input Parameter Data Type Description

Enableln BOOL If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes as described under Execution.
Default is set.

Source DINT Value to test against Compare.
Valid = any integer

Mask DINT Defines which bits to block (mask).
Valid = any integer

Compare DINT Compare value.
Valid = any integer

Output Parameter Data Type Description

EnableQOut BOOL The instruction produced a valid result.

Dest BOOL Result of the instruction. This is equivalent to rung-condition-out for the relay ladder
MEQ instruction.

Description: A “1” in the mask means the data bit is passed. A “0” in the mask means the
data bit is blocked. Typically, the Source, Mask, and Compare values ate all the
same data type.

If you mix integer data types, the instruction fills the upper bits of the smaller
integer data types with Os so that they are the same size as the largest data type.
Entering an Inmediate Mask Value
When you enter a mask, the programming software defaults to decimal values.
If you want to enter a mask using another format, precede the value with the
correct prefix.
Prefix Description
16# hexadecimal
for example; 16#0F0F
8# octal
for example; 8#16
2# binary
for example; 2#00110011
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Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true

masked source =
masked compare

rung-condition-out is set
to true

rung-condition-out is set
to false >

\J

postscan The rung-condition-out is set to false.

E Function Block

Condition Action

prescan No action taken.

instruction first scan No action taken.

instruction first run No action taken.

Enableln is cleared EnableQut is cleared, the instruction does nothing, and the outputs are not updated.
Enableln is set The instruction executes.

EnableOut is set.

postscan No action taken.
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Example 1: If the masked value 1 is equal to the masked zalue_2, set /ight_1. If the masked
valne_1 is not equal to the masked value_2, clear /ight 1. This example shows
that the masked values are equal. A 0 in the mask restrains the instruction from
comparing that bit (shown by x in the example).

va/ue_7‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1‘ va/ue_2‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘0‘0‘0‘0‘

mask_7‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘ mask_7‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘

Maskedva/ue_7‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘x‘x‘x‘x‘ Maskedva/ue_2‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘x‘x‘x‘x‘

Relay Ladder

MEQ] light_1

hd azk, Equal 7
Source walue_1
aHmo_maoi_1i_111 €
b azk. mazk_1
21111_1111_1111_0000 €
Compare walue_2
2 o1_moi_1111_00o0o €

Structured Text

light 1 := ((value 1 AND mask 1)=(value 2 AND mask 2));

Function Block

MEQ_01
MEDQ _l
° Mask Equal
(o n q
u]
Source Destf— — —— = light_1
\ [ tiaht 1
Compare
o P
walue_2 T
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Chapter 5

Example 2: 1f the masked value 1 is equal to the masked value_2, set /ight_1. If the masked
valne_1 is not equal to the masked value_2, clear /ight 1. This example shows
that the masked values are not equal. A 0 in the mask restrains the instruction
from comparing that bit (shown by x in the example).

va/ue_7‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1‘

mask_7‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘1‘1‘1‘1‘

va/ue_2‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘0‘0‘0‘0‘

mask_7‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘1‘1‘1‘1‘

I\/Iaskedva/ue_i‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘1‘1‘1‘1‘ I\/Iaskedva/ue_Z‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘O‘O‘O‘O‘

Relay Ladder

MED

light_1
hd azk, Equal 7
Source walue_1
2H0101_MMm_1111_1111 ¢
b azk, mazk_1
2#0000_0000_0000_1111 €
Compare walue_2
280101_0101_1111_0000 €
Structured Text
light 1 := ((value_ 1 AND mask 1)=(value 2 AND mask 2));
Function Block
MEQ_D1
MEZ
o Source Dest [(— — —
o Compars
walue_2 T
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Chapter 5 Compare Instructions (CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ)

Not Equal to (NEO_) The NEQ instruction tests whether Source A is not equal to Source B.
Operands:
_ Relay Ladder
MEQ
—1 Mot Equal — inti
ey 2 Operand Type Format Description
7 Source A SINT immediate  value to test against Source B
Source B ?
o INT tag
DINT
REAL
string
Source B SINT immediate  value to test against Source A
INT tag
DINT
REAL
string
e If you enter a SINT or INT tag, the value converts to a DINT value by
sign-extension.
e String data types are:
— default STRING data type
— any new string data type that you create
® To test the characters of a string, enter a string tag for both Source A
and Source B.
| Structured Text
IF sourceA <> sourceB THEN Use the less than and greater than signs “<>* together as an operator within
<statements>; an expression. This expression evaluates whether sourceA is not equal to
sourceB.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
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NEQ_O1 Function Block
NEQ ]
Not Equal Operand Type Format Description
NEQ tag FBD_COMPARE structure NEQ structure
O Sources Lrest [6
] Sourced
FBD_COMPARE Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
SourceA REAL Value to test against SourceB.
Valid = any float
SourceB REAL Value to test against SourceA.

Valid = any float

Output Parameter Data Type

Description

EnableQut BOOL The instruction produced a valid result.
Dest BOOL Result of the instruction. This is equivalent to rung-condition-out for the relay ladder
NEQ instruction.
Description: The NEQ instruction tests whether Source A is not equal to Source B.

Arithmetic Status Flags:

Fault Conditions:

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group -

When you compare strings:

e Strings are not equal if any of their characters do not match.

e ASCII characters are case sensitive. Upper case “A” ($41) is #ot equal to
lower case “a” (§61).

ASCII Characters Hex Codes
1ab $31961$62
A | $31862
e r
) . A $41
s a AB $41%42 — MB<B
e t 1
) o B $42 e
r a $61 — a>B
\ ab $619$62

not affected

none
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Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true

rung-condition-out is set
to true

Source A = Source B

rung-condition-out is set
to false -

y

postscan The rung-condition-out is set to false.
E Function Block

Condition Action

prescan No action taken.

instruction first scan No action taken.

instruction first run No action taken.

Enableln is cleared EnableQut is cleared.

Enableln is set The instruction executes.

EnableQut is set.

postscan No action taken.
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Compare Instructions (CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ) Chapter 5

Example: If value_1 is not equal to valne_2, set light 4. 1f value 1 is equal to value_2, clear

light 4.
Relay Ladder
HEQ light_4
Mot Equal
Source s wvalue_1
e
Source B walue_2
ne
Structured Text
light 4 := (value 1 <> value 2);
Function Block
HEQ_04
NER
Mot Equal
SourceB
]
[z _n
Publication 1756-RMO003K-EN-P - July 2008 245

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 5 Compare Instructions (CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ)

Notes:
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Chapter 6

Compute/Math Instructions
(CPT, ADD, SUB, MUL, DIV, MOD, SQR, SQRT, NEG, ABS)

Introduction The compute/math instructions evaluate arithmetic operations using an
expression or a specific arithmetic instruction.
If You Want To Use This Instruction Available In These Languages See Page
evaluate an expression CPT relay ladder 248
structured text!!
add two values ADD relay ladder 252
structured text?
function block
subtract two values SUB relay ladder 255
structured text?
function block
multiply two values MUL relay ladder 258
structured text?
function block
divide two values DIV relay ladder 261
structured text?
function block
determine the remainder after one value is MQOD relay ladder 266
divided by another structured text'?)
function block
calculate the square root of a value SQR relay ladder 270
structured text
SQRTE function block
take the opposite sign of a value NEG relay ladder 274
structured text?
function block
take the absolute value of a value ABS relay ladder 277

structured text
function block

@ Thereisno equivalent structured text instruction. Use other structured text programming to achieve the same result. See the description for the instruction.

(2)

B Structured text only.
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There is no equivalent structured text instruction. Use the operator in an expression.

You can mix data types, but loss of accuracy and rounding error might occur
and the instruction takes more time to execute. Check the S:V bit to see
whether the result was truncated.
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Compute (CPT)

Operands:
CPT
— Compute —
Deszt 7
"
Eupreszion ?
Description:

Arithmetic Status Flags:

Fault Conditions:

248

For relay ladder instructions, bold data types indicate optimal data types. An
instruction executes faster and requires less memory if all the operands of the
instruction use the same optimal data type, typically DINT or REAL.

The CPT instruction performs the arithmetic operations you define in the
expression.

Relay Ladder

Operand Type Format: Description

Destination ~ SINT tag tag to store the result
INT
DINT
REAL

Expression  SINT immediate  an expression consisting of tags and/or
INT immediate values separated by operators
DINT tag
REAL

A SINT or INT tag converts to a DINT value by sign-extension.

Structured Text

Structured text does not have a CPT instruction, but you can achieve the same
results using an assignment and expression.

destination := numeric expresion;

See Appendix C, Structured Text Programming for information on the syntax

of assignments and expressions within structured text.

The CPT instruction performs the arithmetic operations you define in the
expression. When enabled, the CPT instruction evaluates the expression and
places the result in the Destination.

The execution of a CPT instruction is slightly slower and uses more memory
than the execution of the other compute/math instructions. The advantage of

the CPT instruction is that it allows you to enter complex expressions in one
instruction.

TIP There is no limitto the length of an expression.

Arithmetic status flags are affected.

none
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Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The instruction evaluates the Expression and places the result in the Destination.
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.

Example 1: When enabled, the CPT instruction evaluates za/ze_1 multiplied by 5 and
divides that result by the result of value_2 divided by 7 and places the final
result in result 1.

CPT

Compute
Dzt result_1
noe

Ewpreszion [value_175)/[value_2/7)

Example 2: When enabled, the CPT instruction truncates float_value_1 and float_valne_2,
raises the truncated float_valne_2 to the power of two and divides the truncated
float_value_1 by that result, and stores the remainder after the division in
float_value_result_cpt.

Compute

Dest float_walue_result_cpt
14000067 <

Exprezzion [tmifloat_value_1)MOD[n{float_wvalue_212]
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Valid operators

Operator Description Optimal Operator Description Optimal
+ add DINT, REAL LOG log base 10 REAL
subtract/negate DINT, REAL MOD modulo-divide DINT, REAL
* multiply DINT, REAL NOT bitwise complement ~ DINT
/ divide DINT, REAL OR bitwise OR DINT
*x exponent (x to y) DINT, REAL RAD degrees to radians DINT, REAL
ABS absolute value DINT, REAL SIN sine REAL
ACS arc cosine REAL SQR square root DINT, REAL
AND bitwise AND DINT TAN tangent REAL
ASN arc sine REAL TOD integer to BCD DINT
ATN arc tangent REAL TRN truncate DINT, REAL
COS cosine REAL XOR bitwise exclusive OR  DINT
DEG radians to degrees DINT, REAL
FRD BCD to integer DINT
LN natural log REAL
Format Expressions

For each operator that you use in an expression, you have to provide one or
two operands (tags or immediate values). Use the following table to format
operators and operands within an expression:

For Operators That Use This Format: Examples:
Operate On:

one operand operator(operand) ABS(tag_a)
two operands operand_a operator operand_b e tag b+5

e tag cAND tag d
e (tag_e** 2) MOD (tag_f/
tag_g)
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Determine the order of operation

The operations you write into the expression are performed by the instruction
in a prescribed order, not necessarily the order you write them. You can
override the order of operation by grouping terms within parentheses, forcing
the instruction to perform an operation within the parentheses ahead of other
operations.

Operations of equal order are performed from left to right.

Order: Operation:

1. ()

2. ABS, ACS, ASN, ATN, COS, DEG, FRD, LN, LOG,
RAD, SIN, SQR, TAN, TOD, TRN

*%

—(negate), NOT
*,/,M0OD
—(subtract), +
AND

XOR

OR

©O|@| N g | w
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Add ( ADD) The ADD instruction adds Soutrce A to Source B and places the result in the
Destination.
Operands:
_ Relay Ladder
40D
— Add —
Source A ?3 Operand:  Type: Format: Description:
Source B ?3 Source A SINT immediate  value to add to Source B
Dest 7
29 INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Source B SINT immediate  value to add to Source A
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
| Structured Text
dest := sourceA + sourceB; Use the plus sign “+ as an operator within an expression. This expression
adds sourceA to sourceB and stores the result in dest.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E ADD_01 Function Block
ADD [
add Operand:  Type: Format: Description:
d sourcen Dest b ADD tag FBD_MATH structure ADD structure
O SourceB
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FBD_MATH Structure

Input Parameter: Data Type: Description:

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.

Default is set.
SourceA REAL Value to add to SourceB.

Valid = any float
SourceB REAL Value to add to SourceA.

Valid = any float

Output Parameter:  Data Type: Description:
EnableQut BOOL The instruction produced a valid result.
Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: The ADD instruction adds Source A to Source B and places the result in the
Destination.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:

Relay Ladder
Condition: Action:
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true Destination = Source A + Source B

The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
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i

Function Block

Condition:

Action:

prescan

No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableOut is cleared.

Enableln is set

The instruction executes.

EnableQut is set.

postscan No action taken.
Example: Add float_valne_1 to float_value_2 and place the result in add_resuit.
Relay Ladder
ADD
— Add
Source & float_walue_1
noe
Source B float_value_2
noe
Dzt add_result
noe
Structured Text
add _result := float value 1 + float value 2;
Function Block
ADD_OG
A0
Add
0.0 0.0
SourceB
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Subtract (SUB) The SUB instruction subtracts Source B from Source A and places the result
in the Destination.
Operands:
SUE Relay Ladder
—1 Subtract —
Source A 73 Operand:  Type: Format: Description:
Source B ?3 Source A SINT immediate  value from which to subtract Source B
Dest 2
= 7 INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Source B SINT immediate  value to subtract from Source A
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := sourceA - sourceB; Use the minus sign “ as an operator in an expression. This expression
subtracts sourceB from sourceA and stores the result in desz.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E SUB_01 Function Block
suB [
Subtract Operand:  Type: Format: Description:
SUB tag FBD_MATH structure SUB structure
O Sources Crest O
O SourceB
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FBD_MATH Structure

Input Parameter: Data Type: Description:

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.

Default is set.

SourceA REAL Value from which to subtract SourceB.

Valid = any float

SourceB REAL Value to subtract from SourceA.

Valid = any float

Output Parameter:  Data Type: Description:
EnableQut BOOL The instruction produced a valid result.
Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: The SUB instruction subtracts Source B from Source A and places the result
in the Destination.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:
Relay Ladder
Condition: Action:
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true Destination = Source B - Source A
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
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i

Function Block

Condition:

Action:

prescan

No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableOut is cleared.

Enableln is set

The instruction executes.

EnableOut is set.

postscan

No action taken.

Example: Subtract float_value_2 from float_valne_1 and place the result in subtract_result.

Relay Ladder
SUB
— Subtract
Source & float_walue_1
noe
Source B float_value_2
noe
Dzt subtract_result
noe
Structured Text
subtract result := float value 1 - float value 2;
Function Block
suB_01
sUB
Subtract
0.0 0.0
Sourced
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Muluply (MUL) The MUL instruction multiplies Source A with Source B and places the result
in the Destination.
Operands:
: Relay Ladder
ML y
—— Multiply —
Source A ?3 Operand  Type Format Description
& ource B 3 Source A SINT immediate  value of the multiplicand
e
Dest ? INT tag
7
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Source B SINT immediate  value of the multiplier
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := sourceA * sourceB; Use the multiply sign “*” as an operator in an expression. This expression
multiplies sourceA by sourceB and stores the result in desz.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E MUL_01 Function Block
MUL ]
Multiphy Operand Type Format Description
d sourcer Dest MUL tag FBD_MATH structure MUL structure
O SourceB
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FBD_MATH Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.

Default is set.
Source A REAL Value of the multiplicand.

Valid = any float
Source B REAL Value of the multiplier.

Valid = any float

Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: The MUL instruction multiplies Source A with Source B and places the result
in the Destination.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:

Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true Destination = Source B x Source A

The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
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i

Function Block

Condition

Action

prescan

No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableOut is cleared.

Enableln is set

The instruction executes.

EnableQut is set.

postscan

No action taken.

260

Example: Multiply float_valne_1 by float_value_2 and place the result in multiply_result.

Relay Ladder

FALIL

—1 Multiply

Source & float_walue_1
noe

Source B float_value_2
noe

Dzt mltiply_rezult
noe

Structured Text
multiply result := float value 1 * float value 2;

Function Block

rUL_01

hAUL _I

tdultiply

0.0 0.0
float_walue_1 [ Sourced [ra=t | multiply_result
SourceB
0.0
float_walue_2
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Divide (DlV) The DIV instruction divides Source A by Source B and places the result in the
Destination.
Operands:
Relay L r
"y elay Ladde
— Divide —
Source A ?3 Operand Type Format Description
Source B ?3 Source A SINT immediate  value of the dividend
Dest 2
& 7 INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Source B SINT immediate  value of the divisor
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := sourceA / sourceB; Use the divide sign “/ ” as an operator in an expression. This expression divides
sourceA by sourceB and stores the result in desz.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
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B Div_01

Function Block

o ]
Divide Operand Type Format Description
DIV tag FBD_MATH structure DIV structure
O Sources Crest O
O SourceB
FBD_MATH Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source A REAL Value of the dividend.
Valid = any float
Source B REAL Value of the divisor.
Valid = any float
Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.
Description: If the Destination is 7ofa REAL, the instruction handles the fractional portion
of the result as follows:
If Source A Then The Fractional Example
Portion Of The Result
and Source Bare not  truncates Source A DINT 5
REALS Source B DINT 3
Destination DINT 1
or Source Bisa REAL  rounds Source A REAL 5.0
Source B DINT 3
Destination DINT 2
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If Source B (the divisor) is zero:
e 2 minor fault occurs:
— Type 4: program fault
— Code 4: arithmetic overflow
e the destination is set as follows:
If Source B Is Zero And: And The Destination Is a: And The Result Is: Then The Destination Is Set To:
all operands are integers (SINT, INT, - > Source A
or DINT)
at least one operand is a REAL SINT, INT, or DINT positive -1
negative 0
REAL positive 1.$ (positive infinity)
negative -1.$ (negative infinity)

To detect a possible divide-by-zero, examine the minor fault bit (S:MINOR).

See Lagix5000 Controllers Common Procedures, publication 1756-PMO001.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions:

A Minor Fault Occurs If  Fault Type Fault Code
the divisor is zero 4 4
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

Destination = Source A / Source B

The rung-condition-out is set to true.

postscan

The rung-condition-out is set to false.
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Function Block

Condition Action

prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.

EnableQut is set.

postscan No action taken.

Example 1: Divide float_value_1 by float_valne_2 and place the result in dzvide_result.

Relay Ladder

Ll
— Divide
Source & float_value_1

Source B flaat_valué_2

(AT
Dest divide_rezult
on®
Structured Text
divide result := float value 1 / float value 2;
Function Block
Div_0z
o _|
Divide
.o 0.
SourceB
(s =% ]
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Chapter 7

Example 2: The DIV and MOV instructions work together to divide two integers, round
the result, and place the result in an integer tag:

e The DIV instruction divides dint_a by dint_b.

e To round the result, the Destination is a REAL tag. (If the destination
was an integer tag (SINT, INT, or DINT), the instruction would
truncate the result.)

e The MOV instruction moves the rounded result (rea/_temp) from the
DIV to divide_result_rounded.

e Since divide_result_rounded is a DINT tag the value from real_temp is
rounded and placed in the DINT destination.

Relay Ladder
Dl
Divide
Source & dint_a
A&
Source B dint_hk
ex 2
Dest real_temp
1.6EERERE &

kA 01
Maowe
Source real_temp
1.6EEEEEE &
Dest divide_result_rounded
ey 2
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Modulo (MOD)

dest :

266

The MOD instruction divides Soutce A by Source B and places the remainder
in the Destination.

Operands:
MOD Relay Ladder
— Modulo —
Source A ?3 Operand  Type Format Description
Source B ?3 Source A SINT immediate  value of the dividend
Dest 7
29 INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Source B SINT immediate  value of the divisor
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
sourceA MOD sourceB;  Use MOD as an operator in an expression. This expression divides sourceA by
sourceB and stores the remainder in desz.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
MOD_01 Function Block
MOD ]
hadula Operand Type Format Description
 sourcen Dt MOD tag FBD_MATH structure MOD structure
] Sourced
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FBD_MATH Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.

Source A REAL Value of the dividend.
Valid = any float

Source B REAL Value of the divisor.
Valid = any float

Output Parameter Data Type Description

EnableQut BOOL The instruction produced a valid result.

Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: If Source B (the divisor) is zero:

e 2 minor fault occurs:
— Type 4: program fault
— Code 4: arithmetic overflow

® the destination is set as follows:

If Source B Is Zero And And The Destination Is a And The Result Is Then The Destination Is Set To
all operands are integers (SINT, INT, > > Source A
or DINT)
at least one operand is a REAL SINT, INT, or DINT positive -1
negative 0
REAL positive 1.$ (positive infinity)
negative -1.$ (negative infinity)

Publication 1756-RMO003K-EN-P - July 2008

To detect a possible divide-by-zero, examine the minor fault bit (S:MINOR).
See Logix5000 Controllers Common Procedures, publication 1756-PMO001.
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Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions:

A Minor Fault Occurs If  Fault Type Fault Code
the divisor is zero 4 4
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

Destination = Source A —( TRN ( Source A / Source B ) * Source B )

The rung-condition-out is set to true.

postscan The rung-condition-out is set to false.
E Function Block

Condition Action

prescan No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableQut is cleared.

postscan

No action taken.
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Chapter 7

Example: Divide dividend by divisor and place the remainder in remainder. In this example,
three goes into 10 three times, with a remainder of one.

Relay Ladder
+0D
— Modulo
Source & dividend
10+
Source B divigor
A
Dest remainder
14
Structured Text
remainder := dividend MOD divisor;

Function Block
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Square Root (SQR)

The SQR instruction computes the square root of the Source and places the
result in the Destination.

Operands:
_ Relay Ladder
50
— 5 Foot —
523?,:[2 o 7 Operand Type Format Description
Diast 73 Source SINT immediate  find the square root of this value
e
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := SQRT (source); Use SQRT as a function. This expression computes the square root of source

210

and stores the result in dest.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.
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Function Block

SOR_01
soR [
Square Root Operand Type Format Description
SQOR tag FBD_MATH_ADVANCED structure SQOR structure
O Source Lest O
FBD_MATH_ADVANCED Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source REAL Find the square root of this value.
Valid = any float
Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Arithmetic Status Flags:

Fault Conditions:

Publication 1756-RMO003K-EN-P - July 2008

Description: If the Destination is 7o#a REAL, the instruction handles the fractional portion

of the result as follows:

If The Source Is Then The Fractional Example
Portion Of The Result
nota REAL truncates Source DINT 3
Destination DINT 1
a REAL rounds Source REAL 3.0

Destination DINT 2

If the Source is negative, the instruction takes the absolute value of the Source
before calculating the square root.

Arithmetic status flags are affected.

none
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Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

Destination = /Source

The rung-condition-out is set to true.

postscan The rung-condition-out is set to false.
E Function Block

Condition Action

prescan No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableQOut is cleared.

Enableln is set

The instruction executes.

EnableOut is set.

postscan

No action taken.
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Example: Calculate the square root of value_1 and place the result in sgr_result.

Relay Ladder

SOR
—— Square Root
Source walue_1
0+
Dest  sgr_result
noe

Structured Text

sqr_result := SQRT (value 1);

Function Block

SOR_04

SaR _I

Square Root

a .o
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Negate (NEG) The NEG instruction changes the sign of the Soutce and places the result in
the Destination.
Operands:
_ Relay Ladder
NEG
— Megate —
Source ?3 Operand  Type Format Description
Dest ?3 Source SINT immediate  value to negate
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := -source; Use the minus sign “Z as an operator in an expression. This expression

changes the sign of source and stores the result in dest.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.

E NEG_01 Function Block
NEG ]
Negate Operand  Type Format Description
NEG tag FBD_MATH_ADVANCED structure NEG structure
O Source Lest O
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FBD_MATH Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.

default is set

Source REAL Value to negate.

valid = any float

Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: If you negate a negative value, the result is positive. If you negate a positive
value, the result is negative.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:

Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true Destination = 0 —Source

The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
El Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.

EnableQut is set.
postscan No action taken.
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Example: Change the sign of zalue_1 and place the result in negate_result.

Relay Ladder
MHEG
— Megate
Source walue_1
0+
Dest negate_result
hEa
Structured Text
negate result := -value 1;

Function Block

NEG_01

NE® |

Megate
a uln]

I Souree [ra=t - O negate_razult
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Absolute Value ( ABS) The ABS instruction takes the absolute value of the Source and places the
result in the Destination.
Operands:
, Relay Ladder
AES
— Abszolute Value —
Source ?3 Operand  Type Format Description
Dest 7 Source SINT immediate  value of which to take the absolute value
7
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := ABS(source); Use ABS as a function. This expression computes the absolute value of source
and stores the result in desz.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E 4BS_01 Function Block
ABS [
Absalute Value Operand Type Format Description
ABS tag FBD_MATH_ADVANCED structure ABS structure
O Source Lest [
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FBD_MATH_ADVANCED Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.

Default is set.

Source REAL Value of which to take the absolute value.

Valid = any float

Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: The ABS instruction takes the absolute value of the Source and places the
result in the Destination.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:

Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true Destination =| Source |

The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
El Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.

EnableQut is set.
postscan No action taken.
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Example: Place the absolute value of value_1 into value_1_absolute. In this example, the
absolute value of negative four is positive four.

Relay Ladder
ABS
— Abzolute Value
Source value_ 1
e
Dest walue_1_abszolute
4€
Structured Text
value 1 absolute := ABS(value 1);
Function Block
ABS_01
ABS =
Absolute Walue

l Souree [ra=t - | walue_1_absolute
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Notes:
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Chapter 7

Move/Logical Instructions
(MOV, MVM, BTD, MVMT, BTDT, CLR, SWPB, AND, OR, XOR, NOT,

BAND, BOR, BXOR, BNOT)

Introduction You can mix data types, but loss of accuracy and rounding error might occur
and the instruction takes more time to execute. Check the S:V bit to see
whether the result was truncated.

For relay ladder instructions, bold data types indicate optimal data types. An
instruction executes faster and requires less memory if all the operands of the

instruction use the same optimal data type, typically DINT or REAL.

The move instructions modify and move bits.

If you want to Use this instruction Available in these languages See page

copy a value MOV relay ladder 283

structured text'!!

copy a specific part of an integer MVM relay ladder 285

copy a specific part of an integer in MVMT structured text 288
function block
function block

move bits within an integer or BTD relay ladder 291
between integers

move bits within an integer or BTDT structured text 294
between integers in function block
function block

clear a value CLR structured text'! 297
relay ladder
rearrange the bytes of a INT, DINT, or REAL tag SWPB relay ladder 299

structured text

M Thereisno equivalent structured text instruction. Use other structured text programming to achieve the same result. See the description for the instruction.
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The logical instructions perform operations on bits.

If you want to: Use this instruction: Available in these languages See page
bitwise AND operation Bitwise AND relay ladder 303
g structured text'?)
function block
bitwise OR operation Bitwise OR relay ladder 306
structured text'?
function block
bitwise, exclusive OR operation Bitwise XOR relay ladder 310
structured text'?
function block
bitwise NOT operation Bitwise NOT relay ladder 314
structured text?
function block
logically AND as many as eight boolean inputs.  Boolean AND (BAND) structured text@ 317
function block
logically OR as many as eight boolean inputs. ~ Boolean OR (BOR) structured text'?! 320
function block
perform an exclusive OR on two boolean inputs.  Boolean Exclusive OR structured text@ 323
(BXOR)
function block
complement a boolean input. Boolean NOT (BNOT) structured text@ 326

function block

M Structured text only.

(2)

282

In structured text, the AND, OR, XOR, and NOT operations can be bitwise or logical.
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Move (MOV) The MOV instruction copies the Source to the Destination. The Source
remains unchanged.
Operands:
_ Relay Ladder
b O
M -
S;L;ie 7 Operand:  Type: Format Description:
Diast ?3 Source SINT immediate  value to move (copy)
7
INT tag
DINT
REAL
A SINT or INT tag converts to a DINT value by sign-extension.
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
| Structured Text
dest := source; Use an assignment “:="" with an expression. This assignment moves the value

in source to dest.

See Appendix C, Structured Text Programming for information on the syntax

of expressions and assignments within structured text.

Description: The MOV instruction copies the Source to the Destination. The Source
remains unchanged.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none
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Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The instruction copies the Source into the Destination.
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.

Example: Move the data in value_1 to value 2.

Relay Ladder

O

— Move
Source  walue

1
-
Dzt walue_2
F

Structured Text

value 2 := value 1;
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Masked Move (MVM) The MVM instruction copies the Source to a Destination and allows portions
of the data to be masked.

This instruction is available in structured text and function block as MVMT,

see page 288.
Operands:
_ Relay Ladder
MM
— Mazked Move —
Source ? Operand Type Format Description
e
b azk 7 Source SINT immediate  value to move
e
Dest ? INT tag
e
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Mask SINT immediate  which bits to block or pass
INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Destination ~ SINT tag tag to store the result
INT
DINT
l Structured Text
dest := (Dest AND NOT (Mask)) This instruction is available in structured text as MVMT. Or you can combine
OR (Source AND Mask); bitwise logic within an expression and assign the result to the destination. This

expression performs a masked move on Source.

See Appendix C, Structured Text Programming for information on the syntax
of expressions and assignments within structured text.

Description: The MVM instruction uses a Mask to either pass or block Source data bits. A

“1” in the mask means the data bit is passed. A “0” in the mask means the data
bit is blocked.

If you mix integer data types, the instruction fills the upper bits of the smaller
integer data types with Os so that they are the same size as the largest data type.
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Enter an immediate mask value

When you enter a mask, the programming software defaults to decimal values.
If you want to enter a mask using another format, precede the value with the
correct prefix.

Prefix Description

16# hexadecimal

for example; 16#0FO0F
8# octal

for example; 8#16
2# binary

for example; 2#00110011

Arithmetic Status Flags Arithmetic status flags are affected.

Fault Conditions none

Execution:

Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The instruction passes the Source through the Mask and copies the result into

the Destination. Unmasked bits in the Destination remain unchanged.

The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
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Chapter 7

Example: Copy data from value_a to value_b, while allowing data to be masked (a 0 masks

the data in value_a).

ML

1‘1‘1‘1

1‘1‘1‘1

1‘1‘1‘1

1‘1‘1‘1

1‘1‘1‘1 1‘1‘1‘1

JHEE

[o] o]

0‘1‘0‘1

0‘1‘0‘1

0‘1‘0‘1

0‘1‘0‘1

0‘1‘0‘1 0‘1‘0‘1

o [e]]

HEEE

0‘0‘0‘0

1‘1‘1‘1

0‘0‘0‘0

1‘1‘1‘1

0‘0‘0‘0 1‘1‘1‘1

o[ojo]o]

[of o]

1‘1‘1‘1

0|1|0|1

1‘1‘1‘1

0|1|0|1

1‘1‘1‘1 0|1|0‘1

JHEE

The shaded boxes show the bits that changed in value_b.

Relay Ladder

— Masked Move

Source »
2Hmo_moi_moi_moi_moi_moi_moi_omaot €
b azk, _
281111_0000_1111_0000_1111_0000_1111_0000 €
Dzt »
_1T_ i €

ffid

value_a
mazk_2

value_b

Structured Text

value b :
(value_a AND mask 2);
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Masked Move with Target

(MVMT)

Operands:

MVMT (MVMT tag) ;

RAWIAT_0

0

s

MW AT E

Mo Wfith hdask with Target

Source
Il ash
Target

[rest

The MVMT instruction first copies the Target to the Destination. Then the
instruction compates the masked Source to the Destination and makes any
required changes to the Destination. The Target and the Source remain
unchanged.

This instruction is available in relay ladder as MVM, see page 285.

Structured Text

Variable Type Format Description:
MVMT tag ~ FBD_MASKED_MOVE structure MVMT structure

Function Block

Operand Type Format Description
MVMTtag  FBD_MASKED_MOVE structure MVMT structure

FBD_MASKED_MOVE Structure

Input Parameter Data Type

Description

Enableln

BOOL

Function Block

If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes.

Default is set.

Structured Text

No effect. The instruction executes.

Source

DINT

Input value to move to Destination based on value of Mask.

Valid = any integer

Mask

DINT

Mask of hits to move from Source to Dest. All bits set to one cause the corresponding bits to
move from Source to Dest. All bits that are set to zero cause the corresponding bits not to
move from Source to Dest.

Valid = any integer

Target

DINT

Input value to move to Dest prior to moving Source bits through the Mask.

Valid = any integer

288
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Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest DINT Result of masked move instruction. Arithmetic status flags are set for this output.

Description: \When enabled, the MVMT instruction uses a Mask to either pass or block
Source data bits. A “1” in the mask means the data bit is passed. A “0” in the
mask means the data bit is blocked.

If you mix integer data types, the instruction fills the upper bits of the smaller
integer data types with Os so that they are the same size as the largest data type.

Enter an Inmediate Mask Value Using an Input Reference

When you enter a mask, the programming software defaults to decimal values.
If you want to enter a mask using another format, precede the value with the
correct prefix.

Prefix Description

16# hexadecimal

for example; 16#0F0F
8# octal

for example; 8#16
2# binary

for example; 2#00110011

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:
Condition Function Block Action Structured Text Action
prescan No action taken. No action taken.
instruction first scan No action taken. No action taken.
instruction first run No action taken. No action taken.
Enableln is cleared EnableQut is cleared, the instruction does nothing,  na

and the outputs are not updated.
Enableln is set The instruction executes. Enableln is always set.

EnableQut is set. The instruction executes.
postscan No action taken. No action taken.
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Example: 1. Copy Target into Dest.

Target|1|1|1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘

Dest|1|1|1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘

2. Mask Source and compare it to Dest. Any required changes are made in
Dest. Source and Target remain unchanged. A 0 in the mask restrains
the instruction from comparing that bit (shown by x in the example).

Source|0|1|0‘1 0‘1‘0‘1 0‘1‘0‘1 0‘1‘0‘1 0‘1‘0‘1 0‘1‘0‘1 0‘1‘0‘1 OMOM

/\/lask7|1|1|1‘1 0‘0‘0‘0 1‘1‘1‘1 0‘0‘0‘0 1‘1‘1‘1 0‘0‘0‘0 1‘1‘1‘1 0‘0‘0‘0‘

Dest|0|1|0‘1 1‘1‘1‘1 0‘1‘0‘1 1‘1‘1‘1 0‘1‘0‘1 1‘1‘1‘1 0‘1‘0‘1 1‘1‘1‘1‘

The shaded boxes show the hits that changed.

Structured Text

MVMT Ol.Source := value 1;
MVMT Ol.Mask := maskl;
MVMT Ol.Target := target;

MVMT (MVMT 01) ;

value masked := MVMT Ol.Dest;

Function Block

MYMT_D1

MMT L

Masked Move with Target

l Source Dest {0 walue_masked

Mask
o
m- Target
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Bit Field Distribute (BTD)

Operands:
BTD
Bit Field Digtribute —

Source ?
"
Source Bit ?
Dzt ?
"
Drezt Bit ?
Length ?

Description:

The BTD instruction copies the specified bits from the Source, shifts the bits
to the appropriate position, and writes the bits into the Destination.

This instruction is available in structured text and function block as BTDT, see
page 294.

Relay Ladder
Operand Type Format Description
Source SINT immediate  tag that contains the bits to move
INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Source bit DINT immediate  number of the bit (lowest bit number) from
where to start the move
(0-31 DINT)
(0-15INT) must be within the valid range for the Source
(0-7 SINT) data type
Destination ~ SINT tag tag where to move the bits
INT
DINT
Destination ~ DINT immediate  the number of the bit (lowest bit number)
bit where to start copying bits from the Source
(0-31 DINT)
(0-15INT) must be within the valid range for the
(0-7 SINT) Destination data type
Length DINT immediate  number of bits to move
(1-32)

When enabled, the BTD instruction copies a group of bits from the Source to
the Destination. The group of bits is identified by the Source bit (lowest bit
number of the group) and the Length (number of bits to copy). The
Destination bit identifies the lowest bit number bit to start with in the
Destination. The Source remains unchanged.

If the length of the bit field extends beyond the Destination, the instruction
does not save the extra bits. Any extra bits do not wrap to the next word.

If you mix integer data types, the instruction fills the upper bits of the smaller
integer data types with Os so that they are the same size as the largest data type.

Arithmetic Status Flags: not affected
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Fault Conditions:

none

Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The instruction copies and shifts the Source bits to the Destination.

The rung-condition-out is set to true.

postscan The rung-condition-out is set to false.

Example 1: When enabled, the BTD instruction moves bits within za/ze_1.

BTD
Bit Field Digtribute
Source walue_1
2H1111_1111_1111 11111111 _1000_0000_0000 €
Source Bit 3
Dzt walue_1
2H1111_1111_1111 11111111 _1000_0000_0000 €
Drezt Bit 10
Length B

destination bit source bit

va/ue_7‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘

before BTD instruction

va/ue_7‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘

after BTD instruction

292

The shaded boxes show the bits that changed in value_1.
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Example 2: When enabled, the BTD instruction moves 10 bits from value_1 to value_2.

BTD
—— Bit Field Distribute
Source walue_1
2H1111_1111_1111 11111111 _1000_0000_0000 €
Source Bit 3
Dzt walue_2
2H0000_0000_0000_0000_0000_0000_0000_oooo €
Drezt Bit a
Length 10

source bit

|

va/ue_7‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘

destination bit
s v
va/ue_Z‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘

before BTD instruction : :

v v
ez [o[o[o[o[o[o[o[o[o[oofo] oo oo o[+ * [+ * [+ * [+ [+t o[ o[o[o[c]

The shaded boxes show the bits that changed in value_2.
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Bit Field Distribute with The BTDT instruction first copies the Target to the Destination. Then the
Tar g et (BTDT) instruction copies the specified bits from the Soutce, shifts the bits to the

appropriate position, and writes the bits into the Destination. The Target and
Source remain unchanged.

This instruction is available in relay ladder as BTD, see page 291.

Operands:
BTDT (BTDTitag) : structured TeXt
Variable Type Format Description
BTDT tag FBD_BIT_FIELD_DISTRIBUTE structure BTDT structure
E BTDT 01 Function Block
BTDT =
Bit Field Distribute with Target operand Tvpe Format Desc"ptlon
BTDT tag FBD_BIT_FIELD_DISTRIBUTE structure BTDT structure
O Source st O
= SourceBit
] Length
0] DestRit
O Target
FBD_BIT_FIELD_DISTRIBUTE Structure
Input Parameter Data Type Description:
Enableln BOOL Function Block:
If cleared, the instruction does not execute and outputs are not updated.
If set, the instruction executes.
Default is set.
Structured Text:
No effect. The instruction executes.
Source DINT Input value containing the bits to move to Destination.
Valid = any integer
SourceBit DINT The bit position in Source (lowest bit number from where to start the move).
Valid = 0-31
Length DINT Number of bits to move
Valid = 1-32
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Input Parameter Data Type Description:

DestBit DINT The bit position in Dest (lowest hit number to start copying bits into).
Valid = 0-31

Target DINT Input value to move to Dest prior to moving bits from the Source.

Valid = any integer

Output Parameter:  Data Type: Description:
EnableOut BOOL The instruction produced a valid result.
Dest DINT Result of the bit move operation. Arithmetic status flags are set for this output.

Description: When enabled, the BTD instruction copies a group of bits from the Source to
the Destination. The group of bits is identified by the Source bit (lowest bit
number of the group) and the Length (number of bits to copy). The
Destination bit identifies the lowest bit number bit to start with in the
Destination. The Source remains unchanged.

If the length of the bit field extends beyond the Destination, the instruction
does not save the extra bits. Any extra bits do not wrap to the next word.

Arithmetic Status Flags: Arithmetic status flags are affected

Fault Conditions: none

Execution:
Condition Function Block Action Structured Text Action
prescan No action taken. No action taken.
instruction first scan No action taken. No action taken.
instruction first run No action taken. No action taken.

Enableln is cleared

EnableQOut is cleared, the instruction does nothing,  na
and the outputs are not updated.

Enableln is set The instruction executes. Enableln is always set.
EnableQut is set. The instruction executes.
postscan No action taken. No action taken.
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Example: 1. The controller copies Target into Dest.

Target‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘

Dest‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘

2. The SourceBit and the Length specify which bits in Source to copy into
Dest, starting at DestBit. Source and Target remain unchanged.

DestBit SourceBit

Saurce‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘
' |

' v

Dest‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘

Structured Text

BTDT 0Ol.Source := source;

BTDT 0Ol.SourceBit := source bit;
BTDT 0l.Length := length;

BTDT 0l.DestBit := dest bit;

BTDT 0l.Target := target;
BTDT (BTDT_01) ;

distributed value := BTDT 0l.Dest;

Function Block

BTOT_0M

o BTDT
B -
Bit Field Distribute with Target
Source Dest

1]
|source_bit >D—| l—C SourceBit

1)
o length Length
dest_bit ] DestBit

Target
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Clear (CLR)

Operands:
CLR
—{ Clear —
Deszt 7
77
I dest := 0;
Description:

Arithmetic Status Flags:

Fault Conditions:

The CLR instruction clears all the bits of the Destination.

Relay Ladder
Operand Type Format Description
Destination ~ SINT tag tag to clear
INT
DINT
REAL

Structured Text

Structured text does not have a CLR instruction. Instead, assign 0 to the tag
you want to clear. This assignment statement clears desz.

See Appendix C, Structured Text Programming for information on the syntax

of expressions and assignment statements within structured text.
The CLR instruction clears all the bits of the Destination.

Arithmetic status flags are affected.

none
Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The instruction clears the Destination.

The rung-condition-out is set to true.

postscan

The rung-condition-out is set to false.
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Example: Clear all the bits of za/ze to 0.

Relay Ladder
CLR
—— Clear
Dest value
399339 €
Structured Text
value := 0;
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Chapter 7

Swap Byte (SWPB) The SWPB instruction rearranges the bytes of a value.
Operands:
- Relay Ladder
Swap Bute —
Source 7
e
Order Mode 7
Dest 7
e
Operand Type Format Enter
Source INT tag tag that contains the bytes that you want to rearrange
DINT
REAL
Order Mode If the Source  And You Want To Change the Bytes To Then Select
Is an This Pattern (Each Letter Represents a
Different Byte)
INT n/a any of the options
DINT ABCD =DCBA REVERSE (or enter 0)
REAL ABCD =CDAB WORD (or enter 1)
ABCD =BADC HIGH/LOW (or enter 2)
Destination INT tag tag to store the bytes in the new order
DINT If the Source  Then the Destination Must Be an
Is an
REAL INT INT
DINT
DINT DINT
REAL REAL

SWPB (Source, OrderMode, Dest) ;
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Structured Text

The operands are the same as those for the relay ladder SWPB instruction. If
you select the HIGH/TLOW order mode, enter it as HIGHLOW or

HIGH_LOW (without the slash).

299

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter7  Move/Logical Instructions (MOV, MVM, BTD, MVMT, BTDT, CLR, SWPB, AND, OR, XOR, NOT, BAND, BOR, BXOR, BNOT)

Description: The SWPB instruction rearranges the order of the bytes of the Source. It
places the result in the Destination.

When you read or write ASCII characters, you typically do nof need to swap
characters. The ASCII read and write instructions (ARD, ARL, AWA, AWT)

automatically swap characters, as shown below.

bar code reader

ARD

[ ) BA e 0 Tag Name Value |Style |Type
e o o | Destination bar_code[0]
g B - wg'e] — = har_code[0] AB ASCIl | INT
SerialPart Contral bar_code_read
T 42969 SenalPort Control Length 2
Characters Read 2%
42968
AB
Arithmetic Status Flags: not affected
Fault Conditions: none
Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The rung-condition-out is set to true. na
Enableln is set na Enableln is always set.
The instruction executes.
instruction execution The instruction rearranges the specified bytes. The instruction rearranges the specified bytes.
postscan The rung-condition-out is set to false. No action taken.
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Example 1: The three SWPB instructions each reorder the bytes of DINT_7 according to
a different order mode. The display style is ASCII, and each character
represents one byte. Each instruction places the bytes, in the new ordet, in a
different Destination.
Relay Ladder
Sw'FB S FB Sw'FB
Swap Byte Swap Byte Swap Byte
Source DIMT_1 Source DIMNT_1 Source DIMT_1
BRCD' & BBCD' & BRCD' &
Order Mode REWERSE Order Mode WORD Order Maode HIGH AL O
Dest  DIMNT_1_reverse Dest DINT_1_swap_ward Dest DINT_1_swap_high_low
'DCBA' 'COAR' + BADLC' &

Example 2:

Publication 1756-RMO003K-EN-P - July 2008

Structured Text

SWPB (DINT 1,REVERSE,DINT 1 reverse);
SWPB (DINT 1,WORD,DINT 1 swap word);
SWPB (DINT 1,HIGHLOW,DINT 1 swap high low);

The following example reverses the bytes in each element of an array. For an
RSLogix 5000 project that contains this example, open the
RSLogix 5000\ Projects\Samples folder, Swap_Bytes_in_Array. ACD file.

1. Initialize the tags. The SIZE instruction finds the number of elements in
array and stores that value in array_length. A subsequent instruction uses
this value to determine when the routine has acted on all the elements in
the array.

2. Reverse the bytes in one element of array.

e The SWPB instruction reverses the bytes of the element number that is
indicated by the value of zndex. For example, when index equals 0, the
SWPB instruction acts on array/0].

e The ADD instruction increments zzdex. The next time the instruction
executes, the SWPB instruction acts on the next element in array.

3. Determine when the SWPB instruction has acted on all the elements in
the array.

o If index is less then the number of elements in the array (array_length),
then continue with the next element in the array.

o If index equals array_length, then the SWPB has acted on all the elements
in the array.
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Relay Ladder
Initialize the tags.
LR SIZE
Clear Size in Elements
Dest indes Source array[d]
0e 234"
Dim. ToYary 1]
Size array_length
4€
Reverse the bytes.
swap_bytes SwWPE 00
[ LBL ] Swap Byte Add
Source array[index] Source & 1
7234
Qrder Mode REVERSE Source B indes
Dest aray_bytes_reverse(index)] N«
4321 Dest indes
0&
Determine whether the SWPB instruction has acted on all the elements in the array.
LES swap_bytes
Lezz Than [&<B] o | et
Source & indes
0&
Source B array_length
46

302

Structured Text

index := 0;

SIZE (array[0],0,array length);

REPEAT

SWPB (array[index], REVERSE, array bytes reverse[index]);

index := index + 1;

UNTIL (index >= array length)END REPEAT;
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Bitwise AND ( AND) The AND instruction performs a bitwise AND operation using the bits in

Source A and Source B and places the result in the Destination.

To perform a logical AND, see page 317.

Operands:
_ Relay Ladder
AND
— Bitwize AND —
Saource A ? Operand Type Format Description
e
Source B 2 Source A SINT immediate  value to AND with Source B
e
Dest ? INT tag
e
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Source B SINT immediate  value to AND with Source A
INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Destination ~ SINT tag stores the result
INT
DINT
| Structured Text
dest := sourceA AND sourceB . L .
Use AND or the ampersand sign “&” as an operator within an expression.
This expression evaluates source A AND sourceB.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E AND_01 Function Block
AND [
Biitmiza AND Operand Type Format Description
o source Dest b AND tag FBD_LOGICAL structure AND structure
O SourceB
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FBD_LOGICAL Structure

Input Parameter Data Type: Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.

SourceA DINT Value to AND with SourceB.
Valid = any integer

SourceB DINT Value to AND with SourceA.
Valid = any integer

Output Parameter Data Type Description

EnableQut BOOL The instruction produced a valid result.

Dest DINT Result of the instruction. Arithmetic status flags are set for this output.

Description: \When enabled, the instruction evaluates the AND operation:

Arithmetic Status Flags:

Fault Conditions:

If the BitIn And the Bit In The Bit In the

Source A ls Source B Is: Destination Is
0 0 0
0 1 0
1 0 0

1

1 1

If you mix integer data types, the instruction fills the upper bits of the smaller
integer data types with Os so that they are the same size as the largest data type.

Arithmetic status flags are affected.

none
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The instruction performs a bitwise AND operation.

The rung-condition-out is set to true.

postscan

The rung-condition-out is set to false.
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E Function Block
Condition Action

prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.

EnableOut is set.

postscan No action taken.

Example: When enabled, the AND instruction performs a bitwise AND operation on
SourceA and SourceB and places the result in the Dest.

SourceA‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 0‘1‘0‘1‘0‘1‘0‘1 0‘1‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1‘

SourceB‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 1‘1‘1‘1‘1‘1‘1‘1 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘

Dest‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 0‘1‘0‘1‘0‘1‘0‘1 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘

Relay Ladder
A
— Bitwise AND

Source A value_1
2H0000_0000_0000_0707_0101_0101 117171111 &

Source B value_2
2800000000 _0000_1777_1111_0000_0000_0000 &

[rest value_result_and
2H0000_0000_Q000_0707_07 01 _0000_0000_0000 «

Structured Text
value result and := value 1 AND value 2;

Function Block

AMD_01
AND _I
Bitwise AN
o u]
SourceB
a
[z
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Move/Logical Instructions (MOV, MVM, BTD, MVMT, BTDT, CLR, SWPB, AND, OR, XOR, NOT, BAND, BOR, BXOR, BNOT)

Bitwise OR (OR)

The OR instruction performs a bitwise OR operation using the bits in Source

A and Source B and places the result in the Destination.

To perform a logical OR, see page 320.

Operands:
Relay Ladder
oR
— Bitwize Inclugive O —
Saource A ? Operand Type Format Description
e
Source B 2 Source A SINT immediate value to OR with Source B
e
Dest ? INT tag
e
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Source B SINT immediate value to OR with Source A
INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Destination SINT tag stores the result
INT
DINT
| Structured Text
dest := sourceA OR sourceB

Use OR as an operator within an expression. This expression evaluates sourceA
OR sourceB.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.

E OR_04

Function Block

306

R L
Bitwize Inclusive O Operand  Type Format: Description
O Sources Dest OR tag FBD_LOGICAL structure OR structure
O Sourced
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FBD_LOGICAL Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.

Default is set.
SourceA DINT Value to OR with SourceB.

Valid = any integer
SourceB DINT Value to OR with SourceA.

Valid = any integer

Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest DINT Result of the instruction. Arithmetic status flags are set for this output.

Description: \When enabled, the instruction evaluates the OR operation:

If the Bit In And the Bit In The Bit In the

Source A ls Source B ls Destination Is
0 0 0
0 1 1
1 0 1

1 1 1

If you mix integer data types, the instruction fills the upper bits of the smaller
integer data types with Os so that they are the same size as the largest data type.

Arithmetic Status Flags Arithmetic status flags are affected.

Fault Conditions: none

Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The instruction performs a bitwise OR operation.
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
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E Function Block
Condition Action

prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.

EnableQut is set.

postscan No action taken.

