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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://www.rockwellautomation.com/literature/) 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.

WARNING: 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.

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

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

BURN HAZARD: Labels may be on or inside the equipment, for example, a drive or motor, to alert people that surfaces may
reach dangerous temperatures.

> D> B

IMPORTANT Identifies information that is critical for successful application and understanding of the product.

Allen-Bradley, Rockwell Software, Rockwell Automation, RSLogix, ControlLogix, CompactLogix, SoftLogix, FlexLogix, DriveLogix, PowerFlex, Logix5000, SLC, MicroLogix, PLC-2, PLC-3, PLC-5, PhaseManager,
RSLinx, RSView, and TechConnect are trademarks of Rockwell Automation, Inc.

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


http://literature.rockwellautomation.com/idc/groups/literature/documents/in/sgi-in001_-en-p.pdf
http://www.rockwellautomation.com/literature/

Summary of Changes

This manual contains new and updated information. Changes throughout this
revision are marked by change bars, as shown to the right of this paragraph.

Topic Page
ALMD instruction operand descriptions and graphics for Relay Ladder Logic and Function Block Diagram languages 44
ALARM_DIGITAL structure input parameter descriptions 45
Shelve operands added to ALARM_DIGITAL structure output parameter descriptions 47
RSLinx software and alarm log data access. Replaced RSView software with FactoryTalkView software. 48
Relay Ladder action for Prescan condition 49
Structured Text and Function Block action for Prescan condition, Enableln and Postscan condition 51
Corrected Relay Ladder Logix graphic with Shelved parameter 53
Corrected Function Block Diagram ALMD tag graphic 54
Analog alarm operand descriptions 55
ALARM_ANALOG structure input parameter descriptions 56
Shelve operands added to ALARM_ANALOG input parameter descriptions 57
Shelve operands added to ALARM_ANALOG output parameter descriptions 61
Relay Ladder action descriptions changed 65
Structured Text and Function Block action includes xShelved parameters and various other changes 66
Corrected RLL and FBD ALMA tag graphics 7
Corrected ALMD and ALMA tag graphic and Configuration tab graphics 72
Corrected ALMD and ALMA Messages tab graphics 74
Corrected ALMD and ALMA Status tab graphics 77
Added updated buffer alarm information 77
Adcigd ProgUnshelve, OperShelve and OperSuppress elements to the Alarm Structure Elements in the Programmatically Access Alarm Information 78
section

Corrected ALMA tag graphic 79
Corrected text for when an alarm is Disabled per version 21.00.00 changes, added Shelve, Suppress and Disable alarms information with state model | 79
for alarms

Updated State Alarms graphics 81
Controller memory use: added digital alarm memory consumption 83
Controller memory use: added analog alarm memory consumption 84
Scan execution times for analog and digital alarm instructions 85
CIP Generic messages 1Al
Watchdog and battery bit descriptions corrected for MajorFaultBits and MinorFaultBits 198
Important table added for ** operand and REALS for the CPT instruction. 257
Information added for ** operand for the CPT instruction. 260
Removed code 51 from DTOS Structured Text Fault Condition table 627
Removed code 51 from RTOS Structured Text Fault Condition table 629
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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
Coordinate Motion Coordinate System User Manual, publication MOTION-UM002
Motion Logix5000 Controllers Motion Instructions Reference Manual, publication MOTION-RM002
PhaseManager™ PhaseManager User Manual, publication LOGIX-UM001
Process control Logix5000 Controllers Process Control and Drives Instructions Reference Manual, publication 1756-RM006
Instruction Location Languages
ABL 679 Relay ladder
ASClI Test For Buffer Line Structured text
ABS 286 Relay ladder
Absolute Value Structured text
Function block
ACB 582 Relay ladder
ASCII Chars in Buffer Structured text
ACL 584 Relay ladder
ASCII Clear Buffer Structured text
ACS 540 Relay ladder
Arc Cosine Structured text
Function block
ADD 261 Relay ladder
Add Structured text
Function block
AFI 468 Relay ladder
Always False Instruction
AHL 586 Relay ladder
ASCII Handshake Lines Structured text
ALM Process control Structured text
Alarm Function block
ALMA 55 Relay ladder
Analog Alarm Structured text
Function block
ALMD 44 Relay ladder
Digital Alarm Structured text
Function block
AND 312 Relay ladder
Bitwise AND Structured text
Function block
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Instruction Locator

Instruction Location Languages Instruction Location Languages
ARD 590 Relay ladder CMp 215 Relay ladder
ASClI Read Structured text Compare
ARL 594 Relay ladder CONCAT 610 Relay ladder
ASClI Read Line Structured text String Concatenate Structured text
ASN 537 Relay ladder cop 365 Relay ladder
Arc Sine Structured text Copy File Structured text
Function block s 531 Relay ladder
ATN 543 Relay ladder Cosine Structured text
Arc Tangent Structured text Function block
Function block PS 365 Relay Ladder
AVE 375 Relay ladder Synchronous Copy File Structured text
Fle Average CPT 257 Relay ladder
AWA 598 Relay ladder Compute
ASCII Write Append Structured text a I Relay ladder
AWT 602 Relay ladder Count Down
ASCII Write Structured text au m Relay ladder
BAND 327 Structured text Count Up
Boolean AND Function block
ootean unction bloc (TuD 148 Structured text
BNOT 336 Structured text Count Up/Down Function block
Boolean NOT Function block D2SD Process control Structured text
BOR 330 Structured text Discrete 2-State Device Function block
Boolean OR Function block D3SD Process control Structured text
BPT 635 Relay ladder Discrete 3-State Device Function block
Breakpoi
reakpoints DT 497 Relay ladder
BRK 485 Relay ladder Diagnostic Detect
Break DEDT Process control Structured text
BSL 398 Relay ladder Deadtime Function block
BitShit Left DEG 560 Relay ladder
BSR 402 Relay ladder Degrees Structured text
Bit Shift Right Function block
BTD 299 Relay ladder DELETE 612 Relay ladder
Bit Field Distribute String Delete Structured text
BTDT 302 Structured text DERV Process control Structured text
Bit Field Distribute with Target Function block Derivative Function block
BTR 176 Relay ladder DFF Process control Structured text
Message Structured text D Flip-Flop Function block
BTW 176 Relay ladder DIV 271 Relay ladder
Message Structured text Divide Structured text
BXOR 333 Structured text Function block
Boolean Exclusive OR Function block DTOS 627 Relay ladder
(C Process control Structured text DINT to String Structured text
Coordinated Control Function block DTR 504 Relay ladder
Data Transitional
(LR 306 Relay ladder afa Transifiona
Clear Structured text EOT 470 Relay ladder
End of Transition Structured text
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Instruction Locator

Instruction Location Languages Instruction
EQU 220 Relay ladder
Equal to Structured text
Function block o7
IREF
EVENT 476 Relay ladder Input Reference
Trigger Event Task Structured text
FAL 345 Relay ladder
File Arithmetic and Logic P 17 Relay ladder
FBC 490 Relay ladder Jump to Label
File Bit Comparison R 149 Relay ladder
FFL 406 Relay ladder Jump to Subroutine Structured text
FIFO Load Function block
FFU 412 Relay ladder XR 459 Relay ladder
FIFO Unload Jump to External Routine
LBL 447 Relay ladder
Label
FIND 614 Relay ladder
Find String Structured text
FLL 371 Relay ladder
File Fill
FOR 482 Relay ladder LEQ 232 Relay ladder
For Less Than or Equal to Structured text
FRD 569 Relay ladder Function block
Convert to Integer Function block LES 236 Relay ladder
FSC 357 Relay ladder Less Than Ez:l:ttlz:]e:&f
File Search and Compare
G0 I Relay ladder LFL 418 Relay ladder
LIFO Load
Greater than or Equal to Structured text
Function block LFU 424 Relay ladder
GRT 228 Relay ladder LIFO Unload
Greater Than Structured text LImM 240 Relay ladder
Function block Limit Function block
GSV 188 Relay ladder LN 548 Relay ladder
Get System Value Structured text Natural Log Structured text
Function block
L0G 551 Relay ladder
Log Base 10 Structured text
Function block
ICON Function block LOWER 633 Relay ladder
) Lower Case Structured text
Input Wire Connector

INSERT
Insert String
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Instruction Locator

Instruction

MCR
Master Control Reset

Instruction

MEQ
Mask Equal to

MID
Middle String
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Instruction Locator

Instruction Location Languages Instruction Location Languages
MOD 276 Relay ladder OR 316 Relay ladder
Modulo Structured text Bitwise OR Structured text
Function block Function block
Mov 291 Relay ladder OREF 653 Function block
Move Output Reference
OSFI 112 Structured text
One Shot Falling with Input Function block
OSF 107 Relay ladder
One Shot Falling
OSRI 109 Structured text
One Shot Rising with Input Function block
0SR 105 Relay ladder
One Shot Rising
MSG Relay ladder OTE 96 Relay ladder
Message Structured text Output Energize
oTL 98 Relay ladder
Output Latch
0Tu 100 Relay ladder
Output Unlatch

MUL
Multiply

Relay ladder
Structured text
Function block

MVM 293 Relay ladder
Masked Move
MVMT 296 Structured text
Masked Move with Target Function block
NEG 283 Relay ladder
Negate Structured text
Function block
NEQ 251 Relay ladder
Not Equal to Structured text
Function block
NOP 469 Relay ladder
No Operation
NOT 324 Relay ladder
Bitwise NOT Structured text

Function block

OCON 653 Function block
Output Wire Connector

ONS 102 Relay ladder
One Shot
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PID
Proportional Integral Derivative

Relay ladder
Structured text
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Instruction Locator

Instruction

Languages

Relay ladder
Structured text
Function block

RES Relay ladder
Reset

RET Relay ladder
Return Structured text

Function block

RTO 136 Relay ladder
Retentive Timer On

RTOR 136 Structured text
Retentive Timer On with Reset Function block
RTOS 629 Relay ladder
REAL to String Structured text
SBR 449 Relay ladder
Subroutine Structured text

Function block

SFP 472 Relay ladder
SFC Pause Structured text
SFR 474 Relay ladder
SFC Reset Structured text
SIN 528 Relay ladder
Sine Structured text
Function block

Instruction Languages
SIZE Relay ladder
Size In Elements Structured text

sal Relay ladder
Sequencer Input

sQL 0 Relay ladder
Sequencer Load

SQ0 436 Relay ladder
Sequencer Output

SQR 280 Relay ladder
Square Root Function block
SQRT 280 Structured text
Square Root

SRT 380 Relay ladder
File Sort Structured text

SV 188 Relay ladder
Set System Value Structured text
STD 385 Relay ladder
File Standard Deviation
ST0D 623 Relay ladder
String To DINT Structured text
STOR 625 Relay ladder
String To REAL Structured text
SuB 265 Relay ladder
Subtract Structured text
Function block
SWPB 308 Relay ladder
Swap Byte Structured text
TAN 534 Relay ladder
Tangent Structured text
Function block
TND 462 Relay ladder
Temporary End
TOD 566 Relay ladder
Convert to BCD Function block
TOFR 132 Structured text
Timer Off Delay with Reset Function block
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Instruction Locator

Instruction Location Languages
TOF 120 Relay ladder
Timer Off Delay
TONR 128 Structured text
Timer On Delay with Reset Function block
TON 116 Relay ladder
Timer On Delay
ToT Process control Structured text
Totalizer Function block
TPT 639 Relay ladder
Tracepoints
TRN 571 Relay ladder
Truncate Function block
TRUNC 571 Structured text
Truncate
uiD 466 Relay ladder
User Interrupt Disable Structured text
UIE 466 Relay ladder
User Interrupt Enable Structured text
UPDN Process control Structured text
Up/Down Accumulator Function block
UPPER 631 Relay ladder
Upper Case Structured text
XIC 90 Relay ladder
Examine If Closed
X0 93 Relay ladder
Examine If Open
XOR 320 Relay ladder
Bitwise Exclusive OR Structured text
Function block
XPY 554 Relay ladder
X to the Power of Y Structured text

Function block

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012
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Notes:
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Preface

Introduction

Who Should Use This Manual

Purpose of This Manual

This manual provides a programmer with details about each available instruction
for a Logix-based controller.

You should be familiar with how the Logix-based controller stores and processes
data.

Novice programmers should read all of the details about an instruction before
using the instruction. Experienced programmers can refer to the instruction
information to verify details.

This manual is one of a set of related manuals that shows common procedures for
programming and operating Logix5000™ controllers. For a complete list of
common procedures manuals, see the Logix5000 Controllers Common

Procedures Programming Manual, publication 1756-PM001.

The term Logix5000 controller refers to any controller that is based on the
Logix5000 operating system, such as:

o CompactLogix™ controllers
o ControlLogix’ controllers

e DriveLogix™ controllers

o FlexLogix™ controllers

e SoftLogix™5800 controllers

Table 1 - Description of Instruction Format

Section Information
Instruction 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.
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Table 1 - Description of Instruction Format

Section Information

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.

Common Information for
All Instructions

Conventions and
Related Terms

38

The following icons help identify language-specific information.

Icon Programming Language
Relay ladder
Structured text

£

Function block

The Logix5000 instruction set has some common attributes.

Information Appendix
Common attributes Common Attributes defines:
«  Arithmetic status flags
« Data types
« Keywords
Function block attributes Function Block Attributes defines:

« Program and operator control
« Timing modes

This manual uses set and clear to define the status of bits (Boolean) and

values (non-Boolean).

Term Means
Set The bitis set to 1 (ON).

Avalue 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.
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If an operand or parameter supports 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.

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
a— | )
I v/

}

Rung- Rung-
condition-in  condition-out

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

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

o Toggle from Program to Run mode.

o Automatically enter Run mode from a power-up condition.

Prescan does not occur for a program when the following occurs:
o The program becomes scheduled while the controller is running.

o The program is unscheduled when the controller enters Run mode.
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Function Block States

IMPORTANT When programming in function block, restrict the range of

engineering units to +/-10*"""3 because internal floating point
calculations are done by 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),

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 Enablein 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.

40

Every function block instruction also includes EnableIn and EnableOut
parameters:

o Function block instructions execute normally when Enableln is set.

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

¢ 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 EnableIn
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.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Preface

Studio 5000 Environment The Studio 5000™ Engineering and Design Environment combines engineering
and design elements into a common environment. The first element in the
Studio 5000 environment is the Logix Designer application. The Logix Designer
application is the rebranding of RSLogix™ 5000 software and will continue to be
the product to program Logix5000™ controllers for discrete, process, batch,
motion, safety, and drive-based solutions.

r
Rockwell Software
Studio 5000 :
_— Create Open Explore
L . ' Mew Project Existing Project Help
From Import Sample Project Release Notes
From Sample Project From Upload About
Recent Projects *
& Sept_Test @ Integrated_Motian_Co... & August_2012
y
Additional Resources See these manuals and documents for more information about using
motionmodules in a Logix5000 control system.
Resource Description
Logix5000 Controllers Common Procedures Programming Manual, publication 1756- Provides links to a collection of programming manuals that describe how you can use
PM001 procedures that are common to all Logix5000 controller projects.
Motion Coordinate System User Manual, publication MOTION-UM002 Provides information to create a coordinate system by using Logix5000 motion modules.
Logix5000 Controllers Motion Instructions Reference Manual, publication MOTION-RM002 | Provides a programmer with details about the motion
instructions that are available for a Logix5000 controller.

PhaseManager User Manual, publication LOGIX-UM001 Shows you how to set up and program a Logix5000 controller to use equipment phases.
Logix5000 Controllers Process Control and Drives Instructions Reference Manual, Provides a programmer with details about each available
publication 1756-RM006 instruction for a Logix-based controller with regard to process control and drives.
PlantPAx Automation System Reference Manual, publication PROCES-RM001 Provides information about how to set up a PlantPAx system. [ |

You can view or download Rockwell Automation publications at

http:/www.rockwellautomation.com/literature/. To order paper copies of

technical documentation, contact your local Allen-Bradley distributor or
Rockwell Automation sales representative.
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Notes:
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Chapter 1

FactoryTalk Alarms and Events

Logix-based Instructions

(ALMD, ALMA)

Topic Page
Digital Alarm (ALMD) 44
Analog Alarm (ALMA) 55
Configure an Alarm Instruction 72
Enter Alarm Message Text 74
Monitor Alarm Status 77
Programmatically Access Alarm Information 78
Shelve, Suppress, or Disable Alarms 79
Controller-based Alarm Execution 83

These Logix-based alarm instructions are available in relay ladder, structured text,
and function block diagram. These instructions detect alarm conditions and

publish alarm events that can be displayed and logged through FactoryTalkView

Alarms and Events servers.

If you want to Use this instruction Available in Page
Detect alarms based on Boolean (true/false) ALMD Relay ladder 44
conditions Structured text

Function block
Detect alarms based on the level or rate of ALMA Relay ladder 55
change of a value Structured text

Function block
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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
LMD
Digital Alsrm
ALVD ? ] Hinalarm>—
Proghck ?
i ER ) 7 [Shelvad— In relay ladder, the alarm condition input (In) is obtained from the rung
rogRes! ?
ProgDisahle i esppressety— condition.
g —{Disabled >—
ProgEnahble ?
77 HoInstructFaut y—
MinDurationPRE 77
MinDurstion ACC 77
Operand Type Format Description
ALMD tag ALARM_DIGITAL Structure Tag using ALMD structure.
Structured Text

ALMD(ALMD, In, ProgAck,

ProgReset, ProgDisable, ProgEnable);

I E ALMD_01

I gn Inlarm
Suppressed
Shebved
Dizablad

Ao |

Digital Alarm

[N E I S G|

o o o o

The operands are the same as those for the relay ladder ALMD instruction, with
one exception as indicated above.

Function Block

Operand Type Format Description

ALMD tag ALARM_DIGITAL Structure Tag using ALMD structure.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



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

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.
In BOOL The digital signal input to the instruction.
Default is cleared.
Relay Ladder
Function Block
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 i cleared.
Default is set.

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 be reset only when the alarm condition is false.
Default is cleared.

ProgAck BOOL For Relay Ladder Logic, on transition from cleared to set, acknowledges alarm (if acknowledgement is required).

Default is cleared.

Relay Ladder

Copies value from the instruction operand.
Structured Text

Copies value from the instruction operand.

OperAck BOOL Set by the operator interface to acknowledge the alarm. Takes effect only if the alarm is unacknowledged. The instruction
clears this parameter.
Default is cleared.

ProgReset BOOL For Relay Ladder Logic, on transition from cleared to set, acknowledges alarm (if acknowledgement is required).
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 latched alarm. Takes effect only if the latched alarm is InAlarm and the alarm

condition is false. 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.
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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.

OperShelve BOOL Set by the operator interface to shelve or reshelve the alarm. Takes action on transition from cleared to set. The instruction
clears this parameter.
Unshelve commands take precedence over Shelve commands.
Connecting a push button to the OperShelve tag:
The alarm instruction only processes the OperShelve tag on transition from cleared to set to prevent unwanted reshelving
of the alarm. For example, if an operator presses a push button to shelve the alarm while the ProgUnshelve tag is set, the
alarmis not shelved because the ProgUnshelve tag takes precedence. To shelve the alarm, the operator can release and
press the push button again once ProgUnshelve is cleared.

ProgUnshelve BOOL Set by the user program to unshelve the alarm. Takes precedence over Shelve commands. Default is cleared.
For more information on shelving an alarm, see the description for the OperShelve parameter.

OperUnshelve BOOL Set by the operator interface to unshelve the alarm. The alarm instruction clears this parameter. Takes precedence over
Shelve commands. Default is cleared.
For more information on shelving an alarm, see the description for the OperShelve parameter.

ProgDisable BOOL Set by the user program to disable the alarm. Takes action on transition from cleared to set.
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. Takes action on transition from
cleared to set.
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 operator interface to reset the alarm count to zero. The alarm instruction clears this parameter.
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.

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.

46
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FactoryTalk Alarms and Events Logix-based Instructions (ALMD, ALMA)  Chapter 1

Input Parameter Data Type Description

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.

You do not want to use some other tag on the MinDurationPRE faceplate to control the state, then enter the ALMD tag
.MinDurationPRE on the instruction faceplate, for example, myalmd.MinDurationPRE.

ShelveDuration DINT Length of time in minutes to shelve an alarm. Set by the operator interface to unshelve the alarm. The alarm instruction
clears this parameter. Takes precedence over Shelve commands. Default is cleared.
Minimum time is one minute. Maximum time is defined by MaxShelveDuration.

MaxShelveDuration DINT Maximum time duration in minutes for which an alarm can be shelved. For more information on shelving an alarm, see the
description for ShelveDuration parameter.

Output Parameter Data Type Description

EnableQut 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.

Shelved BOOL Set by the operator to shelve the alarm. Takes action on transition from cleared to set.

(leared when alarm is unshelved.

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

Commissioned BOOL Reserved for future use.

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.

ShelveTime LINT Timestamp indicating when the alarm was shelved the last time. Each time the alarm is shelved, the timestamp is set to
the current time.

For more information on shelving an alarm, see the description for the Shelved parameter.

UnshelveTime LINT Timestamp indicating when the alarm is going to be unshelved. This value is set every time the alarm is shelved (even if
the alarm has already been shelved). The timestamp is determined by adding the ShelveDuration to the current time. If
the alarm is unshelved programmatically or by an operator, then the value is set to the current time.

For more information on shelving an alarm, see the description for the Shelved parameter.

Status DINT Combined status indicators:

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

Data Type

Description

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.

48

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.

RSLinx Enterprise software subscribes to Alarm Log in the controller. If a
connection to RSLinx Enterprise software is lost, the controller continues to
store alarm data into the log and data can be accessed when the communication is
restored.
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State Diagrams When Acknowledgement Required

Latched = False

In = Condition, MinDurationACC >= MinDurationPRE

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

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

Latched = True

In = Condition, MinDurationACC >= MinDurationPFﬂE

InAlarm = True
Acked = False

InAlarm = False
Acked = True

In 1= Condition, Reset?

InAlarm = True
Acked = True

1. Alarm can be acked several different ways: ProgAck, OperAck, clients (Studio 5000 software, FactoryTalkView software.

2. Alarm can be reset several different ways: ProgReset, OperReset, clients (Studio 5000 software, FactoryTalkView software.

State Diagrams When Acknowledgment Not Required

Latched = False

In = Condition, MinDurationACC >= MinDurationPRE

InAlarm = False l z InAlarm = True Acked = True
In 1= Condition
Latched = True
In = Condition, MinDurationACC >= MinDurationPRE
InAlarm = False Z InAlarm = True Acked = True

In 1= Condition, Reset"

1. Alarm can be acked several different ways: ProgReset, OperReset, clients (Studio 5000 software, FactoryTalk View software.

Arithmetic Status Flags: None
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Fault Conditions: None

Execution:

Condition

Relay Ladder Action

Prescan

The rung-condition-out is set to false.
InAlarm and Shelved are cleared and Acked is set.
All operator requests and timestamps are cleared.

Rung-condition-in s false

The rung-condition-out is set to false.
Enableln and EnableOut 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.

Condition Function Block Action Structured Text Action
Prescan All operator requests and timestamps are cleared. All operator requests and timestamps are cleared.
InAlarm, Shelved, and EnableQut are cleared and Acked is set. InAlarm, Shelved and EnableQut are 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

EnableQut is cleared.

The instruction does not execute. All operator requests are cleared.

The instruction executes.
EnableQut is cleared.

Enableln is set

The instruction executes.
EnableQut is set.

The instruction executes.
EnableQut is always set.

Postscan

EnableQut is cleared.

EnableQut is cleared.
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Inputs

QOutputs

In == Condition

ProgAck/OperAck

ProgReset/OperReset

InAlarm

Acked

ALMD Alarm Acknowledge Required and Latched

i
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ALMD Alarm Acknowledge Required and Not Latched

In == Condition

Inputs

ProgAck/OperAck I_I : |_|

InAlarm

Outputs

Acked

ALMD Alarm Acknowledge Not Required and Latched

In == Condition

ProgAck/OperAck

ProgReset/OperReset |_| _| |

InAlarm

Inputs

Outputs

Acked
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Inputs

Outputs

In == Condition

ALMD Alarm Acknowledge Not Required and Not Latched

InAlarm —
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 AckThisAlarm tag value. The application logic must clear
AckThisAlarm.
Relay Ladder
Matar] 01 Cwvettemgp AL MWD
] E Digital &larm
AL otar 01 Faut HCInAlarm —
tatar 01 FaittoStart Progck AckThisAlarm
] F 0& |[BShelved =
ProgReszet o
H Suppressed —
ProgDizable Q
— Dizakbled —
ProgEnahkle o
HC InstructFaut 7 —
MinCur ationPRE 500 &
MinDwr ation & CC 0«
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54

Structured Text

Motor101FaultConditions := Motor101Overtemp OR
Motor101Fail ToStart;

ALMD(Motor101Fault,Motor101FaultConditions,

Motor101Ack,0,0,0 );
Function Block
BOR_01 hdotorid 1F ault
BOR .. AL D
0 L
|I‘u1|:-tl:-r1I:I1l:h.rertem|:- :ID Boolean Or Crigital Alarm
]
|— — —7 In1 out f— — — & In nAlarm [=
o
|I'n.-1-:-t-:-r1El‘1FaiIt-:-Start >|3— — — ] Inz — — — & ProgAd Suppressed [
= In3 Shelved &
[

|

i Ind | Dizabled
|
|

u]
ot r1 01 Auck (- —
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Analog Alarm (ALMA)

Operands:

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

Relay Ladder

. ALMA
H Analog Alarm
ALMA,

In
Progdckal
ProgDisable
ProgEnable
HHLimit
HLimit

LLimit
LLLimt

=
7

77
?

77

HCHInA &P —
HCLInAarm —
HCLLInAlarm —
HCROCPosInAlENT —
HROCNeginAlarm 3—
HCHHShelved —
HCHShelved —
H(LShelved —
HLLShelved —
HROCPosShelved »—
HROCHegShelved —
HSupptesses >—
H(Disabled —
HOIngtructFant »—

HCHHInAlarm 3—

Operand

Type

Format

Description

ALMA tag

ALARM_ANALOG

Structure

ALMA structure.

ALMA(ALMA, In, ProgAckAll,
ProgDisable, ProgEnable);

Al |
Anglog Alarm

HHInAlarm
HinAlarm
Lin&larm

LLImAlzrm
ROCPosinAlarm
ROCHeginAlarm

Suppressed
HHS Relved
HEhelved
LShelved
LLShelved
ROCPosShelved
ROCHegS helved
Dizshled

O O o o0 o0 oo o0 oo oooo

Lisl JRN b IR o I 8 bl O o IR Gl B el el O e I ol B B [ el B e
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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
ALMA tag 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

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

Default is set.

Function Block

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

Default is set.

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.

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

For Relay Ladder Logic, on transition from cleared to set, acknowledges alarm (if acknowledgement allowed).
Default s cleared.

Relay Ladder

Copies value from the instruction operand.

Structured Text

Copies value from the instruction operand.

OperAckAll

BOOL

Set by the operator interface to acknowledge all conditions of this alarm. Takes effect only if an alarm condition is
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.
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Input Parameter Data Type Description

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.

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 s 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 s cleared.

ROCNegOperAck 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.

HHOperShelve BOOL High-high operator shelve. Set by the operator to shelve or reshelve a high-high condition. Takes action on transition from
cleared to set. The alarm instruction clears this parameter.

Default is cleared.

Connecting a push button to the OperShelve tag:

The alarm instruction only processes the OperShelve tag on transition from cleared to set to prevent unwanted reshelving of
the alarm. For example, if an operator presses a push button to shelve the alarm while the ProgUnshelve tag is set, the alarm is
not shelved because the ProgUnshelve tag takes precedence. To shelve the alarm, the operator can release and press the push
button again once ProgUnshelve is cleared.

HOperShelve BOOL High operator shelve. Set by the operator interface to shelve or reshelve a high condition. Takes action on transition from

cleared to set. The alarm instruction clears this parameter.
Default is cleared.

Unshelve commands take precedence over Shelve commands.
Connecting a push button to the OperShelve tag:

The alarm instruction only processes the OperShelve tag on transition from cleared to set to prevent unwanted reshelving of
the alarm. For example, if an operator presses a push button to shelve the alarm while the ProgUnshelve tag is set, the alarm is
not shelved because the ProgUnshelve tag takes precedence. To shelve the alarm, the operator can release and press the push
button again once ProgUnshelve is cleared.
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Input Parameter

Data Type

Description

LOperShelve

BOOL

Low operator shelve. Set by the operator interface to shelve or reshelve a low condition. Requires a change from a cleared state
in one program scan to a set state in the next program scan. The alarm instruction clears this parameter. Default is cleared.

Unshelve commands take precedence over Shelve commands.
Connecting a push button to the OperShelve tag.

LLOperShelve

BOOL

Low-low operator shelve. Set by the operator interface to shelve or reshelve a low-low condition. Requires a change from a
cleared state in one program scan to a set state in the next program scan. The alarm instruction clears this parameter. Default
is cleared.

Unshelve commands take precedence over Shelve commands.
Connecting a push button to the OperShelve tag.

ROCPosOperShelve

BOOL

Positive rate-of-change operator shelve. Set by the operator interface to shelve or reshelve a positive rate-of-change
condition. Requires a change from a cleared state in one program scan to a set state in the next program scan. The alarm
instruction clears this parameter. Default is cleared.

Unshelve commands take precedence over Shelve commands.
Connecting a push button to the OperShelve tag.

ROCNegOperShelve

BOOL

Negative rate-of-change operator shelve. Set by the operator interface to shelve or reshelve a negative rate-of-change
condition. Requires a change from a cleared state in one program scan to a set state in the next program scan. The alarm
instruction clears this parameter. Default is cleared.

Unshelve commands take precedence over Shelve commands.
Connecting a push button to the OperShelve tag.

ProgUnshelveAll

BOOL

Set by the user program to unshelve all conditions on this alarm. If both shelve and unshelve are set, unshelve commands take
precedence over shelve commands. Default is cleared.

HHOperUnshelve

BOOL

High-high operator unshelve. Set by the operator interface to unshelve a high-high condition. The alarm instruction clears this
parameter. If both shelve and unshelve are set, unshelve commands take precedence over shelve commands. Default is
cleared.

HOperUnshelve

BOOL

High operator unshelve. Set by the operator interface to unshelve a high condition. The alarm instruction clears this
parameter. If both shelve and unshelve are set, unshelve commands take precedence over shelve commands. Default is
cleared.

LOperUnshelve

BOOL

Low operator unshelve. Set by the operator interface to unshelve a low condition. The alarm instruction clears this parameter.
If both shelve and unshelve are set, unshelve commands take precedence over shelve commands. Default is cleared.

LLOperUnshelve

BOOL

Low-low operator unshelve. Set by the operator interface to unshelve a low-low condition. The alarm instruction clears this
parameter. If both shelve and unshelve are set, unshelve commands take precedence over shelve commands. Default is
cleared.

ROCPosOperUnshelve

BOOL

Positive rate-of-change operator unshelve. Set by the operator interface to unshelve a positive rate-of-change condition. The
alarm instruction clears this parameter. If both shelve and unshelve are set, unshelve commands take precedence over shelve
commands. Default is cleared.

ROCNegOperUnshelve

BOOL

Negative rate-of-change operator unshelve. Set by the operator interface to unshelve a negative rate-of-change condition.
The alarm instruction clears this parameter. If both shelve and unshelve are set, unshelve commands take precedence over
shelve commands. Default is cleared.

ProgDisable

BOOL

Set by the user program to disable the alarm. On transition from cleared to set, disables 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. Takes action on transition from
cleared to set.

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.
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Input Parameter Data Type Description

AlarmCountReset BOOL Set by the user program to reset the alarm counts for all conditions.
Defaultis cleared.

HHMinDurationEnable BOOL High-high minimum duration enable. Set to enable minimum duration timer when detecting the high-high condition.
Default is enabled.

HMinDurationEnable BOOL High minimum duration enable. Set to enable minimum duration timer when detecting the high condition. Default is
enabled.

LMinDurationEnable BOOL Low minimum duration enable. Set to enable minimum duration timer when detecting the low condition. Default is enabled.

LLMinDurationEnable BOOL Low-low minimum duration enable. Set to enable minimum duration timer when detecting the low-low condition. Default is
enabled.

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.

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; T = 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 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. Does not apply to rate-of-change conditions.

MinDurationPRE applies only 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 time-out period.

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

Default=0.

ShelveDuration DINT Time duration (in minutes) for which a shelved alarm will be shelved. Minimum time is one minute. Maximum time is defined
by MaxShelveDuration.

MaxShelveDuration DINT Maximum time duration (in minutes) for which an alarm can be shelved.
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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:
« drop below the threshold minus the deadband (for High and High High conditions).
OR
« 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,
anew sample of In is stored, and ROC i recalculated.
Rate-of-change detection is enabled for any value > 0.0.
Valid = 0.0...maximum possible float.
Default =0.0.
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.
(leared 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.
ROCNegInAlarm 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 (alculated 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 ROCNegInAlarm 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.
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Output Parameter Data Type Description

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.

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.

ROCNegInAlarmUnack 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.

HHShelved BOOL High-high condition shelved status. Set when a high-high condition is shelved. Cleared when high-high condition is
unshelved.

HShelved BOOL High condition shelved status. Set when a high condition is shelved. Cleared when high condition is unshelved.

LShelved BOOL Low condition shelved status. Set when a low condition is shelved. Cleared when low condition is unshelved.

LLShelved BOOL Low-low condition shelved status. Set when a low-low condition is shelved. Cleared when low-low condition is
unshelved.

ROCPosShelved BOOL Positive rate-of-change condition shelved status. Set when a positive rate-of-change condition is shelved. Cleared when
positive rate-of-change condition is unshelved.

ROCNegShelved BOOL Negative rate-of-change condition shelved status. Set when a negative rate-of-change condition is shelved. Cleared
when negative rate-of-change condition is unshelved.

Commissioned BOOL Reserved for future use.

Disabled BOOL Disabled status of the alarm. Set when the alarm is disabled. Cleared when the alarm is enabled.
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Output Parameter Data Type Description

MinDurationACC DINT Elapsed time since an alarm condition was detected. When this value reaches MinDurationPRE, the alarm becomes
active (InAlarm is set), and alarm notification is sent to clients. Does not apply to rate of change conditions or to
conditions for which the minimum duration detection is disabled.

If the alarm condition becomes inactive before MinDurationACC reaches MinDurationPRE, then the MinDuration timer is
stopped. MinDurationACCis not reset so it keeps its last value. MinDurationACC is reset when an alarm level condition is
newly detected and thus the MinDuration timer is started again.

The MinDuration timer can be stopped before expiration if Enableln is cleared or the alarm is disabled. In all of these
cases, MinDurationACC keeps its last value and is not reset until the MinDuration timer is started again.

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.

ROCNeglInAlarmTime 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.

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.

ShelveTime LINT Timestamp indicates when an alarm condition was shelved the last time. Each time alarm condition is shelved the
timestamp is set to current time.

UnshelveTime LINT Timestamp indicating when all alarm conditions are going to be unshelved. Value is set only when no alarm condition is
shelved yet or when an alarm condition is reshelved. The timestamp is determined as sum of the ShelveDuration time
period and current time. If an alarm condition is unshelved programmatically or by an operator and no other alarm
condition is shelved, then value is set to the current time.

Status DINT Combined status indicators:

Status.0 = InstructFault.
Status.1 = InFaulted.
Status.2 = Severitylnv.
Status.3 = AlarmLimitsnv.
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 (Status.3) BOOL Alarm Limit configuration is invalid (for example, LLimit < LLLimit). If invalid, the instruction 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 (Status.5) BOOL Positive rate-of-change limit invalid. If invalid, the instruction uses ROCPosLimit = 0.0, which disables positive rate-of-
change detection.

ROCNegLimitinv (Status.6) BOOL Negative rate-of-change limit invalid. If invalid, the instruction uses ROCNegLimit = 0.0, 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.
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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
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.

FactoryTalk Alarms and Events server 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 the FactoryTalk
Alarms and Events server is lost, the controller can briefly buffer alarm data until

the connection is restored.

State Diagrams When Acknowledgement Required

In >= HLimit, MinDurationACC >= MinDurationPRE

HinAlarm = True
HAcked = False

HinAlarm = False
HAcked = True

HinAlarm = True
HAcked = True

HinAlarm = False
HAcked = False

1 H alarm condition can be acked by several different ways: HProgAck, HOperAck, ProgAckAll, OperAckAll,

clients (Studio 5000 software, FactoryTalk View software).

In <= LLimit, MinDurationACC >= MinDurationPRE

LinAlarm = False LinAlarm = True
LAcked = True LAcked = False

LinAlarm = False LinAlarm = True
LAcked = False LAcked = True

In >= HHLimit, MinDurationACC >= MinDurationPRE

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

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

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

In <= LLLimit, MinDurationACC >= MinDurationPRE

LLInAlarm = False LLInAlarm = True
LLAcked = True LLAcked = False

LLInAlarm = False LLInAlarm = True
LLAcked = False LLAcked = True

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

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

ROC S
ROCPeriod next scan after the ROCPeriod has elapsed.

ROC >= RocPosLimit

RocPoslInAlarm = False RocPosInAlarm = True
RocPosAcked = True RocPosAcked = False

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

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

OperAckAll, clients (Studio 5000 software, FactoryTalk View software).

L LL alarm condition can be acked by several different ways: LLProgAck, LLOperAck, ProgAckAll, OperAckAll,
clients (Studio 5000 software, FactoryTalk View software).

ROC <= -RocNegLimit

RocNegInAlarm = False RocNeglnAlarm = True
RocNegAcked = True RocNegAcked = False

RocNeglinAlarm = False RocNegInAlarm = True
RocNegAcked = False RocNegAcked = True

1 ROCNeg alarm condition can be acked by several different ways: RocNegProgAck, RocNegOperAck, ProgAckAll,
OperAckAll, clients (Studio 5000 software, FactoryTalk View software). !
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State Diagrams When Acknowledgement Not Required

In >= HLimit, MinDurationACC >= MinDurationPRE

»

HinAlarm = False l < HinAlarm = True HAcked = True

In < (HLimit - Deadband)

In <= LLimit, MinDurationACC >= MinDurationPRE
>

LInAlarm = False l < LInAlarm = True LAcked = True

In > (LLimit + Deadband)

HHInAlarm = False l < HHInAlarm = Tru HHAcked = True

In >= HHLimit, MinDurationACC >= MlnDuratlonPlﬂE
e

In < (HHLimit - Deadband)

In <= LLLimit, MinDurationACC >= MinDurationPRE
LLInAlarm = False l < LLInAlarm = True LLAcked = True

In > (LLLimit + Deadband)

In(CurrentSample)- In(PreviousSample) Where a new sample is collected on the
ROC= - next scan after the ROCPeriod has elapsed.
ROCPeriod
ROC >= ROCPosLimit
-
RocPosInAlarm = False l < RocPosInAlarm = True RocPosAcked = True

ROC < ROCPosLimit

ROC <= -ROCNegLimit

RocNeglInAlarm = True RocNegAcked = True

Y

RocNegInAlarm = False l

-t

ROC > -ROCNegLimit

Arithmetic Status Flags: Arithmetic status flags are set for the ROC output.

Fault Conditions:

Minor Fault Fault Type Fault Code

ROC overflow 4 4
Execution:

Condition Relay Ladder Action

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

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

All operator requests and timestamps are cleared.

Rung-condition-in is false The instruction does not execute.
EnableOut is cleared.
The rung-condition-out is set to false.

Rung-condition-in is true The instruction executes.
EnableOut is set.
The rung-condition-out is set to true.

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

Prescan All operator requests and timestamps are cleared. All operator requests and timestamps are cleared.
All of the xInAlarm and xShelved parameters are cleared. EnableQutis | All of the xinAlarm and xShelved parameters are cleared. EnableQut is
cleared. All alarm conditions are acknowledged. cleared. All alarm conditions are acknowledged.

Instruction first scan No action taken. No action taken.

Instruction first run No action taken. No action taken.

Enableln is false

The instruction does not execute. All operator requests are cleared.
EnableOut is cleared.

The instruction does not execute.
EnableQut is cleared.

Enableln is true

The instruction executes.
EnableQut is set.

The instruction executes.
EnableQut is always set to true.

Postscan

EnableQut is cleared.

EnableQut is cleared to false.

66

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



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

Inputs

Outputs

ALMA Level Condition Acknowledge Required

ProgAckall/OperAckAll |_| | |_|

Ack Request Ack Request
Alafm Condition = HH | Alarm Condition = HH
Condition In Time = {7 Conditien In Time = t11
Alarm Services e

Inflarm SubcCondition = H
Condition In Time = t7

HHInAlarm 0 : [ |

HinAlarm

LinAlarm | |

LLInAlarm

HAcked

LAcked

LLAcked
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ALMA Level Condition Acknowledge Not Required

Inputs

HHInAlarm

HinAlarm

LinAlarm | |

LLInAlarm

ail

Outputs

HHAcked

HAcked

LAcked

LLAcked
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Alarm Condition

Inputs

ProgAckAll/OperAckAll

Alarm Services

ROCPosInAlarm

ROCNeglnAlarm

Outputs

ROCPosAcked

ROCNegAcked

ALMA Rate of Change Acknowledge Required

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

Ack Request
Alarm Condition = ROCMeg
Condition In Time = 15
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Inputs

Outputs

Alarm Condition

ROCPosInAlarm

ROCNegInAlarm

ROCPosAcked

ROCNegAcked

ALMA Rate of Change Acknowledge Not Required
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Example: A tank alarm is activated if the tank level surpasses a High or High limit.

Programmatically acknowledge all the alarm conditions with a cleared-to-set
transition of the Tank32Level Ack tag value. The application logic must clear

Tank32Level Ack.
Relay Ladder
SOUMT FUX
Analog Alarm
ALbA, Tank32Level F—CHHInAlarm >—
In Tank3ZLT F={HinAlarm —
0  —{linaarmi>—
Progackal Tank3ZLevelAck F—CLLInAlarm >—
0& {ROCPosinAlanm —
ProgDizable 0 F—ROCNegnAlarm —
E={HHShelved J—
ProgEnakle a E—{HSheved —
E—{LShelved }—
HHL it 900«  BELLLshelved—
HLitmit 800+ PEA{ROCPosShelved »—
L Lirmit 00+ pE{ROCNegShelved 3—
LL Lirmit 00« —{Suppressed—
—{Disabled —
—CInstructFaut > —
Structured Text

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

Function Block

TankzZZLeuel

o.o
Tank32LT
o
[ TankszLevelnck  B— —]

Analog Alam

In

Fro geadondl

Al bl

HHInAlarm
Hin&larm
Lin&larm

LLIn&dErm
ROCPozInSlarm
ROCHegin Alarm

I

00 2 2 2 2 a2 2000000

Suppressed
HHS hislvid

HE helved
LShelved

LLS hielvied
ROCPoss helved
ROChegShelved
Dizabled

LTI

LT i

[ARgc|
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Configure an Alarm
Instruction

After you enter an ALMD or ALMA instruction and specify the alarm tag name,

use the Alarm Configuration dialog box to specify the details of the message.

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

AL

Digiital Alarm

AL WD flctor1 01 Faul | ...

Progack hator1 01 Ack
oed

ProgReset ]

ProgDizakle ]

ProgEnakle ]

hinDurationPRE 0«

hlinCuration&CC 0«

)—(In.&larm}—
Shelved
— Suppressed —

7 Dizabled 37—

—C InstructFaut —

ALMD Properties - ALMDValve (Rung 0) BB | [ ia properties - AlMAMotorOverheat (Rung 4) =)
Corfiguration | Status | Parameters | Tag | Corfiguration | Messages | Status | Parameters | Tag |
Condition: [Inpul =1 = ] Latched Input Level Input Rate of Change
. o hin :
Severty: 300 = [ Acknowledgement Required Limit Seveity  Duration Limit Severty
7] High High 50 W B M@ 00 /s 500 1%
Minimum Duration 0 Sms Hnen e B Positve :
] High 00 50 3 M Y /s 500 2
Shelve Duration [] & min ° E Negative ¢
- 1 7] Low 100 w B ®E Period: DO s
Madmum Shelve Duration: @ & min
] Low Low: 50 w B
Message Valve 0 is closed. Open immediately! | J
- Mirimum Duration: 0 Hms
Associated T New Tag
sochiec Tags Deadband 00
Hame Type Desciplion
7
2 Shelve Duration: o | min
# Mapimum Shelve Duration o 1 min
4
7] Acknowledgement Required
Alarm Class: Valves Alam Class: Motors
FactoryTalk View Command: 1 FactoryTalk View Command:  Display MetorStatus
Status:  OK Status: 0K
3 Aam: Nomal Ao Ja ) Shelved [ Shelve  |e O Mam: Nomal 3 Any Shelved
® Acknowledged dge |« ) Disabled “ (3 Al Acknowledged [ Acknowledae Al |« 3 Disabled [ Dissble |«
< Spesad 3 Suppressed
Cance [ e ] [ Concel e
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 enteringa 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 1is 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:

+ 1...250 are low priority.

« 251...500 are medium priority.

+ 501...750 are high priority.

« 751...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 < 75; 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.

(lear 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.

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.

Shelve Duration

Enter the amount of time in minutes to shelve an alarm condition.

Maximum Shelve Duration

Enter the maximum time duration in minutes for which an alarm condition can be shelved.

You can edit all aspects of the alarm configuration offline and online. Online
edits of the configuration impacting run-time behavior on 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.
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Enter Alarm Message Text Enter appropriate message text to display when an alarm condition is active

(InAlarm). For an ALMD instruction, you enter the message information on the
Configuration tab. Foran ALMA instruction, you enter the message information
on the Message tab.

ALMD Properties - ALMDValveO (Rung 0) M ALMA Properties - ALMAMotorOverheat (Rung 4) w
Corfiguration | Status | Parameters | Tag | Corfiguration | Messages lowile i Tag
Condition: [input =1 - Level
Severty: 300 = Acknowledgement Required High High:  Motor Temp s very very high! 7
Minimum Duration: 2 5 e igh Motor Temp is high, you better do something. )
Shelve Durstion: ] 7 Low Motor Temp is low, what's gaing on? [
Masdmum Shefvs Durstion: 0 . Low Low:  Motor Temp is very low. is t even running? [
Message Valve 0 s closed. Open immediately! Rate Of Change
Associated Tags [(NewTan. | Fostive:
Name Tupe Description Negative:
1
5 Associated Tags
3 Mams Type Description
Pl 1 | MatorTemp DINT
2
Alam Class: Valves 3
Factory Talk Visw Command: £
Hae 0K Status: 0K
O Mem. Nomal O Shelved [ sheve e &3 Aam: Noml e
@ Acknowledged O Disabled [ Deable e 3 Al Acknowledged | Ad ) Disabled
) Suppresssd ) Suppressed
Cancel hoh | [ Heb |
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, /*5:0 %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 76.

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 elementsin 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

Variable Embeds in the message string Default code added to message string
Alarm name The name of the alarm, which consists of the controller name, program | /*S:0 %AlarmName*/

name, and tag name. For example,

[ZoneTController]Program:Main.MyAlarmTagName.
Condition name The condition that triggers the alarm: /*5:0 %ConditionName*/

« Digital alarm displays the trip.
« Analog alarm displays HiHi, Hi, Lo, LoLo, ROC_POS, or ROC_NEG.

Input value

The input value to the alarm:

« Digital alarm displays 0 or 1.

« Analog alarm displays the value of the input variable being
monitored by the alarm.

/*N:5 %InputValue NOFILL DP:0%/

Limit value

The threshold of the alarm:

« Digital alarm displays 0 or 1.

« Analog alarm displays the actual configured range check for the
analog alarm condition.

/*N:5 %LimitValue NOFILL DP:0*/

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 with the alarm event.

/*N:5 %Tag1 NOFILL DP:0*/

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. See the following example.

Tag

Code

BOOL value

/*N:1 %Tag1 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 decimal, zero left
fill

/*N:9 %InputValue NOFILL DP:3%/

REAL value, 8 digits (includes decimal), 4 digits after decimal, zero left fill

/*N:8 %Tag3 ZEROFILL DP:4*/

String value, no fixed width

/*5:0 %Tag4*/

String value, 26 characters, fixed width

1#5:26 %Tag4*/

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 Logix Designer application 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 DESCRIPTION DATATYFE SPECIFIER
TAG alma’l ALARM_ANALOG
ALMMSG en-us almal HH alarm for operatar in English HH
ALMMSG en-us almal H alarm for aperatar in English H
ALMMSG en-us almal L alarm for operator in English L
ALMMS G en-us almal LL alarm for aperatar in English LL
ALMMS G en-us almal ROC positive alarm for aperatar in English FOS
ALMMS G en-us almal ROC positive alarm for aperatar in English NEG
ALMMSG:de-ch almal HH tditteilung fir den Operatar auf Deutsch HH
ALMMSG:de-ch almal H Mditteilung fiur den Operatar auf Deutsch H
TAG almd1 ALARM_DIGITAL
ALMMS G en-us almd1 digital alarm for operatar 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
ina.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

On the Status tab of the alarm dialog box, monitor the alarm condition,
acknowledge an alarm, disable an alarm, suppress an alarm, shelve an alarm or

reset an alarm. Use the dialog box selections to see how an alarm behaves, without
needing an operational HML

ALMD Bropertics - ALMDValveD (Rung 0) | ALMA Properties - ALMAMotarOverheat (Rung 4) oo
Configurstion | Status | Parameters | Tag c | Messages| Status | Pameters [ Tag |
OLT )
. Rate Of Change
In Alam Time: Thursday. August 09, 2012 3:33.08 PM
- ) . . ¥ ; !
Ackroniedgn Tme ) High High (0 & ® Adcrowledged 0 Fostive (D) « ® Acknowledged
Retum To Normal Time: Thursday, August 09, 2012 3:33:11 PM (3 Sheved
In Alam Time: In Alsm Time
Shelve Time
Unsheive Time: Otigh @ cdos e ® Ackrowisdged O Negative (1) decae |+ @ Acknowiedged
A Count Feset Time Shelve |+ () Shelved Snelve |« (3 Sheived
In Alam Time: In Az Time
Count ! & Low 1) ] e O Ackrowledged
[ Reset Alam Count | « [ Shelve ]e O Shetved
In Alam Time: Wednesdzy. August 0B, 2012 10:53:4D AM
O Low Low (1) [Acknowiedge] € & Acknowledged
| sheve |eO Sheived
In Alam Time: Wednesday, August DS, 2012 10:53:40 AM Resel Al Nam Counts |«
Acknowledge Shelve
Time Time:
Fetum To . Unshelve
N o e Thusday, August 08, 2012 323:03 PM e
Alam Court
Reset Time
Status: 0K Setus 0K
O A Nomal sl e & Shelved Sheve |« & Am: Nomal O Ay Sheived
© Acknowledged Acknowledge |« 3 Disabled [ Disable e O Ml Acknowledged  [Acknawledgs Al |« O Disabled Disable |«
© Suppressed O Suppressed
oK [ cancal Hep | Cancel Anply [ hen |
S|
Alarms Log In order to receive controller-based alarm messages, the alarm client (Factory

Talk Alarms and Events server) must establish a subscription to the Alarm Log
object in the Logix controller.

As alarm state changes occur, the alarm instructions in the controller store the
necessary information (such as timestamps and associated tag values) to the
Alarm Log. The publisher mechanism delivers the alarm messages to each
subscriber as quickly as possible.

When the Alarm Log is full, the oldest alarm messages are rewritten. The size of
the Alarm Log is controller-family dependent.

When the subscriber re-establishes a connection, it begins to receive current
alarm messages. The historic data is available and the subscriber can obtain the
sequence number of the first (and last message) to see what data is missed during
the disconnect period.
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Programmatica"y Access Each alarm instruction has an alarm structure that stores alarm configuration and
Al Inf . execution information. The alarm structure includes both Program and Operator
arm Information . )
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 « ProgAck Use controller logic to programmatically access elements of the alarming system. For
« ProgReset example, the control program can determine whether to disable a series of alarms that
« ProgUnshelve are related to a single root cause. For example, the control program could disable an
« ProgSuppress alarm instruction, MyDigitalAlarm of data type ALARM_DIGITAL, by accessing the tag
« ProgDisable member MyDigitalAlarm.ProgDisable.
« ProgEnable
Custom HMI + OperAck (reate a custom HMI faceplate to access elements of the alarming system. For example, if
«+ OperReset the operator needs to remove a tool, rather than manually disable or suppress alarms
« OperShelve individually from the alarming screens, the operator can press a disable key that accesses
« OperUnshelve a tag MyDigitalAlarm.OperDisable.
* OperSuppress Operator parameters work with any Rockwell Automation or third-party operator
+ OperDisable interface to allow control of alarm states.

* Opertnable When an operator parameter is set, the instruction evaluates whether it can respond to

the request, then always resets the parameter.

Standard HMI object 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.

Not accessible

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 MyDigital Alarm of
data type ALARM_DIGITAL. In relay ladder, these instruction parameters must
be entered on the instruction:

e ProgAck

o ProgReset

e ProgDisable
o ProgEnable

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.
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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.

Shelve, Suppress, or Disable
Alarms

YT RIS
— Anzalog Alarm
ALhA, Mty Analogalarm H—CHHInAlarm 33—
In Armplitude H=CHInAlsrm —
Qo0& H-{LIn&larmy—
Prog ekl tly A nalogalarm . Progschal H=CLLInAlarm > —
0+« H{ROCPosindlarm —
ProgiDizable by Analogilarm ProgDisable H—CROCHeginAlarm 3 —
D& E—{HHShelved }—
ProgEnshle Wy Analogllsrm ProgEnakle E— HShelved —
0& E{lSheved)}—
HHLrmit 1000.0 & B LLShelved »—
HLirmit 1000 & E—ROCPasShelved —
L Limit 200« E-{ROCHegShelved 3 —
LLLimit 100 —{Suppressed—
H—{Disabled —
H—CInstr uctFaut »—

FactoryTalk Alarms and Events system provides three mechanisms to prevent
indication of the alarm in the alarm summary: suppress, shelve, and disable.

Shelve and Suppress allow you to clear the alarm from the alarm summary or
banner while you are resolving a known alarm, without continuing to view alarm
information once the alarm is acknowledged. Shelve has an automatic timeout,
after which the alarm is automatically Unshelved and returned to the operator
view. Suppress does not have an automatic timeout. If the alarm is
unacknowledged at the time it is Shelved or Suppressed, it will continue to appear
on the alarm summary and banner until it has been acknowledged, at which
point, it will be removed from view. A Shelved or Suppressed alarm is still able to
transition alarm status (except becoming unacknowledged), send alarm state
changes to subscribers, log state changes in the historical database, and is
responsive to other programmatic or operator interactions:

e When an alarm is Suppressed or Shelved, 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 or Shelved
state include the Suppressed or Shelved status. An alarm is not allowed to

become unacknowledged while Shelved or Suppressed.

o When an alarm is Unsuppressed or Unshelved, all subscribers are notified
and alarm messages to subscribers no longer include the Suppressed or
Shelved status. If the alarm is active when Unsuppressed or Unshelved and
acknowledge is required, the alarm becomes unacknowledged (Acked is

cleared).
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Disable an alarm to take the alarm out-of-service in the control program. A
disabled alarm does not transition alarm status or get logged in the historical
database. If the alarm is Unacknowledged at the time it is Disabled, it will
continue to appear on the alarm summary and banner until it has been
Acknowledged, at which point it will be removed from view. A disabled alarm
can be re-enabled in the Alarm Status Explorer in FactoryTalk View SE software:

o When an alarm is Disabled, all of its conditions are inactivated (InAlarm is
cleared) except the Acknowledged status if Unacknowledged. The In
parameter is not monitored for alarm conditions, but will respond to an
Acknowledged event. All subscribers 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. If the alarm is active
when Enabled and Acknowledge is required, the alarm becomes

Unacknowledged (Acked is cleared).

Shelve, Suppress, and Disable are all methods to suppress indication of alarms,
following ANSI/ISA-18.2-2009, Management of Alarm Systems for the Process
Industries. You can use Shelve, Suppress, and Disable functionality to track
operator-initiated actions from design-initiated actions and maintenance actions.
Following this method, use Shelve to initiate this action by the operator
(equivalent to the Shelve state in ISA 18.2). The controller must use Suppress to
programmatically inhibit operator notification (equivalent to the Suppress-by-
Design state in ISA 18.2). Use Disable to inhibit the alarm for maintenance
purposes (equivalent to Out-of-Service state in ISA 18.2).
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Figure 1- State Model for Alarms
e — -
perator Shefve Cperator Re Shelve
OperShelve
(resets shelve
Y L4 duration timer)
e Unshelved Shelved
. Shelved =0 Shelved = 1
A 4 A
b (perator Unshelve.
L——— Shelving Expires
Pregram Unshehve
(Note 1)
Frogram Suppress
(Mate 2)
L
. ? aw_'@pressed < Suppressed )
Suppressed = ( ] Suppressed = 1
A
Program Unsuppress
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Disable
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Y
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A
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Alarm Condition true
—for minimum duration
and Enabled

Y

InAlarm
e Mormal Alm=1
. ’ Alm=10 iRdy_Reset if Inp == 0)

A 4 4

Latched and Reset and
Alarm Condition false

Alarm Condition false
and not Latched

Disable

Alarm Condition true
fior minimum duration
and Enabled and
Unsuppressed and
Unshelved and
Acknowledgement Required
{Note §)

Unacknowledged
Acked =0
(Note 5)

Acknowledge or
Acknowledgement not Required

Table 2 - State Model for Alarms

Note Description

1 The Program Unshelve command is provided so that the user has a means, using a small amount of programming, to unshelve alarms based on
an event, for example End of Shift.

2 Following ANSI/ISA-18.2-2009, Suppress could be used to provide Suppress-by-Design functionality. Suppress could also be used to provide Out-
of-Service if logging while Out-of-Service is desired and logging while Suppressed-by-Design is not desired. Operator commands for Suppress/
Unsuppress are provided, but would not be used if using Suppress to implement Suppress-by-Design as outlined in ISA 18.2.

3 Following ANSI/ISA-18.2-2009, Disable could be used to provide Out-of-Service state described by the standard. Disable could also be used to
provide Suppress-by-Design if logging while Suppressed-by-Design is not desired and logging while Out-of-Service is desired. Operator
commands for Enable/Disable are provided, but would not be used if using Suppress to implement Suppress-by-Design as outlined in ISA 18.2.

4 While Disabled, Suppressed, or Shelved, an acknowledged alarm will not become unacknowledged.

5 While Disabled, Suppressed, or Shelved, if acknowledge is required, an unacknowledged alarm will remain unacknowledged until it is
acknowledged.

6 An alarm will become unacknowledged if the alarm is InAlarm when an alarm changes state to Enabled, Unsuppressed, and Unshelved.
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Controller-based Alarm

Execution

Controller-based alarms process inputs from two sources.

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.

capturing associated tag values.

processing Prog and Oper commands.

(lient messages

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

+ Reset, Acknowledge, Disable/Enable, Shelve/Unshelve and Suppress/Unsuppress commands from a Studio 5000
Environment terminal

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

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.

Controller Memory Use

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

o Typically 1 KB per digital alarm with no associated tags

Digital Alarm Example Approximate Size
Digital alarm with no associated tags 1056 bytes
Digital alarm with no associated tags and this configuration: 1144 bytes

+ Alarm message: Contactor Fault
« Alarm Class: Tank Farm A

Digital alarm with two associated tags and this configuration: 1216 bytes

Alarm message: Contactor Fault
Alarm Class: Tank Farm A
Associated Tag 1= DINT data type
Associated Tag 2 = DINT data type

Digital alarm with two associated tags and this configuration: 1560 bytes

Alarm message: Contactor Fault
Alarm Class: Tank Farm A

Associated Tag 1= DINT data type
Associated Tag 2 = STRING data type
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o Typically 2.2 KB per analog alarm with no associated tags

Analog Alarm Example Approximate Size
Analog alarm with no associated tags 2496 bytes
Analog alarm with no associated tags and this configuration: 2624 bytes

HH Alarm message: Level Alarm

H Alarm Message: Level Alarm

L Alarm Message: Level Alarm

LL Alarm Message: Level Alarm

Rate of Change Positive Message: Fill Too Fast
Rate of Change Negative Message: Empty Too Fast
Alarm Class: Tank Farm A

Analog alarm with two associated tags and this configuration: 2952 bytes
HH Alarm message: Level Alarm

H Alarm Message: Level Alarm

L Alarm Message: Level Alarm

LL Alarm Message: Level Alarm

Rate of Change Positive Message: Fill Too Fast
Rate of Change Negative Message: Empty Too Fast
Alarm Class: Tank Farm A

Associated Tag 1= DINT data type

Associated Tag 2 = DINT data type

Analog alarm with two associated tags and this configuration: 4632 bytes
HH Alarm message: Level Alarm

H Alarm Message: Level Alarm

L Alarm Message: Level Alarm

LL Alarm Message: Level Alarm

Rate of Change Positive Message: Fill Too Fast
Rate of Change Negative Message: Empty Too Fast
Alarm Class: Tank Farm A

Associated Tag 1= DINT data type

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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Scan Time

These execution times show how ALMD instructions and ALMA instructions

affect total scan time in a 1756-L7x nonredundant controller.

Rung State Execution Times

Digital Alarm (ALMD) Analog Alarm (ALMA)
No Input/State change 6.6 s —
Activation 15.7 s —
Enableln true (rungvalue | — 15 s
for RLL) No Input/State
change
HAlarm Condition/ — 21.1ps
Activation
HHAlarm Condition/ — 25 ps
Activation
Enableln/False — 4.7 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 simultancously (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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Notes:
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(XIC, XI0, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Topic Page
Bit Addressing 88
Examine If Closed (XIC) 90
Examine If Open (XI0) 93
Output Energize (OTE) 9%
Output Latch (OTL) 98
Output Unlatch (OTU) 100
One Shot (ONS) 102
One Shot Rising (OSR) 105
One Shot Falling (OSF) 107
One Shot Rising with Input (OSRI) 109
One Shot Falling with Input (OSFI) 112

Use the bit (relay-type) instructions to monitor and control the status of bits.

If you want to Use this instruction Available in Page

Enable outputs when a bit is set XiC Relay ladder ]
Structured text")

Enable outputs when a bit is cleared XI0 Relay ladder 3
Structured text!"

Set a bit OTE Relay ladder 96
Structured text”)

Set a bit (retentive) oL Relay ladder 98
Structured text!"

Clear bit (retentive) oTu Relay ladder 100
Structured text")

Enable outputs for one scan each time a rung goes true ONS Relay ladder 102
Structured text”)

Set a bit for one scan each time a rung goes true OSR Relay ladder 105

Set a bit for one scan each time the rung goes false OSF Relay ladder 107

Set a bit for one scan each time the input bit is set in function | OSRI Structured text 109

block Function block

Set a bit for one scan each time the input bit is cleared in OSFI Structured text 112

function block Function block

(1) There is no equivalent structured text instruction. Use other structured text programming to achieve the same result. See the description for the instruction.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012

87



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

Bit Addressing

88

Bits in a Logix controller exist in one of several forms:
e BOOL tag
e BOOL array
o Bits within an integer (SINT, INT, or DINT) tag

e Bits within an integer array

Any of the above constructs may also exist as members of a structure, whether it’s

a system defined data type (SDT) or user-defined data type (UDT).

Bits defined as BOOLSs are referenced simply by name. For example, XIC
myBool.

Bits within BOOL arrays are referenced by a subscript appended to the array
name. Subscripts can be a literal value (for example, XIC boolArray[31]), a tag
(for example, XIC bool Array[index]), or an expression (for example, XIC
boolArray[index+1]).

Bits within an integer tag or integer array may be addressed similarly. This is what
Logix often refers to as bit addressing mode for integers. IEC 61131-3 might
refer to it as ‘partial access of ANY_BIT variables’ Bit addressing for integers is
programmed by adding a dot (or period) to the integer indicating subelement
processing followed by a subscript (for example, myInteger[3].11 addresses bit
11, subelement [3]of the mylnteger array). There is a shorthand form for literal
subscripts in this case, which is simply a dot followed by the literal value (for
example, myInteger.3, meaning bit 3 of myInteger). Similar to subscripts for
BOOL arrays above, one can specify a tag or expression for the subscript.

Integer arrays are dealt with similarly except that you must specify a member of
the array from which indexing begins. For example, XIC
mylntArray[4].[index+1] says to start at the 5th element of myIntArray and
access bit ‘index+1. Bounds checking is performed on all subscripts to make sure
the reference does not go beyond the boundary of the data object specified.
Literals are checked for conformance during verification.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Bit Instructions (XIC, XI0, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI) ~ Chapter 2

Example: Indirect Serial Bit Reference in a DINT array

Tag

MyBits : DINT[10]
BitRef: DINT
EndTag

MOV(34,BitRef)
XIC(MyBits[(BitRef AND NOT 31)/32].[BitRef AND 31])

Explanation

(BitRef AND NOT 31)/32=Calculates the element in the DINT
.[BitRef AND 31]=Calculates the bit within the element

If the tag MyBits is defined as an INT or SINT, the mask value would be 15 or 7,
respectively. Both the Diagnostic Detect (DDT) and File Bit Compare (FBC)
instructions provide a bit number as a result of their operation. These
instructions are limited to DINT arrays, and so the indirect addressing example
can be used to programmatically locate the bit number returned from these
instructions.
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Examine If Closed (X'C) The XIC instruction examines the data bit to see if it is set.
Operands:
Relay Ladder
?
— & 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 by using an IF.. THEN construct.

IF data_bit THEN
<Statement>;
END _IF;

See 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
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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 *

Examine data bit.

DataBit=1

Rung-condition-out is set

DataBit=0

Rung-condition-out is
set to false.

to true.

Postscan

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

Example 1: If /imir_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;
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Example 2: IfS:V is 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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Examine If Open (XI0)

The XIO instruction examines the data bit to see if it is cleared.

Operands:
Relay Ladder
?
—3/' 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 by using an IF.. THEN construct.

IF NOT data_bit THEN
<Statement>;

END_IF;

See 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
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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 ¢

DataBit=0

Rung-condition-out is
set to true.

Examine data bit.

DataBit=1

Rung-condition-out is set
tofalse.

|
Y

Postscan The rung-condition-out is set to false.
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Example 1: If /imir_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: 1fS:V is 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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0utput Energize (OTE) The OTE instruction sets or clears the data bit.

Operands:

Relay Ladder

— 23— 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 by using a non-retentive assignment.

data_bit [:=] BOOL_expression;

See Function Block Attributes for information on the syntax of assignments and

expressions within structured text.

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

Arithmetic Status Flags: Not affected

Fault Conditions: 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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Example: When switch is set, the OTE instruction sets (turns on) light_1. When switch is
cleared, the OTE instruction clears (turns off ) light_1.

Relay Ladder
awitch light_1 ‘
1 E 7
Structured Text

light_1 [:=] switch;
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0utput Latch (OTL) The OTL instruction sets (latches) the data bit.

Operands:

Relay Ladder

(Lo 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 by using an IE.. THEN construct and an assignment.

IF BOOL_expression THEN
data_bit:=1;
END_IF;

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

Description: 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.

Arithmetic Status Flags: Not affected

Fault Conditions: 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.
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Example: When enabled, the OTL instruction sets /ight_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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Output Unlatch (0TU)

Operands:

Relay Ladder

The OTU instruction clears (unlatches) the data bit.

?
L 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 by using an IE.. THEN construct and an assignment.

IF BOOL_expression THEN
data_bit:=0;

END_IF;

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

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

Arithmetic Status Flags: Not affected

Fault Conditions: 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 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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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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One Shot (ONS) The ONS instruction enables or disables the remainder of the rung, depending
on the status of the storage bit.
Operands:
Relay Ladder
.y |:|r3 51 Operand Type Format Description
Storage bit BOOL Tag Internal storage bit.
Stores the rung-condition-in from the last time the
instruction was executed
Structured Text

102

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

IF BOOL_expression AND NOT storage_bit THEN
<statement>;

END_IF;

storage_bit := BOOL _expression;

See 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
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Execution:
Condition Relay Ladder Action
Prescan The storage bit 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 bit is cleared.
The rung-condition-out is set to false.
Rung-condition-in is true
Examine Storage Bit =0 Storage bit is set.
storage bit. Rung-condition-out is
set to true.
storage bit=1
Storage bit remains set.
Rung-condition-out is set to
false. v
Postscan The storage bit is cleared.
The rung-condition-out is set to false.
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Example: You typically precede the ONS instruction with an input instruction because 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.

On any scan for which limit_switch_1 is cleared or storage_1 is set, this rung has
no affect. On any scan for which limit_switch_1 is set and storage_1 is cleared, the
ONS instruction sets storage_1 and the ADD instruction increments sum by 1.
Aslongas limit_switch_1 stays set, sum stays the same value. The limit_switch_1
must go from cleared to set again for sum to be

incremented again.

Relay Ladder
lirmit_zwitch_1  storage_1 A 00
1 E [ONST] Add
Source &, Fum
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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One Shot Rising (OSR)

Operands:
O5R
— Ore Shaot Rising L OB —
Storage Bit ? 5B —
Cutput Bit ?
Description:

Arithmetic Status Flags:

Fault Conditions:

The OSR 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 OSRI,

see page 109.
Relay Ladder
Operand Type Format Description
Storage bit BOOL Tag Internal storage bit
Stores the rung-condition-in from the last time the
instruction was executed
Output bit BOOL Tag Bit to be set

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

L

Storage Bit
Output Bit J
Instruction is
executed
Not affected
None

Instruction resets during
next scan execution
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Bit Instructions (XIC, XI0, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Execution:

Condition

Relay Ladder Action

Prescan.

The output bit is cleared.
The rung-condition-out is set to false.

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

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 it s set.
Qutputbitjsset.
Rung-condition-out is
set to true.

Storage Bit=0

Storage bit remains set.
Qutpat bit is cleared..
Rung-condition-out is set to
true.

Postscan

The storage bit is cleared.
The output bit is not modified.
The rung-condition-out is set to false.

Example: Each time limit_switch_1 goes from cleared to set, the OSR instruction sets
output_bit_1 and the ADD instruction increments sum by five. As longas
limit_switch_1 stays set, sum stays the same value. The limit_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
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Dzt Fum
0+
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One Shot Falling (OSF)

Operands:
OSF
— One Shat Falling L OB —
Storage Bit ? 5B —
Cutput Bit ?
Description:

Arithmetic Status Flags:

Fault Conditions:

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 112,

Relay Ladder Operands
Operand Type Format Description
Storage bit BOOL Tag Internal storage bit
Stores the rung-condition-in from the last time the
instruction was executed
Output bit BOOL Tag Bit to be set
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.

Rung-condition-in 4( —|—,7
Storage Bit 4( —\—,7

OutputBit 4. 4‘
b

Instruction is Instruction resets during
executed next scan execution

Not affected

None
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Execution:

Condition

Relay Ladder Action

Prescan.

The output bit is cleared.
The rung-condition-out is set to false.

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

Rung-condition-in is false.

Examine
storage bit.

Storage Bit=1

utpuat bitis .
ung-condition-out is set. to
false.

torage hit remains cleared.
Storage Bit=0 é bits cleared

Storage hit is cleared.
Qutput bit s set.

Rung-condition-out is set >

to false.

y

Rung-condition-in is true.

The storage bit is set.
The output bit is cleared.
The rung-condition-out is set to true.

Postscan.

See rung-condition-in is false above.

Example:

Each time limit_switch_1 goes from set to cleared, the OSF instruction sets

output_bit_2 and the ADD instruction increments sum by 5. As long as

limit_switch_1 stays cleared, sum stays the same value. The limit_switch_I must

go from set to cleared again for sum to be incremented again. You can use
output_bit_2 on multiple rungs to trigger other operations.
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[irmit_zwibch_1 A5SF
] E One Shat Falling L 0B
Storage Bit storage_hit?  —SBT—
Cutput Bit output_bit_2
output_bit_2 ADD
JE Add
Source &, Fum
0+
Source B a
Dzt Fum
0+
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Bit Instructions (XIC, XI0, OTE, OTL, OTU, ONS, OSR, OSF, OSRI, OSFI)

Chapter 2

One Shot Rising with Input

(OSRI)

The OSRI instruction sets the output bit for one execution cycle when the input

bit toggles from cleared to set.

This instruction is available in relay ladder as OSR, see page 105.

Operands:
OSRI(OSRI_tag); Structured Text
Operand Type Format Description
OSRI tag FBD_ONESHOT Structure OSRI structure
P Function Block
OSRI_tag
DSkl —I Operand Type Format Description
Dne Shot Rising with Input 0SRItag 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
EnableQut BOOL The instruction produced a valid result.
OutputBit BOOL Output bit.
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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 J

OutputBit j co
.

Instruction is
executed

Arithmetic Status Flags: Not affected

Fault Conditions: None

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,_y is set. InputBit,_ is set.
Instruction first run InputBit  ; is set. InputBit , ; is set.

Enableln is cleared

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

N/A

Enableln is set

On a cleared to set transition of InputBit, the instruction sets InputBit
n-1-

The instruction executes.

EnableQut is set.

On a cleared to set transition of InputBit, the instruction sets InputBit
n-1-

Enableln is always set.

The instruction executes.

Postscan

No action taken.

No action taken.
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Example: When limit_switchl goes from cleared to set, the OSRI instruction sets
OutputBit for one scan.

Structured Text
OSRI_01.InputBit := limit_switch1;
OSRI(OSRI 01);

State := OSRI_01.OutputBit;

Function Block

OSRI_04

035k o |

One Shot Rising with Input

i
limit_switeh 1 F— — — InputBit Qutp utBit F— —
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One Shot FaIImg with |nput The OSFI instruction sets the OutputBit for one execution cycle when the
(OSH) InputBit toggles from set to cleared.

This instruction is available in relay ladder as OSF, see page 107.

Operands:
OSFI(OSFI_tag); Structured Text
Operand Type Format Description
0SFl tag FBD_ONESHOT Structure OSFI structure
P Function Block
OSFI_tag
OSFI
—I Operand Type Format Description
One Shot Falli ith Input
A S 05Fl 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
EnableQut BOOL The instruction produced a valid result.
OutputBit BOOL Output bit.
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Description:

When the InputBit is cleared and the InputBit _; is set, the OSFI instruction sets
the OutputBit. When InputBit , | is cleared or when InputBit is set, the OSFI

instruction clears the OutputBit.

InputBit —‘ —\—,7
InputBit ,_{ U

OutputBit  ———— o oo j—
bt

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 , ; is cleared. InputBit ¢ is cleared.

Instruction first run InputBit,,_ is cleared. InputBit,,_ is cleared.

Enableln is cleared

EnableOut is cleared, the instruction does nothing, and the outputs | N/A

are not updated.

Enableln is set On a cleared to set transition of InputBit, the instruction clears On a cleared to set transition of InputBit, the instruction clears
InputBit , ;. InputBit , 7.
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: When limit_switchl goes from set to cleared, the OSFI instruction sets
OutputBit for one scan.
Structured Text
OSFI_01.InputBit := limit_switchl;
OSFI(OSFI_01);

Output_state := OSFI_01.OutputBit;

Function Block

OSFI_0Z

OsF1 _I

Orne Shot Falling with Input

a a
limit_anitchq o, — ] InputBit OutputBit [(— — E] Ouput_state
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Chapter 3

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

Topic Page
Timer On Delay (TON) 116
Timer Off Delay (TOF) 120
Retentive Timer On (RTO) 124
Timer On Delay with Reset (TONR) 128
Timer Off Delay with Reset (TOFR) 132
Retentive Timer On with Reset (RTOR) 136
Count Up (CTU) 140
Count Down (CTD) 144
Count Up/Down (CTUD) 148
Reset (RES) 152

Timers and counters control operations based on time or the number

of events.
If you want to Use this instruction Available in these languages Page
Time how long a timer is enabled TON Relay ladder 116
Time how long a timer is disabled TOF Relay ladder 120
Accumulate time RTO Relay ladder 124
Time how long a timer is enabled with built-in reset in TONR Structured text 128
function block Function block
Time how long a timer is disabled with built-in reset in TOFR Structure text 132
function block Function block
Accumulate time with built-in reset in function block RTOR Structured text 136
Function block
Countup (v Relay ladder 140
Count down (D Relay ladder 144
Count up and count down in function block (TuD Structured text 148
Function block
Reset a timer or counter RES Relay ladder 152

The time base for all timers is 1 ms.
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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.

Operands:
Relay Ladder
TR Operand Type Format Description
Ti On Del ERr H
T:mz: o BN Timer TIMER Tag Timer structure
Preset 7 DN Preset DINT Immediate Tag How long to delay (accumulate time)
ACCum 7
Accum DINT Immediate Tag Total milliseconds the timer has counted
Initial value is typically 0
TIMER Structure
Mnemonic Data Type Description
.EN BOOL The enable bit indicates that the TON instruction is enabled.
a7 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 ms units) that the accumulated value must reach before the instruction sets the .DN
bit.
LACC 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 the following occurs:
e The TON instruction is disabled
e The ACC=.PRE
The time base is always 1 ms. For example, for a two-second timer, enter 2000 for
the .PRE value.
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When the TON instruction is disabled, the . ACC value is cleared.

Rung-condition-in ﬂ ’—\—
| | \ \
Timer Enable Bit (.EN)
| | \
Timer Timing Bit (.TT) J ‘ ‘
] |
|

Timer Done Bit (.DN) 1 } | |

N | \
—p Hi
Preset o { ‘ ____________________ |Delay
|| Timer did not reach I
Timer Accumulated Value (.ACC) 0 Jf\ PREvalue ‘ \ 16649

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

The last_time_scanned value has a range 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 the following:
+ Asubroutine

« Asection of code that is between JMP and LBL instructions

+ Asequential function chart (SFC)

« Anevent or periodic task

« Astate routine of a phase

Arithmetic Status Flags: Not affected

Fault Conditions:

A major fault will occur if Fault type Fault code
PRE<0 4 34
AC<0 4 34
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Chapter3  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 .ACCvalue is cleared.

The rung-condition-out is set to false.
Rung-condition-in is false The .EN, .TT, and .DN bits are cleared.

The .ACCvalue is cleared.

The rung-condition-out is set to false.

Rung-condition-in is true. +
DNBit=1

Examine .DN Bit

Examine .EN Bit

ENBit=0 (EN bit is set.

TT bit is set
last_time = current_time

T bit s set.
ACC=.ACC+ (current_time - last_time)
last_time = current_time

'

No

.ACC Value Rolls Over

Yes

ACC=12,147,483,647

Examine .ACC

ACC< .PRE

—

ACC> .PRE

Y

.DNis set
T bitis cleared

|

-

y

Rung-condition-out is set to
true.

Postscan

The rung-condition-out is set to false.
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Example: When limit_switch_1 is set, light 2 is on for 180 ms (timer_1 is timing). When
timer_1.acc reaches 180, light_2 goes oft and light_3 goes on. Light_3 remains on
until the TOF instruction is disabled. If limit switch 1 is cleared while timer 1 is
timing, /ight_2 goes off.

[irmit_zwibch_1 TOM
1 E Timer On Drelay - EM
Tirmner timer 1 —DMN3—
Prezet 180
Accum ne
birmer_1.t light_2
Slgs =
L
timer_1.dn light_3
T s
L
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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.

Operands:
Relay Ladder
TOF Operand Type Format Description
— 1 Timer Off Delay BN T » P
Tirmer P DN— Timer TIMER Tag Timer structure
Frezeat ?
'&'rce;fm 2 Preset DINT Immediate How long to delay (accumulate time)
Accum DINT Immediate Total milliseconds 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.
a7 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 ms units) that 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 the following occurs:
e The TOF instruction is disabled
e The ACC>.PRE
The time base is always 1 ms. For example, for a two-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

Timer Enable Bit (.EN)

Timer Timing Bit (.TT)
Timer Done Bit (.DN)

Preset

Timer Accumulated Value (.ACC)

—

\
—

]

16650

* 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 Make sure to scan the timer at least every 69 minutes while it runs. Otherwise, the ACC value won't

be correct.

The last_time_scanned value has a range 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 the following:

« A subroutine

« Asection of code that is between JMP and LBL instructions

« Asequential function chart (SFC)
« Anevent or periodic task
« Astate routine of a phase

Arithmetic Status Flags: Not affected

Fault Conditions:

A major fault will occur if Fault type Fault code
.PRE<0 4 34
AC<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 set to equal the .PRE value.
The rung-condition-out is set to false.
Rung-condition-in is false T bit s set.

-

.DNBit=0

Examine .DN bit.

.DNBit=1

ENbitis cleared.
last_time = current_time

ENbit=1

Examine .EN Bit.

ENbit=0

] ] Examine .ACC .ACC>.PRE
ACC=.ACC+ (current_time - last_time) —————— P
last_time = current_time
ACC< .PRE DNis cleared
TTbit s cleared
(EN bit is cleared
No *
ACC Value Rolls Over A -
Yes Rung-condition-out is set to false.
ACC=12,147,483,647
Rung-condition-in is true The .EN, .TT, and .DN bits are set.
The .ACCvalue 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, light_2 is on for 180 ms (timer_2 is timing).
When timer_2.acc reaches 180, light_2 goes off and light 3 goes on. Light_3
remains on until the TOF instruction is enabled. If imzit switch 2 is set while
timer_2 is timing, light_2 goes off.

lirmit_zwitch_2 TOF
1 E Tirner Off Drelay - EM
Tirmner timer 2 —CDMN3—
Preset 180 €
Accum ne
tirmer_2. tt light_2
1 s
L
timer_2.dn light_3
]/ e 7
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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.

Operands:
Relay Ladder
RTO Operand Type Format Description
—{ Retentive Timer On L EM—
Tirmer 7 DN — Timer TIMER Tag Timer structure
7
Ercesfl_tn 7 Preset DINT Immediate How long to delay (accumulate time)
Accum DINT Immediate Number of milliseconds the timer has counted
Initial value is typically 0
TIMER Structure

Mnemonic Data Type Description

.EN BOOL The enable bit indicates that the RTO instruction is enabled.

a7 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 ms units) that 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.
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Description:

Rung-condition-in

Timer Enable Bit (.EN)

Rung Condition Controlling RES Instruction

Timer Timing Bit (.TT)

Timer Done Bit (.DN)

|
|
i
\
|
|
|
|
P
Timer Accumulated Value (.ACC) 7\_:4 * ‘ L b

The RTO instruction accumulates time until it is disabled. When the RTO
instruction is disabled, it retains its . ACC value. You must clear the . ACC value,
typically with a RES instruction referencing the same TIMER structure.

The time base is always 1 ms. For example, for a 2-second timer, enter 2000 for

the .PRE value.

?

?

E
S A I -
S

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

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

The last_time_scanned value has a range 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 the following:

« Asubroutine

« Asection of code that is between JMP and LBL instructions

« Asequential function chart (SFC)

« Anevent or periodic task

« Astate routine of a phase
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Arithmetic Status Flags: Not affected

Fault Conditions:

A major fault will occur if Fault type Fault code
PRE<0 4 34
ACC<0 4 34

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 .ACCvalue is not modified.

The rung-condition-out is set to false.

Rung-condition-in is true

v

Examine .DN bit. DN Bit =1

DNBit=0

.EN bit is set.

ENBit=0 TTbit is set.

Examine .EN Bit.

last_time = current_time

T bit is set. ACC> .PRE
ACC = .ACC + (current_time - last_time) >

last_time = current_time

ACC < .PRE DN is set.
TThit is cleared.

- v

No
.ACCvalue rolls over. A
Yes Rung-condition-out is set to true.
ACC=12,147,483,647
Postscan The rung-condition-out is set to false.
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Example: When limit_switch_1 is set, light 1 is on for 180 ms (timer_2 is timing). When
timer_3.acc reaches 180, light_1 goes off and light 2 goes on. Light_2 remains
until zimer_3 is reset. If limit_switch_2 is cleared while timer_3 is timing, light 1
remains on. When limit_switch 2 is set, the RES instruction resets timer 3
(clears status bits and .ACC value).

[irmit_zwibch_1 RT0O
1 E Retertive Timer On - EM
Tirmner timer_ 3 | DMN3—
Prezet 180
Accum ne
birmer_3.t light_1
Sgs =
L
timer_3.dn light_2
T s
L
lirmit_zwitch_2 timer_3
1 E RES —
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Timer On Delay with Reset The TONR instruction is a non-retentive timer that accumulates time when
(TONR) TimerEnable is set. This instruction is available in relay ladder as two separate
instructions:

+ TON (See page 116).
+  RES (See page 152).

Operands:
TONR(TONR_tag); Structured Text
Variable Type Format Description
TONR tag FBD_TIMER Structure TONR structure
F Tone ] Function Block
Timer On Delay with Reset Operand Type Format Description
H TimerEnable acch TONR tag FBD_TIMER Structure TONR structure
O FRE DN [
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 set, this enables the timer to run and accumulate time.
Defaultis cleared.
PRE DINT Timer preset value. This is the value in Tms 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.
Defaultis 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.
T BOOL Timer timing output. When set, a timing operation is in progress.
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.
Presetnv (Status.1) BOOL The preset value is invalid.
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Description: The TONR instruction accumulates time until the following occurs:
o TONR instruction is disabled
¢ ACC=PRE

The time base is always 1 ms. For example, for a two-second timer, enter 2000 for

the PRE value.
TimerEnable ﬂ ’—|—
Enable Bit (EN) L
|| | |
Timer Timing Bit (TT) J ‘ "—‘ |
|| |
[
Timer Done Bit (DN) 1 } ; ‘
N
l«—
Preset ‘ ‘ ____________________ p E‘Ia_y _________________
‘ ‘ ‘ ‘ 16649
o T 7 I

Timer Accumulated Value (ACC) i

Timer did not 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)

After it updates the ACC, the timer sets last_time_scanned = current_time. This
gets the timer ready for the next scan.

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

The last_time_scanned value has a range 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 the following:

+ Asubroutine

» Asection of code that is between JMP and LBL instructions
« A sequential function chart (SFC)

+ Anevent or periodic task

« Astate routine of a phase
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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. EN, TTand DN are cleared.
ACCvalue is set to 0. ACCvalue is set to 0.
Instruction first run EN, TT and DN are cleared. EN, TT and DN are cleared.
ACCvalueis setto 0. ACCvalueis setto 0.
Enableln is cleared EnableOut is cleared, the instruction does nothing, and the outputs | N/A

are not updated.

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 instruction clears EN, TT | When the Reset input parameter is set, the instruction clears EN, TT
and DN and sets and DN and sets
ACC = zero. ACC = zero.
Postscan No action taken. No action taken.
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Example: Each scan that limit_switch1 is set, the TONR instruction increments the ACC
value by elapsed time until the ACC value reaches the PRE value. When
ACC = PRE, the DN parameter is set, and timer_state is set.

Structured Text

TONR_01.Preset := 500;
TONR_O01.Reset : = reset;

TONR_O1.TimerEnable := limit_switch1;

TONR(TONR_01);

timer_state := TONR_01.DN;

Function Block Example

TONR_04

TONR =

Timer On Delay with Reset

) )
limit_switch1 o —— —— —{=| TimerEnable ACC O
u}
on o™ — —a_imarse]
S00
o o [ — — — — rase

[ e
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Timer Off Delay with Reset

(TOFR)

Operands:

TOFR(TOFR_tag);

TOFR E|

The TOEFR instruction is a non-retentive timer that accumulates time when
TimerEnable is cleared. This instruction is available in relay ladder as two
separate instructions:

« TOF (See page 116).
+ RES (See page 152).

Structured Text
Variable Type Format Description
TOFR tag FBD_TIMER Structure TOFR structure

Function Block Operands

Timer Off Delay with Reset
mer Flay i hese Operand Type Format Description
B TimerEnable ALC TOFR tag FBD_TIMER Structure TORR structure
O FRE LM [
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.
Defaultis cleared.
PRE DINT Timer preset value. This is the value in Tms 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.
Defaultis 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.
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 bits to determine what occurred.
Presetnv (Status.1) BOOL The preset value is invalid.
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Description: The TOFR instruction accumulates time until the following occurs:
o TOFR instruction is disabled
¢ ACC=PRE

The time base is always 1 ms. For example, for a two-second timer, enter 2000 for

the PRE value.

TimerEnable

Enable Bit (EN)

Timer Timing Bit (TT)

Timer Done Bit (DN)

Preset

Timer Accumulated Value (ACC)
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)

After it updates the ACC, the timer sets last_time_scanned = current_time.
This gets the timer ready for the next scan.

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

The last_time_scanned value has a range 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 the following:
« Asubroutine

« Asection of code that is between JMP and LBL instructions

+ Asequential function chart (SFC)

« Anevent or periodic task

« Astate routine of a phase
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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. EN, TTand DN are cleared.
ACCvalue is set to PRE. ACCvalue is set to PRE.
Instruction first run EN, TT and DN are cleared. EN, TT and DN are cleared.
ACCvalue s set to PRE. ACCvalue s set to PRE.
Enableln is cleared EnableOut is cleared, the instruction does nothing, and the outputs | N/A

are not updated.

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 instruction clears EN, TT | When the Reset input parameter is set, the instruction clears EN, TT
and DN and sets and DN and sets
ACC=PRE. Note that this is different than using a RES instruction ona | ACC= PRE. Note that this is different than using a RES instruction on a
TOF instruction. TOF instruction.

Postscan No action taken. No action taken.
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Chapter 3

Example: Each scan after limit_switchl is cleared, the TOFR instruction increments the

ACC value by elapsed time until the ACC value reaches the PRE value. When
ACC = PRE, the DN parameter is cleared, and timer_state2 is set.

Structured Text

TOFR_01.Preset := 500

TOFR_01.Reset := reset;

TOFR_O1.TimerEnable := limit_switch1;

TOFR(TOFR _01);

timer_state2 := TOFR_01.DN;

Function Block

a
limit_snitzh1 [ — —| TimerEnable

m- r— —=| Resat

TOFR_0O1
TOFR o |
Timer Off Delay with Rezet
ACC
FRE N

— —
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Retentive Timer On with

Reset (RTOR)

Operands:

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 124).
+ RES (See page 152).

RTOR(RTOR_tag); Structured Text
Variable Type Format Description
RTOR tag FBD_TIMER Structure RTOR structure
Fa = Function Block Operands
RTOR =
Retentive Timear On with Rezet Operand Type Format Description
Ef TimerEnable ACCH RTOR tag FBD_TIMER Structure RTOR structure
O FRE LN =
E| Reset
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 Tms 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
EnableOut 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.
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.
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Description:

TimerEnable

Enable Bit (EN)

Timer Timing Bit (TT)

Timer Done Bit (DN)

Timer Accumulated Value (ACC)

Reset

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
by using the Reset input.
The time base is always 1 ms. For example, for a two-second timer, enter 2000 for
the PRE value.
\ \ \ \ \
| \
| \
L \ \ \
\ | | \
\ | \ \ ]
i \ \ \ |
\ | |
L] | |
\

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)

After it updates the ACC, the timer sets last_time_scanned = current_time. This
gets the timer ready for the next scan.

IMPORTANT

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

The last_time_scanned value has a range 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 putitin a:
« Subroutine

« Section of code that is between JMP and LBL instructions
« Sequential function chart (SFC)

« Event or periodic task

« State routine of a phase
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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. EN, TT and DN are cleared.
ACCvalue is not modified. ACCvalue is not modified.
Instruction first run EN, TT and DN are cleared. EN, TT and DN are cleared.
ACCvalue is not modified. ACC value is not modified.
Enableln is cleared EnableOut is cleared, the instruction does nothing, and the outputs | N/A

are not updated.

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 instruction clears EN, TT | When the Reset input parameter is set, the instruction clears EN, TT
and DN and sets and DN and sets
ACC=zero. ACC=zero.

Postscan No action taken. No action taken.
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Example: Each scan that limit_switch1 is set, the RTOR instruction increments the ACC
value by elapsed time until the ACC value reaches the PRE value. When
ACC = PRE, the DN parameter is set, and timer_state3 is set.

Structured Text

RTOR_01.Preset := 500
RTOR_01.Reset := reset;

RTOR_OI1.TimerEnable := limit_switch1;

RTOR(RTOR_01);

timer_state3 := RTOR_01.DN;

Function Block

RTOR_O4

RTOR _I

Retentive Timer On with Reset

il

u]
limit_switchq o — — TimerEnakble ACC :ID
FRE DN Of— — — | timer_state3
A00
nl i —=] Rezet
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Count Up (CTU) The CTU instruction counts upward.

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

Operands:
Relay Ladder
CTu Operand Type Format Description
— Count Up T —
Counter 7 DN— Counter COUNTER Tag Counter structure
Frezet ?
'&'rce;fm 2 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
. 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 that the accumulated value must reach before the instruction sets the .DN bit.
.ACC DINT The accumulated value specifies the number of transitions the instruction has counted.

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)

Count-up Done Bit (.DN)

Preset

Counter Accumulated Value (.ACC)

16636
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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
(UBit=0 .CU bit s set. .ACC Value Yes
Examine .CU bit. | AC=ACH rolls over
CUBit=1
-
UN bit is cleared.
.DN Bitis cleared . .
OV bitis cleared Examine .UN Bit
UNBit=0
) ) OVBit=0
Examine .UN Bit — Examine .0V Bit

UNBit=1

OVBit=1

.ACC<.PRE

.DN bit is cleared.

v

.0V bitiis set.
ACC>.PRE
‘ DN bitis 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_1I goes from disabled to enabled 10 times, the .DN bit is set
and light_I turns on. If limit_switch_I 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 I (clears the status

bits and the .ACC value) and Zight_1I turns off.

lirnit_stwitzh_1 CTU
] E Count Up Iy [y W
Courter counter_1  —CDM—
Prezet 10*
Accum ne
counter_1.dn light_1
1T 7
L
lirmit_zwitch_2 counter_1
1 E CRES—]
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Count Down (CTD)

The CTD instruction counts downward.