Example: When enabled, the OR instruction performs a bitwise OR operation on
SourceA and SourceB and places the result in Dest.

SourceA‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 0‘1‘0‘1‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1

SourceB‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0

Desz“0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 1‘1‘1‘1‘1‘1‘1‘1‘0‘1‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1

Relay Ladder
R
— Bitwize Inchuzive OR

Saource & walue_1
SR0O000_0000_0000_ 010 _o_oio_ 11111111 =

Saource B walue_2
ZR0000_0000_0000_1111_1111_0000_0000_0000 <

Dest value_result_ar
SRO000_0000_0000_ 1111 _ 1111 _ 0o _ 11111111 &

Structured Text

value result or := value 1 OR value 2;
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Function Block

OR_01

ok L

Bitwize Inclusive OR

) u]
SourceB
u}
[z n
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Chapter 7

Move/Logical Instructions (MOV, MVM, BTD, MVMT, BTDT, CLR, SWPB, AND, OR, XOR, NOT, BAND, BOR, BXOR, BNOT)

Bitwise Exclusive OR (XOR) The XOR instruction performs a bitwise XOR operation using the bits in

Source A and Source B and places the result in the Destination.

To perform a logical XOR, see page 323.

Operands:
_ Relay Ladder
s
— Bitwize Excluzive OF —
Source A ?3 Operand Type Format Description
Source B 7 Source A SINT immediate value to XOR with Source B
7
Deszt 7
s 7 INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Source B SINT immediate value to XOR with Source A
INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Destination SINT tag stores the result
INT
DINT
| Structured Text
dest := sourceA XOR sourceB

Use XOR as an operator within an expression. This expression evaluates

source A XOR sourceB.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.

E XOR_04

Function Block

X0R o]
Bitwise Exclusive OR Operand  Type Format Description
O Sources Dest XOR tag FBD_LOGICAL structure  XOR structure
O SourceB

310
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FBD_LOGICAL Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.

Default is set.
SourceA DINT Value to XOR with SourceB.

Valid = any integer
SourceB DINT Value to XOR with SourceA.

Valid = any integer

Output Parameter:  Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest DINT Result of the instruction. Arithmetic status flags are set for this output.

Description: \When enabled, the instruction evaluates the XOR operation:
If the Bit In And the Bitln  The Bit In the

Source A ls Source B ls Destination Is
0 0 0
0 1 1
1 0 1
1 1 0

If you mix integer data types, the instruction fills the upper bits of the smaller
integer data types with Os so that they are the same size as the largest data type.

Arithmetic Status Flags Arithmetic status flags are affected.

Fault Conditions: none

Execution:

Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The instruction performs a bitwise OR operation.

The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
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E Function Block
Condition Action

prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.

EnableQut is set.

postscan No action taken.

Example: When enabled, the XOR instruction performs a bitwise XOR operation on
SourceA and SourceB and places the result in the destination tag.

va/ue_7‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 0‘1‘0‘1‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1

va/ue_Z‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0

va/ue_resu/t_xor‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 1‘0‘1‘0‘1‘0‘1‘0‘0‘1‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1

Relay Ladder
#OR
—{ Bitwize Excluzive OR
Source & value_1
210000_0000_0000_mo1_01o1_0o1on_1111_1111 &
Source B value_2

2R0000_0000_0000_1111_1111_0000_0000_0000 &
est walue_result_sar
2H0000_0000_0000_10710_ 71071001 _1111_1111 &

Structured Text

value result xor := value 1 XOR value 2;
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Function Block
XOR_01
XOR o |
Bitwize Exclusive OR
SourceB
Ty
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Bitwise NOT (NOT)

Operands:
HOT
— Bibwize MOT —
Source ?
K
Dzt ?
K
dest := NOT source
E NOT_ 04
HOT |ZI
Bitwise HOT
O Source Crest O

314

The NOT instruction performs a bitwise NOT operation using the bits in the
Source and places the result in the Destination.

To perform a logical NOT, see page 326.

Relay Ladder
Operand Type Format Description
Source SINT immediate value to NOT
INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Destination SINT tag stores the result
INT
DINT

Structured Text

Use NOT as an operator within an expression. This expression evaluates NOT
souree.

See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.

Function Block

Operand Type Format Description

NOT tag FBD_LOGICAL structure NOT structure
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FBD_LOGICAL Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
default is set

Source DINT Value to NOT.
valid = any integer

Output Parameter Data Type Description

EnableQut BOOL The instruction produced a valid result.

Dest DINT Result of the instruction. Arithmetic status flags are set for this output.

Description: When enabled, the instruction evaluates the NOT operation:

Arithmetic Status Flags:

Fault Conditions:

If the BitInthe The Bit In the

Source Is: Destination Is:
0 1
1 0

If you mix integer data types, the instruction fills the upper bits of the smaller
integer data types with Os so that they are the same size as the largest data type.

Arithmetic status flags are affected.

none
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The instruction performs a bitwise NOT operation.

The rung-condition-out is set to true.

postscan

The rung-condition-out is set to false.
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i

Function Block

Condition

Action

prescan

No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableOut is cleared.

Enableln is set

The instruction executes.

EnableQut is set.

postscan No action taken.
Example: When enabled, the NOT instruction performs a bitwise NOT operation on
Source and places the result in Dest.
va/ue_?‘O‘O‘O‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0‘1‘0‘1‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1‘
va/ue_resu/z‘_not‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘1‘0‘1‘0‘1‘0‘1‘0‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘
Relay Ladder
NOT
—{ Bitwize NOT
Source wvalue_1
2#0000_0000_0000_0101_01a1_o101_1111_1111 €
Dest value_result_not
2#1111_1111_1111_1010_1010_1010_0000_0000 €
Structured Text
value result not NOT value 1;
Function Block
NOT_04
NOT ]
Bitwise NOT
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Chapter 7

Boolean AND (BAND)

IF operandA AND operandB THEN

Operands:

<statement>;

END_IF;

BAND_0A

Boolean And

InZ
In2

MM M M

Ins

BAND D

In1 Out

ol

The BAND instruction logically ANDs as many as 8 boolean inputs.

To perform a bitwise AND, see page 303.

Structured Text

Use AND or the ampersand sign “&” as an operator within an expression.
The operands must be BOOL values or expressions that evaluate to BOOL
values. This expression evaluates whether gperandA and gperandB are both set
(true).

See Appendix B for information on the syntax of expressions within
structured text.

Function Block

Operand Format

BAND tag

Description
BAND structure

Type
FBD_BOOLEAN_AND

structure

FBD BOOLEAN_AND Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.

In1 BOOL First boolean input.
Default is set.

In2 BOOL Second boolean input.
Default is set.

In3 BOOL Third boolean input.
Default is set.

In4 BOOL Fourth boolean input.
Default is set.

In5 BOOL Fifth boolean input.
default is set.

In6 BOOL Sixth boolean input.

Default is set.
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Input Parameter Data Type Description

In7 BOOL Seventh boolean input.

Default is set.
In8 BOOL Eighth boolean input.

Default is set.

Output Parameter Data Type Description
EnableQOut BOOL Enable output.
Out BOOL The output of the instruction.

Description: The BAND instruction ANDs as many as eight boolean inputs. If an input is
not used, it defaults to set (1).

Out = In1 AND In2 AND In3 AND In4 AND In5 AND In6 AND In7 AND In8

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:

Condition Function Block Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQOut is cleared.
Enableln is set The instruction executes.

EnableQOut is set.
postscan No action taken.

Example 1: This example ANDs boo/_inl and bool_in2 and places the result in
value_result_and.

IfBOOL_IN1Is IfBOOL_IN2Is Then VALUE_RESULT_AND Is

0 0 0
0 1 0
1 0 0

1 1 1

Structured Text

value result and := bool inl AND bool in2;
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Function Block

BAMD_01
BAND |
Boolean And
u] o
II —F In1 Out [(pb— — walue_result_and
—& InZ
o |
E Ind

Example 2: 1f both boo/_in1 and bool_in2 are set (true), light1 is set (on). Otherwise, /ight1 is
cleared (off).

Structured Text

IF bool inl AND bool in2 THEN

lightl := 1;
ELSE
lightl := 0;
END IF;
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BOOIBaI'I OR (BOR) The BOR instruction logically ORs as many as eight boolean inputs.
To perform a bitwise OR, see page 306.
Operands:
| Structured Text

IF operandA OR operandB THEN L .
Use OR as an operator within an expression. The operands must be BOOL

cstatement>; values or expressions that evaluate to BOOL values. This expression evaluates
END_IF; whether operandA or gperandB or both are set (true).
See Appendix B for information on the syntax of expressions within
structured text.
E BOR_0A Function Block
BOR B
Bealzan Or Operand Type Format Description
] In1 But 5 BOR tag FBD_BOOLEAN_OR structure BOR structure
] In2
i InZ2
& Ina FBD_BOOLEAN_OR Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
In1 BOOL First boolean input.
Default is cleared.
In2 BOOL Second boolean input.
Default is cleared.
In3 BOOL Third boolean input.
Default is cleared.
In4 BOOL Fourth boolean input.
Default is cleared.
In5 BOOL Fifth boolean input.
Default is cleared.
In6 BOOL Sixth boolean input.
Default is cleared.
In7 BOOL Seventh boolean input.
Default is cleared.
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Chapter 7

Input Parameter Data Type Description

In8 BOOL Eighth boolean input.

Default is cleared.

Output Parameter Data Type Description
EnableOut BOOL Enable output.
Out BOOL The output of the instruction.

Description: The BOR instruction ORs as many as eight boolean inputs. If an input is not
used, it defaults to cleared (0).

Out = In1 OR In2 OR In3 OR In4 OR In5 OR In6 OR In7 OR In8

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Function Block Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableOut is cleared.
Enableln is set The instruction executes.

EnableOut is set.

postscan No action taken.

Example 1: This example ORs boo/_inT and bool_in2 and places the result in value_result_or.

IfBOOL_IN1Is If BOOL_IN2Is:

Then VALUE_RESULT_OR Is:

0

1

0 0
0 1
1 0

1

1 1

1

Structured Text

value result or
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Function Block

BOR_O1
BOR I
Boolean Or
) u]
[t _p™ el ot —
—F] InZ
o |
E Ind

Example 2: 1n this example, /ight1 is set (on) if:
e only bool_inl is set (true).
e only boo/_in2 is set (true).

® both bool_inT and bool_in2 are set (true).

Otherwise, /ght1 is cleared (off).
Structured Text

IF bool inl OR bool in2 THEN

lightl := 1;
ELSE
lightl := 0;
END IF;
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Boolean Exclusive OR
(BXOR)

Operands:

IF operandA XOR operandB THEN

<statement>;

END_IF;

E BXOR_01

BXOR |I|

The BXOR performs an exclusive OR on two boolean inputs.

To perform a bitwise XOR, see page 310.

Structured Text

Use XOR as an operator within an expression. The operands must be BOOL
values or expressions that evaluate to BOOL values. This expression evaluates
whether only operand.A or only operandB is set (true).

See Appendix B for information on the syntax of expressions within
structured text.

Function Block

Boolean Exclusive Or Opera"d TVPe Format Description
] In1 Out [0 BXOR tag FBD_BOOLEAN_XOR structure BXOR structure
= In2
FBD_BOOLEAN_XOR Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
In1 BOOL First boolean input.
Default is cleared.
In2 BOOL Second boolean input.

Default is cleared.

Output Parameter Data Type

Description

EnableQut BOOL Enable output.
Out BOOL The output of the instruction.
Description: The BXOR instruction performs an exclusive OR on two boolean inputs.

Arithmetic Status Flags:

Fault Conditions:

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group -

Out = In1 XOR In2

not affected

none

323

Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter7  Move/Logical Instructions (MOV, MVM, BTD, MVMT, BTDT, CLR, SWPB, AND, OR, XOR, NOT, BAND, BOR, BXOR, BNOT)

Execution:

Condition Function Block Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQOut is cleared.
Enableln is set The instruction executes.

EnableQOut is set.
postscan No action taken.

Example 1: This example performs an exclusive OR on boo/_in1 and boo/_in2 and places
the result in value_result_xor.

IfBOOL_IN1Is IfBOOL_IN2Is Then VALUE_RESULT_XOR Is

0 0 0
0 1 1
1 0 1
1 1 0

Structured Text

value result xor := bool inl XOR bool in2;

Function Block

BxOR_01
BXOR ]
Boolean Exclusive Or
a u]
(it —p" — el ou ™ — e i
—F] In2
o |
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Example 2: 1n this example, /ight7 is set (on) if
e only boo/_inl is set (true).

e only bool_in2 is set (true).
Otherwise, Zght1 is cleared (off).
Structured Text

IF bool inl XOR bool in2 THEN

lightl := 1;
ELSE
lightl := 0;
END IF;
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Boolean NOT (BNOT) The BNOT instruction complements a boolean input.

To perform a bitwise NOT, see page 314.

Operands:
| Structured Text
IF NOT operand THEN L .
Use NOT as an operator within an expression. The operand must be a BOOL
cstatement>; values or expressions that evaluate to BOOL values. This expression evaluates
END_IF; whether gperand is cleared (false).
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E BNOT 01 Function Block
BHOT D
Boolean NOT Operand Type Format Description
d In out [0 BNOT tag FBD_BOOLEAN_NOT structure BNOT structure
FBD_BOOLEAN_NOT Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
In BOOL Input to the instruction.
Default is set.
Output Parameter Data Type Description:
EnableOut BOOL Enable output.
Out BOOL The output of the instruction.

Description: The BNOT instruction complements a boolean input.

Out = NOT In
Arithmetic Status Flags: not affected

Fault Conditions: none
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Execution:

Condition Function Block Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableOut is cleared.
Enableln is set The instruction executes.

EnableOut is set.
postscan No action taken.

Example 1: This example complements boo/_in1 and places the result in value_result_not.

If BOOL_IN1Is Then VALUE_RESULT_NOT Is
0 1
1 0

Structured Text

value result not := NOT bool inl;

Function Block

BHOT_04

BHOT _I

Boolean Mot

u] u]
|| —HIn Out F—y — walue_result_not

Example 2: 1f boo/_int is cleared, /ight1 is cleared (off). Otherwise, /ight1 is set (on).
Structured Text

IF NOT bool inl THEN

lightl := 0;
ELSE
lightl := 1;
END IF;
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Notes:

328 Publication 1756-RMO03K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 8

Array (File)/Misc. Instructions
(FAL, FSC, COP, CPS, FLL, AVE, SRT, STD, SIZE)

Introduction The file/miscellaneous instructions operate on arrays of data.
If You Want To Use This Instruction Available In These Languages See Page
perform arithmetic, logic, shift, and function FAL relay ladder 335

operations on values in arrays
structured text!")

search for and compare values in arrays FSC relay ladder 346
copy the contents of one array into COP relay ladder 355
another array

structured text

copy the contents of one array into CPS relay ladder 3b5
another array without interruption
structured text

fill an array with specific data FLL relay ladder 361

structured text'!

calculate the average of an array of values AVE relay ladder 365

structured text'!)

sort one dimension of array data into SRT relay ladder 370
ascending order
structured text

calculate the standard deviation of an array STD relay ladder 375
of values

structured text'!!

find the size of a dimension of an array SIZE relay ladder 381

structured text

0" There is no equivalent structured text instruction. Use other structured text programming to achieve the same result. See the description for the instruction.

You can mix data types, but loss of accuracy and rounding error might occur
and the instruction takes more time to execute. Check the S:V bit to see
whether the result was truncated.

For relay ladder instructions, bold data types indicate optimal data types. An
instruction executes faster and requires less memory if all the operands of the
instruction use the same optimal data type, typically DINT or REAL.
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Selecting Mode of For FAL and FSC instructions, the mode tells the controller how to distribute
- the array operation.
Operation yop

If You Want To Select This Mode

operate on all of the specified elements in an array before Al
continuing on to the next instruction

distribute array operation over a number of scans Numerical

enter the number of elements to operate on per scan
(1-2147483647)

manipulate one element of the array each time the Incremental
rung-condition-in goes from false to true

All mode

In All mode, all the specified elements in the array are operated on before
continuing on to the next instruction. The operation begins when the
instruction’s rung-condition-in goes from false to true. The position (POS)
value in the control structure points to the element in the array that the
instruction is currently using, Operation stops when the .POS value equals the

.LEN value.
/Da;rray\ one scan
47
-«
16639
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The following timing diagram shows the relationship between status bits and
instruction operation. When the instruction execution is complete, the .DN bit
is set. The .DN bit, the .EN bit, and the .POS value are cleared when the
rung-condition-in is false. Only then can another execution of the instruction
be triggered by a false-to-true transition of rung-condition-in.

one

—> scan <+

rung-condition-in

.EN bit

.DN bit

t clears status bits and

clears .POS value

scan of the instruction

operation complete T L no execution occurs

Numerical mode

40010

Numerical mode distributes the array operation over a number of scans. This
mode is useful when working with non-time-critical data or large amounts of
data. You enter the number of elements to operate on for each scan, which
keeps scan time shorter.
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Execution is triggered when the rung-condition-in goes from false to true.
Once triggered, the instruction is executed each time it is scanned for the
number of scans necessary to complete operating on the entire array. Once
triggered, rung-condition-in can change repeatedly without interrupting
execution of the instruction.

/—\ one scan

<+
— second scan
B S — <
next scan

B —————_——— <

| |

}
—

16641

IMPORTANT Avoid gsing the resqlts of a file.in.struction operating in
numerical mode until the .DN bit is set.

The following timing diagram shows the relationship between status bits and
instruction operation. When the instruction execution is complete, the .DN bit
is set.

rung is true at completion rung is false at completion

—> ‘multiplescans —> ‘ multiple scans ‘{—

rung-condition-in ‘ ‘ ‘

.EN bit 4

.DN bit

scan of the instruction | |

T | |
operation complete operation complete J 40013

clears status bits and clears status bits and
clears .POS value clears .POS value
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If the rung-condition-in is true at completion, the .EN and .DN bit are set
until the rung-condition-in goes false. When the rung-condition-in goes false,
these bits are cleared and the .POS value is cleared.

If the rung-condition-in is false at completion, the .EN bit is cleared
immediately. One scan after the .EN bit is cleared, the .DN bit and the .POS
value are cleared.

Incremental mode

Incremental mode manipulates one element of the array each time the
instruction’s rung-condition-in goes from false to true.

/\/

1st instruction enable

2nd instruction enable
44— : .

3rd instruction enable
-« <

last instruction enable

16643
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334

rung-condition-in

.EN bit

.DN bit

scan of the instruction

The following timing diagram shows the relationship between status bits and
instruction operation. Execution occurs only in a scan in which the
rung-condition-in goes from false to true. Each time this occurs, only one
element of the array is manipulated. If the rung-condition-in remains true for
more than one scan, the instruction only executes during the first scan.

one

_>‘ scan ‘4_

M .

operatioﬁ | clears status bits and
complete clears .POS value

The .EN bit is set when rung-condition-in is true. The .DN bit is set when the
last element in the array has been manipulated. When the last element has been
manipulated and the rung-condition-in goes false, the .EN bit, the .DN bit,
and the .POS value are cleared.

The difference between incremental mode and numerical mode at a rate of
one element per scan is:

e Numerical mode with any number of elements per scan requires only
one false-to-true transition of the rung-condition-in to start execution.
The instruction continues to execute the specified number of elements
each scan until completion regardless of the state of the
rung-condition-in.

e Incremental mode requires the rung-condition-in to change from false
to true to manipulate one element in the array.
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File Arithmetic and Logic

(FAL)

Operands:
FaL
— File Aith/Logical L EMT—
Contral ?
Length 7 TN~
Pozition ?
Mode ? —ERT—
Dzt ?
7
Eupreszion ?

Publication 1756-RMO003K-EN-P - July 2008

The FAL instruction performs copy, arithmetic, logic, and function operations

on data stored in an array.

Relay Ladder
Operand Type Format Description
Control CONTROL tag control structure for the operation
Length DINT immediate number of elements in the array to
be manipulated
Position DINT immediate current element in array
initial value is typically 0
Mode DINT immediate how to distribute the operation
select INC, ALL, or enter a number
Destination SINT tag tag to store the result
INT
DINT
REAL
Expression SINT immediate an expression consisting of tags
and/or immediate values separated
INT tag by operators
DINT
REAL

A SINT or INT tag converts to a DINT value by sign-extension.

Structured Text

Structured text does not have an FAL instruction, but you can achieve the
same results using a SIZE instruction and a FOR...DO or other loop
construct.

SIZE (destination, 0, length-1);
FOR position = 0 TO length DO
destination[position] := numeric expression;

END FOR;

See Appendix C, Structured Text Programming for information on the syntax

of constructs within structured text.
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CONTROL Structure
Mnemonic Data Type Description
EN BOOL The enable bit indicates that the FAL instruction is enabled.
DN BOOL The done bit is set when the instruction has operated on the last element (.POS = .LEN).
ER BOOL The error bit is set if the expression generates an overflow (S:V is set). The instruction stops
executing until the program clears the .ER bit. The .POS value contains the position of the
element that caused the overflow.
LEN DINT The length specifies the number of elements in the array on which the FAL
instruction operates.
POS DINT The position contains the position of the current element that the instruction is accessing.
Description: The FAL instruction performs the same operations on arrays as the CPT

336

Arithmetic Status Flags:

Fault Conditions:

Artisan Technology Group -

instruction performs on elements.
The examples that start on page 342 show how to use the .POS value to step
through an array. If a subscript in the expression of the Destination is out of

range, the FAL instruction generates a major fault (type 4, code 20).

Arithmetic status flags are affected.

A Maijor Fault Will Occur If Fault Type Fault Code
subscript is out of range 4 20
POS<0or.LEN<O 4 A
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Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false
DN bit=0 no
examine .DN bit
DN bit=1 yes
.EN bit is cleared ALL mode
.ER bit is cleared
yes
-
yes LEN=0
no
no
yes
no
DN bit is set
-
v yes
DN bit is set
-
numeric
mode
page 341
rung-condition-out is set to
false
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Condition

Relay Ladder Action

rung-condition-in is true

ERbit=0
examine .ER bit T
ERbit=1

examine .DN bit

DN bit=1

no

yes

DN bit is set

no

yes

page 339

page 341
numeric
mode

no
ALL mode

yes

ALL
mode

page 340

-

loop_count =
loop_count -1

Y

loop_count <0 no_» POS=POS+1

yes

-

\/

v

evaluate expression

.POS = .POS +1

]

DN bit is set

.POS=.POS +1

rung-condition-out is set to

true

338
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Condition Relay Ladder Action

ENbit=1
examine .EN bit

ENbit=0

examine
internal bit

POS=POS +1

internal bitis set

yes yes
no no
EN bit is set POS=P0OS-1
loop_count=1 -
DN bit is set

"y

rung-condition-out is set to
true

page 338 *
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Condition Relay Ladder Action

ALL
mode

ENbit=0 examine bit=1

internal bit

examine .EN bit

bit=0
E—.

POS=POS +1 — .EN bit is set

yes yes
no no

loop_count = LEN - .POS

-
.DN bit is set rung-condition-out is set to
— | true
page 338 *
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Condition Relay Ladder Action

numeric
mode

\

EN bit=1
examine .EN bit

ENbit=0

POS=.POS +1

bit=1

examine
internal bit

internal bitis set

%?

.POS = POS -1

mode = LEN

y

DN bit is set rung-condition-out is set to

— | true

.EN bit is set

loop_count = LEN - .POS *

mode >
loop_count

page 338

.EN bit is set

postscan The rung-condition-out is set to false.
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Example 1: When enabled, the FAL instruction copies each element of array_2 into the
same position within array_1.
array-to-array copy

FaL — 5
——— File Arith/Logical BN —
Caontral contral_2 ::
Length 10% DN>—
Position ne
Mode AL ERT—
Dest array_1[control_2.pog]
o . o

Exprassion array_2[control_2 pos] Expression: Destination:

Example 2: When enabled, the FAL instruction copies zalue_1 into the first 10 positions of
the second dimension of array_2.
element-to-array copy

FaL
—— File Aith/Logical F—EN ——

Cortrol control_2

Lenath 10 =DN—

Pasition ne

tiode AL CER—

Dest ‘3”‘39—2[0'°°”“°'—2-'33i]_ Expression: Destination:
Expression walue_1

Example 3: Each time the FAL instruction is enabled, it copies the current value of array_1
to value_1. The FAL instruction uses incremental mode, so only one array
value is copied each time the instruction is enabled. The next time the
instruction is enabled, the instruction overwrites va/ue_1 with the next value in

array_1.
array-to-element copy
Fisl -
—— File Aith/Logical FEM—

Control control_1
Lenath 10¢ FDND—
Pasition ne
Mode ine —CERT—
Dest value 1

o€
Exprassion array_1[control_1.pos) Expression: Destination:

Example 4: When enabled, the FAL instruction adds salue_1 and valne_2 and stores the
result in the current position of array_1.

arithmetic operation: (element + element) to array

Fal
— File &rith/Logical FEMT——

Cortrol control_1

Lenath 10¢ DN —

Pasition ne

tode al —ERT—

Dest array_T[contral_1 .pos&]‘

0 . -
Expression valug_1 + valug_2 Expression: Destination:
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Example 5: When enabled, the FAL instruction divides the value in the current position of
array_2 with the value in the current position of array_3 and stores the result in
the current position of array_1.

arithmetic operation: (array / array) to array

FaL:
—] File Arith/Logical —EN— : :

Cortrol control_2
Length 10 (D — B —
Pasition 0e
Mode al —ER— ::
Dest array_1[control_2.pos

no*
Expresgion array_Zcontrol_2.pos] / aray_3[control_2 pos] Expression: Destination:

Example 6: \When enabled, the FAL instruction adds the value at the current position in
array_1 to value_1 and stores the result in the current position in array_3. The
instruction must execute 10 times for the entire array_71 and array_3 to be

manipulated.
arithmetic operation: (array + element) to array
Fiil
—— File Arith/Logical B ——

Coantral contral_1

Length B0 € —DNH—

Pasition ne

Mode £ —CERT—

Desgt array_3[control_1.pos]

D *
Expression [aray_1[contral_1.pos]+value_1] Expression: Destination:
Example 7: Each time the FAL instruction is enabled, it adds za/we_1 to the current value
of array_1 and stores the result in value_2. The FAL instruction uses
incremental mode, so only one array value is added to value_1 each time the
instruction is enabled. The next time the instruction is enabled, the instruction
overwrites value 2.
arithmetic operation: (element + array) to element
Fil
——| File &ith/Logical BN ——

Control cantrol_1

Length 10% —DN—

Pagition ne

Mode ine —CERD—

Dest value 2

D +
Expression value_1 + aray_1[contral_1.pos] Expression: Destination:
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Example 8: When enabled, the FAL instruction multiplies the current value of array_1 by
the current value of array_3 and stores the result in va/ue_1. The FAL
instruction uses incremental mode, so only one pair of array values is
multiplied each time the instruction is enabled. The next time the instruction is
enabled, the instruction overwrites value_1.

arithmetic operation: (array * array) to element
sl
| coat a1 [ ] —
o Bepo 3
et g [ —
Expreszion array_1[control_T.pos] * anay_contral_1 .DDD:]- Expression: Destination:
FAL Expressions
You program expressions in FAL instructions the same as expressions in CPT
instructions. Use the following sections for information on valid operators,
format, and order of operation, which are common to both instructions.
Valid operators
Operator Description Optimal Operator Description Optimal
+ add DINT, REAL LOG log base 10 REAL
subtract/negate DINT, REAL MQOD modulo-divide DINT, REAL
* multiply DINT, REAL NOT bitwise complement ~ DINT
/ divide DINT, REAL OR bitwise OR DINT
x* exponent (x to y) DINT, REAL RAD degrees to radians DINT, REAL
ABS absolute value DINT, REAL SIN sine REAL
ACS arc cosine REAL SOR square root DINT, REAL
AND bitwise AND DINT TAN tangent REAL
ASN arc sine REAL TOD integer to BCD DINT
ATN arc tangent REAL TRN truncate DINT, REAL
coS cosine REAL XOR bitwise exclusive OR ~ DINT
DEG radians to degrees DINT, REAL
FRD BCD to integer DINT
LN natural log REAL
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Chapter 8

Format Expressions

For each operator that you use in an expression, you have to provide one or

two operands (tags or immediate values). Use the following table to format

operators and operands within an expression:

For Operators That Use This Format Examples
Operate On

one operand operator(operand) ABS(tag_a)
two operands operand_a operator operand_b e tag b+5

o tag cAND tag_d

o (tag_e** 2) MOD (tag_f/

tag_g)

Determine the order of operation

The operations you write into the expression are performed by the instruction
in a prescribed order, not necessarily the order you write them. You can

override the order of operation by grouping terms within parentheses, forcing
the instruction to perform an operation within the parentheses ahead of other

operations.

Operations of equal order are performed from left to right.

Order

Operation

1.

()

2.

ABS, ACS, ASN, ATN, COS, DEG, FRD, LN, LOG,
RAD, SIN, SQR, TAN, TOD, TRN

*%*

—(negate), NOT

*,/,MOD

—(subtract), +

AND

XOR

©O| X N g &~ ®

OR
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File Search and Compare
(FSC)

The FSC instruction compates values in an array, element by element.

Operands:
Relay Ladder
) FSC Operand  Type Format Description
File Search/Compare CEN
Control ? —<DN Control CONTROL  tag control structure for the operation
Length ? —CER>
Position ? Length DINT immediate  number of elements in the array to
Mode ? be manipulated
Expression ?
Position DINT immediate  offset into array
initial value is typically 0
CONTROL Structure
Mnemonic Data Type Description
EN BOOL The enable bit indicates that the FSC instruction is enabled.
.DN BOOL The done bit is set when the instruction has operated on the last element
(.POS = .LEN).
ER BOOL The error bit is not modified.
AN BOOL The inhibit bit indicates that the FSC instruction detected a true comparison. You must clear
this bit to continue the search operation.
FD BOOL The found bit indicates that the FSC instruction detected a true comparison.
LEN DINT The length specifies the number of elements in the array on which the instruction operates.
POS DINT The position contains the paosition of the current element that the instruction is accessing.
Description: When the FSC instruction is enabled and the comparison is true, the
instruction sets the .FD bit and the .POS bit reflects the array position where
the instruction found the true comparison. The instruction sets the .IN bit to
prevent further searching.
Arithmetic Status Flags: Arithmetic status flags are affected.
Fault Conditions:
A Maijor Fault Will Occur If Fault Type Fault Code
POS<0or.LEN<O 4 21
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Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false
DN bit=0 no - —
examine .DN bit
DN bit=1 yes
.EN bit is cleared .EN bit is cleared ALL mode
.ER bit is cleared
yes
-
POS=POS +1
* yes LEN=0
no
yes
no
no
yes
no
DN bit is set
-
v yes
DN bit is set
-
numeric
v mode
page 341
rung-condition-out is set to age 3
false
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Condition

Relay Ladder Action

rung-condition-in is true

no
no
ALL mode
yes yes

page 339

page 341

numeric
mode

ALL
mode

page 340

LEN <0 or y!
> POS <0
) ~._ .ERbit=0
examine .ER bit
no
ERbit=1 DN bit=0
no
~f— < examine .IN bit
DN bit=1
‘.IN bit=0 yes
DN bit is set
~f—<examine .DN bit
DN bit=1
-
DN bit=0
-
loop_count =
- loop_count - 1

Y

loop_count< 0 no—» POS=POS+1

yes

-

\/

.POS=.POS +1

v

evaluate comparison

.EN bit is set

]

.DN bit is set

FD hit is set

| .POS=POS +1

-

rung-condition-out is set to
true

postscan

The rung-condition-out is set to false.

348
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Chapter 8

Example 1:

Search for a match between two arrays. When enabled, the FSC instruction

compares each of the first 10 elements in array_17 to the corresponding

elements in array_2.

FSC
—— File Search/Compare
Contral contral_3
Length 10*
Pazition ne
b ode ALL
Eupreszion array_1[control_3.poz] <> aray_2[control_3.poz)

array_1

array_2
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00000000000000000000000000000000

00000000000000000000000000000000

00000000000000000000000000000000

00000000000000000000000000000000

00000000000000000000000000000000

00000000000000001111111111111111

11111111111111110000000000000000

mmMmmMmmmmmmMIImIIIImnmm

MMM

nmmmmnmmmmmmmImInmnmm

nmmimnmmmmmImIInmmnmm

nmmmmImmmmMrIm MmN

nmmmmmMmIIm MM

mmmmmmmmmMIImmMIIImnIm
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The FSC instruction finds that these
elements are not equal. The instruction sets

» the .FD and .IN bits. The .POS value (4)

indicates the position of the elements that
are not equal. To continue comparing the
rest of the array, clear the .IN hit.

349

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter8  Array (File)/Misc. Instructions (FAL, FSC, COP, CPS, FLL, AVE, SRT, STD, SIZE)
Example 2: Scarch for a match in an array. When enabled, the FSC instruction compares
the MySearchKey to 10 elements in array_1.
FSC

—— File Search/Compare L EM—
Cantral control_1  |—CDM3—
Length 0% ER—
Pazition ne
b ode all
Eupreszion tySearchi.ey = reference(control_1.poz]

MySearchKey reference control_3.pos

00000000000000000000000000000000

00000000000000000000000000000000

00000000000000000000000000000000

00000000000000000000000000000000

11111111111111110000000000000000

11111111111111110000000000000000
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MMM

MMM
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O 00 ~N oo o BN

The FSC instruction finds that this array
element equals MySearchKey. The
instruction sets the .FD and .IN bits. The
.POS (4) value indicates the position of the
equal element. To continue comparing the
rest of the array, clear the .IN bit.
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Example 3: Secarch for a string in an array of strings. When enabled, the FSC instruction
compares the characters in code to 10 elements in code_table.

FSC
— File Search/Compare —E M ——
Contral code_table_search —DW—
Length 10 —ER—
Fozition &
Mode ALl
Expression code = code_table[code_table_search.POS]
code code_table code_table_search.POS
AFG 0
BEH 1
HUO 2
SAK 3 The FSC instruction finds that this array
SAM SAM 4 ——p» element equals code. The instruction sets
FOG 5 the .FD and .IN bits. The .POS (4) value
indicates the position of the equal element.
CLE 6 To continue comparing the rest of the array,
CAK 7 clear the .IN bit.
DET 8
BWG 9

FSC expressions

You program expressions in FSC instructions the same as expressions in CMP
instructions. Use the following sections for information on valid operators,
format, and order of operation, which are common to both instructions.

Publication 1756-RMO03K-EN-P - July 2008 351

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter8  Array (File)/Misc. Instructions (FAL, FSC, COP, CPS, FLL, AVE, SRT, STD, SIZE)
Valid Operators
Operator Description Optimal Operator Description Optimal
+ add DINT, REAL DEG radians to degrees DINT, REAL
subtract/negate DINT, REAL FRD BCD to integer DINT
* multiply DINT, REAL LN natural log REAL
/ divide DINT, REAL LOG log base 10 REAL
= equal DINT, REAL MOD modulo-divide DINT, REAL
< less than DINT, REAL NOT bitwise complement ~ DINT
<= less than or equal DINT, REAL OR bitwise OR DINT
> greater than DINT, REAL RAD degrees to radians DINT, REAL
>= greater than or equal ~ DINT, REAL SIN sine REAL
< not equal DINT, REAL SQR square root DINT, REAL
*x exponent (x to y) DINT, REAL TAN tangent REAL
ABS absolute value DINT, REAL TOD integer to BCD DINT
ACS arc cosine REAL TRN truncate DINT, REAL
AND bitwise AND DINT XOR bitwise exclusive OR  DINT
ASN arc sine REAL
ATN arc tangent REAL
COS cosine REAL
Format Expressions
For each operator that you use in an expression, you have to provide one or
two operands (tags or immediate values). Use the following table to format
operators and operands within an expression:
For Operators That Use This Format Examples
Operate On
one operand operator(operand) ABS(tag_a)
two operands operand_a operator operand_b e tag b+5
e tag cAND tag_d
e (tag_e** 2) MOD (tag_f/
tag_g)
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Determine the order of operation

The operations you write into the expression are performed by the instruction
in a prescribed order, not necessarily the order you write them. You can
override the order of operation by grouping terms within parentheses, forcing
the instruction to perform an operation within the parentheses ahead of other
operations.

Operations of equal order are performed from left to right.

Order Operation

1. ()

2. ABS, ACS, ASN, ATN, COS, DEG, FRD, LN, LOG,
RAD, SIN, SQR, TAN, TOD, TRN

*%

—(negate), NOT
*,/,M0OD

<, <=,2,05, =

—(subtract), +
AND

XOR

OR

o| ©| X N g | w

—
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Use Strings In an Expression

To use strings of ASCII characters in an expression, follow these guidelines:

e An expression lets you compare two string tags.

® You cannot enter ASCII characters directly into the expression.

e Only the following operators are permitted

Operator Description

= equal

< less than

<= less than or equal

> greater than

>= greater than or equal
<> not equal

e Strings are equal if their characters match.

e ASCII characters are case sensitive. Upper case “A” ($41) is #ot equal to
lower case “a” ($61).

® The hexadecimal values of the characters determine if one string is less
than or greater than another string, For the hex code of a character, see
the back cover of this manual.

e When the two strings are sorted as in a telephone directory, the order of

the strings determines which one is greater.

354

-~ D » » d® —

= M ~+ Q© @d =

ASCII Characters | Hex Codes

1ab $31861$62

1b $31$62

A $41

AB $41842 — AB<B
B $42 jl
a $61 — a>B
ab $61862
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COPV File (co P) The COP and CPS instructions copy the value(s) in the Soutce to the
. Destination. The Source remains unchanged.
Synchronous Copy File 8
(CPS)
Operands:
_ Relay Ladder
i C_IOP
' ggﬁgczlle _ Operand  Type Format Description
Dest ? it
Length H Source SINT tag initial element to copy
' ' INT Important: the Source and Destination
operands should be the same data type, or
CPS ! DINT unexpected results may occur
Synchronous Copy File
Source ?
Dest ? REAL
?
L Length ] string
structure
Destination ~ SINT tag initial element to be overwritten by
the Source
INT
Important: the Source and Destination
DINT operands should be the same data type, or
unexpected results may occur
REAL
string
structure
Length DINT immediate  number of Destination elements to copy
tag
Structured Text

COP (Source, Dest, Length) ;
The operands are the same as those for the relay ladder COP and

CPS (Source, Dest, Length) ; CPS instructions
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Description:

During execution of the COP and CPS instructions, other controller actions
may try to interrupt the copy operation and change the source or destination
data:

If the Source Or Destination Is And You Want To Then Select Notes
¢ produced tag prevent the data from changing CPS o Tasks that attempt to interrupt a CPS
o consumed tag during the copy operation instruction are delayed until the
instruction is done.
¢ |/0 data . .
¢ To estimate the execution time of the
* data that another task can CPS instruction, see ControlLogix
overwrite System User Manual, publication
1756-UM001.
allow the data to change during the ~ COP
copy operation
none of the above p COP

The number of bytes copied is:

Byte Count = Length * (number of bytes in the Destination data type)

ATTENTION

JAN

If the byte count is greater than the length of the Source, unpredictable data is
copied for the remaining elements.

IMPORTANT

You must test and confirm that the instruction doesn’t change data that you don't
want it to change.

The COP and CPS instructions operate on contiguous memory. They do a straight
byte-to-byte memory copy. In some cases, they write past the array into other
members of the tag. This happens if the length is too big and the tag is a
user-defined data type.

If The Tag Is Then

user-defined data type If the Length is too big, the instruction writes past the end of
the array into other members of the tag. It stops at the end of

the tag. No major fault is generated.

NOT user-defined data
type

If the Length is too big, the instruction stops at the end of the
array. No major fault is generated.

The Length is too big if it is more than the total number of elements in the
Destination array.

Arithmetic Status Flags:

Fault Conditions:

356

not affected

none
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Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution > end_address = start_address + (Length *
number of bytes in a destination element)

v

end_address > end

ST, end_address = end of destination array
of destination array

source_address = Source
*

destination_address=._ Y8
end_address

¢n0

copy data in source_address to destination
_address

rung-condition-out is set to
* true

source_address = source _address + 1 *

destination_address =
destination_address + 1

postscan The rung-condition-out is set to false. No action taken.
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Example 1: Both array_4 and array_5 are the same data type. When enabled, the COP
instruction copies the first 10 elements of array_4 into the first 10 elements of
array_5.

Relay Ladder

COP

— Copy File

Source array_4[0]
Dezt  array_5[0]
Length 10

Structured Text
COP (array 4[0],array 5[0],10);

Example 2: When enabled, the COP instruction copies the structure #mer_1 into element 5
of array_timer. The instruction copies only one structure to one array element.

Relay Ladder

COP

— Copy File

Source tirmer_1
ezt array_timer[5]
Length 1

Structured Text

COP (timer 1,array timer[5],1);
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Example 3: The project_data array (100 elements) stores a variety of values that change at
different times in the application. To send a complete image of project_data at
one instance in time to another controller, the CPS instruction copies
project_data to produced_array.

e While the CPS instruction copies the data, no I/O updates or other
tasks can change the data.

e The produced_array tag produces the data on a ControlNet network for
consumption by other controllers.

e To use the same image of data (that is, a synchronized copy of the data),
the consuming controller (s) uses a CPS instruction to copy the data
from the consumed tag to another tag for use in the application.

Relay Ladder

CPS
— Synchronous Copy File —
Source project_data[0]
Dest produced_array[0]
Length 100

Structured Text
CPS (project datal[0],produced array([0],100);

Example &: [ .oca/0:1. Data stores the input data for the DeviceNet network that is
connected to the 1756-DNB module in slot 0. To synchronize the inputs with
the application, the CPS instruction copies the input data to input_buffer.

e While the CPS instruction copies the data, no I/O updates can change
the data.

e As the application executes, it uses for its inputs the input data in

input_buffer.

Relay Ladder

CPS
—1 Synchronous Copy File —
Source Local:0:l.Data[0]
Dest input_buffer[0]
Length 20

Structured Text

CPS(Local:0:I.Data[0],input buffer[0],20);
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Example 5: This example initializes an array of timer structures. When enabled, the MOV
instructions initialize the .PRE and .ACC values of the first array_timer element.
When enabled, the COP instruction copies a contiguous block of bytes,
starting at array_timer/0]. The length is nine timer structures.

array_timer{0] First the instruction copies timer[0]

values to timer[1]

array_timer[1] Then the instruction copies timer[1]

values to timer[2]

array_timer[2] Then the instruction copies timer[2]

values to timer[3]

array_timer[3] Then the instruction copies timer[3]

values to timer[4]

array_timer[4]

array_timer[9] Finally, the instruction copies

timer[9] values to timer{10]

S SIS

array_timer[10]

Relay Ladder
5:FS b 1 b4 0
] E Move pove
Source a00 Source 0
Dest  aray_timer0]. pre Dest  array_timer[0] acc
o€ o€
COP
Copy File
Source  array_timer[0]
Dest array_timer[1]
Length 10
Structured Text
IF S:FS THEN
array timer([0].pre := 500;
array timer([0].acc := 0;
COP(array timer([0],array timer([1],10);
END IF;
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File Fill (FLL) The FLL instruction fills elements of an array with the Source value. The
Source remains unchanged.
Operands:
_ Relay Ladder
—FLL
I El.l_-l.;:l:ee . Operand  Type Format: Description
Diest ? Source SINT immediate  element to copy
Length ?
INT tag Important: the Source and Destination
operands should be the same data type, or
DINT unexpected results may occur
REAL
Destination ~ SINT tag initial element to be overwritten by
the Source
INT
Important: the Source and Destination
DINT operands should be the same data type, or
unexpected results may occur
REAL
The preferred way to initialize a structure is
structure to use the COP instruction.
Length DINT immediate  number of elements to fill
l Structured Text
Structured text does not have an FLL instruction, but you can achieve the
same results using a SIZE instruction and a FOR...DO or other loop
construct.
SIZE (destination, 0, length);
FOR position = 0 TO length-1 DO
destination[position] := source;
END FOR;
See Appendix C, Structured Text Programming for information on the syntax
of constructs within structured text.
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Description: The number of bytes filled is:

Byte count = Length * (number of bytes in the Destination data type)

IMPORTANT You must test and confirm that the instruction doesn’t change data that you don't

want it to change.

The FLL instruction operates on contiguous data memory. In some cases, the
instruction writes past the array into other members of the tag. This happens if the
length is too big and the tag is a user-defined data type.

If the tag is

Then

user-defined data type

If the Length is too big, the instruction writes past the end of
the array into other members of the tag. It stops at the end of
the tag. No major fault is generated.

NOT user-defined data
type

If the Length is too big, the instruction stops at the end of the
array. No major fault is generated.

The Length is too big if it is more than the total number of elements in the

Destination array.

For best results, the Source and Destination should be the same type. If you
want to fill a structure, use the COP instruction (see example 3 on page 359).
If you mix data types for the Source and Destination, the Destination elements

are filled with converted Source values.

If The Source Is

And The Destinationls The Source Is

Converted To
SINT, INT, DINT, or REAL SINT SINT
SINT, INT, DINT, or REAL INT INT
SINT, INT, DINT, or REAL DINT DINT
SINT, INT, DINT, or REAL REAL REAL
SINT structure SINT (not converted)
INT structure INT (not converted)
DINT structure DINT (not converted)
REAL structure REAL (not converted)

Arithmetic Status Flags: not affected

Fault Conditions: none
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Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true
end_address = start_address + (Length *
number of bytes in a destination element)
end_address > end end_address = end of destination array
of destination array
source_address = Source
» ¢
destination_address =~._Y€S
end_address
¢n0
copy data in source_address to destination
_address
¢ rung-condition-out is set to
— true
destination_address =
destination_address + 1 *
postscan The rung-condition-out is set to false.
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Example: The FLL instruction copies the value in valne_1 into dest_1

Relay Ladder
FLL:
—— FillFile
Source walue_1
Dzt dest_1
Length 1
Source (value_1)  Source (value_1) Destination Destination
Data Type Value (dest_1) Data Type (dest_1) Value
After FLL
SINT 16#80 (-128) DINT 16#FFFF FF80 (-128)
DINT 16#1234 5678 SINT 16#78
SINT 16#01 REAL 1.0
REAL 2.0 INT 16#0002
SINT 16#01 TIMER 16#0101 0101
16#0101 0101
16#0101 0101
INT 16#0001 TIMER 16#0001 0001
16#0001 0001
16#0001 0001
DINT 16#0000 0001 TIMER 16#0000 0001
16#0000 0001
16#0000 0001
Structured Text
dest 1 := value 1;
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File Average (AVE)

The AVE instruction calculates the average of a set of values.

Operands:
Relay Ladder
A/ Operand Type Format Description
— Awerage File | BN p yp p
Array 7 - —
Dim. to vary 2 Lo Array SINT array tag find the average of the values in this array
7
Dest 77 CERS— INT specify the first element of the group of
Caritrol 7 elements to average
Length ? DINT
Pasition ? do not use CONTROL.POS in the subscript
REAL
Dimension  DINT immediate  which dimension to use
to vary
0,1,2) depending on the number of dimensions, the
order is
array[dim_0,dim_1,dim_2]
array[dim_0,dim_1]
array[dim_0]
Destination ~ SINT tag result of the operation
INT
DINT
REAL
Control CONTROL tag control structure for the operation
Length DINT immediate  number of elements of the array to average
Position DINT immediate  current element in the array

initial value is typically 0

Structured Text

Structured text does not have an AVE instruction, but you can achieve the
same results using a SIZE instruction and a FOR...DO or other loop

construct.

SIZE (array,0, length);

sum := 0;

FOR position = 0 TO length-1 DO

sum := sum + array[position];

END FOR;
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destination := sum / length;
See Appendix C, Structured Text Programming for information on the syntax
of constructs within structured text.
CONTROL Structure

Mnemonic Data Type Description

EN BOOL The enable bit indicates that the AVE instruction is enabled.

DN BOOL The done hit is set when the instruction has operated on the last element in the Array (.POS
= LEN).

ER BOOL The error bit is set if the instruction generates an overflow. The instruction stops executing
until the program clears the .ER hit. The position of the element that caused the overflow is
stored in the .POS value.

LEN DINT The length specifies the number of elements in the array on which the instruction operates.

.POS DINT The position contains the paosition of the current element that the instruction is accessing.

Description: The AVE instruction calculates the average of a set of values.

IMPORTANT Make sure the .Length does not cause the instruction to Qxce_ed
the specified Dimension to vary. If this happens, the Destination
will be incorrect.

Arithmetic Status Flags: Arithmetic status flags are affected.
Fault Conditions:

A Maijor Fault Will Occur If Fault Type Fault Code

POS<0or.LEN<O 4 21

Dimension to vary does not exist for the 4 20

specified array
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Execution:

Condition Relay Ladder Action

prescan The .EN bit is cleared.
The .DN bit is cleared.
The .ER bit is cleared.

The rung-condition-out is set to false.

rung-condition-in is false

¢

examine .DN bit DN bit=0

DN bit=1

.EN bit is cleared

.ER bit is cleared

.DN bit is cleared

-

rung-condition-out is set to
false

rung-condition-in is true The AVE instruction calculates the average by adding all the specified elements in the
array and dividing by the number of elements.

Internally, the instruction uses a FAL instruction to calculate the average:
Expression = average calculation
Mode = ALL

For details on how the FAL instruction executes, see page 337.

postscan The rung-condition-out is set to false.
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Example 1:  Average array_dint, which is DINT|[4,5].

w dimension 1
%0
% | 0O 1 2 3 4
0|20 |19 |18 [17 |16 AvE = VH14+9+4 46 _ 45
4 4
i o0 1115 14 13 12 1
mension .
! ! dint_ave = 12
2 |10 9 8 7 6
315 4 3 2 1
Relay Ladder
AE
—— dwverage File BN
Array array_dint[0,1]
Ciirr. to swary 0 —CDN—
Dzt dint_ave
0® ~ER—
Contral contral_1
Length 1€
Pasition ne
Structured Text
SIZE (array dint, 0, length);
sum := 0;
FOR position = 0 TO (length-1) DO

368

sum =
END_FOR;

dint ave :=

sum + array dint[position];

sum / length;
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Example 2:  Average array_dint, which is DINT|[4,5].

© dimension 1
%%
%, | 0 1 2 3 4
020 |19 |18 |17 |16 JVE = 2+H4+3+2+1
5
1115 14 13 12 1
dimension 0 dint ave =73
2110 |9 |8 |7 |86 -
315 4 3 2 1
Relay Ladder
AE
—— Awerage File BN
Array array_dint[3,0]
Drirn. bor vary 1 —DW—
Dzt dint_ave
0® ~ER—
Contral contral_1
Length ha
Pazition ne

Structured Text

SIZE (array dint,1,length);
sum := 0;

FOR position = 0 TO (length-1) DO

sum := sum + array dint[position];
END FOR;
dint ave := sum / length;
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File Sort (SRT)

Operands:
SRT

— Sort File L EM T
Array ?

Ciirr. to swary 7 DN
Control 7
Length ?
Pozition 7

SRT (Array,Dimtovary,

The SRT instruction sorts a set of values in one dimension (Dim to vary) of
the Array into ascending order.

Relay Ladder
Operand Type Format Description
Array SINT array tag array to sort
INT specify the first element of the group of
elements to sort
DINT
do not use CONTROL.POS in the subscript
REAL
Dimension  DINT immediate  which dimension to use
to vary
(0,1,2) depending on the number of dimensions, the
order is
array[dim_0,dim_1,dim_2]
array[dim_0,dim_1]
array[dim_0]
Control CONTROL  tag control structure for the operation
Length DINT immediate  number of elements of the array to sort
Position DINT immediate  current element in the array

initial value is typically 0

Structured Text

Control) ; The operands are the same as those for the relay ladder SRT instruction.
However, you specify the Length and Position values by accessing the .LEN
and .POS members of the CONTROL structure, rather than by including
values in the operand list.

CONTROL Structure
Mnemonic Data Type Description
EN BOOL The enable bit indicates that the SRT instruction is enabled.
DN BOOL The done bit is set when the specified elements have been sorted.
ER BOOL The error bit is set when either .LEN < 0 or .POS < 0. Either of these conditions also generates
a major fault.
LEN DINT The length specifies the number of elements in the array on which the instruction
POS DINT The position contains the position of the current element that the instruction is accessing.
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Description: The SRT instruction sorts a set of values in one dimension (Dim to vary) of
the Array into ascending order.

IMPORTANT You must test and confirm that the instruction doesn’t change data that you don't
want it to change.

The SRT instruction operates on contiguous memory. In some cases, the instruction
changes data in other members of the tag. This happens if the length is too big and
the tag is a user-defined data type.

IMPORTANT Make sure the Length does not cause the instruction to exceed the specified
Dimension to vary. If this happens, unexpected results will occur.

This is a transitional instruction:

e In relay ladder, toggle the rung-condition-in from cleared to set each
time the instruction should execute.

e In structured text, condition the instruction so that it only executes
on a transition. See Appendix C, Structured Text Programming.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions:

A Major Fault Will Occur If Fault Type Fault Code
POS<0or.LEN<O 4 21
Dimension to vary does not exist for the 4 20

specified array

Instruction tries to access data outside of 4 20
the array boundaries
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Execution:
Condition Relay Ladder Action Structured Text Action
prescan The .EN bit is cleared. The .EN bit is cleared.
The .DN bit is cleared. The .DN bit is cleared.
The .ER bit is cleared. The .ER bit is cleared.

The rung-condition-out is set to false.

o na
rung-condition-in is false

examine .DN bit DN bit=0

DN bit=1

.EN bit is cleared

.ER hit is cleared

.DN bit is cleared

-

rung-condition-out is set to
false

rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction sorts the specified elements of the  The instruction sorts the specified elements of the
array into ascending order. array into ascending order.
postscan The rung-condition-out is set to false. No action taken.
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Chapter 8

Example 1: Sort ins _array, which is DINTI[4,5].

Before After
%m dimension 1 %& dimension 1
|0 1 2 3 a4 Zy| 0 1 2 3 4
020 19 18 17 16 0120 19 3 17 16
1115 14 13 12 1 ] ) 1115 14 8 12 1
dimension 0 dimension 0
2 110 9 8 7 6 2 110 9 13 7 6
315 4 3 2 1 3156 4 18 2 1
Relay Ladder
SRT
Sart File L EMT—
Array int_array[0.2]
Ciirr. to swary 0 —CDN—
Contral contral_1
Length 1€
Pasition ne
Structured Text
control 1.LEN := 4;
control 1.POS := 0;
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Example 2: Sort ins _array, which is DINT[4,5].
Before After
%m dimension 1 %& dimension 1
% 0 1 2 3 4 |0 1 2 3 4
0120 19 18 17 16 020 19 18 17 16
1115 14 13 12 i ) ) 1115 14 13 12 1
dimension 0 dimension 0
2 |10 9 8 7 6 2|6 7 8 9 10
315 4 3 2 1 315 4 3 2 1
Relay Ladder
SRT
—— Sart File BN
Array int_array[2.0]
Ciirr. to swary 1 —DNa—
Contral contral_1
Length ha
Pasition ne
Structured Text
control 1.LEN := 5;
control 1.POS := 0;
SRT (int_array([2,0],1,control 1);
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Chapter 8

File Standard Deviation
(STD)

The STD instruction calculates the standard deviation of a set of values in one
dimension of the Array and stores the result in the Destination.

Operands:
Relay Ladder
STD T
—| Standard Deviation L CENY— Operand Type Format Description
Array ? : ot :
Dim, ta vary 7 Lcon Array SINT array tag f|n_d the standard deviation of the values in
Dest 3 this array
77 CERD— INT
Coantral 7 specify the first element of the group of
Length 7 DINT elements to use in calculating the standard
Pogition ? deviation
REAL
do not use CONTROL.POS in the subscript
A SINT or INT tag converts to a DINT value by sign-extension.
Dimension  DINT immediate  which dimension to use
to vary
0,1,2) depending on the number of dimensions, the
order is
array[dim_0,dim_1,dim_2]
array[dim_0,dim_1]
array[dim_0]
Destination  REAL tag result of the operation
Control CONTROL  tag control structure for the operation
Length DINT immediate  number of elements of the array to use in
calculating the standard deviation
Position DINT immediate  current element in the array
initial value is typically 0
CONTROL Structure

Mnemonic Data Type Description

EN BOOL The enable bit indicates that the STD instruction is enabled.

DN BOOL The done hit is set when the calculation is complete.

ER BOOL The error bit is set when the instruction generates an overflow. The instruction stops
executing until the program clears the .ER bit. The position of the element that caused the
overflow is stored in the .POS value.

LEN DINT The length specifies the number of elements in the array on which the instruction operates.

POS DINT The position contains the position of the current element that the instruction is accessing.
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376

Description:

Structured Text

Structured text does not have an STD instruction, but you can achieve the
same results using a SIZE instruction and a FOR...DO or other loop
construct.

SIZE (array, 0, length);
sum := 0;

FOR position = 0 TO length-1 DO

sum := sum + array[position];
END FOR;
average := sum / length;
sum := 0;

FOR position = 0 TO length-1 DO

sum := sum + ((array[position] - average)**2);
END FOR;
destination := SQRT (sum / (length-1));

See Appendix C, Structured Text Programming for information on the syntax

of constructs within structured text.

The standard deviation is calculated according to this formula:

N
2
z[< X(startJri)_AVE> ]

Standard Deviation = i=1

(N-1)

Where:
e start = dimension-to-vary subscript of the array operand

e x; = variable element in the array

e N = number of specified elements in the array

e AVE= , N

Zx(starﬁr )

i=1

N

IMPORTANT

Make sure the Length does not cause the instruction to exceed the specified
Dimension to vary. If this happens, the Destination will be incorrect.
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Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions:

A Maijor Fault Will Occur If Fault Type Fault Code
POS<0or LEN<O 4 21
Dimension to vary does not exist for the 4 20

specified array
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Execution:

Condition Relay Ladder Action

prescan The .EN bit is cleared.
The .DN bit is cleared.
The .ER bit is cleared.

The rung-condition-out is set to false.

rung-condition-in is false ¢

examine .DN bit DN bit=0

DN bit=1

.EN bit is cleared

.ER bit is cleared

DN bit is cleared

-

rung-condition-out is set to

Y

rung-condition-in is true The STD instruction calculates the standard deviation of the specified elements.

Internally, the instruction uses a FAL instruction to calculate the average:
Expression = standard deviation calculation
Mode = ALL

For details on how the FAL instruction executes, see page 337.

postscan The rung-condition-out is set to false.
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Example 1: Calculate the standard deviation of dint_array, which is DIN'T[4,5].

dimension 1
%
4,
2

%% 0 1 2 3 4

0120 19 18 |17 16

) ] 115 14 13 12 11
dimension 0

4 4

315 4 3 2 1

2 2 2 2
. J( 16— 8.5+ ( 11—8&5)4 +1(>6—8.5> + (185 _ ¢ 4saor

real_std = 6.454972

Relay Ladder
STD
—— Standard Deviation L EMT—

Array dint_array[0.4]
Drirn. bor vary 0 —DW—
Dzt real_sztd

0o0€ —ERD—
Contral contral_1
Length 1€
Pazition ne

Structured Text

SIZE (dint_ array, 0, length);
sum := 0;

FOR position = 0 TO (length-1) DO

sum := sum + dint array([position];
END_FOR;
average := sum / length;
sum := 0;

FOR position = 0 TO (length-1) DO

sum := sum + ((dint array[position] - average)**2);
END FOR;
real std := SQRT(sum / (length-1));
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SIZE)

Example 2: Calculate the standard deviation of dinz_array, which is DIN'T[4,5].

dimension 1
J’Oép

| 0 1 2 3 4

0120 19 18 17 16

15 14 13 12 1

dimension 0
2 |10 9 8 7 6
+ + + +
Ay = 20+19+18+17+16 _ 90 _ ¢

5 5 315 4 3 2 1

(20182 +( 19187+ ( 18182+ ( 17— 18)°+( 16— 18)°

= 1.581139

STD = J

(5-1)
real_std = 1.581139
Relay Ladder
STD
—— Standard Deviation L EMT—
Array dint_array[0.0]
Drirn. bor vary 1 —DW—
Dzt real_sztd
0o0€ —ERD—
Contral contral_1
Length ha
Pazition ne

Structured Text

SIZE (dint_array, 1, length);

sum := 0;

FOR position

sum :=
END_FOR;
average := sum / length;
sum := 0;
FOR position = 0 TO
sum := sum +
END FOR;
real std := SQRT(sum /

380

0 TO

((dint_array[position]

(length-1)

(length-1)

DO

sum + dint arrayl[position];

DO

- average) **2);

(length-1));
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Size In Elements (SlZE) The SIZE instruction finds the size of a dimension of an array.
Operands:
Relay Ladder
SIZE
—1 Size in Elements — Operand  Type Format Description
Source ? - - —
27 Source SINT array tag array on which the instruction is to operate
Dim. To Vary ?
Size ? INT
??
DINT
REAL
structure
string
Dimension  DINT immediate  dimension to use:
to Vary (0,1,2)
For The Size Of Enter
first dimension 0
second dimension 1
third dimension 2
Size SINT tag tag to store the number of elements in the
specified dimension of the array
INT
DINT
REAL
Structured Text

SIZE (Source, Dimtovary, Size); ) )
The operands are the same as those for the relay ladder SIZE instruction.

Description: The SIZE instruction finds the number of elements (size) in the designated
dimension of the Source array and places the result in the Size operand.

e The instruction finds the size of one dimension of an array.
¢ The instruction operates on an:

— array

— array in a structure

— array that is part of a larger array
Arithmetic Status Flags: not affected

Fault Conditions: none.
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Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.

rung-condition-in is false

The rung-condition-out is set to false.

na

rung-condition-in is true

The instruction executes.

The rung-condition-out is set to true.

na

Enableln is set

na

Enableln is always set.

The instruction executes.

instruction execution

The instruction finds the size of a dimension.

The instruction finds the size of a dimension.

postscan

The rung-condition-out is set to false.

No action taken.

382

Example 1:

Find the number of elements in dimension 0 (first dimension) of array_a. Store

the size in array_a_size. In this example, dimension 0 of array_a has 10

elements.

Relay Ladder

SIZE:

Size in Elements
Source array_a[0]
255
Dim. To Vary 0
Size array_a_size
10

Structured Text

SIZE (array a,0,array a size);

Example 2:

Find the number of elements in the DATA member of s#7ing 1, which is a

string. Store the size in s#ring_1_size. In this example, the DATA member of
string_1 has 82 elements. (The string uses the default STRING data type.) Since
each element holds one character, s#ing_1 can contain up to 82 characters.

Relay Ladder

SIZE
Size in Elements
Source string_1.DATA[0Q]
'$00'
Dim. To Vary 0
Size string_1_size
82

Structured Text

SIZE (string 1.DATA[O0],0,string 1 size);
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Example 3: S#ings_ais an array of string structures. The SIZE instruction finds the
number of elements in the DATA member of the string structure and stores
the size in data_size_a. In this example, the DATA member has 24 elements.
(The string structure has a user-specified length of 24.)

Relay Ladder

SIZE
— Size in Elements —
Source strings_a[0].DATA[O]

|$OO|
Dim. To Vary 0
Size data_size_a

24

Structured Text

SIZE (strings_a[0].DATA[0],0,data size a);
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Notes:
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Chapter 9

Array (File)/Shift Instructions
(BSL, BSR, FFL, FFU, LFL, LFU)

Introduction Use the array (file) /shift instructions to modify the location of data within
arrays.
If You Want To Use This Instruction Available In These Languages See Page
Load bits into, shift bits through, and unload BSL relay ladder 386
bits from a bit array one bit at a time. BSR relay ladder 390
Load and unload values in the same order. FFL relay ladder 394
FFU relay ladder 400
Load and unload values in reverse order. LFL relay ladder 406
LFU relay ladder 412

Publication 1756-RMO03K-EN-P - July 2008

You can mix data types, but loss of accuracy and rounding errors might occur.
For relay ladder instructions, bold data types indicate optimal data types. An

instruction executes faster and requires less memory if all the operands of the
instruction use the same optimal data type, typically DINT or REAL.

385
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Bit Shift Left (BSL) The BSL instruction shifts the specified bits within the Array one position left.
Operands:
Relay Ladder
BSL Operand  Type Format Description
— Bit Shift Left BN — P P 4
Array ? Array DINT array tag array to modify
Cantral 7 DN—
Source Bit 7 speci i
pecify the first element of the group of
Length ? elements
do not use CONTROL.POS in the subscript
Control CONTROL  tag control structure for the operation
Source bit  BOOL tag bit to shift
Length DINT immediate  number of bits in the array to shift
CONTROL Structure
Mnemonic Data Type Description
EN BOOL The enable bit indicates that the BSL instruction is enabled.
.DN BOOL The done bit is set to indicate that bits shifted one position to the left
UL BOOL The unload bit is the instruction’s output. The .UL bit stores the status of the bit that was
shifted out of the range of bits.
ER BOOL The error bit is set when .LEN < 0.
LEN DINT The length specifies the number of array bits to shift.
Description: \When enabled, the instruction unloads the uppermost bit of the specified bits

to the .UL bit, shifts the remaining bits one position left, and loads Soutce bit
into bit 0 of Array.

IMPORTANT

You must test and confirm that the instruction doesn't change data that you don't
want it to change.

The BSL instruction operates on contiguous memory. In some cases, the instruction
shifts hits past the array into other members of the tag. This happens if the length is
too big and the tag is a user-defined data type.

Arithmetic Status Flags:

Fault Conditions:

386
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not affected

none
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Chapter 9

Execution:

Condition:

Relay Ladder Action

prescan

The .EN bit is cleared.
The .DN bit is cleared.
The .ER bit is cleared.
The .PQS value is cleared.

The rung-condition-out is set to false.

rung-condition-in is false

The .EN bit is cleared.
The .DN bit is cleared.
The .ER bit is cleared.
The .POS value is cleared.

The rung-condition-out is set to false.
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Condition: Relay Ladder Action

rung-condition-in is true

examine .EN bit ENDbit=1
ENbit=0
.EN bit is set
LEN=0 yes

- ‘ DN bit s set

: ¢

examine source bit

.source bit=1

.UL bit remains set
yes —
.ER bit is set

.source bit=0
no

‘ UL bit is set

shift array left one position left

b | -
ULbit| -@—  aray - — |-
* rung-condition-out is set to
true
.DN bit is set
postscan The rung-condition-out is set to false.
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Example 1: When enabled, the BSL instruction starts at bit 0 in array_dint/0]. The
instruction unloads array_dint/0].9 into the .UL bit, shifts the remaining bits,
and loads input_1 into array_dint/0].0. The values in the remaining bits (10-31)

are invalid.
BSL
— Bit Shift Left ) Wy —
Array array_dint[0]
Contral control 1 —CDN—
Source Bit input_1
Length 10

9876543210
array_d/nt[U]‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0|

before shift .
@ these bits shift left input_1
UL bit
9876543210
)| | | | | LD L] ofrfrfrrfofefofol

Example 2: When enabled, the BSL instruction starts at bit 0 in array_dint/0]. The
instruction unloads array_dint/1].25 into the .UL bit, shifts the remaining bits,
and loads imput_1 into array_dint/0].0. The values in the remaining bits (31-26 in
array_dint[1)) are invalid. Note how array_dint/0].31 shifts across words to
array_dint[1].0.

BSL
—— Bit Shift Left ) Wy —
Array array_dint[0]
Contral control 1 —CDN—
Source Bit input_1
Length T

31 0
array_dint[[]]‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0|

these bits shift left

input_1
+ input._

31 0
array_d/nt[?]‘ ‘ ‘ ‘ ‘ ‘ ‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0|
@A/: ________ i r{eéétﬁtééh}fifefi'""””'”'"”""””:
UL bit
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Bit Shift R|ght (BSR) The BSR instruction shifts the specified bits within the Array one
position right.
Operands:
Relay Ladder
BSR Operand Type Format Description
— Bit Shift Right M -
,,_\I,,a}. nra 7 —ENo— Array DINT array tag array to modify
Cantral 7 DN—
Source Bit ? specify the element where to begin the shift
Length ?
do not use CONTROL.POS in the subscript
Control CONTROL  tag control structure for the operation
Source bit  BOOL tag bit to shift
Length DINT immediate  number of bits in the array to shift
CONTROL Structure
Mnemonic Data Type Description
EN BOOL The enable hit indicates that the BSR instruction is enabled.
DN BOOL The done bit is set to indicate that bits shifted one position to the right.
UL BOOL The unload bit is the instruction’s output. The .UL bit stores the status of the bit that was
shifted out of the range of bits.
ER BOOL The error bit is set when .LEN < 0.
LEN DINT The length specifies the number of array bits to shift.

Description: When enabled, the instruction unloads the value at bit 0 of Array to the .UL
bit, shifts the remaining bits one position right, and loads Source bit into the
uppermost bit of the specified bits.

IMPORTANT You must test and confirm that the instruction doesn’t change data that you don't
want it to change.
The BSR instruction operates on contiguous memory. In some cases, the instruction
changes bits in other members of the tag. This happens if the length is too big and
the tag is a user-defined data type.
Arithmetic Status Flags: not affected
Fault Conditions: none
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Execution:

Condition Relay Ladder Action

prescan The .EN bit is cleared.
The .DN bit is cleared.
The .ER bit is cleared.
The .POS value is cleared.

The rung-condition-out is set to false.

rung-condition-in is false The .EN bit is cleared.
The .DN bit is cleared.
The .ER bit is cleared.
The .POS value is cleared.

The rung-condition-out is set to false.
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Condition Relay Ladder Action

rung-condition-in is true

examine .EN bit ENbit=1

‘ EN bitis set ‘

LEN=0 > ‘ DN bit is set

: ¢

examine source bit

yes

.source bit=1

.UL bit remains set
yes —
.ER bit is set

.source bit=0

‘ UL bit is set

shift array left one position left

— b | -
-

b |- array —p| UL bit A .
¢ rung-condition-out is set to
true
DN bit is set

J

postscan The rung-condition-out is set to false.
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Example 1: When enabled, the BSR instruction starts at bit 9 in array_dint/0]. The
instruction unloads array_dint/0].0 into the .UL bit, shifts the remaining bits
right, and loads zput_1 into array_dint/0].9. The values in the remaining bits
(10-31) are invalid.

BSR
—— Bit Shift Right ) Wy —
Array array_dint[0]
Contral control 1 —CDN—
Source Bit input_1
Length 10*e

9876543210
array_d/nt[O]‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘”

before shift _______________ \»
| J these bits shift right _ULOEIt
s swo[ T T[T TTTTTTTTTT T T T LTI

Example 2: \When enabled, the BSR instruction starts at bit 25 in array_dint/1]. The
instruction unloads array_dint/0].0 into the .UL bit, shifts the remaining bits
right, and loads /nput_1 into array_dint/1].25. The values in the remaining bits
(31-26 in dint_array[1]) are invalid. Note how array_dint/1)].0 shifts across words
into array_dint/0].31.

BSR
— Bit Shift Right ) Wy —
Array array_dint[0]
Contral control 1 —CDN—
Source Bit input_1
Length s

31 0
array_d/nt[O]‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘”

___________________________________________________________ \»@

? these bits shift right
| UL bit
31 0
array_d/nt[?]‘ ‘ ‘ ‘ ‘ ‘ ‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0‘1‘1‘1‘1‘0‘0‘0‘0|
J these bits shift right
input_1
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FIFO Load (FFI_) The FFL instruction copies the Source value to the FIFO.
Operands:
Relay Ladder
FFL —
— FIFO Load | “EM>—  Operand Type Format Description
Eﬁ%ce 3 ﬁm:ﬁ: Source SINT immediate  data to be stored in the FIFO
Control 7
Length ? INT tag
Pozition 7
DINT
REAL
string
structure
The Source converts to the data type of the array tag. A smaller integer
converts to a larger integer by sign-extension.
FIFO SINT array tag FIFO to modify
INT specify the first element of the FIFO
DINT do not use CONTROL.POS in the subscript
REAL
string
structure
Control CONTROL tag control structure for the operation
typically use the same CONTROL as the
associated FFU
Length DINT immediate  maximum number of elements the FIFO can
hold at one time
Position DINT immediate  next location in the FIFO where the
instruction loads data
initial value is typically 0
If you use a user-defined structure as the data type for the Source or FIFO
operand, use the same structure for both operands.
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CONTROL Structure

Mnemonic Data Type Description

EN BOOL The enable bit indicates that the FFL instruction is enabled.

DN BOOL The done bit is set to indicate that the FIFO is full (.POS = .LEN). The .DN bit inhibits loading
the FIFO until .POS < .LEN.

EM BOOL The empty bit indicates that the FIFO is empty. If .LEN <0 or .POS <0, both the .EM bit and
.DN bit are set.

LEN DINT The length specifies the maximum number of elements the FIFO can hold at one time.

POS DINT The position identifies the location in the FIFO where the instruction will load the next value.

Description: Use the FFL instruction with the FFU instruction to store and retrieve data in

a first-in/first-out order. When used in pairs, the FFL and FFU instructions
establish an asynchronous shift register.

Typically, the Source and the FIFO are the same data type.
When enabled, the FFL instruction loads the Source value into the position in

the FIFO identified by the .POS value. The instruction loads one value each
time the instruction is enabled, until the FIFO is full.

IMPORTANT

You must test and confirm that the instruction doesn't change data that you don't
want it to change.

The FFL instruction operates on contiguous memory. In some cases, the instruction
loads data past the array into other members of the tag. This happens if the length is
too big and the tag is a user-defined data type.

Arithmetic Status Flags:

Fault Conditions:
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Execution:

Condition Relay Ladder Action

prescan *

.EN bit is set to prevent a
false load when scan begins

-

LEN<O

POS<0 yes

y

EM is cleared EMis set

'

EM is set

DN is set

rung-condition-out is set to

false
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Condition Relay Ladder Action

rung-condition-in is false

‘ EN bit s cleared

¢

LEN<O yes
no
POS<0 yes
no
.EMis cleared EM is set
yes EMis set
no
-
yes DN is set
no
-
rung-condition-out is set to
false
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Avrray (File)/Shift Instructions (BSL, BSR, FFL, FFU, LFL, LFU)

Condition

Relay Ladder Action

rung-condition-in is true

no
es es
LEN<O U POS<0 U
no no v
EM bit is cleared EM bit is set
yes
POS<0 '
DN is cleared
no V
EM bit is set
.EM bit is cleared
yes —
no
-

EM bit is set

.POS = LEN

DN bit is set

<?
@D
1%

no

-

POS or
LEN > size of
array

yes
POS > LEN
no

‘ FIFOL.POS - 1] = source |

> -

.POS = POS -1

y

rung-condition-out is set to

‘

postscan

The rung-condition-out is set to false.
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Example: When enabled, the FFL instruction loads sa/ue_1 into the next position in the
FIFO, which is array_dint/5] in this example.

FFL:
— FIFO Load - EN——
Source walue 1 —DMNI—
FIFD aray_dint[0] —CEM—

Contral contral_1
Length 10
Piosition 4]
before FIFO load after FIFO load
array_dint(0] 00000 00000
11111 11111
22222 22222
33333 control_1.pos=5 33333
44444 value_1=55555 44444
array_dint[5] 00000 S — . 55555
00000 00000 control_1.pos=6
00000 00000
00000 00000
00000 00000
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FIFO Unload (FFU) The FFU instruction unloads the value from position 0 (first position) of the
FIFO and stores that value in the Destination. The remaining data in the
FIFO shifts down one position.

Operands:
Relay Ladder
FFL —r
— FIFD Urload | CEUT— Operand Type Format Description

o PR TR SINT araytag  FIFO to modify

Cortral ? ) )

Length ? INT specify the first element of the FIFO

Pozition 7
DINT do not use CONTROL.POS in the subscript
REAL
string
structure

Destination ~ SINT tag value that exits the FIFO

INT
DINT
REAL
string
structure
The Destination value converts to the data type of the Destination tag. A
smaller integer converts to a larger integer by sign-extension.

Control CONTROL  tag control structure for the operation
typically use the same CONTROL as the
associated FFL

Length DINT immediate  maximum number of elements the FIFO can
hold at one time

Position DINT immediate  next location in the FIFO where the
instruction unloads data
initial value is typically 0

If you use a user-defined structure as the data type for the FIFO or
Destination operand, use the same structure for both operands.
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CONTROL Structure

Mnemonic Data Type Description

EU BOOL The enable unload bit indicates that the FFU instruction is enabled. The .EU bit is set to
preset a false unload when the program scan begins.

DN BOOL The done bit is set to indicate that the FIFO is full (.POS = .LEN).

EM BOOL The empty bit indicates that the FIFO is empty. If .LEN <0 or .POS <0, the .EM bit and .DN
bits are set.

LEN DINT The length specifies the maximum number of elements in the FIFO.

POS DINT The position identifies the end of the data that has been loaded into the FIFO.

Description: Use the FFU instruction with the FFL instruction to store and retrieve data in

a first-in/first-out order.

When enabled, the FFU instruction unloads data from the first element of the
FIFO and places that value in the Destination. The instruction unloads one
value each time the instruction is enabled, until the FIFO is empty. If the
FIFO is empty, the FFU returns 0 to the Destination.

IMPORTANT

You must test and confirm that the instruction doesn’t change data that you don't
want it to change.

The FFU instruction operates on contiguous memory. In some cases, the instruction
unloads data from other members of the tag. This happens if the length is too big
and the tag is a user-defined data type.

Arithmetic Status Flags:

Fault Conditions:
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Execution:

Condition Relay Ladder Action

v

.EU bit is set to prevent a false
unload when scan begins

prescan

-

LEN<O

POS<0 yes

y

EM is cleared EM is set

v

EM is set

DN is set

rung-condition-out is set to

false
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Condition Relay Ladder Action

rung-condition-in is false

‘ EU bit is cleared ‘

Y

LEN <0 yes
no

POS<0 ves
no

y

.EMis cleared EM is set

'

EM is set

DN is set

rung-condition-out is set to

‘
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Condition

Relay Ladder Action

rung-condition-in is true

EU=0

— es
examine .EU bit LEN<0 /
no
es es
LEN <0 U POS <0 U
no no
.EM bit is cleared
yes
POS<0
. v .

.EM bit is cleared

EM bit is set

LEN > size of

.EM bit is set

§<>
@D
2

.POS > LEN DN bit is set
no
-

rung-condition-out is set to

array

Destinatiqn =FIFQ[0]

FIFO[/ - 7]=FIFO[1]

\

yes

no

Yes —
EM bit is set
no
-
yes —
Destination=0
no
.POS = .POS -1

| A—

\l

EM bit is set

v

postscan

The rung-condition-out is set to false.
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control_1.pos=5

value_2 =00000

Example: When enabled, the FFU instruction unloads array_dint/0] into value_2 and
shifts the remaining elements in array_dint.
FFUI

FIFD Urload g [y —

FIFD aray_dint[0] DM —

Dest walue 2 CEMI—

Contral cotrol_1

Length 10

Pozition B

before FIFO unload after FIFO unload
array_dint[0] 00000 — 11111
11111 22222
22222 33333
33333 44444
44444 55555
array_dint[5] 55555 00000

00000 control_1.pos=6 00000
00000 00000
00000 00000
00000 00000
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LIFO Load (LFI_) The LFL instruction copies the Source value to the LIFO.
Operands:
Relay Ladder
LFL ipti
— LIFD Load | EN—  Operand Type Format Description
Eﬁ%ce 3 —(E: m?: Source SINT immediate  data to be stored in the LIFO
Cotibrol ?
Length ? INT tag
Piosition ?
DINT
REAL
string
structure
The Source converts to the data type of the array tag. A smaller integer
converts to a larger integer by sign-extension.
LIFO SINT array tag LIFO to modify
INT specify the first element of the LIFO
DINT do not use CONTROL.POS in the subscript
REAL
string
structure
Control CONTROL tag control structure for the operation
typically use the same CONTROL as the
associated LFU
Length DINT immediate  maximum number of elements the LIFO can
hold at one time
Position DINT immediate  next location in the LIFO where the
instruction loads data
initial value is typically 0
If you use a user-defined structure as the data type for the Source or LIFO
operand, use the same structure for both operands.
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CONTROL Structure

Mnemonic Data Type Description:

EN BOOL The enable bit indicates that the LFL instruction is enabled.

DN BOOL The done bit is set to indicate that the LIFO is full (.POS = .LEN). The .DN bit inhibits loading
the LIFO until .POS < .LEN.

EM BOOL The empty bit indicates that the LIFO is empty. If .LEN <0 or .POS <0, both the .EM bit and
.DN bit are set.

LEN DINT The length specifies the maximum number of elements the LIFO can hold at one time.

POS DINT The position identifies the location in the LIFO where the instruction will load the next value.

Description: Use the LFL instruction with the LFU instruction to store and retrieve data in

a last-in/first-out order. When used in pairs, the LFL and LFU instructions
establish an asynchronous shift register.

Typically, the Source and the LIFO are the same data type.
When enabled, the LFL instruction loads the Source value into the position in

the LIFO identified by the .POS value. The instruction loads one value each
time the instruction is enabled, until the LIFO is full.

IMPORTANT

You must test and confirm that the instruction doesn’t change data that you don't
want it to change.

The LFL instruction operates on contiguous memory. In some cases, the instruction
loads data past the array into other members of the tag. This happens if the length is
too big and the tag is a user-defined data type.

Arithmetic Status Flags:

Fault Conditions:
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Execution:

Condition: Relay Ladder Action

v

.EN bit is set to prevent a
false load when scan begins

prescan

-

LEN<O

POS<0 yes

\

EM is cleared EM is set

v

EMis set

DN is set

rung-condition-out is set to

false
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Condition: Relay Ladder Action

rung-condition-in is false

‘ EN bit s cleared

¢

LEN<O yes
no
POS<0 yes
no
.EMis cleared EM is set
yes EMis set
no
-
yes DN is set
no
-
rung-condition-out is set to
false
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Avrray (File)/Shift Instructions (BSL, BSR, FFL, FFU, LFL, LFU)

Condition:

Relay Ladder Action

rung-condition-in is true

no
es es
LEN<O U POS<0 U
no no v
EM bit is cleared EM bit is set
yes
POS<0 '
DN is cleared
no V
EM bit is set
.EM bit is cleared
yes —
no
-

EM bit is set

.POS = LEN

DN bit is set

<?
@D
1%

no

-

POS or
LEN > size of
array

yes
POS > LEN
no

‘ LIFO[.POS - 1] = source |

> -

.POS = POS -1

y

rung-condition-out is set to

‘

postscan

The rung-condition-out is set to false.
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Example: When enabled, the LFL instruction loads va/ue_1 into the next position in the
LIFO, which is array_dint/5] in this example.

LFL:
— LIFO Load - EN——
Source walue 1 —DMNI—
LIFD aray_dint[0] —CEM—

Contral contral_1
Length 10
Piosition 4]
before LIFO load after LIFO load
array_dint(0] 00000 00000
11111 11111
22222 22222
33333 control_1.pos=5 33333
44444 value_1=55555 44444
array_dint[5] 00000 S — . 55555
00000 00000 control_1.pos=6
00000 00000
00000 00000
00000 00000
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LIFO Unload (LFU) The LFU instruction unloads the value at .POS of the LLIFO and stores 0 in
that location.
Operands:
Relay Ladder
LFU ipti
—| UFD Urload . ¢Fus—  Operand Type Format Description

B T SINT araytag  LIFO to modify

Control 7 ] ]

Length ? INT specify the first element of the LIFO

Pozition 7
DINT do not use CONTROL.POS in the subscript
REAL
string
structure

Destination ~ SINT tag value that exits the LIFO

INT
DINT
REAL
string
structure
The Destination value converts to the data type of the Destination tag. A
smaller integer converts to a larger integer by sign-extension.

Control CONTROL tag control structure for the operation
typically use the same CONTROL as the
associated LFL

Length DINT immediate  maximum number of elements the LIFO can
hold at one time

Position DINT immediate  next location in the LIFO where the
instruction unloads data
initial value is typically 0

If you use a user-defined structure as the data type for the LIFO or
Destination operand, use the same structure for both operands.
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CONTROL Structure

Mnemonic Data Type: Description

EU BOOL The enable unload bit indicates that the LFU instruction is enabled. The .EU bit is set to
preset a false unload when the program scan begins.

DN BOOL The done bit is set to indicate that the LIFO is full (.POS = .LEN).

EM BOOL The empty bit indicates that the LIFO is empty. If .LEN <0 or .POS <0, both the .EM bit and
.DN bit are set.

LEN DINT The length specifies the maximum number of elements the LIFO can hold at one time.

POS DINT The position identifies the end of the data that has been loaded into the LIFO.

Description: Use the LFU instruction with the LFL instruction to store and retrieve data in

a last-in/first-out order.

When enabled, the LFU instruction unloads the value at .POS of the LIFO
and places that value in the Destination. The instruction unloads one value and
replaces it with 0 each time the instruction is enabled, until the LIFO is empty.
If the LIFO is empty, the LFU returns 0 to the Destination.

IMPORTANT

You must test and confirm that the instruction doesn’t change data that you don't
want it to change.

The LFU instruction operates on contiguous memory. In some cases, the instruction
unloads data from other members of the tag. This happens if the length is too big
and the tag is a user-defined data type.

Arithmetic Status Flags:

Fault Conditions:
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Execution:

Condition Relay Ladder Action:

v

.EU bit is set to prevent a false
unload when scan begins

prescan

-

LEN<O

POS<0 yes

\

EM is cleared EM is set

v

EMis set

DN is set

rung-condition-out is set to

false
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Condition Relay Ladder Action:

rung-condition-in is false

‘ EU bit is cleared

¢

LEN<O yes
no
POS<0 yes
no
.EMis cleared EM is set
yes EMis set
no
-
yes DN is set
no
-
rung-condition-out is set to
false
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Condition Relay Ladder Action:

rung-condition-in is true

no
s es
LEN<o POS<0
no no v
M bit s cleared EMbitis set
POS <0
. v '
EM bit is set
. es
.EM bit is cleared Y @
‘ no
-
yes — es
no no

POS = LEN
POS > LEN DN bit is set

no <
-

§<>
@
1%

LEN > size of
array

Destination = LIFO[control.POS]

>¢<

rung-condition-out is set to

true

postscan The rung-condition-out is set to false.
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Example: When enabled, the LFU instruction unloads array_dint/5] into value_2.

before LIFO unload

array_dint[0]

00000

mmn

222722

33333

44444

array_dint[5]

55555

00000

00000

00000

00000

Publication 1756-RMO003K-EN-P - July 2008

LFL
LIFO Unload BT
LIFD aray_dint[0] DM —
Dest walue 2 CEMI—
Contral contral_1
Length 10
Pozition B
after LIFO unload
— 00000
11111
22222
33333
44444
00000
control_1.pos=6 00000
00000
00000
00000

control_1.pos="5
value_2 = 55555

a7
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Notes:
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Chapter 10

Sequencer Instructions
(Sal, $Q0, SaL)

Introduction No action taken.Sequencer instructions monitor consistent and repeatable
operations.
If You Want To Use This Instruction Available In These Languages See Page
Detect when a step is complete. sal relay ladder 420
Set output conditions for the next step. SQ0 relay ladder 424
Load reference conditions into SaL relay ladder 428

sequencer arrays

Publication 1756-RMO03K-EN-P - July 2008

For relay ladder instructions, bold data types indicate optimal data types. An
instruction executes faster and requires less memory if all the operands of the

instruction use the same optimal data type, typically DINT or REAL.
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Chapter 10

Sequencer Instructions (SQI, SQ0, SAL)

Sequencer Input (SQI)

The SQI instruction detects when a step is complete in a sequence pair of

SQO/SQI instructions.
Operands:
_ S0l Relay Ladder
— Seguencer lnput —
ﬁ';ii 3 Operand  Type Format Description
Source ? Array DINT array tag sequencer array
Control 7
7
lﬁzgﬁi?n 9 specify the first element of the sequencer
array
do not use CONTROL.POS in the subscript
Mask SINT tag which bits to block or pass
INT immediate
DINT
A SINT or INT tag converts to a DINT value by sign-extension.
Source SINT tag input data for the sequencer array
INT
DINT
A SINT or INT tag converts to a DINT value by sign-extension.

Control CONTROL  tag control structure for the operation
typically use the same CONTROL as the SQO0
and SQL instructions

Length DINT immediate  number of elements in the Array (sequencer
table) to compare

Position DINT immediate  current position in the array
initial value is typically 0

CONTROL Structure
Mnemonic Data Type Description
.ER BOOL The error bit is set when .LEN <0, .POS <0, or .POS > .LEN.
LEN DINT The length specifies the number of steps in the sequencer array.
POS DINT The position identifies the element that the instruction is currently comparing.
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Description: When enabled, the SQI instruction compares a Source element through a
Mask to an Array element for equality.

Typically use the same CONTROL structure as the SQO and
SQL instructions.

The SQI instruction operates on contiguous Memory.

Enter an Inmediate Mask Value

When you enter a mask, the programming software defaults to decimal values.
If you want to enter a mask using another format, precede the value with the
correct prefix.

Prefix: Description

16# hexadecimal

for example; 16#0F0F
8# octal

for example; 8#16
2# binary

for example; 2#00110011

Arithmetic Status Flags: not affected

Fault Conditions: none
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Execution:

Condition:

Relay Ladder Action

prescan

The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

¢

LEN
POS<0

or
.POS > LEN

ER bit is set

no

.ER bit is cleared

masked Source =

masked Array[.POS]

rung-condition-out is set to rung-condition-out is set to
false true
postscan The rung-condition-out is set to false.

422
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Chapter 10

Example: When enabled, the SQI instruction passes za/ne_2 through the mask to
determine whether the result is equal to the current element in array_dint. The
masked comparison is true, so the rung-condition-out goes true.

S0l

Sequencer lnput

=10

Sequencer lnput

Array array_dint[0]

b azk, 1EHOFOF

Source walue_2

Contral contral_1

Length 10*

Pazition ne
SQl Operand Example Values (DINTs Displayed In Binary)
Source XXXXXXXX XXXXxXxxxX xxxx0101 xxxx1010
Mask 00000000 00000000 00001111 OOOO1111
Array XXXXXXXX XXXXxxxxX xxxx0101 xxxx1010

A 0 in the mask means the bit is not compared (designated by xxxx in

this example).

Use SQI without SQ0

If you use the SQI instruction without a paired SQO instruction, you have to

externally increment the sequencer array.

The SQI instruction compares the source value. The ADD instruction
increments the sequencer array. The GRT determined whether another value
is available to check in the sequencer array. The MOV instruction resets the
position value after completely stepping through the sequencer array one time.

Array array_1[0]
bazk  TERODOOMOH

Source walue_1

Contral contral_1

Length 10*

Pazition ne
GRT

Greater Than [&:B]
Source & control_1.pos
n*
Source B control_1.len
mn*

Publication 1756-RMO003K-EN-P - July 2008

A0D
Add
Source & control_1.pos
n*
Source B 1
Dzt contral_1.pos
n*
b 1%
b v
Source 1

Dest control_1.poz

D(‘
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Sequencer Output (SQO) The SQO instruction sets output conditions for the next step of a sequence
pair of SQO/SQI instructions.

Operands:
_ Relay Ladder
500
. iﬁg;‘emer Output ; —CEND— Operand Type Format Description
rE;laStk 3 —ONZ—  Aray DINT array tag sequencer array
= ¢
E;':gtﬂ 3 specify the first element of the sequencer
Pasition ? array
do not use CONTROL.POS in the subscript
Mask SINT tag which bits to block or pass
INT immediate
DINT
A SINT or INT tag converts to a DINT value by sign-extension.
Destination ~ DINT tag output data from the sequencer array
Control CONTROL tag control structure for the operation
typically use the same CONTROL as the SQl
and SQL instructions
Length DINT immediate  number of elements in the Array (sequencer
table) to output
Position DINT immediate  current position in the array
initial value is typically 0
CONTROL Structure
Mnemonic Data Type Description
EN BOOL The enable bit indicates that the SQQ instruction is enabled.
.DN BOOL The done hit is set when all the specified elements have been moved to the Destination.
ER BOOL The error bit is set when .LEN <0, .POS <0, or .POS > .LEN.
LEN DINT The length specifies the number of steps in the sequencer array.
POS DINT The position identifies the element that the controller is currently manipulating.
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Description: When enabled, the SQO instruction increments the position, moves the data
at the position through the Mask, and stores the result in the Destination. If
POS > .LEN, the instruction wraps around to the beginning of the sequencer
array and continues with .POS = 1.

Typically, use the same CONTROL structure as the SQI and SQL instructions.

The SQO instruction operates on contiguous memory.

Enter an Inmediate Mask Value

When you enter a mask, the programming software defaults to decimal values.
If you want to enter a mask using another format, precede the value with the
correct prefix.

Prefix Description

16# hexadecimal

for example; 16#0F0F
8# octal

for example; 8#16
2# binary

for example; 2#00110011

Arithmetic Status Flags not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action
prescan The .EN bit is set to prevent a false load when the program scan begins.
The rung-condition-out is set to false.
rung-condition-in is false The .EN bit is cleared.
The rung-condition-out is set to false.
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Condition Relay Ladder Action

rung-condition-in is true

v

.EN bit is set

EN=0
examine ENbit > g
.ER bit is cleared

EN=1 ‘

yes POS=1
yes no
DN bit is set
-

.POS value
rolls over

goto
error

yes -
DN bit is set
no
POS>LEN O
yes

y

e Destination = (Destination AND (NOT(Mask)))
| ERbitis set - OR (Array[control POS] AND Mask)

.

rung-condition-out is set to

true v

postscan

The rung-condition-out is set to false.
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Chapter 10

Example: When enabled, the SQO instruction increments the position, passes the data at

that position in array_dint through the mask, and stores the result in value_1.

S00
—— Sequencer Dutput BN

Array array_dint[0]

Mask TEHOFOF  (—DN3—

Dzt walue_1

Contral contral_1

Length 10*

Pasition ne
$Q0 Operand Example Values (Using INTS Displayed In Binary)
Array XXXXXXXX XxXxxxxxx xxxx0101 xxxx1010
Mask 00000000 00000000 00001111 00001111
Destination XXXXXXXX XXXxxxxx xxxx0101 xxxx1010

A 0 in the mask means the bit is not compared (designated by xxxx in

this example).

Using SQI with SQ0

If you pair an SQI instruction with an SQO instruction, make sure that both
instructions use the same Control, Length, and Position values,.

Sal S00

Sequencer lnput Sequencer Jutput BN

Array  array_dint[0] Array array_dint[0]

Mask 164#0FOF M azk. TEHOFOF | DN—

Source walue_2 Dzt walue_1

Contral contral_1 Contral contral_1

Length 10* Length 10*

Pasition 0% Pasition 0%
Resetting the position of SQ0
Each time the controller goes from Program to Run mode, the SQO
instruction clears (initializes) the .POS value. To reset .POS to the initialization
value (POS = 0), use a RES instruction to clear the position value. This
example uses the status of the first-scan bit to clear the .POS value.

‘ S:F5 contral_1
J E CRES
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Sequencer Load (SQL)

The SQL instruction loads reference conditions into a sequencer array.

Operands:
Relay Ladder
] SequencgruLLna ] | ENY Operand Type Format Description
Array ?
ot 2 Leonn Array DINT array tag sequencer array
Control 7 . .
Lenath 2 specify the first element of the sequencer
Pozition 7 array
do not use CONTROL.POS in the subscript
Source SINT tag input data to load into the sequencer array
INT immediate
DINT
A SINT or INT tag converts to a DINT value by sign-extension.
Control CONTROL tag control structure for the operation
typically use the same CONTROL as the SQl
and SQO instructions
Length DINT immediate  number of elements in the Array (sequencer
table) to load
Position DINT immediate  current position in the array
initial value is typically 0
CONTROL Structure
Mnemonic Data Type Description
EN BOOL The enable bit indicates that the SQL instruction is enabled.
.DN BOOL The done hit is set when all the specified elements have been loaded into Array.
ER BOOL The error bit is set when .LEN <0, .POS <0, or .POS > LEN.
LEN DINT The length specifies the number of steps in the sequencer array.
POS DINT The position identifies the element that the controller is currently manipulating.
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Description:

When enabled, the SQL instruction increments to the next position in the
sequencer array and loads the Source value into that position. If the .DN bit is
set or if .POS = .LEN, the instruction sets .POS=1.

Typically use the same CONTROL structure as the SQI and
SQO instructions.

IMPORTANT

You must test and confirm that the instruction doesn’t change data that you don't
want it to change.

The SQL instruction operates on contiguous memory. In some cases, the instruction
loads data past the array into other members of the tag. This happens if the length is
too big and the tag is a user-defined data type.

Arithmetic Status Flags:

Fault Conditions:

not affected

A Major Fault Will Occur If  Fault Type Fault Code
Length > size of Array 4 20
Execution:
Condition Relay Ladder Action
prescan The .EN bit is set to prevent a false load when the program scan begins.

The rung-condition-out is set to false.

rung-condition-in is false

The .EN bit is cleared.

The rung-condition-out is set to false.
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Condition Relay Ladder Action

rung-condition-in is true

v

.EN bit is set

EN=0
examine ENbit > g
.ER bit is cleared

EN=1 ¢

no yes POS=1
ves no
DN bit is set
-

.POS value
rolls over

goto
error

yes —
.DN bit is set
no
POS> LEN S
yes

—— | ERbitis set - ‘Array[control.POS] = Source ‘

.

rung-condition-out is set to

true

postscan The rung-condition-out is set to false.
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Example: When enabled, the SQL instruction loads za/#e_3 into the next position in the
sequencer array, which is array_dint/5] in this example.

SOL
—— Sequencer Load L EMT—
Array array_dint[0]

Source walue 3 DMNI—

Contral contral_1
Length 10
Piosition 4]
before load after load
array_dint[0] 00000 00000
(AARN (AARN
22222 22222
33333 control_1.pos="5 33333
44444 value_3 = 55555 44444
array_dint[5] 00000 S —. 55555
00000 00000 control_1.pos=6
00000 00000
00000 00000
00000 00000
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Notes:
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Chapter 11

(JMP, LBL, JSR, RET, SBR, JXR, TND, MCR, UID, UIE, AFI,

Program Control Instructions

NOP, EQT, SFP, SFR, EVENT)

Introduction Use the program control instructions to change the flow of logic.
If You Want To Use This Instruction Available In These Languages See Page
Jump over a section of logic that does not JMP relay ladder 434
always need to be executed. LBL
Jump to a separate routine, pass data to the JSR relay ladder 436
routine, execute the routine, and return results. E{E? function block
structured text
Jump to an external routine (SoftLogix5800 JXR relay ladder 447
controller only)
I\/Iar}< a temporary end that halts TND relay ladder 450
routine execution. structured text
Disable all the rungs in a section of logic. MCR relay ladder 457
Disable user tasks. uib relay ladder 454
structured text
Enable user tasks. UIE relay ladder 454
structured text
Disable a rung. AF| relay ladder 456
Insert a placeholder in the logic. NOP relay ladder 457
End a transition for a sequential function chart. EOT relay ladder 458
structured text
Pause a sequential function chart. SFP relay ladder 460
structured text
Reset a sequential function chart. SFR relay ladder 462
structured text
Trigger the execution of an event task EVENT relay ladder 464

structured text
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Chapter 11 Program Control Instructions (JMP, LBL, JSR, RET, SBR, JXR, TND, MCR, UID, UIE, AFI, NOP, EOT, SFP, SFR, EVENT)

Jump to Label (JM P) The JMP and LBL instructions skip portions of ladder logic.

Label (LBL)

Operands:
_ Relay Ladder
?
— IMP Operand Type Format Description
; JMP instruction
LBL }— Label name label name  enter name for associated LBL instruction

LBL instruction

Label name label name  execution jumps to LBL instruction with
referenced label name

Description: When enabled, the JMP instruction skips to the referenced LBL instruction
and the controller continues executing from there. When disabled, the JMP
instruction does not affect ladder execution.

The JMP instruction can move ladder execution forward or backward.
Jumping forward to a label saves program scan time by omitting a logic
segment until it’s needed. Jumping backward lets the controller repeat
iterations of logic.

Be careful not to jump backward an excessive number of times. The watchdog

timer could time out because the controller never reaches the end of the logic,
which in turn faults the controller.

Jumped logic is not scanned. Place critical logic outside the
jumped zone.

A

The LBL instruction is the target of the JMP instruction that has the same
labelname. Make sure the LBLinstructionis thefirstinstructiononits
rung.

A label name must be unique within a routine. The name can:
® have as many as 40 characters

e contain letters, numbers, and underscores ()
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Arithmetic Status Flags: not affected

Fault Conditions:

A Major Fault Will Occur If  Fault Type Fault Code
label does not exist 4 42
Execution:
Condition: Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The rung-condition-out is set to true.
Execution jumps to the rung that contains the LBL instruction with the referenced
label name.
postscan The rung-condition-out is set to false.