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

Operands:
Relay Ladder
CTD Operand Type Format Description
— Count Dawn L CO—

Courter 7 =DN— Counter COUNTER Tag Counter structure

Preszet 7

Accum 2 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
. 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 that the accumulated value must reach before the instruction sets the .DN bit.
LACC 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
Count-down Enable Bit (.CD)

Count-down Done Bit (.DN)

Counter Accumulated Value (.ACC)

Preset

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

Execution:
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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

¢

. ) (D Bit=0 .(D bitis set. Yes
Examine .CD bit. — B | ACC=ACC-T "ACC Value Rolls Over
(Dbit=1
-
OVhit=1

S\Kl Ito)it is cllearet(jj.

.DN bit is cleared. . .

.UN bit is cleared. Examine .0V Bit

UNbit=0
.0VBit=0
Examine .UN Bit. — Examine .0V Bit
UNBit=1 OVBit=1 il (UN bitis set.
.ACC> .PRE
| ACC< .PRE
DN bitis cleared. DN bitis set.
Y ,ki

Rung-condition-out is set to
true.

Postscan

The rung-condition-out is set to false.
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Example: A conveyor brings parts into a buffer zone. Each time a part enters,
limit_switch_1 is enabled and counter_1 increments by one. Each time a part
leaves, limit_switch_2 is enabled and counter 1 decrements by one. If there are
100 parts 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.
restart counter_1
1 E CRES—]
[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/ Down (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:

» (TU (See page 140)
+ (TD (See page 144)
+ RES (See page 152)

Operands:
CTUD(CTUD_tag); Structured Text
Variable Type Format Description
(TUD tag FBD_COUNTER Structure CTUD structure
F CTUD_ 01 Function Block
cTue [
Operand Type Format Description
Count UpsCrown P » P
(TUD tag FBD_COUNTER Structure CTUD structure
5 CUERable ACC O
5| ClEnable CH [0
] FRE
| Resat
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.
Defaultis cleared.
(DEnable BOOL Enable down count. When input toggles from clear to set, accumulator counts down by one.
Defaultis 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.
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Output Parameter Data Type Description

EnableOut BOOL The instruction produced a valid result.

ACC DINT Accumulated value.

w BOOL Count up enabled.

Q) 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.

Figure 2 - Counting Up

e L L L]
Count-up Enable Bit (CU) m

Count-up Done Bit (DN)

Preset .-l _________ Lo [-----

Counter Accumulated Value (ACC) —‘

16636
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Counter Accumulated Value (ACC)

Count-down Enable Bit (CD)

Count-down Done Bit (DN)

Figure 3 - Counting Down

(DEnable

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

Execution:
Condition Function Block Action Structured Text Action
Prescan No initialization required. No initialization required.
Instruction first scan CUEnable,, ; and CDEnable,,_; are set. (UEnable,, ; and CDEnable,,_; are set.
Instruction first run CUEnable,_; and (DEnable,,_; are set. CUEnable,_; and (DEnable,,_; are set.

Enableln is cleared

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

N/A

Enableln is set

The instruction sets CUEnable,,_; and CDEnable,, ;.
On a cleared to set transition of Enableln:

« theinstruction executes.
« EnableOut s set.

The instruction sets CUEnable,,_; and (DEnable,, ;.
Enableln is always set.
The instruction executes.

Reset When set, the instruction clears CUEnable,, 4, CDEnable,, 4, CU, (D, When set, the instruction clears CUEnable,, 4, CDEnable,, 4, CU, (D,
DN, OV, and UN and sets DN, OV, and UN and sets
ACC= zero. ACC=zero.
Postscan No action taken. No action taken.
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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 > PRE, the DN parameter is set, which enables the function block
instruction following the CTUD instruction.

Structured Text

CTUD_01.Preset := 500;
CTUD_01.Reset := Restart;

CTUD_OI1.CUEnable := limit_switchl;

CTUD(CTUD 01);

counter_state := CTUD_01.DN;

Function Block

CTUD_0Z

CTUD J

Count Ups/Dawmn

0 0
limit_smitch F— — — — 5| CUEnatle ACC

u}
oot o — — e ooz |
auln]

— — —— —— — | Resat
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Reset (RES) The RES instruction resets a TIMER, COUNTER, or CONTROL structure.
Operands:
_ Relay Ladder
,
—RES— 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 instruction The instruction clears
fora
TIMER ACCvalue
Control status bits
COUNTER .ACCvalue
Control status bits
CONTROL .POS value
Control status bits
ATTENTION: Because the RES instruction clears the .ACC value, .DN bit,
and .TT bit, do not use the RES instruction to reset a TOF timer.

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 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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Input/Output Instructions

(MSG, GSV, SSV, 10T)

Topic Page
Message (MSG) 154
MSG Error Codes 161
Specify the Configuration Details 167
MSG Configuration Examples 178
Specify the Communication Details 179
Get System Value (GSV) and Set System Value (SSV) 188
GSV/SSV Objects 191
GSV/SSV Programming Example 206
Immediate Output (10T) 209

The input/output instructions read or write data to, or from, a controller or

module.

If you want to Use this instruction Available in these languages Page

Send data to or from another module MSG Relay ladder 154
Structured text

Get controller status information GSV Relay ladder 188
Structured text

Set controller status information SV Relay ladder 188
Structured text

Send output values to an I/0 module or consuming controller | 10T Relay ladder 209

at a specific point in your logic. Structured text

Trigger an event task in another controller.
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Message (MSG) The MSG instruction asynchronously reads or writes a block of data to another
module on a network.
Operands:
Relay Ladder
MSG Operand Type Format Description

o ﬂZiiZSZ Contral ? =0 ég:;)_ Message control | MESSAGE Tag Message structure

Structured Text

MSG(M C 1);

(MessageControl) The operands are the same as those for the relay ladder MSG instruction.
MESSAGE Structure
TIP We recommend that you always include an XIO of the MSG.EN bit as an in-series MSG rung precondition.

This guarantees that other ring preconditions cannot trigger the rung until the MSG completes or errors.

IMPORTANT

If modifying the default values for the UnconnectedTimeout or ConnectionRate, do not enter values lower than 1 second.
If values lower than 1 second are used, it may cause the controller to do the following:

«  Drop off the backplane and require the controller to be power cycled to recover communications
»  Experience a unrecoverable major fault

A\

ATTENTION: The controller changes the DN, ER, EW, and ST bits asynchronous to the scan of your logic. If you check these
status bits more than once in your program, use a copy of these bits and examine the state of the copied values, otherwise

your logic may not work as expected.

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 or manipulate the following status bits of a MSG instruction, as this may cause an unrecoverable fault to

occur:

- DN
- N
- ER
- EW
. ST
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Mnemonic Data Type | Description
.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 R
5 .DN
6 ST
7 EN
8 .10
9 EN_CC
Important: Do not change or manipulate the EN, 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. Manipulating these bits can cause an
unrecoverable major fault in the controller. See MSG Error Codes on page 161.

.EXERR INT The extended error code word specifies additional error code information for some error codes. See Extended Error Codes on
page 162.

.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 bitis set.

Important: Do not change or manipulate the EW bit. The controller ignores the change and uses the internally-stored value of the
bit. Manipulating these bits can cause an unrecoverable major fault in the controller.

.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 or manipulate the ER bit. Manipulating these bits can cause an unrecoverable major fault in the
controller.

.DN BOOL The done bit 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 or manipulate the DN bit. Manipulating these bits can cause an unrecoverable major fault in the
controller.

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 or manipulate the ST bit. The controller ignores the change and uses the internally-stored value of the
bit. Manipulating these bits can cause an unrecoverable major fault in the controller.

.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 or manipulate the EN bit. Manipulating these bits can cause an unrecoverable major fault in the
controller.

.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 186 Connections for
MSG instructions going out the serial port are not cached, even if the .EN_CCbit s set.

.ERR_SRC SINT Used by Logix Designer application 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.

.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.

Instance DINT To change the Instance parameter of a CIP Generic message, set this member to the required value.
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Mnemonic Data Type | Description
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
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 goes over | Then specify the slot number
this network
Universal remote 1/0 Octal
ControlNet Decimal (0...15)
.Path STRING To send the message to a different controller, set this member to the new path.
« Enter the path as hexadecimal values.
« Omit commas [,]
For example, for a path of 1,0, 2, 42, 1, 3, enter $01$0050252A%501503.
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
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
Reads data Source element
Writes data Destination element
.UnconnnectedTimeout DINT Time out for an unconnected message or for making a connection. The default value is 30 seconds.
If the message is 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 the other device about the sending
— of the data.
TimeoutMultiplier SINT .

This time out applies only after the connection is made.

The time out = ConnectionRate x TimeoutMultiplier.

The default ConnectionRate is 7.5 seconds.

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

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

To change the time out, change the ConnectionRate and leave the TimeoutMultiplier at the default value.
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Description The MSG instruction transfers elements of data.

This is a transitional instruction:

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

o Instructured text, condition the instruction so that it executes only on a
transition.

See Appendix B.

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
Rung-condition-in

|
| |
| | ‘
| |
EN it 4”—“—[
| |
|
|
[
|

I
I
EW bit |ﬂ

Connection with .EN_(C=0 | ‘

ST bit |

:
1

.DN bit or .ER bit

41382
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Where Description Where Description
1 Rung-condition-in is true. 5 Message is sent.
ENis set. STis set.
EWis set. EWis cleared.
Connection is opened*.
2 Message is sent. 6 Message is done or errored.
STis set. Rung-condition-in is still true.
EWis cleared. .DNor .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. ENis cleared.
.DNor .ER is set.
STis cleared.
Connection is closed (if .EN_CC=0).
.ENis cleared (rung-condition-in is false).
4 Rung-condition-in is true. N/A N/A
.DN or .ER was previously set.
ENis set.
.EW is setCconnection is opened*.
.DNor .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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Condition

Relay Ladder Action

Rung-condition-in is false.

(does not apply to structured text) ENbit=1

Examine .EW Bit

EWBit=0

SThit=1

Examine .ST Bit

STBit=0

DNbit=1

Examine .DN Bit

DNBit=0

Examine .ER Bit

DNBit=1

Examine .DN Bit

ERBit=0

Structured Text Action

Examine .EN Bit

ENBit=0

Block-transfer

Module Path Valid
Command

Module Connection
Running

.DNBit=0 ENbit is cleared.

Execute message request.

Examine .ER Bit

v v

EW bit is set. (R bitis set.

The instruction executes.
The rung-condition-out i set to true.

Rung-condition-in is true.

y

¢

Rung-condition-out is set to

false.
\
Cind

N/A
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Condition Relay Ladder Action Structured Text Action
Enableln is set. N/A Enableln is always set.
The instruction executes.
Instruction execution
ENBit=1 ENBit=0

Examine .EN Bit

EWBit=1

Examine .EW Bit

EWBit=0

STBit=1

Examine .ST Bit

STBit=0

EWbit=1

Examine .EW Bit

STBit=1

Examine .ST Bit

STBit=0

DNBit=1

Examine .DN Bit

DN bit=0

ERBit=1 ERBit=0

Examine .ER bit.

.EW, .ST, .70, .DN, and .ER Bits are cleared.
(EN bit is set.

Block-transfer
Command

\l

[EN bit is set.

Module Path Valid

Running

(EN bit is set.
Execute message request.
EW bit s set.

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

—

R bit is set.

> gt

Rung-condition-out is set to

false.
\
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Condition Relay Ladder Action Structured Text Action

Postscan The rung-condition-out is set to false. No action taken.

Arithmetic Status Flags: Not affected

Fault Conditions: None

MSG Error Codes The error codes depend on the type of MSG instruction.

Error Codes

The Logix Designer application does not always display the full description.

Error Code (Hex) Description Display In Software

0001 Connection failure (see extended error codes) Same as description

0002 Insufficient resource

0003 Invalid value

0004 101 syntax error (see extended error codes)

0005 Destination unknown, class unsupported, instance undefined or structure element
undefined (see extended error codes)

0006 Insufficient packet space

0007 Connection lost

0008 Service unsupported

0009 Error in data segment or invalid attribute value

000A Attribute list error

000B State already exists

000C Object model conflict

000D Object already exists

000E Attribute cannot be set

000F Permission denied

0010 Device state conflict

0011 Reply will not fit

0012 Fragment primitive

0013 Insufficient command data

0014 Attribute not supported

0015 Too much data

001A Bridge request too large

0018 Bridge response too large

001C Attribute list shortage
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Error Code (Hex) Description Display In Software
001D Invalid attribute list Same as description
001E Embedded service error

001F Connection related failure (see extended error codes)

0022 Invalid reply received

0025 Key segment error

0026 Invalid 101 error

0027 Unexpected attribute in list

0028 DeviceNet error - invalid member ID

0029 DeviceNet error - member not settable

00D1 Module not in run state Unknown error
00FB Message port not supported

00FC Message unsupported data type

00FD Message uninitialized

OOFE Message timeout

00FF General error (see extended error codes)

Extended Error Codes

The Logix Designer application 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 0205 Unconnected send parameter error
0103 Transport not supported 0206 Message too large

0106 Ownership conflict 0301 No buffer memory

0107 Connection not found 0302 Bandwidth not available
0108 Invalid connection type 0303 No screeners available
0109 Invalid connection size 0305 Signature match

0110 Module not configured 031 Port not available

01M EPR not supported 0312 Link address not available
0114 Wrong module 0315 Invalid segment type
0115 Wrong device type 0317 Connection not scheduled
0116 Wrong revision

0118 Invalid configuration format

011A Application out of connections

0203 Connection timeout

0204 Unconnected message timeout
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These are the extended error codes for error code 001F.
Extended Error Code (Hex) | Description
0203 Connection timeout
These are the extended error codes for error code 0004 and 0005.
Extended Error Code (Hex) | Description
0000 extended status out of memory
0001 extended status out of instances
These are the extended error codes for error code 00FF.
Extended Description Extended Description
Error Code Error Code
(Hex) (Hex)
2001 Excessive |0l 2109 Attempt to change number of array dimensions
2002 Bad parameter value 210A Invalid symbol name
2018 Semaphore reject 210B Symbol does not exist
2018 Size too small 210E Search failed
201C Invalid size 210F Task cannot start
2100 Privilege failure 2110 Unable to write
2101 Invalid keyswitch position 2111 Unable to read
2102 Password invalid 2112 Shared routine not editable
2103 No password issued 2113 Controller in faulted mode
2104 Address out of range 2114 Run mode inhibited
2105 Address and how many out of range
2106 Datain use
2107 Typeisinvalid or not supported
2108 Controller in upload or download mode
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Table 3 - PLCand 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 00FO0 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
0080 B000 Processor is downloading so it is not accessible
00F0 0001 F001 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 F005 lllegal address format - symbol has 0 or greater than the maximum number of characters supported by
the device
00F0 0006 F006 Address file does not exist in target processor
00F0 0007 Foo7 Destination file is too small for the number of words requested
00F0 0008 F008 Cannot complete request
Situation changed during multipacket operation
00F0 0009 F009 Data or file is too large
Memory unavailable
00F0 000A FOOA Target processor cannot put requested information in packets
00F0 000B F0OB 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
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Table 3 - PLCand SLC Error Codes (hex) (Continued)

R9.x And Earlier R10.x And Later Description
.ERR .EXERR .ERR .EXERR
00F0 000F FOOF Overflow; histogram overflow
00F0 0010 F010 No access
00F0 0011 FO Data type requested does not match data available
00F0 0012 F012 Incorrect command parameters
00F0 0013 Fo13 Address reference exists to deleted area
00F0 0014 F014 Command execution failure for unknown reason
PLC-3° histogram overflow
00F0 0015 F015 Data conversion error
00F0 0016 Fo16 The scanner is not available to communicate with a 1771 rack adapter
00F0 0017 F017 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 0018 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 (Hex) Description Display In Software
00Do The scanner did not receive a block-transfer response from the block-transfer module within 3.5 seconds of the request | Unknown error
00D1 The checksum from the read response did not match the checksum of the data stream

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

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

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

00EA The scanner was not configured to communicate with the rack that would contain this block-transfer module

00EB The logical slot specified is not available for the given rack size

00EC There is currently a block-transfer request in progress and a response is required before another request can begin
00ED The size of the block-transfer request is not consistent with valid block-transfer size requests

00EE The type of block-transfer request is not consistent with the expected BT_READ or BT_WRITE

00EF The scanner was unable to find an available slot in the block-transfer table to accommodate the block-transfer request
00F0 The scanner received a request to reset the remote /0 channels while there were outstanding block-transfers

00F3 Queues for remote block-transfers are full

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

00F6 No communication channels are configured for remote 1/0

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

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

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

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

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

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

00FD The size of the block-transfer plus the size of the index in the block-transfer data table was greater than the size of the

block-transfer data table file
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Specify 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.

505

—— Message —EHT—
M50G Wo—
Messane @%—&DH)—

Iy

?Click here to configure the MSG instruction

The details you configure depend on the message type you select.

Figure 4 - Message Configuration Tab

Message Configuration - CIP_generic_type ll

Configuration |Eommunication| Tag |

Meszage Type:

?ervice IEustom j Source Elsment: I:
ype:

Source Length: |1 3; [Biytes]
Service

oL S O | —
. Element:
Inzstance: [0 Attribute:| 0 [Hex)
Mew Tag... |

) Enable ) Enable "/ aiting 3 Start 2 Done Done Length: 0
> Eror Code; Extended Error Code: [ Timed Out
Emar Path:
Emar Text:

QK. I Cancel Spply Help 45634

If the target device is Select one of these message types Page
Logix5000 controller (IP Data Table Read 168
(IP Data Table Write
1/0 module that you configure by using Logix Designer | Module Reconfigure 169
2pplicaton CIP Generic m
PLC-5 controller PLC5 Typed Read 174
PLC5 Typed Write
PLC5 Word Range Read
PLC5 Word Range Write
SLC controller SLC Typed Read 176
Z}i;::)(l’.ﬁgrix“ SLC Typed Write
Block-transfer module Block-Transfer Read 176
Block-Transfer Write
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PLC-3 processor PLC3 typed read 177

PLC3 typed write

PLC3 word range read

PLC3 word range write

PLC-2° processor PLC2 unprotected read

—
oo

PLC2 unprotected write

Specify This Data for a Logix5000 Controller as a Target Device

Use this configuration information if a Logix5000 controller is the target device.

For this property

Specify

Source Element

+ Ifyouselect 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.

+ Ifyou select a write message type, the Source Tag is the first element of the tag that you want to send to the target device. 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.

» The only source data type that is not supported is Boolean. All other data types—SINT, INT, DINT, LINT, REAL—can be used. Any structure
type predefined, module-defined, or user-defined also can be used to send messages.

Source Length

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 timer1 is one element that consists of one timer control structure.

Destination Element

+ Ifyou 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.

+ Ifyou 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
(IP Data Table Read Read data from another controller.

The Source and Destination types must match.

(IP Data Table Write Write data to another controller.

The Source and Destination types must match.
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Reconfigure an I/0 Module

Use the Module Reconfigure message to send new configuration information to

an I/O module.

During the reconfiguration, the following occurs:
e Input modules continue to send input data to the controller.
o Output modules continue to control their output devices.

A Module Reconfigure message requires this configuration properties.

In this property Select

Message Type Module Reconfigure
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Example: Follow these steps 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 reconfigure[S] 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/S] is on.

TIP We recommend that you always include an XIO of the MSG.EN bit as an in-series MSG
rung precondition.
Relay Ladder
reconfigure[f]  reconfigure(b) b O
7 E [ONS] Maove
Source B0
Dest Loczald: C.ChOConfig.HalarmLimit
7o.0%
change_Halarm.EM M5S0
/=== Tupe - Module Reconfigure —F
Meszzage Contral change_Halarm [] F—<DN>—
—ER>—
Structured Text

IF reconfigure[5] AND NOT reconfigure[6]THEN
Local:4:C.Ch0Config.HAlarmLimit := 60;

IF NOT change_Halarm.EN THEN
MSG(change_Halarm);

END_IF;

END_IF;
reconfigure[6] := reconfigure[5];
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Specify CIP Generic Messages

IMPORTANT  ControlLogix modules have services that can be invoked by using a MSG
instruction and choosing the CIP Generic message type.
If you want to In this property Type or select
Perform a pulse test on a digital output module Message Type CIP Generic
Service Type Pulse Test
Source tag_name of type INT [5]
This array contains Description
tag_name[0] Bit mask of points to test (test only one point at a time)
tag_name[1] Reserved, leave 0
tag_name(2] Pulse width (hundreds of ps, usually 20)
tag_name[3] Zero cross delay for ControlLogix I/0 (hundreds of s,
usually 40)
tag_name[4] Verify delay
Destination Blank
Get audit value Message Type CIP Generic
Service Type Audit Value Get
Source Element Cannot change this field, blank
Source Length Cannot change this field, set to 0 bytes

Destination Element

This array contains Description

tag_name of type DINT[2] or | This tag contains the Audit Value for the controller.

LINT IMPORTANT: We recommend using the DINT[2] data type
to avoid limitations when working with LINT data types in
Allen-Bradley® controllers.

Get controller events monitored for changes
See Table 4

Message Type CIP Generic

Service Type Changes to Detect Get

Source Element Cannot change this field, blank

Source Length Cannot change this field, set to 0 bytes

Destination Element

This array contains Description

tag_name of type DINT[2] or | This tag represents a bit mask of the changes monitored for
LINT the controller.

IMPORTANT: We recommend using the DINT[2] data type
to avoid limitations when working with LINT data types in

Allen-Bradley controllers.
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If you want to In this property Type or select
Set controller events monitored for changes Message Type CIP Generic
See Table 4 Service Type Changes to Detect Set
Source Element This array contains Description
tag_name of type DINT[2] or | This tag represents a bit mask of the changes monitored for
T the controller.
IMPORTANT: We recommend using the DINT[2] data type
to avoid limitations when working with LINT data types in
Allen-Bradley controllers.
Source Length Cannot change this field, set to 8 bytes

Destination Element

Cannot change this field, blank

Reset electronic fuses on a digital output module Message Type CIP Generic
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 input module | Message Type CIP Generic
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 output module | Message Type CIP Generic
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.
Unlatch the alarm of an analog input module Message Type CIP Generic
Service Type Select which alarm that you want to unlatch.
« Unlatch All Alarms (1)
+ Unlatch Analog High Alarm (1)
« Unlatch Analog High High Alarm (1)
+ Unlatch Analog Low Alarm (1)
» Unlatch Analog Low Low Alarm (1)
+ Unlatch Rate Alarm (I)
Instance Channel of the alarm that you want to unlatch
Unlatch the alarm of an analog output module Message Type CIP Generic
Service Type Select which alarm that you want to unlatch.
+ Unlatch All Alarms (0)
« Unlatch High Alarm (0)
+ Unlatch Low Alarm (0)
+ Unlatch Ramp Alarm (0)
Instance Channel of the alarm that you want to unlatch
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Table 4 - Get/Set Controller Events Monitored for Changes Bit Definitions
Tag Names Data Type Bit Definition
Get Controller Events Monitored for Changes DINT[O] Bit Meaning
Set Controller Events Monitored for Changes 0 Store to removable media through Logix Designer application
1 Online edits were accepted, tested, or assembled
2 Partial import online transaction completed
3 SFC Forces were enabled
4 SFC Forces were disabled
5 SFC Forces were removed
6 SFC Forces were modified
7 1/0 Forces were enabled
8 1/0 Forces were disabled
9 1/0 Forces were removed
10 1/0 Forces were changed
n Firmware update from unconnected source
12 Firmware update via removable media
13 Mode change via workstation
14 Mode change via mode switch
15 A major fault occurred
16 Major faults were cleared
17 Major faults were cleared via mode switch
18 Task properties were modified
19 Program properties were modified
20 Controller timeslice options were modified
21 Removable media was removed
22 Removable media was inserted
23 Safety signature created
24 Safety signature deleted
25 Safety lock
26 Safety unlock
27 Constant tag value changed
28 Constant tag multiple values changed
29 Constant tag attribute cleared
30 Tag set as constant
31 Custom log entry added
DINT[1] 32 Change that affects correlation
33 Protect signature in Run mode attribute set
34 Protect signature in Run mode attribute cleared
35...63  Unused
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IMPORTANT Selecting the CIP Generic message type enables the Large Connection option on the Communication tab. Use large CIP
Generic connections when a message is greater than 480 bytes. (500 bytes is typical, but note that there are headers at the
front of the message.) Large CIP connections can be used for messages up to 3980 bytes.

The Large Connection checkbox is enabled only when the Connected box is checked and CIP Generic is selected as the
message type on the Configuration tab (see Figure 4 on page 167).

The Large Connection option is available only in Logix Designer application, version 21.00.00 or later and RSLogix 5000
software, version 20.00.00 or later.

Messaqge Configuration - so_JoinMSG01 ) 5'

Configuration I:'le'ﬂl'"luﬂiCEﬂiDr"“|Tag |

& Path |

) Broadzast; | v|

[Eammunization fdetthod

& 0 € DHe Channel |W j’ Destination Link: I[] 3:
{7 CIE itk Source Link: |L'I 3: [restination Hode; Iﬂ 3: (D cbal]

Sournze 10

Browse. . |

—

¥ Conmected

¥ Cache Conrectionz € [ Large Conrection

3 Enable 3 Enable "/ aiting ) Sthart 2 Dane Dane Lenath: 0
23 Enor Code: Extended Error Code: ™ Timed Out &
Errar Path:
Errar Text:
0k I Cancel Apply Help
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-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 175.
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 175
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 i 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 PLCS Typed Read and
PLC5 Typed Write messages.

Table 5 - 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 (0S303 and above), SLC 5/04 processors (0S402 and above),
and SLC 5/05 processors.

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 PLC-5 processor  32-bit words in Logix5000 controller 16-bit words in PLC-5 processor 32-bit words in Logix5000 controller
T T
1 | 1 1 2 | 1
| |
2 | 2 2 g | 3
r | r |
| |
3 3 3
| |
i i
4 | 4 4 |
1 1
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
This message type replaces the BTR instruction

Block-Transfer Read

Write data to a block-transfer module
This message type replaces the BTW instruction

Block-Transfer Write

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.

o Specify how many 16-bit integers (INT) to send or receive. You can

specify from 0...64 integers.

If you want the

Then specify

Block-transfer module to determine how many 16-bit integers to
send (BTR)

Controller to send 64 integers (BTW)

0 for the number of elements
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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 colrlnmand 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 i 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.

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 Word-range Read Command
16-bit words in PLC-3 processor  32-bit words in Logix5000 controller 16-bit words in PLC-3 processor 32-bit words in 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 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).

MSG COnfiguration Examp'es The following examples show source and destination tags and elements for

different controller combinations.

The table explains the path for MSG instructions originating from a Logix5000
controller and being 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 cannot use an alias for the destination tag. The destination must be a base tag.

Logix5000 — PLC-5 Source tag array_1[0]

Logix3000 —51C Destination element N7:10

You can use an alias tag for the source tag (in originating Logix5000 controller).

Logix5000 — PLC-2 Source tag array_1[0]

Destination element 010

The table explains the path 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 cannot 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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Specify the
Communication Details

Message Configuration - msg

You typically set up a broadcast in ladder logic or structured text programs. In
ladder logic, you can add a rung and click on the MSG property to access the
Message Configuration dialog box to set up a new message. In structured text,
you type MSG (aMsg) and then right-click on aMsg to get the Message

Configuration dialog box to configure a message.

To configure a MSG instruction, you specify these details on the
Communication tab.

X

Configuration” | Communication®
@ Path |2.255 e Specify a Path
2,255
() Broadcast; Broadcast Button
Comrmunication Methad
Specify a Communication Method or Module
Address
Wl Cornected o 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, or both. You can default the path by using the broadcast button, which must
be enabled with the system protocol and message type.
If Then
The I/0 configuration of the controller has the module Use Browse to select the module.
that gets the message.

The I/0 configuration of the controller has only the local | 1. Use Browse to select the local communication module.

communication module.

2. Type the rest of the path.

The 1/0 configuration of the controller doesn't have any of | Type the path.

the modules that you need for the message.
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Example

The 1/0 configuration of the controller has the module
that gets the message.

Click Browse and select the module.

Path: IF'eer_Ecuntrl:uIIer

Peer_Caontraller

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: |LocalEME, 2,10101010,1,0 Browse... |

LocalEME, 2, 10101010, 1.0

The I/0 configuration of the controller doesn’t 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....

— ..tonode 4

— Go across the backplane. ..

_...tothe module in slot 0.

Path: |1.1.2.4.7.0 Browsze. . |

1.1.2.4.1.0

180 Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



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

To type a path, use this format:

port, next_address, port, next_address, ...

Where Is
For this network Type
Port Backplane 1
DF1 (serial, serial channel 0) 2
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 by 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)

Broadcast Button

This functionality for RSLogix 5000 software, beginning with version 18,
enhances the ability to define the route and message type that are required to
send a message to its destination. You still can type in a path, such as 2,255’
However, manually entering a path is problematic for two reasons:

e The number entered into the path may be confusing.

o It’s error-prone, as you may forget to set up other conditions, such as
system protocol and message type.

The Broadcast button, when enabled, allows you to default the path by selecting

an available channel(s) in a combo box. The number of channels listed in the
combo box depends on the current controller.
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By default, the Path radio button on the Communication tab is active (dot in
radio button). Do these steps to enable the Broadcast button and select a channel
to default a path for the message.

1. On the Controller Organizer, right-click Controller, and choose
Properties.
The Controller Properties dialog box appears.

2. Click the System Protocol tab.

3. Choose DF1 Master in the Protocol box.

The Polling mode defaults ‘Message Based’ (slave can initiate messages).

4. Click OK.
S. Inladder Iogic click the box inside the MSG tag.

— Mezzage
Meszage Control [ TEE DN}—
ER—

The Message Configuration dialog box appears with the Configuration
tab open.

6. In the Message Type box, choose CIP Data Table Write.()

See page 167 for an example.
7. Click OK.

You have enabled the Broadcast button on the Communication tab.
8. Click the Communication tab.
9. Next to the Broadcast button, choose a channel in the combo box. The

number of channels in the combo box depends on the controller.

When you select channel 0 or 1, the corresponding message path on the
Message Configuration dialog box defaults to 2,255 (channel 0) or

3,255 (channel 1). The Path grays out to not allow you to manually enter a
path value.

10. Click OK.

(1) See system protocol instructions on page 183 to enable the Broadcast button.
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System Protocol Tab Configuration

To run broadcast in ControlLogix controllers in the Logix Designer application,

you must configure the System Protocol tab in the Controller Properties dialog
box. The protocol must be compatible with the message type of ‘write’ on the

Message Configuration dialog box.

See page 167 for an example in the Message Type box.

Follow these steps to set up the system protocol to be compatible with the

broadcast feature.

1. Create or open an existing controller in the application.

2. On the Controller Organizer, right-click the controller name, and choose

Properties.

@' Werify

Generake Report. ..

“ [ Power-Up Han

El'f_ﬂ Tasks Prink
E% MainTask | Properties [, Alt+Enter
#-C% MainProgr - —

The Controller Properties dialog box appears.

f& Controller Properties - L63_Controller

Date/Time | Advanced I SFC Execution | File
Serial Part

General |

Protocal:
Station Address:
Transmit B etries:

ACK Timeout:
Reply Meszage "W ai:

Palling Mode:

I aster Trarsmit:

Syztem Protocol

IDF'I b aster ‘I

DF1 Master
DF1 Pairt to Paint

Ermor Detection
lrﬁ“ BCC ¢ CRC

¥ Enable Duplicate Detection

DF1 Fadio Modem
DF1 Slave
DH485

|5— [%20 rns]

IMessage Based [slave can initiate messages) j

IEetween station palls 'I

iarmal Fall Mode Tag: E Homal Poll Group Size: ID
Friarity FallHode Tag: E

Aictive Station Tiag:

[ =

=0l x|

| Hedundanc:yl Morvolatile Memor_l,ll Mermary
User Protocol | Major Faults I Minor Faults

Cancel Apply

o]

Help

3. Click System Protocol tab.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012

183



Chapter4  Input/Output Instructions (MSG, GSV, SSV, 10T)

4. Choose a protocol from the Protocol box.

IMPORTANT The Message Type box on the Message Configuration Tab dialog box
must be write-typed to be compatible with the system protocol.
Otherwise, the Broadcast button is disabled.

5. Enter the information on the System Protocol tab for each protocol
outlined below.

184

Topic Description
Protocol DF-1 Master
Station Address Type controller station address number
Transmit Retries 3
ACK Timeout 50
Reply Message Wait 5
Polling Mode Choose from the following modes:
. ‘M.essage Eased’ to poll the slave using message
instruction
+‘Slave can initiate message’ for slave to slave broadcast
«‘Standard’ to have the schedule poll for the slave
Error Detection BCC
Duplicate Detection Enabled (checked)
Topic Description
Protocol DF-1Slave
Station Address Type controller station address number
Transmit Retries 3
Slave Poll Timeout 3000
EQT Suppression Disable (unchecked)
Error Detection BCC
Duplicate Detection Enabled (checked)
Topic Description
Protocol DF-1Slave
Station Address Type controller station address number

Enable Store and Forward

Enable box (checkmark) to use store and forward tag

Error Detection

BCC

6. Click OK.
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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

«  Local communication module (for example, 1756-CNB module)
+ Remote adapter module (for example, 1771-ACN module)

Universal remote 1/0

+ 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 the chassis

+ Block-transfer module (optional)

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 is Then select And specify

Logix5000 controller ae No other specifications required.

PLC-5 controller over an EtherNet/IP

network

PLC-5 controller over a ControlNet network

SLC5/05 controller

PLC-5 controller over a DH+ network DH+ Channel Channel A or B of the 1756-DHRIO module that is connected to
the DH+ network.

SLC controller over a 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.).

PLC-3 processor Destination Link Link ID of the remote DH+ link where the target device resides.

PLC-2 processor 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.

Application on a workstation that is CIP with Source ID Source Link Remote ID of the topic in RSLinx software.

receiving an unsolicited message routed
over an EtherNet/IP or ControlNet network
through

RSLinx software

(This lets the application receive
data from a controller.)

Destination Link Virtual Link ID set up in RSLinx

software (0...65535).

Destination Node Destination ID (0...77 octal) provided by the application to

RSLinx software. For a DDE topic in RSLinx software, use 77.

The slot number of the ControlLogix controller is used as the Source Node.

Block transfer module over a universal RIO Channel Channel A or B of the 1756-DHRIO module that is connected to
remote 1/0 network 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 ControlNet Slot Slot number that the module is in.

network
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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
(IP data table read or write p | Your option(”
PLC-2, PLC-3, PLC-5, or SLC (all types) ar

CIP with Source ID

DH+ X
CIP generic p | Your optionm
Block-transfer read or write | X

(1) CIP data table read or write messages can be connected or unconnected. But, for most applications, we recommend you leave CIP data table read or write
messages connected.
(2)  CIP generic messages can be connected or unconnected. 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.
Ifyou 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 connection The connection closes after the MSG instruction is done. This frees up that
connection for other uses.

The controller has the following limits on the number of connections that you

can cache.
If you have this software and Then you can cache
firmware revision
11.xor earlier + 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 . 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 instruction uses 1 connection and 1 cached
buffer. They share the connection and the buffer.
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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 one connec-
tion. Caching both messages counts as one on the cache list.

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.

« Data type = MESSAGE

« 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.

AMSG instruction can access only tags that are in the Controller Tags folder (controller scope).

3. Ifyour MSG s 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 the Logix5000 Controllers Common Procedures Programming Manual,
publication 1756-PM001.

4. (ache the connected MSGs that execute most frequently.

(ache 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:

+ Enable each message in sequence.

« Enable the messages in groups.

« Program a message to communicate with multiple devices. For more information, see the Logix5000 Controllers
Common Procedures Programming Manual,
publication 1756-PM001.

+ Program logic to coordinate the execution of messages. For more information,
see the Logix5000 Controllers Common Procedures Programming Manual,
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.

« Ifall 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.

« Toincrease the number of unconnected buffers, see the Logix5000 Controllers Common Procedures
Programming Manual, publication 1756-PM001.
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Get SYStem Value (GSV)and  The GSV/SSV instructions get and set controller system data that is stored
Set System Value (SSV) in objects.

Operands:
_ Relay Ladder
E5N 55
— Get Sypstern Walue — — Set Spstem Value
Clazz name ? Clazs name ?
Instance name ? Inztance name ?
Attribute Mame ? Attribute M ame ?
Dest ? Source ?
7 o7
Operand Type Format Description
(lass 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
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Description:

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.

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).

ATTENTION: Use the GSV and SSV instructions carefully. Making changes to objects may cause
unexpected controller operation or injury to personnel.

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
ey [=-MY_1ag
[=|-My_TagMember_a
Altribute » [+]-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
G5V =) f:'[';'_Tag
[=|-My_T ag Member_a

Atribute —* [+ My_Tag Member_A[0]
" @ [+-My_TagMember A1)
™ [+-My_T ag.Member_B
—

Tag is too small.

Minor fault

My_Tag is too small for the attribute. So the GSV instruction stops and logs a minor fault.
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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.
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 4 6
SSV instruction
The GSV destination was not large enough to hold the requested | 4 7
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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.

Enableln is set

N/A

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.

190
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GSV/SSV Objects 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.

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.

2 ATTENTION: For the GSV instruction, only the specified size of data is

You can access these objects.

Table 6 - GSV/SSV Objects

For information about this object See this page or publication

AddOnlInstructionDefinition 192

Axis See the SERCOS Motion Configuration and Startup User
- Manual,

Axis_Consumed publication MOTION-UM001.

Axis_Generic

Axis_Generic_Drive

Servo

Servo_Drive

Virtual

Axis_CIP_Drive See the CIP Motion Configuration and Startup User
Manual,
publication MOTION-UMO003.

Controller 192

ControllerDevice 194

CoordinateSystem

See the Motion Coordinate System User Manual,
publication MOTION-UMO002.

st 194
DF1 196
FaultLog 198
Message 198
Module 199
MotionGroup See the Motion Reference Manual,
publication MOTION-RMOQ01.
Program 200
Redundancy See the ControlLogix Enhanced Redundancy System User
Manual,
publication 1756-UM535.
Routine 201
SafetyAddonInstructionDefinition, SafetyController, See the GuardLogix Controllers User Manual, publication
SafetyProgram, SafetyRoutine, SafetyTask. 1756-UM020.
SerialPort 202

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012 191


http://literature.rockwellautomation.com/idc/groups/literature/documents/um/motion-um003_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/um/motion-um003_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/um/motion-um002_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/rm/motion-rm001_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/um/1756-um535_-en-p.pdf
http://literature.rockwellautomation.com/idc/groups/literature/documents/um/1756-um020_-en-p.pdf

Chapter4  Input/Output Instructions (MSG, GSV, SSV, 10T)

Table 6 - GSV/SSV Objects

Task 203

TimeSynchronization See the Integrated Architecture and CIP Sync Configuration
Application Technique, publication IA-AT003.

WallClockTime 205

AddOnInstructionDefinition Attributes

The AddOnlnstructionDefinition object lets you customize instructions for sets
of commonly-used logic, provides a common interface to this logic, and provides
documentation for the instruction.

For details, see the Logix5000 Controllers Add-On Instructions Programming
Manual, publication 1756-PM010.

Attribute Data Type Instruction Instruction Description
within within Safety
Standard Task | Task
LastEditDate LINT GSV None Date and time stamp of the last edit to an Add-On Instruction definition.
MajorRevision DINT GSV None Major revision number of the Add-On Instruction.
MinorRevision DINT GSvV None Minor revision number of the Add-On Instruction.
Name String GSv GSv Name of the Add-On Instruction.
RevisionExtendedText | String GSV None Text describing the revision of the Add-On Instruction.
SafetySignature DINT Gsv None In a safety project, the ID number, date, and timestamp of an Add-On Instruction definition.
D
SignaturelD DINT Gsv None 32-bit identification number of an Add-On Instruction definition.
Vendor String Gsv None Vendor that created the Add-On Instruction.
Controller Attributes
The Controller object provides status information about controller execution.

Attribute Data Type Instruction Description
Audit Value DINT[2], LINT GSvV The audit value is a unique value that is generated when a project is downloaded to the controller or loaded from

removable storage. When a change is detected, this value is updated.

To specify which changes are monitored, use the ChangesToDetect attribute.

Note: We recommend using the DINT[2] data type to avoid limitations when working with LINT data types in

Rockwell Automation controllers.
(ChangesToDetect DINT[2], LINT GSV, SSV Used to specify which changes are monitored. When a monitored change occurs, the Audit Value is updated.
See Table 4 Note: We recommend using the DINT[2] data type to avoid limitations when working with LINT data types in

Rockwell Automation controllers.
CanUseRPIFrom DINT GSv Identifies whether to use the RPI specified by the producer.
Producer ValueMeaning

0 Do not use the RPI specified by the producer

1 Use the RPI specified by the producer
ControllerLog DINT GSv Number of controller log entries that originated from a program/task properties change, an online edit, or a
Execution sy controller timeslice change. It can also be configured to include log entries originating from forces. The number will
Modification be reset if RAM enters a bad state. The number is not capped at the largest DINT, and a rollover can occur.
Count
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Attribute Data Type Instruction Description
ControllerLog DINT GSv Number of controller log entries since the last firmware upgrade. The number will be reset if RAM enters a bad state.
TotalEntryCount Sy The number is capped at the largest DINT.
DataTablePad INT GSV Percentage (0...100) of free data table memory set aside.
Percentage
IgnoreArrayFaultsDurin | SINT GSv Used to configure the suppression of selected faults encountered when an SFC action is postscanned. Only valid
gPostScan sy when SFCs are configured for automatic reset.
ValueMeaning
0 Do not suppress faults during postscan execution
(default behavior - recommended).
1 Major faults 4/20 (Array subscript too large) and 4/83 (Value out of range)
are automatically suppressed while postscanning SFC actions.
When a fault is suppressed, the controller uses an internal fault handler to automatically clear the fault. This causes
the faulted instruction to be skipped, with execution resuming at the following instruction.
Because the fault handler is internal, you do not have to configure a fault handler to get this behavior. In fact, even
if a fault handler is configured, a suppressed fault will not trigger it.
InhibitAutomatic BOOL GSV Identifies whether to enable the firmware supervisor.
FirmwareUpdate SSV ValueMeaning
0 Do not execute the firmware supervisor
1 Execute the firmware supervisor
KeepTestEditsOnSwitch | SINT GSV Identifies whether to maintain test edits on controller switchover.
over ValueMeaning
0 Automatically untest edits at switchover
1 Continue test edits at switchover
Name String GSvV Name of the controller.
Redundancy SINT GSV Identifies whether the controller is configured for redundancy.
Enabled ValueMeaning
0 Not configured for redundancy
1 Configured for redundancy
ShareUnused INT GSV Identifies how the continuous task and the background tasks shared any unused timeslice.
TimeSlice SV ValueMeaning
0 The operating system will not give control to the continuous task even if
background is done.
1 Continuous task still runs if the background tasks are done (default).
2 or greater will cause a minor fault to be logged and the setting remains unchanged.
TimeSlice INT GSv Percentage of available CPU (10...90) that is assigned to communications. This value cannot be changed when the
Ssv keyswitch is in the Run position.
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ControllerDevice Attributes

The ControllerDevice object identifies the physical hardware of the controller.

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:

ValueMeaning

15SoftLogix5800

49PowerFlex® with DriveLogix5725
52PowerFlex with DriveLogix5730
53Emulator

541756-L61 ControlLogix
551756-L62 ControlLogix
561756-L63 ControlLogix
571756-L64 ControlLogix
641769-L31 CompactLogix
651769-L35E CompactLogix
671756-L61S GuardLogix
681756-L62S GuardLogix
691756-LSP GuardLogix
721768-L43 CompactLogix
741768-L45 CompactLogix
761769-132C CompactLogix
771769-L32E CompactLogix
801769-L35CR CompactLogix
851756-L65 ControlLogix
861756-L63S GuardLogix
871769-L23E-QB1 CompactLogix
881769-L23-QBFC1 CompactLogix
891769-L23E-QBFCT CompactLogix

ProductRev

INT

GsvV

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.

Status

INT

GSvV

Device Status BitsController Status Bits

7...4Meaning13...12Meaning
0000Reserved01Keyswitch in run

0001Flash update in progress10Keyswitch in program
0010Reserved11Keyswitch in remote

0011Reserved

0100Flash is bad15...14Meaning

0101Faulted modes01Controller is changing modes
0110Run10Debug mode if controller in run mode
0111Program

Fault Status Bits

11...8Meaning

0001Recoverable minor fault

0010Unrecoverable minor fault

0100Recoverable major fault

1000Unrecoverable major fault

Type

INT

Gsv

Identifies the device as a controller. Controller = 14.

Vendor

INT

Gsv

Identifies the vendor of the device. Allen-Bradley = 0001.

(ST Attributes

The coordinated system time (CST) object provides coordinated system time for
the devices in one chassis.
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Attribute Data Type Instruction Description
CurrentStatus INT GSV Current status of the coordinated system time.
BitMeaning
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.
2 System time master: the (ST object is a master time source in the
ControlLogix system
3 Synchronized: the CST object’s 64-bit CurrentValue is synchronized by master
(ST object via a system time update
4 Local network master: the (ST object is the local network master time source
5 Relay mode: the CST object is acting in a time relay mode
6 Duplicate master detected: a duplicate local network time master was
detected.
This bit is always 0 for time-dependent nodes.
7 Unused
8-900 = time dependent node
01 = time master node
10 = time relay node
11=Unused
10-15Unused
CurrentValue DINT[2] GSV Current value of the timer. DINT[0] 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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DF1 Attributes

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).

Diagnostic INT[19] GSV Array of diagnostic counters for the DF1 communication driver.

Counters

Word offsetDF1 point-to-pointDF1 slaveMaster

0Signature (0x0043)Signature (0x0042)Signature (0x0044)
1Modem bitsModem bitsModem bits

2Packets sentPackets sentPackets sent

3Packets receivedPackets receivedPackets received

4Undelivered packetsUndelivered packetsUndelivered packets
5UnusedMessages retriedMessages retried

6NAKs receivedNAKs receivedUnused

7ENQs receivedPoll packets receivedUnused

8Bad packets NAKedBad packets not ACKedBad packets not ACKed
9No memory sent NAKNo memory not ACKedUnused

10Duplicate packets receivedDuplicate packets receivedDuplicate packets received
11Bad characters receivedUnusedUnused

12DCD recoveries countDCD recoveries countDCD recoveries count
13Lost modem countLost modem countLost modem count
14UnusedUnusedPriority scan time maximum
15UnusedUnusedPriority scan time last

16UnusedUnusedNormal scan time maximum
17UnusedUnusedNormal scant time last

18ENQs sentUnusedUnused

Duplicate SINT GSV Enables duplicate message detection.
Detection Value Meaning

0 Duplicate message detection disabled

Non zeroDuplicate message detection enabled

Embedded SINT GSV Enables embedded response functionality (point-to-point only).
ResponseEnable Value Meaning

0 Initiated only after one is received (default)

1 Enabled unconditionally

EnableStoreFwd SINT GSV Enables the store and forward behavior when receiving a message.