Example: When the JMP instruction is enabled, execution jumps over successive rungs
of logic until it reaches the rung that contains the LBL instruction with
label_20.

label 20
E—— T

[other rungs of code]

label 20
LBL ——
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Program Control Instructions (JMP, LBL, JSR, RET, SBR, JXR, TND, MCR, UID, UIE, AFI, NOP, EOT, SFP, SFR, EVENT)

Jump to Subroutine (JSR)
Subroutine (SBR) Return

(RET)

436

JSR Operands:

JSR
Jump to Subroutine
Routine name
|mput par
Return par

=

The JSR instruction jumps execution to a different routine. The SBR and RET
instructions are optional instructions that exchange data with the JSR

instruction.
Relay Ladder
Operand Type Format Description
Routine ROUTINE name routine to execute (that is, subroutine)
name
Input BOOL immediate  data from this routine that you want to copy
parameter to a tag in the subroutine
SINT tag
o Input parameters are optional.
INT array tag o Enter multiple input parameters, if
DINT needed.
REAL
structure
Return BOOL tag tag in this routine to which you want to copy
parameter a result of the subroutine
SINT array tag
o Return parameters are optional.
INT o Enter multiple return parameters, if
needed.
DINT
REAL
structure
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JSR Operands Continued:

Structured Text
JSR (RoutineName, InputCount, Operand Type Format Description
InputPar,ReturnPar) ; . . , ,
nputPar, Returnpar) Routine ROUTINE name routine to execute (that is, subroutine)
name
Input count ~ SINT immediate  number of input parameters
INT
DINT
REAL
Input BOOL immediate  data from this routine that you want to copy
parameter to a tag in the subroutine
SINT tag
o |nput parameters are optional.
INT array tag e Enter multiple input parameters, if
needed.
DINT
REAL
structure
Return BOOL tag tag in this routine to which you want to copy
parameter a result of the subroutine
SINT array tag
o Return parameters are optional.
INT o Enter multiple return parameters, if
needed.
DINT
REAL
structure
Function Block
- HooasR [
Input Parameters Return Parameters
Jump to Subroutine
Foutine: T
¥ =R [
Jump ta Subroutine
Routine: i
The operands are the same as those for the relay ladder JSR instruction.
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For each parameter in a SBR or RET instruction, use the same
data type (including any array dimensions) as the corresponding

parameter in the JSR instruction. Using different data types
may produce unexpected results.

SBR Operands: The SBR instruction must be the first instruction in a relay ladder or
structured text routine.

SER

— Subrouting
|mput par ?

SBR (InputPar) ;

E *ooseR ]

Subroutine

438

Relay Ladder
Operand Type Format Description
Input BOOL tag tag in this routine into which you want to
parameter copy the corresponding input parameter from
SINT array tag the JSR instruction
INT
DINT
REAL
structure

Structured Text

The operands are the same as those for the relay ladder SBR instruction.

Function Block

x

SBR

Subroutine

=]

Parameters

The operands are the same as those for the relay ladder SBR instruction.
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RET Operands:

RET

— FRetun —
Return par ?

RET (ReturnPar) ;

RET ]

Feturn

Description:

Publication 1756-RMO003K-EN-P - July 2008

Relay Ladder
Operand Type Format Description
Return BOOL immediate  data from this routine that you want to copy
parameter to the corresponding return parameter in the
SINT tag JSR instruction
INT array tag
DINT
REAL
structure

Structured Text
The operands are the same as those for the relay ladder RET instruction.

Function Block

Parameters

RET El

Return

The operands are the same as those for the relay ladder RET instruction.

The JSR instruction initiates the execution of the specified routine, which is
referred to as a subroutine:

e The subroutine executes one time.

e After the subroutine executes, logic execution returns to the routine that
contains the JSR instruction.

To program a jump to a subroutine, follow these guidelines:

IMPORTANT Do not use a JSR instruction to call (execute) the main routine.

® You can put a JSR instruction in the main routine or
any other routine.

e Ifyou use a JSR instruction to call the main routine and
then put a RET instruction in the main routine, a major
fault occurs (type 4, code 31).

439
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The following diagram illustrates how the instructions operate.

Calling Routine Subroutine SBR

1. If the JSR instruction has an input

/ — parameter, enter an SBR instruction.

2. Place the SBR instruction as the first
instruction in the routine.

— 3. For each input parameter in the JSR

instruction, enter the tag into which

JSR JSR

1. If you want to copy data to a tag in
the subroutine, enter an input
parameter.

2. If you want to copy a result of the RET

subroutine to a tag in this routine,
enter a return parameter.

42974

RET

3. Enter as many input and return

parameters as you need. . .
1. If the JSR instruction has a return parameter, enter an RET

instruction.
2. Place the RET instruction as the last instruction in the routine.

3. For each return parameter in the JSR instruction, enter a return
parameter to send to the JSR instruction.

4. In a ladder routine, place additional RET instructions to exit the
subroutine based on different input conditions, if required.

There are no restrictions, other than controller memory, on the number of
nested routines you can have or the number of parameters you pass or return.

level 1 level 2 level 3
main routine
action_1 / ' ' SBR '
JSR
action_2 action_3
JSR JSR
RET RET RET ——
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Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions:

A Major Fault Will Occur If Fault Type Fault Code
JSR instruction has fewer input parameters than SBR instruction 4 31
JSR instruction jumps to a fault routine 4 or user-supplied 0 or user-supplied
RET instruction has fewer return parameters than JSR instruction 4 31
main routine contains a RET instruction 4 31
Execution:

_ _ Relay Ladder and Structured Text

Condition Relay Ladder Action Structured Text Action

prescan The controller executes all subroutines regardless of rung condition. To ensure that all rungs in the
subroutine are prescanned, the controller ignores RET instructions. (that is, RET instructions do not exit
the subroutine.)

o Release 6.x and earlier, input and return parameters are passed.
o Release 7.x and later, input and return parameters are not passed.

If recursive calls exist to the same subroutine, the subroutine is prescanned only the first time. If multiple
calls exist (non-recursive) to the same subroutine, the subroutine is prescanned each time.

The rung-condition-out is set to false (relay ladder only).

rung-condition-inis false to  The subroutine does not execute. na
the JSR instruction
Outputs in the subroutine remain in their last state.

The rung-condition-out is set to false.

rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.
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Condition Relay Ladder Action Structured Text Action

instruction execution

JSR copies input parameters to

Input parameters appropriate SBR tags

logic execution begins in routine
identified by JSR

yes yes RET copies return parameters to
return parameters ~_>——————| appropriate JSR tags

yes
end of subroutine
rung-condition-out is set to true
rung-condition-out is set to false
postscan Same action as prescan described above. Same action as prescan described above.
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E Function Block
Condition: Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
normal execution 1. If the routine contains an SBR instruction, the controller first executes the SBR instruction.

2. The controller latches all data values in IREFs.

3. The controller executes the other function blocks in the order that is determined by their wiring. This
includes other JSR instructions.

4. The controller writes outputs in OREFs.

5. If the routine contains an RET instruction, the controller executes the RET instruction last.
postscan The subroutine is called.

If the routine is an SFC routine, the routine in initialized the same as it is during prescan.
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Example 1:

The JSR instruction passes value_1 and value_2 to routine_1.

The SBR instruction receives value_1 and value_2 from the JSR instruction and
copies those values to value_a and value_b, respectively. Logic execution
continues in this routine.

The RET instruction sends float_a to the JSR instruction. The JSR instruction
receives float_a and copies the value to float_value_1. Logic execution continues
with the next instruction following the JSR instruction.

Relay Ladder
Routine: Program
Main routine
JSR
— Jump to Subroutine
Routing name  routing_1
|mput par walue_1
|mput par walue_2
Return par  float_walue_1
routin
Subroutine cBR
Subroutine —
Input par - walue_a
Input par - walue_b
[other rungs of code]
RET
— FRetumn
Return par float_a
Structured Text
Routine Program
Main routine JSR (routine 1,2,value 1,value 2,float value 1);
Subroutine SBR(value a,value b);
<statements>;
RET (float_a);
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Example 2:

Relay Ladder

MainRoutine

When abc is on, subroutine_1 executes, calculates the number of cookies, and places a value in cookies_1.

abc J5R

1 E Jump to Subroutine
Routing name  subroutine_1
Return par cookies_1

Adds the value in cookies_1to cookies_2 and stores the result in total_cookies.

A0

Add

Source & cookies_2
G

Source B cookies_1
0+

Dest  total_cookies
0%

Subroutine_1

When defis on, the RET instruction returns value_1 to the JSR cookies_1 parameter and the rest of the subroutine is not scanned.

| def

RET

1 E
‘ -

Return
Return par

walue_1

When defis off (previous rung) and ghiis on, the RET instruction returns value_2to the JSR cookies_ 1 parameter and the rest of the subroutine
is not scanned.

_cljhi RET
1 E Return
Return par  walug_2

When both defand ghi are off (previous rungs), the RET instruction returns value_3to the JSR cookies_ 1 parameter.

RET

Return
Return par  walue_3
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1. The values in
Add_Input_1,
Add_Input_2, and

Add_Input_3 are copied
to Input_A, Input_B, and
Input_C, respectively.

Example 3:

Function Block

JSR instruction in Routine_A

Rautine:

Add_Input_1

ISR

Jump to Subroutine

Add_Three_Inputs

Add_Input_2
Add_Input_3

Add_Three_Result

=]

*|

\/

42972

Function blocks of the Add_Three_Inputs routine

[] Output_1

3. The value of Sum_A_B _Cis
copied to Add_Three_Result.

ARD_02 ARD_02
ser [ ADD = ape [ RET  []
Subroutine Add Add Return
Input_A — Sourced Dest [— Sources Dest (—] Sum_»A_B_C
Input_B [— SourceB SourceB
Input_C :|—| I_C 42973

446

2. The ADD instructions add /nput_A, Input_B, and Input_C and place the result in Sum_A_B_C.
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Chapter 11

Jump to External Routine

(JXR)

The JXR instruction executes an external routine. This instruction is only

supported by the SoftLogix5800 controllers.

Operands:
Relay Ladder
SR
—— Jump To External Routine —E W ——
External routine narme P —D—
External routine control T —ER—
Parameter ?
Returm Par ?
Operand Type Format Description
External routine  ROUTINE name external routine to execute

name

External routine  EXT_ROUTINE_ tag

control structure (see the next page)

control CONTROL
Parameter BOOL immediate data from this routine that you want to copy to a variable in the external routine
SINT tag o Parameters are optional.
o Enter multiple parameters, if needed.
INT array tag Piep
¢ You can have as many as 10 parameters.
DINT
REAL
structure
Return BOOL tag tag in this routine to which you want to copy a result of the external routine
parameter
SINT o The return parameter is optional.
INT o You can have only one return parameter
DINT
REAL
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EXT_ROUTINE_CONTROL Structure
Mnemonic Data Type Description Implementation
ErrorCode SINT If an error occurs, this value identifies the error. ~ There are no predefined error codes. The
Valid values are from 0-255. developer of the external routine must
provide the error codes.

NumParams SINT This value indicates the number of parameters  Display only - this information is derived from

associated with this instruction. the instruction entry.

ParameterDefs EXT_ROUTINE_ This array contains definitions of the Display only - this information is derived from

PARAMETERS[10]  parameters to pass to the external routine. The the instruction entry.
instruction can pass as many as 10 parameters.
ReturnParamDef ~ EXT_ROUTIN_ This value contains definitions of the return Display only - this information is derived from
PARAMETERS parameter from the external routine. There is  the instruction entry.
only one return parameter.
EN BOOL When set, the enable bit indicates that the JXR  The external routine sets this bit.
instruction is enabled.
ReturnsValue BOOL If set, this bit indicates that a return parameter  Display only - this information is derived from
was entered for the instruction. If cleared, this  the instruction entry.
bit indicates that no return parameter was
entered for the instruction.

DN BOOL The done bit is set when the external routine The external routine sets this bit.

has executed once to completion.

ER BOOL The error bit is set if an error occurs. The The external routine sets this bit.

instruction stops executing until the program
clears the error bit.
FirstScan BOOL This bit identifies whether this is the first scan  The controller sets this bit to reflect scan
after switching the controller to Run mode. Use  status.
FirstScan to initialize the external routine, if
needed.

EnableQut BOOL Enable output. The external routine sets this hit.

Enableln BOOL Enable input. The controller sets this bit to reflect
rung-condition-in. The instruction executes
regardless of rung condition. The developer of
the external routine should monitor this
status and act accordingly.

User1 BOOL These bits are available for the user. The Either the external routine or the user

User0 BOOL controller does not initialize these bits. program can set these bits.

ScanType1 BOOL These bits identify the current scan type: The controller sets these bits to reflect scan
status.

ScanTyped BOOL Bit Values: Scan Type:

00 Normal
01 Pre Scan
10 Post Scan (not applicable to relay
ladder programs)
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Description:

Arithmetic Status Flags:

Fault Conditions:

Execution:

Publication 1756-RMO003K-EN-P - July 2008

Use the Jump to External Routine (JXR) instruction to call the external routine
from a ladder routine in your project. The JXR instruction supports multiple
parameters so you can pass values between the ladder routine and the external
routine.

The JXR instruction is similar to the Jump to Subroutine (JSR) instruction.
The JXR instruction initiates the execution of the specified external routine:

e The external routine executes one time.

e After the external routine executes, logic execution returns to the
routine that contains the JXR instruction.

Arithmetic status flags are not affected.

A Maijor Fault Will Occur If Fault Type Fault code:

ean exception occurs in the external routine DLL 4 88
e the DLL could not be loaded
e the entry point was not found in the DLL

The JXR can be synchronous or asynchronous depending on the
implementation of the DLL. The code in the DLL also determines how to
respond to scan status, rung-condition-in status, and rung-condition-out
status.

For more information on using the JXR instruction and creating external
routines, see the SoftLogix5800 System User Manual, publication
1789-UMO002.
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Temporary End (TND)

Operands:

_CTHD -

TND () ;

Description:

Arithmetic Status Flags:

Fault Conditions:

The TND instruction acts as a boundaty.

Relay Ladder Operands
none

Structured Text

none

You must enter the parentheses () after the instruction mnemonic, even
though there are no operands.

When enabled, the TND instruction lets the controller execute logic only up
to this instruction.

When enabled, the TND instruction acts as the end of the routine. When the
controller scans a TND instruction, the controller moves to the end of the
current routine. If the TND instruction is in a subroutine, control returns to
the calling routine. If the TND instruction is in a main routine, control returns
to the next program within the current task.

not affected

none
Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.
The instruction executes.
instruction execution The current routine terminates. The current routine terminates.
postscan The rung-condition-out is set to false. No action taken.
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Example: You can use the TND instruction when debugging or troubleshooting to
execute logic up to a certain point. Progressively move the TND instruction
through the logic as you debug each new section.

When the TND instruction is enabled, the controller stops scanning the
current routine.

Relay Ladder

—CCTNE')—‘

Structured Text

TIND () ;
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Program Control Instructions (JMP, LBL, JSR, RET, SBR, JXR, TND, MCR, UID, UIE, AFI, NOP, EOT, SFP, SFR, EVENT)

Master Control Reset (MCR) The MCR instruction, used in pairs, creates a program zone that can disable all

452

Operands:

—CMCRY—

Description:

Arithmetic Status Flags:

Fault Conditions:

rungs within the MCR instructions.

Relay Ladder
none

When the MCR zone is enabled, the rungs in the MCR zone are scanned for
normal true or false conditions. When disabled, the controller still scans rungs
within an MCR zone, but scan time is reduced because non-retentive outputs
in the zone are disabled. The rung-condition-in is false for all the instructions
inside of the disabled MCR zone.

When you program an MCR zone, note that:
® You must end the zone with an unconditional MCR instruction.
® You cannot nest one MCR zone within another.

e Do not jump into an MCR zone. If the zone is false, jumping into the
zone activates the zone from the point to which you jumped to the end
of the zone.

e If an MCR zone continues to the end of the routine, you do not have to
program an MCR instruction to end the zone.

The MCR instruction is not a substitute for a hard-wired master control relay
that provides emergency-stop capability. You should still install a hard-wired
master control relay to provide emergency I/O power shutdown.

Do not overlap or nest MCR zones. Each MCR zone must be
separate and complete. If they overlap or nest, unpredictable

machine operation could occur with possible damage to
equipment or injury to personnel.
Place critical operations outside the MCR zone. If you start

instructions such as timers in a MCR zone, instruction execution
stops when the zone is disabled and the timer is cleared.

not affected

none
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Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
The instructions in the zone are scanned, but the rung-condition-in is false and
non-retentive outputs in the zone are disabled.
rung-condition-in is true The rung-condition-out is set to true.
The instructions in the zone are scanned normally.
postscan The rung-condition-out is set to false.

Example: When the first MCR instruction is enabled (imput_1, input_2, and input_3 are
set), the controller executes the rungs in the MCR zone (between the two
MCR instructions) and sets or clears outputs, depending on input conditions.

When the first MCR instruction is disabled (imput_1, input_2, and inmput_3 are
not all set), the controller executes the rungs in the MCR zone (between the
two MCR instructions) and the rung-condition-in goes false for all the rungs in
the MCR zone, regardless of input conditions.

inglut 1 inglut 2 inglut 3
1 E 1 E 1 E CMCRD—
in%uttd Du,tﬁ'uxt,—-l
|n|:|_|ut_r'| 1 |n|:|_|ut_r'| 2 ””tﬁ”{—z
L L
inpLt_3
/
inglut]_EI inp_lut_r'l ] Du,tﬁ'ui—g
L L
CR ™ —
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User Inte"upt Disable (UlD) The UID instruction and the UIE instruction work together to prevent a small
User Interru pt Enable (UIE) number of critical rungs from being interrupted by other tasks.

Operands:
_ Relay Ladder
—UD-  —<UE>—
none
UID() ; Structured Text
UIE()
none

You must enter the parentheses () after the instruction mnemonic, even
though there are no operands.

Description: When the rung-condition-in is true, the:
e UID instruction prevents higher-priority tasks from interrupting the

current task but does not disable execution of a fault routine or the
Controller Fault Handler.

e UIE instruction enables other tasks to interrupt the current task.
To prevent a series of rungs from being interrupted:
1. Limit the number of rungs that you do not want interrupted to as few as
possible. Disabling interrupts for a prolonged period of time can

produce communication loss.

2. Above the first rung that you do 7ot want interrupted, enter a rung and a
UID instruction.

3. After the last rung in the series that you do not want interrupted, enter a
rung and a UIE instruction.

4. If required, you can nest pairs of UID/UIE instructions.
Arithmetic Status Flags: not affected

Fault Conditions: none
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Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false ~ The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The UID instruction prevents interruption by higher-priority tasks.

The UIE instruction enables interruption by higher-priority tasks.

postscan The rung-condition-out is set to false. No action taken.

Example: When an error occurs (error_bit is on), the FSC instruction checks the error
code against a list of critical errors. If the FSC instruction finds that the error is
critical (error_check.FD is on), an alarm is annunciated. The UID and UIE
instructions prevent any other tasks from interrupting the error checking and

alarming,
Relay Ladder
UID —
error bit FSC
] [ File Search/Compare —CEN D>—
Control error_cheCKACDN:F*
Length 10 —(ER O—
Position 8
Mode ALL
Expression error_ code=error_list [error_ check.POS]
error check.FD alarm
T C
1 C
UIE >—
Structured Text
UID();
<statements>
UIE () ;
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Always False Instruction
(AFI)

Operands:

L aF

Description:
Arithmetic Status Flags:

Fault Conditions:

The AFI instruction sets its rung-condition-out to false.

Relay Ladder

none

The AFI instruction sets its rung-condition-out to false.

not affected

none
Execution:
Condition Relay Ladder Action:
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The rung-condition-out is set to false.
postscan The rung-condition-out is set to false.
Example: Use the AFI instruction to temporarily disable a rung while you are debugging
a program.
When enabled, the AFI disables all the instructions on this rung.
}_[ AFL —
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No Operation (NOP)

Operands:
{MOP

Description:

Arithmetic Status Flags:
Fault Conditions:

Execution:

The NOP instruction functions as a placeholder

Relay Ladder

none

You can place the NOP instruction anywhere on a rung. When enabled the
NOP instruction performs no operation. When disabled, the NOP instruction

performs no operation.
not affected

none

Condition

Relay Ladder Action

prescan

The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The rung-condition-out is set to true.

postscan

The rung-condition-out is set to false.

Example This instruction is useful for locating unconditional branches when you place

the NOP instruction on the branch.

The NOP instruction bypasses the XIC instruction to enable the output.

[irmit_zwibch_1 light_1
T1E T
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End of Transition (EOT)

—EOT—

Operands:

EOT (data bit);

Description:

Arithmetic Status Flags:

Fault Conditions:

The EOT instruction returns a boolean state to an SFC transition.

Relay Ladder
Operand Type Format Description
data bit BOOL tag state of the transition

(O=executing, 1=completed)

Structured Text
The operands are the same as those for the relay ladder EOT instruction.

Because the EOT instruction returns a boolean state, multiple SFC routines
can share the same routine that contains the EOT instruction. If the calling
routine is not a transition, the EOT instruction acts as a TND instruction (see

page 450).

The Logix implementation of the EOT instruction differs from thatin a
PLC-5 controller. In a PLLC-5 controller, the EOT instruction has no
parameters. Instead, the PLC-5 EOT instruction returns rung condition as its
state. In a Logix controller, the return parameter returns the transition state
since rung condition is not available in all Logix programming languages.

not affected

none
Execution:
Condition Relay Ladder Action: Structured Text Action:
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set

na

Enableln is always set.

The instruction executes.

instruction execution

The instruction returns the data bit value to the calling routine.

postscan

The rung-condition-out is set to false. No action taken.
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Example: When both Jmit_switchl and interlock_1 are set, set state. After timer 1
completes, EOT returns the value of szate to the calling routine.

Relay Ladder
lirmit_gwitchl  interlock_1 ztate
1 E 1E S
L d L
tirmer_1.0M shate
I E E0T>—
Structured Text
state := limit switchl AND interlock 1;
IF timer_l .DN THEN
EOT (state) ;
END IF;
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SFC Pause (SFP) The SFP instruction pauses an SFC routine.
Operands:
Relay Ladder
SFP 0 . . intion.
| sFc Pause | perand Type: Format: Description:
?FE HtDSuttiTE Narne 3 SFCRoutine  ROUTINE name SFC routine to pause
arget State 7? Name
TargetState  DINT immediate  select one:
tag executing (or enter 0)
paused (or enter 1)
Structured Text

SFP (SFCRoutineName,

TargetState) ; The operands are the same as those for the relay ladder SFP instruction.

Description: The SFP instruction lets you pause an executing SFC routine. If an SFC
routine is in the paused state, use the SFP instruction again to change the state
and resume execution of the routine.

Also, use the SFP instruction to resume SFC execution after using an SFR
instruction (see page 462) to reset an SFC routine.

Arithmetic Status Flags: not affected

Fault Conditions:

A Maijor Fault Will Occur If: Fault Type Fault Code
the routine type is not an SFC routine 4 85
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Chapter 11

Execution:
Condition: Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false ~ The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set

na Enableln is always set.

The instruction executes.

instruction execution

The instruction pauses or resumes execution of the specified SFC routine.

postscan

The rung-condition-out is set to false. No action taken.

Pause the SFC routine.

‘ zfp_en_p
JE

Example: If s en_pis set, pause the SFC routine named normal. Restart the SFC when

Sfe_en_e is set.

Relay Ladder

SFF
1 | SFC Pause
SFC Routine Mame niormal
Target State Pauszed
Resume executing the SFC routine.
sfp_er_e SFF
1 E SFC Pauze
SFC Routine Mame normal
Target State Executing

Structured Text

Pause the SFCroutine: IF (sfp en p) THEN

SFP (normal, paused) ;
sfp en p := 0;

END IF;
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Resume executing the SFC routine:

SFC Reset (SFR)

Operands:
SFR
SFC Reset —
SFC Routing Mame ?
Step Mame ?

SFR (SFCRoutineName, StepName) ;

462

Description:

Arithmetic Status Flags:

Fault Conditions:

IF (sfp _en e) THEN
SFP (normal, executing) ;
sfp en e := 0;

END IF;

The SFR instruction resets the execution of a SFC routine at a specified step.

Relay Ladder Operands
Operand Type Format Description
SFCRoutine  ROUTINE name SFC routine to reset
Name
Step Name  SFC_STEP  tag target step where to resume execution

Structured Text
The operands are the same as those for the relay ladder SFR instruction.

When the SFR instruction is enabled:

e In the specified SFC routine, all stored actions stop executing (reset).

e The SFC begins executing at the specified step.
If the target step is 0, the chart will be reset to its initial step

The Logix implementation of the SFR instruction differs from that in a PLC-5
controller. In the PLC-5 controller, the SFR executed when the rung condition
was true. After reset, the SFC would remain paused until the rung containing
the SFR became false. This allowed the execution following a reset to be
delayed. This pause/un-pause feature of the PLC-5 SFR instruction was
decoupled from the rung condition and moved into the SFP instruction.

not affected

A Major Fault Will Occur If: Fault Type Fault Code
the routine type is not an SFC routine 4 85
specified target step does not exist in 4 89

the SFC routine

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Program Control Instructions (JMP, LBL, JSR, RET, SBR, JXR, TND, MCR, UID, UIE, AFl, NOP, EOT, SFP, SFR, EVENT) ~ Chapter 11

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false ~ The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction resets the specified SFC routine. The instruction resets the specified SFC routine.

postscan The rung-condition-out is set to false. No action taken.

Example: 1f a specific condition occurs (shutdown is set), restart the SFC at step initialize.

Relay Ladder
shutdown SFR
1 F SFC Reset

SFC Routing Mame  mySFC
Step Mame initialize:

Structured Text

IF shutdown THEN

SFR (mySFC, initialize);
END IF;
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Trigger Event Task (EVENT) The EVENT instruction triggers one execution of an event task.

Operands:

EVENT

Trigger Event T agk
Tazk ?

EVENT (task name) ;

Description:

Status Attribute of the TASK Object

Relay Ladder
Operand Type Format Description
Task TASK name event task to execute

The instruction lets you choose other types of
tasks, but it does not execute them.

Structured Text
The operands are the same as those for the relay ladder EVENT instruction.

Use the EVENT instruction to programmatically execute an event task:

e Each time the instruction executes, it triggers the specified event task.

e Make sure that you give the event task enough time to complete its
execution before you trigger it again. If not, an overlap occurs.

e If you execute an EVENT instruction while the event task is already
executing, the controller increments the overlap counter but it does not
trigger the event task.

Programmatically Determine if an EVENT Instruction Triggered
a Task

To determine if an EVENT instruction triggered an event task, use a
Get System Value (GSV) instruction to monitor the Status attribute of the
task.

Attribute Data Type Instruction Description

Status DINT GSV
SSv

Provides status information about the task. Once the controller sets a bit, you
must manually clear the bit to determine if another fault of that type occurred.

To determine if: Examine this bit:
An EVENT instruction triggered the task (event task 0

only).

A timeout triggered the task (event task only). 1

An overlap occurred for this task. 2
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The controller does not clear the bits of the Status attribute once they are set.

e To use a bit for new status information, you must manually clear the bit.

e Use a Set System Value (SSV) instruction to set the attribute to a
different value.

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition: Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false ~ The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction triggers one execution of the specified event task
postscan The rung-condition-out is set to false. No action taken.
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Example 1: A controller uses multiple programs but a common shut down procedure.
Each program uses a program-scoped tag named Shuz_Down_Iine that turns
on if the program detects a condition that requires a shut down. The logic in
each program executes as follows:

It Shut_Down_Line = on (conditions require a shut down) then

Execute the Shut_Down task one time

Relay Ladder
Program A
| Shut_Down_Line  Shut_Down_Line_One_Shat EVEMT
7 E [OMS ] Trigger Event Task
‘ Tazk Shut_Down
Program B
| Shut_Down_Line  Shut_Down_Line_One_Shat EVEMT

1 E [OMS ] Trigger Ewent Tazk
‘ Tazk Shut_Down

Structured Text
Program A

IF Shut Down Line AND NOT Shut Down Line One_ Shot THEN
EVENT (Shut Down) ;
END IF;

Shut Down Line One Shot :=Shut Down Line;
Program B

IF Shut Down Line AND NOT Shut Down Line One Shot THEN
EVENT (Shut Down) ;

END IF;

Shut Down Line One_ Shot :=Shut Down Line;
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Example 2: The following example uses an EVENT instruction to initialize an event task.
(Another type of event normally triggers the event task.)

Continuous task
If Initialize_Task_1=1 then
The ONS instruction limits the execution of the EVENT instruction to one scan.

The EVENT instruction triggers an execution of 7Task_7 (event task).

| Initialize_Tazk_1  Storage.0 EVEMT
‘ 1 E {ONS ] Trigger Event Task

Tazk Taszk_1

Task_1 (event task)

The GSV instruction sets Task_Status (DINT tag) = Status attribute for the event task. In the Instance Name
attribute, THIS means the TASK object for the task that the instruction is in (that is, Task_7).

5
Get System Value

Clazs Mame
Inztance Mame
Attribute Mame

TASE,
THIS
Status

Dzt Tazk_Status
0+

If Task_Status.0 =1 then an EVENT instruction triggered the event task (that is, when the continuous task executes
its EVENT instruction to initialize the event task).

The RES instruction resets a counter that the event task uses.

Tazk_Status.0 Counter_1

] E <HES |
The controller does not clear the hits of the Status attribute once they are set. To use a bit for new status
information, you must manually clear the bit.

If Task_Status.0 = 1 then clear that bit.
The QTU instruction sets Task_Status.0 = 0.
The SSV instruction sets the Status attribute of THIS task (Task_7) = Task_Status. This includes the cleared bit.

Tazk_Statuz.0 Task_Statuz.0 S5
1 F {10 Set System alue
Clazs Name TASEK
Inztance Mame THIS
Attribute Mame Statuz
Source Tazk_Status
0+
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Notes:
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Chapter 12

For/Break Instructions
(FOR, FOR...DO, BRK, EXIT, RET)

Introduction Use the FOR instruction to repeatedly call a subroutine. Use the BRK
instruction to interrupt the execution of a subroutine.

If You Want To Use This Instruction Available In These Languages See Page

Repeatedly execute a routine. FOR relay ladder 470
FOR..DoM structured text

Terminate the repeated execution of a routine. BRK relay ladder 473
x|t structured text

Return to the FOR instruction. RET relay ladder 474

M Structured text only.
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For (FOR)

Operands:

FOR

— Fuar —
Routing name
|ridex

[ritial walue
Terminal walue
Step zize

FOR count:= initial value TO
final value BY increment DO

<statement>;

END_FOR;

Description:

The FOR instruction executes a routine repeatedly.

Relay Ladder
Operand Type Format Description
Routine ROUTINE routine routine to execute
name name
Index DINT tag counts how many times the routine has
been executed
Initial value ~ SINT immediate  value at which to start the index
INT tag
DINT
Terminal SINT immediate  value at which to stop executing the routine
value
INT tag
DINT
Step size SINT immediate  amount to add to the index each time the
FOR instruction executes the routine
INT tag
DINT

Structured Text

Use the FOR...DO construct. See Appendix C, Structured Text Programming

for information on structured text constructs.

IMPORTANT

Do not use a FOR instruction to call (execute) the main routine.

® You can put a FOR instruction in the main routine or any other routine.

e If you use a FOR instruction to call the main routine and then put a RET
instruction in the main routine, a major fault occurs (type 4, code 31).

470

When enabled, the FOR instruction repeatedly executes the Routine until the
Index value exceeds the Terminal value. This instruction does not pass

parameters to the routine.
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Each time the FOR instruction executes the routine, it adds the Step size to
the Index.

Be careful not to loop too many times in a single scan. An excessive number of
repetitions can cause the controller’s watchdog to timeout, which causes a
major fault.

Arithmetic Status Flags: not affected

Fault Conditions:

A Maijor Fault Will Occur If Fault Type Fault Code
main routine contains a RET instruction 4 31
Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
The controller executes the subroutine once.
If recursive FOR instructionOs exist to the same subroutine, the subroutine is prescanned
only the first time. If multiple FOR instructions exist (non-recursive) to the same
subroutine, the subroutine is prescanned each time.
rung-condition-in is false The rung-condition-out is set to false.
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For/Break Instructions (FOR, FOR...DO, BRK, EXIT, RET)

Condition

Relay Ladder Action

rung-condition-in is true

v

index = initial_value

goto
end

index <erminal value

L

step

index > te

execute routine

¢

size <0

rminal value

no goto
end

‘ rung-condition-out is set to true ‘

e

postscan The rung-condition-out is set to false.

Example: When enabled, the FOR instruction repeatedly executes routine_2 and
increments valne_2 by 1 each time. When salue_2 is >10 or a BRK instruction
is enabled, the FOR instruction no longer executes routine_2.

FOR

Fiar

Routing name  routine_2

|ridex walue_2
e

Initial value 1]

Teminal value 10

Step zize 1
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Break (BRK) The BRK instruction interrupts the execution of a routine that was called by a
FOR instruction.
Operands:
_ Relay Ladder

—CBRK—
none

Structured Text

] EXIT;

Use the EXIT statement in a loop construct. See Appendix B for information
on structured text constructs.

Description: When enabled, the BRK instruction exits the routine and returns the
controller to the instruction that follows the FOR.

If there are nested FOR instructions, a BRK instruction returns control to the
innermost FOR instruction.

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The rung-condition-out is set to true.
Execution returns to the instruction that follows the calling FOR instruction.
postscan The rung-condition-out is set to false.

Example: When enabled, the BRK instruction stops executing the current routine and
returns to the instruction that follows the calling FOR instruction.

—CBHK)—{
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Return (RET)

Operands:

RET
—{ Retumn
Return par

Description:

The RET instruction returns to the calling FOR instruction.

Relay Ladder

none

IMPORTANT Do not. place a RET instruct.ion in Fhe main routine. If you place
a RET instruction in the main routine, a major fault occurs (type

4, code 31).

When enabled, the RET instruction returns to the FOR instruction. The FOR
instruction increments the Index value by the Step size and executes the
subroutine again. If the Index value exceeds the Terminal value, the FOR
instruction completes and execution moves on to the instruction that follows
the FOR instruction.

The FOR instruction does not use parameters. The FOR instruction ignores
any parameters you enter in a RET instruction.

You could also use a TND instruction to end execution of a subroutine.

Arithmetic Status Flags: not affected

Fault Conditions:

Execution:

A Maijor Fault Will Occur If Fault Type Fault Code

main routine contains a RET instruction 4 31

Condition:

Relay Ladder Action

prescan

The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

Returns the specified parameters to the calling routine.

The rung-condition-out is set to true.

postscan

The rung-condition-out is set to false.

474

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



For/Break Instructions (FOR, FOR...DO, BRK, EXIT, RET)

Chapter 12

Example: The FOR instruction repeatedly executes routine_2 and increments valne_2 by 1
each time. When value_2 is > 10 or a BRK instruction is enabled, the FOR
instruction no longer executes routine_2.

The RET instruction returns to the calling FOR instruction. The FOR
instruction either executes the subroutine again and increments the Index
value by the Step size or, if the Index value exceeds the Terminal value, the
FOR instruction is complete and execution moves on to the instruction that
follows the FOR instruction.

calling routine

FOR
— Fuor

Routing name  routine_2
|ridex walue_2

e
[ritial walue ]
Terminal walue 10
Step zize 1
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- — Retumn

RET
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Notes:
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Chapter 13

Special Instructions

(FBC, DDT, DTR, PID)
Introduction The special instructions perform application-specific operations.
If You Want To Use This Instruction Available In These Languages See Page
Compare data against a known, good reference FBC relay ladder 478
and record any mismatches.
Compare data against a known, good reference, DDT relay ladder 486
record any mismatches, and update the
reference to match the source.
Pass the source data through a mask and DTR relay ladder 494

compare the result to reference data. Then
write the source into the reference for the next

comparison.
Control a PID loop. PID relay ladder 497
structured text
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Special Instructions (FBC, DDT, DTR, PID)

File Bit Comparison (FBC)

Operands:
FEC
—— File Bit Comparizon - EN——
Source 7 —DN—
Reference 7 FD—
Result 7 CIM —
Crp. Contral ? | —ER—
Lergth ?
Puozition ?
Result Contral ?
Length ?
Puosition ?

478

The FBC instruction compares bits in a Soutce array with bits in a Reference

array.
Relay Ladder
Operand Type Format Description:
Source DINT array tag array to compare to the reference
do not use CONTROL.POS in the subscript
Reference DINT array tag array to compare to the source
do not use CONTROL.POS in the subscript
Result DINT array tag array to store the result
do not use CONTROL.POS in the subscripts
Cmp control ~ CONTROL structure control structure for the compare
Length DINT immediate  number of bits to compare
Position DINT immediate  current position in the source
initial value is typically 0
Result CONTROL structure control structure for the results
control
Length DINT immediate  number of storage locations in the result
Position DINT immediate  current position in the result

initial value is typically 0

ATTENTION

A

Use different tags for the compare control structure and the
result control structure. Using the same tag for both could
result in unpredictable operation, possibly causing equipment
damage and/or injury to personnel.

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Special Instructions (FBC, DDT, DTR, PID) Chapter 13

COMPARE Structure
Mnemonic: Data Type Description:
EN BOOL The enable bit indicates that the FBC instruction is enabled.
DN BOOL The done bit is set when the FBC instruction compares the last bit in the Source and
Reference arrays.
FD BOOL The found bit is set each time the FBC instruction records a mismatch (one-at-a-time
operation) or after recording all mismatches (all-per-scan operation).
IN BOOL The inhibit bit indicates the FBC search mode.
0 =all mode
1 = one mismatch at a time mode
ER BOOL The error bit is set if the compare .POS < 0, the compare .LEN < 0, the result .POS < 0 or the
result .LEN < 0. The instruction stops executing until the program clears the .ER bit.
LEN DINT The length value identifies the number of bits to compare.
POS DINT The position value identifies the current bit.
RESULT Structure
Mnemonic Data Type Description
DN BOOL The done bit is set when the Result array is full.
LEN DINT The length value identifies the number of storage locations in the Result array.
POS DINT The position value identifies the current position in the Result array.

Description: When enabled, the FBC instruction compares the bits in the Source array with

the bits in the Reference array and records the bit number of each mismatch in
the Result array.

IMPORTANT

You must test and confirm that the instruction doesn’t change data that you don't
want it to change.

The FBC instruction operates on contiguous memory. In some cases, the instruction
searches or writes past the array into other members of the tag. This happens if a
length is too big and the tag is a user-defined data type.

Publication 1756-RMO003K-EN-P - July 2008

The difference between the DDT and FBC instructions is that each time the
DDT instruction finds a mismatch, the instruction changes the reference bit to
match the source bit. The FBC instruction does not change the reference bit.

479

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 13 Special Instructions (FBC, DDT, DTR, PID)

Selecting the Search Mode

If You Want To Detect Select This Mode
One mismatch at a time Set the .IN bit in the compare CONTROL structure.

Each time the rung-condition-in goes from false to true, the FBC instruction searches for
the next mismatch between the Source and Reference arrays. Upon finding a mismatch,
the instruction sets the .FD hit, records the position of the mismatch, and stops
executing.

All mismatches Clear the .IN bit in the compare CONTROL structure.

Each time the rung-condition-in goes from false to true, the FSC instruction searches for
all mismatches between the Source and Reference arrays.

Arithmetic Status Flags: not affected

Fault Conditions:

A Maijor Fault Will Occur If: Fault Type Fault Code
Result.POS > size of Result array 4 20
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Execution:

Condition Relay Ladder Action

prescan *

compare.EN bit is cleared ‘

'

examine compare.DN =0

compare.DN bit

compare.DN =1

compare.DN bit is cleared
compare.POS value is cleared

result.DN bit is cleared

-

rung-condition-out is set to

false
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Condition Relay Ladder Action

rung-condition-in is false +

compare.EN bit is cleared

'

examine compare.DN =0

compare.DN bit

compare.DN =1

compare DN bit is cleared

compare.POS value is cleared

result.DN bit is cleared

-

rung-condition-out is set to

false
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Condition Relay Ladder Action
rung-condition-in is true
examine compare.EN =1
compare.EN bit | goto
exit
compare.EN =0
e examine compare.ON = 1 goto
compare EN bit is set — compare.DN bit exit
compare.DN =0
compare.ER bit is cleared compare LEN <0
¢no
yes
compare.POS <0 ﬁ
no ‘ compare.ER bit is set
rung-condition-out is set to ‘
true
goto
page 484
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Condition Relay Ladder Action

compare

—

compare.POS > compare.POS = compare.LEN

compare.LEN

> goto
exit

page 483

result.DN =1

no

Source[compare.POS] =
eference[compare.POS

result.DN bit is cleared

compare.FD bit is set result.POS value is cleared

examine result.DN
bit

result.DN =0
-

compare.POS =
compare.POS + 1

result.POS <0

yes
no compare.ER bit is set
~ resultPOS > goto
size of result array exit
page 483

result{result.POS] = compare.POS
result.POS = result.POS + 1

v

result.POS >
result.LEN

} result.DN bit is set

postscan The rung-condition-out is set to false.
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Example: When enabled, the FBC instruction compares the source array_dint1 to the
reference array_dint2 and stores the locations of any mismatches in the result
array_dint3.

FBLC
—— File Bit Comparizon L EM—
Source anay_dint1[0] <DMNI—
Reference aray_dint2[0] | FD o —

Result aray_dint3[0] M —
Crp. Contral control 1 —CER—
Length 10*
Pazition ne
Rezult Contral contral_3
Length 10*
Pazition ne

source‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘

array_dint1 ¢ ¢

reference‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘1‘0‘1‘0‘0‘0‘

array_dint2 \\\&

iR EREEENNEN NN EEEEEEEE

array_dint3
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Diagnostic Detect (DDT) The DDT instruction compares bits in a Source array with bits in a Reference
array to determine changes of state.
Operands:
Relay Ladder
Dot —
—| Diagnostic Detect L CENT— Operand Type Format Description
Source ? :((EBD):
Ref ?
Reference At Source DINT array tag array to compare to the reference
Crnp. Control ? ERD— . .
Length ? do not use CONTROL.POS in the subscript
Position ?
E‘:ﬁ;&cmm' : Reference  DINT array tag array to compare to the source
Position 2
do not use CONTROL.POS in the subscript
Result DINT array tag array to store the results
do not use CONTROL.POS in the subscript
Cmp control  CONTROL structure control structure for the compare
Length DINT immediate  number of bits to compare
Position DINT immediate  current position in the source
initial value typically 0
Result CONTROL structure control structure for the results
control
Length DINT immediate  number of storage locations in the result
Position DINT immediate  current position in the result

initial value typically 0

ATTENTION

A

Use different tags for the compare control structure and the
result control structure. Using the same tag for both could
result in unpredictable operation, possibly causing equipment
damage and/or injury to personnel.

486
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COMPARE Structure
Mnemonic Data Type Description
EN BOOL The enable bit indicates that the DDT instruction is enabled.
DN BOOL The done bit is set when the DDT instruction compares the last bit in the Source and
Reference arrays.
D BOOL The found bit is set each time the DDT instruction records a mismatch (one-at-a-time
operation) or after recording all mismatches (all-per-scan operation).
IN BOOL The inhibit bit indicates the DDT search mode.
0 =all mode
1 = one mismatch at a time mode
ER BOOL The error bit is set if the compare .POS < 0, the compare .LEN < 0, the result .POS < 0 or the
result .LEN < 0. The instruction stops executing until the program clears the .ER bit.
LEN DINT The length value identifies the number of bits to compare.
POS DINT The position value identifies the current bit.
RESULT Structure
Mnemonic Data Type Description
DN BOOL The done bit is set when the Result array is full.
LEN DINT The length value identifies the number of storage locations in the Result array.
POS DINT The position value identifies the current position in the Result array.
Description: When enabled, the DDT instruction compares the bits in the Source array

with the bits in the Reference array, records the bit number of each mismatch
in the Result array, and changes the value of the Reference bit to match the
value of the corresponding Source bit.

IMPORTANT

You must test and confirm that the instruction doesn’t change data that you don't
want it to change.

The DDT instruction operates on contiguous memory. In some cases, the instruction
searches or writes past the array into other members of the tag. This happens if a
length is too big and the tag is a user-defined data type.
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The difference between the DDT and FBC instructions is that each time the
DDT instruction finds a mismatch, the DDT instruction changes the
reference bit to match the source bit. The FBC instruction does not change
the reference bit.
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Selecting the search mode

If You Want To Detect Select This Mode
One mismatch at a time Set the .IN bit in the compare CONTROL structure.

Each time the rung-condition-in goes from false to true, the DDT instruction searches for
the next mismatch between the Source and Reference arrays. Upon finding a mismatch,
the instruction sets the .FD hit, records the position of the mismatch, and stops
executing.

All mismatches Clear the .IN bit in the compare CONTROL structure.

Each time the rung-condition-in goes from false to true, the DDT instruction searches for
all mismatches between the Source and Reference arrays.

Arithmetic Status Flags: not affected

Fault Conditions:

A Maijor Fault Will Occur If Fault Type: Fault Code
Result.POS > size of Result array 4 20
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Execution:

Condition: Relay Ladder Action

prescan *

compare.EN bit is cleared ‘

'

examine compare.DN =0

compare.DN bit

compare.DN =1

compare.DN bit is cleared
compare.POS value is cleared

result.DN bit is cleared

-

rung-condition-out is set to

false
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Condition: Relay Ladder Action

rung-condition-in is false *

compare.EN bit is cleared

'

examine compare.DN =0

compare.DN bit

compare.DN =1

compare DN bit is cleared

compare.POS value is cleared

result.DN bit is cleared

-

rung-condition-out is set to

—
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Condition: Relay Ladder Action

rung-condition-in is true

v

examine compare.EN =1

compare.EN bit

goto
> exit

compare.EN =0

examine compare.DN bit=1

compare.DN bit

goto

compare EN bit is set — exit

compare.DN bit=0

compare.ER bit is cleared

compare.FD bit is cleared [ compare LEN <0

¢n0
yes
compare.POS <0 ﬁ

no ‘ compare.ER bit is set
rung-condition-out is set to ‘
true
goto
page 492
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Condition: Relay Ladder Action
compare
—
.POS = compare.LEN
compare.POS > compare > goto
compare.LEN exit

source[compare.POS] =
eference[compare.POS

no

compare.POS =
compare.POS + 1

compare.FD bit is set
reference[compare.POS]

= source[compare.P0S]

page 491

result.DN =1

examine result.DN
bit

result. DN =0

result.DN bit is cleared
result.POS value is cleared

-

result.POS <0

result.POS >
size of result array

result[result.POS] = compare.POS
result.POS = result.POS + 1

Y

result.POS >
result.LEN

| result.DN bit is set

y

‘ compare.ER bit is set ‘

Y

goto
exit

page 483

postscan

The rung-condition-out is set to false.

492
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Example: When enabled, the DDT instruction compates the source array_dint1 to the
reference array_dint2 and stores the locations of any mismatches in the result
array_dint3. The controller also changes the mismatched bits in the reference
array_dint2 to match the source array_dint1.

DoOT
— Diagniostic Detect - EM
Source aray_dint1[0] —DMN3—
Reference aray_dint2[0] | FD o —
Result aray_dint3[0] M —
Crp. Contral control 1 —CER—
Length 10*
Pazition ne
Rezult Contral contral_3
Length 10*
Pazition ne

source‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘

array_dint1 ‘ ¢

reference(beforecompare)‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘1‘0‘1‘0‘0‘0‘

array_dint? \\\‘

et | | LTI PP PP

array_dint3
reference(aftercompare)‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘

array_dint2
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Data Transitional (DTR) The DTR instruction passes the Source value through a Mask and compares
the result with the Reference value.
Operands:
_ Relay Ladder
OTR
— Data Transition — —
S ource 7 Operand:  Type Format Description
77
(Y, 9 Source DINT immediate  array to compare to the reference
7
Reference ? tag
7
Mask DINT immediate  which bits to block or pass
tag
Reference DINT tag array to compare to the source

Description: The DTR instruction passes the Source value through a Mask and compares
the result with the Reference value. The DTR instruction also writes the
masked Source value into the Reference value for the next comparison. The
Source remains unchanged.

A “1” in the mask means the data bit is passed. A “0” in the mask means the
data bit is blocked.

When the masked Source differs from the Reference, the rung-condition-out
goes true for one scan. When the masked Source is the same as the Reference,
the rung-condition-out is false.

Online programming with this instruction can be dangerous. If
the Reference value is different than the Source value, the

rung-condition-out goes true. Use caution if you insert this
instruction when the processor is in Run or Remote Run mode.
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Enter an immediate mask value

When you enter a mask, the programming software defaults to decimal values.
If you want to enter a mask using another format, precede the value with the
correct prefix.

Prefix Description:

16# hexadecimal

for example; 16#0FO0F
8# octal

for example; 8#16
2# binary

for example; 2#00110011

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action
prescan The Reference = Source AND Mask.
The rung-condition-out is set to false.
rung-condition-in is false The Reference = Source AND Mask.

The rung-condition-out is set to false.

rung-condition-in is true

masked source = reference is set equal to masked source

reference

rung-condition-out is set to true

rung-condition-out is set
to false >
postscan The rung-condition-out is set to false.
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496

example 1

currentscan| 0

previous scan 0

LTH
[rata Tranzition
Source walue_1
0+
b azk, mazk_1
o+
Reference  walug_2
G
source
3
mask = OFFF
1111 |1
v
reference
3
3

The rung remains false as long as the input

value does not change.

example 2

Example: When enabled, the DTR instruction masks va/ue_1. If there is a difference in
the two values, the rung-condition-out is set to true.

current scan

The rung remains true for one scan when a

change is detected.

A 0 in the mask leaves the bit unchanged.

previous scan

13385
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Proportional Integral

The PID instruction controls a process variable such as flow, pressure,

. . temperature, or level.
Derivative (PID) P
Operands:
Relay Ladder
FID
— Propaortional Inteqral Dervative  —
FID ?
Process Yariable ?
Tieback ?
Contral ariable s
PID b aster Loop i
Inhald Bit ?
Inhold W alue ?
Setpoint 7
Process Yariable "
Output % "7
Operand Type Format Description
PID PID structure PID structure
Process SINT tag value you want to control
variable
INT
DINT
REAL
Tieback SINT immediate  (optional) output of a hardware hand/auto station which is bypassing the output of the
controller
INT tag
Enter 0 if you don't want to use this parameter.
DINT
REAL
Control SINT tag value which goes to the final control device (valve, damper, etc.)
variable
INT If you are using the deadband, the Control variable must be REAL or it will be forced to 0
when the error is within the deadband.
DINT
REAL
PID master ~ PID structure (optional) PID tag for the master PID
loop
If you are performing cascade control and this PID is a slave loop, enter the name of the
master PID. Enter 0 if you don't want to use this parameter.
Inhold bit BOOL tag (optional) current status of the inhold bit from a 1756 analog output channel to support
bumpless restart
Enter 0 if you don't want to use this parameter.
Inhold value ~ SINT tag (optional) data readback value from a 1756 analog output channel to support bumpless
restart
INT
Enter 0 if you don't want to use this parameter.
DINT
REAL
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Operand Type Format Description

Setpoint displays current value of the setpoint

Process displays current value of the scaled Process Variable
variable

Output % displays current output percentage value

PID(PID, ProcessVariable,
Tieback,ControlVariable,

PIDMasterLoop, InholdBit,
InHoldValue) ;

Structured Text

The operands are the same as those for the relay ladder PID instruction.
However, you specify the Setpoint, Process Variable, and Output % by
accessing the .SP, .PV.and .OUT members of the PID structure, rather than by
including values in the operand list.