Value Meaning

0 Do not forward message

Non zero. See the store and forward table when receiving a message (default)

ENQTransmit SINT GSV The number of inquiries (ENQs) to send after an ACK timeout (point-to-point only). Valid value 0-127. Default
Limit setting is 3.
EOTSuppression SINT GSV Enable suppressing EOT transmissions in response to poll packets (slave only).

ValueMeaning

0 EQT suppression disabled (disabled)
Non zeroEQT suppression enabled

ErrorDetection SINT GSV Specifies the error-detection scheme.

ValueMeaning
0BCC (default)
1CRC

MasterMessagelransmit | SINT GSV Current value of the master message transmission (master only).
ValueMeaning

0 Between station polls (default)

1 In poll sequence (in place of master’s station number)

MaxStation SINT GSV Current value (0...31) of the maximum node address on a DH-485 network. Default is 31.
Address
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.
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Attribute Data Type Instruction Description

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). Default setting is 1.
ValueMeaning
OMessage-based, but don't allow slaves to initiate messages
1Message-based, but allow slaves to initiate messages (default)
2Standard, single-message transfer per node scan
3Standard, multiple-message transfer per node scan

ReplyMessage DINT GSV The time (acting as a master) to wait after receiving an ACK before polling the slave for a response (master only).

Wait Valid value 0...65,535. Delay in counts of 20 msec periods. The default is 5 periods (100 msec).

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).

StationAddress INT GSvV Current station address of the serial port. Valid value 0...254. Default is 0.

TokenHoldFactor SINT GSV Current value (1...4) of the maximum number of messages sent by this node before passing the token on a DH-485
network. Default is 1.

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.

PendingACK DINT SSvV Pending value for the ACKTimeout attribute.

Timeout

Pending SINT SSV Pending value for the DuplicateDetection attribute.

Duplicate

Detection

Pending SINT SSv Pending value for the EmbeddedResponse attribute.

Embedded

ResponseEnable

PendingEnable SINT SV Pending value for the EnableStoreFwd attribute.

StoreFwd

PendingENQ SINT SSv Pending value for the ENQTransmitLimit attribute.

TransmitLimit

PendingEOT SINT SSv Pending value for the EOTSuppression attribute.

Suppression

PendingError SINT SSv Pending value for the ErrorDetection attribute.

Detection

PendingMaster SINT SSvV Pending value for the MasterMessageTransmit attribute.

Message

Transmit

PendingMax SINT SSv Pending value for the MaxStationAddress attribute.

StationAddress

PendingNAK SINT SSv Pending value for the NAKReceiveLimit attribute.

ReceiveLimit

PendingNormal INT SSvV Pending value for the NormalPollGroupSize attribute.

PollGroupSize

PendingPolling SINT SSvV Pending value for the PollingMode attribute.

Mode

PendingReply DINT SSV Pending value for the ReplyMessageWait attribute.

MessageWait

PendingSlavePollTimeout | DINT SSv Pending value for the SlavePollTimeout attribute.
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Attribute Data Type Instruction Description
PendingStation INT SSvV Pending value for the StationAddress attribute.
Address
PendingToken SINT SV Pending value for the TokenHoldFactor attribute.
HoldFactory
PendingTransmitRetries | SINT SV Pending value for the TransmitRetries attribute.
FaultLog Attributes
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
MajorFaultBits DINT GSV Individual bits indicate the reason for the current major fault.
SV
Bit Meaning
1 Power loss
3 1/0
4 Instruction execution (program)
5 Fault Handler
6 Watchdog
7 Stack
8 Mode change
n Motion
MinorEvents INT GSV How many minor faults have occurred since the last time this counter was reset.
SSV
MinorFaultBits DINT Gsv Individual bits indicate the reason for the current minor fault.
sV Bit Meaning
4 Instruction execution (program)
6 Watchdog
9 Serial port
10 Battery/Energy Storage Module (Esm)™

(1) Battery for 1756-L6x, 1769-L2x, and 1769-L3x controllers. ESM for 1756-L7x controllers and CompactLogix 5370 series controllers.

Message Attributes

You can access the Message object through the GSV/SSV instructions. Specify
the message tag name to determine which Message object you want. The Message
object provides an interface to setup and trigger peer-to-peer communications.
This object replaces the MG data type of the

PLC-5S processor.

Attribute Data Type Instruction Description

ConnectionPath SINT[130] GSv Data to setup the connection path. The first two bytes (low byte and high byte) are the length in bytes of the
Ssv connection path.

ConnectionRate DINT GSV Requested packet rate of the connection.
Ssv
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Attribute

Data Type

Instruction Description

MessageType

SINT

Gsv Specifies the type of message.

SV ValueMeaning
ONot initialized

Port

SINT

GSv Indicates which port the message should be sent on.
SV ValueMeaning

1Backplane

2Serial port

Timeout
Multiplier

SINT

GSV Determines when a connection should be considered timed out and closed.
SSv ValueMeaning

0Connection will timeout in 4 times the update rate default)

1Connection will timeout in 8 times the update rate

2Connection will timeout in 16 times the update rate

Unconnected
Timeout

DINT

GSV Timeout in microseconds for all unconnected messages. The default is 30,000,000 microseconds (30 s).
SV

Module Attributes

The Module object provides status information about a module. To select a
particular 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/
O 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.

ValueMeaning

16#0000Standby: the controller is powering up.

16#1000Faulted: 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
amodule is faulted. When Faulted, the FaultCode and Faultinfo

attributes are valid until the fault condition is corrected.

164#2000Validating: the Module object is verifying Module object integrity
prior to establishing connections to the module.

16#3000Connecting: the Module object is initiating connections to the
module.

16#4000Running: all connections to the module are established and data is
transferring.

16#5000Shutting down: the Module object is in the process of shutting down
all connections to the module.

16#6000Inhibited: the Module object is inhibited (the inhibit bit in the Mode
attribute is set).

16#7000Waiting: the parent object upon which this Module object depends
is not running.

FaultCode

(N A number that identifies a module fault, if one occurs.

Faultinfo

DINT

GSV Provides specific information about the Module object fault code.

Firmware
SupervisorStatus

INT

GSV Identifies current operating state of the firmware supervisor feature.
ValueMeaning

OModule updates are not being executed

1Module updates are being executed
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Attribute

Data Type

Instruction

Description

ForceStatus

INT

GSV

Specifies the status of forces.
BitMeaning

OForces installed (1=yes, 0-no)
1Forces enabled (1=yes, 0=no)

Instance

DINT

Gsv

Provides the instance number of this module object.

LEDStatus

INT

GSV

modules.

Specifies the current state of the 1/0 status indicator on the front of the controller."
ValueMeaning

0Status indicator off: No Module objects are configured for the controller.

(There are no modules in the I/0 Configuration section of the controller organizer.)
1Flashing red: None of the Module objects are Running.

2Flashing green: At least one Module object is not Running.

3Solid green: All the Module objects are Running.

You do not enter an object name with this attribute because this attribute applies to the entire collection of

Mode

INT

GSV
SV

Specifies the current mode of the Module object.

BitMeaning

0If set, causes a major fault to be generated if any of the Module object
connections fault while the controller is in Run mode.

2If set, causes the Module object to enter Inhibited state after shutting
down all the connections to the module.

(1) The 1756-L7x controllers do not have a status indicator display on the front of the controller, but do use this functionality.

Program Attributes

The Program object provides status information about a program. Specify the
program name to determine the Program object you want.

Attribute Data Type Instruction Instruction Description
within within Safety
Standard Task | Task
DisableFlag SINT Gsv None Controls this program’s execution.
SSv Value Meaning
0 Execution enabled
non-zero) Execution disabled
DINT Gsv Gsv A non-zero value will disable.
LastScanTime DINT Gsv None Time it took to execute this program the last time it was executed. Time is in microseconds.
SsV
MajorFault DINT[11] Gsv Gsv Records major faults for this program
Record SSv SSv We recommend that you create a user-defined structure to simplify access to the
MajorFaultRecord attribute:
Name Data Type Description
Timelow  DINT Decimal Lower 32 bits of fault timestamp value

TimeHighDINTDecimalUpper 32 bits of fault timestamp value
TypelNTDecimalFault type (program, 1/0, and so forth)

CodeINTDecimalUnique code for the fault (depends on fault type)
InfoDINT[8]HexadecimalFault specific information (depends on fault type and code)
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Attribute Data Type Instruction Instruction Description
within within Safety
Standard Task | Task
MinorFault DINT[11] GSvV GSvV Records minor faults for this program
Record Ssv Ssv We recommend that you create a user-defined structure to simplify access to the

NameData TypeStyleDescription
TimeLowDINTDecimalLower 32 bits of fault timestamp value
TimeHighDINTDecimalUpper 32 bits of fault timestamp value
TypeINTDecimalFault type (program, 1/0, and so forth)

CodeINTDecimalUnique code for the fault (depends on fault type)
InfoDINT[8]HexadecimalFault specific information (depends on fault type and code)

MinorFaultRecord attribute:

MaxScanTime DINT GSvV None Maximum recorded execution time for this program. Time is in microseconds.
Ssv
Name String GSV GSV Name of the program.
Routine Attributes
The Routine object provides status information about a routine. Specify the
routine name to determine which Routine object that you want.
Attribute Data Type Instruction Instruction Description
within within Safety
Standard Task | Task
Instance DINT GSV GSV Provides the instance number for this routine object. Valid values are 0. . .65,535.
Name String GSv Gsv Name of the routine.
SFCPaused INT GSvV None In an SFCroutine, indicates whether the SFCis paused.
Value  Meaning
0 SFCis not paused
1 SFCis paused
SFCResuming INT Gsv None Inan SFC routine, indicates whether the SFCis resuming execution.
SV Value Meaning
0 SFCis not executing. This attribute is automatically set to 0 at the end of a scan in
which the chart was executed
1 SFCis executing. Step and action timers will retain their previous value if configured
to do so. This attribute is automatically set to 1 on the first scan after a chart is unpaused.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012 201



Chapter4  Input/Output Instructions (MSG, GSV, SSV, 10T)

Safety Attributes

The Safety Controller object provides safety status and safety signature
information. The SafetyTask and SafetyFaultRecord attributes can capture
information about non-recoverable faults.

See the GuardLogix Controllers User Manual, publication 1756-UM020.

Attribute Data Type Instruction Instruction Description
within within Safety
Standard Task | Task
SafetyLocked SINT GSv None Indicates whether the controller is safety locked or unlocked.
SafetyStatus INT Gsv None Specifies the safety status as:
Value Meaning

1000000000000000  Safety task OK.
1000000000000001  Safety task inoperable.
00000000000000000  Partner missing.
00000000000000001  Partner unavailable.
00000000000000010  Hardware incompatible.
00000000000000011  Firmware incompatible.

SafetySignature SINT Gsv GSV Indicates whether the safety task signature is present.
Exists

SafetySignature DINT Gsv None 32-bit identification number.

D

SafetySignature String Gsv None 32-bit identification number.

SafetyTaskFault DINT[11] Gsv None Records safety task faults.

Record

SerialPort Attributes

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).
ComDriverID SINT GSvV Specifies the specific driver.
Value Meaning
0xA2 DF1 (default)
0xA3 Ascll
DataBits SINT Gsv Specifies the number of bits of data per character.
Value Meaning
7 7 data bits (ASCll only)
8 8 data bits (default)
DCDDelay INT GSV Specifies the amount of time to wait for the data carrier detect (DCD) to become low before erroring the packet. The
delay is in counts of 1s packets. Default is 0 counter.
Parity SINT GSv Specifies the parity.
Value Meaning
0 No parity (no default)
1 0dd parity (ASCll 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.
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Attribute Data Type Instruction Description
StopBits SINT GSvV Specifies the number of stop bits.
Value Meaning
1 1 stop bit (default)
2 2 stop bits (ASCll only)
PendingBaudRate DINT SSv Pending value for the BaudRate attribute.
Pending(OM SINT SV Pending value for the COMDriverID attribute.
DriverlD
PendingDataBits SINT SSv Pending value for the DataBits attribute.
PendingD(D INT SV Pending value for the DCDDelay attribute.
Delay
PendingParity SINT SV Pending value for the Parity attribute.
PendingRTSOff INT SV Pending value for the RTSOffDelay attribute.
Delay
PendingRTSSendDelay | INT SSvV Pending value for the RTSSendDelay attribute.
PendingStopBits SINT SV Pending value for the StopBits attribute.
Task Attributes
The Task object provides status information about a task. Specify the task name
to determine which Task object that you want.
Attribute Data Type Instruction Instruction Description
within within Safety
Standard Task | Task
DisableUpdate DINT GSvV None Enables or disables the processing of outputs at the end of a task.
Outputs sV Value Meaning
0 Enable the processing of outputs at the end of the task
Non zero Disable the processing of outputs at the end of the task
EnableTimeOut DINT Gsv None Enables or disables the timeout function of an event task.
SV Value Meaning
0 Disable the timeout function
Non zero Enable the timeout function
InhibitTask DINT GSvV None Prevents the task from executing. If a task is inhibited, the controller still prescans the task when
Ssv the controller transitions from program to run or test mode.
Value Meaning
0 Enable the task 0 (default)
Nonzero Inhibit (disable) the task
Instance DINT GSvV GSV Provides the instance number of this task object. Valid values are 0...31.
LastScanTime DINT GSv None Time it took to execute this task the last time it was executed. Time is in microseconds.
SsV
MaximumiInterval DINT[2] GSV None The maximum time interval between successive executions of the task. DINT[0] contains the
sy lower 32 bits of the value; DINT[1] contains the upper 32 bits of the value. A value of 0 indicates
1 or less executions of the task.
MaximumScan DINT Gsv None Maximum recorded execution time for this program. Time is in microseconds.
Time sy
Minimuminterval DINT[2] GSV None The minimum time interval between successive executions of the task. DINT[0] contains the
Ssv lower 32 bits of the value; DINT[1] contains the upper 32 bits of the value. A value of 0 indicates
1 or less executions of the task.
Name String GSv GSv Name of the task.
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Attribute Data Type Instruction Instruction Description
within within Safety
Standard Task | Task
OverlapCount DINT Gsv Gsv Number of times that the task was triggered while it was still executing. Valid for an event ora
sy sy periodic task. To clear the count, set the attribute to 0.
Priority INT GSvV GSvV Relative priority of this task as compared to the other tasks. Valid values 0...15.
Ssv
Rate DINT GSvV GSvV The time interval between executions of the task. Time is in microseconds.
SsV
StartTime DINT[2] Gsv None Value of WALLCLOCKTIME when the last execution of the task was started. DINT[0] contains the
Ssv lower 32 bits of the value; DINT[1] contains the upper 32 bits of the value.
Status DINT Gsv None Status information about the task. Once the controller sets one of these bits, you must manually
Ssv clear the bit.
Bit Meaning
0 An EVENT instruction triggered the task (event task only)
1 A timeout triggered the task (event task only)
2 An overlap occurred for this task
Watchdog DINT GSvV GSvV Time limit for execution of all programs associated with this task. Time is in microseconds.
SSv If you enter 0, these values are assigned:
Time Task Type
0.5 sec Periodic
5.0 sec Continuous
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WallClockTime Attributes

The WallClockTime object provides a timestamp that the controller can use for

scheduling.
Attribute Data Type Instruction Description
ApplyDST SINT GSv Identifies whether to enable daylight savings time.
SV Value Meaning
0 Do not adjust for daylight savings time
non zero Adjust for daylight savings time
(STOffset DINT[2] GSV Positive offset from the CurrentValue of the (ST object (coordinated system time, see page 194).
Ssv DINT[O] contains the lower 32 bits of the value; DINT[1] contains the upper 32 bits of the value. Value
in £s5. 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
sy the upper 32 bits of the value. The value is the number of microseconds that have elapsed since 0000

hours 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.
SSv Value Meaning
DINT[0] Year
DINT[1] Month (1...12)
DINT[2] Day (1..31)
DINT[3] Hour (0...23)
DINT[4] Minute (0...59)
DINT[5] Seconds (0...59)
DINT[6] Microseconds (0...999,999)
DSTAdjustment INT GSvV The number of minutes to adjust for daylight saving time.
SSv
LocalDateTime DINT[7] GSvV Current adjusted local time.
SV Value Meaning
DINT[0] Year
DINT[1] Month (1...12)
DINT[2] Day (1..31)
DINT[3] Hour (0...23)
DINT[4] Minute (0...59)
DINT[5] Seconds (0...59)
DINT[6] Microseconds (0...999,999)
TimeZoneString INT GSV Time zone for the time value.
SSv
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GSV/SSV Programming
Example

Example 1:

Example 2:

206

Get Fault Information

The following examples use GSV instructions to get fault information.

the data in a user-defined structure disc_in_2_info.

Relay Ladder

This example gets fault information from the I/O module disc_in_2 and places

GSY

Get system value

Object class MODULE

Object name disc_in_2

Altribute narme FaultCode

[rest disc_in_2_inf0.FauItEodi
a

Structured Text

G5
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
Dest dizc_in_2_info.Mode

2#0000_0000_0000_0000_0000_0000_0000_0000 €

GSV(MODULE,disc_in_2,FaultCode,disc_in_2_info.FaultCode);

GSV(MODULEdisc_in_2,FaultInfo,disc_in_2_info.FaultInfo);

GSV(MODULE,disc_in_2,Mode,disc_in_2info.Mode);

in a user-defined structure discrete_info.

Relay Ladder

This example gets status information about program discrete and places the data

G5 G5
Get system value Get system value
Object class FROGRARM Object class FROGRARM
Object name DISCRETE Object name DISCRETE

Altribute name  LASTSCANTIME
Dest discrete_info.LastScanTime
3%

Altribute name  MAXSCANTIME
Dest discrete_info.MaxScanTime
4500 €
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Example 3:

Structured Text

GSV(PROGRAM,DISCRETE,LASTSCANTIME,

discrete_info.LastScanTime);

GSV(PROGRAM,DISCRETE,MAXSCANTIME,discrete_info.MaxScanTim
e)s

This example gets status information about task IO_test and places the dataina
user-defined structure io_test_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
2938 6547 € 500000 €

Structured Text

GSV(TASK,JO_TEST,LASTSCANTIME,io_test_info.LastScanTime);
GSV(TASK,JO_TEST,MAXSCANTIME,io_test_info.MaxScanTime);

GSV(TASK,IO_TESTWATCHDOG;io_test_info.WatchDog);

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
similar to using inhibit bits with a PLC-5 processor.
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Example: Based on the status of SI1, place the appropriate value in the disableflag
attribute of program discrete.

Relay Ladder

(2]
L_IE
Ml—

B O

b v

Source enable_prog
e

Dest dizcrete_prog_flag
€

AT
b v
Source dizable_prog
1%
Dest dizcrete_prog_flag
e

(M)
s
mil—

S5
Set zystem value
Obiject class PROGRAM
Obiject name DISCRETE
Attribute name  DISABLEFLAG
Source discrete_prog_fla%
1]

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 (10T) The IOT instruction immediately updates the specified output data (output tag
or produced tag).
Operands:
Relay Ladder

0T
4 Immediate Dutput o
Update Tag ? Operand Type Format Description

Update Tag Tag Tag that you want to update, either:
+ 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.

10T (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:

o An output connection is a connection that is associated with the output
tag of an I/O module or with a produced tag.

o Ifthe 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 tagas shown below.

& Tag Properties - Produced_Tag

General  Connection® I

b axirmum Consumers: I 3:

Check this box. —® ¥ Programmatically (10T Instruction] Send Event Trigger to Consume
This configures the tag to update its event trigger

only via an I0T 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 (AP) of the consumed
tag (connection)

SoftLogix5800 You can produce and consume tags only over a ControlNet | Within the actual packet interval (API) of the consumed
network. 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 produced tag _I/—
|

I0T instruction in the producing

b

|
Values loaded into produced tag f
|

I0T instruction in the producing

"

|
|
| | |
| I
| | |
controller | controller | |
| |
Event task in the consuming : RPI of the produced tag ,l_l [ :
controller I | I
! Event task in the consuming : : !_l_
controller : . .
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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.

Enableln is set

N/A

Enableln is always set.
The instruction executes.

Instruction execution

The instruction:
« updates the connection of the specified tag.
« resets the RPI timer of the connection.

Postscan

The rung-condition-out is set to false.

No action taken.
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Example 1:  When the IOT instruction executes, it immediately sends the values of the
Local:5:0 tag to the output module.

Relay Ladder

| art
| Immediate Dutput

dpdate Tag Local5:0

Structured Text
10T (Local:5:0);

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 shown below:

& Tag Properties - Produced_Tag

General  Connection® I

b aximurn Consumers: I 3:

—® ¥ Programmatically (10T Instuction] Send Event Trigger to Consume

Produced_Tag is configured to update its event trigger via an 0T instruction.

Relay Ladder

If New._Data = on, then the following occurs for one scan:
The CPS instruction sets Produced _Tag = Source_Tag.

The 0T 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 PS5 10T
1 F [ONS ] Synchronous Copy File Imrmediate Dutput
Source  Source_Tag Update 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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Notes:
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Chapter 5

Compare Instructions
(CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ)

Topic Page
Compare (CMP) 215
Equal To (EQU) 220
Greater Than or Equal To (GEQ) 224
Greater Than (GRT) 28
Less Than or Equal To (LEQ) 232
Less Than (LES) 236
Limit (LIM) 240
Mask Equal To (MEQ) 246
Not Equal To (NEQ) 251

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 Page

Compare values based on an expression CMpP Relay ladder 215
Structured text")

Test whether two values are equal EQU Relay ladder 220
Structured text?

Function block

Test whether one value is greater than or equal to a second GEQ Relay ladder 224
value Structured text”
Function block

N
IND
oo

Test whether one value is greater than a second value GRT Relay ladder
Structured text")
Function block

N
(o
N

Test whether one value is less than or equal to a second value | LEQ Relay ladder
Structured text!"
Function block

Test whether one value is less than a second value LES Relay ladder 26
Structured text")
Function block
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If you want to Use this instruction Available in these languages Page
Test whether one value is between two other values LIM Relay ladder 240
Structured text'")
Function block
Pass two values through a mask and test whether they are MEQ Relay ladder 246
equal Structured text")
Function block
Test whether one value is not equal to a second value NEQ Relay ladder 251
Structured text")

Function block

(1) There is no equivalent structured text instruction. Use other structured text programming to achieve the same result. See the description for the instruction.

(2) Thereis no equivalent structured text instruction. Use the operator in an expression.

214

IMPORTANT  REALvalues are rarely absolutely equal. If you need to determine the equality
of two REAL values, use the LIM instruction.

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.
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Compare (CMP)

Operands:
P
— Compare —
Eupreszion ?
=
Description:

Arithmetic Status Flags:

Fault Conditions:

The CMP instruction performs a comparison on the arithmetic operations you
specify in the expression.

Relay Ladder

Operand Type Format Description

Expression SINT Immediate Tag An expression consisting of tags and/or immediate
INT values separated by operators.
DINT
REAL
string
ASINT 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 by using an IE..THEN construct and expression.

IF BOOL_expression THEN
<statement>;
END _IF;

See Structured Text Programming for information on the syntax of constructs

and expressions within structured text.

Define the CMP expression by 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 affects only the arithmetic status flags if the expression
contains an operator (for example, +, —, *, /) 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
to true.

Evaluate Expression

Expression is false.

Rung-condition-out is set -
to false.

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 = value_2

P
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
value_1 + value_2, or value_1, the instruction evaluates the expression
as explained in the table.

If the expression is 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 are common to both instructions.

Valid Operators
Operator: Description Optimal Operator: Description Optimal
+ Add DINT, REAL LN Natural log REAL
- Subtract/negate DINT, REAL L0G Log base 10 REAL
* Multiply DINT, REAL M0D Modulo-divide DINT, REAL
/ Divide DINT, REAL NOT Bitwise complement DINT
= Equal DINT, REAL OR Bitwise OR DINT
< Less than DINT, REAL RAD Degrees to radians DINT, REAL
<= Less than or equal DINT, REAL SIN Sine REAL
> Greater than DINT, REAL SQR Square root DINT, REAL
>= Greater than or equal DINT, REAL TAN Tangent REAL
<> Not equal DINT, REAL TOD Integer to BCD DINT
** Exponent (xtoy) DINT, REAL TRN Truncate DINT, REAL
ABS Absolute value DINT, REAL XOR Bitwise exclusive OR DINT
ACS Arc cosine REAL
AND Bitwise AND DINT
ASN Arcsine REAL
ATN Arc tangent REAL
0s Cosine REAL
DEG Radians to degrees DINT, REAL
FRD BCD to integer DINT
Format Expressions

For each operator that you use in an expression, you have to provide one or two
operands (tags or immediate values). Use this table to format operators and

operands within an expression.

Operators that operate | Use this format Examples

on

One operand Operator (operand) ABS(tag_a)
Two operands Operand_a operator operand_b ‘tag_b+5

«tag_c AND tag_d
+(tag_e ** 2) MOD (tag_f/tag_g)
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Compare Instructions (CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ)

218

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

3. **

4. — (negate), NOT

5. *,1,MOD

6. <, <=,>,>=,=

7. — (subtract), +

8. AND

9. XOR

10. OR
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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 CXpl‘CSSiOIl lCtS you compare two string tags.

o You cannot enter ASCII characters directly into the expression.

o 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.

o ASCII characters are case sensitive. Upper case ‘A’ ($41) is not equal to
lower case @’ ($61).

e 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.

-~ D v un D —
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ASClI Characters Hex Codes
1ab $319615%62
b $31562

A $41

AB $41%42

B $42

a $61

ab $61%62

—— AB<8B

— a>B
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Equal To (EQU) The EQU instruction tests whether Source A is equal to Source B.

Operands:

Relay Ladder
EQu
— Equal — Operand Type Format Description

Source & ?
] Source A SINT Immediate Tag Value to test against Source B

Source B ? INT
7 DINT

REAL

string

Source B SINT Immediate Tag Value to test against Source A
INT
DINT
REAL
string

o Ifyouentera SINT or INT tag, the value converts to a DINT value by
sign-extension.

o REAL values are rarely absolutely equal. If you need to determine the
equality of two REAL values, use the LIM instruction.

o String data types are:
- default STRING data type.
— any new string data type that you create.

o 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 equal sign ‘=" as an operator within an expression. This expression

evaluates whether sourceA is equal to sourceB.

See Structured Text Programming for information on the syntax of expressions
within structured text.

Fa) EQu_o1 Function Block
EQU E|
Operand Type Format Description
Equal
EQU tag FBD_COMPARE Structure EQU structure
O Sources Lrest [0
O Sourced
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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 s 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

Arithmetic Status Flags:
Fault Conditions:

Execution:

characters. When you compare strings, note the following:
e Strings are equal if their characters match.

o ASCII characters are case sensitive. Upper case ‘A’ ($41) is not equal to
lower case @’ ($61).

Not affected

None
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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 s set
to true.

Rung-condition-out is set
to false.

Postscan

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

i

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.

222
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Example: Ifvaluc I isequal to value 2, set light_a.f value_1I is not equal to value 2, clear

light_a.
Relay Ladder
EGU light_a
Equal
Source A value_1
0|
Source B value_2
0e
Structured Text

light_a := (value_1 = value_2);

Function Block

EQU_04

EQl _|

Equal

u]

]
| Source Dest [f— — — —& light_a
Sourced
[z

u]
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Greater Than or Eq ual To The GEQ instruction tests whether Source A is greater than or equal to Source B.

(GEQ)

Operands:

_ Relay Ladder
6E0
T EELE;E'E or Bal [4> =B?] T Operand Type Format Description
b Source A SINT Immediate Tag Value to test against Source B
Source B ?
am INT
- DINT
REAL
string
Source B SINT Immediate Tag Value to test against Source A
INT
DINT
REAL
string
e IfyouenteraSINT or INT tag, the value converts to a DINT value by
sign-extension.
o String data types are:
- default STRING data type.
— any new string data type that you create.
o 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 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 Structured Text Programming for information on the syntax of expressions

within structured text.
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Chapter 5

GEQ_01

(=

Function Block

Operand Type Format Description
Grtr Than or Eql (Ax=H)
GEQ tag FBD_COMPARE Structure GEQ 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 s 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
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 GEQ instruction.
Description: The GEQ instruction tests whether Source A is greater than or equal to Source B.

When you compare strings, note the following:

o 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.

o When the two strings are sorted as in a telephone directory, the order of

the strings determines which one is greater.

—~ D v v D —

-~ M ~+ D = &

ASClI Characters Hex Codes

1ab $31$61562

1b $31%62

A $41

AB $41542 —— AB<B

B 0 —
1

a $61 — a>B

ab $61962
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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.

y

Postscan

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

i

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.

226
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GEQ

Grtr Than or Eql [&>=B]
Source & valuz_1

Source B

ne
walue_2
0 #|

Example: If valuc_I is greater than or equal to value_2, set light_b.1f value_1 is less than

value_2, clear light_b.

Relay Ladder

light_b

Structured Text

light_b := (value_1 >= value_2);

Function Block

GEQ_0M

GEQ

il

walue_1 ; Sourced

Grtr Than or Eql (Ax=H)

[rest

ul
— — =] light_b

SourceB
u]
[z
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Greater Than (GRT)

The GRT instruction tests whether Source A is greater than Source B.

Operands:

GRT

—— [Greater Than [A:B)

Source &, ?
T

Source B ?
T

IF sourceA > sourceB THEN

E GRT_01

GRT E|

Greater Than (AaxB)

s

SourceBd

0

Sources [rest [=

228

Relay Ladder

Operand Type Format Description

Source A SINT Immediate Tag Value to test against Source B

INT
DINT
REAL
string

Source B SINT Immediate Tag Value to test against Source A

INT
DINT
REAL
string

o Ifyouentera 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.

o 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 Structured Text Programming for information on the syntax of expressions

within structured text.

Function Block

Operand Type Format

Description

GRT tag FBD_COMPARE Structure

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 s 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, note the following:

o 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.

o When the two strings are sorted as in a telephone directory, the order of
the strings determines which one is greater.

ASClI Characters Hex Codes
1ab $31%61%62
L A G 1b $31$62
€ r A $41
s e
s a AB $41542 — AB<B
¢ ! B 542 —
r e —
r a %61 — a>B
| 561562

Arithmetic Status Flags: Not affected
Fault Conditions: None

Execution:
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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.

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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Example: Ifvalue_Iis greater than value_2, set light 1.1f value_1 is less than or equal to
value_2, clear light 1.

Relay Ladder
GRT light_1
Greater Than [&>B]
Source A value_1
Ne
Source B walue_2
0 #|
Structured Text

light_1 := (value_1 > value_2);

Function Block

GRT_0M

SRT |

Greater Than (A=H)

) )
| Sources Dest f— —— =1 light_1
SourceB
[awez

il
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Less Than or Equal To (LEQ)

Operands:

LED
Lesz Than or Eql [b<=B] [—
Source &, ?
T
Source B ?
T

IF sourceA <= sourceB THEN

LEQ_04

O M

LEQ =l

Less Than or Eql (A==HB)

Sources [rest [

SourceB

232

The LEQ instruction tests whether Source A is less 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

o Ifyouentera 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.

o 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 Structured Text Programming for information on the syntax of expressions
within structured text.

Function Block
Operand Type Format Description
LEQ tag FBD_COMPARE Structure LEQ 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 s 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, note the following:

o 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.

o When the two strings are sorted as in a telephone directory, the order of
the strings determines which one is greater.

ASClI Characters Hex Codes

1ab $31%61%62
L A G 1b $31$62
€ re A $41
s a
s t AB $41542 — AB<B
¢ ¢ B 542 —
r r —

a %61 — a>B

| 561562

Arithmetic Status Flags: Not affected
Fault Conditions: None

Execution:
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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.

y

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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Chapter 5

LEQ
Lezz Than or Eql [f<=B]

Source & value_1
e

Source B value 2
ne

Example: If valuc_Iisless than or equal to value 2, set light 2.1f value_I is greater than

value_2, clear light_2.

Relay Ladder

light_2

Structured Text

light 2 := (value_1 <= value_2);

Function Block

u}
ETXE

walue_2 O

il

LEG_0O1
LEDQ _I
Less Than or Eql (A<=H)
u]
Sources Dest F— ——
SourceB
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Less Than (LES) The LES instruction tests whether Source A is less than Source B.

Operands:

_ Relay Ladder
LES

— Leszz Than [4<B]

Source & 2 [ Operand Type Format Description

i Source A SINT Immediate Tag Value to test against Source B
Source B 7 INT

7

= DINT
REAL
string

Source B SINT Immediate Tag Value to test against Source A
INT
DINT
REAL
string

o Ifyouentera 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.

o 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 sign ‘<“ as an operator within an expression. This expression
evaluates whether sourceA is less than sourceB.

See Structured Text Programming for information on the syntax of expressions
within structured text.

E LES 01 Function Block
LEs  []
Less Than (A<E) Operand Type Format Description
LES tag FBD_COMPARE Structure LES structure
O Sources Lrest [6
] Sourced
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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 s 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, note the following:

o 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.

o When the two strings are sorted as in a telephone directory, the order of
the strings determines which one is greater.

ASClI Characters Hex Codes

1ab $31%61%62
L A G 1b $31$62
€ e A $41
s a
s t AB $41542 — AB<B
¢ ¢ B 542 —
r r —

a %61 — a>B

| 561562

Arithmetic Status Flags: Not affected
Fault Conditions: None

Execution:
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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 s set
to true.

Rung-condition-out is set
to false.

y

Postscan

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

Fa

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.
EnableQut is set.

Postscan

No action taken.

238

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Compare Instructions (CMP, EQU, GEQ, GRT, LEQ, LES, LIM, MEQ, NEQ) ~ Chapter 5

Example: Ifvaluc 1 isless than value 2, set light 3. 1f value_1 is greater than or equal to
value_2, clear light 3.

Relay Ladder
LES light_3
Less Than [4<B)
Source & walue_1
0 =]
Source B walue_2
[ &
Structured Text

light 3 := (value_1 < value_2);

Function Block

LES_01

LES _I

Lezz Than (A<B)

1] 1]
l Sources et — — = light_2
SourceB
[z _r

u]
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Limit (|_|M) The LIM instruction tests whether the Test value is within the range of the Low
Limit to the High Limit.
Operands:
Relay Ladder
LIk
— Limit Test [CIRC] —

Lowes Lirnit 7 Operand Type Format Description
77

Test 9 Low limit SINT Immediate Tag Value of lower limit
s INT

High Lirnit ? DINT
7 REAL

ASINT or INT tag converts to a DINT value by sign-extension.

Test SINT Immediate Tag Value to test
INT

DINT
REAL

ASINT or INT tag converts to a DINT value by sign-extension.

High limit SINT Immediate Tag Value of upper limit
INT

DINT
REAL

ASINT or INT tag converts to a DINT value by sign-extension.

; Structured Text
=

Structured text does not have a LIM instruction, but you can achieve the same
results by 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;
Fisl LiInt_01 Function Block
ML
Limit Test (CIRC) Operand Type Format Description

] LowLimit Dest [ LIM tag FBD_LIMIT Structure LIM structure

O Test

] HighLimit
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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
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 LIM instruction.
HighLimit REAL Value of upper limit.
Valid = any float
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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 ...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#FFFF, which is equal to -1 decimal.

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 The instruction is true if the test value is equal to or outside the low and high
limit
0
-1 +1
LowLimit High Limit
High Limit Low Limit
—(n+1) +n

—(n+1) +n

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 false.

Comparison s true. Rung-condition-out s 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

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

Enableln is set

The instruction executes.
EnableQut is set.

Postscan

No action taken.
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Example 1: Low Limit < High Limit:

244

When 0 < value > 100, set light_1. If value < 0 or value >100, clear light 1.

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

Liki_01
LM
o Limit Test (CIRE)
LowuLimit [est
o
HighLimit
100

u]
— —

(00 -
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=1 light_1

Relay Ladder
LIM light_1
Limit Test [CIRC) 7
Lo Lirnit I}
Test value
|:| =
High Lirnit 100
Structured Text
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Example 2: Low Limit > High Limit:

When value > 0 or value < —100, set light_1. If value < 0 or value >—100,
clear light 1.

Relay Ladder
LIM light_1
Limit Test [CIRC) 7
Lo Lirnit I}
Test value
|:| =
High Lirnit 100
Structured Text

IF (0 <=-100 AND value >= 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

Lit_01
Lb
DD_I—[ Limit Test (CIRE)
o
Lowlimit [rast — — o light_1
. [ tight 1]
HighLimit
100
-100 u
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Mask Equal To (MEQ) The MEQ instruction passes the Source and Compare values through a Mask
and compares the results.
Operands:
_ Relay Ladder
MED
— Mask Equal —
Source 7 Operand Type Format Description
27
b azk 9 Source SINT Immediate Tag Value to test against Compare
el INT
Compare ? DINT
e
ASINT or INT tag converts to a DINT value by zero-fill.
Mask SINT Immediate Tag Defines which bits to block or pass
INT
DINT
ASINT or INT tag converts to a DINT value by zero-fill.
Compare SINT Immediate Tag Value to test against Source
INT
DINT
ASINT or INT tag converts to a DINT value by zero-fill.
) Structured Text

Structured text does not have an MEQ instruction, but you can achieve the same

results by using structured text.

IF (Source AND Mask) = (Compare AND Mask) THEN

<Sstatement>;

END_IF;
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Function Block

B MEZ_01
MEZ ]
Mask Equal Operand Type Format Description
MEQ tag FBD_MASK_EQUAL Structure MEQ structure
] Source Dest [0
[ hask
O Compare
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 s 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
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 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 are all the same data

tpr.

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 Immediate Mask Value

When you enter a mask, the programming software defaults to decimal values. If
you want to enter a mask by using another format, precede the value with the

correct prefix.

Prefix Description
16# Hexadecimal
For example; 16#0FOF
8 Octal
For example; 8#16
24 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

Wasked Source =
Masked Compare

Rung-condition-out is set
to true.

Rung-condition-out is set
to false.

>
i

Postscan

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

Fa

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, the instruction does nothing, and the outputs are not updated.

Enableln is set

The instruction executes.
EnableQut is set.

Postscan

No action taken.
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Example 1: If the masked value_I is equal to the masked value 2, set light_1. If the masked
value_1 is not equal to the masked value_2, clear light_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).

value_1 ‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1‘value_Z ‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘0‘0‘0‘0‘
mask_1 ‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘mask_1 ‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘
masked value_1 ‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘x‘x‘x‘x‘maskedvalue_2 ‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘x‘x‘x‘x‘
Relay Ladder
b azk Equal e Iigﬁtﬂj
Source walue_1
ZHOTOT_0101_1111_1111 €
b azk, mazk_1
2#1111_1111_1111_0000 €
Compare walue_2
ZHOT01_0107_1111_0000 €

Structured Text

light_1:= ((value_1 AND mask_1)=(value_2 AND mask_2));

Function Block

WEQ_01
WEQ _|
o Mask Equal
[wei n q
u]
Souree Lesd [(— — — —] light_1
. [ tight 1
Compare
u]
[z o
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Example 2: If the masked value_I is equal to the masked value 2, set light_1. If the masked
value_1 is not equal to the masked value_2, clear light_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).

value 1 ‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1‘value_Z ‘0‘1‘0‘1‘0‘1‘0‘1‘1‘1‘1‘1‘0‘0‘0‘0‘

mask_1 ‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘1‘1‘1‘1‘mask_1 ‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘1‘1‘1‘1‘

masked value_1 ‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘1‘1‘1‘1‘maskedvalue_2 ‘X‘X‘X‘X‘X‘X‘X‘X‘X‘X‘X‘X‘O‘O‘O‘O‘

Relay Ladder

ME ight_1
0 Igf“.

hd azk, Equal
Source walue_1
aHmo_maoi_1i_111 €
b azk, mazk_1
2H0000_0000_0000_1111 €
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

MEDR _I
ul

[raet 2o e Faue!
a

Source Lest (— — — —] light_1

Jul

Compare
walue_2 O

u]
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Not Equal To (NEQ) The NEQ instruction tests whether Source A is not equal to Source B.

Operands:

Relay Ladder

MEL

— Mot Equal — Operand Type Format Description

Source &, ?

Source B ? INT
7 DINT

REAL

string

s Source A SINT Immediate Tag Value to test against Source B

Source B SINT Immediate Tag Value to test against Source A

INT
DINT
REAL
string

e Ifyouentera 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.

o 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
an expression. This expression evaluates whether sourceA is not equal to sourceB.

See Structured Text Programming for information on the syntax of expressions

within structured text.

F NEQ_01 Function Block
NED ]
Operand Type Format Description
Mot Equal
NEQ tag FBD_COMPARE Structure NEQ structure
O Sources Lrest [6
] Sourced
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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 s 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.

When you compare strings:
o strings are not equal if any of their characters do not match.

o ASCII characters are case sensitive. Upper case ‘A’ ($41) is not equal to
lower case @’ ($61).

ASClI Characters Hex Codes
1ab $31%61%62
L A Gr 1b $31562
es e A 541
se at
r er AB $41%42 — AB<B
B 42 —
1
a %61 — a>B
| 561562

Arithmetic Status Flags: Not affected
Fault Conditions: None

Execution:
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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.

Y

Postscan

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

Fa

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: Ifvaluc_Iis not equal to value 2, set light 4.1f value_I is equal to value_2, clear

light 4.
Relay Ladder
MEQ light_4
Mot Equal
Source & value_1
0+
Souce B wvalue_2
ne
Structured Text

light_4 := (value_1 <> value_2);

Function Block

HE@_04

HEQ _l

Mot Equal

o o
| value1 p Sourced Dest [f— — —&] light_4

SourceB
e

u]
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Compute/Math Instructions
(CPT, ADD, SUB, MUL, DIV, MOD, SQR, SQRT, NEG, ABS)

Topic Page
Compute (CPT) 257
Add (ADD) 261
Subtract (SUB) 265
Multiply (MUL) 268
Divide (DIV) 271
Modulo (MOD) 276
Square Root (SQR) 280
Negate (NEG) 283
Absolute Value (ABS) 286

The compute/math instructions evaluate arithmetic operations by using an
expression or a specific arithmetic instruction.

If you want to Use this instruction Available in these languages Page

Evaluate an expression CPT Relay ladder 257
Structured text")

Add two values ADD Relay ladder 261
Structured text®

Function block

Subtract two values SuB Relay ladder 265
Structured text?
Function block

IND
N
oo

Multiply two values MUL Relay ladder
Structured text?
Function block

N
~
—

Divide two values DIV Relay ladder
Structured text?
Function block

Determine the remainder after one value is divided by another | MOD Relay ladder 276
Structured text®
Function block
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If you want to Use this instruction Available in these languages Page
(alculate the square root of a value SQR Relay ladder 280
SQRT® Structured text
Function block
Take the opposite sign of a value NEG Relay ladder 283
Structured text?)

Function block

Take the absolute value of a value ABS Relay ladder
Structured text
Function block

N
(o=
N

(1) There is no equivalent structured text instruction. Use other structured text programming to achieve the same result. See the description for the instruction.
(2) Thereis no equivalent structured text instruction. Use the operator in an expression.

(3) 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 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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COmpute (CPT) The CPT instruction performs the arithmetic operations you define in the

expression.

IMPORTANT  Ifx**yis used, all variables (including constants) will be converted to REALs.
This can result in the Destination being rounded or the loss of precision/

resolution.
Operands:
_ Relay Ladder
CPT
— Compute —
Dzt 7 Operand Type Format Description
27
. - Destination SINT Tag Tag to store the result

Eupreszion ? INT
DINT
REAL

Expression SINT Immediate Tag An expression consisting of tags and/or immediate

INT values separated by operators
DINT
REAL
ASINT 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 by using an assignment and expression.

destination := numeric_expression;

See Structured Text Programming for information on the syntax of assignments
and expressions within structured text.

Description: 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 limit to the length of an expression.
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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 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 va/ue_I multiplied by S and
divides that result by the result of va/ue_2 divided by 7 and places the final result
in result 1.

CPT

Compute

Dest result_1
noe

Expreszzion [walue_175])/value_2/7)

Example 2: When enabled, the CPT instruction truncates float_value_1 and float_value_2,
raises the truncated floar_value_2 to the power of two and divides the truncated
float_value_1 by that result, and stores the remainder after the division in
Sfloat_value_result_cpt.

CPT

Compute

Dzt float_value_result_cpt
14.000061 &

Ewxprezzion  [tralfloat_wvalue_1]IMODA(float_value_2]52]
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Valid Operators
Operator Description Optimal Operator Description Optimal
+ add DINT, REAL M0D modulo-divide DINT, REAL
- subtract/negate DINT, REAL NOT bitwise complement DINT
* multiply DINT, REAL OR bitwise OR DINT
/ divide DINT, REAL RAD degrees to radians DINT, REAL
** exponent (x to y) DINT, REAL SIN sine REAL
ABS absolute value DINT, REAL SQR square root DINT, REAL
ACS arc cosine REAL TAN tangent REAL
AND bitwise AND DINT TOD integer to BCD DINT
ASN arcsine REAL TRN truncate DINT, REAL
ATN arctangent REAL XOR bitwise exclusive OR DINT
0S cosine REAL
DEG radians to degrees DINT, REAL
FRD BCD to integer DINT
LN natural log REAL
L0G log base 10 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 ‘tag_b+5

«tag_c AND tag_d

+(tag_e ** 2) MOD (tag_f/ tag_g)

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012

259



Chapter 6

Compute/Math Instructions (CPT, ADD, SUB, MUL, DIV, MOD, SQR, SQRT, NEG, ABS)

260

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

3. *%
IMPORTANT: If x**y is used, the CPT instruction will be
calculated using REALs. This may result in the Destination
being rounded or the loss of precision/resolution.

4. — (negate), NOT

5. *,/,MOD

6. — (subtract), +

7. AND

8. XOR

9. OR
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Add (ADD)

Operands:

A0D
— Add
Source &, ?
T
Source B ?
T
Dzt ?
T

dCSt := sourceA + SOU_I'CCB;

The ADD instruction adds Source A to Source B and places the result in the

Destination.

Relay Ladder

Operand

Type

Format

Description

Source A

SINT
INT
DINT
REAL

Immediate Tag

Value to add to Source B

ASINT or INT tag converts to a DINT value by sign-extension.

Source B

SINT
INT
DINT
REAL

Immediate Tag

Value to add to Source A

ASINT or INT tag converts to a DINT value by sign-extension.

Destination

SINT
INT
DINT
REAL

Tag

Tag to store the result

Structured Text

Use the plus sign “+” as an operator within an expression. This expression adds

sourceA to sourceB and stores the result in dest.

See Structured Text Programming for information on the syntax of expressions

within structured text.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012

261



Chapter6  Compute/Math Instructions (CPT, ADD, SUB, MUL, DIV, MOD, SQR, SQRT, NEG, ABS)

P ADD_01 Function Block
ADD |Z|
add Operand Type Format Description
ADD tag FBD_MATH Structure ADD structure
O Sources Crest O
O Sourced

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 s 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.
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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.

Fa

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: Addfloar value I to float_value 2 and place the result in add_result.

Relay Ladder
A0D

— 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_0E
ARD
Add
oo
Dest

float_walue_1 i Sources

SourceB

a0
float_walue_2
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Subtract (SU B) The SUB instruction subtracts Source B from Source A and places the result in

the Destination.

Operands:

o
— Subtract —

Source &, ?
T

SUE Relay Ladder

Operand Type Format Description

Source B ? Source A SINT Immediate Tag Value from which to subtract Source B
s
o INT

s
_ REAL

ASINT or INT tag converts to a DINT value by sign-extension.

Source B SINT Immediate Tag Value to subtract from Source A
INT

DINT
REAL

ASINT 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 Structured Text Programming for information on the syntax of expressions

within structured text.
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P suB_01 Function Block
sUB |Z|
Operand Type Format Description
Subtract P P P
SUB tag FBD_MATH structure SUB 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 s 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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= 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: Subtract float_value_2 from float_value_I 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

SuE_04

suB

Subtract

0.0 0.0
float_walue_1 T Sources [rest 0 subtract result
SourceB
a0
float_walue_2
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Mu|t|ply (MU L) The MUL instruction multiplies Source A with Source B and places the result in

the Destination.

Operands:

UL Relay Ladder

—— Multiply —

Source & ; Operand Type Format Description

2 Source A SINT Immediate Tag Value of the multiplicand
7 INT

Cest . 7' DINT
7 REAL

Source B

ASINT or INT tag converts to a DINT value by sign-extension.

Source B SINT Immediate Tag Value of the multiplier
INT

DINT
REAL

ASINT 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 Structured Text Programming for information on the syntax of expressions
within structured text.
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E MUL_04

Function Block

UL E
Multiphy Operand Type Format Description
MUL tag FBD_MATH Structure MUL 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 s 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

Arithmetic Status Flags:
Fault Conditions:

Execution:

the Destination.
Arithmetic status flags are affected.

None

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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= 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: Multiply float_value_I by float_value_2 and place the result in multiply_result.

Relay Ladder
b LIL
—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

mMUL_04

hALIL _I

hdultiply

0.0 0.0
float_walue_1 Tt Sourced [rest | multiply_result
SourceB
0.0
float_walue_2
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Divide (DIV)

dest := sourceA / sourceB;

Operands:
Dl
Divide —
Source & ?
"
Source B ?
"
Drest 7
"

The DIV instruction divides Source A by Source B and places the result in the

Destination.

Relay Ladder

Operand

Type

Format

Description

Source A

SINT
INT
DINT
REAL

Immediate Tag

Value of the dividend

ASINT or INT tag converts to a DINT value by sign-extension.

Source B

SINT
INT
DINT
REAL

Immediate Tag

Value of the divisor

ASINT or INT tag converts to a DINT value by sign-extension.

Destination

SINT
INT
DINT
REAL

Tag

Tag to store the result

Structured Text

Use the divide sign /” as an operator in an expression. This expression divides
sourceA by sourceB and stores the result in desz.

See Structured Text Programming for information on the syntax of expressions

within structured text.
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B Div_01

Function Block

D:::E E Operand Type Format Description
DIVtag FBD_MATH structure DIV structure
] Sourced Dest 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 not a REAL, the instruction handles the fractional portion
of the result as follows:
If source A Then the fractional portion | Example
of the result
And Source B are not REALs Truncates Source A DINT 5
Source B DINT 3
Destination DINT 1
Or Source B is a REAL Rounds Source A REAL 5.0
Source B DINT 3
Destination DINT 2
The destination is set as follows.
If Source B (the divisor) is zero:
¢ A minor fault occurs:
- Type 4: program fault
- Code 4: arithmetic overflow
o 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, or DINT) > > Source A
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If source B is zero and And the destination is a And the result is Then the destination is set to
At least one operand is a REAL SINT, INT, or DINT Positive -1
Negative 0
REAL Positive 1.% (positive infinity)
Negative -1.$ (negative infinity)

Arithmetic Status Flags:

Fault Conditions:

To detect a possible divide-by-zero, examine the minor fault bit (S:MINOR). See
Logix5000 Controllers Common Procedures Programming Manual, publication.

1756-PM001.

Arithmetic status flags are affected.

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.
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 1: Divide float_value_I by float_value 2 and place the result in divide_result.

Relay Ladder
DI

— Divide
Source & float_value_1
noe
Source B float_value_2
G
Dest divide_rezult
noe

Structured Text

divide_result := float_value_1 / float_value 2;

Function Block

Dlv_0z

o _|

Divide

0.0 0.0
float_wvalue_1 t Sources [rest | divide_result
SourceB
0.0
float_wvalue_2
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Example 2: The DIV and MOV instructions work together to divide two integers, round the

result, and place the result in an integer tag:

o The DIV instruction divides dint_a by dint_b.

o To round the result, the Destination is a REAL tag. (If the destination was
an integer tag (SIN'T, INT, or DINT), the instruction would truncate the

result.)

o The MOV instruction moves the rounded result (real_temp) from the

DIV to divide result rounded.

o Since divide_result_rounded is a DINT tag the value from real_temp is

rounded and placed in the DINT destination.

Relay Ladder
Dl
Diivide
Source & dint_a
F&e
Source B dint_h
de
Dest real_temp
1 BEREEEE €

kO
Move
Source real_temp
1. BERRERE &
Dest  divide_rezult_rounded
=x
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Modulo (MOD) The MOD instruction divides Source A by Source B and places the remainder in

the Destination.

Operands:

Relay Ladder

: 0D
b odula

Source A 7

o Operand Type Format Description

Source B ? Source A SINT Immediate Tag Value of the dividend
7 INT
Dest ? DINT

77 REAL

ASINT or INT tag converts to a DINT value by sign-extension.

Source B SINT Immediate Tag Value of the divisor
INT

DINT
REAL

ASINT 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 MOD sourceB; Use MOD as an operator in an expression. This expression divides sourceA by
sourceB and stores the remainder in desz.

See Structured Text Programming for information on the syntax of expressions

within structured text.
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Function Block

B MOD_04
Moo ]
hadula Operand Type Format Description
d Sourcen Dest MOD tag FBD_MATH Structure MOD structure
] Sourced
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 s 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, the following happens:
o A minor fault occurs:
- Type 4: program fault
— Code 4: arithmetic overflow
o 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, or DINT) > > Source A
At least one operand is a REAL SINT, INT, or DINT Positive -1
The S:N and S:Z flags are not set.
Negative 0
REAL Positive 1.% (positive infinity)
Negative -1.% (negative infinity)

IMPORTANT

The MOD instruction does not capture an overflow that may have occurred

during the calculation. If an overflow occurs, a minor fault will be generated,

but the S:V bit will not be set.

To detect a possible divide-by-zero, examine the minor fault bit (S:MINOR).

See Logix5000 Controllers Common Procedures Programming Manual,

publication 1756-PM001.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012

277


http://literature.rockwellautomation.com/idc/groups/literature/documents/pm/1756-pm001_-en-e.pdf

Chapter6  Compute/Math Instructions (CPT, ADD, SUB, MUL, DIV, MOD, SQR, SQRT, NEG, ABS)

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 i 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.

Postscan No action taken.
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Example: Divide dividend by divisor and place the remainder in resmainder. In this example,
three goes into 10 three times, with a remainder of one.

Relay Ladder

+OD
—{ Modulo

Source & dividend
10#

Source B divizar
ae

Dest remnainder
1¢

Structured Text

remainder := dividend MOD divisor;

Function Block

MOD_04

hAOL

Modulo

oo

=

Cest

SourceB
0.0
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Square Root (SQR)

Operands:

50A
— Square Root —
Source ?
T
Dzt ?
T

dest := SQRT (source);

The SQR instruction computes the square root of the Source and places the
result in the Destination.

Relay Ladder

Operand Type Format Description

Source SINT Immediate Tag Find the square root of this value
INT

DINT
REAL

ASINT or INT tag converts to a DINT value by sign-extension.

Destination SINT Tag Tag to store the result
INT

DINT
REAL

Structured Text

Use SQRT as a function. This expression computes the square root of source and
stores the result in desz.

See Structured Text Programming for information on the syntax of expressions

within structured text.

Fa sQR_01 Function Block
S0R |Z|
Operand Type Format Description
Square Root
SQR tag FBD_MATH_ADVANCED Structure SQR 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.
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Description: If the Destination is not a REAL, the instruction handles the fractional portion

of the result as follows:

If the source is Then the fractional portion | Example
of the result
Not a REAL Truncates Source DINT 3
Destination DINT 1
AREAL 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: 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.
= 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 square root of value 1 and place the result in sqr_result.

Relay Ladder

SOR
—— Square Root
Source walue_1
0+
Dest  sgr_result
noe

Structured Text

sqr_result := SQRT (value_1);

Function Block

SQR_01

SQR _I

Square Roaot

o oo
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The NEG instruction changes the sign of the Source and places the result in the

Negate (NEG)

Destination.
Operands:
_ Relay Ladder
NEG
— Megate —
Source ?3 Operand Type Format Description
Dest 7 Source SINT Immediate Tag Value to negate
27 INT
DINT
REAL
ASINT or INT tag converts to a DINT value by sign-extension.
Destination SINT Tag Tag to store the result
INT
DINT
REAL

; Structured Text

Use the minus sign ‘= as an operator in an expression. This expression changes
the sign of source and stores the result in desz.

dest := -source;

See Structured Text Programming for information on the syntax of expressions

within structured text.

Fa NEG._ 01 Function Block
ME G |I|
Operand Type Format Description
Megate
NEG tag FBD_MATH_ADVANCED Structure NEG structure
O Source Lest O
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.
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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.
= 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.
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Example: Change the sign of value_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
NEG L]
Megate
0 0.0
Rockwell Automation Publication 1756-RM0030-EN-P - November 2012 285



Chapter6  Compute/Math Instructions (CPT, ADD, SUB, MUL, DIV, MOD, SQR, SQRT, NEG, ABS)

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
Dast ' 7 Source SINT Immediate Tag Value of which to take the absolute value
o INT
DINT
REAL

ASINT 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 dest.

See Structured Text Programming for information on the syntax of expressions

within structured text.

Fa 4B 01 Function Block
ABS E
Operand Type Format Description
Absolute Walue P » P
ABS tag FBD_MATH_ADVANCED structure ABS 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 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.
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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 s true Destination = | Source |

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.

EnableOut is set.
Postscan No action taken.
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Example: Place the absolute value of value_1I into value_1_absolute. In this example, the
absolute value of negative four is positive four.

Relay Ladder

ABS
Abzolute Walue
Source walue_1
e
Dest walue_1_abszolute
44

Structured Text

value_1_absolute := ABS(value_1);

Function Block

ABS_04

ABS |

Absolute Value

l Source Dest - O walue_1_absolute
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Move/Logical Instructions
(MOV, MVM, BTD, MVMT, BTDT, CLR, SWPB, AND, OR, XOR, NOT, BAND,

BOR, BXOR, BNOT)

Topic Page
Move (MOV) 291
Masked Move (MVM) 293
Masked Move with Target (MVMT) 29
Bit Field Distribute (BTD) 299
Bit Field Distribute with Target (BTDT) 302
Clear (CLR) 306
Swap Byte (SWPB) 308
Bitwise AND (AND) 312
Bitwise OR (OR) 316
Bitwise Exclusive OR (XOR) 320
Bitwise NOT (NOT) 324
Boolean AND (BAND) 327
Boolean OR (BOR) 330
Boolean Exclusive OR (BXOR) 333
Boolean NOT (BNOT) 336

The move instructions modify and move its, and the logical instructions perform
operations on bits.

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.
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If you want to Use this instruction Available in these languages Page

Copy a value MoV Relay ladder 291
Structured text")

Copy a specific part of an integer MVM Relay ladder 293

Copy a specific part of an integer in function block MVMT Structured text 296
Function block

Move bits within an integer or between integers BTD Relay ladder 299

Move bits within an integer or between integers in function BTDT Structured text 302

block Function block

Clearavalue (LR Structured text") 306
Relay ladder

Rearrange the bytes of a INT, DINT, or REAL tag SWPB Relay ladder 308
Structured text

(1) There is no equivalent structured text instruction. Use other structured text programming to achieve the same result. See the description for the instruction.
The logical instructions perform operations on bits.
If you want to Use this instruction Available in these languages Page
Bitwise AND Operation Bitwise AND Relay ladder 312
A Structured text®

Function block

Bitwise OR operation Bitwise OR Relay ladder 316
Structured text?
Function block

Bitwise, exclusive OR operation Bitwise XOR Relay ladder 320
Structured text?
Function block

Bitwise NOT operation Bitwise NOT Relay ladder 324
Structured text®
Function block

Logically AND as many as eight boolean inputs. Boolean AND (BAND) Structured text? 327
Function block

Logically OR as many as eight boolean inputs. Boolean OR (BOR) Structured text® 330
Function block

Perform an exclusive OR on two boolean inputs. Boolean Exclusive OR (BXOR) Structured text? 333
Function block

Complement a boolean input. Boolean NOT (BNOT) Structured text® 336
Function block

(1) Structured text only.

(2) Instructured text, the AND, OR, XOR, and NOT operations can be bitwise or logical.
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Move (MOV)

dest := source;

Operands:
b 010
b ove —
Source ?
7
Dzt ?
7
Description:

The MOV instruction copies the Source to the Destination. The Source remains

unchanged.
Relay Ladder
Operand Type Format Description
Source SINT Immediate Value to move (copy)
INT Tag
DINT
REAL
ASINT or INT tag converts to a DINT value by sign-extension.
Destination SINT Tag Tag to store the result
INT
DINT
REAL
Structured Text

Use an assignment “:=" with an expression. This assignment moves the value in

source to dest.

See Structured Text Programming for information on the syntax of expressions

and assignments within structured text.

The MOV instruction copies the Source to the Destination. The Source remains

unchanged.
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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 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
kA 1

— Move
Source walue_1
0+
Dzt walue_2
G

Structured Text

value 2 :=value 1I;
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Masked Move (MVM)

Operands:

MM

— Mazked Move —
Source ?
T
b azk, ?
T
Dzt ?
T

dest := (Dest AND NOT (Mask))
OR (Source AND Mask);

Description:

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 296.

Relay Ladder

Operand Type Format Description
Source SINT Immediate Value to move
INT Tag
DINT
ASINT or INT tag converts to a DINT value by zero-fill.
Mask SINT Immediate Which bits to block or pass
INT Tag
DINT
ASINT or INT tag converts to a DINT value by zero-fill.
Destination SINT Tag Tag to store the result
INT
DINT
Structured Text

This instruction is available in structured text as MVMT. Or you can combine
bitwise logic within an expression and assign the result to the destination. This
expression performs a masked move on Source.

See Structured Text Programming for information on the syntax of expressions

and assignments within structured text.

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
Y g g

you want to enter a mask by using another format, precede the value with the
correct prefix.

Prefix Description
164 Hexadecimal
For example; 16#0FOF
8 Octal
For example; 8#16
24 Binary
For example; 2400110011

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 i set to false.

294

Example: Copy data from value_a to value_b, while allowing data to be masked (a 0 masks
the data in value a).

‘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‘

‘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 0‘1‘0‘1‘

‘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‘

‘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 bits that changed in value_b.
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Chapter 7
Relay Ladder
bl
M azked Move
Source value_a
2Hmo_moi_moi_moi_moi_moi_moi_omaot €
b azk, mazk_2
281111_0000_1111_0000_1111_0000_1111_0000 €
Dzt value_b
_1T_ i €

Structured Text

value_b := (value_b AND NOT (mask_2)) OR
(value_a AND mask_2);
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Masked Move with Target

(MVMT)

Operands:

The MVMT instruction first copies the Target to the Destination. Then the
instruction compares 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 293.

MVMT(MVMT_tag); StructurEd Text
Variable Type Format Description:
MVMT tag FBD_MASKED_MOVE Structure MVMT structure
= MVMT 0 Function Block
P AT =i
Mo Wifith Mask mith Target Operand Type Format Description
MVMT tag FBD_MASKED_MOVE Structure MVMT structure
O Source Lest O
] hdask
] Target
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 bits 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
Output Parameter Data Type Description
EnableOut BOOL The instruction produced a valid result.
Dest DINT Result of masked move instruction. Arithmetic status flags are set for this output.
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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 by Using an Input Reference

When you enter a mask, the programming software defaults to decimal values. If
you want to enter a mask by using another format, precede the value with the
correct prefix.

Prefix Description
16# Hexadecimal
For example; 16#0FOF
8t Octal
For example; 8416
24 Binary
For example; 2400110011

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 EnableOut is cleared, the instruction does nothing, and the outputs | N/A

are not updated.
Enableln is set The instruction executes. Enableln is always set.

EnableOut 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 |o|1|o|1 o|1|o|1 o|1|o|1 o|1|o|1 o|1|o|1 o|1|o|1 o|1|o|1 o|1|o|1|

Mask1 |1|1|1|1 o|o|o|o 1|1|1|1 o|o|o|o 1|1|1|1 o|o|o|o 1|1|1|1 o|o|o|o|

Dest |o|1|o|1 1|1|1|1 o|1|o|1 1|1|1|1 o|1|o|1 1|1|1|1 o|1|o|1 1|1|1|1|

The shaded boxes show the bits that changed.

Structured Text
MVMT_01.Source := value_1;
MVMT _01.Mask := maskl1;
MVMT_01.Target := target;
MVMT(MVMT_01);

value_masked := MVMT _01.Dest;

Function Block

MVMT D1

hilihAT _I
hazhed Move with Target
0 0

l Source [rest {0 walue_masked

Mask
0
l Target
0
EE:
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Chapter 7

Bit Field Distribute (BTD)

Operands:
BTD
Bit Field Digtribute —

Source ?
T
Source Bit ?
Dzt ?
T
Drezt Bit ?
Length ?

Description:

Arithmetic Status Flags:

Fault Conditions:

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 302.

Relay Ladder
Operand Type Format Description
Source SINT Immediate Tag that contains the bits to move
INT Tag
DINT
ASINT 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
(0-31DINT) the move
(0-15INT) Must be within the valid range for the Source data type
(0-7SINT)
Destination SINT Tag Tag where to move the bits
INT
DINT
Destination bit | DINT Immediate The number of the bit (lowest bit number) where to start
(0-31DINT) copying bits from the Source
(0-15INT) Must be within the valid range for the Destination data type
(0-7SINT)
Length DINT Immediate (1- | Number of bits to move
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.

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.
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 i set to false.
Example 1: When enabled, the BTD instruction moves bits within value_1.
BTD
Bit Field Distribute
Source walue_1
2H1111_1111_1111_1111_1111_1000_0000_0000 €
Source Bit 3
Dzt walue_1
2H1111_1111_1111_1111_1111_1000_0000_0000 €
Dest Bit 10
Length B
Destination Bit Source Bit

value_1 Before BTD Instruction ‘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‘
|

value_1 After BTD Instruction

300

HHHNDND DD DEEEEEEE

lofoofofHele[efefo]o]o]o 0[]

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_1I to value 2.

BTD
—— Bit Field Distribute
Source walue_1
281111_1111_1111_1111_1111_1000_0000_00a0 €
Source Bit 3
Dzt walue_2
2#0000_0000_0000_0000_0000_0000_000d_oaan €
Drezt Bit a
Length 10
source bit

value 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‘1‘

destination bit

'

value_2 Before BTD Instruction ‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘6‘0‘0‘0‘0‘0‘0‘0‘0‘6‘0‘0‘0‘

v v
value_2 After BTD Instruction ‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘0‘0‘0‘0‘0‘

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
instruction copies the specified bits from the Source, shifts the bits to the

Ta rget (BTDT) 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 299.

Operands:
BTDT(BTDT. tag); Structured Text
Variable Type Format Description
BTDT tag FBD_BIT_FIELD_DISTRIBUTE Structure BTDT structure
EI BTDT 01 Function Block
BTCDT |Z|
L o ) Operand Type Format Description
Bit Field Cristribute with Target
BTDT tag FBD_BIT_FIELD_DISTRIBUTE Structure BTDT structure
Source Cest O

5| SourceBit

[

I]

] Length
[ DestBit
O

Target
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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
DestBit DINT The bit position in Dest (lowest bit 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
EnableQut 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

Arithmetic Status Flags:

Fault Conditions:

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 are affected

None
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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 EnableOut is cleared, the instruction does nothing, and the outputs | N/A

are not updated.
Enableln is set The instruction executes. Enableln is always set.

EnableOut is set. The instruction executes.
Postscan No action taken. No action taken.

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 ‘o ‘o ‘o ‘o ‘o ‘o ‘o ‘o ‘o ‘o ‘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
Source ‘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 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
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Structured Text

BTDT 01.Source := source;

BTDT _01.SourceBit := source_bit;
BTDT_01.Length := length;
BTDT_01.DestBit := dest_bit;
BTDT_01.Target := target;
BTDT(BTDT_01);

distributed_value := BTDT _01.Dest;

Function Block

BTOT_01
BTDT _I
Bit Field Distribute with Target
0 Sourse Dest
|source_bit ;D—I o I—C SourceBit

0 length Length
dest_bit {7 DestAit

Target
0
s
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Clear (CLR)

Operands:
CLR
— Clear —
Dest ?
77
I dest:=0;
Description:

Arithmetic Status Flags:

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 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.

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 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 value to 0.

Relay Ladder

—— Clear
Dzt

LR

walue
999939 €

Structured Text

value := 0;
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Swap Byte (SWPB) The SWPB instruction rearranges the bytes of a value.
Operands:
Relay Ladder
SWPB y
—— Swap Byte —
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 isan | And you want to change the bytes to this pattern (each | Then select
letter represents a
different byte)
INT N/A Any of the options
DINT ABCD ? DCBA REVERSE (or enter 0)
REAL ABCD 2 CDAB WORD (or enter 1)
ABCD ? BADC HIGH/LOW (or enter 2)
Destination INT Tag Tag to store the bytes in the new order
E:E'H_ If the source isan | Then the destination must be an
INT INT
DINT
DINT DINT
REAL REAL
Structured Text

SWPB(Source,OrderMode,Dest);
The operands are the same as those for the relay ladder SWPB instruction. If you

select the HIGH/LOW order mode, enter it as HIGHLOW or HIGH_LOW
(without the slash).
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bar code reader

T:@) © @ﬂﬂ
HE

BA

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 7ot need to swap
characters. The ASCII read and write instructions (ARD, ARL, AWA, AW T)

automatically swap characters, as shown below.

42969

T

42968

4R
ASCI Read
Chame,ea a Tag Name Value Style Type
Diestination bar_code[0]
| wE'el — g bar_code[0] AB ASCll INT
SerialPort Caontral bar_code_read
SeralPort Control Length 2 €
Characters Read 2€

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. N/A

Rung-condition-in is true The rung-condition-out i set to true. N/A

Enableln is set

N/A

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.

Example 1: The three SWPB instructions each reorder the bytes of DINT'_I 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 order, in a different
Destination.

Relay Ladder

ShwFB Sw/FB Sh/FB
Swap Byte Swap Byte Swap Buyte
Source DIMT_1 Source DIMT_1 Source DIMT_1
'BECD" & BECD' & 'BECD' &
Order Mode REYERSE Order Mode WORD Order Mode HIGH L0,
Dest  DINT_1_reverse Dest DINT_1_swap_ward Dest DIMT_1_swap_high_low
‘DCBA & 'CDAR" & BADLC &
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Structured Text

SWPB(DINT_1,REVERSE,DINT _1_reverse);

SWPB(DINT_1L,WORD,DINT_1_swap_word);

SWPB(DINT_1,HIGHLOW,DINT_I_swap_high_low);

Example 2: 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.

Reverse the bytes in one element of ar7ay.

The SWPB instruction reverses the bytes of the element number that is
indicated by the value of index. For example, when index equals 0, the
SWPB instruction acts on array[0].

The ADD instruction increments index. The next time the instruction
executes, the SWPB instruction acts on the next element in ar7ay.
Determine when the SWPB instruction has acted on all the elements in
the array.

If index is less then the number of elements in the array (array_length),
then continue with the next element in the array.

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 Elerments
Dest index Source array[]
e N234' &
D, ToWary 1]
Size array_length
4 &
Reverse the bytes.
swap_bytes Sw'PE 400
[LEL ] Swap Bute Add
Source arrayfindes) Source &, 1
1234
Order Mode REVERSE Source B index
Dest aray_bytes_reverselindes] N«
4321 Dzt index
0&
Determine whether the SWPB instruction has acted on all the elements in the array.
LES swap_bytes
Lezs Than [4<B] M
Source &, index
0&
Source B amay_length
4%

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 by using the bits in
Source A and Source B and places the result in the Destination.

To perform a logical AND, see page 327.

Operands:

AND

Bibwize AMND
Source &, ?
T
Source B ?
T
Dzt ?
T

dest := sourceA AND sourceB

AND_OM
AMND |ZI
Bitwize AND
O Sources [rest
O SourceB

312

Relay Ladder
Operand Type Format Description
Source A SINT Immediate Value to AND with Source B
INT Tag
DINT

ASINT or INT tag converts to a DINT value by zero-fill.

Source B SINT Immediate Value to AND with Source A
INT Tag
DINT
ASINT or INT tag converts to a DINT value by zero-fill.

Destination SINT Tag Stores the result
INT
DINT

Structured Text

Use AND or the ampersand sign ‘&’ as an operator within an expression. This
expression evaluates sourceA AND sourceB.

See Structured Text Programming for information on the syntax of expressions

within structured text.

Function Block

Operand

Type

Format Description

AND tag

FBD_LOGICAL

Structure AND 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 s 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.
If the bit in Source A | And the bitinSource | The bitin the
is Bis destination is
0 0 0
0 1 0
1 0 0

Arithmetic Status Flags:

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.

Fault Conditions: None

Execution:

Relay Ladder

Arithmetic status flags are affected.

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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= 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 AND instruction performs a bitwise AND operation on
SourceA and SourceB and places the result in the Dest.

SourceA ‘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‘
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 ‘0‘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‘
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Relay Ladder
AMD
—| Bitwize AMND
Saurce & walue_1
2H0000_0000_0000_0107_0701_01o1_1111_1111 #
Source B value_2
2H0000_0000_0000_1111_1111_0000_0000_0000 €
Dest value_result_and
2R0000_0000_0000_0707_07 01 _0000_0000_o000 <
Structured Text
value_result_and :=value_1 AND value_2;
Function Block
AND_04
AND
Bitwise AND
0 0
SourceB
ul
ETERD"
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Bitwise OR (OR) The OR instruction performs a bitwise OR operation by using the bits in Source
A and Source B and places the result in the Destination.
Operands:
Relay Ladder
R
— Bitwize Inclusive OR  —
Source &, ? Operand Type Format Description
77
Source B ’ 7 Source A SINT Immediate Value to OR with Source B
ey INT Tag
Dzt ? DINT
T
ASINT or INT tag converts to a DINT value by zero-fill.
Source B SINT Immediate Value to OR with Source A
INT Tag
DINT
ASINT or INT tag converts to a DINT value by zero-fill.
Destination SINT Tag Stores the result
INT
DINT

; Structured Text
=)

dest := source A OR sourceB
Use OR as an operator within an expression. This expression evaluates sourceA

OR sourceB.

See Structured Text Programming for information on the syntax of expressions
within structured text.

E OF_01 Function Block
* [
Bitwise Inclusive OR Operand Type Format: Description
OR tag FBD_LOGICAL Structure OR structure
O Sources Crest O
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 s 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.

Arithmetic Status Flags

Description: When enabled, the instruction evaluates the OR operation.

Fault Conditions:

If the bitin Source A | And the bit inSource

The bit in the destination

is Bis 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.

Execution:

Arithmetic status flags are affected.

None

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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= 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 ‘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
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 ‘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
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Relay Ladder

]
)

— Bitwize Inchuzive OR
Source A

Source B

Dest

ZH0000_0000_0000_0101_0101_0101_1111_1111 &
2HO000_0000_0000_1111_1111_0000_0000_0000 «
PHO000_0000_0000_1111_1111_0101_1111_1111 &

value 1
value 2

value_result_or

Structured Text

value_result_or :=value_1 OR value_2;

Function Block

OR_01

a3

il

walue_1 O Sourced

1

Bitwize Inclusive OR

Drest

u]
] walue_result_or

SourceB
u}
[awz
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Bitwise Exclusive OR (XOR)

The XOR instruction performs a bitwise XOR operation by using the bits in
Source A and Source B and places the result in the Destination.

To perform a logical XOR, see page 333.

Operands:

_ Relay Ladder
s
— Bitwige Exclusive OF —
Source A ? Operand Type Format Description
"
Source B 2 Source A SINT Immediate Value to XOR with Source B
s INT Tag
Deszt 7 DINT
"
ASINT or INT tag converts to a DINT value by zero-fill.
Source B SINT Immediate Value to XOR with Source A
INT Tag
DINT
ASINT or INT tag converts to a DINT value by zero-fill.
Destination SINT Tag Stores the result
INT
DINT
l Structured Text

dest := source A XOR sourceB . . . .
Use XOR as an operator within an expression. This expression evaluates sourceA

XOR sourceB.

See Structured Text Programming for information on the syntax of expressions
within structured text.

Function Block

XOR_04
X0 [

O M

Bitwize Excluzive OR

Sources

SourceB

[rest

320

Operand

Type

Format

Description

XOR tag

FBD_LOGICAL

Structure

XOR 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 s 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.

Arithmetic Status Flags

Description: When enabled, the instruction evaluates the XOR operation.

If the bit in Source A | And the bitinSource | The bitin the
is Bis 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.

Fault Conditions: None

Execution:

Relay Ladder

Arithmetic status flags are affected.

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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= 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.

value_1 ‘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
value_2 ‘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
value_result_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
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Relay Ladder
=OR
—{ Bibwize Excluzive OR

Source & walue_1
ZH0000_0000_Q000_01071_01m_Mm_1111_.1111 &

Source B value_2
ZH0000_0000_0000_1111_1111_0000_0000_Do0o &

Dest value_result_sor
ZH0000_0000_Q000_ 1010710700 _1111_1111 &

Structured Text

value_result_xor :=value_1 XOR value_2;

Function Block

ZOR_0M
XOR |
Bitwize Exclusive OR
u] )
SourceB
u]

walue_2 ;
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Bitwise NOT (NOT) The NOT instruction performs a bitwise NOT operation by using the bits in the

Source and places the result in the Destination.

To perform alogical NOT, see page 336.

Operands:
Relay Ladder
WNOT
— Bitwize NOT — Operand Type Format Description
Source ?
7 Source SINT Immediate Value to NOT
Dzt 7 INT Tag
I 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 := NOT source oy . . .
Use NOT as an operator within an expression. This expression evaluates NOT
source.
See Structured Text Programming for information on the syntax of expressions
within structured text.
NOT_01 Function Block
HOT |Z|
o Operand Type Format Description
Bitwise HOT
NOT tag FBD_LOGICAL Structure NOT structure
O Source Crest O
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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

EnableOut 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.

If the bitin the The bit in the destination
Source is 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: 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 NOT operation.
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: When enabled, the NOT instruction performs a bitwise NOT operation on
Source and places the result in Dest.
value_1 ‘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‘
value_result_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
— Bitwizge MOT NoT
Saurce walue_1
Z#0000_0000_0000_0101_0101_0107_1111_1111 €
est value_result_not
ZH1111_1111_1111_1010_1010_1010_0000_0000 €
Structured Text
value_result_not := NOT value_1;
Function Block
HOT_0d
NOT
Bitwise NOT
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Boolean AND (BAND) The BAND instruction logically AND as many as eight boolean inputs.

To perform a bitwise AND, see page 312.

Operands:

Structured Text
=)

IF operand A AND operandB THEN 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.

<statement>; . .
This expression evaluates whether operand A and operandB are both set (true).
See Appendix B for information on the syntax of expressions within structured
text.
E BAND_04 Function Block
BAND ]
Boolean And Operand Type Format Description
g Int out 5 BAND tag FBD_BOOLEAN_AND Structure BAND structure
£ Inz
E In3
g Ing
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 s set.
In1 BOOL First boolean input.
Default is set.
In2 BOOL Second boolean input.
Default s set.
In3 BOOL Third boolean input.
Default is set.
In4 BOOL Fourth boolean input.
Default s set.
In5 BOOL Fifth boolean input.
default s set.
In6 BOOL Sixth boolean input.
Default s set.
In7 BOOL Seventh boolean input.
Default is set.
In8 BOOL Eighth boolean input.
Default s set.
Output Parameter Data Type Description
EnableOut BOOL Enable output.
Out BOOL The output of the instruction.
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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 EnableQut is cleared.
Enableln is set The instruction executes.

EnableQut is set.
Postscan No action taken.

Example 1: This example ANDs bool_inl and bool_in2 and places the result in
value result and.

IfBOOL_IN1is IfBOOL_IN2 is 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

BAND_DA

BAND _I

Boolzan And

o u]
:l —f In1 Out (b— — walue_rezult_and

—+& In2
o |
E Ind

Example 2: Ifboth bool_in1 and bool_in2 are set (true), light1 is set (on). Otherwise, light1 is
cleared (off).

Structured Text

IF bool_in1 AND bool_in2 THEN

lightl :=1;
ELSE
light1 := 05
END_IF;
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Boolean OR (BOR)

IF operand A OR operandB THEN

<statement>;

Operands:

The BOR instruction logically OR as many as eight boolean inputs.

To perform a bitwise OR, see page 316.

Structured Text

Use OR as an operator within an expression. The operands must be BOOL
values or expressions that evaluate to BOOL values. This expression evaluates
whether operand A or operandB or both are set (true).

See Appendix B for information on the syntax of expressions within structured
text.

Function Block

E BOR_04
BOR ]
Boolean Or Operand Type Format Description
& Ind out o BOR tag FBD_BOOLEAN_OR Structure BOR structure
=] Inz
= In2
= Ind
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 s 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.
In8 BOOL Eighth boolean input.
Default is cleared.
Output Parameter Data Type Description
EnableOut BOOL Enable output.
Out BOOL The output of the instruction.
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Description: The BOR instruction ORs as many as eight boolean inputs. If an input is not
used, it defaults to cleared (0).

Out = Inl ORIn2 ORIn3 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 EnableQut is cleared.
Enableln is set The instruction executes.

EnableOut is set.
Postscan No action taken.

Example 1: This example ORs bool_inI and bool_in2 and places the result in value_result_or.

IfBOOL_IN1is IfBOOL_IN2 is Then VALUE_RESULT_OR s
0 0 0
0 1 1
1 0 1
1 1 1
Structured Text

value_result_or := bool_inl OR bool_in2;

Function Block

BOR_04

BOR _I

Boolean Or

u} u]
(i % oo —

—t] InZ
o |
E Ind
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Example 2: In this example, /ight1 is set (on) if the following occurs:
o Only bool_inl is set (true)
o Only bool_in2 is set (true)

e Both bool_inl and bool_in2 are set (true)

Otherwise, ightI is cleared (off).

Structured Text

IF bool_in1 OR bool_in2 THEN

lightl :=1;
ELSE
light1 := 0;
END_IF;
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Boolean Exclusive OR (BXOR) The BXOR performs an exclusive OR on two boolean inputs.

To perform a bitwise XOR, see page 320.

Operands:

Structured Text
=)

IF operandA XOR operandB THEN Use XOR as an operator within an expression. The operands must be BOOL

values or expressions that evaluate to BOOL values. This expression evaluates

<statement>; .
whether only operand A or only operandB is set (true).
END_IF; . . . . .
- See Appendix B for information on the syntax of expressions within structured
text.
E BXOR_01 Function Block
BXOR E
Boalean Exclusive O Operand Type Format Description
&l in1 out BXOR tag FBD_BOOLEAN_XOR Structure BXOR structure
= InZ
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 s set.
In1 BOOL First boolean input.
Default is cleared.
In2 BOOL Second boolean input.
Default is cleared.
Output Parameter Data Type Description
EnableOut BOOL Enable output.
Out BOOL The output of the instruction.

Description: The BXOR instruction performs an exclusive OR on two boolean inputs.

Out = Inl1 XOR In2
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

EnableQut is cleared.

Enableln is set

The instruction executes.
EnableQut is set.

Postscan

No action taken.

Example 1: This example performs an exclusive OR on bool_inI and bool_in2 and places the

result in value _result xor.

IfBOOL_IN1is IfBOOL_IN2 is Then VALUE_RESULT_XOR is
0 0 0
0 1 1
1 0 1
1 1 0
Structured Text

value_result_xor := bool_inl1 XOR bool_in2;

Function Block

BXOR_04

BXOR _|

Boolean Exclusive Or

a u]
(oot — el owfp —
—F] In2
o |
[oooinz

Example 2: 1In this example, Zight1 is set (on) if :
o Only bool_inl is set (true)
o Only bool_in2is set (true)

Otherwise, light1 is cleared (off ).
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Structured Text

IF bool_in1 XOR bool_in2 THEN

lightl :=1;
ELSE
light1 := 0;
END_IF;
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Boolean NOT (BNOT)

Operands:

IF NOT operand THEN

<statement>;

The BNOT instruction complements a boolean input.

To perform a bitwise NOT, see page 324.

Structured Text

Use NOT as an operator within an expression. The operand must be a BOOL
values or expressions that evaluate to BOOL values. This expression evaluates
whether operand is cleared (false).

See Structured Text Programming for information on the syntax of expressions

within structured text.

Function Block

B BNOT_04
BNOT ]
Boolean NOT Operand Type Format Description
dn Out b 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 s set.
In BOOL Input to the instruction.
Default is set.
Output Parameter Data Type Description:
EnableQut 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

EnableQut is cleared.

Enableln is set

The instruction executes.

EnableQut is set.

Postscan

No action taken.

Example 1: This example complements boo/_inI and places the result in value_result_not.

Example 2:

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012

IfBOOL_IN1 s

Then VALUE_RESULT_NOT is

0

1

1

0

Structured Text

value_result_not := NOT bool_inl;

Function Block

If bool_inl is cleared, light1 is cleared (off). Otherwise, light1 is set (on).

u}
(v e el

Structured Text

BHOT_04

BHOT

Boolean Mot

=

Ot

u]
— — walue_result_not

IF NOT bool_inl THEN

light1 := 05
ELSE
lightl := 1;
END_IF;
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Notes:
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Array (file)/Misc. Instructions
(FAL, FSC, COP, CPS, FLL, AVE, SRT, STD, SIZE)

Topic Page
Selecting Mode of Operation 340
File Arithmetic and Logic (FAL) 345
File Search and Compare (FSC) 357
Copy File (COP) Synchronous Copy File (CPS) 365
File Fill (FLL) 3N
File Average (AVE) 375
File Sort (SRT) 380
File Standard Deviation (STD) 385
Size In Elements (SIZE) 392

The file/miscellaneous instructions operate on arrays of data.

If you want to Use this instruction Available in these languages Page

Perform arithmetic, logic, shift, and function operations on FAL Relay ladder 345

values in arrays Structured text")

Search for and compare values in arrays FSC Relay ladder 357

Copy the contents of one array into another array cop Relay ladder 365
Structured text

Copy the contents of one array into another array without (PS Relay ladder 365

interruption Structured text

Fill an array with specific data FLL Relay ladder 3N
Structured text'")

(alculate the average of an array of values AVE Relay ladder 375
Structured text")

Sort one dimension of array data into ascending order SRT Relay ladder 380
Structured text

(alculate the standard deviation of an array of values STD Relay ladder 385
Structured text")

Find the size of a dimension of an array SIZE Relay ladder 392
Structured text

(1) 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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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.

Se|ecting Mode of Operation For FAL and FSC instructions, the mode tells the controller how to distribute

the array operation.

If You Want To Select This Mode

Operate on all of the specified elements in an array before continuing on to Al
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 rung-condition-in goes Incremental
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.

m One Scan

S —

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 4_

Rung-condition-in |
ENBit — |
DNBit —M8¥ — R
t Clears status bits and clears .POS
value.
Scan Of The Instruction H (

Operation Complete T L No execution occurs.

40010
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Numerical Mode

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.

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

T

instruction.

One Scan
<«

—  Second Scan

!
]

P

16641

IMPORTANT Avoid using the results of a file instruction operating in numerical mode
until the .DN bit is set.

342 Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Array (file)/Misc. Instructions (FAL, FSC, COP, CPS, FLL, AVE, SRT, STD, SIZE) ~ Chapter 8

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

—p ‘ Multiple Scans —p ‘ Multiple Scans ‘4—

Rung-condition-in ‘ ‘ ‘

EN Bit 4
.DN Bit ’7
Scan Of The Instruction J—H—HM JM
T | |
Operation Complete Operation Complete J

T 40013

Clears Status Bits And clears .POS Clears Status Bits And dlears .POS
Value Value

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.

K\_J

1st Instruction Enable

<+

2nd Instruction Enable
<4 -

3rd Instruction Enable
-

Last Instruction Enable
D — D —

16643

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012 343



Chapter 8

Array (file)/Misc. Instructions (FAL, FSC, COP, CPS, FLL, AVE, SRT, STD, SIZE)

344

Rung-condition-in

ENBit

.DN Bit

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.

_>2$aen ‘ 4_

] N

] L

AU .

Operation (ompleté | Clears Status Bits And clears .P0S
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 as follows:

o 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.

o 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 Arith/Logical
Contral
Length
Pozition
b ode
Dzt

Eupreszion

[ g

—CEM -
—DN—
—(ER—

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 ING, 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
INT Tag immediate values separated 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 by 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 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
instruction performs on elements.
The examples that start on page 352 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: Arithmetic status flags are affected.
Fault Conditions:
A major fault will occur if Fault type Fault code
Subscript is out of range 4 20
POS<0or.LEN<0 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.
.DNBit=0 No

Examine .DN Bit

.DN bit is cleared.
.POS value is cleared.

.EN bit is cleared.
.ER bitis cleared.

Yes

.EN bit is cleared.

Internal bit is cleared

ALL Mode

Yes

y

Rung-condition-out is set to
false.

-
Yes
Yes
No
No
.POS=.P0S -1
DN bit is set .
< (EN bit is set.
.DN bit is set.
- .EN bit is cleared.

LEN=0

No

Yes

Yes

Mode = .LEN

Numeric
Mode

.POS=.POS +1

No

page 351
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Condition Relay Ladder Action

Rung-condition-in is true.

* page 351
ERBit=0 Numeric
Examine .ER Bit T Mode
DNBit=0

ERBit=1 No
No No
Examine .DN Bit ALL Mode
DNBit=1 Yes Yes Yes
.DN bit is set.
- o ALL
.EN bit is set. Mode
page 349 page 350
(ommon | g

-

Loop_count =
Loop_count -1

v

N
Loop_count <0 0—» .POS=.POS+1
Yes *

Evaluate Expression

-

Yes

]

.DN bit is set. —
EN bitis set. P05 =-POS+1

Rung-condition-out is set to

true
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Condition Relay Ladder Action

ENBit=1
Examine .EN Bit

ENBit=0
. Bit =1
Bamine . g [ P0S=.POS+1
internal bit, SRa
Bit =0
-

Internal bit is set.

Yes Yes

No No

R

.DN bitis set.

.EN bitiis set. > v
Rung-condition-out is set to
true.

page 348 *
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Condition Relay Ladder Action
ALL
Mode
ENBit=0 : Bit=1
Examine .EN bit. Examlne .
internal bit,
Bit=0
—

y

.POS=POS+1 —

(EN bit s set.

Y
Yes
No

Loop_count = .LEN - .POS
.P0S=.P0S-1

‘ page 348

Yes

.DN bitis set .

.EN bitiis set. >

\/

Rung-condition-out is set to

true.

350
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Condition Relay Ladder Action

Numeric
Mode

ENBit=1
Examine .EN bit.

ENBit=0

.POS=.POS +1

Bit=1

Examine

internal bit.

Internal bit is set.

Yes Yes

No No

No

Mode = .LEN
|

Yes

.DN bitis set.

loop_count = .LEN - .POS
.P0S=P0S-1

page 348

EN bitis set.
Loop_count'= mode

y

(EN bit is set. (EN bit is set. >

Rung-condition-out is set to

true.

Postscan The rung-condition-out is set to false.
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Example 1: When enabled, the FAL instruction copies each element of 2r7zy_2 into the same
position within array_1.

Array-to-Array Copy
FaL =
—— File &rith/Lagical BN ——
Caontral contral_2 ::
Length 10% DN>—
Pazition ne
Mode AL ERT—
Dest array_1[contral_2 posg]
_ on< Expression: Destination:
Expression array_2[control_2 poz] array_Z[(ontrol_Z.pos] aray_ 7[(0,,”0/_2'[)05]
Example 2: When enabled, the FAL instruction copies value_1 into the first 10 positions of
the second dimension of array_2.
Element-to-Array Copy
FisL-
—— File Avith/Logical —CEN——

Control control_2

Length 10% FDND—

Pazition ne

Miode AL CERT—

Dest arra_l,.l_2[llcontm|_2.pgs‘]_ Expression: Destination:

Expression value 1 value_1 array_2[0,control_2.pos]

Example 3: Each time the FAL instruction is enabled, it copies the current value of ar72y_1I 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 value_I with the next value in array_1.

Array-to-Element Copy

FasL:
—— File Arith/Logical —EM—

Control control_1

Length 10% FDN—

Pasitian n€

Maode inc —CERT—

Dest value_1
o€

Expression array_1[control_1.pog] Expression: Destination:

array_1[control_1.pos] value_1

Example 4: When enabled, the FAL instruction adds value I and value 2 and stores the
result in the current position of array_1.

Arithmetic Operation: (Element + Element) to Array

FaL
— File &rith/Logical FENT—

Control control_1

Length 10¢ < DN3—

Pasition ne

Mode al —ERT—

Dest array_1[control_1.pos]

Expression value 1 + value_2 Expression: Destination:

value_1+ value_2 array_1[control_1.pos]
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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 ar7ay_3 and stores the result in
the current position of array_1.