PID Structure
Mnemonic: Data Type Description
CTL DINT The .CTL member provides access to the status members (bits) in one, 32-bit word. The PID
instruction sets bits 07 -15.
This Bit Is This Member
31 EN
30 LT
29 CL
28 PVT
27 .DOE
26 SWM
25 .CA
24 MO
23 .PE
22 NDF
21 .NOBC
20 NOzC
This Bit: Is This Member, Which the PID Instruction Sets
15 NI
14 .SPOR
13 OLL
12 .OLH
11 EWD
10 .DVNA
09 .DVPA
08 PVLA
07 PVHA
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Mnemonic: Data Type Description

SP REAL setpoint

KP REAL independent proportional gain (unitless)
dependent controller gain (unitless)

Xl REAL independent integral gain (1/sec)
dependent reset time (minutes per repeat)

KD REAL independent derivative gain (seconds)
dependent rate time (minutes)

BIAS REAL feedforward or bias %

MAXS REAL maximum engineering unit scaling value

MINS REAL minimum engineering unit scaling value

.DB REAL deadband engineering units

S0 REAL set output %

.MAXO REAL maximum output limit (% of output)

MINO REAL minimum output limit (% of output)

.UPD REAL loop update time (seconds)

PV REAL scaled PV value

.ERR REAL scaled error value

.O0UuT REAL output %

PVH REAL process variable high alarm limit

PVL REAL process variable low alarm limit

.DVP REAL positive deviation alarm limit

.DVN REAL negative deviation alarm limit

.PVDB REAL process variable alarm deadband

.DVDB REAL deviation alarm deadband

MAXI REAL maximum PV value (unscaled input)

.MINI REAL minimum PV value (unscaled input)

TIE REAL tieback value for manual control

MAXCV REAL maximum CV value (corresponding to 100%)

MINCV REAL minimum CV value (corresponding to 0%)

MINTIE REAL minimum tieback value (corresponding to 100%)

MAXTIE REAL maximum tieback value (corresponding to 0%)
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Mnemonic: Data Type Description
.DATA REAL[17] The .DATA member stores:
Element: Description
.DATA[0] integral accumulation
DATA[1] derivative smoothing temporary value
.DATA[2] previous .PV value
DATA[3] previous .ERR value
.DATA[4] previous valid .SP value
DATA[5] percent scaling constant
.DATA[6] .PV scaling constant
.DATA[7] derivative scaling constant
.DATA[8] previous .KP value
DATA[9] previous Kl value
.DATA[10] previous .KD value
DATA[11] dependent gain .KP
.DATA[12] dependent gain Kl
.DATA[13] dependent gain .KD
.DATA[14] previous .CV value
DATA[15] .CV descaling constant
.DATA[16] tieback descaling constant
EN BOOL enabled
CT BOOL cascade type (O=slave; 1=master)
.CL BOOL cascade loop (0=no; 1=yes)
PVT BOOL process variable tracking (0=no; 1=yes)
.DOE BOOL derivative of (0=PV; 1=error)
SWM BOOL software manual mode (0=no-auto; 1=yes- sw manual)
.CA BOOL control action (0 means E=SP-PV; 1 means E=PV-SP)
MO BOOL station mode (0=automatic; 1=manual)
.PE BOOL PID equation (O=independent; 1=dependent)
.NDF BOOL no derivative smoothing
(O=derivative smoothing filter enabled; 1=derivative smoothing filter disabled)
.NOBC BOOL no bias back calculation
(0=bias back calculation enabled; 1=bias back calculation disabled)
NOzC BOOL no zero crossing deadband
(0=deadband is zero crossing; 1=deadband is not zero crossing)
NI BOOL PID initialized (O=no; 1=yes)
.SPOR BOOL setpoint out of range (0=no; 1=yes)
.OLL BOOL CV is below minimum output limit (O=no; 1=yes)
.OLH BOOL CV is above maximum output limit (O=no; 1=yes)
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Mnemonic: Data Type Description

EWD BOOL error is within deadband (0=no; 1=yes)
.DVNA BOOL deviation is alarmed low (0=no; 1=yes)
.DVPA BOOL deviation is alarmed high (0=no; 1=yes)
PVLA BOOL PV is alarmed low (0=no; 1=yes)

PVHA BOOL PV is alarmed high (0=no; 1=yes)

Description: The PID instruction typically receives the process variable (PV) from an
analog input module and modulates a control variable output (CV) on an
analog output module in order to maintain the process variable at the desired
setpoint.

The .EN bit indicates execution status. The .EN bit is set when the
rung-condition-in transitions from false to true. The .EN bit is cleared when
the rung-condition-in becomes false. The PID instruction does not use a.DN
bit. The PID instruction executes every scan as long as the rung-condition-in
is true.

EN bit |

L
rung state J |_

| execution of the PID instruction |

Arithmetic Status Flags: not affected

Fault Conditions:

IMPORTANT These faults were major faults in the PLC-5 controller.

A Minor Fault Will Occur If Fault Type Fault Code
UPD 4 35
setpoint out of range 4 36
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Execution:
Condition Action Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction executes the PID loop. The instruction executes the PID loop.

postscan The rung-condition-out is set to false. No action taken.

cOnﬁgure a PID Instruction  After you enter the PID instruction and specify the PID structure, you use the
configuration tabs to specify how the PID instruction should function.

FID

E{Bpmmnal Integral Derwa@ -g— Click here to configure the
Process Yariable : PID instruction

Tieback ?

Contral Y ariable ?

FID baster Loop ?

Inkald Bit T

[rhold W alue ?

Setpoint K

Process Warable K

Output & K
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Chapter 13

Specify Tuning

Select the Tuning tab. Changes take affect as soon as you click on another
field, click OK, click Apply, or press Enter.

In This Field

Specify:

Setpoint (SP)

Enter a setpoint value (.SP).

Set output %

Enter a set output percentage (.SO).
In software manual mode, this value is used for the output.

In auto mode, this value displays the output %.

Output bias

Enter an output bias percentage (.BIAS).

Proportional gain (Ky)

Enter the proportional gain (.KP).
For independent gains, it's the proportional gain (unitless).

For dependent gains, it's the controller gain (unitless).

Integral gain (K;)

Enter the integral gain (.KI).
For independent gains, it's the integral gain (1/sec).

For dependent gains, it's the reset time (minutes per repeat).

Derivative time (Ky)

Enter the derivative gain (.KD).
For independent gains, it's the derivative gain (seconds).

For dependent gains, it's the rate time minutes).

Manual mode

Select either manual (.MO) or software manual (.SWM).

Manual mode overrides software manual mode if both are selected.
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Specify Configuration

Select the Configuration tab. You must click OK or Apply for any changes to
take effect.

In this field

Specify

PID equation

Select independent gains or dependent gains (.PE).

Use independent when you want the three gains (P, I, and D) to operate independently.
Use dependent when you want an overall controller gain that affects all three terms
(P.1,and D).

Control action

Select either E=PV-SP or E=SP-PV for the control action (.CA).

Derivative of

Select PV or error (.DOE).

Use the derivative of PV to eliminate output spikes resulting from setpoint changes. Use
the derivative of error for fast responses to setpoint changes when the algorithm can
tolerate overshoots.

Loop update time

Enter the update time (.UPD) for the instruction.

CV high limit

Enter a high limit for the control variable (.MAXO).

CV low limit

Enter a low limit for the control variable (.MINO).

Deadband value

Enter a deadband value (.DB).

No derivative smoothing

Enable or disable this selection (.NDF).

No bias calculation

Enable or disable this selection (.NOBC).

No zero crossing in
deadband

Enable or disable this selection (.NOZC).

PV tracking

Enable or disable this selection (.PVT).

Cascade loop

Enable or disable this selection (.CL).

Cascade type If cascade loop is enabled, select either slave or master (.CT).
Specifying Alarms
Select the Alarms tab. You must click OK or Apply for any changes to take
effect.

In This Field Specify

PV high Enter a PV high alarm value (.PVH).

PV low Enter a PV low alarm value (.PVL).

PV deadband Enter a PV alarm deadband value (.PVDB).

positive deviation Enter a positive deviation value (.DVP).

negative deviation Enter a negative deviation value (.DVN).

deviation deadband Enter a deviation alarm deadband value (.DVDB).
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Specifying Scaling

Select the Scaling tab. You must click OK or Apply for any changes to take
effect.

In this field

Specify

PV unscaled maximum

Enter a maximum PV value (.MAXI) that equals the maximum unscaled value received
from the analog input channel for the PV value.

PV unscaled minimum

Enter a minimum PV value (.MINI) that equals the minimum unscaled value received
from the analog input channel for the PV value.

PV engineering units
maximum

Enter the maximum engineering units corresponding to .MAXI (.MAXS)

PV engineering units
minimum

Enter the minimum engineering units corresponding to .MINI (.MINS)

CV maximum

Enter a maximum CV value corresponding to 100% (.MAXCV).

CV minimum

Enter a minimum CV value corresponding to 0% (.MINCV).

Tieback maximum

Enter a maximum tieback value (. MAXTIE) that equals the maximum unscaled value
received from the analog input channel for the tieback value.

Tieback minimum

Enter a minimum tieback value (.MINTIE) that equals the minimum unscaled value
received from the analog input channel for the tieback value.

PID Initialized

If you change scaling constants during Run mode, turn this off to reinitialize internal

descaling values (.INI).

PID closed-loop control holds a process variable at a desired set point. The
following figure shows a flow-rate/fluid level example:

Using PID Instructions

setpoint - error
S —  » | PIDequation
+
flow rate

process variable control variable

| level detector v

14271

In the above example, the level in the tank is compared against the setpoint. If
the level is higher than the setpoint, the PID equation increases the control
variable and causes the outlet valve from the tank to open; thereby decreasing
the level in the tank.

Publication 1756-RMO03K-EN-P - July 2008 505

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 13 Special Instructions (FBC, DDT, DTR, PID)

The PID equation used in the PID instruction is a positional form equation
with the option of using either independent gains or dependent gains. When
using independent gains, the proportional, integral, and derivative gains only
affect their specific proportional, integral, or derivative terms respectively.
When using dependent gains, the proportional gain is replaced with a
controller gain which affects all three terms. You can use either form of
equation to perform the same type of control. The two equation types are
merely provided to let you use the equation type with which you are

most familiar.

Gains Option Derivative Of Equation
Dependent gains error (E)
(ISA standard) t

cv = KC[E+ ] Ear+ Td“f]wms
0

process variable (PV)

E=SP-PV
t
V=K [E+Tj Edi-T,*—
0

dP

V
+
7 ] BIAS

E =PV -SP

t

cy = KC[E+ +f Ear+ Td‘%/] + BIAS
i

0

Independent gains error (E)

t

CV = KpE+K,| Edr +KddgE + BIAS

0

process variable (PV)
E=SP-PV
t

CV = KpE+K,| Edi- ch%/JrB[AS

0

E =PV -SP
t
Cv = KpE+ K| Edi+ KL+ Bias
0
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Where:

Variable

Description

Kp

proportional gain (unitless)

Kp =K unitless

integral gain (seconds ')

To convert between K; (integral gain) and T, (reset time), use:

derivative gain (seconds)

To convert between Ky (derivative gain) and T (rate time), use:

Ky=K, (T4 60

controller gain (unitless)

reset time (minutes/repeat)

rate time (minutes)

setpoint

process variable

error [(SP-PV) or (PV-SP)]

BIAS

feedforward or bias

cv

control variable

dt

loop update time

If you do not want to use a particular term of the PID equation, just set its
gain to zero. For example if you want no derivative action, set K or T equal

to zero.

Anti-reset Windup And Bumpless Transfer From Manual To Auto

The PID instruction automatically avoids reset windup by preventing the
integral term from accumulating whenever the CV output reaches its
maximum or minimum values, as set by .MAXO and .MINO. The
accumulated integral term remains frozen until the CV output drops below its
maximum limit or rises above its minimum limit. Then normal integral

accumulation automatically resumes.
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508

The PID instruction supports two manual modes of control:

Manual Mode of Control

Description

software manual (.SWM)

also known as set output mode
lets the user set the output % from the software

The set output (.SO) value is used as the output of the loop. The set output value
typically comes from an operator input from an operator interface device.

manual (.MO)

takes the tieback value, as an input, and adjusts its internal variables to generate the
same value at the output

The tieback input to the PID instruction is scaled to 0-100% according to the values of
MINTIE and .MAXTIE and is used as the output of the loop. The tieback input typically
comes from the output of a hardware hand/auto station which is bypassing the output
from the controller.

Note: Manual mode overrides software manual mode if both mode bits are set on.

The PID instruction also automatically provides bumpless transfers from
software manual mode to auto mode or from manual to auto mode. The PID
instruction back-calculates the value of the integral accumulation term
required to make the CV output track either the set output (SO) value in
software manual mode or the tieback input in manual mode. In this manner,
when the loop switches to auto mode, the CV output starts off from the set
output or tieback value and no “bump” in output value occurs.

The PID instruction can also automatically provide a bumpless transfer from
manual to auto even if integral control is not used (that is K; = 0). In this case

the instruction modifies the .BIAS term to make the CV output track either
the set output or tieback values. When automatic control is resumed, the .BIAS
term will maintain its last value. You can disable back-calculation of the .BIAS
term by setting the .NOBC bit in the PID data structure. Be aware that if you
set NOBC true, the PID instruction no longer provides a bumpless transfer
from manual to auto when integral control is not used.

PID instruction timing

The PID instruction and the sampling of the process variable need to be
updated at a periodic rate. This update time is related to the physical process
you are controlling. For very slow loops, such as temperature loops, an update
time of once per second or even longer is usually sufficient to obtain good
control. Somewhat faster loops, such as pressure or flow loops, may require an
update time such as once every 250 milliseconds. Only rare cases, such as
tension control on an unwinder spool, require loop updates as fast as every 10
milliseconds or faster.
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Because the PID instruction uses a time base in its calculation, you need to
synchronize execution of this instruction with sampling of the process variable

(PV).

The easiest way to execute the PID instruction is to put the PID instruction in
a periodic task. Set the loop update time (UPD) equal to the periodic task rate
and make sure that the PID instruction is executed every scan of the petiodic

task
Relay Ladder
FID
1] Proportional Integral Derivative

FID TICion ¢
Process wariable  Local:0:l.ChOData
Tieback Local:0:1.Ch1Data
Contral wariable Local:1:0.Chd4Data
FID Master Loop ]
[rhold bit Local:1:1.ChdlnHold
[rhold W alue Local:1:1.ChaData
Setpoirt no €
Process Yariable no €
Dutput 2 no €

Structured Text

PID(TIC101,Local:0:I.ChOData,Local:0:I.ChlDbata,
Local:1:0.Ch4Dbata,0,Local:1:I.Ch4InHold,
Local:1:I.ChdData);

When using a periodic task, make sure that the analog input used for the
process variable is updated to the processor at a rate that is significantly faster
than the rate of the periodic task. Ideally, the process variable should be sent to
the processor at least five to ten times faster than the periodic task rate. This
minimizes the time difference between actual samples of the process variable
and execution of the PID loop. For example, if the PID loop is in a 250
millisecond periodic task, use a loop update time of 250 milliseconds (UPD =
.25), and configure the analog input module to produce data at least about
every 25 to 50 msecs.

Another, somewhat less accurate, method of executing a PID instruction is to
place the instruction in a continuous task and use a timer done bit to trigger
execution of the PID instruction.
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PID_timer.dn
ISy —

Relay Ladder
TOM
Timer On Drelay - EM
Tirmner FID timer L DM—
Prezet 1000
Accum ne
FIC FID_timer
Proportional Integral Dervative - CREST—
FID TiIcio ¢
Process variable  Local:0:l.ChOData
Tieback Local:0:1.Ch1Data
Contral wariable Local:1:0.ChOData
FID baster Loop ]
|rhold bit Local:1:1.ChllnHold
|rhold W alue Local:1:1.ChaD ata
Setpoint no €
Process Yariable no €
Dutput 2 no €

Structured Text

PID timer.pre := 1000
TONR (PID timer);
IF PID timer.DN THEN

PID(TIC101,Local:0:I.ChOData,Local:0:I.ChlDbata,
Local:1:0.ChOData,0,Local:1:I.Ch0InHold,
Local:1:I.ChOData);

END IF;

In this method, the loop update time of the PID instruction should be set
equal to the timer preset. As in the case of using a periodic task, you should set
the analog input module to produce the process variable at a significantly
faster rate than the loop update time. You should only use the timer method of
PID execution for loops with loop update times that are at least several times
longer than the worst-case execution time for your continuous task.

The most accurate way to execute a PID instruction is to use the real time
sampling (RTS) feature of the 1756 analog input modules. The analog input
module samples its inputs at the real time sampling rate you configure when
you set up the module. When the module’s real time sample period expires, it
updates its inputs and updates a rolling timestamp (represented by the
.RollingTimestamp member of the analog input data structure) produced by
the module.
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The timestamp ranges from 0-32767 milliseconds. Monitor the timestamp.
When it changes, a new process variable sample has been received. Every time
a timestamp changes, execute the PID instruction once. Because the process
variable sample is driven by the analog input module, the input sample time is
very accurate, and the loop update time used by the PID instruction should be
set equal to the RTS time of the analog input module.

To make sure that you do not miss samples of the process variable, execute
your logic at a rate faster than the RTS time. For example, if the RTS time is
250 msecs, you could put the PID logic in a periodic task that runs every 100
msecs to make sure that you never miss a sample. You could even place the
PID logic in a continuous task, as long as you make sure that the logic would
be updated more frequently than once every 250 milliseconds.

An example of the RTS method of execution is shown below. The execution
of the PID instruction depends on receiving new analog input data. If the
analog input module fails or is removed, the controller stops receiving rolling
timestamps and the PID loop stops executing. You should monitor the status
bit of the PV analog input and if it shows bad status, force the loop into
software manual mode and execute the loop every scan. This lets operator still
manually change the output of the PID loop.

Mat Equal

Source B

HNE

Source & Local:0:].RolingTimestamp

Local:0:1. ChiF ault
J1LC

J
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Relay Ladder
FID
Proportional Integral Derivative
FID TICion ¢
ne Process wariable  Local:0:l.ChOData
PresiousTimestamp Tieback Local:0:1.Ch1Data
ne Contral wariable Local:1:0.ChiOData
FID Master Loop ]
TIC107.5WM Inhald bit Local:1:1.ChilnHald
L0 InholdYalue  Local1:1.ChOD ata
Setpoirt no €
Process Yariable no €
Dutput 2 no €
kA 014
b ove
Source Lu:u:aI:EI:I.FEDIIingTimestamE
1]
Dzt PresiousTimestamp
0%
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512

Structured Text

IF (Local:0:I.ChOFault) THEN
TIC101.SWM [:=] 1;

ELSE
TIC101.SWM := 0;

END IF;

IF (Local:0:I.RollingTimestamp<>PreviousTimestamp) OR
(Local:0:I.ChOFault) THEN

PreviousTimestamp := Local:0:I.RollingTimestamp;

PID(TIC10l1,Local:0:I.ChOData,Local:0:I.ChlData,
Local:1:0.ChOData,0,Local:1:I.Ch0InHold,
Local:1:I.Ch0OData);

END IF;

Bumpless Restart

The PID instruction can interact with the 1756 analog output modules to
support a bumpless restart when the controller changes from Program to Run
mode or when the controller powers up.

When a 1756 analog output module loses communications with the controller
or senses that the controller is in Program mode, the analog output module
sets its outputs to the fault condition values you specified when you configured
the module. When the controller then returns to Run mode or re-establishes
communications with the analog output module, you can have the PID
instruction automatically reset its control variable output equal to the analog
output by using the Inhold bit and Inhold Value parameters on the PID
instruction.

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Special Instructions (FBC, DDT, DTR, PID) Chapter 13

To set a bumpless restart:

Do This

Details:

Configure the 1756 analog output module’s channel
which receives the control variable from the PID
instruction

Select the “hold for initialization” check box on the properties page for the specific
channel of the module.

This tells the analog output module that when the controller returns to Run mode or
re-establishes communications with the module, the module should hold the analog
output at its current value until the value sent from the controller matches (within
0.1% of span) the current value used by the output channel. The controller’s output
will ramp to the currently held output value by making use of the .BIAS term. This
ramping is similar to auto bumpless transfer.

Enter the Inhold bit tag and Inhold Value tag in the
PID instruction

The 1756 analog output module returns two values for each channel in its input data
structure. The InHold status bit (.Ch2InHold, for example), when true, indicates that
the analog output channel is holding its value. The Data readback value (.Ch2Data,
for example) shows the current output value in engineering units.

Enter the tag of the InHold status bit as the InHold bit parameter of the PID
instruction. Enter the tag of the Data readback value as the Inhold Value parameter.

When he Inhold bit goes true, the PID instruction moves the Inhold Value into the
Control variable output and re-initializes to support a bumpless restart at that value.
When the analog output module receives this value back from the controller, it turns
off the InHold status bit, which allows the PID instruction to start controlling
normally.

Derivative Smoothing

The derivative calculation is enhanced by a derivative smoothing filter. This
first order, low pass, digital filter helps to minimize large derivative term spikes
caused by noise in the PV. This smoothing becomes more aggressive with

larger values of derivative gain. You can disable derivative smoothing if your

process requires very large values of derivative gain (K4 > 10, for example). To

disable derivative smoothing, select the “No derivative smoothing” option on
the Configuration tab or set the NDF bit in the PID structure.
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+ deadband
setpoint

- deadband

Set the Deadband

The adjustable deadband lets you select an error range above and below the
setpoint where output does not change as long as the error remains within this
range. This deadband lets you control how closely the process variable
matches the setpoint without changing the output. The deadband also helps to
minimize wear and tear on your final control device.

"""""""""""""""" error within deadband range

time 41026

Zero-crossing is deadband control that lets the instruction use the error for
computational purposes as the process variable crosses into the deadband until
the process variable crosses the setpoint. Once the process variable crosses the
setpoint (error crosses zero and changes sign) and as long as the process
variable remains in the deadband, the output will not change.

The deadband extends above and below the setpoint by the value you specify.
Enter zero to inhibit the deadband. The deadband has the same scaled units as
the setpoint. You can use the deadband without the zero-crossing feature by
selecting the “no zero crossing for deadband” option on the Configuration tab
or set the NOZC bit in the PID structure.

If you are using the deadband, the Control variable must be REAL or it will be
forced to 0 when the error is within the deadband

Use Qutput Limiting

You can set an output limit (percentage of output) on the control output.
When the instruction detects that the output has reached a limit, it sets an
alarm bit and prevents the output from exceeding either the lower or upper
limit.
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Feedforward or Output Biasing

You can feedforward a disturbance from the system by feeding the .BIAS value
into the PID instruction’s feedforward/bias value.

The feedforward value represents a disturbance fed into the PID instruction
before the disturbance has a chance to change the process variable.
Feedforward is often used to control processes with a transportation lag, For
example, a feedforward value representing “cold water poured into a warm
mix” could boost the output value faster than waiting for the process variable
to change as a result of the mixing;

A bias value is typically used when no integral control is used. In this case, the
bias value can be adjusted to maintain the output in the range required to keep
the PV near the setpoint.

Cascading Loops

The PID cascades two loops by assigning the output in percent of the master
loop to the setpoint of the slave loop. The slave loop automatically converts
the output of the master loop into the correct engineering units for the
setpoint of the slave loop, based on the slave loop’s values for MAXS and
.MINS.
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Relay Ladder
FID FID

Proportional Integral Derivative Proportional Integral Derivative
PID master [ ]® PID slave [
Process wariable  pv_master Process wariable  pv_slave
Tieback, 1 Tieback, 1
Contral wariable  ov_master Contral wariable ov_glave

FID Master Loop ] FID Master Loop mazter
Inhold bit 1] Inhold bit 1]
Inkold % alue 1 Inkold % alue 1
Setpoirt 500 0® Setpoirt no €
Process Yarable oo ® Process Yarable oo ®
Dutput 2 no € Dutput 2 no €

Structured Text

PID (master,pv_master,0,cv_master,0,0,0);

PID (slave,pv_slave,0,cv_slave,master,0,0);

515

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 13 Special Instructions (FBC, DDT, DTR, PID)

Control a Ratio

You can maintain two values in a ratio by using these parameters:
¢ uncontrolled value

e controlled value (the resultant setpoint to be used by the
PID instruction)

® ratio between these two values

Relay Ladder
ALIL
kdualtiply
Source & uncontrolled_flow
noe
Source B ratio
noe
Dzt pid_2.=p
noe
FID
Proportional Integral Derivative
FID pid 2 []®
Process variable p_2
Tieback tieback_2
Contral wariable ov_2
FID Master Loop ]
Inhold bit 1]
Inkold % alue 1
Setpoirt no €
Process Yarable oo ®
Dutput 2 no €
Structured Text
pid 2.sp := uncontrolled flow * ratio
PID(pid 2,pv_2,tieback 2,cv_2,0,0,0);
For This Multiplication Parameter Enter This Value
destination controlled value
source A uncontrolled value
source B ratio
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PID Theory

The following figures show the process flow for a PID instructions.

PID Process

SP
Displayed

Error
Displayed

as EUs as EUs

Software A/M
or
A/M Station Mode  control

Action Software A/M
| Mode . Output %
Auto SPpv Converts Units i A/M Station -
B w (Error) to % I:pm 7 (Outse)_ ‘ Auto Mode
- Error X 100 Calculation Auto Convert % to CV Units
SP S5 (:)— Ko
> Manual PV-SP maxs-mins Output ) % cv
PVT Manual Limiting CV%(maxc-mincy) + mincv
No Set | Manual
PV Output %
Displayed Output (CV)
es as EUs Displayed as %
_ of EU Scale
Converts Binary to Converts Tieback Units
Engineering Units 0%
W +mins tieback-mintie
maxi-mini — __—_ x100
maxtie-mintie
7\
PV
PID Process With Master/slave Loops
Master
Loop Software A/M
or Control
A/M Station Mode Action
Software A/M 0 15;11 o
X : utput %
Auto SP-PV Comverts Units Mode A/MMS:jatmn
e > K(Error) t0 % o PID_ | (Qut%el (7, Auto ode
SP > Vanual x @_ Error X 100 Calculation ¥ Auto .
PV-SP “maxs-mins Output (Master.0Out)
= W oo
No Output % | Manual
I i |
Yes | A/M Mode
| Auto |
Converts Binary to > Converts Units
Engineering Units sp o t0 % Manual T |
(PV-mini)(maxs-mins) . | Error X 100 Manual <
—————— +mins PV >— _—| ~ s |
maxi-mini | maxs-mins | >——— Items referenced in this box are
parameters, units, and modes as they |
A | pertain to the designated Slave loop.
s PV - — — — — = — — — — — —
ave
Loop Control
Action Bias % :
Software A/M
- Converts % to (SP) SP-PV - Mode AM Station Output %
(Master.Out) Engineering Units Converts Units Mod
) to% PID Auto ode
X(maxs-mins) . K Calculation i
—— +mins Error X 100 y  Auto Convert % to CV Units
PV-SP maxs-mins
| Manual Limiting CV%(maxcv-mincv) +mincy %>
Converts Binary to | Manual 100
Engineering Units utput o
(PV-mini)(maxs-mins) .
maxi-mini +mins Converts Tieback Units
A to %
tieback-mintie
X1
7\ maxtie-mintie X100
PV
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Notes:
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Chapter 14

Trigonometric Instructions
(SIN, COS, TAN, ASN, ASIN, ACS, ACOS, ATN, ATAN)

Introduction The trigonometric instructions evaluate atithmetic operations using
trigonometric operations.

If You Want To Use This Instruction Available In These Languages See Page

Take the sine of a value. SIN relay ladder 520
structured text
function block

Take the cosine of a value. COS relay ladder 523
structured text
function block

Take the tangent of a value. TAN relay ladder 526
structured text
function block

Take the arc sine of a value. ASN relay ladder 529
structured text
ASINIY) function block

Take the arc cosine of a value. ACS relay ladder 532
structured text
Acost function block

Take the arc tangent of a value. ATN relay ladder 535
structured text
ATAN') function block

M Structured text only,.

You can mix data types, but loss of accuracy and rounding error might occur
and the instruction takes more time to execute. Check the overflow status bit
(S:V) to see whether the result was truncated.

For relay ladder instructions, bold data types indicate optimal data types. An
instruction executes faster and requires less memory if all the operands of the
instruction use the same optimal data type, typically DINT or REAL.
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Sine (SlN) The SIN instruction takes the sine of the Source value (in radians) and stores
the result in the Destination.
Operands:
& Relay Ladder
. SIM
— Sine — inti
o 2 Operand Type Format Description
7 Source SINT immediate  find the sine of this value
Dest ?
* INT tag
DINT
REAL
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := SIN(source); Use SIN as a function. This function computes the sine of source and stores the

result in dest.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.

E SIN_ 01 Function Block
SN[
cine Operand Type Format Description
SIN tag FBD_MATH_ADVANCED structure SIN structure
O Source Lest [

FBD_MATH_ADVANCED Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.

Default is set.

Source REAL Input to the math instruction.

Valid = any float
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Input Parameter Data Type Description

Output Parameter Data Type Description

EnableOut BOOL The instruction produced a valid result.

Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: The Source must be greater than or equal to -205887.4 (—2TCX215> and less than

or equal to 205887.4 (275X215). The resulting value in the Destination is always
greater than or equal to -1 and less than or equal to 1.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:
Relay Ladder
Condition: Action:
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The controller calculates the sine of the Source and places the result in the Destination.
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
== Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.
EnableQut is set.
postscan No action taken.
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Example: Calculate the sine of va/ue and place the result in resuit.

Relay Ladder

SIM

Sine

Source value
078539819 ¢

Dest result
070710677 €

Structured Text

result

SIN (value) ;
Function Block

SIN_O1

SIM _|
Sine

0.0
I Source Dest

] result

522
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Cosine (COS) The COS instruction takes the cosine of the Soutce value (in radians) and
stores the result in the Destination.
Operands:
_ Relay Ladder
COS
— Cosi — P
523‘:& 7 Operand  Type Format Description
Dest 73 Source SINT immediate  find the cosine of this value
e
INT tag
DINT
REAL
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := COS(source); Use COS as a function. This function computes the cosine of source and stores
the result in desz.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E cos. 01 Function Block
Cos
Cosi - Operand Type Format Description
azine
COS tag FBD_MATH_ADVANCED structure COS structure
O Source Lest O
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FBD_MATH_ADVANCED Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.

Source REAL Input to the math instruction.
Valid = any float

Output Parameter Data Type Description

EnableQut BOOL The instruction produced a valid result.

Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: The Source must be greater than or equal to -205887.4 (—2TEX215) and less than

Arithmetic Status Flags:

Fault Conditions:

or equal to 205887.4 (2nx2'%). The resulting value in the Destination is always
greater than or equal to -1 and less than or equal to 1.

Arithmetic status flags are affected.

none
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The controller calculates the cosine of the Source and places the result in
the Destination.

The rung-condition-out is set to true.

postscan

The rung-condition-out is set to false.
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E Function Block
Condition Action

prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.

EnableOut is set.

postscan No action taken.

Example: Calculate the cosine of value and place the result in result.

Relay Ladder
Cos
— Cozine
Source walue
1.0471976 €
Dest result
0h*
Structured Text
result := COS(value);

Function Block

Cos_04

cos

Coszine

[l
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Tangent (TAN) The TAN instruction takes the tangent of the Source value (in radians) and
stores the result in the Destination.
Operands:
Relay Ladder
TaM
— Tangent — Operand Type Format Description
Source ? - - - -
77 Source SINT immediate  find the tangent of this value
Dest ?
o INT tag
DINT
REAL
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := TAN(source); Use TAN as a function. This function computes the tangent of source and

stores the result in dest.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.

E TAN_O Function Block
TAN L
Tangent Operand Type Format Description
d seures Dest TAN tag FBD_MATH_ADVANCED structure TAN structure
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FBD_MATH_ADVANCED Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.

Source REAL Input to the math instruction.

Valid = any float

Output Parameter Data Type

Description

EnableQut BOOL The instruction produced a valid result.
Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.
Description: The Source must be greater than or equal to —102943.7(—275X214) and less than

Arithmetic Status Flags:

Fault Conditions:

or equal to 102943.7 2mx2!4).

Arithmetic status flags are affected.

none
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The controller calculates the tangent of the Source and places the result in
the Destination.

The rung-condition-out is set to true.

postscan The rung-condition-out is set to false.
El Function Block

Condition Action

prescan No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableOut is cleared.

Enableln is set

The instruction executes.

EnableOut is set.

postscan

No action taken.
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Example: Calculate the tangent of zane and place the result in resuit.

Relay Ladder
TaM
—— Tangent
Source value
20943952 €
[zt result
-1.7320507 €
Structured Text
result := TAN (value);

Function Block

TAN_OZ

TAN

Tangent

0.0
I Source Drest

] result
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Arc Sine ( ASN) The ASN instruction takes the arc sine of the Source value and stores the
result in the Destination (in radians).
Operands:
& Relay Ladder
. A5H
— Arc Sine — inti
il 2 Operand Type Format Description
7 Source SINT immediate  find the arc sine of this value
Dest ?
* INT tag
DINT
REAL
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := ASIN(source); Use ASIN as a function. This function computes the arc sine of source and
stores the result in desz.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E ASN_01 Function Block
AsN [
fre Sine Operand Type Format Description
ASN tag FBD_MATH_ADVANCED structure ASN structure
O Source Crest O
FBD_MATH_ADVANCED Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source REAL Input to the math instruction.
Valid = any float
Publication 1756-RMO003K-EN-P - July 2008 529

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 14 Trigonometric Instructions (SIN, COS, TAN, ASN, ASIN, ACS, ACOS, ATN, ATAN)

Input Parameter Data Type Description

Output Parameter Data Type Description

EnableQOut BOOL The instruction produced a valid result.

Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: 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 -1/2 and
less than ot equal to /2 (whete T = 3.141593).

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The controller calculates the arc sine of the Source and places the result in
the Destination.
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
E Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQOut is cleared.
Enableln is set The instruction executes.
EnableQut is set.
postscan No action taken.
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Trigonometric Instructions (SIN, COS, TAN, ASN, ASIN, ACS, ACOS, ATN, ATAN) Chapter 14
Example: Calculate the arc sine of zalue and place the result in resuls.
Relay Ladder
ASH
—— Arc Sine
Source valle
nz+*
Dest rezult
020135795 ¢
Structured Text
result := ASIN(value);
Function Block
ASN_D1
asN L
Arc Sine
e - Sourcs et o result
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Arc Cosine (ACS)

Operands:

AC5
— Arc Cogine —
Source ?
K
Dzt ?
K
dest := ACOS (source);

E ACS_04
A5 L]

Arc Cosine

O Source Crest O

The ACS instruction takes the arc cosine of the Source value and stores the
result in the Destination (in radians).

Relay Ladder

Operand Type Format Description

Source SINT immediate  find the arc cosine of this value
INT tag
DINT

REAL
Destination ~ SINT tag tag to store the result

INT

DINT

REAL

Structured Text

Use ACOS as a function. This function computes the arc cosine of source and
stores the result in dest.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.

Function Block

Operand Type Format Description
ACS tag FBD_MATH_ADVANCED structure ACS structure

FBD_MATH_ADVANCED Structure

Input Parameter Data Type

Description:

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source REAL Input to the math instruction.
Valid = any float
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Input Parameter Data Type

Description:

Output Parameter Data Type

Description

EnableOut BOOL The instruction produced a valid result.
Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.
Description: The Source must be greater than or equal to -1 and less than or equal to 1. The

Arithmetic Status Flags:

Fault Conditions:

resulting value in the Destination is always greater than or equal to 0 or less
than or equal to T (where T = 3.141593).

Arithmetic status flags are affected.

none
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The controller calculates the arc cosine of the Source and places the result in
the Destination.

The rung-condition-out is set to true.

postscan The rung-condition-out is set to false.
E Function Block

Condition: Action

prescan No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableOut is cleared.

Enableln is set

The instruction executes.

EnableOut is set.

postscan

No action taken.
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Chapter 14 Trigonometric Instructions (SIN, COS, TAN, ASN, ASIN, ACS, ACOS, ATN, ATAN)

Example: Calculate the arc cosine of za/ue and place the result in result.

Relay Ladder
LS
—1 Az Cosine
Source value
-0.60000002 €
Dt result
22142975 ¢
Structured Text
result :=

ACOS (value) ;

Function Block

ACS_0M
ALCS I
Arc Cosine
) a0
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Arc Tangent ( ATN) The ATN instruction takes the arc tangent of the Source value and stores the
result in the Destination (in radians).
Operands:
Relay Ladder
ATH —
—{ Az Tangent — Operand:  Type Format Description
5 ? - - - -
PHIEE 77 Source SINT immediate  find the arc tangent of this value
Dest ?
Y INT tag
DINT
REAL
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := ATAN(source); Use ATAN as a function. This function computes the arc tangent of source and
stores the result in desz.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
= ATH_ 01 Function Block
ATH
=] Operand Type Format Description
Arc Tangent
ATN tag FBD_MATH_ADVANCED structure ATN structure
O Source Crest O
FBD_MATH_ADVANCED Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source REAL Input to the math instruction.
Valid = any float
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Input Parameter Data Type Description

Output Parameter Data Type Description

EnableQOut BOOL The instruction produced a valid result.

Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: The resulting value in the Destination is always greater than or equal to -1/2
and less than or equal to /2 (where T = 3.141593).

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The controller calculates the arc tangent of the Source and places the result in
the Destination.
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
El Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.
EnableQut is set.
postscan No action taken.
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Trigonometric Instructions (SIN, COS, TAN, ASN, ASIN, ACS, ACOS, ATN, ATAN) Chapter 14
Example: Calculate the arc tangent of value and place the result in result.
Relay Ladder
ATH
Arc Tangent
Source value
0.86000001 *
Dest result
071027106 *
Structured Text
result := ATAN(value);
Function Block
ATH_01
ATN
Arc Tangent
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Notes:
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Chapter 15

Advanced Math Instructions

(LN, LOG, XPY)
Introduction The advanced math instructions include these instructions:
If You Want To Use This Instruction Available In These Languages See Page
Take the natural log of a value. LN relay ladder 540
structured text
function block
Take the log base 10 of a value. LOG relay ladder 543
structured text
function block
Raise a value to the power of another value. XPY relay ladder 546

structured text'!)

function block

0 There is no equivalent structured text instruction. Use the operator in an expression.

You can mix data types, but loss of accuracy and rounding error might occur
and the instruction takes more time to execute. Check the S:V bit to see
whether the result was truncated.

For relay ladder instructions, bold data types indicate optimal data types. An
instruction executes faster and requires less memory if all the operands of the
instruction use the same optimal data type, typically DINT or REAL.
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Natural Log (LN)

The LN instruction takes the natural log of the Source and stores the result in

the Destination.

Operands:
Relay Ladder
Lk
— Matural Log — Operand  Type Format Description
Source ? - - - -
77 Source SINT immediate  find the natural log of this value
Dest ?
" INT tag
DINT
REAL
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := LN(source); Use LN as a function. This function computes the natural log of source and
stores the result in desz.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E LN_ D1 Function Block
[l
Natural Log Operand Type Format Description
LN tag FBD_MATH_ADVANCED structure LN structure
O Source Lest O
FBD_MATH_ADVANCED Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source REAL Input to math instruction.
Valid = any float
Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
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Description: The Source must be greater than zero, otherwise the overflow status bit (S:V)
is set. The resulting Destination is greater than or equal to -87.33655 and less
than or equal to 88.72284.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The controller calculates the natural log of the Source and places the result in
the Destination.
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
E Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.
EnableQut is set.
postscan No action taken.
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Chapter 15 Advanced Math Instructions (LN, LOG, XPY)

Example: Calculate the natural log of zalne and place the result in resuit.

Relay Ladder Example
LM
— Matural Log
Source valle
ROE
Drest result
1.6094378 ¢
Structured Text
result := LN (value);

Function Block

walue O

LH_01
LM |
Matural Log
a 0.0
Source Drest I
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The LOG instruction takes the log base 10 of the Source and stores the result
in the Destination.

Log Base 10 (LOG)

Operands:
Relay Ladder
LOG __
— LogBaze10 Operand Type Format Description
5 ?
PHIEE 77 Source SINT immediate  find the log of this value
Dest ?
T INT tag
DINT
REAL
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := LOG(source); Use LOG as a function. This function computes the log of source and stores
the result in dest.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E LOG. 01 Function Block
Loe [
Log Bass 10 Operand Type Format Description
LOG tag FBD_MATH_ADVANCED structure LOG structure
O Source Lest O
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Advanced Math Instructions (LN, LOG, XPY)

FBD_MATH_ADVANCED Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.

Source REAL Input to math instruction.
Valid = any float

Output Parameter Data Type Description

EnableQut BOOL The instruction produced a valid result.

Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.

Description: The Source must be greater than zero, otherwise the overflow status bit (S:V)

Arithmetic Status Flags:

Fault Conditions:

is set. The resulting Destination is greater than or equal to -37.92978 and less
than or equal to 38.53184.

Arithmetic status flags are affected.

none
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The controller calculates the log of the Source and places the result in the Destination.

The rung-condition-out is set to true.

postscan The rung-condition-out is set to false.
El Function Block

Condition Action

prescan No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableQOut is cleared.

Enableln is set

The instruction executes.

EnableQut is set.

postscan

No action taken.

544
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Advanced Math Instructions (LN, LOG, XPY) Chapter 15

Example: Calculate the log of zalue and place the result in resuit.

Relay Ladder

LOG
— LogBaze 10
Source walue
3.4000007 €
ezt result
053147288 €

Structured Text

result := LOG(value);

Function Block

LOG_01

Lo |
Log Baze 10

a
value O Source
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Chapter 15 Advanced Math Instructions (LN, LOG, XPY)

X to the Power of Y (XPY)

Operands:
— ¥ To Power OfY —
Source # ?
K
Source ?
K
Dzt ?
K
dest := sourceX ** sourceY;

E HPY_0

v

A To Power Of

0.0

0

Sources Lest O
O Sourced

546

The XPY instruction takes Source A (X) to the power of Source B (Y) and

stores the result in the Destination.

Relay Ladder

Operand Type Format

Description

Source X SINT immediate
INT tag
DINT
REAL

base value

Source Y SINT immediate
INT tag
DINT
REAL

exponent

Destination ~ SINT tag
INT
DINT
REAL

tag to store the result

Structured Text

Use two, adjacent multiply signs “*#%*” as an operator within an expression.
This expression takes sourceX to the power of sourceY and stores the result in

dest.

See Appendix C, Structured Text Programming for information on the syntax

of expressions within structured text.

Function Block

Operand Type

Format Description

XPY tag FBD_MATH

structure XPY structure
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FBD_MATH Structure

Input Parameter Data Type

Description

Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.

Source X REAL Base value.
Valid = any float

Source Y REAL Exponent.

Valid = any float

Output Parameter Data Type

Description

EnableQut BOOL The instruction produced a valid result.
Dest REAL Result of the math instruction. Arithmetic status flags are set for this output.
Description: 1f Source X is negative, Source Y must be an integer value or a minor fault will

Arithmetic Status Flags:

Fault Conditions:

occur.

The XPY instruction uses this algorithm: Destination = X**Y
The controller evaluates x"=1 and 0*=0.

Arithmetic status flags are affected.

A Minor Fault Will Occur If Fault Type Fault Code

Source X is negative and Source Y is not an 4 4
integer value

Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The controller takes Source X to the power of Source Y and places the result in
the Destination.

The rung-condition-out is set to true.

postscan

The rung-condition-out is set to false.
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i

Function Block

Condition

Action

prescan

No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableOut is cleared.

Enableln is set

The instruction executes.

EnableQut is set.

postscan No action taken.
Example: The XPY instruction takes zalne_1 to the power of value_2 and places the result
in result.
Relay Ladder
— ® ToPower OFY —
Source # walue_1
a3e
Sourcer walue_2
1€
Deszt result
1185921 &
Structured Text
result := (value 1 ** value 2);
Function Block
XPv_0
ECA N |
A To Power Of
a3 0.0
SourceB
|
EIERD:
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Chapter 16

Math Conversion Instructions
(DEG, RAD, TOD, FRD, TRN, TRUNC)

Introduction The math conversion instructions convert values.
If You Want To Use This Instruction Available In These Languages See Page
Convert radians to degrees. DEG relay ladder 550
structured text
function block
Convert degrees to radians. RAD relay ladder 553
structured text
function block
Convert an integer value to a BCD value. TOD relay ladder 556
function block
Convert a BCD value to an integer value. FRD relay ladder 559
function block
Remove the fractional part of a value TRN relay ladder 561
TRUNCI structured text

function block

M Structured text only.
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You can mix data types, but loss of accuracy and rounding error might occur
and the instruction takes more time to execute. Check the S:V bit to see

whether the result was truncated.

For relay ladder instructions, bold data types indicate optimal data types. An
instruction executes faster and requires less memory if all the operands of the
instruction use the same optimal data type, typically DINT or REAL.
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Chapter 16 Math Conversion Instructions (DEG, RAD, TOD, FRD, TRN, TRUNC)

Degrees (DEG) The DEG instruction converts the Source (in radians) to degrees and stores
the result in the Destination.
Operands:
Relay Ladder
DEG
— Radians To Degrees — Operand Type Format Description
Source ? - -
77 Source SINT immediate  value to convert to degrees
Dest ?
" INT tag
DINT
REAL
Destination  SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := DEG(source); Use DEG as a function. This function converts sozrce to degrees and stores the
result in desz.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
Fig DEG_01 Function Block
DEG
_ = Operand Type Format Description
Radians Tao Degrees
DEG tag FBD_MATH_ADVANCED structure DEG structure
O Source Lrest [
FBD_MATH_ADVANCED Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source REAL Input to the conversion instruction.
Valid = any float
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Chapter 16

Input Parameter Data Type

Description

Output Parameter Data Type

Description

EnableOut BOOL The instruction produced a valid result.
Dest REAL Result of the conversion instruction. Arithmetic status flags are set for this output.
Description: The DEG instruction uses this algorithm:

Arithmetic Status Flags:

Fault Conditions:

Source*180/m (where T = 3.141593)

Arithmetic status flags are affected.

none
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The controller converts the Source to degrees and places the result in the Destination.

The rung-condition-out is set to true.

postscan The rung-condition-out is set to false.
E Function Block

Condition Action

prescan No action taken.

instruction first scan

No action taken.

instruction first run

No action taken.

Enableln is cleared

EnableOut is cleared.

Enableln is set

The instruction executes.

EnableOut is set.

postscan

No action taken.
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Chapter 16

Math Conversion Instructions (DEG, RAD, TOD, FRD, TRN, TRUNC)

552

Example: Convert value to degrees and place the result in resuit.

Relay Ladder

DEG

— Radianz To Degrees

Source

Dest

809.43671 ¢

value
150%
result

Structured Text

result := DEG(value);

Function Block

DEG_04

)
wvalue I Source

DE&

=

Fadians To Dregrees

[rest

[l
e
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Math Conversion Instructions (DEG, RAD, TOD, FRD, TRN, TRUNC) Chapter 16

Radians (RAD) The RAD instruction converts the Source (in degrees) to radians and stores
the result in the Destination.
Operands:
Relay Ladder
RaD
—{ Degrees To Radians — Operand Type Format Description
Source ?
9 Source SINT immediate  value to convert to radians
Dest ?
7 INT tag
DINT
REAL
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := RAD(source); Use RAD as a function. This function converts source to radians and stores the
result in dest.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E RAD_01 Function Block
Rl E
_ Operand Type Format Description
Cregrees To Radians
RAD tag FBD_MATH_ADVANCED structure RAD structure
O Source Cest O
FBD_MATH_ADVANCED Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source REAL Input to the conversion instruction.
Valid = any float
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Input Parameter Data Type Description

Output Parameter Data Type Description

EnableQOut BOOL The instruction produced a valid result.

Dest REAL Result of the conversion instruction. Arithmetic status flags are set for this output.

Description: The RAD instruction uses this algorithm:
Source*nt/180 (where T = 3.141593)

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The controller converts the Source to radians and places the result in the Destination.
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
E Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQOut is cleared.
Enableln is set The instruction executes.
EnableQut is set.
postscan No action taken.
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Example Convert zalue to radians and place the result in resu/t.

Relay Ladder
Ral
— Degree: To Radians
Source walue
450€
ezt result
N73533313 ¢
Structured Text
result := RAD(value);

Function Block
RAD_01

RAD _I

Cagrees To Radians

oo oo

555
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cOnvert to BCD (TOD) The TOD instruction converts a decimal value (0 <Source 99,999,999) to a
BCD value and stores the result in the Destination.
Operands:
Relay Ladder
TOD
— ToBCD — Operand Type Format Description
Source 7 - - -
77 Source SINT immediate value to convert to decimal
Deszt 7
77 INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Destination SINT tag stores the result
INT
DINT
E TOD_ 01 Function Block
ToD E
Operand Type Format Description
To BLCD
TOD tag FBD_CONVERT structure TOD structure
O Source Cest O
FBD_CONVERT Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source DINT Input to the conversion instruction.
Valid = any integer
Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest DINT Result of the conversion instruction. Arithmetic status flags are set for this output.

Description: BCD is the Binary Coded Decimal number system that expresses individual
decimal digits (0-9) in a 4-bit binary notation.

If you enter a negative Source, the instruction generates a minor fault and
clears the Destination.

Arithmetic Status Flags: Arithmetic status flags are affected.
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Fault Conditions:

A Minor Fault Will Occur If Fault Type Fault Code
Source < 0 4 4
Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.

rung-condition-in is true

'

source > 99,999,999 convert source to BCD

yes
‘ SVissetto1 ‘
'
rung-condition-out is set
to true
rung-condition-in is true The controller converts the Source to BCD and places the result in the Destination.
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
B Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
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Condition Action
Enableln is cleared EnableQOut is cleared.
Enableln is set The instruction executes.

EnableQut is set.

postscan No action taken.