Arithmetic Operation: (Array / Array) to Array

FAL

File Arith/Logical —EM— = =
Control control_2
Length 10 O — B —
Pasition ne
Mode al ERD— :t
Dest array_1[contral_2.pos]

0o+
Expression array_2fcontrol_2pos] / anay_3[contol_2. pos] Expression: Destination:

array_2[control_2.pos] / array_3[control_2.pos] array_1[control_2.pos]

Example 6: When enabled, the FAL instruction adds the value at the current position in
array_I to value_I and stores the result in the current position in a77ay_3. The
instruction must execute 10 times for the entire ar7ay_1 and array_3 to be

manipulated.
Arithmetic Operation: (Array + eEement) to Array
Fil-
—— File Arith/Logical —ENT—

Cotitrol contral_1
Length G0 ® —DN—
Pagition ne
tode g —ERT—
Dest array_3control_1.pos]

D L
Expression [aray_1[contral_1.pos]+value_1] Expression: Destination:

array_1[control_1.pos] + value_1 array_3{control_1.pos]
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Each time the FAL instruction is enabled, it adds value 1 to the current value of

array_I and stores the result in va/ue_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

Example 7:
value 2.
FaL
——1 File Arith/Logical —CEN —
Cotitrol contral_1
Length 10¢ —DN—
Position ne
tode inc —ERT—
Dest value_ 2
G
Expression value_1 + aray_1[contral_1.pos]

Example 8:

Arithmetic Operation: (Element + Array) to Element

Expression:
value_1+ array_1[control_1.pos]

Destination:
value_2

When enabled, the FAL instruction multiplies the current value of ar7ay_1 by the

current value of a77ay_3 and stores the result in value_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.

L
— File Aith/Logical —EM S ——
Control cantrol_1
Length 10% —DN—
Pasition ne
Mode inc —CERT—
Dest value_ 1
oe
Expression aray_1[control_1.pog] * amay_3[control_1.pos)

354

Arithmetic Operation: (Array * Array) to Element

o

Expression:
array_1[control_1.pos] * array_3[control_1.pos]
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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 M0D Modulo-divide DINT, REAL
- Subtract/negate DINT, REAL NOT Bitwise complement DINT
* Multiply DINT, REAL OR Bitwise OR DINT
/ Divide DINT, REAL RAD Degrees to radians DINT, REAL
** Exponent (xtoy) DINT, REAL SIN Sine REAL
ABS Absolute value DINT, REAL SQR Square root DINT, REAL
ACS Arc cosine REAL TAN Tangent REAL
AND Bitwise AND DINT TOD Integer to BCD DINT
ASN Arcsine REAL TRN Truncate DINT, REAL
ATN Arc tangent REAL XOR Bitwise exclusive OR DINT
0s Cosine REAL
DEG Radians to degrees DINT, REAL
FRD BCD to integer DINT
LN Natural log REAL
L0G Log base 10 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 o tag b+5

+ tag_cANDtag_d
+ (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

3. **

4. — (negate), NOT

5. *,1,MOD

6. — (subtract), +

7. AND

8. XOR

9. OR
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File Search and Compare

(FSC)

Operands:

The FSC instruction compares values in an array, element by element.

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 be manipulated
?
hEA)?S rz ssion ” Position DINT Immediate Of.fs.et into array '
Initial value is typically 0
CONTROL Structure
Mnemonic Data Type Description
.EN BOOL The enable bit indicates that the FSCinstruction is enabled.
.DN BOOL The done bit is set when the instruction has operated on the last element
(.POS = .LEN).
R BOOL The error bit is not modified.
AN BOOL The inhibit bit indicates that the FSCinstruction detected a true comparison. You must clear this bit to continue the search
operation.
.FD BOOL The found bit indicates that the FSCinstruction detected a true comparison.
LEN DINT The length specifies the number of elements in the array on which the instruction operates.
.P0S DINT The position contains the position 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 Major 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.

.DNBit=0

Examine .DN bit.

Yes

.EN bit is cleared. .EN bit is cleared. ALL Mode No

R bitis cleared.
.DN bitis cleared. Yes
.POS value is cleared.
-

.P0S=.P0S +1

L LEN=0

No
Yes

No

.POS=.P0S-1 Yes

No
.DN bitis set.
< .EN bit is set.
v Yes

DN bitiis set. Mode = LEN
- .EN bit is cleared.
Numeric
v Mode

page 351
Rung-condition-out is set to

false.

358 Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Array (file)/Misc. Instructions (FAL, FSC, COP, CPS, FLL, AVE, SRT, STD, SIZE)

Chapter 8

Condition Relay Ladder Action
Rung-condition-in is true.
page 351
_>
ERBit=0 Numeric
Examine .ER bit. No Mode
ERBit=1 .DNBit=0 No
No N
~—<_Examine..IN bit. S ALL mode
DNBit=1
‘.m Bit=0 Yes yes Yes
DN bitis set. ALL
~—<_Examine .DN bit. EN bitis set. Mode
DNBit=1 page 349 page 350
] -
DN Bit=0
' -
Loop_count =
- Loop_count -1
Loop_count < 0 NO—» .POS=.POS +1
yes +
Evaluate Comparison
-
.POS=.POS +1 (EN bitis set.
D bitis set.
¢ N bitis set.
.DN b'it‘is set. | POS= P05 +1
ENbitis set.
-
Rung-condition-out is
set to true.
Postscan The rung-condition-out is set to false.
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Example 1: Search for a match between two arrays. When enabled, the FSC instruction
compares each of the first 10 elements in ar72y_1 to the corresponding elements
inarvay 2.
FSC
— File Search/Caormpare - EM
Contral control_ 3 —CDM—
Length 0% ER—
Pazition ne
b ode ALL
Eupreszion array_1[control_3.poz] <> aray_2[control_3.poz)
Array_1 Array_2 Control_3.pos
00000000000000000000000000000000 00000000000000000000000000000000 0
00000000000000000000000000000000 00000000000000000000000000000000 1
00000000000000000000000000000000 00000000000000000000000000000000 2
00000000000000000000000000000000 00000000000000000000000000000000 3 The FSCinstruction finds that these elements are not
equal. The instruction sets the .FD and .IN bits. The
MMIMMIIIMMIMIMMIIIImInNIm MMM MIImIImInTIm 5 that are not equal. To continue comparing the rest of

the array, clear the .IN bit.



Array (file)/Misc. Instructions (FAL, FSC, COP, CPS, FLL, AVE, SRT, STD, SIZE) ~ Chapter 8

MySearchKey

Example 2: Search for a match in an array. When enabled, the FSC instruction compares the

MySearchKey to 10 elements in array_1.

F5SC
—— File Search/Compare L EM—

Contral control 1 —CDM—
Length 0% ER—
Pogition ne
b ode all
Eupreszion tySearchi.ey = reference(control_1.poz]

Reference Control_3.pos

00000000000000000000000000000000

00000000000000000000000000000000

00000000000000000000000000000000

00000000000000000000000000000000

11111111111111110000000000000000

11111111111111110000000000000000

nmmmmmmmmmmmMmIInmImMIm

mmmmmmmIImMImMmImmMmIImMm

mmMmmmmmIImMImMmImMmMmIImMIm

nmmmmmmmmmmmmmIInmImMmIm

mimmmmmmmmmInmImnmIm

The FSCinstruction finds that this array element

4 ——p equals MySearchKey. The instruction sets the .FD and

O o N O

JIN bits. The .POS (4) value indicates the position of
the equal element. To continue comparing the rest of
the array, clear the .IN bit.

Example 3: Search fora 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 —F M o——
Control code_table_search  —DM>—
Length 10&—ER>—
Fosition 0«
tode ALL
E wpression code = code_table[code_table_search POS]
Code (ode_table (ode_table_search.POS
AFG 0
BEH 1
HUO 2
SAK 3 The FSCinstruction finds that this array element
SAM SAM 4 ——p equalscode. The instruction sets the .FD and .IN bits.
The .POS (4) value indicates the position of the equal
FQG > element. To continue comparing the rest of the array,
CLE 6 clear the .IN bit.
CAK 7
DET 8
BWG 9
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FSCExpressions

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.

Valid Operators
Operator Description Optimal Operator Description Optimal
+ Add DINT, REAL LN Natural log REAL
- Subtract/negate DINT, REAL L0G Log base 10 REAL
* Multiply DINT, REAL M0D Modulo-divide DINT, REAL
/ Divide DINT, REAL NOT Bbitwise complement DINT
= Equal DINT, REAL OR Bitwise OR DINT
< Less than DINT, REAL RAD Degrees to radians DINT, REAL
<= Less than or equal DINT, REAL SIN Sine REAL
> Greater than DINT, REAL SQR Square root DINT, REAL
>= Greater than or equal DINT, REAL TAN Tangent REAL
<> Not equal DINT, REAL TOD Integer to BCD DINT
** Exponent (xtoy) DINT, REAL TRN Truncate DINT, REAL
ABS Absolute value DINT, REAL XOR Bitwise exclusive OR DINT
ACS Arc cosine REAL
AND Bitwise AND DINT
ASN Arcsine REAL
ATN Arc tangent REAL
0s Cosine REAL
DEG Radians to degrees DINT, REAL
FRD BCD to integer DINT
Format Expressions

362

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 « tag b+5
« tag_cAND tag_d
+ (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

3. **

4. — (negate), NOT

5. *,1,MOD

6. <, <=,>,>=,=

7. — (subtract), +

8. AND

9. XOR

10. OR
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Use Strings in an Expression

To use strings of ASCII characters in an expression, follow these guidelines:

e An CXP[‘CSSiOIl lCtS you compare two string tags.

o 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

o Strings are equal if their characters match.

o ASCII characters are case sensitive. Upper case ‘A’ ($41) is 7oz equal to

lower case @’ ($61).

o 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.
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ASClI Characters Hex Codes
1ab $31$61562
1b $31562

A $41

AB $41542

B $42

a $61

ab $61562

—— MB<B
a>B
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Copy File (COP) Synchronous

Copy File (CPS)

The COP and CPS instructions copy the value(s) in the Source to the

Destination. The Source remains unchanged.

Operands:
_ Relay Ladder
COP
1 Copy File -~
Source ° Operand Type Format Description
Dest ? Source SINT Tag Initial element to copy.
Length ? INT Important: the Source and Destination operands should be
' ] DINT the same data type, or unexpected results may occur.
REAL
CPS- string
Synchronous Copy File structure
Source ? — — -
Dest ” Destination SINT Tag Initial element to be overwritten by the Source
Length ? INT Important: the Source and Destination operands should be
L | DINT 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 instructions.

Description: Duringexecution 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 during the copy | CPS « Tasks that attempt to interrupt a CPS instruction are
+ (onsumed tag operation delayed until the instruction is done.
+ /0 data + Toestimate the execution time of the CPS
« Data that another task can overwrite instruction, see ControlLogix System User Manual,
publication 1756-UM001.
Allow the data to change during the copy cop
operation
None of the above > cop
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The number of bytes copied is:

Byte Count = Length * (number of bytes in the Destination data type)

ATTENTION: 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 dont 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: 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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out iis set to true.

Enableln is set N/A 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 of
destination array

‘ End_address = end of destination array

Source_address = Source
>y

Destination_address = Yes

end_address

#No

Copy data in source_address to destination _address.

v

Source_address = source__address + 1

v

Destination_address = destination_address + 1

Rung-condition-out is set to

true.

Postscan The rung-condition-out is set to false. No action taken.

Example 1: Both array_4and array_S are the same data type. When enabled, the COP
instruction copies the first 10 elements of ar72y_4 into the first 10 elements of

array_S.
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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 zimer_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_l,array_timer[5],1);
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Example 3:

Example 4:

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.

o While the CPS instruction copies the data, no I/O updates or other tasks
can change the data.

o The produced_array tag produces the data on a ControlNet network for
consumption by other controllers.

o 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
1 Synchronous Copy File
Source project_data[0]
Dest produced_array[0]
Length 100

Structured Text
CPS(project_data[0],produced_array[0],100);

Local: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.

o While the CPS instruction copies the data, no I/O updates can change the
data.

o 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:0:1.Data[0],input_bufter[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 ar7ay_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]

Array_timer[1]

Array_timer[2]

Array_timer[3]

Array_timer[4]

.

Array_timer[9]

Array_timer[10]

S SIS

Relay Ladder

First the instruction copies timer[0] values
to timer[1].

Then the instruction copies timer[1] values
to timer[2].

Then the instruction copies timer[2] values
to timer(3].

Then the instruction copies timer[3] values
to timer[4].

Finally, the instruction copies timer[9]
values to timer[10].

e
s

b O
ke

Source 500

Dest  array_timer[0]. pre
0€

kO
ke
Source 0

Dest  array_timer[0] acc
o€

Car

Structured Text

IF S:FS THEN

array_timer[0].

array_timer[0].

COP(array_timer[0],array_timer[1],10);

END_IF;

pre := 500;

acc := 0;

Copy File

Source array_timer[0]
Dzt aray_timer[1]
Length 10
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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
— FillFile — Operand Type Format: Description
Source ?
Dest ? Source SINT Immediate Element to copy.
Length 7 INT Tag Important: the Source and Destination operands should be
DINT the same data type, or unexpected results may occur.
REAL
Destination SINT Tag Initial element to be overwritten by the Source
INT Important: the Source and Destination operands should be
DINT the same data type, or unexpected results may occur
REAL The preferred way to initialize a structure is to use the COP
structure instruction.
Length DINT Immediate Number of elements to fill.

Structured Text
=)

Structured text does not have an FLL instruction, but you can achieve the same
results by 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 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 362). 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 Destination Is 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

Execution:
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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 0 ‘ End_address = end of destination array
destination array
Source_address = Source
- ¢
Destination_address = Yes
nd_address
No
Copy data in source_address to destination
_address
¢ Rung-condition-out is set to
Destination_address = destination_address + true.
| v
Postscan The rung-condition-out is set to false.
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Relay Ladder
FLL
— FillFile
Source walue_1
Dzt dest_1
Length 1

Example: The FLL instruction copies the value in value 1 into dest_1

Source (value_1) Data Source (value_1) Value | Destination (dest 1) Destination (dest 1)

Type Data Type Value After FLL

SINT 16#80 (-128) DINT 16#FFFF FF80 (-128)

DINT 16#1234 5678 SINT 16#78

SINT 16401 REAL 1.0

REAL 20 INT 16#0002

SINT 16401 TIMER 16#01010101
16#01010101
16#01010101

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

Average FiI':JE N Operand Type Format Description
-f-"-r_ra_'r' ? Array SINT Array tag Find the average of the values in this array
Dim. to vary 7 DN— INT Specify the first element of the group of elements to
Dest ?3 Ay DINT average
Contral o CE REAL Do not use CONTROL.POS in the subscript
:;_E”f;'_th 3 Dimension to DINT Immediate Which dimension to use
osition ' 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 by 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;

destination := sum / length;

See 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 AVE instruction is enabled.
.DN BOOL The done bit 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
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.
Description: The AVE instruction calculates the average of a set of values.
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.
Arithmetic Status Flags: Arithmetic status flags are affected.
Fault Conditions:
A Major Fault Will Occur If Fault Type Fault Code
POS<0or.LEN<0 4 21
Dimension to vary does not exist for the specified array | 4 20
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Execution:

Condition

Relay Ladder Action

Prescan

The .EN bit is cleared.
The .DN bit is cleared.
The .ER bit i cleared.
The rung-condition-out is set to false.

Rung-condition-in is false.

¢

Examine .DN Bit

DNBit=1

.DNBit=0

.EN bit is cleared.
.ER bt is cleared.
.DN bit is cleared.
.POS value 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 347.

Postscan

The rung-condition-out is set to false.
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Example 1:  Average array_dint, which is DINT[4,5].

f% Dimension 1
o
Zo| 0 1 2 3 4
020 |19 |18 |17 |6 AVE = 9+14+9+4
4
— (s | (13 |12 |
mension dint_ave =12
2 (10 9 8 7 6
315 4 3 2 1
Relay Ladder
A E
— dverage File BN
Array array_dint[0,1]
Drirn. ko vary 0 —CDN—
Dzt dint_ave
0® ~ER—
Control contral_1
Length 1€
Pazitian ne
Structured Text

SIZE(array_dint,0,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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Example 2: Average array_dint, which is DINT[4,5].

f% Dimension 1
%,
ol 0 1 2 3 4
020 |19 |18 |17 |16 AVE = 2F4+3+2+1 15 _ 4
5 5
1|15 14 13 12 1
Dimension 0 dint ave=73
2010 |9 8 7 6 B
315 4 3 2 1
Relay Ladder
A E
— fwerage File BN

Array array_dint[3,0]

Drirn. bor wary 1 —DW—

Dzt dint_ave

0® ~ER—

Contral contral_1

Length ha

Pazitian 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)

The SRT instruction sorts a set of values in one dimension (Dim to vary) of the

Array into ascending order.

Operands:
Relay Ladder
’ SRT Operand Type Format Description
— SartFile BN -
Array ? Array SINT Array tag Array to sort
Elm.t t':i Ay 3 (DN INT Specify the first element of the group of elements to sort
Lg:g’; 2 DINT Do not use CONTROL.POS in the subscript
Piosition ? REAL
Dimension to DINT Immediate Which dimension to use
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 (ONTROL 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
SRT(Array,Dimtovary, ) )
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
.P0S 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:

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

o Instructured text, condition the instruction so that it only executes on a

transition. See 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<0 4 21
Dimension to vary does not exist for the specified array | 4 20
Instruction tries to access data outside of the array 4 20
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 .ER bit is cleared.
The rung-condition-out is set to false.

The .DN bit is cleared.
The .ER bit is cleared.

Rung-condition-in is false.

Examine .DN Bit DNBit=0

DNBit=1

.EN bit is cleared.
.ER bit is cleared.
.DN bit iis cleared.
.POS value is cleared.

-

Rung-condition-out is set to
false.

N/A

Rung-condition-in is true

The instruction executes.
The rung-condition-out i set to true.

N/A

Enableln is set

N/A

Enableln is always set.
The instruction executes.

Instruction execution The instruction sorts the specified elements of the array into The instruction sorts the specified elements of the array into
ascending order. ascending order.
Postscan The rung-condition-out is set to false. No action taken.
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Example 1: Sort inz _array, which is DINT[4,5].
Before After
Dimension 1 Dimension 1
N N
<, 7
/o& 0 1 2 3 4 2 0 1 2 3 4
0120 19 18 17 16 0|20 19 3 17 16
1115 14 13 12 1 1115 14 8 12 1
Dimension 0 Dimension 0
2110 9 8 7 6 2 (10 9 13 7 6
315 4 3 2 1 315 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;
SRT (int_array[0,2],0,control_1);
Example 2: Sort inz _array, which is DINT[4,5].
Before After
=z Dimension 1 5 Dimension 1
%,, %,
% | 0 12 3 4 % | 0 1 2 3 4
0120 19 18 17 16 0|20 19 18 17 16
1115 14 13 12 1 1115 14 13 12 1
Dimension 0 Dimension 0
2 (10 9 8 7 6 216 7 8 9 10
315 4 3 2 1 315 4 3 2 1
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384

Relay Ladder
SRT
—1 Sart File BN
Array int_array[2.0]
Drirn. bo wary 1 —DW—
Control contral_1
Length ha
Pazition ne
Structured Text

control_1.LEN :=5;
control_1.POS :=0;

SRT (int_array([2,0],1,control_1);
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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
ST.D . Operand Type Format Description
— Standard Deviation i ENT—
Array ? Array SINT Array tag Find the standard deviation of the values in this array
Diimn. to vary 3 CDN— INT Specify the first element of the group of elements to use in
Dest 2 | CER DINT calculating the standard deviation
Cantrol o REAL Do not use CONTROL.POS in the subscript
Length ? — -
Position 2 ASINT or INT tag converts to a DINT value by sign-extension.
Dimension to DINT Immediate Which dimension to use
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 bit is set when the calculation is complete.
.ER BOOL The error bt 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.
.P0S DINT The position contains the position of the current element that the instruction is accessing.
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; Structured Text
=)

Structured text does not have an STD instruction, but you can achieve the same
results by 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 Structured Text Programming for information on the syntax of constructs

within structured text.
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Chapter 8

Description: The standard deviation is calculated according to this formula:

N
Z [<X(start+ i~ AVE)Z]

Standard Deviation = i=1

(N-1)

Where:
o 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
« AVE= , N

Z X(start+ i)
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 major fault will occur if Fault type Fault code

.POS<OQor.LEN<O 4 21

Dimension to vary does not exist for the specified array | 4 20

Execution:

Condition Relay Ladder Action

Prescan The .EN bit is cleared.
The .DN bit is cleared.
The .ER bitis cleared.
The rung-condition-out is set to false.

Rung-condition-in is false. *

Examine .DN bit. DN Bit=0

.EN bit is cleared.
.ER bit is cleared.
.DN bit iis cleared.

-

Rung-condition-out is set to

\

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 347.

Postscan The rung-condition-out i set to false.
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Example 1: Calculate the standard deviation of dint_array, which is DINT[4,5].

Dimension 1
%

T
%0 1 2 3 4

0120 19 18 17 16

1115 14 13 12 1
Dimension 0

=85 2010 |9 |8 |7 |6

16+11+6+1 _ 34

AVE = 2 7

315 4 3 2 1

STD = J(16—8.5>2 +(11-85)%+ (6—85)°+ (1—85)°

= 6.454972
(4-1)
real_std = 6.454972
Relay Ladder
STD
— Standard Deviation BN
Array dint_array[0.4]
Drirn. bor vary 0 —DW—
Dzt real_sztd
o€ ERD—

Contral contral_1
Length 4
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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Example 2: Calculate the standard deviation of dint_array, which is DINT[4,5].

3, Dimension 1
%,
% | 0 1 2 3 4
0120 19 18 17 16
1|15 14 13 12 1
Dimension 0
_20+19+18+17+16 _ 90 _ 201049 8 76
AVE = = — =18

5 5 305 4 3 2 1

= 1.581139

STD = J<2o- 18)% + (19— 18)% + (18— 18)° + (17— 18)° + (16— 18)°
(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
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Structured Text
SIZE(dint_array,1,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 In Elements (SIZE)

Operands:

SIZE:
— Size in Elements —
Source ?
7
Dim. To Vary ?
Size ?
7

SIZE(Source,Dimtovary,Size);

Description:

Arithmetic Status Flags:

Fault Conditions:

The SIZE instruction finds the size of a dimension of an array.

Relay Ladder

Operand Type Format Description
Source SINT Array tag Array on which the instruction is to operate
INT
DINT
REAL
structure
string
Dimension to DINT Immediate (0,1, | Dimension to use:
Vary 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
INT dimension of the array
DINT
REAL
Structured Text

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

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.

o The instruction finds the size of one dimension of an array.
o The instruction operates on an:

- Array

— Array in a structure

- Array that is part of a larger array
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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out iis set to true.

Enableln is set

N/A

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.

Example 1: Find the number of elements in dimension 0 (first dimension) of ar7ay_a. Store
the size in ar7ay_a_size. In this example, dimension 0 of 2772y_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);
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Example 2: Find the number of elements in the DATA member of string 1, which is a string.
Store the size in string_1_size. In this example, the DATA member of szring_I has
82 elements. (The string uses the default STRING data type.) Since each element
holds one character, s¢ring_I can contain up to 82 characters.

Relay Ladder

SIZE
— Size in Elements —
Source string_1.DATA[O]

'$00’

Dim. To Vary 0
Size string_1 size
82

Structured Text

SIZE(string_1.DATA[0],0,string_1_size);
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Example 3: Strings_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]

'$00'

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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Array (file)/Shift Instructions
(BSL, BSR, FFL, FFU, LFL, LFU)

Topic Page
Bit Shift Left (BSL) 398
Bit Shift Right (BSR) 402
FIFO Load (FFL) 406
FIFO Unload (FFU) 412
LIFO Load (LFL) 418
LIFO Unload (LFU) 424

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 Page
Load bits into, shift bits through, and unload bits from a bit BSL Relay ladder 398
array one bit at a time
BSR Relay ladder 402
Load and unload values in the same order FFL Relay ladder 406
FFU Relay ladder 412
Load and unload values in reverse order LFL Relay ladder 418
LFU Relay ladder 424

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.
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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 - CENT—
Aray 7 Array DINT Array tag Array to modify
Control ? DN
Sgﬂrr,:ﬂe Bit ? - Specify the element where to begin the shift
Length ?
=na Do not use CONTROL.POS in the subscript
Control CONTROL Tag Control structure for the operation
Source bit BOOL Tag Bit to load
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 Source 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. If an Array is a
member array, such as contained within a structure, it is possible that
the instruction could shift beyond the Array’s boundary into other
members following it. You must take care in choosing a length
whereby this does not happen.
Arithmetic Status Flags: Not affected
Fault Conditions:
A major fault will occur if Fault type Fault code
Length exceeds the size of Array's storage area. 4 20
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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=T
ENBit=0
‘ ENbit is set. ‘
Yes
LEN=0 » ‘ DN bit s set.
No ¢
Examine Source Bit Source it =1 .UL bit remains set.
Yes
R bitis set.
Source Bit=0
No
‘ UL bit is set.
Shift array one position to the left.
Source -
. u
ULBit | -—  Amay -, > | -
¢ Rung-condition-out is set to
true.
DN bit s set.
POS = LEN +
Postscan The rung-condition-out is set to false.

400
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array_dint[0]
Before shift

array_dint[0]
After shift

31
array_dint[0]

31
array_dint[1]

Example 1: .

BSL
Bit Shift Left

Array array_dint[0]
contral_1
input_1

Contral
Source Bit
Length

10

L N
DN —

9 8 7 6 5 4 3 2 10

Lol fofofofoerfe e o ofo o t[e]r ]t ofofofo s 1]t o]o]o]o

m A/ These bits shift left

UL bit

9 8 7 6 5 4 3 2 10

L

LT PP PP fefrgefrefolofofol]

Example 2:

BSL

—— Bit Shift Left
Array array_dint[0]

Contral
Source Bit
Length

contral_1
input_1
L

L N
DN —

These bits shift left

0
L[ fefefefofofafefrfefofofefolee[rfr olofo ol [r]t]r]e]o]o]o

EEENEEUE

UL bit
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Bit Shift Right (BSR)

The BSR instruction shifts the specified bits within the Array one position right.

Operands:
Relay Ladder
BSR Operand Type Format Description
] .E.Irtraayhlﬂ Flight o BN Array DINT Array tag Array to modify
Cantral 7 HIDN»— . ) .
& ource 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 load
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 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. If an Array is a
member array, such as contained within a structure, it is possible that
the instruction could shift beyond the Array’s boundary into other
members following it. You must take care in choosing a length
whereby this does not happen.
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Arithmetic Status Flags: Not affected
Fault Conditions:
A major fault will occur if Fault type Fault code
Length exceeds the size of Array's storage area. 4 20
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 bitis 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 Bit is set. ‘

v

Yes
LEN=0 | ‘ DN bit is set.
No ¢
Examine source bit. Source Bit = | .UL bit remains set.
Yes R bitis set.
Source Bit=0
No
| Ubitisset
Shift array one position to the right.
- | -
ls)?tum - Amay —( UL Bit - | -
* Rung-condition-out is set to
DN bitis set. true.
POS=LEN +
Postscan The rung-condition-out is set to false.
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array_dint[0]
Before shift

array_dint[0]
After shift

31
array_dint[0]

31

array_dint[1]

Example 1:  When enabled, the BSR instruction starts at bit 9 in ar7ay_dint[0]. The

instruction unloads ar7ay_dint[0].0 into the .UL bit, shifts the remaining bits
right, and loads input_1 into array_dint[0].9. The values in the remaining bits
(10...31) are invalid.

BSR

—— Bit Shift Right

Array array_dint[0]
Contral contral_1
Source Bit input_1
Length 10*e

L N
DN —

9 8 7 6 5 43 2 10

[l fedofolofrfefeefofofofolrfrfr]rfefefofefr]r]t]r]o]o]o]o]

/‘ st ]

input_1

9 8 7 6 5 43 2 10

LT PP PP P fefefofrfefr]efo]o]o]

Example 2: When enabled, the BSR instruction starts at bit 25 in ar7ay_dint[1]. The

instruction unloads array_dint[0].0 into the .UL bit, shifts the remaining bits
right, and loads input_I 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

Array array_dint[0]
Contral contral_1
Source Bit input_1
Length bt

L N
DN —

0
ol fofofo oo rfe e o o oot [t r e ofo oo s t[t]r]o]o]o]o]

g

These bits shift right

HEEEERE

input_1

0
ol [r[ofefefofofofr[r]r ] ofefoloft[r]r[r]o]o]o]e]

These bits shift right
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FIFO Load (FF'_) The FFL instruction copies the Source value to the FIFO.

Operands:

Relay Ladder

— FFD LDESFL | BN Operand Type Format Description
Eﬁ%ce 3 ﬁm%’: Source SINT Immediate Data to be stored in the FIFO
o
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.

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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Arithmetic Status Flags:

Fault Conditions:

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 FIFQ 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 FIFQ can hold at one time.
.P0S 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.
Not affected
A major fault will occur if Fault type Fault code
(starting element + .POS) > FIFO array size 4 20
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Execution:

Condition | Relay Ladder Action

Prescan *

.EN bit is set to prevent a false
load when scan begins.

'

EMis set.
.DNis set.

LEN<O Yes
No
P0OS<0 Yes
No
EMis cleared.
.DNis cleared.
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 false.

‘ .EN bit is cleared.

¢

LEN<O Yes
No
P0S<0 Yes
No
.EMis cleared. EMis set.
DN is cleared. .DNis 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 s true.

v

Examine .EN bit.

Ye

No

LEN<0 P05 <0

No No

EM bitis cleared. M _bit is set.
POS<0 Yes DN is cleared. DN is set.
POS=POS+1

No v
EM bit is set.

EM bit is cleared. .DNis set.
.DNis cleared. Yes

' .

.DN bit s set.

-
Yes
EMbit is set.
No
-

Yes

.POS >.LEN .DN bit is set.

Yes

No .POS=.P0S-1
-

No

FIFO[.POS - 1] = Source

> -

-

Rung-condition-out is set to
true.

e

Postscan The rung-condition-out is set to false.
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control_1.pos =6

Example: When enabled, the FFL instruction loads value 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_dint0] —CEMI—
Contral contral_1
Length 10
Pozition A
Before FIFO load After FIFO load
array_dint[0] 00000 00000
mn mn
22222 22222
33333 control_1.pos =5 33333
44444 value_1=55555 44444
array_dint[5] 00000 - > 55555
00000 00000
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
FFLI —
— FIFD Urload | CEUT— Operand Type Format Description
Ao : ﬁhﬁ'@: FIFO SINT Array tag FIFO to modify
E;':gtﬂ 3 INT Specify the first element of the FIFO
Puosition ¢ 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
alarger integer by sign-extension.
Control CONTROL Tag Control structure for the operation
Typically use the same CONTROL as the associated FFL
Length DINT Immediate {\(laximum number of elements the FIFO can hold at one
ime
Position DINT Immediate (l;le;(t location in the FIFO where the instruction unloads
ata
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 FIFQ 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

Arithmetic Status Flags:

Fault Conditions:

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.
Not affected
A major fault will occur if Fault type Fault code
Length > FIFO array size 4 20
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Execution:

Condition ‘ Relay Ladder Action

Prescan

v

.EU bit is set to prevent a false
unload when scan begins.

-

EMis set.
.DNis set.

LEN<O Yes
No
POS<0 Yes
No
.EMis cleared.
DN is cleared.
Yes EMis set.
No
-
Yes DNis set.
No
-

Rung-condition-out is set to

false.
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Condition ‘ Relay Ladder Action

Rung-condition-in is false.

v

‘ .EU bit is cleared. ‘

Y

LEN<0 Yes
No
POS<0 Yes
No
EM s cleared. EMis set.
DN is cleared. DN is set.
Yes EMis set.
No
-
Yes DNis set.
No
-

Rung-condition-out is set to

false.
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(BSL, BSR, FFL, FFU, LFL, LFU)

Condition

Relay Ladder Action

Rung-condition-in is true.

— Yes
Examine U bit LEN<0
No
Ye Yes
LEN< 0 €5 POS<0
No No v
JEM bit s cleared. EMbitis set.
P0S<0 Yes .DNiis cleared.
No v ¢
EMbit s set.
EMbitis cleared. DNisset. LEN > Size
.DN s cleared. 0f Array
Yes — Yes
M it s set. EM bitis set.
N0<— No
-
Yes —
Yes Destination =0
.POS >.LEN DN bit is set.
No
No
-
.P0S=.P0S-1
Destinationl= FIFO[0]
v
FIFO[i - 1] = FIFO[i]
- i=i+1
Yes
No
Rung-condition-out is set to
true. -

A

Postscan

‘ The rung-condition-out is set to false.
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Example: When enabled, the FFU instruction unloads ar7ay_dint[0] into value_2 and
shifts the remaining elements in array_dint.

FFLI
—— FIFO Unload 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
1 22222
22222 33333
33333 44444
44444 55555
array_dint[5] 55555 00000 control_1.pos=5
00000 control_1.pos =6 00000 value_2 = 00000
00000 00000
00000 00000
00000 00000
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LIFO Load (LFL) The LFL instruction copies the Source value to the LIFO.

Operands:

Relay Ladder

LFL

— | LIFO Load —(EN)_) Operand Type Format Description
Source ? DM - -
LIFD 7 LM Source SINT Immediate Data to be stored in the LIFO
Contral 7 INT Tag
Length ?
Fosition ? 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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Arithmetic Status Flags:

Fault Conditions:

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.
.P0S 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.
Not affected
A major fault will occur if Fault type Fault code
(starting element + .POS) > LIFO array size 4 20
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Execution:
Condition Relay Ladder Action
Prescan *
.EN bit is set to prevent a false load when
scan begins.
LEN<0 Yes
No
P0S <0 Yes
No
EMis cleared. EMis set.
.DNiis cleared. DN is set.
Yes EMis set.
No
-
Yes DN is set.
No
-

Rung-condition-out is set to

false.

420
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Condition Relay Ladder Action

Rung-condition-in is false.

‘ .EN bit is cleared.

¢

LEN<0 Yes
No
P0S<0 Yes
No
EM s cleared. EMis set.
.DNiis cleared. .DNiis set.
Yes EMis set.
No
-
Yes DNis set.
No
-

Rung-condition-out is set to

false.
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Condition

Relay Ladder Action

Kung-conaition-in is true.

Examine .EN bit.

EN bit is set.

LEN<0

Yes
Ye

No
Y es
LEN<0 s POS<0
No No v
JEM bitis cleared. EM _bit is set.
POS<0 Yes DN is cleared. DN s set.
POS=.POS+1
No V
EM bit is set.
EM bit is cleared. .DNiis set.
.DNiis cleared. Yes
* No
-
Yes
No POS or LEN>-_ Yes
- Size Of Array

.POS >.LEN

<2
@

No
-

.DN bit s set.

Yes
.POS > LEN .P0S=P0S-1

No

\

‘ FIFOL.POS - 1] = Source ‘

> | =

Y

Rung-condition-out is set to

true.

422

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Array (file)/Shift Instructions (BSL, BSR, FFL, FFU, LFL, LFU) ~ Chapter 9

array_dint[0]

array_dint[5]

Example:

LIFO, which is array_dint[5] in this example.

Before LIFO load

00000

mn

22222

33333

44444

00000

00000

00000

00000

00000

LFL:
LIFO Load Iy Yy —
Source walue 1 —DMNI—
LIFD aray_dint[0] —CEM—
Contral contral_1
Length 10
Pozition A
After LIFO load
00000
mn
22222
control_1.pos =5 33333
value_1=>55555 44444
> 55555
00000
00000
00000
00000
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LIFO Unload (LFU) The LFU instruction unloads the value at .POS of the LIFO and stores 0 in that
location.
Operands:
Relay Ladder
LFLI —
— UFO Urload L CEU™ Operand Type Format Description

LI ? _(E—CDE)): LIFO SINT Array tag LIFO to modify

Control ! INT Specify the first element of the LIFO

Length 7

Fosition 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 i 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

Arithmetic Status Flags:

Fault Conditions:

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.
Not affected
A major fault will occur if Fault type Fault code
Length > LIFO array size 4 20
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Execution:
Condition Relay Ladder Action
Prescan *
.EU bit is set to prevent a false
unload when scan begins.
LEN<0 Yes
No
P0S<0 Yes
No
.EMis cleared. EMis set
.DNiis cleared .DNiis 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 false.

‘ .EU bit is cleared. ‘

¢

LEN<0 Yes
No
POS<0 Yes
No
.EMis cleared. EMis set.
.DN'is cleared. DNis 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.

|

Examine .EU bit. EU bitis set. LEN<0

=
53

No
Yes Yes
LEN<0 P0S<0
No No v
.EM bitis cleared. M bit is set.
POS <0 Yes .DNiis cleared. .DNiis set.
No V #
EM bit is set.
it DNis set. Yes
EM plt is cleared @
.DNiis cleared
* No
B ——
Yes

— Yes

No No

.POS=LEN
.POS > LEN DN bit is set.

-
No
-

§F§>
“

Destination = LIFO[control.POS]
LIFO[control.POS) =0

»%

Rung-condition-out is set to
true.

v

Postscan The rung-condition-out is set to false.
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Example: When enabled, the LFU instruction unloads array_dint/S] into value_2.

LFLI
—— LIFO Unload g [y —
LIFD aray_dint[0] DM —
Dest walue 2 CEMI—
Contral contral_1
Length 10
Pozition B
Before LIFO unload After LIFO unload
array_dint[0] 00000 — 00000
1M 111
22222 22222
33333 33333
44444 44444
array_dint[5] 55555 00000 control_1.pos=15
00000 control_1.pos =6 00000 value_2 = 55555
00000 00000
00000 00000
00000 00000
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Notes:
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Chapter 10

Sequencer Instructions

(sQl, SQo, sqL)

Topic Page
Sequencer Input (SQI) 432
Sequencer Output (SQO0) 436
Sequencer Load (SQL) 440

No action taken. Sequencer instructions monitor consistent and repeatable

operations.
If you want to Use this instruction Available in these languages Page
Detect when a step is complete Sl Relay ladder 432
Set output conditions for the next step SQ0 Relay ladder 436
Load reference conditions into sequencer arrays SQL Relay ladder 440

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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Sequencer |nput (SQ') The SQI instruction detects when a step is complete in a sequence pair of SQO/
SQI instructions.
Operands:
- Relay Ladder
— Sequencer Input  —
Array ? T
M ask - Operand Type Format Description
Source ? Array DINT Array tag Sequencer array
E':'”t":r'_! 3 Specify the first element of the sequencer array
enat i Do not use CONTROL.POS i the subscript
Piosition ?
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 SQO 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, .P0S < 0, or .POS > .LEN.
LEN DINT The length specifies the number of steps in the sequencer array.
.P0S DINT The position identifies the element that the instruction is currently comparing.

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.
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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 by using another format, precede the value with the

correct prefix.

Prefix Description
6# Hexadecimal
For example; 16#0FOF
8t Octal
For example; 8#16
24 Binary

For example; 2400110011

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<0.POS <0
or

.ER bit is cleared.

.ER bit is set.

No Masked Source =

\/

MaskedArray[.POS]

yes

Rung-condition-out is set to false.

Rung-condition-out is set to true.

Postscan

The rung-condition-out is set to false.

434
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Example: When enabled, the SQI instruction passes value_2 through the mask to

S0l

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.

Array

b azk,
Source
Contral
Length
Pozition

S0l

Sequencer [nput

array_dint[0]
1EHOFOF
walue_2
contral_1

mn*

0%

SQl Operand Example Values (DINTs Displayed In Binary)

Source XXXXXXXX XXXXXXXX XXXX0101 xxxx1010
Mask 00000000 00000000 00001111 00001111
Array XXXXXXXX XXXXXXXX XXXX0101 xxxx1010

A 0 in the mask means the bit is not compared (designated by sextets in

this example).

Use SQI without SQO0

If you use the SQI instruction without a paired SQO instruction, you have to

externally increment the sequencer array.

Sequencer lnput
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*
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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
n*
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Sequencer Output (5Q0)

The SQO instruction sets output conditions for the next step of a sequence pair

of SQO/SQI instructions.

Operands:
_ Relay Ladder
sSa0
EEQUE”CE’ Output ; —EN— Operand Type Format Description
mray ;
b azk. 7 FDN3—  Amay DINT Array tag Sequencer array
Dest 7 Specify the first element of the sequencer array
Control ? Do not use CONTROL.POS in the subscript
Length ?
Pozition ? 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 SQO instruction is enabled.
.DN BOOL The done bit is set when all the specified elements have been moved to the Destination.
ER BOOL The error bit is set when .LEN <0, .P0S < 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.
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.
436 Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Sequencer Instructions (5QI, SQ0,SQL)  Chapter 10

Enter an Immediate Mask Value

When you enter a mask, the programming software defaults to decimal values. If
you want to enter a mask by using another format, precede the value with the

correct prefix.

Prefix Description
6# Hexadecimal
For example; 16#0FOF
8t Octal
For example; 8#16
24 Binary

For example; 2400110011

Arithmetic Status Flags Nort affected

Fault Conditions: None
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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.

Rung-condition-in is true.

.EN bit is set.
.ER bit is cleared.
.DN bit is set.
No Yes POS=1
Yes No
.DN bit is set. .POS=.POS +1
-
S
Yes .DN bitis set.
No
205> LEN N0
Yes
p | .ERbitis set. - Destination = (Destination AND (NOT(Mask))) O
(Array[control.POS] AND Mask)

|

Rung-condition-outis
set to true.

\

Postscan

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

S00

Sequencer Jutput

Array

b azk,
Dzt
Contral
Length
Pozition

array_dint[0]
1EHOFOF
walue_1
contral_1

mn*

0%

L N
DN —

$QO Operand

Example Values (Using INTS Displayed In Binary)

Array

XXXXXXXX XXXXXXXX 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

Sal S|
Sequencer lnput Sequencer Jutput BN
Array array_dint[0] Array array_dint[0]
b azk, 1EHOFOF b azk, 1E#OFOF < DMN—
Source walue_2 Dzt walue_1
Contral contral_1 Contral contral_1
Length 10* Length 10*
Pazition ne Pazition ne
Resetting the Position of SQO0
S:FS cantrol 1
1 E RES
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Sequencer Load (SQL)

The SQL instruction loads reference conditions into a sequencer array.

Operands:

SOL
Sequencer Load
Array
Source
Contral
Length
Pozition

—DNa—

L CEMT——

Relay Ladder

Operand Type Format Description

DINT

Array Array tag Sequencer array
Specify the first element of the sequencer array

Do not use CONTROL.POS in the subscript

SINT
INT
DINT

Source Tag

Immediate

Input data to load into the sequencer array

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

DINT

Immediate Number of elements in the Array (sequencer table) to load

Position 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 bit is set when all the specified elements have been loaded into Array.

ER

BOOL

The error bit is set when .LEN <0, .P0S < 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.

440

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: Not affected
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Fault Conditions:

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 bitis cleared.
The rung-condition-out is set to false.
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Condition Relay Ladder Action
Rung-condition-in is true.
EN=0 EN bitis set.
LEN<Oor examine EN bit S p | ERDitis cleared.
POS<0 .DN bitis set.

EN=1

Yes

.DN bit is set.

-

'

Yes

POS=1

.POS > .LEN

Yes

L |.ERbitisset. -

Yes

.DN bitis set.

No

‘ Array[control.P0S] = 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 va/ue 3 into the next position in the
sequencer array, which is aray_dint[S] in this example.

SOL
— Sequencer Load L EMT—
Array array_dint[0]

Source walue 3 DMNI—

Contral contral_1
Length 10
Fosition ]
Before load After load
array._dint[0] 00000 00000
1111 1111
22 2
33333 control_1.pos =5 33333
44444 value_3 = 55555 44444
array_dint[5] 00000 — | 55555
00000 00000 control_1.pos =6
00000 00000
00000 00000
00000 00000
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Notes:
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Program Control Instructions
(JMP, LBL, JSR, RET, SBR, JXR, TND, MCR, UID, UIE, AFI, NOP, EOT, SFP,
SFR, EVENT)

Topic Page
Jump to Label (JMP) Label (LBL) 447
Jump to Subroutine (JSR) Subroutine (SBR) Return (RET) | 449
Jump to External Routine (JXR) 459
Temporary End (TND) 462
Master Control Reset (MCR) 464

User Interrupt Disable (UID) User Interrupt Enable (UIE) 466

Always False Instruction (AFI) 468
No Operation (NOP) 469
End of Transition (EOT) 470
SFC Pause (SFP) 472
SFCReset (SFR) 474
Trigger Event Task (EVENT) 476

Use the program control instructions to change the flow of logic.
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If you want to Use this instruction Available in these languages Page

Jump over a section of logic that does not always needtobe | JMP Relay ladder 447

executed LBL

Jump to a separate routine, pass data to the routine, execute | JSR Relay ladder 436

the routine, and return results SBR Function block

RET Structured text

Jump to an external routine (SoftLogix5800 controller only) R Relay ladder 459

Mark a temporary end that halts routine execution TND Relay ladder 462
Structured text

Disable all the rungs in a section of logic MCR Relay ladder 464

Disable user tasks uiD Relay ladder 466
Structured text

Enable user tasks UIE Relay ladder 466
Structured text

Disable a rung AFI Relay ladder 468

Insert a placeholder in the logic NOP Relay ladder 469

End a transition for a sequential function chart EOT Relay ladder 470
Structured text

Pause a sequential function chart SFP Relay ladder 472
Structured text

Reset a sequential function chart SFR Relay ladder 474
Structured text

Trigger the execution of an event task EVENT Relay ladder 476
Structured text
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Jump to Label (JMP)
Label (LBL)

Operands:

?
—MF

?
LBL —

Description:

Arithmetic Status Flags:

Fault Conditions:

The JMP and LBL instructions skip portions of ladder logic.

Relay Ladder

Operand | Type | Format | Description

JMP instruction

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

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.

ATTENTION: Jumped logic is not scanned. Place critical logic outside
the jumped zone.

The LBL instruction is the target of the JMP instruction that has the same label
name. Make sure the LBL instruction is the first instruction on its rung.

A label name must be unique within a routine. The name can include the
following:

o Have as many as 40 characters

o Contain letters, numbers, and underscores ()

Not affected
A major fault will occur if Fault type Fault code
Label does not exist 4 4
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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 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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jump to Subroutine (jSR) Thc ]SR instructiorll jun;Ps excchion t}o1 a diff}elrcnt rc(l)utinc.. ;l:h}el S;;}I{{and RET
. instructions are optional instructions that exchange data with the
Subroutine (SBR) Return redion,

(RET)

JSR Operands:
_ Relay Ladder
J5R Operand Type Format Description
— Jump to Subroutine —
Routine name 7 Routine name | ROUTINE Name Routine to execute (that is, subroutine)
Y

Input par ' Input parameter | BOOL Immediate Data from this routine that you want to copy to a tag in the

Return par ? -
SINT Tag subroutine I

+ Input parameters are optional.
l[;\:LT Array tag + Enter multiple input parameters, if needed.
REAL
Structure
Return BOOL Tag Tag in this routine to which you want to copy a result of the
parameter SINT A"ay tag subroutine
» Return parameters are optional.

INT : .
DINT + Enter multiple return parameters, if needed.
REAL
Structure
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JSR Operands Continued:

Structured Text
]SR(RoutineName InputCount Operand Type Format Description
InputPar,RcturnPar); Routine name | ROUTINE Name Routine to execute (that is, subroutine)
Input count SINT Immediate Number of input parameters
INT
DINT
REAL
Input parameter | BOOL Immediate Data from this routine that you want to copy to a tag in the
SINT Tag subroutine

« Input parameters are optional.

l[;\:LT Array tag + Enter multiple input parameters, if needed.
REAL
Structure
Return BOOL Tag Tag in this routine to which you want to copy a result of the
parameter SINT Array tag subroutine
« Return parameters are optional.
INT : .
DINT + Enter multiple return parameters, if needed.
REAL
Structure
= Function Block
*oodsR [
Input Parameters Return Parameters
Jump to Subroutine
Foutine: T
Hooasr [

Jump to Subroutine

Routine: i

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

same data type (including any array dimensions) as the corresponding
parameter in the JSR instruction. Using different data types may
produce unexpected results.

2 ATTENTION: For each parameter in a SBR or RET instruction, use the

SBR Operands: The SBR instruction must be the first instruction in a relay ladder or structured
text routine.
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i

RET(ReturnPar);

Relay Ladder

Operand Type

Format

Description

BOOL
SINT
INT
DINT
REAL

Input parameter

Structure

Tag
Array tag

Tag in this routine into which you want to copy the
corresponding input parameter from the JSR instruction

Structured Text

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

Function Block

b

SBR

L]

Subroutine

Parameters

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

SER
Subroutine —
|mput par ?
SBR(InputPar);
o S-L R |
Subroutine
RET Operands:
RET
Return —
Return par ?

Relay Ladder
Operand Type Format Description
Return BOOL Immediate Data from this routine that you want to copy to the
parameter SINT Tag corresponding return parameter in the JSR instruction
INT Array tag
DINT
REAL
structure
Structured Text

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

452

Function Block

RET III

Feturn

Parameters

RET El

Feturn

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

Description: TheJSR instruction initiates the execution of the specified routine, which is
referred to as a subroutine.

o The subroutine executes one time.

o After the subroutine executes, logic execution returns to the routine that
contains the JSR instruction.

Use these guidelines to program a jump to a subroutine.

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.

o Ifyou useaJSR instruction to call the main routine and
then put a RET instruction in the main routine, a major
fault occurs (type 4, code 31).
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The following diagram illustrates how the instructions operate.

SBR
1. Ifthe JSRinstruction has an input parameter,
enter an SBRinstruction.
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 you

(alling Routine Subroutine

/F

JSR JSR

*broutng et posneter want o apyth dt
, - <

. Ifyou want to copy a result of the subroutine to -

atag in this routine, enter a return parameter.
. Enter as many input and return parameters as

you need. RET

42974
RET
1. Ifthe JSR instruction has a return parameter, enter an RET

instruction.

2. Place the RET instruction as the last instruction in the routine.

3. Foreach return parameter in the JSR instruction, enter a return
parameter to send to the JSR instruction.

4. Inaladder routine, place additional RET instructions to exit the
subroutine based on different input conditions, if required.
(Function block routines only permit one RET instruction.)

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 3
subroutine action_3

Level 2
subroutine action_2

Level 1
subroutine action_1

Main Routine
i | O . .
JSR
action_2 action_3
JSR JSR
RET RET RET

Arithmetic Status Flags: Arithmetic status flags are affected.
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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.)

« Release 6.x and earlier, input and return parameters are passed.

« Release 7.xand 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-in is false to the The subroutine does not execute. N/A
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. N/A
The rung-condition-out is set to true.

Enableln is set N/A 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
appropriate SBR tags.

Input Parameters

Logic execution begins in routine
identified by JSR.

Yes Yes RET copies return parameters to

Return Parameters ~—————>| appropriate JSR tags.

Yes

End Of Subroutine

y

— - Rung-condition-out is set to true.
Rung-condition-outis set to false. Logic execution returns to JSR.
Continue executing routine.

Postscan Same action as prescan described above. ‘ Same action as prescan described above.
F 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 SFCroutine, the routine in initialized the same as it is during prescan.
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Example 1: The]JSR instruction passes value_I and value 2 to routine_1.

The SBR instruction receives value I 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 floaz_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

J5R

Routing name
|mput par
|mput par

— Jump to Subroutine

routing_1
walue_1
walue_2

Return par  float_walue_1

Subroutine

SER
Subroutine
|mput par
|mput par

value_a
value_b

[Other rungs of code]

Returm

RET

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 abcis on, subroutine_1 executes, calculates the number of cookies, and places a value in cookies_1.

abc J5R
1L
L

Jump to Subroutine
Routing name  subroutine_1
Return par cookies_1

Adds the value in cookies_1 to 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
4

C
J

RET
Returm

Return par

walue_1

When def is off (previous rung) and ghiis on, the RET instruction returns value_2 to the JSR cookies_1 parameter and the rest of the subroutine is not scanned.

_cljhir RET
L=

- Returm
Return par  walug_2

When both def and ghi are off (previous rungs), the RET instruction returns value_3 to 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,
Add_Input_3 are copied to

Input_A,
Input_C,

458

respectively.

Example

3:

Function Block

JSR instruction in Routine_A

Routine:

Add_Input_1
Add_Input_2
Add_Input_3

JSR E

Jump te Subroutine

Add_Three_Inputs
Add_Three_Result

*|

N Output_1

and

and

y

42972

Function blocks of the Add_Three_Inputs routine

3.The value of Sum_A_B_C is copied
o Add_Three_Result.

ADD_DZ ADD_03
seR [ ADD =l ape [ RET ]
Subroutine Add Add Return
Input_A — Sources Dest [— Sources Crest Sum_»A_B_C
Input_B [— SourceB SaurceB
Input_C :|—| ’—C 42973

2.The ADD instructions add Input_A, Input_B, and Input_C and place the resultin Sum_A_B_C.
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The JXR instruction executes an external routine. This instruction is only

Jump to External Routine
supported by the SoftLogix5800 controllers.

(JXR)

Operands:
Relay Ladder
J=R
Jumnp To External Routine FEN>——
Esternal routine name: P =DN—
Esternal rautine control ? ERZ—
Parameter ?
Retum Par ?
Operand Type Format Description
External routine ROUTINE Name External routine to execute
name
External routine EXT_ROUTINE_CONT | Tag Control structure
control ROL
Parameter BOOL Immediate Data from this routine that you want to copy to a variable in the external routine
SINT Tag « Parameters are optional.
INT Array tag « Enter multiple parameters, if needed.
DINT + You can have as many as 10 parameters.
REAL
structure
Return parameter BOOL Tag Tag in this routine to which you want to copy a result of the external routine
SINT « The return parameter is optional.
INT + You can have only one return parameter
DINT
REAL

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012

459



Chapter 11 Program Control Instructions (JMP, LBL, JSR, RET, SBR, JXR, TND, MCR, UID, UIE, AFI, NOP, EQT, SFP, SFR, EVENT)
EXT_ROUTINE_CONTROL Structure

Mnemonic Data Type Description Implementation

ErrorCode SINT If an error occurs, this value identifies the error. Valid values are | There are no predefined error codes. The developer of the

from 0-255. external routine must provide the error codes.

NumParams SINT This value indicates the number of parameters associated with | Display only - this information is derived from the

this instruction. instruction entry.
ParameterDefs EXT_ROUTINE_ This array contains definitions of the parameters to pass to the | Display only - this information is derived from the
PARAMETERS[10] external routine. The instruction can pass as many as 10 instruction entry.
parameters.
ReturnParamDef EXT_ROUTIN_ This value contains definitions of the return parameter from Display only - this information is derived from the
PARAMETERS the external routine. There is only one return parameter. instruction entry.
EN BOOL When set, the enable bit indicates that the JXR instruction is The external routine sets this bit.
enabled.
ReturnsValue BOOL If set, this bit indicates that a return parameter was entered for | Display only - this information is derived from the
the instruction. If cleared, this bit indicates that no return instruction entry.
parameter was entered for the instruction.

DN BOOL The done bit is set when the external routine has executed The external routine sets this bit.
once to completion.

ER BOOL The error bit is set if an error occurs. The instruction stops The external routine sets this bit.
executing until the program clears the error bit.

FirstScan BOOL This bit identifies whether this is the first scan after switching | The controller sets this bit to reflect scan status.

the controller to Run mode. Use FirstScan to initialize the
external routine, if needed.

EnableOut BOOL Enable output. The external routine sets this bit.

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 controller does not Either the external routine or the user program can set these

initialize these bits. bits.

User0 BOOL

ScanType1 BOOL These bits identify the current scan type: The controller sets these bits to reflect scan status.

Bit Values: Scan Type:
ScanType0 BOOL
@n’ype 00 Normal
01 Pre Scan
10 Post Scan (not applicable to relay ladder
programs)

Arithmetic Status Flags: Arithmetic status flags are not affected.

460

Description: 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:

o The external routine executes one time.

e After the external routine executes, logic execution returns to the routine
that contains the JXR instruction.
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Fault Conditions:

A major fault will occur if Fault Type

Fault Code:

«  An exception occurs in the external routine DLL. 4
« The DLL could not be loaded.
« The entry point was not found in the DLL.

88

Execution: TheJXR 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:

The TND instruction acts as a boundary.

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.

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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out is set to true.

Enableln is set N/A 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.
Example: You can use the TND instruction when debugging or troubleshooting to execute

462

logic up to a certain point. Progressively move the TND instruction through the
logic as you debug each new section.
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When the TND instruction is enabled, the controller stops scanning the current
routine.

Relay Ladder

—THD

Structured Text

TND();
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Master Control Reset (MCR) The MCR instruction, used in pairs, creates a program zone that can disable all

rungs within the MCR instructions.

Operands:

_ Relay Ladder
—CMCRY—

None

Description: 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 the following:
¢ 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.

o Ifan 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.

separate and complete. If they overlap or nest, unpredictable machine
operation could occur with possible damage to equipment or injury
to personnel.

ATTENTION: 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.

2 ATTENTION: Do not overlap or nest MCR zones. Each MCR zone must be

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.

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 (input_I, 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 inpur_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
JE—JF—3t¢ {MCRD—]
input_4 tput_1
input outpt
A
inp ut 11 input_12 output_2
1T c
L
\_Jtﬁj
input_3  input_10 tput_3
input 8 input outpt
L L
MR —
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The UID instruction and the UIE instruction work together to prevent a sma
User Interrupt Disable (Ul h d th k together to p Il
User Interru pt Enable (U I E) number of critical rungs from being interrupted by other tasks.

Operands:

Relay Ladder
—UID>-  —CUIE>— y

None

UID(); Structured Text

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:

o 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.

o UIE instruction enables other tasks to interrupt the current task.
Follow these steps 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 rungin 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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out iis set to true.

Enableln is set

N/A

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
H E File Search/Compare —CEND>——
Control error_check —(DN>—
Length 10 —CER>—
Position 8
Mode ALL
Expression error_code=error_list[error_check.POS]
error_check.FD alarm
7 E
UIE >—
Structured Text
UID();
<statements>
UIE();
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Always False Instruction (AH) The AFI instruction sets its rung-condition-out to false.

Operands:

_ Relay Ladder

AR}
None

Description: The AFI instruction sets its rung-condition-out to false.

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 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.

AR —
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No Operation (NOP) The NOP instruction functions as a placeholder.

Operands:

_ Relay Ladder
JNOP -

None

Description: 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.

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.
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
L

L IwoP
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End of Transition (EOT)

* 1 vl
H

Operands:

EOT/(data_bit);

Description:

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
(0=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 462).

The Logix implementation of the EOT instruction differs from that in a PLC-5
controller. In a PLC-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.

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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.

Enableln is set

N/A

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.
Example: When both limit_switchl and interlock_1 are set, set state. After timer 1
completes, EOT returns the value of szate to the calling routine.
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Relay Ladder
lirmit_gwitchl  interlock_1 ztate
T F 1E o
1 1 (-
timer_1.0M zhate
] E EOT>—
Structured Text

state := limit_switchl AND interlock_1;
IF timer 1.DN THEN
EOT((state);

END_IF;
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SFC Pause (SFP)

The SFP instruction pauses an SFC routine.

Operands:
Relay Ladder
SFF Operand Type Format Description
— SFC Pause —
SFC Routing Marne 7 SFCRoutine ROUTINE Name SFC routine to pause
Target State ? Name
e
TargetState DINT Immediate Select one:
Tag Executing (or enter 0)
Paused (or enter 1)
Structured Text
SFP(SFCRoutineName,
T ( The operands are the same as those for the relay ladder SFP instruction.
argetState);
Description: The SFP instruction lets you pause an executing SFC routine. If an SFC routine

Arithmetic Status Flags:

is in the paused state, use the SFP instruction again to change the state and

resume execution Of thC routine.

Also, use the SFP instruction to resume SFC execution after usingan SFR

instruction (see page 474) to reset an SFC routine.

Not affected

Fault Conditions:

A major fault will occur if

Fault type

Fault code

Routine type is not an SFC routine

85

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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.

Enableln is set

N/A

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.
Example: Ifsfc_en p is set, pause the SFC routine named 7ormal. Restart the SFC when
sfc_en_eis set.
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Relay Ladder
Pause the SFC routine.
‘ zfp_en_p SFP
1 E SFC Pause
SFC Routine Mame normnal
Target State Fauzed
Resume executing the SFC routine.
sfp_en_e SFP
1 F SFC Pause
SFC Routine Mame normal
Target State Executing
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Structured Text

Pause the SFC routine: IF (sfp_en_p) THEN

SFP(normal,paused);
sfp_en_p :=0;
END_IF;

Resume executing the SFC IF (sfp_en_e) THEN

routine:

SFP(normal,executing);

sfp_en_e :=0;
END_IF;
SFC Reset (SFR) The SER instruction resets the execution of a SFC routine at a specified step.
Operands:

Relay Ladder Operands
Operand Type Format Description
SFCRoutine ROUTINE Name SFCroutine to reset
Name
Step Name SFC_STEP Tag Target step where to resume execution

Structured Text

SFR(SFCRoutineName,StepName);

Description: When the SFR instruction is enabled:

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

o In the specified SFC routine, all stored actions stop executing (reset).

o 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
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was true. After reset, the SFC would remain paused until the rung containing the
SER 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.

Arithmetic Status Flags: Not affected

Fault Conditions:

A major fault will occur if Fault type Fault code
Routine type is not an SFC routine 4 85
Specified target step does not exist in the SFC routine | 4 89
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. N/A

Rung-condition-in is true The instruction executes. N/A

The rung-condition-out is set to true.

Enableln is set N/A 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: If a specific condition occurs (shutdown is set), restart the SFC at step initialize.

Relay Ladder
shutdown
] F
Structured Text
IF shutdown THEN

SFR(mySFC,initialize);

END_IF;

SFC Reset

SFC Routing Mame  mpSFC

Step Mame

SFR

imitialize
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Trigger Event Task (EVENT)

The EVENT instruction triggers one execution of an event task.

Operands:
Relay Ladder
EVEMT
— Trigger Event Task
Taszk 7 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.

EVENT(task_name); Structured Text

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

Description: Use the EVENT instruction to programmatically execute an event task:

e Each time the instruction executes, it triggers the specified event task.

o Make sure that you give the event task enough time to complete its
execution before you trigger it again. If not, an overlap occurs.

o Ifyou 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.

Table 7 - Status Attribute of the TASK Object

Attribute Data Type Instruction Description
Status DINT GSV Provides status information about the task. Once the controller sets a bit, you must manually clear the
sy bit to determine if another fault of that type occurred.

To determine if

Examine this bit

An EVENT instruction triggered the task (event 0
task only).
A time-out triggered the task (event task only). 1

An overlap occurred for this task.

476

The controller does not clear the bits of the Status attribute once they are set.

o To use a bit for new status information, you must manually clear the bit.

o Usea Set System Value (SSV) instruction to set the attribute to a different

value.
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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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.

Enableln is set

N/A 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.

Example 1: A controller uses multiple programs but a common shut down procedure. Each
program uses a program-scoped tag named Shut_Down_Line that turns on if the
program detects a condition that requires a shut down. The logic in each
program executes as follows:

If Shut_Down_Line = on (conditions require a shut down) then

Execute the Shut Down task one time

Relay Ladder
Program A
| Shut_Dowe_Line  Shut_Down_Line_One_Shot EVENT
1 E N Trigger Evert T ask
‘ Tazk Shut_Down
Program B
| Shut_Down_Line  Shut_Down_Line_One_Shat EVENT
1 F I EN Trigger Evert T ask

Tazk Shut_Down
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Structured Text

Program A

IF Shut_Down_Line AND NOT Shut_Down_Line_One_Shot THEN
EVENT (Shut_Down);
END_IF;

Shut_Down_Line_0One_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_0ne_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=1then
The ONS instruction limits the execution of the EVENT instruction to one scan.

The EVENT instruction triggers an execution of Task_7 (event task).

Initialize_Tazk_1  Storage.d EVEMT
1 E {ONS ] Trigger Evert Task
Taszk Tazk_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).

354
Get System Y alue
Clazs Mame TASE
Inztance Mame THIS
Altribute Mame Statuz
Dest T ask_5Statuz
0e

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.

Task_Statuz.0 Counter_1

1 F CRES> |
The controller does not clear the bits 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 OTU 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_Status.0 Tazk_Status.0 SO
1 F a0 Set Systemn Walue
Clazz Mame TASK
Instance Mame THIS
Attribute Mame Status
Source T ask_Statuz
0&
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Notes:
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Chapter 12

For/Break Instructions
(FOR, FOR...DO, BRK, EXIT, RET)

Topic Page
For (FOR) 482
Break (BRK) 485
Return (RET) 486

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 Page

Repeatedly execute a routine FOR Relay ladder 482
FOR...00" Structured text

Terminate the repeated execution of a routine BRK Relay ladder 485
exit? Structured text

Return to the FOR instruction RET Relay ladder 486

(1) Structured text only.
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For (FOR) The FOR instruction executes a routine repeatedly.

Operands:

_ Relay Ladder
FOR

] IEEI:;utine name - Operand Type Format Description
e 73 Routine name ROUTINE Routine Name Routine to execute
Imitial walue 7 Index DINT Tag Counts how many times the routine has been executed
Terminal wal ?
S;aé;m;geva He 7 Initial value SINT Immediate Value at which to start the index
INT Tag
DINT
Terminal value | SINT Immediate Value at which to stop executing the routine
INT Tag
DINT
Step size SINT Immediate Amount to add to the index each time the FOR instruction
INT Tag executes the routine
DINT

: Structured Text

FOR count:= initial value TO . . .
final_value BY increment DO Use the FOR...DO construct. See Structured Text Programming for information

on structured text constructs.

<statement>;

Description:

IMPORTANT Do not use a FOR instruction to call (execute) the main routine.
e You can put a FOR instruction in the main routine
or any other routine.

o Ifyou 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).

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.

Each time the FOR instruction executes the routine, it adds the Step size to the
Index.
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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 major 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.

Rung-condition-in is true.

v

Index = initial_value

|

No
Index < Terminal Value

Step size < 0

Index > Terminal Value

Execute Routine

index =(index + step_size)

¢

‘ Rung condition-out is set to true.

'

Postscan

The rung-condition-out is set to false.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012 483



Chapter 12 For/Break Instructions (FOR, FOR...DO, BRK, EXIT, RET)

Example: When enabled, the FOR instruction repeatedly executes routine_2 and
increments value_2 by 1 each time. When value_2is > 10 or a BRK instruction is
enabled, the FOR instruction no longer executes routine_2.

FOR
— Fuor

Routing name  routine_2
|ridex walue_2

e
[ritial walue ]
Terminal walue 10
Step zize 1
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Break (BRK)

Operands:

—BRK—

EXIT;

Description:

The BRK instruction interrupts the execution of a routine that was called by a
FOR instruction.

Relay Ladder

None

Structured Text

Use the EXIT statement in a loop construct. See Appendix B for information on
structured text constructs.

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.

— BRK
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Return (RET)

Operands:
RET
— FRetun —
Return par ?
Description:

The RET instruction returns to the calling FOR instruction.

Relay Ladder

None

IMPORTANT Do not place a RET instruction in the 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:

A major 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.
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 i set to false.
Example: The FOR instruction repeatedly executes routine_2 and increments value_2 by 1

486

each time. When value 2 is > 10 or a BRK instruction is enabled, the FOR
instruction no longer executes routine 2.
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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 Subroutine
FOR RET
— For ) q——— — Retum
Routing name  routine_2
|ridex walue_2
e
Imitial walue 1
Terminal value 10
Step zize 1
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Notes:
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Chapter 13

Special Instructions

(

FBC, DDT, DTR, PID)

Topic Page
File Bit Comparison (FBC) 490
Diagnostic Detect (DDT) 497
Data Transitional (DTR) 504
Proportional Integral Derivative (PID) 507
Configure a PID Instruction 512
Use PID Instructions 514
PID Theory 526

The special instructions perform application-specific operations.

If you want to Use this instruction Available in these languages Page

Compare data against a known, good reference and record any | FBC Relay ladder 490

mismatches

Compare data against a known, good reference, record any DDT Relay ladder 497

mismatches, and update the reference to match the source

Pass the source data through a mask and compare the resultto | DTR Relay ladder 504

reference data. Then write the source into the reference for the

next comparison

Control a PID loop PID Relay ladder 507
Structured text
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File Bit Comparison (FB()

The FBC instruction compares bits in a Source array with bits in a Reference

array.
Operands:
_ Relay Ladder
— FBL:
— EE‘E% ::emparlmn 3 %Eé gperand [T)T:Te ;orm?t ADescrtiption: ——
oo b R | ponotuse NTROLPOSin the s
EE%%?% - E Reference DINT Array tag I/;rray to compare to the sgurce '
Lenath 5 0 not use CONTROL.POS in the subscript
Fosiion ! 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 CONTROL Structure Control structure for the results
Length DINT Immediate Number of storage locations in the result
Position DINT Immediate Current position in the result
Initial value is typically 0
ATTENTION: Use different tags for the compare control structure and
A the result control structure. Using the same tag for both could result in
unpredictable operation, possibly causing equipment damage and/or
injury to personnel.
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 FBCinstruction 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).
AN 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.
.P0S DINT The position value identifies the current bit.
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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 FBCinstruction 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.

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.

Select 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.

position of the mismatch, and stops executing.

Each time the rung-condition-in goes from false to true, the FBCinstruction searches for the next mismatch
between the Source and Reference arrays. Upon finding a mismatch, the instruction sets the .FD bit, records the

All mismatches

(lear the .IN bit in the compare CONTROL structure.

the Source and Reference arrays.

Each time the rung-condition-in goes from false to true, the FSCinstruction searches for all mismatches between

Arithmetic Status Flags: Not affected

Fault Conditions:

A major 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.
Compare.FD bit is cleared.

%

xamine Compare.DN=0

compare.DN bit.

compare.DN =1

Compare.DN bit is cleared.
Compare.POS value is cleared.
Result.DN bit is cleared.
Result.POS value 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.
Compare.FD bit is cleared.

Compare.DN=0

Compare.DN=1

Compare DN bit i cleared.
Compare.POS value is cleared.
Result.DN bit is cleared.
Result.POS value is cleared.

Rung-condition-out is set to

false.
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Condition Relay Ladder Action

Rung-condition-in is true.

'

Xamine compare.E
bit.

Compare.EN =1
-

Compare.EN=0

Compare.DN=1

Compare EN bit s set. —

Compare.DN=0

Compare.ER bit is cleared.

Compare.FD bit is cleared.

Compare.LEN<0

Yes

o

Compare.P0S < 0

‘ Compare.ER it s set.

'

Rung-condition-out s set to

true.
* Compare

page 495
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Condition Relay Ladder Action

Compare

Compare.POS = compare.LEN
Compare.DN bit is set.

page 494

Result.DN =1

Result.DN bit is cleared.

Examine result.DN Result.POS value is cleared.

bit.

ource[compare.P0S] =

Compare.FD bit is set. >
Reference[compare.POS

ResultDN=0
-

Compare.P0S =
compare.P0S + 1

Yes
Result.P0S < 0

Yes
Result.LEN <0

y

Compare.ER bit is set.

Y

Result.POS >
size of result array

page 494

Result[result.POS] = compare.POS
result.POS = result.POS + 1

Result.POS >
result.LEN

} Result.DN bit s set.

Postscan The rung-condition-out is set to false.
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Example: When enabled, the FBC instruction compares the source ar7ay_dint1 to the
reference array_dint2 and stores the locations of any mismatches in the result
array_dint3.

FBLC
—— File Bit Comparizon - 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

Sourcearray_dinﬂ‘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‘

'y

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 \\\‘

rerardns | | | [ [ [ [ [ LQ QLTI TTLT s
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Chapter 13

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 CEN—— Operand Type Format Description
Source 7 CDM—
Reference ? :‘:(FD); Source DINT Array tag Array to compare to the reference
Result 7 IN ; ;
Cop, Control > eERS— Do not use CONTROL.POS in the subscript
,E.'E’;ﬁ'irn 3 Reference DINT Array tag Array to compare to the source
Fiesult Control ? Do not use CONTROL.POS in the subscript
Length ?
Fasition ? 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 CONTROL Structure Control structure for the results
Length DINT Immediate Number of storage locations in the result
Position DINT Immediate Current position in the result
Initial value typically 0
ATTENTION: 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.
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.
.FD 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).
AN 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.
.P0S DINT The position value identifies the current bit.
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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.

498

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.

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.
Select the Search Mode
If you want to detect Select this mode
One mismatch at a time Set the .IN bitin 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 bit, records the
position of the mismatch, and stops executing.

All mismatches (lear 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 major 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.
Compare.FD bit is cleared.

¢

Compare.DN=0

Examine
Compare.DN bit.

Compare.DN=1

Compare.DN bit is cleared.
Compare.POS value is cleared.
Result.DN bit is cleared.
Result.POS value is cleared.

Rung-condition-out is set to

false.
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Condition: ‘ Relay Ladder Action

Rung-condition-in is false. %

Compare.EN bitis cleared.
Compare.FD bit is cleared.

'

Compare.DN=0

Examine

Compare.DN bit.

Compare.DN=1

Compare DN bit is cleared.
Compare.POS value is cleared.
Result.DN bit is cleared.
Result.POS value is cleared.

Rung-condition-out is set to

false.
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Condition: Relay Ladder Action

Rung-condition-in is true.

>‘

Compare.DN bit=1

Compare EN bit is set.

compare.DN bit=0

Compare.ER bit is cleared.

Compare.FD bit is cleared. »

Compare.LEN<0

‘ Compare.ER bit s set.

:
(&)

Rung-condition-outis set to

true.
@
<> )

page 50
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Condition: Relay Ladder Action

Compare

Compare.P0S > Compare,DA%bit igosepare.LEN

page 501

Result.DN =1

Compare.FD bit is set.

Result.DN bit is cleared.

ourcelcompare.POS] = Result.POS value is cleared.

Reference[compare.POS

Reference[compare.POS] >

Examine result.DN
= Source[compare.P0S] i

ResultDN=0
-

Compare.P0S =
Compare.POS + 1

Yes
Result.POS < 0

Yes
Result.LEN <0

y

‘ Compare.ER bit is set. ‘

Y

page 494

Result[result.POS] = Compare.POS
Result.POS = Result.P0S + 1

Result.POS >
esult.LEN

} Result.DN bit s set.

Postscan The rung-condition-out is set to false.
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Example: When enabled, the DDT instruction compares 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_dintl.

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)‘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 \\\‘

reutt | | [ L LTI PP T PP TP

array_dint3

Reference(aft;:rgrfgianrtez)‘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‘
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Data Transitional (DTR)

Operands:

DTR

— Diata Trangtion
Source

b azk,

Reference

7
7

7

Description:

The DTR instruction passes the Source value through a Mask and compares the
result with the Reference value.

Relay Ladder
Operand Type Format Description
Source DINT Immediate Array to compare to the reference
Tag
Mask DINT Immediate Which bits to block or pass
Tag
Reference DINT Tag Array to compare to the source
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 ‘I’ 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.

ATTENTION: Online programming with this instruction can be

A 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.

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#0FOF
8 Octal
For example; 8#16
24 Binary
For example; 2#00110011

Arithmetic Status Flags: Not affected

504
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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 = rafejensaditieh asuakicemaskedeource

eference

rung-condition-out is set >
to false

Postscan The rung-condition-out is set to false.
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Example: When enabled, the DTR instruction masks value 1. If there is a difference in the
two values, the rung-condition-out is set to true.

DTR
Data Tranzition
Source walue_1
e
b azk, mazk_1
e
Reference  walug_2
e
Example 1 Example 2
Source
value_1
7 1 8 3 9 1 8 7
Mask = OFFF
ofofofo 11y frapfrfrynp olojofo 1 fryrfrfrfryrafr)afr
v v v
Reference
value_2 ] 3 7
Current Scan [0 1 8 3 0 Current Scan
Previous Scan 0 1 8 3 0 1 8 3 Previous Scan
The rung remains false as long as the input value The rung remains true for one scan when a change
does not change. is detected.

13385

A 0 in the mask leaves the bit unchanged.

506 Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Special Instructions (FBC, DDT, DTR, PID) ~ Chapter 13

Proportion al |ntegra| The PID instruction controls a process variable such as flow, pressure,
Derivative (PI D) temperature, or level.

Operands:

Relay Ladder

B
FIL

— Proportional Integral Dervative f—
?
Frocess Yariable ?
Tieback ?
Cantral ¥ ariable ?
FID Master Loop ?
Inhold Bit ?
Inhold Value ?
Setpoint "
Frocess Yariable 7
Output % K
Operand Type Format Description
PID PID Structure PID structure
Process variable | SINT Tag Value you want to control
INT
DINT
REAL
Tieback SINT Immediate (Optional) Output of a hardware hand/auto station that is bypassing the output of the controller
INT Tag Enter 0 if you don’t want to use this parameter.
DINT
REAL
Control variable | SINT Tag Value that goes to the final control device (valve, damper, and so forth)
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
DINT deadband.
REAL
PID master loop | PID Structure (Optional) PID tag for the master PID
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
Setpoint Displays current value of the setpoint
Process variable Displays current value of the scaled Process Variable
Output % Displays current output percentage value

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012 507



Chapter 13 Spedial Instructions (FBC, DDT, DTR, PID)

PID(PID,ProcessVariable,
Tieback,ControlVariable,
PIDMasterLoop,InholdBit,

Structured Text

The operands are the same as those for the relay ladder PID instruction.
However, you specify the Setpoint, Process Variable, and Output percent by
accessing the .SP, .PV.and .OUT members of the PID structure, rather than by

InHoldValue); including values in the operand list.
PID Structure
Mnemonic: Data Type Description
(L 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 q)
29 L
28 PVT
27 .DOE
26 SWM
25 (A
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
n EWD
10 .DVNA
09 .DVPA
08 PVLA
07 .PVHA
.SP REAL Setpoint
KP REAL Independent Proportional gain (unitless)
Dependent Controller gain (unitless)
Ki 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 %
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Mnemonic: Data Type Description

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

.0uT REAL Qutput %

.PVH REAL Process variable high alarm limit

L 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 .KI
.DATA[13] Dependent gain .KD
.DATA[14] Previous .CV value
.DATA[15] .CV descaling constant
.DATA[16] Tieback descaling constant
EN BOOL Enabled
aT BOOL (ascade type (0=slave; 1=master)
(L BOOL (ascade 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)
(A 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; T=dependent)
.NDF BOOL No derivative smoothing
(0=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 (0=no; 1=yes)
.SPOR BOOL Setpoint out of range (0=no; 1=yes)
OLL BOOL (Vis below minimum output limit (0=no; 1=yes)
.OLH BOOL (Vis above maximum output limit (0=no; 1=yes)
EWD BOOL Error is within deadband (0=no; 1=yes)
.DVNA BOOL Deviation is alarmed low (0=no; 1=yes)
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Mnemonic: Data Type Description

.DVPA BOOL Deviation is alarmed high (0=no; 1=yes)
PVLA BOOL PVis alarmed low (0=no; 1=yes)

.PVHA BOOL PVis 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 bt |

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<0 4 35
Setpoint out of range 4 36
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. N/A

Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.

Enableln is set

N/A Enableln is always set.
The instruction executes.

Instruction exec

ution The instruction executes the PID loop. The instruction executes the PID loop.

Postscan

The rung-condition-out is set to false. No action taken.
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Configure a PID Instruction

512

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

Elrgpu:urtmnal Integral Derwa@ ~g— Click here to configure the PID
Process Yariable instruction
Tieback ?

Contral Y ariable ?

FID baster Loop ?

Inkald Bit T

[rhold W alue ?

Setpoint K

Process Warable K

Output & K

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 (.50).
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 (Kp)

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 (Kg) Enter the derivative gain (.KD).
Forindependent 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, |, and D) to operate independently. Use dependent when you
want an overall controller gain that affects all three terms (P, I, 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 (Max0).

CVlow 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 (.NOZ().

PV tracking

Enable or disable this selection (.PVT).

(ascade loop

Enable or disable this selection (.CL).

(ascade type

If cascade loop is enabled, select either slave or master (.CT).

(1) When using the ladder-based PID instruction, if you set MAXO = MINO, the PID instruction will reset these values
to default. MAXO = 100.0 and MINO = 0.0

Specify 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).

PVlow Entera 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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Specify 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).

(1) When using the ladder-based PID instruction, if you set MAXO = MINO, the PID instruction will reset these values
to default. MAXO = 100.0 and MINO = 0.0

Use PID Instructions PID closed-loop control holds a process variable at a desired set point. The

illustration shows an example of a flow-rate/fluid level.

Setpoint - Error

— > —  » | 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.

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 affect only
their specific proportional, integral, or derivative terms respectively. When using
dependent gains, the proportional gain is replaced with a controller gain that
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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
1 dE
= += +T,— |+
CV = K¢|E TijEdt Tog |+ BIAS
0
Process variable (PV)
E=SP-PV
t
3 1 dPV
CV = K¢|E+ Tionlt—Td o | +BIAS
0
E=PV-SP
t
_ 1 dPV
CV = K¢ E+TijEdt+Td | +BIAS
0
Independent gains Error (E)
t
- dE
CV = KpE +K;[Edt+ Kagr + BIAS
0
Process variable (PV)
E=SP-PV
t
CV = KpE + KifEdt—KddstV +BIAS
0
E=PV-SP
t
CV = KpE +K;[Edt + KddstV +BIAS
0
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Where:
Variable Description
Kp Proportional gain (unitless)
Ky = K unitless
K; Integral gain (seconds T
To convert between K; (integral gain) and T, (reset time), use:
K
K; = E%
Kq Derivative gain (seconds)
To convert between K (derivative gain) and Ty (rate time), use:
Kq=K. (Ty) 60
Kc Controller gain (unitless)
Ti Reset time (minutes/repeat)
Ty Rate time (minutes)
SP Setpoint
PV Process variable
E Error [(SP-PV) or (PV-SP)]
BIAS Feedforward or bias
v 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 K4 or Ty 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.

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 (.50) 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
that is bypassing the output from the controller.

Important: Manual mode overrides software manual mode if both mode bits are set on.
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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 ms. Only rare cases, such as tension control on an
unwinder spool, require loop updates as fast as every 10 ms

or faster.

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

periodic task.
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FID
Proportional Integral Derivative

FID TIC1M |:|“
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:0:1.ChOData,Local:0:1.Ch1Data,
Local:1:0.Ch4Data,0,Local:1:1.Ch4InHold,
Local:1:1.Ch4Data);

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...10 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 ms periodic task, use a
loop update time of 250 ms (UPD = .25), and configure the analog input
module to produce data at least about every 25...50 ms.

Another, somewhat less accurate, method of executinga 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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Relay Ladder

FID ti;ner.dn TOM | cen
—i [ Tirner On Delay —
Tirmner FID timer L DM—
Prezet 1000
Accum ne
FID_timer.OM FIC FID_timer
T E 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:0:1.ChOData,Local:0:1.Ch1Data,
Local:1:0.Ch0Data,0,Local:1:1.ChOInHold,

Local:1:1.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...32,767 ms. 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 RT'S
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 ms,
you could put the PID logic in a periodic task that runs every

100 ms 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 ms.

An example of the RT'S 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 the operator still
manually change the output of the PID loop.

HNE

Mat Equal

Source B

Source & Local:0:].RolingTimestamp

Local:0:1. ChiF ault
J1LC

J

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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Structured Text

IF (Local:0:1.ChOFault) THEN
TIC101.SWM [:=] 1;

ELSE

TIC101.SWM :=0;

END_IF;

IF (Local:0:1.RollingTimestamp < >PreviousTimestamp) OR
(Local:0:1.ChOFault) THEN

PreviousTimestamp := Local:0:1.RollingTimestamp;

PID(TIC101,Local:0:1.ChOData,Local:0:1.Ch1Data,
Local:1:0.ChOData,0,Local:1:1.ChOInHold,
Local:1:1.ChOData);

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.
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Instructions for setting a bumpless restart.

Do this

Details

Configure the 1756 analog output module’s channel that receives | Select the “hold for initialization” checkbox on the properties page for the specific channel of the module.

the control variable from the PID instruction

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.

+ Deadband
Setpoint

- Deadband

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 (Ky > 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.

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
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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 specity.
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 zero when the error is within the deadband.

Use Output 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.

Feedforward or Qutput 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.

Cascade 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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524

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);

Control a Ratio

You can maintain two values in a ratio by using these parameters:

o Uncontrolled value

o Controlled value (the resultant setpoint to be used by the PID instruction)

e Ratio between these two values

Relay Ladder

ALIL
Fuiltiply
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 €
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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 PID instructions.

P Error Displayed
Displayed as EUs asEUs
-/ -/
ftware A/M
'M Station Mode Control Action
Software A/M Set Output %
Mode .
Auto SP-PV Converss Units o % /M Station Mode
?{Efl’Ol’) - PID Calculatior@Ut%) Auto
Erfor X100 Auto Convert % to CV Units
SP > A
> angal PV-SP maxsfmins © Output éy
& Nanual Limiting CVohmaxcemind) iy
N Set Output % Nianual 100
PV
Displayed as EUs Output (CV)
Yes ¢ ) Displayed as % of
" EU Scale
Converts Binary to Converts Tieback Units to -~
Engineering Units %
(PV-mmini)(mats-mins) mins tieback-mintie
maxi-fim 00
maxtie-mintie
7\
PV
.
PID Process with Master/Slave Loops
Master
Loop Software A/M
or Control Action O_Utp”‘
A/M Station Mode Bias %
Software A/M
Auto SP-PV onverts Units 10 % Mode A/M Station Mode
@H }-| b@?’) > > [ID(aIcuIaliorm”‘%’ ~ Auto
5 Erfor X 100 Auto
o> anual Vsp — 7 — (Master.0ut)
PVT Manual
0 [anual
[ T T T T T softwarem _________l
Yes | Mode
Auto |
Converts Binary to I5P
Engineering Units | Manual r |
(PV‘—m|‘|1|.)(maxs—m|ns) mins LV Manual ?\‘ o |
maxi-mini | Items referenced in this box are parameters,
A units, and modes as they pertain to the |
N | designated Slave loop. |
PV —_— e — — — — — — — — e e e — — — —— —
Slave Loop
Control Action
[T
- . Software A/M Set Output %
onverts % to SP-PV ; Mod i
(Master.Out) Engineering Units P Cprverts Units to% PID Calcalat o A/M station Mode
Imaxs-mins) .
100 ——————=mins EmprX100 phuto Convert % to CV Units
PV-SP maxs-mins N
Mpnual (V%(maxcv-mincv)  mincy >>
Converts Binary to Set Qutput % Manual 100
Units
(PY-mini)(maxs-mins) .
maki-mini ins Converts Tiehack Units to
X «
tieback-mintie
0
/N maxtie-mintie
PV
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(SIN, €COS, TAN, ASN, ASIN, ACS, ACOS, ATN, ATAN)

Topic Page
Sine (SIN) 528
Cosine (COS) 531
Tangent (TAN) 534
Arc Sine (ASN) 537
Arc Cosine (ACS) 540
Arc Tangent (ATN) 543

The trigonometric instructions evaluate arithmetic operations by using

trigonometric operations.

If you want to Use this instruction Available in these languages Page
Take the sine of a value SIN Relay ladder 528
Structured text
Function block
Take the cosine of a value 0s Relay ladder 531
Structured text
Function block
Take the tangent of a value TAN Relay ladder 534
Structured text
Function block
Take the arc sine of a value ASN Relay ladder 537
ASIN®) Structured text
Function block
Take the arc cosine of a value ACS Relay ladder 540
Acos(” Structured text
Function block
Take the arc tangent of a value ATN Relay ladder 543
ATAN®) Structured text
Function block

(1) 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 (SIN)

Operands:

SIM
— Sine —
Source ?
T
Dest ?
T

dest := SIN(source);

The SIN instruction takes the sine of the Source value (in radians) and stores the
result in the Destination.

Relay Ladder

Operand Type Format Description

Source SINT Immediate Find the sine of this value
INT Tag
DINT
REAL

Destination SINT Tag Tag to store the result

INT
DINT
REAL

Structured Text

Use SIN as a function. This function computes the sine of source and stores the
result in dest.

See Structured Text Programming for information on the syntax of expressions

within structured text.

Fa SIN_01 Function Block
SIH |Z|
cine Operand Type Format Description
SIN tag FBD_MATH_ADVANCED Structure SIN 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 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.

528
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Description: The Source must be greater than or equal to -205887.4 (-2mx2"%) and less than or
equal to 205887.4 (2mx213). 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.
Fa Function Block
Condition Action
Prescan No action taken.
Instruction first scan No action taken.
linstruction 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: Calculate the sine of value and place the result in result.
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Relay Ladder

SIM

—— Sine

Source value
078533313 ¢

Dest result
0.70710677 €

Structured Text

result := SIN(value);

Function Block
SIM_01
SN
Sine
u] [l
I Source Drest
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Cosine (COS) The COS instruction takes the cosine of the Source value (in radians) and stores
the result in the Destination.
Operands:
_ Relay Ladder
—C03
N ggz‘::i 7 B Operand Type Format Description
o ?3 Source SINT Immediate Find the cosine of this value
et - 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 dest.

See Structured Text Programming for information on the syntax of expressions

within structured text.

Fa cos_01 Function Block
cos
E Operand Type Format Description
Cosine
(0Stag FBD_MATH_ADVANCED Structure (0S 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 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.
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Description:

Arithmetic Status Flags:

The Source must be greater than or equal to -205887.4 (-2mx2'5) and less than or

equal to 205887.4 (2mx213). 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.

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 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.
Fa 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: Calculate the cosine of value and place the result in result.
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Relay Ladder

Cas

— Cosine
Source value
1.0471976 €
Dest result
n5*€

Structured Text

result := COS(value);

Function Block

COS_01

cos

Cozine

value , Source
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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 ?
7 Source SINT Immediate Find the tangent of this value
Dest 7 INT Tag
I 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 desz.
See Structured Text Programming for information on the syntax of expressions
within structured text.
Fa TAN_01 Function Block
TAN L
Operand Type Format Description
Tangent
TAN tag FBD_MATH_ADVANCED Structure TAN 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 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(-27‘5)(214) and less than or
equal to 102943.7 (2mx214).
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Arithmetic Status Flags:

Fault Conditions: None

Execution:

Relay Ladder

Arithmetic status flags are affected.

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 rung-condition-out

The controller calculates the tangent of the Source and places the result in the Destination.

is set to true.

Postscan

The rung-condition-out

is set to false.

Fa

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

EnableQut is set.

The instruction executes.

Postscan

No action taken.

Example: Calculate the tangent of value and place the result in result.

Relay Ladder

—— Tangent
Source value
20943952 €

Dzt
-1

TN

result
F320807 €
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Structured Text

result := TAN(value);

Function Block

TAN_OZ

TAN

Tangent
u} 0.0

walue [ Source [rest - 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
—A5M
— Are Sine — Operand Type Format Description
Source ?
7 Source SINT Immediate Find the arc sine of this value
Dest ? INT Tag
o 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 Structured Text Programming for information on the syntax of expressions
within structured text.
Fa ASN_01 Function Block
AN El
) Operand Type Format Description
A Sine
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
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 -1 and less than or equal to 1. The

resulting value in the Destination is always greater than or equal to -/2 and less
than or equal to /2 (where 7 = 3.141593).
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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.

Fa

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.

538

Example: Calculate the arc sine of value and place the result in resulz.

Relay Ladder

S50
— Az Sine
Source value
nz*®
Dest result
020135735 €

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Trigonometric Instructions (SIN, COS, TAN, ASN, ASIN, ACS, ACOS, ATN, ATAN)  Chapter 14
Structured Text
result := ASIN(value);
Function Block
ASN_O1
ASN
Arc Sine
0 0.0
I Source [ra=t
Rockwell Automation Publication 1756-RM0030-EN-P - November 2012 539



Chapter 14 Trigonometric Instructions (SIN, COS, TAN, ASN, ASIN, ACS, ACOS, ATN, ATAN)

Arc Cosine (ACS) The ACS instruction takes the arc cosine of the Source value and stores the result
in the Destination (in radians).
Operands:
Relay Ladder
ACS
— Ao Cozine — Operand Type Format Description
Source ? - - - -
77 Source SINT Immediate Find the arc cosine of this value
Dzt ? INT Tag
77 DINT
REAL
Destination SINT Tag Tag to store the result
INT
DINT
REAL

; Structured Text

dest := ACOS(source); Use ACOS as a function. This function computes the arc cosine of source and
stores the result in dest.

See Structured Text Programming for information on the syntax of expressions

within structured text.

Fa AL 01 Function Block
ALS |ZI
] Operand Type Format Description
Arc Cosine
ACS tag FBD_MATH_ADVANCED Structure ACS 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

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 -1 and less than or equal to 1. The
resulting value in the Destination is always greater than or equal to 0 or less than

or equal to 7t (where = 3.141593).
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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 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.
F 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: Calculate the arc cosine of value and place the result in result.

Relay Ladder

ACS

— Az Cosine
Source value
-0.B0000002 *
ezt result
22142975 ¢
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542

Structured Text

result := ACOS(value);

Function Block

ACS_0M

acs |

Arc Cosine

)
. Source Dest
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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
— Auc Tangent - Operand: Type Format Description
Source 7 S : - -
77 ource SINT Immediate Find the arc tangent of this value
Dest ? INT Tag
T 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 soxrce and
stores the result in dest.
See Structured Text Programming for information on the syntax of expressions
within structured text.
= ATH_D Function Block
ATH
E Operand Type Format Description
Arc Tangent
ATN tag FBD_MATH_ADVANCED Structure ATN structure
O Source Crest 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 s set.

Source REAL Input to the math instruction.
Valid = any float

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 resulting value in the Destination is always greater than or equal to -1/2 and
less than or equal to /2 (where 7 = 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.
Rrung-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.
F 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.
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Example: Calculate the arc tangent of value and place the result in result.