Example: The TOD instruction converts za/ue_1 to a BCD value and places the result in

result_a.
Relay Ladder
TaD
—— ToBCD
Source  walue_1
2€
Dest result_a
1640022 €

Function Block

TOD_01
TOD
To BED
u} u]
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Convert to |nteger (FRD) The FRD instruction converts a BCD value (Source) to a decimal value and
stores the result in the Destination.
Operands:
Relay Ladder
FRD
— From BCD — Operand Type Format Description
Source 7
77 Source SINT immediate value to convert to decimal
Deszt 7
o INT tag
DINT
A SINT or INT tag converts to a DINT value by zero-fill.
Destination SINT tag stores the result
INT
DINT
El FRD_01 Function Block
FRD E|
Operand Type Format: Description
From BCL
FRD tag FBD_CONVERT structure FRD structure
O Source Crest O
FBD_CONVERT Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source DINT Input to the conversion instruction.
Valid = any integer
Output Parameter Data Type Description
EnableQut BOOL The instruction produced a valid result.
Dest DINT Result of the conversion instruction. Arithmetic status flags are set for this output.

Description: The FRD instruction converts a BCD value (Source) to a decimal value and
stores the result in the Destination.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none
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Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The controller converts the Source to a decimal value and places the result in
the Destination.

The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
E Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.

Enableln is cleared EnableQOut is cleared.
Enableln is set The instruction executes.

EnableQut is set.

postscan No action taken.

Example: The FRD instruction converts zalue_a to a decimal value and places the result

in result 1.
Relay Ladder
FRD
— From BCD
Source  walue_a
1640043 €
Dzt result_1
43 €
Function Block
FRD_O1
FrRe L
From BCD
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Truncate (TRN)

The TRN instruction removes (truncates) the fractional part of the Source and
stores the result in the Destination.

Operands:
Relay Ladder
TRM
— Truncate — Operand Type Format Description
Source ? - -
77 Source REAL immediate  value to truncate
Deszt ?
Il tag
Destination ~ SINT tag tag to store the result
INT
DINT
REAL
Structured Text
dest := TRUNC (source); Use TRUNC as a function. This function truncates soxrce and stores the result
in dest.
See Appendix C, Structured Text Programming for information on the syntax
of expressions within structured text.
E TRN_O1 Function Block
TRH =
Truneate Operand Type Format Description
TRN tag FBD_TRUNCATE structure TRN structure
O Source Cest O
FBD_TRUNCATE Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the instruction does not execute and outputs are not updated.
Default is set.
Source REAL Input to the conversion instruction.

Valid = any float

Output Parameter Data Type

Description

EnableOut BOOL

The instruction produced a valid result.

Dest DINT

Result of the conversion instruction. Arithmetic status flags are set for this output.
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Description: Truncating does not round the value; rather, the non-fractional part remains
the same regardless of the value of the fractional part.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions: none

Execution:
Relay Ladder
Condition Action
prescan The rung-condition-out is set to false.
rung-condition-in is false The rung-condition-out is set to false.
rung-condition-in is true The controller removes the fractional part of the Source and places the result in
the Destination.
The rung-condition-out is set to true.
postscan The rung-condition-out is set to false.
E Function Block
Condition Action
prescan No action taken.
instruction first scan No action taken.
instruction first run No action taken.
Enableln is cleared EnableQut is cleared.
Enableln is set The instruction executes.
EnableQut is set.
postscan No action taken.
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Example: Remove the fractional part of float_value_1, leaving the non-fractional part the
same, and place the result in float_value_1_truncated.

Relay Ladder
TRM
— Tmncate
Source float_walue 1
789.55004 &
Dezt float_value 1_truncated
Faa.0€
Structured Text
float value 1 truncated := TRUNC(float value 1);
Function Block
TRN_04
TRM
Truncate

0.0 Jul

float_walue_1 — Source Drest D—Di float_walue_1_truncated

Publication 1756-RMO03K-EN-P - July 2008 563

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 16 Math Conversion Instructions (DEG, RAD, TOD, FRD, TRN, TRUNC)

Notes:

564 Publication 1756-RMO03K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 17

ASCII Serial Port Instructions
(ABL, ACB, ACL, AHL, ARD, ARL, AWA, AWT)

Introduction Use the ASCII serial port instructions to read and write ASCII characters.
IMPORTANT To use the ASCII serial port instructions, you must configure the
serial port of the controller. See the Logix5000 Controllers
Common Procedures, publication 1756-PMO001.
If You Want To For Example Use This Available In These  See Page
Instruction Languages
determine when the buffer contains  check for data that contains ABL relay ladder 570
termination characters termination characters
structured text
count the characters in the buffer check for the required number of ACB relay ladder 573
characters before reading the buffer
structured text
clear the buffer ¢ remove old data from the buffer at ACL relay ladder 575
, start-up
clear out ASCII Serial Port
instructions that are currently * synchronize the buffer with a structured text
executing or are in the queue device
obtain the status of the serial port cause a modem to hang up AHL relay ladder 577
control lines
turn on or off the DTR signal structured text
turn on or off the RTS signal
read a fixed number of characters read data from a device that sends ARD relay ladder 581
the same number of characters each
transmission structured text
read a varying number of characters, read data from a device that sends a ARL relay ladder 585
up to and including the first set of varying number of characters each
termination characters transmission structured text
send characters and automatically send messages that always use the AWA relay ladder 589
append one or two additional same termination character(s)
characters to mark the end of the structured text
data
send characters send messages that use a variety of AWT relay ladder 594
termination characters
structured text
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Instruction Execution

ASCII serial port instructions execute asynchronous to the scan of the logic:

Logic ASCII Queue ASCII Task
Rung-condition-in of Instruction 1 ——»| Instruction at the top
instruction transitions

- of the queue executes.
from false to true Instruction 2

Instruction 3

Instruction 4
. — Data flows

Instruction enters the between task and
ASCII queue. buffer.

Data flows between

buffer and serial port.

Serial Port -t
> Buffer

Each ASCII serial port instruction (except ACL) uses a
SERIAL_PORT_CONTROL structure to perform the following functions:

e control the execution of the instruction

e provide status information about the instruction
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The following timing diagram depicts the changes in the status bits as an ABL
instruction tests the buffer for termination characters.

scan scan scan scan

rung-condition-in  false true ‘ false ‘ true false

EN off on | off | on off
EU off on

AN off [on | of [on | of

.DNor .ER off ‘ on off on

FD off ‘ on off on

EM off ‘ on ‘ off on

enters queue ? ? resets status bits

executes when scanned and .DN
or .ER are set, sets the
in this example, EMbit
finds termination
characters

The ASCII queue holds up to 16 instructions. When the queue is full, an
instruction tries to enter the queue on each subsequent scan of the instruction,
as depicted below:

scan scan scan scan

rung-condition-in  false true ‘ false

EN off on

.EU off on

tr

attempts to enter queue but queue is full

enters queue
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ASCII Error Codes

If an ASCII serial port instruction fails to execute, the ERROR member of its
SERIAL_PORT_CONTROL structure will contain one of the following

hexadecimal error codes:

This Hex Code Indicates That the

16#2 Modem went offline.

16#3 CTS signal was lost during communication.

16#4 Serial port was in system mode.

16#A Before the instruction executed, the .UL bit was set. This prevents the execution of the instruction.

16#C The controller changed from Run mode to Program mode. This stops the execution of an ASCII serial port instruction
and clears the queue.

164D In the Controller Properties dialog box, User Protocol tab, the buffer size or echo mode parameters were changed and
applied. This stops the execution of an ASCII serial port instruction and clears the queue.

16#E ACL instruction executed.

16#F Serial port configuration changed from User mode to System mode. This stops the execution of an ASCII serial port
instruction and clears the ASCII serial port instruction queue.

16#51 The LEN value of the string tag is either negative or greater than the DATA size of the string tag.

16#54 The Serial Port Control Length is greater than the size of the buffer.

16#55 The Serial Port Control Length is either negative or greater than the size of the Source or Destination.

I:I Controller name_of_contraller

String Data Types

You store ASCII characters in tags that use a string data type.
® You can use the default STRING data type. It stores up to 82 characters.

-0 Tasks .

B3 Trends ® You can create a new string data type that stores less or more characters.

=125 Data Types . .

£ UserDefined To create a new string data type, see Logix5000 Controllers Common Procedures,
—VEP@, Stiings publication 1756-PMO001.

N STRING

568

; L Predefined

g Module-Defined

(23 140 Configuration Each string data type contains the following members:
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Name Data Type Description Notes
LEN DINT number of characters ~ The LEN automatically updates to the new count of characters whenever you:
in the string

o use the String Browser dialog box to enter characters
o use instructions that read, convert, or manipulate a string

The LEN shows the length of the current string. The DATA member may contain
additional, old characters, which are not included in the LEN count.

DATA SINT array ASCII c_haracters of o To access the characters of the string, address the name of the tag.
the string For example, to access the characters of the string_1 tag, enter string_1.

o Each element of the DATA array contains one character.
¢ You can create new string data types that store less or more characters.
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ASCII Test For Buffer Line The ABL instruction counts the characters in the buffer up to and including

the first termination character.
(ABL)
Operands:
Relay Ladder
— ASCII Test AFBoLr Buffer Line:((EN))_— operand Tvpe _Forma_t Desc"ptw“
g};iﬂiom control ? _@m;)_ Channel DINT immediate 0
Character Count ?
tag
Serial Port ~ SERIAL_PORT_ tag tag that controls the operation
Control CONTROL
Character DINT immediate 0
Count
During execution, displays the number of
characters in the buffer, including the
first set of termination characters.
Structured Text

ABL (Channel

) The operands are the same as those for the relay ladder ABL instruction. You
SerialPortControl);

access the Character Count value via the .POS member of the
SERIAL_PORT_CONTROL structure.

SERIAL_PORT_CONTROL Structure

Mnemonic Data Type Description

EN BOOL The enable bit indicates that the instruction is enabled.

EU BOOL The queue bit indicates that the instruction entered the ASCII queue.

.DN BOOL The done bit indicates when the instruction is done, but it is asynchronous to the logic scan.
RN BOOL The run bit indicates that the instruction is executing.

EM BOOL The empty bit indicates that the instruction is done, but it is synchronous to the logic scan.
ER BOOL The error bit indicates when the instruction fails (errors).

.FD BOOL The found bit indicates that the instruction found the termination character or characters.
.POS DINT The position determines the number of characters in the buffer, up to and including the first

set of termination characters. The instruction only returns this number after it finds the
termination character or characters.

.ERROR DINT The error contains a hexadecimal value that identifies the cause of an error.
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Description The ABL instruction searches the buffer for the first set of termination
characters. If the instruction finds the termination characters, it:

e sets the .FD bit

e counts the characters in the buffer up to and including the first set of
termination charactets

The Controller Properties dialog box, User Protocol tab, defines the ASCII
characters that the instruction considers as the termination charactets.

To program the ABL instruction, follow these guidelines:

1. Configure the serial port of the controller for user mode and define the
characters that serve as the termination characters.

2. This is a transitional instruction:

¢ In relay ladder, toggle the rung-condition-in from cleared to set each
time the instruction should execute.

e In structured text, condition the instruction so that it only executes
on a transition.

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes when rung-condition-in na

toggles from cleared to set.

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction counts the characters in the buffer.
The .EN bit is set.
The remaining status bits, except .UL, are cleared.

The instruction attempts to enter the ASCII queue.

postscan The rung-condition-out is set to false. No action taken.
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Example: Continuously test the buffer for the termination characters.

Relay Ladder
MV_line.EN -ABL:
3/E ASCII Test For Buffer Line —CEN>—
Channel 0 —ON—
SerialPort Control MV_line —CER>—
Character Count 0

Structured Text

ABL(0,MV_line);

572
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ASC" Chars in Buﬁer ( ACB) The ACB instruction counts the characters in the buffer.

Operands:
Relay Ladder
Operand Type Format Enter
ACB
| ASCII Chars in Buffer 9:<<§§>>: Channel DINT immediate 0
SerialPort Control —CER
Character Count ? tag
Serial Port ~ SERIAL_PORT_  tag tag that controls the operation
Control CONTROL
Character DINT immediate 0
Count
During execution, displays the number of
characters in the buffer.
Structured Text

ACB (Channel The operands are the same as those for the relay ladder ACB instruction.
SerialPortControl) ; However, you specify the Character Count value by accessing the .POS
member of the SERIAL_PORT_CONTROL structure, rather than by
including the value in the operand list.

SERIAL_PORT_CONTROL Structure

Mnemonic Data Type Description
EN BOOL The enable bit indicates that the instruction is enabled.
EU BOOL The queue bit indicates that the instruction entered the ASCII queue.
DN BOOL The done bit indicates when the instruction is done, but it is asynchronous to the logic scan.
RN BOOL The run bit indicates that the instruction is executing.
EM BOOL The empty bit indicates that the instruction is done, but it is synchronous to the logic scan.
ER BOOL The error bit indicates when the instruction fails (errors).
FD BOOL The found bit indicates that the instruction found a character.
POS DINT The position determines the number of characters in the buffer, up to and including the first
set of termination characters.
.ERROR DINT The error contains a hexadecimal value that identifies the cause of an error.
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Description: The ACB instruction counts the characters in the buffer.
To program the ACB instruction, follow these guidelines:
1. Configure the serial port of the controller for user mode.
2. This is a transitional instruction:
e In relay ladder, toggle the rung-condition-in from cleared to set each
time the instruction should execute.
e In structured text, condition the instruction so that it only executes
on a transition.
Arithmetic Status Flags: not affected
Fault Conditions: none
Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes when rung-condition-in na
toggles from cleared to set.
The rung-condition-out is set to true.
Enableln is set na Enableln is always set.
The instruction executes.
instruction execution The instruction counts the characters in the buffer.
The .EN bit is set.
The remaining status bits, except .UL, are cleared.
The instruction attempts to enter the ASCII queue.
postscan The rung-condition-out is set to false. No action taken.
Example: Continuously count the characters in the buffer.
Relay Ladder
bar code count.EN ACB
9 /E ASCII Chars in Buffer —CEN
Channel 0 —(DN)—
SerialPort Control barfcode;c:(ﬂk)—
Character Count 0
Structured Text
ACB(0,bar code count);
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ASCII Clear Buffer ( ACL) The ACL instruction immediately clears the buffer and ASCII queue.

Operands:
Relay Ladder
L Operand Type Format Enter
— ASCII Clear Buffer —
Channel ? Channel DINT immediate 0
Clear Serial Port Read
Clear Serial Port Write
tag
Clear Serial  BOOL immediate To empty the buffer and remove ARD and
Port Read ARL instructions from the queue, enter Yes.
tag
Clear Serial  BOOL immediate To remove AWA and AWT instructions from
Port Write the queue, enter Yes.
tag
Structured Text

ACL (Channel,
ClearSerialPortRead,
ClearSerialPortWrite) ;

The operands are the same as those for the relay ladder ACL instruction.

Description: The ACL instruction immediately performs one or both of the following
actions:

e clears the buffer of characters and clears the ASCII queue of
read instructions

e clears the ASCII queue of write instructions
To program the ACL instruction, follow these guidelines:

1. Configure the serial port of the controller:

If Your Application Then
uses ARD or ARL instructions Select User mode
does not use ARD or ARL Select either System or User mode

instructions

2. To determine if an instruction was removed from the queue or aborted,
examine the following of the appropriate instruction:

e ER bit is set
e ERROR member is 16#E

Arithmetic Status Flags: not affected

Fault Conditions: none
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Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false  The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction clears the specified instructions and buffer(s).

postscan The rung-condition-out is set to false. No action taken.

Example: When the controller enters Run mode, clear the buffer and the ASCII queue.

Relay Ladder

S:FS ACL
] E ASCII Clear Buffer
Channel 0
Clear Serial Port Read 1
Clear Serial Port Write 1
Structured Text
osri 1l.InputBit := S:FS;
OSRI (osri 1);
IF (osri 1.OutputBit) THEN
ACL(0,0,1);
END IF;
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ASC" Handshake Lines The AHL instruction obtains the status of control lines and turns on or off the
DTR and RTS signals.
(AHL) :
Operands:
Relay Ladder
— AscII Handshak:LLines —CGEnD—
Channel ?
AND Mask 3?7 N D>—
OR Mask 2 —CerD>—
SerialPort Control - ?
Channel Status (Decimal) ?
Operand Type Format Enter
Channel DINT immediate 0
tag
ANDMask DINT immediate Refer to the description.
tag
ORMask DINT immediate
tag
Serial Port Control SERIAL_PORT_CONTROL  tag tag that controls the operation
Channel Status (Decimal) DINT immediate 0
During execution, displays the status of the control lines.
For the Status Of This Control Examine This Bit:
Line
CTS 0
RTS 1
DSR 2
DCD 3
DTR 4
Received the XOFF character 5
Structured Text

AHL (Channel, ANDMask, ORMask,

, The operands are the same as those for the relay ladder AHL instruction.
SerialPortControl) ;

However, you specify the Channel Status value by accessing the .POS member
of the SERIAL_PORT_CONTROL structure, rather than by including the
value in the operand list.
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SERIAL_PORT_CONTROL Structure

Mnemonic Data Type Description
EN BOOL The enable bit indicates that the instruction is enabled.
EU BOOL The queue bit indicates that the instruction entered the ASCII queue.
DN BOOL The done bit indicates when the instruction is done, but it is asynchronous to the logic scan.
RN BOOL The run bit indicates that the instruction is executing.
EM BOOL The empty bit indicates that the instruction is done, but it is synchronous to the logic scan.
ER BOOL The error bit indicates when the instruction fails (errors).
FD BOOL The found bit does not apply to this instruction.
POS DINT The position stores the status of the control lines.
.ERROR DINT The error contains a hexadecimal value that identifies the cause of an error.
Description: The AHL instruction can:
e obtain the status of the control lines of the setial port
e turn on or off the data terminal ready (DTR) signal
e turn on or off the request to send signal (RTS)
To program the AHL instruction, follow these guidelines:
1. Configure the serial port of the controller:
If Your Application Then
uses ARD or ARL instructions Select User mode
does not use ARD or ARL Select either System or User mode
instructions
2. Use the following table to select the correct values for the ANDMask
and ORMask operands:
ToTurn DTR  And Turn RTS:  Enter This And Enter This
ANDMask Value = ORMask Value
off off 3 0
on 1 2
unchanged 1 0
on off 2 1
on 0 3
unchanged 0 1
unchanged off 2 0
on 0 2
unchanged 0 0
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3. This is a transitional instruction:

e In relay ladder, toggle the rung-condition-in from cleared to set each
time the instruction should execute.

e In structured text, condition the instruction so that it only executes
on a transition.

Arithmetic Status Flags: not affected

Fault Conditions:

Type Code Cause Recovery Method

4 57 The AHL instruction failed to execute because the serial ~ Either:
port is set to no handshaking.
o Change the Control Line setting of the serial port.

e Delete the AHL instruction.

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false ~ The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes when rung-condition-in na

toggles from cleared to set.

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction obtains the control line status and turns on or off DTR and RTS signals.
The .EN bit is set.
The remaining status bits, except .UL, are cleared.

The instruction attempts to enter the ASCII queue.

postscan The rung-condition-out is set to false. No action taken.
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Example: When get_control_line_status becomes set, obtain the status of the control lines
of the serial port and store the status in the Channel Status operand. To view
the status of a specific control line, monitor the SerialPortControl tag and

get control line status

C
J C

expand the POS member.
Relay Ladder
AHL
ASCII Handshake Lines E=(EN =
Channel 0
AND Mask 0 E=(DN ==
OR Mask 0 HCErR)>—
SerialPort Control serial port
Channel Status (Decimal) 29
Structured Text
osri 1l.InputBit := get control line status;

OSRI (osri 1);

IF (osri 1.0OutputBit) THEN
AHL(0,0,0,serial port);

END IF;
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ASCII Read

(ARD)

The ARD instruction removes characters from the buffer and stores them in
the Destination.

Operands:
Relay Ladder
RD
— ASCII Read —CeND—
Channel ?
Destination ;—CDN>—
SerialPort Control a —CERD—
SerialPort Control Length ?
Characters Read
Operand Type Format Enter Notes
Channel DINT immediate 0
tag
Destination string tag tag into which the e |f you want to compare, convert, or
characters are moved manipulate the characters, use a string data
SINT (read): type.
) e String data types are:
INT e For a string data type, g w
enter the name of the o default STRING data type
DINT @ tring data type that t
e any new string data type that you create
« For a SINT, INT, or DINT y g datatype thaty
array, enter the first
element of the array.
Serial Port SERIAL_PORT_  tag tag that controls the
operation
Control CONTROL
Serial Port DINT immediate number of characters to e The Serial Port Control Length must be less
move to the destination than or equal to the size of the Destination.
Control Length (read) e If you want to set the Serial Port Control
Length equal to the size of the Destination,
enter 0.
Characters Read  DINT immediate 0 During execution, displays the number of
characters that were read.
Structured Text
ARD (Channel, Destination,

SerialPortControl);
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The operands are the same as those for the relay ladder ARD instruction.
However, you specify the Serial Port Control Length and the Characters Read
values by accessing the .LEN and .POS members of the
SERIAL_PORT_CONTROL structure, rather than by including the values in
the operand list.
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SERIAL_PORT_CONTROL Structure

Mnemonic Data Type Description

EN BOOL The enable bit indicates that the instruction is enabled.

EU BOOL The queue bit indicates that the instruction entered the ASCII queue.

DN BOOL The done bit indicates when the instruction is done, but it is asynchronous to the logic scan.
RN BOOL The run bit indicates that the instruction is executing.

EM BOOL The empty bit indicates that the instruction is done, but it is synchronous to the logic scan.
ER BOOL The error bit indicates when the instruction fails (errors).

FD BOOL The found bit does not apply to this instruction.

LEN DINT The length indicates the number of characters to move to the destination (read).

.POS DINT The position displays the number of characters that were read.

.ERROR DINT The error contains a hexadecimal value that identifies the cause of an error.

Description: The ARD instruction removes the specified number of characters from the
buffer and stores them in the Destination.

¢ The ARD instruction continues to execute until it removes the specified
number of characters (Serial Port Control Length).

e While the ARD instruction is executing, no other ASCII Serial Port
instruction executes.

To program the ARD instruction, follow these guidelines:
1. Configure the serial port of the controller for user mode.
2. Use the results of an ACB instruction to trigger the ARD instruction.
This prevents the ARD instruction from holding up the ASCII queue

while it waits for the required number of characters.

3. This is a transitional instruction:

e In relay ladder, toggle the rung-condition-in from cleared to set each
time the instruction should execute.

e In structured text, condition the instruction so that it only executes
on a transition.

4. 'To trigger a subsequent action when the instruction is done, examine
the EM bit.

Arithmetic Status Flags: not affected

Fault Conditions: none
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Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes when rung-condition-in na

toggles from cleared to set.

The rung-condition-out is set to true.

Enableln is set

na

Enableln is always set.

The instruction executes.

instruction execution

The instruction removes characters from the buffer and stores them in the destination.

The .EN bit is set.

The remaining status bits, except .UL, are cleared.

The instruction attempts to enter the ASCII queue.

postscan

The rung-condition-out is set to false.

No action taken.

Example:

A bar code reader sends bar codes to the serial port (channel 0) of the

controller. Each bar code contains 24 characters. To determine when the
controller receives a bar code, the ACB instruction continuously counts the
characters in the buffer. When the buffer contains at least 24 characters, the
controller has received a bar code. The ARD instruction moves the bar code to

the DATA member of the bag_bar_code tag, which is a string.

Relay Ladder
bar_code_ count.EN ACB
3 /E ASCIT Chars in Buffer —CEN D—
Channel 0 —ONDO—
SerialPort Control bar_code_:ccﬁﬁﬁ:)—
Character Count 0
GEQ -ARD
Grtr Than or Eql (A>=B) ASCII Read —CEND—
Source A bar code_ count.gos Channel 0
0 Destination bag bar c b DN D—
Source B 24 !
SerialPort Control bar_code::éﬁlﬂ)—
SerialPort Control Length 24
Characters Read 0
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Structured Text
ACB(0,bar code count);

IF bar code count.POS >= 24 THEN

bar code read.LEN :=

24;

ARD(0,bag _bar code,bar code read);
END IF;
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ASCII Read Line (ARL)

them in the Destination.

The ARL instruction removes specified characters from the buffer and stores

Operands:
Relay Ladder
RL
— ASCII Read Line —CGEND—
Channel ?
Destination l—CoND—
SerialPort Control . —@ER)—
SerialPort Control Length ?
Characters Read P
Operand Type Format Enter Notes
Channel DINT immediate 0
tag
Destination string tag tag into which the e |f you want to compare, convert, or
characters are moved manipulate the characters, use a string data
SINT (read): type.
. e String data types are:
INT e For a string data type, g P
enter the name of the o default STRING data type
OINT @ tring data type that t
e any new string data type that you create
e Fora SINT, INT, or DINT y g data type thaty
array, enter the first
element of the array.
Serial Port SERIAL_PORT_  tag tag that controls the
operation
Control CONTROL
Serial Port DINT immediate maximum number of e Enter the maximum number of characters
Control Length characters to read if no that any message will contain (that is, when
termination characters are to stop reading if no termination characters
found are found).
For example, if messages range from 3 to 6
characters in length, enter 6.
o The Serial Port Control Length must be less
than or equal to the size of the Destination.
e |f you want to set the Serial Port Control
Length equal to the size of the Destination,
enter 0.
Characters Read  DINT immediate 0 During execution, displays the number of
characters that were read.
Structured Text

ARL (Channel, Destination,
SerialPortControl);

The operands are the same as those for the relay ladder ARL instruction.
However, you specify the Serial Port Control Length and the Characters Read

values by accessing the .LEN and .POS members of the
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SERIAL_PORT_CONTROL structure, rather than by including the values in
the operand list.

SERIAL_PORT_CONTROL Structure

Mnemonic Data Type Description

EN BOOL The enable bit indicates that the instruction is enabled.

EU BOOL The queue bit indicates that the instruction entered the ASCII queue.

.DN BOOL The done bit indicates when the instruction is done, but it is asynchronous to the logic scan.

RN BOOL The run bit indicates that the instruction is executing.

EM BOOL The empty bit indicates that the instruction is done, but it is synchronous to the logic scan.

ER BOOL The error bit indicates when the instruction fails (errors).

FD BOOL The found bit does not apply to this instruction.

LEN DINT The length indicates the maximum number of characters to move to the destination (that is,
when to stop reading if no termination characters are found).

POS DINT The position displays the number of characters that were read.

.ERROR DINT The error contains a hexadecimal value that identifies the cause of an error.

Description: The ARL instruction removes characters from the buffer and stores them in
the Destination as follows:

e The ARL instruction continues to execute until it removes either the:
— first set of termination characters
— specified number of characters (Serial Port Control Length)

e While the ARL instruction is executing, no other ASCII serial port
instruction executes.

To program the ARL instruction, follow these guidelines:
1. Configure the serial port of the controller:

a. Select User mode.

b. Define the characters that serve as the termination charactets.

2. Use the results of an ABL instruction to trigger the ARL instruction.
This prevents the ARL instruction from holding up the ASCII queue
while it waits for the termination characters.

3. This is a transitional instruction:

e In relay ladder, toggle the rung-condition-in from cleared to set each
time the instruction should execute.

e In structured text, condition the instruction so that it only executes
on a transition.
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4. To trigger a subsequent action when the instruction is done, examine
the EM bit.

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false ~ The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes when rung-condition-in na

toggles from cleared to set.

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction removes the specified characters from the buffer and stores them in the destination.
The .EN bit is set.
The remaining status bits, except .UL, are cleared.

The instruction attempts to enter the ASCII queue.

postscan The rung-condition-out is set to false. No action taken.

Example: Continuously test the buffer for a message from a MessageView terminal.
Since each message ends in a carriage return ($r), the carriage return is
configured as the termination character in the Controller Properties dialog
box, User Protocol tab. When the ABL finds a carriage return, its sets the FD
bit.

When the ABL instruction finds the carriage return (M1"_/ine. FD is set), the
controller has received a complete message. The ARL instruction removes the
characters from the buffer, up to and including the carriage return, and places
them in the DATA member of the M1”_msg tag, which is a string,
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Relay Ladder
MV_line.EN ABL:
3 /E ASCII Test For Buffer Line —CEND—
Channel 0 DON—
SerialPort Control MV_line —CERD—
Character Count 0
MV_line.FD ARL
] E ASCII Read Line —CEND—
Channel 0
Destination MV_msg H—DOND>—
SerialPort Control MV_read —CERD—
SerialPort Control Length 12
Characters Read 0

Structured Text

ABL(0,MV line);

osri 1l.InputBit := MVLine.FD;

OSRI (osri 1);

IF (Osriil.OutputBit) THEN
mv_read.LEN := 12;
ARL (0,MV _msg,MV_read);

END IF;
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ASCIl Write Append (AWA) The AWA instruction sends a specified number of characters of the Source tag

to a serial device and appends either one or two predefined characters.

Operands:
Relay Ladder
WA
— ASCII Write Append —CenD—
Channel ?
Source ? —OND—
SerialPort Control N —GErD>—
SerialPort Control Length ?
Characters Sent ?
Operand Type Format Enter Notes
Channel DINT immediate 0
tag
Source string tag tag that contains the e |f you want to compare, convert, or
characters to send: manipulate the characters, use a string data
SINT type.
e For a string data type, String data tvpes are:
INT enter the name of the * g w '
tag. o default STRING data type
DINT
o ForaSINT INT, or DINT e any new string data type that you create
array, enter the first
element of the array.
Serial Port SERIAL_PORT_  tag tag that controls the
operation
Control CONTROL
Serial Port DINT immediate number of characters to e The Serial Port Control Length must be less
Control Length send than or equal to the size of the Source.
e If you want to set the Serial Port Control
Length equal to the number of characters in
the Source, enter 0.
Characters Sent ~ DINT immediate 0 During execution, displays the number of

characters that were sent.

AWA (Channel, Source,

SerialPortControl);

Structured Text

The operands are the same as those for the relay ladder AWA instruction.

However, you specify the Serial Port Control Length and the Characters Sent
values by accessing the .LEN and .POS members of the

SERIAL_PORT_CONTROL structure, rather than by including the values in
the operand list.
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SERIAL_PORT_CONTROL Structure
Mnemonic Data Type Description
EN BOOL The enable bit indicates that the instruction is enabled.
EU BOOL The queue bit indicates that the instruction entered the ASCII queue.
DN BOOL The done bit indicates when the instruction is done, but it is asynchronous to the logic scan.
RN BOOL The run bit indicates that the instruction is executing.
EM BOOL The empty bit indicates that the instruction is done, but it is synchronous to the logic scan.
ER BOOL The error bit indicates when the instruction fails (errors).
FD BOOL The found bit does not apply to this instruction.
LEN DINT The length indicates the number of characters to send.
.POS DINT The position displays the number of characters that were sent.
.ERROR DINT The error contains a hexadecimal value that identifies the cause of an error.
Description: The AWA instruction:

e sends the specified number of characters (Serial Port Control Length) of
the Source tag to the device that is connected to the setial port of the
controller

e adds to the end of the characters (appends) either one or two characters
that are defined in the Controller Properties dialog box, User Protocol
tab

To program the AWA instruction, follow these guidelines:
1. Configure the serial port of the controller:
a. Does your application also include ARD or ARL instructions?
If Then
Yes Select User mode
No Select either System or User mode
b. Define the characters to append to the data.
2. This is a transitional instruction:
e In relay ladder, toggle the rung-condition-in from cleared to set each
time the instruction should execute.
e In structured text, condition the instruction so that it only executes
on a transition.
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3. Each time the instruction executes, do you always send the same
number of characters?

If Then

Yes In the Serial Port Control Length, enter the number of characters to
send.

No Before the instruction executes, set the LEN member of the Source

tag to the LEN member of the Serial Port Control tag.

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes when rung-condition-in na

toggles from cleared to set.

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction sends a specified number of characters and appends either one or two
predefined characters.

The .EN bit is set.
The remaining status bits, except .UL, are cleared.

The instruction attempts to enter the ASCII queue.

postscan The rung-condition-out is set to false. No action taken.
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Example 1: When the temperature exceeds the high limit (fep_high is set), the AWA
instruction sends a message to a MessageView terminal that is connected to
the serial port of the controller. The message contains five characters from the
DATA member of the s#ing/1] tag, which is a string. (The §74 counts as one
character. It is the hex code for the Ctrl-T character.) The instruction also
sends (appends) the characters defined in the controller properties. In this
example, the AWA instruction sends a carriage return ($0D), which marks the
end of the message.

Relay Ladder
temg)_high AWA
1 E ASCII Write Append —CEND—
Channel 0
Source string[1] —COND—
'$1425\1"

SerialPort Control temp_high_write —CERD—
SerialPort Control Length 5
Characters Sent 6

Structured Text

IF temp high THEN

temp high write.LEN := 5;

AWA (0,string[1l],temp high write);
temp high := 0;

END IF;
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Example 2: When alarm is set, the AWA instruction sends the specified number of
characters in alarm_msg and appends a termination character (s). Because the
number of characters in alarm_msg varies, the rung first moves the length of the
string (alarm_msglLEN) to the Serial Port Control Length of the AWA
instruction (alarn_write LEN). In alarm_msg, the §14 counts as one character. It
is the hex code for the Ctrl-T character.

Relay Ladder
alarm MOV AWA
1 E Move ASCII Write Append —CEND—
Source alarm_msg.LEN Channel 0
5 Source alarm_msg [—CDND—
Dest  alarm_write.LEN '$1425\1"
5 SerialPort Control alarm_write —CERD—
SerialPort Control Length 5
Characters Sent 6
Structured Text
osri 1l.InputBit := alarm;
OSRI (osri 1);
IF (osri 1.OutputBit) THEN
alarm write.LEN := alarm msg.LEN;
AWA (0,alarm msg,alarm write);
END IF;
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ASCIl Write ( AWT) The AWT instruction sends a specified number of characters of the Source tag
to a serial device.
Operands:
Relay Ladder
WT
—— ASCII Write —CEND—
Channel ?
Source 2 —ND—
SerialPort Control - —<7ER>—
SerialPort Control Length ?
Characters Sent ?
Operand Type Format Enter Notes
Channel DINT immediate 0
tag
Source string tag tag that contains the e |f you want to compare, convert, or
characters to send: manipulate the characters, use a string data
SINT type.
e For a string data type, String data t )
INT enter the name of the * oing data ypes are-
tag. o default STRING data type
DINT
o ForaSINT, INT, or DINT e any new string data type that you create
array, enter the first
element of the array.
Serial Port SERIAL_PORT_  tag tag that controls the
operation
Control CONTROL
Serial Port DINT immediate number of characters to o The Serial Port Control Length must be less
Control Length send than or equal to the size of the Source.
e |f you want to set the Serial Port Control
Length equal to the number of characters in
the Source, enter 0.
Characters Sent  DINT immediate 0 During execution, displays the number of
characters that were sent.
Structured Text

AWT (Channel, Source,

: The operands are the same as those for the relay ladder AWT instruction.
SerialPortControl);

However, you specify the Serial Port Control Length and the Characters Sent
values by accessing the .LEN and .POS members of the
SERIAL_PORT_CONTROL structure, rather than by including the values in
the operand list
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SERIAL_PORT_CONTROL Structure

Mnemonic Data Type Description

EN BOOL The enable bit indicates that the instruction is enabled.

EU BOOL The queue bit indicates that the instruction entered the ASCII queue.

.DN BOOL The done hit indicates when the instruction is done, but it is asynchronous to the logic scan.
RN BOOL The run bit indicates that the instruction is executing.

EM BOOL The empty bit indicates that the instruction is done, but it is synchronous to the logic scan.
ER BOOL The error bit indicates when the instruction fails (errors).

FD BOOL The found bit does not apply to this instruction.

LEN DINT The length indicates the number of characters to send.

POS DINT The position displays the number of characters that were sent.

.ERROR DINT The error contains a hexadecimal value that identifies the cause of an error.

Publication 1756-RMO003K-EN-P - July 2008

Description: The AWT instruction sends the specified number of characters (Serial Port

Control Length) of the Source tag to the device that is connected to the serial
port of the controller.

To program the AWT instruction, follow these guidelines:

1. Configure the serial port of the controller:

If Your Application Then
uses ARD or ARL instructions Select User mode
does not use ARD or ARL Select either System or User mode

instructions

2. This is a transitional instruction:

e In relay ladder, toggle the rung-condition-in from cleared to set each
time the instruction should execute.

e In structured text, condition the instruction so that it only executes
on a transition.

3. Each time the instruction executes, do you always send the same
number of characters?

If Then

Yes In the Serial Port Control Length, enter the number of characters to
send.

No Before the instruction executes, move the LEN member of the Source

tag to the LEN member of the Serial Port Control tag.
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Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes when rung-condition-in na

toggles from cleared to set.

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction sends a specified number of characters.
The .EN bit is set.
The remaining status bits, except .UL, are cleared.

The instruction attempts to enter the ASCII queue.

postscan The rung-condition-out is set to false. No action taken.

Example 1: When the temperature reaches the low limit (fezp_low is set), the AWT
instruction sends a message to the MessageView terminal that is connected to
the serial port of the controller. The message contains nine characters from the
DATA member of the s#ing/2] tag, which is a string. (The §74 counts as one
character. It is the hex code for the Ctt]l-T character.) The last character is a
carriage return ($r), which marks the end of the message.

Relay Ladder
tem_P_Iow AWT
1 E ASCII Write —CEND—
Channel 0
Source string[2] F—CDOND>—
'$142224\01%r'
SerialPort Control temp_low_write —CERD—
SerialPort Control Length 9
Characters Sent 9
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Structured Text
osri 1l.InputBit := temp low;
OSRI(osri 1);

IF (Osriil.OutputBit) THEN
temp low write.LEN := 9;
AWT (0,string[2],temp low write);

Publication 1756-RMO003K-EN-P - July 2008

END IF;
Example 2: When M V"_update is set, the AWT instruction sends the characters in M1/"_msg.
Because the number of characters in M1_msg vaties, the rung first moves the
length of the string (M1”_msg]LEN) to the Serial Port Control Length of the
AWT instruction MV _write LEN). In M1"_smsg, the §76 counts as one
character. It is the hex code for the Cttl-V character.
Relay Ladder
MV_update MOV AWT
] E Move ASCII Write —CEND—
Source MV_msg.LEN Channel 0
10 Source MV_msg —CDND>—
Dest  MV_write.LEN '$161365\8\1%r'
10 SerialPort Control MV_write —CERD—
SerialPort Control Length 10
Characters Sent 10
Structured Text
osri 1l.InputBit := MV update;

OSRI (osri 1);

IF (osri 1.OutputBit) THEN
MV write.LEN := Mv_msg.LEN;
AWT (0,MV_msg,MV_write);

END IF;
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Notes:
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ASCII String Instructions
(CONCAT, DELETE, FIND, INSERT, MID)

se the string instructions to modify and create strings o
ntroduction Use the ASCII string i ' dify and ings of
ASCII charactets.

If you want to For example Use this Available in these  See page
instruction languages
add characters to the end of a string  add termination characters or CONCAT relay ladder 601

delimiters to a string
structured text

delete characters from a string remove header or control characters DELETE relay ladder 603
from a string
structured text

determine the starting character of a  locate a group of characters within a FIND relay ladder 605
sub-string string
structured text

insert characters into a string create a string that uses variables INSERT relay ladder 607

structured text

extract characters from a string extract information from a bar code MID relay ladder 609

structured text

You can also use the following instructions to compare or convert ASCII

characters:
If you want to Use this instruction  See page
compare a string to another string CMP 206
see if the characters are equal to specific characters EQU 211
see if the characters are not equal to specific characters NEQ 242
see if the characters are equal to or greater than specific characters GEQ 211
see if the characters are greater than specific characters GRT 219
see if the characters are equal to or less than specific characters LEQ 223
see if the characters are less than specific characters LES 227
rearrange the bytes of a INT, DINT, or REAL tag SWPB 299
find a string in an array of strings FSC 346
convert characters to a SINT, INT, DINT, or REAL value STOD 614
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If you want to

Use this instruction  See page

convert characters to a REAL value STOR 616

convert a SINT, INT, DINT, or REAL value to a string of ASCII characters DTOS 619

convert REAL value to a string of ASCII characters RTOS 621
String Data Types

I:I Controller name_of_controller

Elﬁ Drata Types
: O User-Defined

I:I Tasks
w03 Trends

—> El@ Strings

- [B) STRING
- Predefined

You store ASCII characters in tags that use a string data type.

® You can create a new string data type that stores less or more characters.

To create a new string data type, see Lagix5000 Controllers Common Procedures,
publication 1756-PMO001.

Each string data type contains the following members:

Name Data Type Description Notes
LEN DINT number of characters ~ The LEN automatically updates to the new count of characters whenever you:
in the string
e use the String Browser dialog box to enter characters
e use instructions that read, convert, or manipulate a string
The LEN shows the length of the current string. The DATA member may contain
additional, old characters, which are not included in the LEN count.
DATA SINT array ASCII characters of ¢ To access the characters of the string, address the name of the tag.
the string For example, to access the characters of the string_1 tag, enter string_1.
e Each element of the DATA array contains one character.
¢ You can create new string data types that store less or more characters.
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String Concatenate
(CONCAT)

The CONCAT instruction adds ASCII characters to the end of a string;

Operands:
_ Relay Ladder
CONCAT
— String Concatenate—
Source A ?
Source B 7
Dest 9
Operand Type Format Enter Notes
Source A string tag tag that contains the initial ~ String data types are:
characters
Source B string tag tag that contains the end * default STR!NG data type
characters e any new string data type that you create
Destination string tag tag to store the result

CONCAT (SourceA, SourceB,
Dest) ;

Description:

Arithmetic Status Flags:

Fault Conditions:

Structured Text
The operands are the same as those for the relay ladder CONCAT instruction.

The CONCAT instruction combines the characters in Source A with the
characters in Source B and places the result in the Destination.

® The characters from Source A are first, followed by the characters from
Source B.

e Unless Source A and the Destination are the same tag, Source A remains
unchanged.

not affected

Type Code Cause

Recovery Method

4 51 The LEN value of the string tag is 1. Check that no instruction is writing to the LEN member of the string tag.
greater than the DATA size of the

string tag.

2. In the LEN value, enter the number of characters that the string
contains.
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Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false  The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction concatenates the strings.

postscan The rung-condition-out is set to false. No action taken.

Example: To trigger a message in a MessageView terminal, the controller must send an
ASCII string that contains a message number and node number. S#ring 1
contains the message number. When add_node is set, the CONCAT instruction
adds the characters in node_num_ascii (node number) to the end of the
characters in s#7ing_1 and then stores the result in zsg.

Relay Ladder
add node ~——————————CONCAT
T[ String Concatenate

Source A string| 1
151423\
Source B node num ascli

_ =3

Dest msg
1$1423\1"

Structured Text

IF add node THEN
CONCAT (string_ 1,node num ascii,msq);

add_node 0;

END IF;
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String Delete (DELETE)

The DELETE instruction removes ASCII characters from a string.

Operands:
_ Relay Ladder
DELETE
— String Delete |—
Source ?
Qty 7
Start 9
Dest ”
Operand Type Format Enter Notes
Source string tag tag that contains the string ~ String data types are:
from which you want to
delete characters o default STRING data type
e any new string data type that you create
Quantity SINT immediate number of characters to The Start plus the Quantity must be less than or
delete equal to the DATA size of the Source.
INT tag
DINT
Start SINT immediate position of the first Enter a number between 1 and the DATA size of
character to delete the Source.
INT tag
DINT
Destination string tag tag to store the result

DELETE (Source, Qty, Start,

Dest) ;

Description:

Publication 1756-RMO003K-EN-P - July 2008

Structured Text
The operands are the same as those for the relay ladder DELETE instruction.

The DELETE instruction deletes (removes) a group of characters from the
Source and places the remaining characters in the Destination.

® The Start position and Quantity define the characters to remove.

e Unless the Source and Destination are the same tag, the Source remains
unchanged.
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Arithmetic Status Flags: not affected

Fault Conditions:

Type Code Cause Recovery Method
4 51 The LEN value of the string tag is 1. Check that no instruction is writing to the LEN member of the string tag.
greater than the DATA size of the
string tag. 2. In the LEN value, enter the number of characters that the string
contains.
4 56 The Start or Quantity value is invalid. 1. Check that the Start value is between 1 and the DATA size of the
Source.

2. Check that the Start value plus the Quantity value is less than or equal
to the DATA size of the Source.

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction deletes the specified characters.

postscan The rung-condition-out is set to false. No action taken.

Example: ASCII information from a terminal contains a header character. After the
controller reads the data (ferm_read. EM is set) the DELETE instruction
removes the header character.

Relay Ladder
term read.EM DELETE
-Jr E String Delete
Source term inpyt
150655
Qty 1
Start 1
Dest term text
'55
Structured Text
IF term read.EM THEN
DELETE (term input, 1,1, term text);
term read.EM := 0;
END IF;
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Find String (FIND)

The FIND instruction locates the starting position of a specified string within
another string

Operands:
_ Relay Ladder
i FIND.
— Find String
Source ?
Search ”
Start 7
Result ”
Operand Type Format Enter Notes
Source string tag string to search in String data types are:
Search string tag string to find « default STRING data type
e any new string data type that you create
Start SINT immediate position in Source to start  Enter a number between 1 and the DATA size of
the search the Source.
INT tag
DINT
Result SINT tag tag that stores the starting
position of the string to find
INT
DINT
Structured Text
FIND (Source, Search, Start, The operands are the same as those for the relay ladder FIND instruction
Result) ; .
described above.
Description: The FIND instruction searches the Source string for the Search string, If the

Arithmetic Status Flags:

instruction finds the Search string, the Result shows the starting position of
the Search string within the Source string.

Fault Conditions:

not affected

Type Code Cause Recovery Method
4 51 The LEN value of the string tag is 1. Check that no instruction is writing to the LEN member of the string tag.
greater than the DATA size of the
string tag. 2. In the LEN value, enter the number of characters that the string
contains.
4 56 The Start value is invalid. Check that the Start value is between 1 and the DATA size of the Source.
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Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction searches for the specified characters.

postscan The rung-condition-out is set to false. No action taken.

Example: A message from a MessageView terminal contains several pieces of
information. The backslash character [ \ | separates each piece of information.
To locate a piece of information, the FIND instruction searches for the
backslash character and records its position in find_pos.

Relay Ladder

MV_read.EM FIND
} E Find String
Source MV_msg
'$06324\12\1\Sr"’
Search fing

1\

Start 1

Result find p¢s

5
Structured Text
IF MV read.EM THEN
FIND (MV_msg, find, 1, find pos);
MV read.EM := 0;
END IF;
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Insert String (INSERT)

The INSERT instruction adds ASCII characters to a specified location within
a string,

Operands:
_ Relay Ladder
INSERTl
— Insert String —
Source A ?
Source B ”
Start ”’
Dest ”
Operand Type Format Enter Notes
Source A string tag string to add the characters ~ String data types are:
to
Source B string tag string containing the o default STR!NG data type
characters to add e any new string data type that you create
Start SINT immediate position in Source Atoadd Enter a number between 1 and the DATA size of
the characters the Source.
INT tag
DINT
Result string tag string to store the result
Structured Text
INSERT (Sourceh, SourceB, The operands are the same as those for the relay ladder INSERT instruction.
Start,Dest) ;
Description: The INSERT instruction adds the characters in Source B to a designated

Arithmetic Status Flags:

Fault Conditions:

position within Source A and places the result in the Destination:
e Start defines where in Source A that Source B is added.

e Unless SourceA and the Destination are the same tag, Source A remains
unchanged.

not affected

Type Code Cause Recovery Method
4 51 The LEN value of the string tag is 1. Check that no instruction is writing to the LEN member of the string tag.
greater than the DATA size of the
string tag. 2. In the LEN value, enter the number of characters that the string
contains.
4 56 The Start value is invalid. Check that the Start value is between 1 and the DATA size of the Source.

Publication 1756-RMO003K-EN-P - July 2008

607

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 18  ASCII String Instructions (CONCAT, DELETE, FIND, INSERT, MID)

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false ~ The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction inserts the specified characters.

postscan The rung-condition-out is set to false. No action taken.

Example: When remp_high is set, the INSERT instruction adds the characters in string 2
to position 2 within s#ing_1 and places the result in szring 3:

Relay Ladder
tenlp high —INSERT
J-E Insert String
Source A strj
IADI
Source B strj
IBCY
Start
Dest
'ABCD'

Structured Text

IF temp high THEN
INSERT (string 1,string 2,2,string 3);
temp high := 0;

END IF;
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Middle String (MID)

The MID instruction copies a specified number of ASCII characters from a
string and stores them in another string.

Operands:
_ Relay Ladder
— Middléllgtring
Source ?
Qty "
Start .é
Dest Aé
Operand Type Format Enter Notes
Source string tag string to copy characters String data types are:
from
o default STRING data type
e any new string data type that you create
Quantity SINT immediate number of characters to The Start plus the Quantity must be less than or
copy equal to the DATA size of the Source.
INT tag
DINT
Start SINT immediate position of the first Enter a number between 1 and the DATA size of
character to copy the Source.
INT tag
DINT
Destination string tag string to copy the

characters to

MID (Source,Qty,Start,

Dest);

Description:

Arithmetic Status Flags:

Publication 1756-RMO003K-EN-P - July 2008

Structured Text

The operands are the same as those for the relay ladder MID instruction.

The MID instruction copies a group of characters from the Source and places
the result in the Destination.

e The Start position and Quantity define the characters to copy.

¢ Unless the Source and Destination are the same tag, the Source remains
unchanged.

not affected
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Fault Conditions:

Type Code Cause Recovery Method
4 51 The LEN value of the string tag is 1. Check that no instruction is writing to the LEN member of the string tag.
greater than the DATA size of the
string tag. 2. In the LEN value, enter the number of characters that the string
contains.
4 56 The Start or Quantity value is invalid. 1. Check that the Start value is between 1 and the DATA size of the
Source.

2. Check that the Start value plus the Quantity value is less than or equal
to the DATA size of the Source.

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction copies the specified characters from a string and stores them in another string.

postscan The rung-condition-out is set to false. No action taken.

Example: 1n a baggage handling conveyor of an airport, each bag gets a bar code.
Characters 9 - 17 of the bar code are the flight number and destination airport
of the bag, After the bar code is read (bag_read. EM is set) the MID instruction
copies the flight number and destination airport to the bag flt_and_dest string,

Relay Ladder
bag read.EM MID
j [ Middle String
Source bag_barcod¢
'NWA HOP 5058 AMS 01}’
oty 9
Start
Dest bag flt and dgst
'5058 AMS |’

Structured Text

IF bag read.EM THEN
MID (bar barcode, 9, 9,bag flt and dest);
bag read.EM := 0;

END IF;
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Chapter 19

ASCII Conversion Instructions
(STOD, STOR, DTOS, RTOS, UPPER, LOWER)

Introduction Use the ASCII conversion instructions to alter the format of data.
If You Want To For Example Use This Available In These See Page
Instruction Languages
convert the ASClI representation of ~ convert a value from a weight scale STOD relay ladder 614
an integer value to a SINT, INT, DINT,  or other ASCII device to an integer so
or REAL value you can use it in your logic structured text
convert the ASCII representation of a  convert a value from a weight scale STOR relay ladder 616
floating-point value to a REAL value  or other ASCII device to a REAL value
S0 you can use it in your logic structured text
convert a SINT, INT, DINT, or REAL convert a variable to an ASCII string DTOS relay ladder 619
value to a string of ASCII characters ~ so you can send it to a MessageView
terminal structured text
convert a REAL value to a string of convert a variable to an ASCII string RTOS relay ladder 621
ASCII characters S0 you can send it to a MessageView
terminal structured text
convert the letters in a string of ASCIl  convert an entry made by an operator UPPER relay ladder 623
characters to upper case to all upper case so you can search
foritin an array structured text
convert the letters in a string of ASCIl  convert an entry made by an operator LOWER relay ladder 625
characters to lower case to all lower case so you can search
foritinan array structured text
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You can also use the following instructions to compare or manipulate ASCII

characters:
If You Want To Use This Instruction  See Page
add characters to the end of a string CONCAT 601
delete characters from a string DELETE 603
determine the starting character of a sub-string FIND 605
insert characters into a string INSERT 607
extract characters from a string MID 609
rearrange the bytes of a INT, DINT, or REAL tag SWPB 299
compare a string to another string CMP 206
see if the characters are equal to specific characters EQU 21
see if the characters are not equal to specific characters NEQ 242
see if the characters are equal to or greater than specific characters GEQ 215
see if the characters are greater than specific characters GRT 219
see if the characters are equal to or less than specific characters LEQ 223
see if the characters are less than specific characters LES 227
find a string in an array of strings FSC 346
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I:I Controller name_of_contraller

EI'B Cata Types
: Eﬁ dzer-Defined

—-> El’ﬁ, Strings

String Data Types

You store ASCII characters in tags that use a string data type.
® You can use the default STRING data type. It stores up to 82 characters.

¢ You can create a new string data type that stores less or more characters.

To create a new string data type, see Logix5000 Controllers Common Procednres,
publication 1756-PM001.

Each string data type contains the following members:

Name: Data Type: Description: Notes:
LEN DINT number of characters ~ The LEN automatically updates to the new count of characters whenever you:
in the string
o use the String Browser dialog box to enter characters
e use instructions that read, convert, or manipulate a string
The LEN shows the length of the current string. The DATA member may contain
additional, old characters, which are not included in the LEN count.
DATA SINT array ASClII characters of o To access the characters of the string, address the name of the tag.
the string For example, to access the characters of the string_1 tag, enter string_1.

o Fach element of the DATA array contains one character.

¢ You can create new string data types that store less or more characters.
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String To DINT (STOD) The STOD instruction converts the ASCII representation of an integer to an
integer or REAL value.
Operands:
_ Relay Ladder
STOD
— String To DINT [—
Source ?
Dest .é
Operand Type Format Enter Notes
Source string tag tag that contains the value  String data types are:
in ASCII
o default STRING data type
e any new string data type that you create
Destination SINT tag tag to store the integer If the Source value is a floating-point number,
value the instruction converts only the non-fractional
INT part of the number (regardless of the
destination data type).
DINT
REAL

Structured Text

STOD (Source, Dest) ;

The operands are the same as those for the relay ladder STOD instruction.

Description: The STOD converts the Source to an integer and places the result in the
Destination.
e The instruction converts positive and negative numbers.
e If the Source string contains non-numeric characters, the STOD
converts the first set of contiguous numbers:
— The instruction skips any initial control or non-numeric characters
(except the minus sign in front of a number).

— If the string contains multiple groups of numbers that are separated
by delimiters (for example, /), the instruction converts only the first
group of numbers.

Arithmetic Status Flags: Arithmetic status flags are affected.
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Chapter 19

Fault Conditions

Type Code Cause

Recovery Method

4 51 The LEN value of the string tag is greater than the DATA 1. Check that no instruction is writing to the LEN
size of the string tag. member of the string tag.
2. In the LEN value, enter the number of characters
that the string contains.
4 53 The output number is beyond the limits of the Either:
destination data type.
¢ Reduce the size of the ASCII value.
o Use a larger data type for the destination.
Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na
The rung-condition-out is set to true.
Enableln is set na Enableln is always set.

The instruction executes.

instruction execution

SCis set.
Destination is cleared.
The instruction converts the Source.

If the result is zero, then S:Z is set

postscan

The rung-condition-out is set to false. No action taken.

Example: When M1V"_read. EM is set, the STOD instruction converts the first set of
numeric characters in MT”_msg to an integer value. The instruction skips the
initial control character ($06) and stops at the delimiter ( \).

Relay Ladder
MV_read.EM STOD
3 E String To DINT
Source MV_msg
'$06324\12\1\$r'
Dest MV_msg_nmbr
324
Structured Text
IF MV _read.EM THEN
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String To REAL (STOR)

STOD (MV_msg,MV_msg_nmbr) ;
MV _read.EM := 0;
END IF;

The STOR instruction converts the ASCII representation of a floating-point
value to a REAL value.

Operands:
, oron Relay Ladder Operands
— String to Real
Source ?
Dest - ”
Operand Type Format Enter Notes
Source string tag that contains the value  String data types are:
in ASCII
o default STRING data type
e any new string data type that you create
Destination REAL tag to store the REAL value

STOR (Source, Dest) ;

616

Description:

Arithmetic Status Flags:

Structured Text

The operands are the same as those for the relay ladder STOR instruction.

The STOR converts the Source to a REAL value and places the result in the
Destination.
¢ The instruction converts positive and negative numbers.

e If the Source string contains non-numeric characters, the STOR
converts the first set of contiguous numbers, including the decimal
point [ . J:

— The instruction skips any initial control or non-numeric characters
(except the minus sign in front of a number).

— If the string contains multiple groups of numbers that are separated
by delimiters (for example, /), the instruction converts only the first
group of numbers.

Arithmetic status flags are affected.
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Chapter 19

Fault Conditions:

Type Code Cause Recovery Method
4 51 The LEN value of the string tag is greater than the DATA 1. Check that no instruction is writing to the LEN
size of the string tag. member of the string tag.
2. In the LEN value, enter the number of characters
that the string contains.
4 53 The output number is beyond the limits of the Either:
destination data type.
¢ Reduce the size of the ASCII value.
e Use a larger data type for the destination.
Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na
The rung-condition-out is set to true.
Enableln is ste na Enableln is always set.

The instruction executes.

instruction execution

S:Cis set.
Destination is cleared.
The instruction converts the Source.

If the result is zero, then S:Z is set

postscan

The rung-condition-out is set to false. No action taken.

Example: After reading the weight from a scale (weight_read.EM is set) the STOR
instruction converts the numeric characters in weight_ascii to a REAL value.

You may see a slight difference between the fractional parts of the Source and

Destination.
Relay Ladder
weight_read.EM STOR
4 E String to Real
Source weight_ascii
'428.259'
Dest weight
428.259
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Structured Text

IF weight read.EM THEN
STOR (weight ascii,weight);
weight read.EM := 0;

END IF;
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DINT to St"ng (DTOS) The DTOS instruction produces the ASCII representation of a value.
Operands:
_ Relay Ladder
DTOS
— DINT to String [—
Source ?
Dest .é
Operand Type Format Enter Notes
Source SINT tag tag that contains the value  If the Source is a REAL, the instruction converts
it to a DINT value. Refer to REAL to an Integer
INT on page 640.
DINT
REAL
Destination string tag tag to store the ASCIl value  String data types are:

e default STRING data type
e any new string data type that you create

DTOS (Source, Dest) ;

Structured Text

The operands are the same as those for the relay ladder DTOS instruction.

Description: The DTOS converts the Source to a string of ASCII characters and places the

result in the Destination.

Arithmetic Status Flags: not affected

Fault Conditions:

Type Code Cause Recovery Method

4 51 The LEN value of the string tag is greater than the DATA 1. Check that no instruction is writing to the LEN

size of the string tag. member of the string tag.
2. In the LEN value, enter the number of characters
that the string contains.

4 52 The output string is larger than the destination. Create a new string data type that is large enough for
the output string. Use the new string data type as the
data type for the destination.
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Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false  The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction converts the Source.

postscan The rung-condition-out is set to false. No action taken.

Example: When emp_high is set, the DTOS instruction converts the value in #sg_num to
a string of ASCII characters and places the result in #zsg_num_ascii. Subsequent
rungs insert or concatenate zsg_num_aseii with other strings to produce a
complete message for a display terminal.

Relay Ladder
tem_ﬁ)_high DTOS
4 E DINT to String
Source msg_num
23
Dest msg_num_ascii
13!
Structured Text
IF temp high THEN
DTOS (msg_num,msg_num_ascii);
temp high := 0;
END IF;
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REAL to St"ng (RTOS) The RTOS instruction produces the ASCII representation of a REAL value.

Operands:

Relay Ladder

— Real to String [—
Source ?
Dest .é
Operand Type Format Enter Notes
Source REAL tag tag that contains the REAL
value
Destination string tag tag to store the ASClI value  String data types are:
o default STRING data type
e any new string data type that you create
PPN Structured Text

The operands are the same as those for the relay ladder RTOS instruction.

Description: The RTOS converts the Source to a string of ASCII characters and places the
result in the Destination.

Arithmetic Status Flags: not affected

Fault Conditions:

Type Code Cause Recovery Method
4 51 The LEN value of the string tag is greater than the DATA 1. Check that no instruction is writing to the LEN
size of the string tag. member of the string tag.

2. In the LEN value, enter the number of characters
that the string contains.

4 52 The output string is larger than the destination. Create a new string data type that is large enough for
the output string. Use the new string data type as the
data type for the destination.
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Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false  The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set na Enableln is always set.

The instruction executes.

instruction execution The instruction converts the Source.

postscan The rung-condition-out is set to false. No action taken.

Example: When send_data is set, the RTOS instruction converts the value in data_7 to a
string of ASCII characters and places the result in data_1_ascii. Subsequent
rungs insert or concatenate dafa_1_ascii with other strings to produce a
complete message for a display terminal.

You may see a slight difference between the fractional parts of the Source and

Destination.
Relay Ladder
send_data RTOS
4 E Real to String
Source data_1
15.3001
Dest data_1_ascii
'15.3001003
Structured Text
IF send data THEN
RTOS (data_1,data 1 ascii);
send data := 0;
END IF;
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Upper Case (UPPER)

upper case characters.

The UPPER instruction converts the alphabetical characters in a string to

Description

tag that contains the characters that you

want to convert to upper case

tag to store the characters in upper case

Operands:
_ Relay Ladder
UPPER
—— Upper Case —
Source ? Operand Type Format
7
Dest ? Source string tag
77
Destination  string tag
UPPER (Source, Dest) ; StrUCtured TeXt

The operands are the same as those for the relay ladder UPPER instruction.

Description: The UPPER instruction converts to upper case all the letters in the Source and
places the result in the Destination.

e ASCII characters are case sensitive. Upper case “A” ($41) is #ot equal to

lower case “a” ($61).

e If operators directly enter ASCII characters, convert the characters to all

upper case or all lower case before you compare them.

Any characters in the Source string that are not letters remain unchanged.

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false ~ The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set

na

Enableln is always set.

The instruction executes.

instruction execution

The instruction converts the Source to upper case.

postscan

The rung-condition-out is set to false.

No action taken.
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Example: To find information about a specific item, an operator enters the catalog
number of the item into an ASCII terminal. After the controller reads the
input from a terminal (ferminal_read. EM is set), the UPPER instruction
converts the characters in cafalog_number to all upper case characters and stores
the result in catalog_number_upper_case. A subsequent rung then searches an
array for characters that match those in catalog_number_upper_case.

624

Relay Ladder
terminal_read.EM IPPER
5 E Upper Caze
Source catalog_number
‘abcd' &
Dest catalog_number_upper_caze
BRECD' &
Structured Text

IF terminal read.EM THEN
UPPER (catalog number,catalog number upper case);
terminal read.EM := 0O;

END IF;
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Lower Case (LOWER)

lower case characters.

The LOWER instruction converts the alphabetical characters in a string to

Description

tag that contains the characters that you

want to convert to lower case

tag to store the characters in lower case

The operands are the same as those for the relay ladder LOWER instruction.

Operands:
LOWER Relay Ladder
—— Lower Caze —
Source 73 Operand  Type Format
Dest ? Source string tag
7
Destination  string tag
LOWER (Source, Dest) ; Structured Text
Description:

The LOWER instruction converts to lower case all the letters in the Soutce

and places the result in the Destination.

e ASCII characters are case sensitive. Upper case “A” ($41) is #ot equal to

lower case “a” ($61).

e If operators directly enter ASCII characters, convert the characters to all

upper case or all lower case before you compare them.

Any characters in the Source string that are not letters remain unchanged.

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:
Condition Relay Ladder Action Structured Text Action
prescan The rung-condition-out is set to false. No action taken.
rung-condition-in is false ~ The rung-condition-out is set to false. na
rung-condition-in is true The instruction executes. na

The rung-condition-out is set to true.

Enableln is set

na

Enableln is always set.

The instruction executes.

instruction execution

The instruction converts the Source to lower case.

postscan

The rung-condition-out is set to false.

No action taken.
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Example: To find information about a specific item, an operator enters the item number
into an ASCII terminal. After the controller reads the input from a terminal
(terminal_read. EM is set), the LOWER instruction converts the characters in
item_number to all lower case characters and stores the result in
item_number_lower_case. A subsequent rung then searches an array for characters
that match those in tem_number_lower_case.

626

Relay Ladder
terminal_read.EM LOWwER
4 E Lawer Caze
Source itern_number
BRECD' &
Dest item_number_lower_caze
‘abcd' €
Structured Text

IF terminal read.EM THEN
LOWER (item number,item number lower case);
terminal read.EM := 0O;

END IF;
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Chapter 20

Debug Instructions
(BPT, TPT)

Introduction Use the debug instructions to monitor the state of your logic when it is in
conditions that you determine. These instructions are only compatible with
RSLogix Emulate 5000 software, with which you can emulate a Logix 5000
controller on your personal computer.

If You Want To Use This Instruction Available In These Languages See Page |
stop program emulation when a rung is true BPT relay ladder 627 |
log data you select when a rung is true TPT relay ladder 631 |
Brea kpoints (BPT) Breakpoints stop program emulation when a rung is true.

I
Operands: I

Relay Ladder

BPT
Breakpoint
Format myformat Format  String tag A string that sets the formatting for the text

B reaklpuinl:T he input’ € that appears in the trace window for the break-
Trace Thiz analogvalue ooint

Trace This - BOOL, SINT, INT,  tag The tag that has a value you want to
DINT, REAL display in the trace window.

Operand Type Format Description

Breakpoints are programmed with the Breakpoint output instruction (BPT).
When the inputs on a rung containing a BPT instruction are true, the BPT
instruction stops program execution. The software displays a window
indicating that the breakpoint triggered and the values that triggered it.

i
Description: |

Slot #1

0 Stopped Al Breakpaint. OK ko Continue?
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When a breakpoint triggers, the emulator displays a window informing you
that a breakpoint occurred. The title bar of the window shows the slot
containing the emulator that encountered the breakpoint.

When you click OK, the emulator resumes program execution. If the
conditions that triggered the breakpoint persist, the breakpoint will recur.

In addition, the emulator opens a trace window for the breakpoint. The trace
window displays information about the breakpoint and the values.

When a breakpoint triggers, you will not be able to edit your project
ATTENTION . . X . . .
until you permit the execution to continue. You can go online with the
emulator to observe the state of your project, but you will not be able
to edit it. If you try to accept a rung edit while a breakpoint is
triggered, you will see a dialog box saying the controller is not in the
correct mode.

String Format

With the Format string in the tracepoint and breakpoint instructions, you can
control how the traced tags appear in the traces or breakpoint windows. The
format of the string is as shown here:

heading:(text)%o(type)

where beading is a text string identifying the tracepoint or breakpoint, zextis a
string describing the tag (or any other text you choose), and % (#pe) indicates
the format of the tag. You need one type indicator for each tag you are tracing
with the tracepoint or breakpoint instruction.

For example, you could format a tracepoint string as shown here:

My tracepoint:Tag 1 = %e and Tag 2 = %d

The %e formats the first traced tag as double-precision float with an exponent,
and %d formats the second traced tag as a signed decimal integer.

In this case, you would have a tracepoint instruction that has two Trace This

operands (one for a REAL and one for an INT, although the value of any tag
can be formatted with any flag).

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Debug Instructions (BPT, TPT) Chapter 20

The resulting tracepoint window that would appear when the tracepoint is
triggered would look like this.

The heading (the text preceding the

The slot number indicates the slot /—colon in the format string) appears here.

containing the emulator module that ha /
the tracepoint or breakpoint being traced /
in the trace window.

: Slot 1: My Tracepoint

Tag1=6.488484e+002 and Tag 2 = 443 ;'
Tag1=6617994e+002 and Tag 2 = 447

The text for the REAL (represented in
the format string as %e) appears here. | | The text for the INT
(represented in the format
string as %d) appears here.

Freeze Dizplay Freeze Log |

Clear Display

i

Arithmetic Status Flags: not affected

Fault Conditions: none

Execution:

Condition: Relay Ladder Action |
prescan The rung-condition-out is set to false. |
rung-condition-in is false The rung-condition-out is set to false. |
rung-condition-in is true The rung-condition-out is set to true.

Execution jumps to the rung that contains the LBL instruction with the referenced

label name.
postscan The rung-condition-out is set to false. |

Example: You can display many tag values with the BPT instruction. However, the
formatting string can contain only 82 characters. Because the formatting string
requires two characters for each tag you want in the breakpoint, you cannot
trace more than 41 tags with a single BPT instruction. However, to separate
tag data in your traces, you will need to include spaces and other formatting,
thus reducing the number of tag values that one BPT instruction can
effectively display to far fewer than 41.
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This rung shows a breakpoint that stops program execution when an analog
value is greater than 3.02 or less than 2.01.

GEQ BFT
Grtr Than or Eql [&>=E] Ereakpoint —
Source & analogvalue Farmat ryfarmat
0.0# 'Breakpoint: The input’ €
Source B 3.02 Trace Thiz analogvalue
LED

Less Than ar Eql [&<=B] ——

Source & analogvalue
noe

Source B 2.0

You want to display the breakpoint information in the Format string
(myformat). In this case, the format string contains the following text:

Breakpoint:The input value is %f

When the breakpoint triggers, the breakpoint trace window shows the
characters before the colon (“Breakpoint”) in the title bar of the trace window.
The other characters make up the traces. In this example, %f represents the
first (and in this case, the only) tag to be traced (“analogvalue”).

The resulting traces appear as shown here.

: Slot 1: Breakpoint ™ [=] B3

The input value 15 3.040000
The input value iz 3 EI3EII]

Freeze Dizplay l Freeze Log

Clear Display
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Tracepoints (TPT)

Operands:

TPT

- Tracepoint

Format myformat
‘Analog inputs trace;” €

Trace This  analogvaluel

Trace This analogvalue2

Trace This analogvalus3

Description:

Publication 1756-RMO003K-EN-P - July 2008

Trace points log data you select when a rung is true.

Relay Ladder
Operand Type Format Description
Format String tag A string that sets the formatting for the
trace reports (both on-screen and logged
to disk).
Trace This ~ BOOL, SINT, tag The tag you want to trace.
INT, DINT,
REAL

Tracepoints are programmed with the tracepoint output instruction (TPT).
When the inputs on a rung containing a TPT instruction are true, the TPT
instruction writes a trace entry to a trace display or log file.

You can trace many tags with the TPT instruction. However, the formatting
string can contain only 82 characters. Because the formatting string requires
two characters for each tag you want to trace, you cannot trace more than 41
tags with a single TPT instruction. However, to separate tag data in your traces,
you will need to include spaces and other formatting, thus reducing the
number of tags that one TPT instruction can effectively trace to far fewer than
41.

String Format

With the Format string in the tracepoint and breakpoint instructions, you can
control how the traced tags appear in the traces or breakpoint windows. The
format of the string is as shown here:

heading:(text)%o(type)

where beading is a text string identifying the tracepoint or breakpoint, zexzis a
string describing the tag (or any other text you choose), and %(#pe) indicates
the format of the tag. You need one type indicator for each tag you are tracing
with the tracepoint or breakpoint instruction.

For example, you could format a tracepoint string as shown here:

My tracepoint:Tag 1 = %e and Tag 2 = %d
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The slot number indicates the slot /
containing the emulator module that has /
the tracepoint or breakpoint being traced /

in the trace window.

The text for the REAL (represented in

The %e formats the first traced tag as double-

precision float with an exponent,

and %d formats the second traced tag as a signed decimal integer.

In this case, you would have a tracepoint instruction that has two Trace This
operands (one for a REAL and one for an INT, although the value of any tag

can be formatted with any flag).

The resulting tracepoint window that would appear when the tracepoint is

triggered would look like this.

The head
/—colonint

/

: Slot 1: My Tracepoint

ing (the text preceding the
he format string) appears here.

the format string as %e) appears here. | | The text for the INT

Arithmetic Status Flags:

Fault Conditions:

(represented in the format
string as %d) appears here.

Freeze Display

Clear Display

Tag1 =6.488484e+002 and Tag 2 = 443 ;l
Tag1 =6.617994e+002 and Tag 2 = 447

Freeze Log |

not affected

none
Execution:
Condition: Relay Ladder Action
prescan The rung-condition-out is set to false.

rung-condition-in is false

The rung-condition-out is set to false.

rung-condition-in is true

The rung-condition-out is set to true.

Execution jumps to the rung that contains the LBL
label name.

instruction with the referenced

postscan

The rung-condition-out is set to false.

632

Publication 1756-RMO003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Debug Instructions (BPT, TPT) Chapter 20

Example: This rung triggers a trace of three analog values when any one of them exceeds |
a given value (30.01).

GRT TPT
Greater Than [4:8) Tracepaint —
Source & analogvaluel Farmat ryfarmat
MRS ‘Analog inputs trace;"
Source B 30.m Trace This analogvaluel
Trace This analogvalue?
Trace This analogvaluel

GRT
Greater Than [4>B]
Source & analogvalue?
00«
Source B 300

GRT
Greater Than [4>B) —
Source & analogvaluel
00«
Source B a30m

You want to display the tracepoint information in the Format string
(myformat). In this case, the format string contains this text:

Analog inputs trace:Analog inputs = %f, %f, and %f

When the tracepoint triggers, the characters before the colon (“Analog inputs
trace”) appear in the title bar of the trace window. The other characters make
up the traces. In this example, %f represents the tags to be traced
(“analogvaluel,” “analogvalue2,” and “analogvalue3”).

The resulting traces appear as shown here.

i1 Slot 1: Analog inputs trace M= B3

Analog inputs = 31.002007, 30.282000, and 30.110001
Analog inputs = 30.224001, 30.2140071, and 30. 226000
Analog inputs = 30.320000, 30.233000, and 30.422001
i [ 29.993000 30346001, and 30 445999

Freeze Display | I Freeze Log

Clear Display

When this trace is logged to disk, the characters before the colon appear in the
traces.
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This indicates which tracepoint caused which trace entry. This is an example of

a trace entry. “Analog inputs trace:” is the heading text from the tracepoint's
format string,

Analog inputs trace:Analog inputs = 31.00201, 30.282000, and 30.110001
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Introduction

Immediate Values

Data Conversions

Publication 1756-RMO003K-EN-P - July Year

Common Attributes

This appendix describes attributes that are common to the Logix instructions.

For Information About See Page
Immediate Values 635
Data Conversions 635

Whenever you enter an immediate value (constant) in decimal format (for
example, -2, 3) the controller stores the value using 32 bits. If you enter a value
in a radix other than decimal, such as binary or hexadecimal, and do not
specify all 32 bits, the controller places a zero in the bits that you do not
specify (zero-fill).

EXAMPLE Zero-filling of immediate values

If You Enter The Controller Stores
-1 16#fff fff (-1)

16#fff (-1) 16#0000 ffff (65535)
8#1234 (668) 16#0000 029c (668)
2#1010 (10) 16#0000 000a (10)

Data conversions occur when you mix data types in your programming:

When Programming in  Conversions Can Occur When You

Relay Ladder Logic Mix data types for the parameters within one instruction

Function Block Wire two parameters that have different data types
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Instructions execute faster and require less memory if all the operands of the
instruction use:

e the same data type
e an optimal data type:
— In the “Operands” section of each instruction in this manual, a bold
data type indicates an optimal data type.
— The DINT and REAL data types are typically the optimal data types.

— Most function block instruction only support one data type (the
optimal data type) for its operands.

If you mix data types and use tags that are not the optimal data type, the
controller converts the data according to these rules

e Are any of the operands a REAL value?

If Then input operands (for example., source, tag in an expression,
limit) convert to

Yes REALs

No DINTs

e After instruction execution, the result (a DINT or REAL value)
converts to the destination data type, if necessary.

You cannot specify a BOOL tag in an instruction that operates on integer or
REAL data types.

Because the conversion of data takes additional time and memory, you can
increase the efficiency of your programs by:

e using the same data type throughout the instruction

e minimizing the use of the SINT or INT data types

In other words, use all DINT tags or all REAL tags, along with immediate
values, in your instructions.

The following sections explain how the data is converted when you use SINT
or INT tags or when you mix data types.
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SINT or INT to DINT

For those instructions that convert SINT or INT values to DINT values, the
“Operands” sections in this manual identify the conversion method.

This Conversion Method Converts Data By Placing

Sign-extension the value of the left-most bit (the sign of the value) into
each bit position to the left of the existing bits until there
are 32 bits.

Zero-fill zeroes to the left of the existing bits until there are 32
bits

The following example shows the results of converting a value using
sign-extension and zero-fill.

This value 281111 _ 111 _ 11111111 (-1)
Converts to this 21111 _ M1 _ 111 (-1)
value by

sign-extension

Converts to this 2#0000_0000_0000_0000_1111_1111_1111_1111 (65535)

value by zero-fill

Because immediate values are always zero-filled, the conversion of a SINT or
INT value 7ay produce unexpected results. In the following example, the
comparison is false because Source A, an INT, converts by sign-extension;
while Source B, an immediate value, is zero-filled.

EQU

Equal

Source A remote_rack_1:l.Data[0]
2#1111 1111 1111 1111

Source B 2#1111_1111_1111 1111

42093
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If you use a SINT or INT tag and an immediate value in an instruction that
converts data by sign-extension, use one of these methods to handle
immediate values:

e Specify any immediate value in the decimal radix

e If you are entering the value in a radix other than decimal, specify all 32
bits of the immediate value. To do so, enter the value of the left-most bit
into each bit position to its left until there are 32 bits.

e Create a tag for each operand and use the same data type throughout the
instruction. To assign a constant value, either:

— Enter it into one of the tags
— Add a MOV instruction that moves the value into one of the tags.
e Use a MEQ instruction to check only the required bits

The following examples show two ways to mix an immediate value with an
INT tag. Both examples check the bits of a 1771 I/O module to determine if
all the bits are on. Since the input data word of a 1771 I/O module is an INT
tag, it is easiest to use a 16-bit constant value.

EXAMPLE Mixing an INT tag with an immediate value

Since remote_rack_1:/.Data[0]is an INT tag, the value to check
it against is also entered as an INT tag.

EQU
Equal

Source A remote_rack_1:.Data[0]
2#1111 1111 1111 1111
Source B int_0
2#1111 1111 1111 1111

42093

EXAMPLE Mixing an INT tag with an immediate value

Since remote_rack_1:1.Data/0] is an INT tag, the value to
check it against first moves into zz#_0, also an INT tag. The
EQU instruction then compares both tags.

MOV- EQU
Move Equal
Source 2#1111 1111 1111 1111 Source A remote_rack_1:.Data[0]
2#1111_1111 1111 1111
Dest int_ 0 Source B int_ 0
2#1111 1111 1111 1111 2#1111 1111 1111 1111 12093
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Integer to REAL

The controller stores REAL values in IEEE single-precision, floating-point
number format. It uses one bit for the sign of the value, 23 bits for the base
value, and eight bits for the exponent (32 bits total). If you mix an integer tag
(SINT, INT, or DINT) and a REAL tag as inputs in the same instruction, the
controller converts the integer value to a REAL value before the instruction
executes.

e A SINT or INT value always converts to the same REAL value.
e A DINT value may not convert to the same REAL value:

— A REAL value uses up to 24 bits for the base value (23 stored bits
plus a “hidden” bit).

— A DINT value uses up to 32 bits for the value (one for the sign and
31 for the value).

— If the DINT value requires more than 24 significant bits, it #ay not
convert to the same REAL wvalue. If it will not, the controller rounds
to the nearest REAL value using 24 significant bits.

DINT to SINT or INT

To convert a DINT value to a SINT or INT wvalue, the controller truncates the
upper portion of the DINT and sets the overflow status flag, if necessary. The
following example shows the result of a DINT to SINT or INT conversion.

EXAMPLE Conversion of a DINT to an INT and a SINT

This DINT Value Converts To This Smaller Value
16#0001_0081 (65,665) INT: 16#0081 (129)
SINT:  16#81(-127)
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REAL to an Integer

To convert a REAL value to an integer value, the controller rounds the
fractional part and truncates the upper portion of the non-fractional part. If
data is lost, the controller sets the overflow status flag. Numbers round as
follows:

o Numbers other than x.5 round to the nearest whole number.

e X5 rounds to the nearest even number.

The following example show the result of converting REAL values to DINT

values.

Conversion of REAL values to DINT values
This REAL Value Converts To This DINT Value
2.5 -2
-16 -2

1.5 2
1.4 1
1.4 1

1.5 2

1.6 2
25 2

IMPORTANT The arithmetic gtatus flags are set based on the \{alue b_eing
stored. Instructions that normally do not affect arithmetic

status keywords might appear to do so if type conversion
occurs because of mixed data types for the instruction
parameters. The type conversion process sets the arithmetic
status keywords.
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Function Block Attributes

Introduction This appendix describes issues that are unique with function block
instructions. Review the information in this appendix to make sure you
understand how your function block routines will operate.

IMPORTANT When programming in function block, restrict the range of engineering units to
+/-10""1° because internal floating point calculations are done using single

precision floating point. Engineering units outside of this range may result in a
loss of accuracy if results approach the limitations of single precision floating

point (+/-10*/-38).

Choose the Function Block To control a device, use the following elements:

Elements
input reference (IREF) function block output reference (OREF)
= [ l
I — I ]
DJ )_L(:] <— output wire
connector
(OCON)
input wire J
connector =
(ICON)
|
]
Use the following table to choose your function block elements:z
If You Want To Use a
supply a value from an input device or tag input reference (IREF)
send a value to an output device or tag output reference (OREF)
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If You Want To Use a

perform an operation on an input value or values and ~ function block
produce an output value or values

transfer data between function blocks when they output wire connector (OCON) and an input wire
are: connector (ICON)

e far apart on the same sheet
e on different sheets within the same routine

disperse data to several points in the routine single output wire connector (OCON) and multiple
input wire connectors (ICON)

Latching Data If you use an IREF to specify input data for a function block instruction, the
data in that IREF is latched for the scan of the function block routine. The
IREF latches data from program-scoped and controller-scoped tags. The
controller updates all IREF data at the beginning of each scan.

(=

IREF—®» [ »— u]
d

In this example, the value of tagA is stored at the beginning of the routine’s
execution. The stored value is used when Block 01 executes. The same stored
value is also used when Blcock_02 executes. If the value of tagA changes
during execution of the routine, the stored value of tagA in the IREF does not
change until the next execution of the routine.

Block_01
=
[ 4——— g
d
Block_02
=
L—q u}
[m
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This example is the same as the one above. The value of tagA is stored only
once at the beginning of the routine’s execution. The routine uses this stored
value throughout the routine.

Block_01

(=

g

d

Block_02

(=

s

w

Starting with RSLogix 5000 software, version 11, you can use the same tag in
multiple IREFs and an OREF in the same routine. Because the values of tags
in IREFs are latched every scan through the routine, all IREFs will use the
same value, even if an OREF obtains a different tag value during execution of
the routine. In this example, if tagA has a value of 25.4 when the routine starts
executing this scan, and Block_01 changes the value of tagA to 50.9, the
second IREF wired into Block_02 will still use a value of 25.4 when Block_02
executes this scan. The new tagA value of 50.9 will not be used by any IREFs
in this routine until the start of the next scan.

Block_01

Blodk_02

-
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Order of Execution

644

[ e

The RSLogix 5000 programming software automatically determines the order
of execution for the function blocks in a routine when you:

e verify a function block routine
e verify a project that contains a function block routine

e download a project that contains a function block routine

You define execution order by wiring function blocks together and indicating
the data flow of any feedback wires, if necessary.

If function blocks are not wired together, it does not matter which block
executes first. There is no data flow between the blocks.

= = =

If you wire the blocks sequentially, the execution order moves from input to
output. The inputs of a block require data to be available before the controller
can execute that block. For example, block 2 has to execute before block 3
because the outputs of block 2 feed the inputs of block 3.

— |

Execution order is only relative to the blocks that are wired together. The
following example is fine because the two groups of blocks are not wired
together. The blocks within a specific group execute in the appropriate order
in relation to the blocks in that group.
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Resolve a Loop

To create a feedback loop around a block, wire an output pin of the block to
an input pin of the same block. The following example is OK. The loop
contains only a single block, so execution order does not matter.

||
This input pin uses an output that la ]
the block produced on the = —
previous scan. ———————#»
N — |

If a group of blocks are in a loop, the controller cannot determine which block
to execute first. In other words, it cannot resolve the loop.

Dﬂ—rcc 0 0 :l—"—‘:l::l

To identify which block to execute first, mark the input wire that creates the
loop (the feedback wire) with the Assume Data Available indicator. In the
following example, block 1 uses the output from block 3 that was produced in
the previous execution of the routine.

[ - - |
This input pin uses the output ——— =
that block 3 produced on the

previous scan.

Assume Data Available indicator

The Assume Data Available indicator defines the data flow within the loop. The
arrow indicates that the data serves as input to the first block in the loop.
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Do not mark all the wires of a loop with the Assume Data Available indicator.

This is 0K This is NOT 0K

I g N o S . B

Assume Data Available

indicator The controller cannot resolve the loop because all the wires use the
Assume Data Available indicator.

The Assume Data Available indicator defines the data flow within
the loop.

646 Publication 1756-RMO03K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Function Block Attributes ~ Appendix B

Resolve Data Flow Between Two Blocks

If you use two or more wires to connect two blocks, use the same data flow
indicators for all of the wires between the two blocks.

This is 0K This is NOT 0K
> m * m ¥ = * =l
= B— ——0 m| = B— —d =]
[ P [m —————]
g [
Neither wire uses the Assume Data Available indicator. One wire uses the Assume Data Available indicator while the other

wire does not.

Assume Data Available
indicator

Both wires use the Assume Data Available indicator.

Create a One Scan Delay

To produce a one scan delay between blocks, use the Assume Data Available
indicator. In the following example, block 1 executes first. It uses the output
from block 2 that was produced in the previous scan of the routine.

O :I—‘@ ]

Assume Data Available indicator
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Function Block Responses
to Overflow Conditions

Summary

In summary, a function block routine executes in this order:

1. The controller latches all data values in IREFs.

2. The controller executes the other function blocks in the order
determined by how they are wired.

3. The controller writes outputs in OREFs.

In general, the function block instructions that maintain history do not update
history with ZNAN, or £INF values when an overflow occurs. Each
instruction has one of these responses to an overflow condition:

Response 1:

Blocks execute their algorithm and check
the result for *NAN or 2INF. If £NAN or
ZINF, the block outputs £NAN or £INF.

Response 2:

Blocks with output limiting execute their
algorithm and check the result for =NAN or
INF. The output limits are defined by the
HighLimit and LowLimit input parameters.
If £INF, the block outputs a limited result.
If =NAN, the output limits are not used and
the block outputs =NAN.

Response 3:

The overflow condition does not apply. These
instructions typically have a boolean output.

ALMNTCH HLL BANDOSRI
DEDTPMUL INTG BNOTRESD
DERVPOSP Pl BORRTOR
ESELRLIM PIDE BXORSETD
FGENRMPS SCL CUTDTOFR
HPFSCRV S0C D2SDTONR
LDL2SEL D3SD
LDLGSNEG DFF
LPFSRTP JKFF
MAVESSUM OSH
MAXCTOT
MINCUPDN
MSTD
MUX
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Timing Modes

These process control and drives instructions support different timing modes.

DEDT LDLG RLIM
DERV LPF SCRV
HPF NTCH SOC
INTG PI TOT
LDIL.2 PIDE

There are three different timing modes:

Timing Mode Description

periodic Periodic mode is the default mode and is suitable for most control applications. \We recommend that you place
the instructions that use this mode in a routine that executes in a periodic task. The delta time (DeltaT) for the
instruction is determined as follows:
If The Instruction Then DeltaT Equals
ExecutesIna
periodic task period of the task
event or continuous  elapsed time since the previous execution
task

The controller truncates the elapsed time to whole milliseconds (ms). For example, if
the elapsed time = 10.5 ms, the controller sets DeltaT = 10 ms.

The update of the process input needs to be synchronized with the execution of the task or sampled 5-10 times
faster than the task executes in order to minimize the sampling error between the input and the instruction.

oversample In oversample mode, the delta time (DeltaT) used by the instruction is the value written into the OversampleDT
parameter of the instruction. If the process input has a time stamp value, use the real time sampling mode
instead.
Add logic to your program to control when the instruction executes. For example, you can use a timer set to the
OversampleDeltaT value to control the execution by using the Enableln input of the instruction.
The process input needs to be sampled 5-10 times faster than the instruction is executed in order to minimize
the sampling error between the input and the instruction.
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Timing Mode Description

real time sampling In the real time sampling mode, the delta time (DeltaT) used by the instruction is the difference between two
time stamp values that correspond to the updates of the process input. Use this mode when the process input
has a time stamp associated with its updates and you need precise coordination.

The time stamp value is read from the tag name entered for the RTSTimeStamp parameter of the instruction.
Normally this tag name is a parameter on the input module associated with the process input.

The instruction compares the configured RTSTime value (expected update period) against the calculated
DeltaT to determine if every update of the process input is being read by the instruction. If DeltaT is not within
1 millisecond of the configuration time, the instruction sets the RTSMissed status bit to indicate that a
problem exists reading updates for the input on the module.

650

Time-based instructions require a constant value for DeltaT in order for the
control algorithm to properly calculate the process output. If DeltaT varies, a
discontinuity occurs in the process output. The severity of the discontinuity
depends on the instruction and range over which DeltaT varies. A
discontinuity occurs if the:

e instruction is not executed during a scan.
e instruction is executed multiple times during a task.

e task is running and the task scan rate or the sample time of the process
input changes.

e user changes the time base mode while the task is running,

® Order parameter is changed on a filter block while the task is running,
Changing the Order parameter selects a different control algorithm
within the instruction.
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Common Instruction Parameters for Timing Modes

The instructions that support time base modes have these input and output

parameters:
Input parameters
Input Parameter Data Type Description
TimingMode DINT Selects timing execution mode.
Value: Description:
0 periodic mode
1 oversample mode
2 real time sampling mode
valid=0to 2
default=0
When TimingMode = 0 and task is periodic, periodic timing is enabled and DeltaT is set to
the task scan rate. When TimingMode = 0 and task is event or continuous, periodic timing is
enabled and DeltaT is set equal to the elapsed time span since the last time the instruction
was executed.
When TimingMode = 1, oversample timing is enabled and DeltaT is set to the value of the
OversampleDT parameter.
When TimingMode = 2, real time sampling timing is enabled and DeltaT is the difference
between the current and previous time stamp values read from the module associated with
the input.
If TimingMode invalid, the instruction sets the appropriate bit in Status.
OversampleDT REAL Execution time for oversample timing. The value used for DeltaT is in seconds. If

TimingMode = 1, then QversampleDT = 0.0 disables the execution of the control algorithm. If
invalid, the instruction sets DeltaT = 0.0 and sets the appropriate bit in Status.

valid = 0 to 4194.303 seconds

default=0.0
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Input Parameter Data Type Description

RTSTime DINT Module update period for real time sampling timing. The expected DeltaT update period is in
milliseconds. The update period is normally the value that was used to configure the
module’s update time. If invalid, the instruction sets the appropriate bit in Status and
disables RTSMissed checking.
valid = 1 to 32,767ms
default=1

RTSTimeStamp DINT Module time stamp value for real time sampling timing. The time stamp value that
corresponds to the last update of the input signal. This value is used to calculate DeltaT. If
invalid, the instruction sets the appropriate bit in Status, disables execution of the control
algorithm, and disables RTSMissed checking.
valid =1 to 32,767ms (wraps from 32767 to 0)
1 count =1 millisecond
default=0

Output parameters

Output Parameter Data Type Description

DeltaT REAL Elapsed time between updates. This is the elapsed time in seconds used by the control
algorithm to calculate the process output.
Periodic: DeltaT = task scan rate if task is Periodic task, DeltaT = elapsed time since previous
instruction execution if task is Event or Continuous task
Oversample: DeltaT = OversampleDT
Real Time Sampling: DeltaT = (RTSTimeStampy, - RTSTimeStamp;,.1)

Status DINT Status of the function block.

TimingModelnv BOOL Invalid TimingMode value.

(Status.27)

RTSMissed (Status.28) BOOL Only used in real time sampling mode. Set when ABS | DeltaT - RTSTime | > 1 (.001 second).

RTSTimelnv BOOL Invalid RTSTime value.

(Status.29)

RTSTimeStamplnv BOOL Invalid RTSTimeStamp value.

(Status.30)

DeltaTInv (Status.31)  BOOL Invalid DeltaT value.
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Overview of Timing Modes

The following diagram shows how an instruction determines the appropriate
timing mode.

v

Determine time base mode

TimingMode =0 TimingMode =1 TimingMode = 2

C Periodic timing ) ( Oversample timing ) < Real time timing )

DeltaT = OversampleDT DeltaT = RTSTimeStamp,, - RTSTimeStamp,, 4

If DeltaT < 0 or DeltaT >4194.303 secs. | |If DeltaT > 0, the instruction executes.
the instruction sets DeltaT =0.0 and sets

v
the appropriate bit in Status.

Determine task type

v

< Periodic task > < Event or Continuous task )

DeltaT = task scan time DeltaT = elapsed time since last execution
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Program/O perator Control Several instructions support the concept of Program/Operator control. These

instructions include:

e Enhanced Select (ESEL)

e Totalizer (TOT)

e Enhanced PID (PIDE)

e Ramp/Soak (RMPS)

® Discrete 2-State Device (D2SD)
® Discrete 3-State Device (D3SD)

Program/Operator control lets you control these instructions simultaneously
from both your user program and from an operator interface device. When in
Program control, the instruction is controlled by the Program inputs to the
instruction; when in Operator control, the instruction is controlled by the
Operator inputs to the instruction.

Program or Operator control is determined by using these inputs:

Input Description

.ProgProgReq A program request to go to Program control.
.ProgOperReq A program request to go to Operator control.
.OperProgReq An operator request to go to Program control.
.OperOperReq An operator request to go to Operator control.

To determine whether an instruction is in Program or Control control,
examine the ProgOper output. If ProgOper is set, the instruction is in
Program control; if ProgOper is cleared, the instruction is in Operator control.

Operator control takes precedence over Program control if both input request
bits are set. For example, if ProgProgReq and ProgOperReq are both set, the
instruction goes to Operator control.
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Leeal:1:.ChOData [,

The Program request inputs take precedence over the Operator request inputs.
This provides the capability to use the ProgProgReq and ProgOperReq inputs
to “lock” an instruction in a desired control. For example, let’s assume that a
Totalizer instruction will always be used in Operator control, and your user
program will never control the running or stopping of the Totalizer. In this
case, you could wire a literal value of 1 into the ProgOperReq. This would
prevent the operator from ever putting the Totalizer into Program control by
setting the OperProgReq from an operator interface device.

[
- —— —=| ProgOperReq

Wiring a “1" into ProgOperReq means
the user program always wants the
TOT to be in Qperator control

TOT_0M
TOT B

Totalizer
In Total
FrogProgReq OldTatal
FrogOper
= FrogStartReq RunStop
=] F topReq FrogReszetbone
c] FrogResetReq TargetFlag
TargetDeviFlag
TargetDevZFlag

| L 5 I R 1 B 3 B O R |
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Totalizer : program:MainProgram.TOT_01

Total:
Old Total:
Input:

Target
500

Reset

Status: Ok

403.292 gallons
0 gallons
59.07 galfmin

—Dey 2
—Dey 1

Mode:
Operatar
Run

Program
Operatar
Start
Stop

Reset

Detail....

IR

Because the ProgOperReq input is
always set, pressing the “Program”
button on the faceplate (which sets
the OperProgReg input) has no effect.
Normally, setting OperProgReq puts
the TOT in Program control.
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Likewise, constantly setting the ProgProgReq can “lock” the instruction into
Program control. This is useful for automatic startup sequences when you
want the program to control the action of the instruction without worrying
about an operator inadvertently taking control of the instruction. In this
example, you have the program set the ProgProgReq input during the startup,
and then clear the ProgProgReq input once the startup was complete. Once
the ProgProgReq input is cleared, the instruction remains in Program control
untl it receives a request to change. For example, the operator could set the
OperOperReq input from a faceplate to take over control of that instruction.
The following example shows how to lock an instruction into Program
control.

FuelFlowContraller

FIDE El

Enhanced PIL

Local:1:1.ChOD ata Tt Py CWEU i Local:3:0.ChOCrata

SPProg =1
SPCascade FYHHAlLarm

StarupCy FatioFrog PWHAlamm

:

L I N I 1 B 1 I 1 B B O B O O R I R D

CWProg FuwLAlarm
o FF FWLLAlarm
O HandFB FWYROCFosAlarm
II —— —z ProgProgReq FWROCHegAlarm
5 FrogOperReq CewHHAlarm
] ProgCasRatReq DewHAlarm
] ProgAutoReq CrewlAlarm

|- —— —| FroghlanualReq CrewlLAlarm
5 FrogOverideReq FrogOper
o

When StartupSequenceActive
is set, the PIDE instruction is
placed in Program control and Aute
Manual mode. The StartupCV Manual
value is used as the loop output.

= FrogHandReq CasRat

Override

Hand

Operator request inputs to an instruction are always cleared by the instruction
when it executes. This allows operator interfaces to work with these
instructions by merely setting the desired mode request bit. You don’t have to
program the operator interface to reset the request bits. For example, if an
operator interface sets the OperAutoReq input to a PIDE instruction, when
the PIDE instruction executes, it determines what the appropriate response
should be and clears the OperAutoReq.

Program request inputs are not normally cleared by the instruction because
these are normally wired as inputs into the instruction. If the instruction clears
these inputs, the input would just get set again by the wired input. There might
be situations where you want to use other logic to set the Program requests in
such a manner that you want the Program requests to be cleared by the
instruction. In this case, you can set the ProgValueReset input and the
instruction will always clear the Program mode request inputs when it
executes.
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In this example, a rung of ladder logic in another routine is used to one-shot
latch a ProgAutoReq to a PIDE instruction when a pushbutton is pushed.
Because the PIDE instruction automatically clears the Program mode
requests, you don’t have to write any ladder logic to clear the ProgAutoReq
after the routine executes, and the PIDE instruction will receive only one
request to go to Auto every time the pushbutton is pressed.

When the TIC101AutoReq Pushbutton is pressed, one-shot latch ProgAutoReq for the PIDE instruction TIC101.
TIC101 has been configured with the ProgValueReset input set, so when the PIDE instruction executes, it
automatically clears ProgAutoReq.

TIC1MAutoReqPE  TICT01AutoRegPEOneShot TIC101. ProgtwtoReq
1E roms T a1
‘ il L I
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Notes:
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Introduction This appendix describes issues that are unique with structured text
programming. Review the information in this appendix to make sure you
understand how your structured text programming will execute.

For Information About See Page
Structured Text Syntax 659
Assignments 661
Expressions 663
Instructions 670
Constructs 671
Comments 687

Structured Text sVI]tax Structured text is a textual programming language that uses statements to
define what to execute.

e Structured text is not case sensitive.

e Use tabs and carriage returns (separate lines) to make your structured
text easier to read. They have no effect on the execution of the
structured text.

Structured text is not case sensitive. Structured text can contain these
components:

Term Definition Examples

assignment Use an assignment statement to assign values to tags. tag := expression;

(see page 661) The := operator is the assignment operator.

Terminate the assignment with a semi colon “;".

"
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Term Definition Examples

expression An expression is part of a complete assignment or construct statement.
An expression evaluates to a number (numerical expression) or to a true
(see page 663) or false state (BOOL expression).

An expression contains:

tags A named area of the memory where data is stored ~ valuel
(BOOL, SINT,INT,DINT, REAL, string).
immediates A constant value. 4
operators A symbol or mnemonic that specifies an operation tagl + tag2

within an expression.
tagl >= valuel

functions When executed, a function yields one value. Use function(tagl)
parentheses to contain the operand of a function.

Even though their syntax is similar, functions differ
from instructions in that functions can only be used
in expressions. Instructions cannot be used in
expressions.

instruction An instruction is a standalone statement. instruction();

(see page 670) An instruction uses parenthesis to contain its operands.
Depending on the instruction, there can be zero, one, or multiple instruction (operand) ;
operands.

When executed, an instruction yields one or more values that are part of
a data structure. instruction (operandl,
operandZ2,operand3) ;

uon

Terminate the instruction with a semi colon “;".

Even though their syntax is similar, instructions differ from functions in
that instructions cannot be used in expressions. Functions can only be
used in expressions.
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Term Definition Examples
construct A conditional statement used to trigger structured text code (i.e, other ~ IF...THEN
statements).
(see page 671) CASE
Terminate the construct with a semi colon “;".
FOR...DO
WHILE...DO
REPEAT...UNTIL
EXIT
comment Text that explains or clarifies what a section of structured text does. //comment

(see page 687)

¢ Use comments to make it easier to interpret the structured text.

e Comments do not affect the execution of the st

ructured text.
(*start of comment

e Comments can appear anywhere in structured text. end of comment*)

/*start of comment
end of comment*/

Assignments

this syntax:

Use an assignment to change the value stored within a tag. An assignment has

tag := expression;

where:

Component

Description

tag

represents the tag that is getting the new value

the tag must be a BOOL, SINT, INT, DINT, or REAL

is the assignment symbol

expression

represents the new value to assign to the tag

If tag is this data type: Use this type of expression:
BOOL BOOL expression

SINT numeric expression

INT

DINT

REAL

ends the assignment
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The #ag retains the assigned value until another assignment changes the value.

The expression can be simple, such as an immediate value or another tag
name, ot the expression can be complex and include several operators and/or
functions. See the next section “Expressions“on page 663 for details.

Specify a non-retentive assignment

The non-retentive assignment is different from the regular assignment
described above in that the tag in a non-retentive assignment is reset to zero
each time the controller:

e enters the RUN mode

® leaves the step of an SFC if you configure the SFC for Automatic reset
(This applies only if you embed the assignment in the action of the step
or use the action to call a structured text routine via a JSR instruction.)

A non-retentive assignment has this syntax:

tag [=] expression;

where:

Component Description

tag represents the tag that is getting the new value
the tag must be a BOOL, SINT, INT, DINT, or REAL

[=] is the non-retentive assignment symbol

expression represents the new value to assign to the tag
If tag is this data type: Use this type of expression:
BOOL BOOL expression
SINT numeric expression
INT
DINT
REAL

: ends the assignment
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Assign an ASCII character to a string

Use the assignment operator to assign an ASCII character to an element of the
DATA member of a string tag. To assign a character, specify the value of the
character or specify the tag name, DATA member, and element of the
character. For example:

This is 0K This is not OK.
stringl.DATA[O0] := 65; stringl.DATA[0] := A;

stringl.DATA[O]:

string2.DATA[O]; stringl := string2;

To add or insert a string of characters to a string tag, use either of these ASCII
string instructions:

To Use This Instruction
add characters to the end of a string CONCAT
insert characters into a string INSERT
Expressions An expression is a tag name, equation, or comparison. To write an expression,

use any of the following:
e tag name that stores the value (variable)
e number that you enter directly into the expression (immediate value)
e functions, such as: ABS, TRUNC

® operators, such as: +, -, <, >, And, Or
As you write expressions, follow these general rules:

e Use any combination of upper-case and lower-case letter. For example,
these three variations of "TAND" are acceptable: AND, And, and.

¢ For more complex requirements, use parentheses to group expressions
within expressions. This makes the whole expression easier to read and
ensures that the expression executes in the desired sequence. See
“Determine the order of execution“on page 669.

Publication 1756-RMO03K-EN-P - July 2008 663

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Appendix C  Structured Text Programming

In structured text, you use two types of expressions:

BOOL expression: An expression that produces either the BOOL value of 1
(true) or O (false).

e A bool expression uses bool tags, relational operators, and logical
operators to compare values or check if conditions are true or false.
For example, tagl>65.

e A simple bool expression can be a single BOOL tag.

e Typically, you use bool expressions to condition the execution of other
logic.

Numeric expression: An expression that calculates an integer or
floating-point value.

e A numeric expression uses arithmetic operators, arithmetic functions,
and bitwise operators. For example, tagl+b5.

e Often, you nest a numeric expression within a bool expression. For
example, (tagl+5)>65.

Use the following table to choose operators for your expressions:

If You Want To Then
Calculate an arithmetic value “Use arithmetic operators and functions”on page 665.
Compare two values or strings “Use relational operators“on page 666.
Check if conditions are true or false “Use logical operators”on page 668.
Compare the bits within values “Use bitwise operators”on page 669.
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Use arithmetic operators and functions

You can combine multiple operators and functions in arithmetic expressions.

Arithmetic operators calculate new values.

To Use This Operator Optimal Data Type
add + DINT, REAL
subtract/negate DINT, REAL
multiply * DINT, REAL
exponent (x to the power of y) ** DINT, REAL
divide / DINT, REAL
modulo-divide MOD DINT, REAL

Arithmetic functions perform math operations. Specify a constant, a
non-boolean tag, or an expression for the function.

For

Use This Function

Optimal Data Type

absolute value ABS (numeric expression) DINT, REAL
arc cosine ACOS (numeric expression) REAL
arc sine ASIN (numeric expression) REAL
arc tangent ATAN (numeric expression) REAL
cosine COS (numeric expression) REAL
radians to degrees DEG (numeric expression) DINT, REAL
natural log LN (numeric expression) REAL
log base 10 LOG (numeric expression) REAL
degrees to radians RAD (numeric expression) DINT, REAL
sine SIN(numeric expression) REAL
square root SORT (numeric expression) DINT, REAL
tangent TAN (numeric expression) REAL
truncate TRUNC (numeric expression) DINT, REAL
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For example:

Use This Format

Example

For This Situation You'd Write

valuel operator valueZ

If gain_4 and gain_4_adjare DINT tags and your gain 4 adj :=
specification says: "Add 15 to gain_4 and store the | gain 4+15;
resultin gain_4 aaj."

operator valuel

If alarm and high_alarm are DINT tags and your alarm:=
specification says: “Negate high_alarmand store | ~high alarm;
the result in alarm.”

function (numeric expression)

If overtravel and overtravel_POS are DINT tags and | overtravel POS :=
your specification says: “Calculate the absolute ABS (overtravel) ;
value of overtravel and store the result in
overtravel_P0OS."

valuel operator
(function ((value2+value3) /2)

If adjustment and position are DINT tags and position :=
sensor! and sensorZ are REAL tags and your adjustment +
specification says: “Find the absolute value of the | ABS ( (sensorl +
average of sensor! and sensorZ, add the sensor2) /2);

adjustment, and store the result in position.”

666

Use relational operators

Relational operators compare two values or strings to provide a true or false
result. The result of a relational operation is a BOOL value:

If The Comparison Is The Resultls
true 1
false 0

Use the following relational operators:

For This Comparison Use This Operator Optimal Data Type
equal = DINT, REAL, string
less than < DINT, REAL, string
less than or equal <= DINT, REAL, string
greater than > DINT, REAL, string
greater than or equal >= DINT, REAL, string
not equal < DINT, REAL, string
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For example:

Use This Format

Example

For This Situation

You'd Write

valuel operator value2

If tempis a DINT tag and your specification
says: “If tempis less than 100° then...”

IF temp<100 THEN...

stringtagl operator
stringtag?2

If bar_code and dest are string tags and your
specification says: “If bar_code equals dest
then...”

IF bar code=dest THEN...

charl operator char2

To enter an ASCII character directly into
the expression, enter the decimal value of
the character.

If bar_code is a string tag and your
specification says: “If bar_code. DATA[0] equals
‘A'then..."

IF bar code.DATA[0]=65
THEN. ..

bool tag :=
bool expressions

If count and /ength are DINT tags, done is a
BOOL tag, and your specification says “If count
is greater than or equal to /ength, you are done
counting.”

done := (count >= length);
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How Strings Are Evaluated

The hexadecimal values of the ASCII characters determine if one string is less

than or greater than another string,

e When the two strings are sorted as in a telephone directory, the order of
the strings determines which one is greater.

ASCII Characters Hex Codes
1ab $31$61$62
| A g 1b $31$62
e r
) . A $41
s a AB $41$42 — AB<B
e t 1
) 6 B $42 s
r a $61 — a>B
V ab $61$62

e Strings are equal if their characters match.

e Characters are case sensitive. Upper case “A” ($41) is 7ot equal to lower

case “a” ($01).

For the decimal value and hex code of a character, see the back cover of this

manual.
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Use logical operators

Logical operators let you check if multiple conditions are true or false. The
result of a logical operation is a BOOL value:

If The Comparison Is

The ResultIs

true

false

Use the following logical operators:

For Use This Operator Data Type
logical AND &, AND BOOL
logical OR OR BOOL
logical exclusive OR XOR BOOL
logical complement NOT BOOL

For example:

Use This Format

Example

For This Situation

You'd Write

BOOLtag If photoeyeis a BOOL tag and your specification | IF photoeye THEN...
says: “If photoeyeis on then...”

NOT BoOLtag If photoeyeis a BOOL tag and your specification | IF NOT photoeye THEN. ..
says: “If photoeye is off then...”

expressionl & expression?2 If photoeyeis a BOOL tag, tempisa DINTtag, | IF photoeye & (temp<100)
and your specification says: “If photoeyeison | THEN. . .
and tempis less than 100° then...".

expressionl OR expression2 If photoeyeis a BOOL tag, tempisa DINTtag, | IF photoeye OR (temp<100)

and your specification says: “If photoeye is on
or temp is less than 100° then..."”.

THEN. ..

expressionl XOR expressionZ2

If photoeye! and photoeyeZ are BOOL tags and
your specification says: “If:

e photoeyel is on while photoeyeZ is off or
e photoeyel is off while photoeyeZ is on
then..."

IF photoeyel XOR
photoeye2 THEN...

BOOLtag := expressionl & If photoeye and photoeyeZ are BOOL tags, open := photoeyel &
expression2 openis a BOOL tag, and your specification says: | photoeye?2;
“If photoeyel and photoeyeZ are both on, set
opento true”.
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Use bitwise operators

Bitwise operators manipulate the bits within a value based on two values.

For Use This Operator Optimal Data Type
bitwise AND &, AND DINT
bitwise OR OR DINT
bitwise exclusive OR XOR DINT
bitwise complement NOT DINT
For example:
Use This Format Example
For This Situation You'd Write
valuel operator valueZ2 If input1, input2, and result! are DINT tags and your | resultl := inputl AND
specification says: “Calculate the bitwise result of input2;
input! and input2. Store the result in result1.”

Determine the order of execution

The operations you write into an expression are performed in a prescribed

order, not necessarily from left to right.

e Operations of equal order are performed from left to right.

e If an expression contains multiple operators or functions, group the

conditions in parenthesis "( )" . This ensures the correct order of

execution and makes it easier to read the expression.

Order Operation

1. ()

function (...)

**

—(negate)

NOT

* /,MOD

+, - (subtract)

<, <=2, >=

= <>

o| ©| P N gL

—_

&, AND

—_
—_

XOR

N
N

OR
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Instructions

tag_wic

Structured text statements can also be instructions. See the Locator Table at
the beginning of this manual for a list of the instructions available in structured
text. A structured text instruction executes each time it is scanned. A
structured text instruction within a construct executes every time the
conditions of the construct atre true. If the conditions of the construct are
false, the statements within the construct are not scanned. There is no
rung-condition or state transition that triggers execution.

This differs from function block instructions that use Enableln to trigger
execution. Structured text instructions execute as if Enableln is always set.

This also differs from relay ladder instructions that use rung-condition-in to
trigger execution. Some relay ladder instructions only execute when
rung-condition-in toggles from false to true. These are transitional relay ladder
instructions. In structured text, instructions will execute each time they are
scanned unless you pre-condition the execution of the structured text
instruction.

For example, the ABL instruction is a transitional instruction in relay ladder. In
this example, the ABL instruction only executes on a scan when Zag_xic
transitions from cleared to set. The ABL instruction does not execute when
tag_xic stays set or when #ag_xic is cleared.

ABL

670

a

C

ASCIl Test For Buffer Line —E
Channel 0 —DH—
SeralPaort Control zenial_contmol  |—ER>—

Character Count 0«

In structured text, if you write this example as:
IF tag xic THEN ABL(O,serial control);
END IF;

the ABL instruction will execute every scan that Zag_xic is set, not just when
tag_xic transitions from cleared to set.
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If you want the ABL instruction to execute only when Zag_xic transitions from
cleared to set, you have to condition the structured text instruction. Use a one

shot to trigger execution.
osri 1l.InputBit := tag xic;

OSRI (osri 1);

IF (osri 1.0OutputBit) THEN

ABL (0, serial control);

END IF;

Constructs Constructs can be programmed singly or nested within other constructs.

If You Want To Use This Construct Available In These Languages See Page

do something if or when specific IF..THEN structured text 672

conditions occur

select what to do based on a numerical value CASE...OF structured text 675

do something a specific number of times before FOR...DO structured text 678

doing anything else

keep doing something as long as certain WHILE...DO structured text 681

conditions are true

keep doing something until a condition is true REPEAT...UNTIL structured text 684

Some key words are reserved for future use

These constructs are not available:

e GOTO
e REPEAT

RSLogix 5000 software will not let you use them as tag names or constructs.
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IF..THEN

Operands:

IF bool expression THEN

<statement>;

END IF;

672

Description:

optional {

optional JL

Use IF... THEN to do something if or when specific conditions occut.

Structured Text

Operand Type Format Enter

bool_ BOOL tag BOOL tag or expression that evaluates to

expression a BOOL value (BOOL expression)
expression

The syntax is:

IF bool expressionl THEN

<statement >; — statements to execute when
bool_expressionT is true

ELSIF bool expressionZ THEN

<statement>; - statements to execute when
bool_expressionZ is true

ELSE

<statement>; - statements to execute when
both expressions are false

END IF;

To use ELSIF or ELSE, follow these guidelines:

1. To select from several possible groups of statements, add one or more
ELSIF statements.

e Each ELSIF represents an alternative path.
e Specify as many ELSIF paths as you need.

e The controller executes the first true IF or ELSIF and skips the rest
of the ELSIFs and the ELSE.

2. To do something when all of the IF or ELSIF conditions are false, add
an ELSE statement.
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The following table summatizes different combinations of IF, THEN, ELSIF,
and ELSE.

If You Want To And Use This Construct

do something if or when conditions do nothing if conditions are false [F...THEN
are true

do something else if conditions are false IF...THEN...ELSE
F...THEN...ELSIF
F...THEN...ELSIF.. .ELSE

choose from alternative statements  do nothing if conditions are false
(or groups of statements) based on
input conditions

assign default statements if all
conditions are false

Arithmetic Status Flags not affected
Fault Conditions: none

Example 1: IF...THEN

If You Want This Enter This Structured Text
IF rejects > 3 then IF rejects > 3 THEN
conveyor = off (0) conveyor := 0;
alarm=on (1) alarm := 1;
END IF;

Example 2: IF...THEN...ELSE

If You Want This Enter This Structured Text
If conveyor direction contact = forward (1) then IF conveyor direction THEN
light = off light := 0;
Otherwise light = on ELSE
light [:=] 1;
END IF;

The [:=] tells the controller to clear /Zght whenever the controller:
e enters the RUN mode

e Jeaves the step of an SFC if you configure the SFC for Awutomatic reset
(This applies only if you embed the assignment in the action of the step
or use the action to call a structured text routine via a JSR instruction.)
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Example 3: IF...THEN...ELSIF

If You Want This

Enter This Structured Text

If sugar low limit switch = low (on) and sugar high limit
switch = not high (on) then

inlet valve = open (on)

Until sugar high limit switch = high (off)

IF Sugar.Low & Sugar.High THEN

Sugar.Inlet [:=] 1;
ELSIF NOT (Sugar.High) THEN
Sugar.Inlet := 0;
END IF;

The [:=] tells the controller to clear SugarInlet whenever the controller:

e enters the RUN mode

e leaves the step of an SFC if you configure the SFC for Automatic reset
(This applies only if you embed the assignment in the action of the step
or use the action to call a structured text routine via a JSR instruction.)

Example 4: IF...THEN...ELSIF...ELSE

If You Want This

Enter This Structured Text

If tank temperature > 100
then pump = slow

If tank temperature > 200
then pump = fast

otherwise pump = off ELSE

END IF;

IF tank.temp > 200 THEN
pump.fast :=1; pump.slow :=0; pump.off :=0;
ELSIF tank.temp > 100 THEN

pump.fast :=0; pump.slow :=1; pump.off :=0;

pump.fast :=0; pump.slow :=0; pump.off :=1;
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CAS EOF Use CASE to select what to do based on a numerical value.
Operands:
Structured Text
CASE numeric expression OF
selectorl: statement: Operand Type Format Enter
selectorN: statement: numeric_ SINT tag tag or expression that evaluates to a

number (numeric expression)
ELSE expression  |NT expression

statement;

END CASE; DINT

REAL

selector SINT immediate  same type as numeric expression

INT
DINT
REAL

IMPORTANT If you use REAL valuesf use a range of value; fpr a selector
because a REAL value is more likely to be within a range of

values than an exact match of one, specific value.

Description: The syntax is:

CASE numeric expression OF

selectorl: <statement>;-a4— Statements toexecute when
numeric_expression = selector!

selector?: <statement>;-—— Statements toexecute when
numeric_expression = selector?

alternative selector
values (paths) as you
need

specify as many 4<

selector3: <statement>;-4—— Statements toexecute when
numeric_expression = selector3
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ELSE
<statement>;-—— statements to execute when
optional . numeric_expression # any
selector
END CASE;

See the table on the next page for valid selector values.

The syntax for entering the selector values is:

When Selector Is Enter
one value value: statement
multiple, distinct values valuel, valueZ, valueN : <statement>

Use a comma (,) to separate each value.

a range of values valuel..valueN : <statement>

Use two periods (..) to identify the range.

distinct values plus arange  valuea, valueb, valuel..valueN : <statement>
of values

The CASE construct is similar to a switch statement in the C or C++
programming languages. However, with the CASE construct the controller
executes on/y the statements that are associated with the first matching selector

value. Execution always breaks after the statements of that selector and goes to the
END_CASE statement.

Arithmetic Status Flags: not affected

Fault Conditions: none
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Example
If You Want This Enter This Structured Text
If recipe number = 1 then CASE recipe number OF
Ingredient A outlet 1 =open (1) 1: Ingredient A.Outlet 1 :=1;
Ingredient B outlet 4 = open (1) Ingredient B.Outlet 4 :=1;
If recipe number =2 or 3 then 2,3: Ingredient A.Outlet 4 :=1;
Ingredient A outlet 4 = open (1) Ingredient B.Outlet 2 :=1;

Ingredient B outlet 2 = open (1)

If recipe number =4, 5, 6, or 7 then 4..7: Ingredient A.Outlet 4 :=1;
Ingredient A outlet 4 = open (1) Ingredient B.Outlet 2 :=1;
Ingredient B outlet 2 = open (1)

If recipe number =8, 11, 12, or 13 then 8,11..13 Ingredient A.Outlet 1 :=1;
Ingredient A outlet 1 = open (1) Ingredient B.Outlet 4 :=1;
Ingredient B outlet 4 = open (1)

Otherwise all outlets = closed (0) ELSE

Ingredient A.Outlet 1 [:=]0;
Ingredient A.Outlet 4 [:=]0;
Ingredient B.Outlet 2 [:=]0;
Ingredient B.Outlet 4 [:=]0;

END CASE;

The [:=] tells the controller to also clear the outlet tags whenever the
controller:

e enters the RUN mode

e leaves the step of an SFC if you configure the SFC for Automatic reset
(This applies only if you embed the assignment in the action of the step
or use the action to call a structured text routine via a JSR instruction.)
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FOR...DO Use the FOR...DO loop to do something a specific number of times before
doing anything else.
Operands:
Structured Text
FOR count:= initial value TO —
final value BY increment DO Operand Type Format Description
<statement>; count SINT tag tag to store count position as the
END FOR; FOR...DO executes
- INT
DINT
initial SINT tag must evaluate to a number
value
INT expression  specifies initial value for count
DINT immediate
final SINT tag specifies final value for count, which
value determines when to exit the loop
INT expression
DINT immediate
increment  SINT tag (optional) amount to increment count
each time through the loop
INT expression
DINT immediate

If you don't specify an increment, the
count increments by 1.

IMPORTANT Make sure that you do not iterate within the loop too many times in a single

scan.
® The controller does 1ot execute any other statements in the routine until it
completes the loop.

e If the time that it takes to complete the loop is greater than the
watchdog timer for the task, a major fault occurs.

e Consider using a different construct, such as IF. THEN.
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Description: The syntax is:

optional {

optional

Done X number

FOR count :=initial value

TO final value

BY increment If you don't specify an increment, the loop
increments by 1.

DO

<statement>;

IF bool expression THEN

EXIT; < Ifthereare conditions when you want to
exit the loop early, use other statements,
END_IF; such as an IF...THEN construct, to
condition an EXIT statement.

END FOR;

The following diagrams show how a FOR...DO loop executes and how an
EXIT statement leaves the loop early.

ves Done x number yes

/V of times?

no

statement 1

statement 2

Q’ statement 3

/v of times?

no

statement 1

statement 2
v statement 3 ves
\ 4 e

rest of the routine \./
no

v
rest of the routine

The FOR...DO loop executes a specific To stop the loop before the count reaches the last

number of times.

value, use an EXIT statement.

Arithmetic Status Flags: not affected

Fault Conditions:

A Major Fault Will Occur If Fault Type Fault Code

the construct loops too long 6 1
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Example 1:

If You Want This

Enter This Structured Text

Clear bits 0 - 31 in an array of BOOLs:

1. Initialize the subscript tag to 0.

For subscript:=0 to 31 by 1 do
array[subscript] := 0;

End for;

2. Clear array[ subscript | . For example, when subscript

=5, clear array/5].
3. Add 1 to subscript.
4. If subscriptis <o 31, repeat 2 and 3.

Otherwise, stop.

Example 2:

If You Want This

Enter This Structured Text

A user-defined data type (structure) stores the following
information about an item in your inventory:

e Barcode ID of the item (string data type)
o Quantity in stock of the item (DINT data type)

An array of the above structure contains an element for each
different item in your inventory. You want to search the array
for a specific product (use its bar code) and determine the
quantity that is in stock.

1. Get the size (number of items) of the /nventory array and
store the result in Inventory_Items (DINT tag).

2. Initialize the position tag to 0.
3. If Barcode matches the ID of an item in the array, then:

a. Set the Quantity tag = Inventory[position]. Qty. This
produces the quantity in stock of the item.

b. Stop.
Barcode is a string tag that stores the bar code of the item
for which you are searching. For example, when position=
5, compare Barcode to Inventory[5].ID.

4. Add 1 to position.

5. If positionis <o (Inventory_ltems -1), repeat 3 and 4. Since
element numbers start at 0, the last element is 1 less than

the number of elements in the array.

Otherwise, stop.

SIZE (Inventory, 0, Inventory Items);

For position:=0 to Inventory Items - 1 do
If Barcode = Inventory[position].ID then

Quantity := Inventory[position].Qty;
Exit;

End if;

End for;

680
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WHILE...DO Use the WHILE...DO loop to keep doing something as long as certain
conditions ate true.
Operands:
Structured Text
WHILE bool expression DO
<statements; Operand Type Format Enter
END WHILE; bool_ BOOL tag BOOL tag or expression that evaluates to
- expression a BOOL value
expression

IMPORTANT Make sure that you do ot iterate within the loop too many times in a single

scan.
e The controller does not execute any other statements in the routine until it
completes the loop.

e If the time that it takes to complete the loop is greater than the
watchdog timer for the task, a major fault occurs.

e Consider using a different construct, such as IE. THEN.

Description: The syntax is:

WHILE bool expressionl DO

<statement>; € statements to execute while
bool_expression] is true

IF bool expressionZ THEN

. EXIT; < Ifthereare conditions when you want to
optional exit the loop early, use other statements,
END_TIF; such as an IF..THEN construct, to
condition an EXIT statement.
END WHILE;
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The following diagrams show how a WHILE...DO loop executes and how an
EXIT statement leaves the loop eatly.

. false false

/, BOOL expression — ——~ /, BOOL expression

true true

statement 1 statement 1

statement 2 statement 2

Y statement 3
\/ v statement 3 ves
] .
rest of the routine Y
\_
v

rest of the routine

While the bool expression is true, the To stop the loop before the conditions are true, use an
controller executes only the statements within EXIT statement.
the WHILE...DO loop.

Arithmetic Status Flags: not affected

Fault Conditions:

A Maijor Fault Will Occur If Fault Type Fault Code
the construct loops too long 6 1
Example 1:
If You Want This Enter This Structured Text
The WHILE...DO loop evaluates its conditions first. If the pos := 0;

conditions are true, the controller then executes the

statements within the loop. While ((pos <= 100) & structarray[pos].value

<> targetvalue)) do

This differs from the REPEAT...UNTIL loop because the pos := pos + 2;
REPEAT...UNTIL loop executes the statements in the construct
and then determines if the conditions are true before
executing the statements again. The statements in a end while;
REPEAT...UNTIL loop are always executed at least once. The -
statements in a WHILE...DO loop might never be executed.

String tag.DATA[pos] := SINT arrayl[pos];
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Example 2:

If You Want This Enter This Structured Text

Move ASCII characters from a SINT array into a string tag. (In element number := 0;
a SINT array, each element holds one character.) Stop when .
you reach the carriage return. SIZE (SINT array, 0, SINT array size);

While SINT arrayl[element number] <> 13 do

1. Initialize Element_numberto Q. )
String tag.DATA[element number] :=

2. Count the number of elements in SINT_array (array that SINT_arraylelement number];

contains the ASCII characters) and store the result in element number := element number + 1;
SINT _array_size (DINT tag). - -

String tag.LEN := element number;
3. If the character at SINT_arrayfelement_number] =13 Tf element number = SINT array size then
(decimal value of the carriage return), then stop. - - -
exit;
4. Set String_taglelement_number] = the character at end if;

SINT _arraylelement_number].
end while;
5. Add 1 to element_number. This lets the controller check
the next character in SINT_array.

6. Set the Length member of String_tag = element_number.
(This records the number of characters in String_tag so
far)

7. If element_number= SINT _array_size, then stop. (You are
at the end of the array and it does not contain a carriage
return.)

8. Goto 3.
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REPEAT...UNTIL Use the REPEAT...UNTIL loop to keep doing something until conditions
are true.
Operands:
Structured Text
REPEAT
<statements; Operand Type Format Enter
UNTIL bool expression bool_ BOOL tag BOOL tag or expression that evaluates to
- expression a BOOL value (BOOL expression)
END_REPEAT; expression

IMPORTANT Make sure that you do not iterate within the loop too many times in a single

scan.
® The controller does not execute any other statements in the routine until it
completes the loop.

e If the time that it takes to complete the loop is greater than the
watchdog timer for the task, a major fault occurs.

e Consider using a different construct, such as IF. THEN.

Description: The syntax is:

REPEAT

<statement>; € statements to execute while
bool_expressionT is false

IF bool expressionZ THEN

. EXIT; <« Ifthere are conditions when you want to
optional exit the loop early, use other statements,
END_IF; such as an IF..THEN construct, to

condition an EXIT statement.
UNTIL bool expressionl
END REPEAT;
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The following diagrams show how a REPEAT...UNTIL loop executes and
how an EXIT statement leaves the loop early.

statement 1 /y statement 1

statement 2 statement 2

statement 3 statement3  yes

. true
BOOL expression
false v no
true
—

BOOL expression

U false

rest of the routine

rest of the routine

While the bool_expression isfalse, the To stop the loop before the conditions are false, use
controller executes only the statements within the an EXIT statement.
REPEAT...UNTIL loop.

Arithmetic Status Flags: not affected

Fault Conditions:

A Major Fault Will Occur If Fault Type Fault Code
the construct loops too long 6 1
Example 1:
If You Want This Enter This Structured Text
The REPEAT...UNTIL loop executes the statements in the pos := -1;

construct and then determines if the conditions are true before

executing the statements again. REPEAT
pos := pos + 2;
This differs from the WHILE...DO loop because the WHILE...DO
The WHILE...DO loop evaluates its conditions first. If the UNTIL ((pos = 101) OR
conditions are true, the controller then executes the (structarray[pos].value = targetvalue))
statements within the loop. The statements in a end repeat;
REPEAT...UNTIL loop are always executed at least once. The -
statements in a WHILE...DO loop might never be executed.
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Example 2:

If You Want This

Enter This Structured Text

Move ASCII characters from a SINT array into a string tag. (In
a SINT array, each element holds one character.) Stop when
you reach the carriage return.

1.

Initialize Element_numberto 0.

element number := 0;

SIZE (SINT array, 0, SINT array size);

Repeat

String tag.DATA[element number] :=

2. Count the number of elements in SINT_array (array that SINT_arraylelement number];
contains the ASCII characters) and store the result in element number := element number + 1;
SINT _array_size (DINT tag). - -
String tag.LEN := element number;
3. Set String_taglelement_number] = the character at If element number = SINT array size then
SINT_array[element_number]. - - -
exit;
4. Add 1 to element_number. This lets the controller check end if:
the next character in SINT_array. =
Until SINT arrayl[element number] = 13
5. Set the Length member of String_tag = element_number. ond repeat:
(This records the number of characters in String_tag so _Tep !
far)
6. If element_number= SINT_array_size, then stop. (You are
at the end of the array and it does not contain a carriage
return.)
7. If the character at SINT_array[element_number] =13
(decimal value of the carriage return), then stop.
Otherwise, go to 3.
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Comments To make your structured text easier to interpret, add comments to it.

e Comments let you use plain language to describe how your structured
text works.

e Comments do not affect the execution of the structured text.

To add comments to your structured text:

To Add A Comment Use One Of These Formats

on a single line //comment

at the end of a line of structured

text
(*comment™)
/* comment*/

within a line of structured text (* comment¥*)
/* comment*/

that spans more than one line (*start of comment . . . end of
comment¥®)
/*start of comment . . . end of
comment*/
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For example:

Format Example

//comment At the beginning of a line
//Check conveyor belt direction

IF conveyor direction THEN...

At the end of a line

ELSE //If conveyor isn’t moving, set alarm light

light := 1;
END IF;
(*comment¥*) Sugar.Inlet[:=]1; (*open the inlet¥*)

IF Sugar.Low (*low level LS*)& Sugar.High (*high level
LS*) THEN. ..

(*Controls the speed of the recirculation pump. The
speed depends on the temperature in the tank.*)

IF tank.temp > 200 THEN...

/*comment*/ Sugar.Inlet:=0;/*close the inlet*/

IF bar code=65 /*A*/ THEN...

/*Gets the number of elements in the Inventory array
and stores the value in the Inventory Items tag*/

SIZE (Inventory, 0, Inventory Items);
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ABL instruction 570
ABS instruction 277
absolute value 277
ACB instruction 573
ACL instruction 575
ACS instruction 532
ADD instruction 252
addition 252
advanced math instructions
introduction 539
LN 540
LOG 543
XPY 546
AFl instruction 456
AHL instruction 577
alarms 504
alarms and events instructions
alarm status 69
ALMA, analog alarm 42
buffer alarms 69
configuration 63
controller-based alarm execution 72
message text 65
programmatically access 70
suppress or disable alarms 71
all mode 330
ALMA instruction 42
ALMD instruction, alarms and events
instructions
ALMD 30
always false instruction 456
AND instruction 303
arc cosine 532
arc sine 529
arc tangent 535
ARD instruction 581
arithmetic operators
structured text 665
arithmetic status flags
overflow 648
ARL instruction 585
array instructions
AVE 365
BSL 386
BSR 390
COP 355
CPS 355
DDT 486
FAL 335
FBC 478
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FFL 394

FFU 400

file/misc. 329

FLL 361

FSC 346

LFL 406

LFU 412

mode of operation 330

RES 141

sequencer 419

shift 385

SIZE 381

SQl 420

SQL 428

SQ0 424

SRT 370

STD 375
ASCII

structured text assignment 663
ASCII chars in buffer 573
ASCII clear buffer 575
ASCII handshake lines 577
ASCIl instructions

ABL 570

ACB 573

ACL 575

AHL 577

ARD 581

ARL 585

AWA 589

AWT 594

CONCAT 601

DELETE 603

DTOS 619

FIND 605

INSERT 607

LOWER 625

MID 609

RTOS 621

STOD 614

STOR 616

SWPB 299

UPPER 623
ASCII read 581
ASCII read line 585
ASCII test for buffer line 570
ASCII write 594
ASCII write append 589
ASN instruction 529
assignment

ASCII character 663

non-retentive 662

retentive 661
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assume data available 645, 647 C

ATI\_I instruction 535 cache

attributes ' connection 173
converting data types 635 CASE 675
ir_nmediat_e values 635 clear 297

AVE instruction 365

CLR instruction 297

average 365 MP instruction 2
AWA instruction 589 CMP instruction 206

. . comments
AWT instruction 534 structured text 687
common attributes 635
B converting data types 635
BAND 317 immediate values 635

compare 206
compare instructions
CMP 206
EQU 211
expression format 209, 352

bit field distribute 291
bit field distribute with target 294
bit instructions

introduction 77

ONS 88 GEQ 215
0SF 94
DSF 85 GRT 219

introduction 205
0SR 91

LEQ 223
OSRI 96

LES 227
OTE 82

LIM 231
OTL 84

MEQ 237
0TU 86 NEQ 242
XI0 80

L order of operation 209, 353
bit shift left 356 valid operators 208, 352

bit sl_lift right 390 COMPARE structure 479, 487
bitwise AND 303 compute 248

b!tw!se exclusive OR 310 compute instructions
bitwise NOT 314 ABS 277
bitwise operators ADD 252
structured text 669 CPT 248
bitwise OR 306 DIV 261
BNOT 326 expression format 250, 345
BOOL expression introduction 247
structured text 663 MOD 266
Boolean AND 317 MUL 258
Boolean Exclusive OR 323 NEG 274

Boolean NOT 326
Boolean OR 320
BOR 320

break 473

order of operation 251, 345
SQOR 270

SUB 255

valid operators 250, 344

CONCAT instruction 601
configuring 159
MSG instruction 159
PID instruction 502

BRK instruction 473
BSL instruction 386
BSR instruction 390
BTD instruction 291

h ! connection
BTDT instruction 294 cache 173
BXOR 323 connector
function block diagram 641
construct
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structured text 671

CONTROL structure 336, 346, 366, 370,
375, 386, 390, 395, 401, 406, 407,

413, 420, 424, 428

control structure 448
CONTROLLER object 180
CONTROLLERDEVICE object 181
conversion instructions

DEG 550

FRD 559

introduction 549

RAD 553

TOD 556

TRN 561
convert to BCD 556
convert to integer 559
converting data types 635
COP instruction 355
copy 355
COS instruction 523
cosine 523
count down 132
count up 128
count up/down 136
counter instructions

CTD 132

CTU 128

CTUD 136

introduction 103

RES 141
COUNTER structure 128, 132
CPS instruction 355
CPT instruction 248
CST object 183
CTD instruction 132
CTU instruction 128
CTUD instruction 136

D

data transitional 494
DDT instruction
operands 486
search mode 488
deadband 514
debug instructions 627
DEG instruction 550
degree 550
DELETE instruction 603
description
structured text 687
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DF1 object 184
diagnostic detect 436
digital alarm 30
DINT to String 619
DIV instruction 261
division 261
document

structured text 687
DTOS instruction 619
DTR instruction 494

E

elements
SIZE instruction 381
end of transition instruction 458
EOT instruction 458
EQU instruction 211
equal to 211
error codes
ASCII 568
MSG instruction 152
EVENT instruction 464
event task
configure 195
trigger via consumed tag 201

trigger via EVENT instruction 464

examine if open 80
execution order 644
exponential 546
expression
BOOL expression
structured text 663
NUMEric expression
structured text 663
order of execution
structured text 669
structured text
arithmetic operators 665
bitwise operators 669
functions 665
logical operators 668
overview 663
relational operators 666
expressions
format 209, 250, 345, 352

order of operation 209, 251, 345, 353

valid operators 208, 250, 344, 352

F

FAL instruction
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mode of operation 330
operands 335
FAULTLOG object 187
FBC instruction
operands 478
search mode 480
FBD_BIT_FIELD DISTRIBUTE structure
294
FBD_BOOLEAN_AND structure 317
FBD_BOOLEAN_NOT structure 326
FBD_BOOLEAN_OR structure 320
FBD_BOOLEAN_XOR structure 323
FBD_COMPARE structure 212, 216, 220,
224,228, 243
FBD_CONVERT structure 556, 559
FBD_COUNTER structure 136
FBD_LIMIT structure 232
FBD_LOGICAL structure 304, 307, 311, 315
FBD_MASK_EQUAL structure 238
FBD_MASKED_MOVE structure 288
FBD_MATH structure 253, 256, 259, 262,
267, 275, 547
FBD_MATH_ADVANCED structure 271,
278, 520, 524, 527, 529, 532, 535,
540, 544, 550, 553
FBD_ONESHOT structure 96, 99
FBD_TIMER structure 116, 120, 124
FBD_TRUNCATE structure 561
feedback loop
function block diagram 645
feedforward 515
FFL instruction 394
FFU instruction 400
FIFO load 394
FIFO unload 400
file arithmetic and logic 335
file bit comparison 478
file fill 361
file instructions. See array instructions
file search and compare 346
FIND instruction 605
Find String 605
FLL instruction 361
FOR instruction 470
FOR...DO 678
for/break instructions
BRK 473
FOR 470
introduction 469
RET 474

FRD instruction 559

FSC instruction
mode of operation 330
operands 346

function block diagram
choose elements 641
create a scan delay 647
resolve a loop 645
resolve data flow between blocks 647

functions
structured text 665

G

GEQ instruction 215
get system value 176
greater than 219
greater than or equal to 215
GRT instruction 219
GSV instruction

objects 179

operands 176

ICON 641
IF..THEN 672
immediate output instruction 201
immediate values 635
incremental mode 333
inhibit
task 195
input reference 641
input wire connector 641
input/output instructions
GSV 176
introduction 143
|0T 201
MSG 144
SSV 176
INSERT instruction 607
Insert String 607
instructions
advanced math 539
alarms and events 29
array
ASCII conversion 611
ASClI serial port 565
ASCII string manipulation 599
bit 77
compare 205
compute 247

Publication 1756-RM003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Index

conversion 549

counter 103

debug 627

for/break 469

input/output 143

logical 281

math conversion 549

move 281

program control 433

sequencer 419

serial port 565

shift 385

special 477

string conversion 611

string manipulation 599

timer 103

trigonometric 519
10T instruction 201
IREF 641

J

JMP instruction 434, 627, 631
JSR instruction 436
jump 434, 627, 631
jump to subroutine 436
JXR instruction
control structure 448

L

label 434, 627, 631
latching data 642
LBL instruction 434, 627, 631
LEQ instruction 223
LES instruction 227
less than 227
less than or equal to 223
LFL instruction 406
LFU instruction 412
LIFO load 406
LIFO unload 412
LIM instruction 231
limit 231
LN instruction 540
log
base 10 543
natural 540
log base 10 543
LOG instruction 543
logical instructions
AND 303
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introduction 281
NOT 314
OR 306
XOR 310
logical operators
structured text 668
lower case 625
LOWER instruction 625

masked equal to 237
masked move 285
masked move with target 2838
masks 495
master control reset 452
math conversion instructions

DEG 550

FRD 559

introduction 549

RAD 553

TOD 556

TRN 561
math operators

structured text 665
MCR instruction 452
MEQ instruction 237
message 144

cach connections 173

programming guidelines 175
MESSAGE object 188
MESSAGE structure 144
MID instruction 609
Middle String 609
mixing data types 635
MOD instruction 266
mode of operation 330
MODULE object 190
modulo division 266
MOTIONGROUP object 191
MOV instruction 283
move 283
move instructions

BTD 291

BTDT 294

CLR 297

introduction 281

MOV 283

MVM 285

MVMT 288
move/logical instructions
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694

BAND 317
BNOT 326
BOR 320
BXOR 323
MSG instruction 159
cache connection 173
communication method 172
error codes 152
operands 144
programming guidelines 175
structure 144
MUL instruction 258
multiplication 258
MVM instruction 285
MVMT instruction 288

natural log 540

NEG instruction 274
negate 274

NEQ instruction 242

no operation 457

NOP instruction 457

not equal to 242

NOT instruction 314
numeric expression 663
numerical mode 331

0

objects
CONTROLLER 180
CONTROLLERDEVICE 181
CST 183
DF1 184
FAULTLOG 187
GSV/SSV instruction 179
MESSAGE 188
MODULE 190
MOTIONGROUP 191
PROGRAM 192
ROUTINE 193
SERIALPORT 193
TASK 195
WALLCLOCKTIME 197

OCON 641

one shot 83

one shot falling 94

one shot falling with input 99

one shot rising 91

one shot rising with input 96

ONS instruction 88
operators 208, 250, 344, 352
order of execution
structured text 669
OR instruction 306
order of execution 644
structured text expression 669

order of operation 209, 251, 345, 353

OREF 641

OSF instruction 94

OSFl instruction 99
OSR instruction 91

OSRI instruction 96
OTE instruction 82

OTL instruction 84

OTU instruction 86

output

enable or disable end-of-task processing

195

update immediately 201
output biasing 515
output energize 82
output latch 84
output reference 641
output unlatch 86
output wire connector 641
overflow conditions 648
overlap

check for task overlap 195

P

pause SFC instruction 460
PID instruction
alarms 504
configuring 502
deadband 514
feedforward 515
operands 497
output biasing 515
scaling 505
tuning 503
PID structure 498
postscan
structured text 662
product codes 181
program control instructions
AFI 456
EQT 458
EVENT 464
introduction 433
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JMP 434, 627, 631

JSR 436

LBL 434, 627, 631

MCR 452

NOP 457

RET 436

SBR 436

TND 450

UID 454

UIE 454
PROGRAM object 192
program/operator control

overview 654

proportional, integral, and derivative 497

RAD instruction 553
radians 553
REAL to String 621
relational operators
structured text 666
REPEAT...UNTIL 684
RES instruction 141
reset 141
reset SFC instruction 462
RESULT structure 479, 487
RET instruction 436, 474
retentive timer on 112

retentive timer on with reset 124

return 436, 474
ROUTINE object 193
RTO instruction 112
RTOR instruction 124
RTOS instruction 621

S

SBR instruction 436
scaling 505
scan delay

function block diagram 647
search mode 480, 488
search string 605
sequencer input 420
sequencer instructions

introduction 419

SQl 420

SQL 428

SQ0 424
sequencer load 428
sequencer output 4724

Publication 1756-RMO003K-EN-P - July 2008

serial port instructions

ABL 570

ACB 573

ACL 575

AHL 577

ARD 581

ARL 585

AWA 589

AWT 594
introduction 565

SERIAL_PORT_CONTROL structure 566,
568, 570, 573, 578, 582, 586, 590,

595
SERIALPORT object 193
set system value 176
SFP instruction 460
SFR instruction 462
shift instructions

BSL 386
BSR 390
FFL 394
FFU 400
introduction 385
LFL 406
LFU 412
SIN instruction 520
sine 520
size in elements 381
SIZE instruction 381
sort 370
special instructions
DDT 486
DTR 494
FBC 478
introduction 477
PID 497
SFP 460
SFR 462
SQl instruction 420
SQL instruction 428
SQO0 instruction 424
SQOR instruction 270
square root 270
SRT instruction 370
SSV instruction
objects 179
operands 176
standard deviation 375
status
task 195
STD instructions 375
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STOD instruction 614
STOR instruction 616
string
evaluation in structured text 667
String Concatenate 601
string conversion instructions
DTOS 619
introduction 611
LOWER 625
RTOS 621
STOD 614
STOR 616
SWPB 299
UPPER 623
string data type 567, 600, 613
String Delete 603
string manipulation instructions
CONCAT 601
DELETE 603
FIND 605
INSERT 607
introduction 599
MID 609
STRING structure 567, 600, 613
String To DINT 614
String To REAL 616
structured text
arithmetic operators 665
assign ASCII character 663
assignment 661
bitwise operators 669
CASE 675
comments 687
components 659
contructs 671
evaluation of strings 667
expression 663
FOR...DO 678
functions 665
IF...THEN 672
logical operators 668
non-retentive assignment 662
numeric expression 663
relational operators 666
REPEAT...UNTIL 684
WHILE...DO 681
structures
COMPARE 479, 487
CONTROL 336, 346, 366, 370, 375, 386,
390, 395, 401, 406, 407, 413,
420, 424, 428
COUNTER 128, 132

FBD_BIT_FIELD_DISTRIBUTE 294
FBD_BOOLEAN_AND 317
FBD_BOOLEAN_NOT 326
FBD_BOOLEAN_OR 320
FBD_BOOLEAN_XOR 323
FBD_COMPARE 212, 216, 220, 224, 228,
243
FBD_CONVERT 556, 559
FBD_COUNTER 136
FBD_LIMIT 232
FBD_LOGICAL 304, 307, 311, 315
FBD_MASK_EQUAL 238
FBD_MASKED_MOVE 288
FBD_MATH 253, 256, 259, 262, 267,
275, 547
FBD_MATH_ADVANCED 271, 278, 520,
524,527,529, 532, 535, 540,
544, 550, 553
FBD_ONESHOT 96, 99
FBD_TIMER 116, 120, 124
FBD_TRUNCATE 561
MESSAGE 144
PID 498
RES instruction 141
RESULT 479, 487
SERIAL_PORT_CONTROL 566, 568, 570,
573, 578, 582, 586, 590, 595
STRING 567, 600, 613
string 567, 600, 613
TIMER 104, 108, 112
SUB instruction 255
subroutine 436
subtraction 255
swap byte 299
SWPB instruction 299
synchronous copy 355

T

TAN instruction 526
tangent 526
task
configure programmatically 195
inhibit 195
monitor 195
trigger event task 464
trigger via consumed tag 201
TASK object 195
temporary end 450
timeout
configure for event task 195
timer instructions
introduction 103

Publication 1756-RM003K-EN-P - July 2008

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Index

RES 141
RTO 112
RTOR 124
TOF 108
TOFR 120
TON 104
TONR 116
timer off delay 108
timer off delay with reset 120
timer on delay 104
timer on delay with reset 116
TIMER structure 104, 108, 112
timing modes 649
TND instruction 450
TOD instruction 556
TOF instruction 108
TOFR instruction 120
TON instruction 104
TONR instruction 116
trigger event task 464

trigger event task instruction 464

trigonometric instructions
ACS 532
ASN 529
ATN 535
COS 523
introduction 519
SIN 520
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TAN 526
TRN instruction 561
truncate 561
tuning 503

U

UID instruction 454
UIE instruction 454
unresolved loop

function block diagram 645
update output 201
upper case 623
UPPER instruction 623
user interrupt disable 454
user interrupt enable 454

W

WALLCLOCKTIME object 197
WHILE...DO 681

X

X to the power of Y 546
XI10 instruction 80
XOR instruction 310
XPY instruction 546
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ASCII Character Codes

Character Dec Hex Character Dec Hex Character Dec Hex Character Dec Hex
[ctr-@]NUL O $00 SPACE 32 $20 @ 64 $40 ' 96 $60
[ctrl-A]SOH 1 $01 ! 33 $21 A 65 M a 97 $61
[ctrl-B] STX 2 $02 " 34 $22 B 66 $42 b 98 $62
[ctrl-C]ETX 3 $03 # 35 $23 C 67 $43 c 99 $63
[ctr-D]EOT 4 $04 $ 36 $24 D 68 $44 d 100 $64
[ctr-E]ENQ 5 $05 % 37 $25 E 69 $45 e 101 $65
[ctrl-F]ACK 6 $06 & 38 $26 F 70 $46 f 102 $66
[ctrl-G] BEL 7 $07 ' 39 $27 G 71 $47 g 103 $67
[ctrl-H]BS 8 $08 ( 40 $28 H 72 $48 h 104  $68
[ctrl-I] HT 9 $09 ) 41 $29 | 73 $49 i 105  $69
[ctrl-J] LF 10 $1($0A) * 42 $2A J 74 $4A ] 106 $6A
[ctrl-KIVT 11 $oB + 43 $2B K 75 $4B k 107  $6B
[ctrl-L] FF 12 $0C , 44 $2C L 76 $4C | 108 $6C
[ctr-M]CR 13 $r ($0D) - 45 $2D M 77 $4D m 109  $6D
[ctr-N]SO 14 $OE . 46 $2E N 78 $4E n 110  $6E
[ctrl-0] S 15 $OF / 47 $2F 0 79 $4F 0 111 $6F
[ctrl-P] DLE 16 $10 0 48 $30 p 80 $50 p 112 $70
[ctrl-Q] DC1 17 $1 1 49 $31 Q 81 $51 q 113 $7N
[ctrl-R]DC2 18 $12 2 50 $32 R 82 $52 r 114 $72
[ctrl-S]DC3 19 $13 3 51 $33 S 83 $53 $ 115 $§73
[ctrl-TIDC4 20 $14 4 52 $34 T 84 $54 t 116 $74
[ctrl-Ul NAK 21 $15 5 53 $35 U 85 $55 u 17§75
[ctrl-V] SYN 22 $16 6 54 $36 V 86 $56 v 118 $76
[ctrl-W]ETB 23 $17 7 55 $37 W 87 $57 w 119 $77
[ctrl-X] CAN 24 $18 8 56 $38 X 88 $58 X 120 $78
[ctrl-Y]EM 25 $19 9 57 $39 Y 89 $59 y 121 $79
[ctrl-Z] SUB 26 $1A 58 $3A Z 90 $5A z 122 $7A
ctrl-[ ESC 27 $1B 59 $3B [ 91 $5B { 123 $7B
[ctrl\] FS 28 $1C < 60 $3C \ 92 $5C | 124 $7C
ctrl-] GS 29 $1D = 61 $3D ] 93 $5D } 125  $7D
[ctrl-A]RS 30 $1E > 62 $3E A 94 $5E ~ 126 $7E
[ctrl-_JUS 31 $1F ? 63 $3F 95 $5F DEL 127 $7F

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Rockwell Automation
Support

www.rockwellautomation.com

Rockwell Automation provides technical information on the web to assist you in using
its products. At http://support.rockwellautomation.com, you can find technical
manuals, a knowledge base of FAQs, technical and application notes, sample code and
links to software service packs, and a MySupport feature that you can customize to
make the best use of these tools.

For an additional level of technical phone support for installation, configuration and
troubleshooting, we offer TechConnect Support programs. For more information,
contact your local distributor or Rockwell Automation representative, or visit
http://support.rockwellautomation.com.

Installation Assistance

If you experience a problem with a hardware module within the first 24 hours of
installation, please review the information that's contained in this manual. You can also
contact a special Customer Support number for initial help in getting your module up
and running:

United States 1.440.646.3223
Monday — Friday, 8am — 5pm EST

Outside United Please contact your local Rockwell Automation representative for any
States technical support issues.

New Product Satisfaction Return

Rockwell tests all of its products to ensure that they are fully operational when shipped
from the manufacturing facility. However, if your product is not functioning and needs
to be returned:

United States Contact your distributor. You must provide a Customer Support case
number (see phone number above to obtain one) to your distributor in
order to complete the return process.

Outside United Please contact your local Rockwell Automation representative for
States return procedure.

Power, Control and Information Solutions Headquarters

Americas: Rockwell Automation, 1201 South Second Street, Milwaukee, WI 53204-2496 USA, Tel: (1) 414.382.2000, Fax: (1) 414.382.4444

Europe/Middle East/Africa: Rockwell Automation, Vorstlaan/Boulevard du Souverain 36, 1170 Brussels, Belgium, Tel: (32) 2 663 0600, Fax: (32) 2 663 0640
Asia Pacific: Rockwell Automation, Level 14, Core F, Cyberport 3, 100 Cyberport Road, Hong Kong, Tel: (852) 2887 4788, Fax: (852) 2508 1846
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