Relay Ladder

ATH

Arc Tangent
Source value
0.860000071 €
Dest result
0.71027106 €

Structured Text

result := ATAN(value);

Function Block

ATN_O4

ATH

Az Tangent

o oo
l Source Drest

] result
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Notes:
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Advanced Math Instructions

(LN, LOG, XPY)
Topic Page
Natural Log (LN) 548
Log Base 10 (LOG) 551
X to the Power of Y (XPY) 554

The advanced math instructions include these instructions.

If you want to

Use this instruction

Available in these languages

Page

Take the natural log of a value

LN

Relay ladder
Structured text
Function block

548

Take the log base 10 of a value

L0G

Relay ladder
Structured text
Function block

(O3]
(o]
—

Raise a value to the power of another value

XPY

Relay ladder
Structured text")
Function block

1al
al
=~

(1) 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 7 - ) -
77 Source SINT Immediate Find the natural log of this value
Diest ? INT Tag
27 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 Structured Text Programming for information on the syntax of expressions
within structured text.
Fa LN o1 Function Block
T
Operand Type Format Description
Matural Lag
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.

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.
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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.
F 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: Calculate the natural log of value and place the result in result.

Relay Ladder Example

LM
— Matural Log
Source value
hO*
Dzt result
16094378 €
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Structured Text

result := LN(value);

Function Block

LN_04

|

Matural Log

walue O Source Drest
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Log Base 10 (LOG)

The LOG instruction takes the log base 10 of the Source and stores the result in
the Destination.

Operands:
Relay Ladder
LOG
— LogBasze 10 - Operand Type Format Description
?
Bource e Source SINT Immediate Find the log of this value
Dest ? INT Tag
27 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 Structured Text Programming for information on the syntax of expressions
within structured text.
Fa Lae._o1 Function Block
Lo =l
0 d T Format Descripti
Log Base 10 peran ype orma escription
L0G tag FBD_MATH_ADVANCED Structure LOG 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.
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) is

set. The resulting Destination is greater than or equal to -37.92978 and
less than or equal to 38.53184.
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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 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.

Fa

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.

552

Example: Calculate the log of value and place the result in result.

Relay Ladder

LOG
— LogBasze 10
Source walue
3.4000001 €
Dest result
53147388 €
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Structured Text

result := LOG(value);

Function Block

LOG_ 01

Los

Log Base 10

walue i Source [rest J result
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X to the Power of Y (XPY)

Operands:
— ¥ To Power OfY —
Source # ?
T
Source ?
T
Dzt ?
T
dest := sourceX ** sourceY;

HPY_0
AP |
A To Power Of
O Sources [rest
O Sourced

554

0.0

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
INT

DINT
REAL

Immediate
Tag

Base value

Source Y SINT
INT
DINT
REAL

Immediate
Tag

Exponent

Destination SINT
INT
DINT
REAL

Tag

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 sourcel and stores the result

in dest.

See 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 s 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: If Source X is negative, Source Y must be an integer value or a minor fault will

occur.

The XPY instruction uses this algorithm: Destination = X*Y

The controller evaluates x°=1 and 0*=0.

Arithmetic Status Flags: Arithmetic status flags are affected.

Fault Conditions:

A Minor Fault Will Occur If

Fault Type

Fault Code

Source X is negative and Source Y is not an integer value

4

4
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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 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 i 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.

Example: The XPY instruction takes value_I to the power of value_2 and places the result

in result.
Relay Ladder
—— ¥ ToPower OFY —
Source # walue_1
33e
Sourcer walue_2
4&
Dzt result
1185921 &
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Structured Text

result := (value_1 ** value_2);

Function Block

APr_0M
AP |
A To Power Of
33 0.0

SourceB
|
EIEND:
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Notes:
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Chapter 16

Math Conversion Instructions
(DEG, RAD, TOD, FRD, TRN, TRUNC)

Topic Page
Degrees (DEG) 560
Radians (RAD) 563
Convert to BCD (TOD) 566
Convert to Integer (FRD) 569
Truncate (TRN) 571

The math conversion instructions convert values.

If you want to Use this instruction Available in these languages Page
Convert radians to degrees DEG Relay ladder 560
Structured text

Function block

Convert degrees to radians RAD Relay ladder 563
Structured text
Function block

Convert an integer value to a BCD value TOD Relay ladder 566
Function block

Convert a BCD value to an integer value FRD Relay ladder 569
Function block

Remove the fractional part of a value TRN Relay ladder 571
TRUNCT Structured text

Function block

(1) 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 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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Degrees (DEG) The DEG instruction converts the Source (in radians) to degrees and stores the
result in the Destination.
Operands:
Relay Ladder
DEG
— Radianz ToDegrees — Operand Type Format Description
Source 7 -
77 Source SINT Immediate Value to convert to degrees
Dest 7 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 source to degrees and stores the
result in desz.
See Structured Text Programming for information on the syntax of expressions
within structured text.
Fa bEG_01 Function Block
DEG
E Operand Type Format Description
Radians Tao Degrees
DEG tag FBD_MATH_ADVANCED Structure DEG structure

O Source Crest 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 s 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 REAL Result of the conversion instruction. Arithmetic status flags are set for this output.

Description: The DEG instruction uses this algorithm:

Arithmetic Status Flags:

Source*180/m (where Tt = 3.141593)

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 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.
F 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: Convert value to degrees and place the result in result.
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Relay Ladder

DEG

— FRadianz To Degrees

Source

Dest

value

18.0%

result

859.43671 €

Structured Text

result := DEG(value);

Function Block

)
walue t

DEG_04

DE&

=

Fadians To Dregrees

Source

[rest

0.0
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Radians (RAD) The RAD instruction converts the Source (in degrees) to radians and stores the
result in the Destination.
Operands:
Relay Ladder
Ral
— Dearees: To Radian: — Operand Type Format Description
Source 7 - -
77 Source SINT Immediate Value to convert to radians
Deszt 7 INT Tag
T 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 Structured Text Programming for information on the syntax of expressions
within structured text.
Fa RAD. 01 Function Block
RAD E
Operand Type Format Description
Cegrees To Radians
RAD tag FBD_MATH_ADVANCED structure RAD structure

O Source Cest 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 s 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 REAL Result of the conversion instruction. Arithmetic status flags are set for this output.

Description: The RAD instruction uses this algorithm:

Arithmetic Status Flags:

Source*nt/180 (where T = 3.141593)

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.

i

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 Convert value to radians and place the result in resul.
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Relay Ladder

Ral
— Degrees To Radians
Source value
450€
ezt result

0785359319

Structured Text

result := RAD(value);

Function Block
RAD_01

RAD L

Degrees Ta Radians

0.0 oo
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Convertto BCD (TOD) The TOD instruction converts a decimal value (0 < Source < 99,999,999) to aBCD
value and stores the result in the Destination.
Operands:
Relay Ladder
TOD
— ToEBCD — Operand Type Format Description
Source ?
] Source SINT Immediate Value to convert to decimal
Dest ? INT Tag
I DINT
ASINT or INT tag converts to a DINT value by zero-fill.
Destination SINT Tag Stores the result
INT
DINT
P oD 01 Function Block
TOD E
Operand Type Format Description
To BCD
TOD tag FBD_CONVERT Structure TOD structure
g Source Lrest 1
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 s set.
Source DINT Input to the conversion instruction.
Valid = any integer
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.

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.
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Arithmetic Status Flags: Arithmetic status flags are affected.

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.

No No
Source > 99,999,999 — g | Convert source to BCD.
Yes 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.
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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: The TOD instruction converts value_I 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_04

Tar L

Te BCD

walue_1 [ Souree [ra=t O rezult_a
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The FRD instruction converts a BCD value (Source) to a decimal value and
stores the result in the Destination.

Convert to Integer (FRD)

Operands:
Relay Ladder
FRD
— From ECD — Operand Type Format Description

Source ?
77 Source SINT Immediate Value to convert to decimal

Dest ? INT Tag
b DINT

ASINT or INT tag converts to a DINT value by zero-fill.

Destination SINT Tag Stores the result
INT
DINT
P FRD_O1 Function Block
FRD E|
Operand Type Format: Description
From BCD
FRD tag FBD_CONVERT Structure FRD structure
O Source Lrest [
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 s set.
Source DINT Input to the conversion instruction.
Valid = any integer
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.
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

Execution:
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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.
F 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: The FRD instruction converts value_a to a decimal value and places the result in

result 1.
Relay Ladder
FRD
— From BCD
Source  walue_a
1680043 €
Dest result_1
43 €
Function Block
FRO_01
FrRe L]
From BCL

570 Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Math Conversion Instructions (DEG, RAD, TOD, FRD, TRN, TRUNC)  Chapter 16

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 ? -
79 Source REAL Immediate Value to truncate
Dest 7 Tag
i Destination SINT Tag Tag to store the result
INT
DINT
REAL
Structured Text

dest := TRUNC (source);

Use TRUNC as a function. This function truncates source and stores the result in

dest.

See Structured Text Programming for information on the syntax of expressions

within structured text.

Function Block

B TRM_01
TRN =
Operand Type Format Description
Truncate
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 s set.
Source REAL Input to the conversion instruction.
Valid = any float
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.
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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.
= 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.
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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
— Truncate
Saurce flaat_valus_1
78955554
Dest float_walue 1_tuncated
7890«

Structured Text
float_value_1_truncated := TRUNC(float_value_1);

Function Block

TRH_DA

TRN L]

Truncate
uln] u]

float_value_1 C— Source Drest 3—C|<
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Notes:
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ASClI Serial Port Instructions
(ABL, ACB, ACL, AHL, ARD, ARL, AWA, AWT)

Topic Page
ASClI Test For Buffer Line (ABL) 579
ASClI Chars in Buffer (ACB) 582
ASCII Clear Buffer (ACL) 584
ASCIl Handshake Lines (AHL) 586
ASCII Read (ARD) 590
ASCll Read Line (ARL) 594
ASCII Write Append (AWA) 598
ASCII Write (AWT) 602

Use the ASCII serial port instructions to read and write ASCII characters.

IMPORTANT To use the ASCll serial port instructions, you must configure the serial port
of the controller. For procedures, see the Logix5000 Controllers Common
Procedures Programming Manual,
publication 1756-PM001.

The 1756-L7x controllers do not have a serial port and do not use the ASCII
Read/Write instructions. In addition, you cannot redirect an ASCII Read/
Write instruction to the USB port.
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Chapter 17

ASCII Serial Port Instructions (ABL, ACB, ACL, AHL, ARD, ARL, AWA, AWT)

If you want to For example Use this instruction | Available in these Page
languages
Determine when the buffer contains termination | Check for data that contains termination ABL Relay ladder 579
characters characters Structured text
Count the characters in the buffer Check for the required number of characters ACB Relay ladder 582
before reading the buffer Structured text
(lear the buffer « Remove old data from the buffer at start-up. | ACL Relay ladder 584
« Synchronize the buffer with a device.
(lear out ASCII Serial Port instructions that are Y Structured text
currently executing or are in the queue
Obtain the status of the serial port control lines | Cause amodem to hang up AHL Relay ladder 586
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 the same ARD Relay ladder 590
number of characters each transmission Structured text
Read a varying number of characters, uptoand | Read data from a device that sends a varying ARL Relay ladder 594
including the first set of termination characters | number of characters each transmission Structured text
Send characters and automatically append one or | Send messages that always use the same AWA Relay ladder 598
two additional characters to mark the end of the | termination character(s) Structured text
data
Send characters Send messages that use a variety of termination | AWT Relay ladder 602
characters Structured text
Instruction Execution
ASCII serial port instructions execute asynchronous to the scan of the logic.
Logic ASCll Queue ASClI Task
Rung-condition-in of Instruction 1 — | Instructionat the top of the
instruction transitions from queue executes.
false to true. Instruction 2
Instruction 3
Instruction 4
— Data flows between
Instruction enters the ASCII task and buffer.
queue.
Data flows between buffer
and serial port.
Serial Port -
> Buffer
Each ASCII serial port instruction (except ACL) uses a
SERIAL_PORT_CONTROL structure to perform these functions:
o Control the execution of the instruction
o 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

“_Jo g E L
£ 0 on

AN off [on | off [on | off

DNor ER off [on o Jon
0 off [on o [on
a E £ Ca

Enters Queue ? ? Resets status bits.

Executes When scanned and .DN or
.ER are set, sets the .EM bit.

S

In this example, 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

oy

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

1642 Modem went offline.

1643 (TS signal was lost during communication.

1644 Serial port was in system mode.

16#A Before the instruction executed, the .UL bit was set. This prevents the execution of the instruction.

164C The controller changed from Run mode to Program mode. This stops the execution of an ASCII serial port instruction and clears the queue.

16#D 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
ASCll serial port instruction and clears the queue.

164#E ACL instruction executed.

16#F Seria] port cqnfiguration changed from User mode to System mode. This stops the execution of an ASClI 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.

16455 The Serial Port Control Length is either negative or greater than the size of the Source or Destination.

[:I Contraller name_of_controller

F-C3 Tasks

-3 Trends

String Data Types

You store ASCII characters in tags that use a string data type.
o You can use the default STRING data type. It stores up to 82 characters.

e You can create a new string data type that stores less or more characters.

EllE] Data Types

—:>

O UserDefined To create a new string data type, see the Logix5000 Controllers Common
5 Strings Procedures Programming Manual, publication 1756-PM001.

STRIMNG

Eﬁ, Fredefined

Each string data type contains the following members.

Name Data Type Description Notes

LEN DINT

Number of charactersin the | The LEN automatically updates to the new count of characters whenever you:

string + See the String Browser dialog box to enter characters.

+ Seeinstructions 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 ASClI characters of the string | » To access the characters of the string, address the name of the tag.

For example, to access the characters of the string_1 tag, enter string_1.

« 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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ASClI Test For Buffer Line

(ABL)

The ABL instruction counts the characters in the buffer up to and including the
first termination character.

Operands:
Relay Ladder
ABL Operand Type Format Description
— ASCII Test For Buffer Line —CEND—
Channel ? —OND>— Channel DINT Immediate 0
SerialPort Control ? —CER>— T
Character Count ? ag
Serial Port SERIAL_PORT_ Tag Tag that controls the operation
Control CONTROL
Character Count | DINT Immediate 0
During execution, displays the number of characters
in the buffer, including the first set of termination
characters.
Structured Text
AB .L(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.
R 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.
.P0S 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.

Description The ABL instruction searches the buffer for the first set of termination

characters. If the instruction finds the termination characters, it does the
following:

e Sets the .FD bit.
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o Counts the characters in the buffer up to and including the first set of
termination characters.

The Controller Properties dialog box, User Protocol tab, defines the ASCII
characters that the instruction considers as the termination characters.

Follow these guidelines to program the ABL instruction.
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.

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

o Instructured text, condition the instruction so that it executes only 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. N/A
Rung-condition-in is true The instruction executes when rung-condition-in toggles from N/A

cleared to set.

The rung-condition-out is set to true.
Enableln is set N/A 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 test the buffer for the termination characters.

Relay Ladder

MV _line.EN -ABL
= /E ASCII Test For Buffer Line —CEND—
Channel 0 —OND—
SerialPort Control MV_line —CERD—
Character Count 0
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Structured Text

ABL(0,MV _line);
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ASClI Chars in Buffer (ACB)

The ACB instruction counts the characters in the buffer.

Operands:
Relay Ladder
Operand Type Format Enter
ACB
— ASCII Chars in Buffer —CEND—  Channel DINT Immediate 0
Channel ? —ON— T
SerialPort Control ? —CER>— a9
Character Count ? Serial Port SERIAL_PORT_ Tag Tag that controls the operation
Control CONTROL
Character Count | DINT Immediate 0
During execution, displays the number of characters in
the buffer.
Structured Text
AC_B (Channcl 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 ASCIl 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.
.P0S 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.

Follow these guidelines to program the ACB instruction.

1. Configure the serial port of the controller for user mode.

2. This is a transitional instruction.

o In relay ladder, toggle the rung-condition-in from cleared to set each

time the instruction should execute.

o Instructured text, condition the instruction so that it executes only 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. N/A
Rung-condition-in is true The instruction executes when rung-condition-in toggles from N/A

cleared to set.

The rung-condition-out is set to true.
Enableln is set N/A 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 ASCIl 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:
3 /E ASCII Chars in Buffer —CEN
Channel 0 —OON>—
SerialPort Control bar_code_count —CERD>—
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

ACL Operand Type Format Enter
— ASCII Clear Buffer —
Channel ? Channel DINT Immediate 0
Clear Serial Port Read ? Ta
Clear Serial Port Write ? 9
Clear Serial Port | BOOL Immediate To empty the buffer and remove ARD and ARL instructions
Read Tag from the queue, enter Yes.
Clear Serial Port | BOOL Immediate To remove AWA and AWT instructions from the queue,
Write Tag enter Yes.
Structured Text
ACL(Channel, The operands are the same as those for the relay ladder ACL instruction.
ClearSerialPortRead,

ClearSerialPortWrite);

584

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

o Clears the ASCII queue of write instructions
Follow these guidelines to program the ACL instruction.

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 instructions Select either System or User mode

2. To determine if an instruction was removed from the queue or aborted,
examine the following of the appropriate instruction.

o .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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out iis set to true.

Enableln is set

N/A

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
| sFs ACL
7 E ASCII Clear Buffer

Structured Text

Channel
Clear Serial Port Read
Clear Serial Port Write

ko

osri_l.InputBit := S:FS;

OSRI(osri_1);

IF (osri_1.OutputBit) THEN

ACL(0,0,I);

END_IF;
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ASCIl Handshake Lines (AH'_) The AHL instruction obtains the status of control lines and turns on or off the

DTR and RTS signals.
Operands:
Relay Ladder
AHL-
— ASCIl Handshake Lines —CGEN—
Channel ?
AND Mask ? —OND—
22
OR Mask ? CER>—
2?
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 Line Examine This Bit:
(Ts 0
RTS 1
DSR 2
DCD 3
DTR 4
Received the XOFF character 5
Structured Text

AHL(Channel, ANDMask,ORMask,

SerialPortControl);

586

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

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 ASCIl 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.

.P0S 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 do the following:
o Obtain the status of the control lines of the serial port
o Turn on or off the data terminal ready (DTR) signal
e Turn on or off the request to send signal (RTS)

Follow these guidelines to program the AHL instruction.

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 instructions Select either System or User mode

2. Use the following table to select the correct values for the ANDMask and

ORMask operands.
To turn DTR And turn RTS Enter this ANDMask And enter this ORMask
value value
off Off 3 0
On 1 2
Unchanged 1 0
On Off 2 1
On 0 3
Unchanged 0 1
Unchanged 0ff 2 0
On 0 2
Unchanged 0 0
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3. This is a transitional instruction.

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

e Instructured text, condition the instruction so that it executes only ona
transition.

Arithmetic Status Flags: Not affected

Fault Conditions:

Type Code Cause Recovery Method
4 57 The AHL instruction failed to execute because the serial portis settono | Either:
handshaking. + Change the Control Line setting of the serial port.
« 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. N/A
Rung-condition-in is true The instruction executes when rung-condition-in toggles from N/A
cleared to set.
The rung-condition-out iis set to true.
Enableln is set N/A 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.

Example: When ger 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 expand
the POS member.

Relay Ladder
get_control_line_status AHL
= ASCII Handshake Lines E=CEN D=
Channel 0
AND Mask 0 E=CDN ==
OR Mask 0 —CER>—
SerialPort Control serial_port
Channel Status(Decimal) 29
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Structured Text

osri_l.InputBit := get_control_line_status;

OSRI(osri_1);

IF (osri_1.OutputBit) 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
-ARD
— ASCII Read —CEN>—
Channel ?
Destination ? —DOND—
22
SerialPort Control ? —CER>—
SerialPort Control Length ?
Characters Read ?
Operand Type Format Enter Notes
Channel DINT Immediate 0
Tag
Destination String Tag Tag into which the characters are « Ifyou want to compare, convert, or manipulate the
SINT moved (read): characters, use a string data type.
INT « Forastring data type, enterthe | « String data types are:
name of the tag. — default STRING data type
DINT « ForaSINT, INT, or DINT array, - any new string data type that you create
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 characterstomove tothe | « The Serial Port Control Length must be less than or equal to
Control Length destination (read) the size of the Destination.
« Ifyou 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);

590

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 ASCIl 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).

.P0S 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).

While the ARD instruction is executing, no other ASCII Serial Port
instruction executes.

Follow these guidelines to program the ARD instruction.

Configure the serial port of the controller for user mode.

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.

This is a transitional instruction.

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

o Instructured text, condition the instruction so that it executes only on a
transition.

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. N/A
Rung-condition-in is true The instruction executes when rung-condition-in toggles from N/A

cleared to set.
The rung-condition-out iis set to true.

Enableln is set

N/A

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 ASCIl 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
abar 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_codg_count.EN

ct
9/E

Source B

Grtr Than or Eql (A>=B)
Source A bar_code_count.pos

GEQ

0
24

592

-ACB
ASCII Chars in Buffer —CEND—
Channel 0 OON>—
SerialPort Control bar_code_count —CER>—
Character Count 0

ARD
ASCII Read —CEND—
Channel 0
Destination bag_bar_code —CDND—
SerialPort Control bar_code_read —CERD—
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;

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012 593



Chapter 17 ASCII Serial Port Instructions (ABL, ACB, ACL, AHL, ARD, ARL, AWA, AWT)

ASCII Read Line (ARL)

The ARL instruction removes specified characters from the buffer and stores
them in the Destination.

Operands:
Relay Ladder
-ARL-
— ASCII Read Line —CEN—
Channel ?
Destination 2?2 —OND—
22
SerialPort Control ? —CER>—
SerialPort Control Length ?
Characters Read ?
Operand Type Format Enter Notes
Channel DINT Immediate 0
Tag
Destination String Tag Tag into which the characters are « Ifyou want to compare, convert, or manipulate the
SINT moved (read): characters, use a string data type.
INT « Forastring data type, enterthe | « String data types are:
name of the tag. — Default STRING data type
DINT « ForaSINT, INT, or DINT array, — Any new string data type that you create
enter the first element of the
array.
Serial Port SERIAL_PORT_ Tag Tag that controls the operation
Control CONTROL
Serial Port Control DINT Immediate Maximum number of charactersto | « Enter the maximum number of characters that any
Length read if no termination characters are message will contain (that is, when to stop reading if no
found termination characters are found).
For example, if messages range from 3 to 6 characters in
length, enter 6.
« The Serial Port Control Length must be less than or equal to
the size of the Destination.
« Ifyouwant 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.

594
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ARL(Channel,Destination,

Structured Text

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

SerialPortControl); 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.
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.

R 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).
.P0S 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.
o The ARL instruction continues to execute until it removes either the:
— first set of termination characters
- specified number of characters (Serial Port Control Length)

o While the ARL instruction is executing, no other ASCII serial port
instruction executes.

Follow these guidelines to program the ARL instruction.

1. Configure the serial port of the controller.
a. Select User mode.
b. Define the characters that serve as the termination characters.

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.

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

o Instructured text, condition the instruction so that it executes only 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. N/A
Rung-condition-in is true The instruction executes when rung-condition-in toggles from N/A

cleared to set.
The rung-condition-out i set to true.

Enableln is set

N/A

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 (MV_line.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 MV_msg tag, which is a string.

Relay Ladder

MV_line.EN ABL:
= /E ASCII Test For Buffer Line —CEN
Channel 0 —OOND>—
SerialPort Control MV_line —CER>—
Character Count 0
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MV _line.FD ARL:
3 E ASCII Read Line L CEND——
Channel 0
Destination MV_msg H—CND—
SerialPort Control MV_read —CERD—
SerialPort Control Length 12
Characters Read 0
Structured Text

ABL(0,MV _line);

osri_l.InputBit := MVLine.FD;

OSRI(osri_1);

IF (osri_1.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
-AWA:
— ASCII Write Append —CEND>—
Channel ?
Source ? —OND—
2?2
SerialPort Control ? —CER>—
SerialPort Control Length ?
Characters Sent ?
Operand Type Format Enter Notes
Channel DINT Immediate 0
Tag
Source string Tag Tag that contains the charactersto | « If you want to compare, convert, or manipulate the
SINT send: characters, use a string data type.
INT « Forastring data type, enterthe | « String data types are:
name of the tag. — Default STRING data type
DINT « ForaSINT, INT, or DINT array, — Any new string data type that you create
enter the first element of the
array.
Serial Port SERIAL_PORT_ Tag Tag that controls the operation
Control CONTROL
Serial Port Control DINT Immediate Number of characters to send « The Serial Port Control Length must be less than or equal to
Length the size of the Source.
« Ifyou 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

AWA (Channel,Source,

The operands are the same as those for the relay ladder AWA 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 ASCIl 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.

.P0S 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 does the following:

o 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

o 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

Follow these guidelines to program the AWA instruction.

1.

Configure the serial port of the controller.

a.

b.

Does your application also include ARD or ARL instructions?

If Then
Yes Select User mode
No Select either System or User mode

Define the characters to append to the data.

This is a transitional instruction.

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

In structured text, condition the instruction so that it executes only on a
transition.

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
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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. N/A
Rung-condition-in is true The instruction executes when rung-condition-in toggles from N/A

cleared to set.

The rung-condition-out iis set to true.
Enableln is set N/A 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 ASCIl queue.

Postscan

The rung-condition-out is set to false.

No action taken.

t high
emf_l_lg

Example 1: When the temperature exceeds the high limit (temp_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 szring/1] tag, which is a string. (The $14 counts as one character.
It is the hex code for the Cerl-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

L

600

Structured Text

IF temp_high THEN

temp_high_write. LEN := 5;

AWA

ASCII Write Append —CEND—
Channel 0
Source string[1l] F—CDOND—
'$1425\1"

SerialPort Control temp_high_write —CERD—
SerialPort Control Length 5
Characters Sent 6

AWA(0,string[1],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_msg LEN) to the Serial Port Control Length of the AWA instruction
(alarm_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
] E Move ASCII Write Append —CEND—
Source alarm_msg.LEN Channel 0
5 Source alarm_msg —COND—
Dest  alarm_write.LEN '$1425\1"
5 SerialPort Control alarm_write [—CERD—
SerialPort Control Length 5
Characters Sent 6
Structured Text

osri_l.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
AWT
— ASCII Write —CEND>—
Channel ?
Source 2?2 —DON—
22
SerialPort Control ? CER>—
SerialPort Control Length ?
Characters Sent ?
Operand Type Format Enter Notes
Channel DINT Immediate 0
Tag
Source String Tag Tag that contains the charactersto | « If you want to compare, convert, or manipulate the
SINT send: characters, use a string data type.
INT « Forastring data type, enterthe | « String data types are:
name of the tag. — Default STRING data type
DINT « ForaSINT, INT, or DINT array, — Any new string data type that you create
enter the first element of the
array.
Serial Port SERIAL_PORT_ Tag Tag that controls the operation
Control CONTROL
Serial Port Control DINT Immediate Number of characters to send « The Serial Port Control Length must be less than or equal to
Length the size of the Source.
« Ifyou 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 ASCIl 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.

.P0S 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 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.

Follow these guidelines to program the AW T instruction.

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 instructions Select either System or User mode

2. This is a transitional instruction.

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

In structured text, condition the instruction so that it executes only 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.

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. N/A
Rung-condition-in is true The instruction executes when rung-condition-in toggles from N/A

cleared to set.
The rung-condition-out i set to true.

Enableln is set

N/A

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 (temp_low is set), the AW'T
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 string/2] tag, which is a string. (The $14 counts as one
character. It is the hex code for the Ctrl-T character.) The last character is a
carriage return ($r), which marks the end of the message.

Relay Ladder
tem_P low AWT
JE ASCII Write —CEND—

Channel 0

Source string[2] F—COND—
'$142224\01%r'

SerialPort Control temp_low_write —CERD)—

SerialPort Control Length 9

Characters Sent 9

604

Structured Text

osri_l.InputBit := temp_low;

OSRI(osri_1);

IF (osri_1.OutputBit) THEN

temp_low_write. LEN := 9;

AWT(0,string[2],temp_low_write);

END_IF;
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MV_update
E

Example 2: When MV_update s set, the AWT instruction sends the characters in MV_msg.
Because the number of characters in MV_msg varies, the rung first moves the
length of the string (MV_msg.LEN) to the Serial Port Control Length of the
AWT instruction (MV_write LEN). In MV _msg, the $16 counts as one
character. It is the hex code for the Ctrl-V character.

Relay Ladder

MOV

J L

Move

Source MV_msg.LEN
10

Dest MV_write.LEN
10

Structured Text

AWT

ASCII Write
Channel 0
Source MV_msg

'$161365\8\1%$r"
SerialPort Control MV_write
SerialPort Control Length 10
Characters Sent 10

—CEND>—
—OND—
—CER>—

osri_l.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)

Topic Page
String Concatenate (CONCAT) 610
String Delete (DELETE) 612
Find String (FIND) 614
Insert String (INSERT) 616
Middle String (MID) 618

Use the ASCII string instructions to modify and create strings of

ASCII characters.

If you want to For example Use this instruction | Available in these Page
languages

Add characters to the end of a string Add termination characters or delimiters to a CONCAT Relay ladder 610

string Structured text

Delete characters from a string Remove header or control characters from a string | DELETE Relay ladder 612
Structured text

Determine the starting character of a sub-string | Locate a group of characters within a string FIND Relay ladder 614
Structured text

Insert characters into a string (reate a string that uses variables INSERT Relay ladder 616
Structured text

Extract characters from a string Extract information from a bar code MID Relay ladder 618
Structured text
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You can also use the following instructions to compare or convert

ASCII characters.
If you want to Use this instruction Page
Compare a string to another string CMpP 219
See if the characters are equal to specific characters EQU 220
See if the characters are not equal to specific characters NEQ 251
See if the characters are equal to or greater than specific characters GEQ 224
See if the characters are greater than specific characters GRT 228
See if the characters are equal to or less than specific characters LEQ 232
See if the characters are less than specific characters LES 236
Rearrange the bytes of a INT, DINT, or REAL tag SWPB 308
Find a string in an array of strings FSC 357
Convert characters to a SINT, INT, DINT, or REAL value ST0D 623
Convert characters to a REAL value STOR 625
Convert a SINT, INT, DINT, or REAL value to a string of ASCII characters DTOS 627
Convert REAL value to a string of ASCII characters RTOS 629
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I:I Controller name_of_controller

El‘EJ Data Tupes

- L@ UserDefined
J@, Strings

: STRIMG
&L Predefined

String Data Types

You store ASCII characters in tags that use a string data type.

o You can use the default STRING data type. It stores up to 82 characters.

e You can create a new string data type that stores less or more characters.

To create a new string data type, see the Logix5000 Controllers Common

Procedures Programming Manual, publication 1756-PM001.

Each string data type contains the following members.

Name

Data Type

Description

Notes

LEN

DINT

Number of characters in the
string

The LEN automatically updates to the new count of characters whenever you:
«Use the String Browser dialog box to enter characters.
-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 the string

<To access the characters of the string, address the name of the tag.
For example, to access the characters of the string_1 tag, enter string_1.

-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 ?
??
Dest ?
??
Operand Type Format Enter Notes
Source A String Tag Tag that contains the initial String data types are:
characters -default STRING data type.
- - -any new string data type that you create.
Source B String Tag Tag that contains the end characters
Destination String Tag Tag to store the result

CONCAT (SourceA,SourceB,

Structured Text

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

Dest);
Description: The CONCAT instruction combines the characters in Source A with the
characters in Source B and places the result in the Destination.
o The characters from Source A are first, followed by the characters from
Source B.
o Unless Source A and the Destination are the same tag, Source A remains
unchanged.
Arithmetic Status Flags: Not affected
Fault Conditions:
Type Code Cause Recovery Method
4 51 The LEN value of the string tag is greater than 1. Check that no instruction is writing to the LEN member of the string tag.
the DATA size of the string tag. 2. Inthe 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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out iis set to true.

Enableln is set

N/A

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.

add node
T E

Example: To trigger a message in a MessageView terminal, the controller must send an
ASCII string that contains a message number and node number. Szring 1
contains the message number. When add_node is set, the CONCAT instruction
adds the characters in zode_num_ascii (node number) to the end of the
characters in szring_I and then stores the result in mzsg.

Relay Ladder

—CONCAT

4 C

Structured Text

IF add_node THEN

String Concatenate
Source A string_1
'$1423\'
Source B node_num_ascii
"
Dest msg
'$1423\1

CONCAT (string_1,node_num_ascii,msg);

add_node :=0;

END_IF;
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String Delete (DELETE)

The DELETE instruction does not automatically remove all ASCII characters
from a string. An algorithm determines which characters in the string are
removed depending on the starting position, quantity, and size of the Source.

Operands:
_ Relay Ladder
DELETE
— String Delete
Source ? . . .
2 The DELETE instruction does the following:
t ?
Qty s
Start )2 o Copies the string from the Source to the Destination, ignoring deleted
Dest 2 characters and updating the Destination string with the number of
”? characters copied
o Updates the length of the Destination string by the position of characters
in the Source string and the number of characters being deleted
o Leaves the Source unchanged unless the Source and the Destination are
the same tag
Operand Type Format Enter Notes
Source string Tag Tag that contains the string from String data types are:
which you want to delete characters <Default STRING data type
«Any new string data type that you create
Quantity SINT Immediate Number of characters to delete The Start plus the Quantity must be less than or equal to the
INT Tag DATA size of the Source.
DINT
Start SINT Immediate Position of the first character to Enter a number between 1and the DATA size of the Source.
INT Tag delete
DINT
Destination string Tag Tag to store the result
Structured Text

DELETE(Source,Qty,Start,

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

Arithmetic Status Flags: Not affected

Fault Conditions:

Type Code Cause Recovery Method
4 51 The LEN value of the string tag is greater than 1. Check that no instruction is writing to the LEN member of the string tag.
the DATA size of the string tag. 2. Inthe 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 1and 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.
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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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out is set to true.

Enableln is set

N/A 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.

term_read.EM
I E

Example: ASCII information from a terminal contains a header character. After the

controller reads the data (term_read. EM is set) the DELETE instruction removes

the header character.

Relay Ladder

DELETE

4 C

String Delete

Source term_input
'$0655'

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
— Find Strrilng —
Source ?
??
Search ?
??
Start ?
??
Result ?
??
Operand Type Format Enter Notes
Source String Tag String to search in String data types are:
- - +Default STRING data type
Search String Tag String to find -Any new string data type that you create
Start SINT Immediate Position in Source to start the search | Enter a number between 1and the DATA size of the Source.
INT Tag
DINT
Result SINT Tag Tag that stores the starting position
INT of the string to find
DINT
Structured Text

FIND(Source,Search,Start,

Arithmetic Status Flags:

Description:

The operands are the same as those for the relay ladder FIND instruction
described above.

The FIND instruction searches the Source string for the Search string. If the

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 greater than 1. Check that no instruction is writing to the LEN member of the string tag.
the DATA size of the string tag. 2. Inthe 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 1and 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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out is set to true.

Enableln is set

N/A 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.

IF MV_read. EM THEN
FIND(MV_msg,find, 1.find_pos);
MV _read. EM :=0;

END_IF;
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Relay Ladder
MV_read.EM FIND
3 E Find String
Source MV_msg
'$06324\12\1\$r'
Search find
'
Start 1
Result  find_pos
5
Structured Text
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Insert St"ng (|NSERT) The INSERT instruction adds ASCII characters to a specified location within a
string.
Operands:
_ Relay Ladder
INSERT:
— Insert String —
Source A ?
??
Source B ?
??
Start ?
??
Dest ?
??
Operand Type Format Enter Notes
Source A String Tag String to add the characters to String data types are:
- - — -Default STRING data type
Source B String Tag String containing the characters to -Any new string data type that you create
add
Start SINT Immediate Position in Source A to add the Enter a number between 1and the DATA size of the Source.
INT Tag characters
DINT
Result String Tag String to store the result

; Structured Text

INSERT(SourceA,SourceB, The operands are the same as those for the relay ladder INSERT instruction.

Description: The INSERT instruction adds the characters in Source B to a designated position
within Source A and places the result in the Destination.

o Start defines where in Source A that Source B is added.

e Unless Source A and the Destination are the same tag, Source A remains
unchanged.

Arithmetic Status Flags: Not affected

Fault Conditions:

Type Code Cause Recovery Method

4 51 The LEN value of the string tag is greater than 1. Check that no instruction is writing to the LEN member of the string tag.
the DATA size of the string tag. 2. Inthe 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 1and 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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out iis set to true.

Enableln is set

N/A 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 temp_high is set, the INSERT instruction adds the characters in string 2
to position 2 within sz7ing_I and places the result in string 3:
Relay Ladder
tem_g) high INSERT:
J_E Insert String
Source A string_1
"AD'
Source B string_2
BC'
Start 2
Dest string_3
'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 St"ng (M'D) The MID instruction copies a specified number of ASCII characters from a
string and stores them in another string.
Operands:
_ Relay Ladder
MID
— Middle String —
Source ?
??
Qty ?
??
Start ?
??
Dest ?
??
Operand Type Format Enter Notes
Source String Tag String to copy characters from String data types are:
-Default STRING data type
«Any new string data type that you create
Quantity SINT Immediate Number of characters to copy The Start plus the Quantity must be less than or equal to the
INT Tag DATA size of the Source.
DINT
Start SINT Immediate Position of the first character to copy | Enter a number between 1and the DATA size of the Source.
INT Tag
DINT
Destination String Tag String to copy the characters to

; Structured Text

MID(Source,Qey,Start, The operands are the same as those for the relay ladder MID instruction.

Description: 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.

e Unless the Source and Destination are the same tag, the Source remains
unchanged.

Arithmetic Status Flags: Not affected

Fault Conditions:

Type Code Cause Recovery Method
4 51 The LEN value of the string tag is greater than 1. Check that no instruction is writing to the LEN member of the string tag.
the DATA size of the string tag. 2. Inthe 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 1and 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.
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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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out is set to true.

Enableln is set

N/A

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.

bag_read.EM
3 E

Example: Inabaggage 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

MID:

4 C

Structured Text

IF bag_read. EM THEN

Middle String
Source bag_barcode
'NWA HOP 5058 AMS 01"

Qty 9
Start 9

Dest bag_flt_and_dest
'5058 AMS '

MID(bar_barcode,9,9,bag _flt_and_dest);

bag_read. EM :=0;

END_IF;
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Notes:

620 Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



ASCII Conversion Instructions
(STOD, STOR, DTOS, RTOS, UPPER, LOWER)

Topic Page
String To DINT (STOD) 623
String To REAL (STOR) 625
DINT to String (DTOS) 627
REAL to String (RTOS) 629
Upper Case (UPPER) 631
Lower Case (LOWER) 633

Use the ASCII conversion instructions to alter the format of data.

If you want to For example Use this instruction | Available in these
languages

Convert the ASCIl representation of an integer Convert a value from a weight scale or other ASCII Relay ladder 623
value to a SINT, INT, DINT, or REAL value device to an integer so you can use it in your logic Structured text

Convert the ASCll representation of a floating- Convert a value from a weight scale or other ASCII Relay ladder 625
point value to a REAL value device to a REAL value so you can use it in your Structured text

logic

Converta SINT, INT, DINT, or REAL value toastring | Convert a variable to an ASClI string so you can Relay ladder 627
of ASCIl characters send it to a MessageView terminal Structured text

Convert a REAL value to a string of ASCII Convert a variable to an ASCII string so you can Relay ladder 629
characters send it to a MessageView terminal Structured text

Convert the letters in a string of ASCII characters | Convertan entry made by an operator to all upper Relay ladder 631
to upper case case so you can search for it in an array Structured text

Convert the letters in a string of ASCl characters | Convert an entry made by an operator to all lower Relay ladder 633
to lower case case so you can search for it in an 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 Page
Add characters to the end of a string (ONCAT 610
Delete characters from a string DELETE 612
Determine the starting character of a sub-string FIND 614
Insert characters into a string INSERT 616
Extract characters from a string MID 618
Rearrange the bytes of a INT, DINT, or REAL tag SWPB 308
Compare a string to another string CMpP 215
See if the characters are equal to specific characters EQU 220
See if the characters are not equal to specific characters NEQ 251
See if the characters are equal to or greater than specific characters GEQ 224
See if the characters are greater than specific characters GRT 228
See if the characters are equal to or less than specific characters LEQ 232
See if the characters are less than specific characters LES 236
Find a string in an array of strings FSC 357

String Data Types

You store ASCII characters in tags that use a string data type.
I:I Controller name_of_contraller

e You can use the default STRING data type. It stores up to 82 characters.

[ Tasks

.23 Trends e You can create a new string data type that stores less or more characters.

Ela Data Types

[ UserDefined To create a new string data type, see the Logix5000 Controllers Common
—> E1-45 Strings Procedures Programming Manual, publication 1756-PM001.

[l STRING
O Predefined

Each string data type contains the following members.

Name Data Type Description Notes
LEN DINT Number of charactersinthe | The LEN automatically updates to the new count of characters whenever you do the following:
string + Use the String Browser dialog box to enter characters.

» Useinstructions 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 ASClI characters of the string | » To access the characters of the string, address the name of the tag.
For example, to access the characters of the string_1 tag, enter string_1.

-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 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 ?
??
Operand Type Format Enter Notes
Source String Tag Tag that contains the value in ASCII | String data types are:
+ default STRING data type.
+ any new string data type that you create.
Destination SINT Tag Tag to store the integer value If the Source value is a floating-point number, the instruction
INT converts only the non-fractional part of the number
DINT (regardless of the destination data type).
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.

o 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.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012

623



Chapter 19 ASCII Conversion Instructions (STOD, STOR, DTOS, RTOS, UPPER, LOWER)

Fault Conditions

Type Code Cause Recovery Method
4 51 The LEN value of the string tag is greater than the DATA size of the string | 1. Check that no instruction is writing to the LEN member of the string
tag. tag.
2. Inthe LEN value, enter the number of characters that the string
contains.
4 53 The output number is beyond the limits of the destination data type. Either:
+ Reduce the size of the ASCII value.
« 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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out is set to true.

Enableln is set N/A 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 MV _read.EM is set, the STOD instruction converts the first set of
numeric characters in MV_msg to an integer value. The instruction skips the
initial control character ($06) and stops at the delimiter ( \ ).

Relay Ladder
MV_read.EM STOD
4 E String To DINT
Source MV_msg
'$06324\12\1\$r'
Dest MV_msg_nmbr
324
Structured Text

624

IF MV_read. EM THEN

STOD(MV_msg,MV_msg_nmbr);

MV _read. EM :=0;

END_IF;
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String To REAL (STOR) The STOR instruction converts the ASCII representation of a floating-point
value to a REAL value.
Operands:
_ Relay Ladder Operands
STOR
— String to Real —
Source ?
?2?
Dest ?
??
Operand Type Format Enter Notes
Source String Tag Tag that contains the value in ASCIl | String data types are:
« Default STRING data type
« Any new string data type that you create
Destination REAL Tag Tag to store the REAL value

STOR(Source,Dest); Structured Text

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

Description: The STOR converts the Source to a REAL value and places the result in the
Destination.

o The instruction converts positive and negative numbers.

o If the Source string contains non-numeric characters, the STOR converts
the first set of contiguous numbers, including the decimal point [ . ]:

- 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.

Fault Conditions:

Type Code Cause Recovery Method
4 51 The LEN value of the string tag is greater than the DATA size of the string | 1. Check that no instruction is writing to the LEN member of the string
tag. tag.
2. Inthe LEN value, enter the number of characters that the string
contains.
4 53 The output number is beyond the limits of the destination data type. Either:
+ Reduce the size of the ASCll value.
« Use alarger 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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.

Enableln is set N/A 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:
-Jr E String to Real
Source weight_ascii
'428.259'
Dest weight
428.259
Structured Text

IF weight_read. EM THEN
STOR(weight_ascii,weight);
weight_read.EM := 0;

END_IF;
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DINT to String (DTOS)

The DTOS instruction produces the ASCII representation of a value.

Operands:
_ Relay Ladder
DTOS
— DINT to String —
Source ?
??
Dest ?
?7?
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
INT value..
DINT
REAL
Destination String Tag Tag to store the ASCII value String data types are:
» default STRING data type.
«any new string data type that you create.
Structured Text

DTOS(Source,Dest);

Arithmetic Status Flags:

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.

Fault Conditions:

Not affected

Type

Code

Cause

Recovery Method

52

The output string is larger than the destination.

(reate 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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.
Enableln is set N/A 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 temp_high is set, the DTOS instruction converts the value in msg_num to
a string of ASCII characters and places the result in m2sg_num_ascii. Subsequent
rungs insert or concatenate 72s¢_num_ascii with other strings to produce a
complete message for a display terminal.

Relay Ladder
tem$ high DTOS:
J_E DINT to String
Source msg_num
23
Dest msg_num_ascii
3
Structured Text

IF temp_high THEN
DTOS(msg_num,msg_num_ascii);
temp_high := 0;

END_IF;
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REAL to String (RTOS)

Operands:

Relay Ladder

The RTOS instruction produces the ASCII representation of a REAL value.

RTOS
— Real to String —
Source ?
??
Dest ?
??
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:
« Default STRING data type
+ Any new string data type that you create
Structured Text

RTOS(Source,Dest);

Arithmetic Status Flags:

Description:

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

result in the Destination.

Fault Conditions:

Not affected

The RTOS converts the Source to a string of ASCII characters and places the

Type Code Cause Recovery Method
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.

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. N/A

Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.

Enableln is set

N/A

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.
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Example: When send_data is set, the RTOS instruction converts the value in data_1 to a
string of ASCII characters and places the result in daza_1_ascii. Subsequent
rungs insert or concatenate data_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
} 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)

The UPPER instruction converts the alphabetical characters in a string to upper
case characters.

UPFER

— Upper Caze

Source

Dest

UPPER(Source,Dest);

Operands:
Relay Ladder
? Operand Type Format Description
o
5 Source String Tag Tag that contains the characters that you want to convert to
77 upper case
Destination String Tag Tag to store the characters in upper case
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.

o ASCII characters are case sensitive. Upper case ‘A’ ($41) is not equal to
lower case @’ ($61).

o Ifoperators 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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.

Enableln is set

N/A 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.

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
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terminal (¢erminal_read. EM is set), the UPPER instruction converts the
characters in catalog_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 cazalog_number_upper_case.

Relay Ladder
terminal_read.E IPPER
4 E Upper Case
Source catalog_rumber
‘abd' &
Dest catalog_number_upper_casze
‘BBCD" e
Structured Text

IF terminal_read. EM THEN
UPPER(catalog_number,catalog_number_upper_case);
terminal_read.EM := 0;

END_IF;
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Lower Case (LOWER)

The LOWER instruction converts the alphabetical characters in a string to lower
case characters.

: LOWER
— Lower Caze

Source

Dest

LOWER(Source,Dest);

Operands:
Relay Ladder
?3 Operand Type Format Description
. 7 Source String Tag Tag that contains the characters that you want to convert to
) lower case
Destination String Tag Tag to store the characters in lower case
Structured Text

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

Description: The LOWER instruction converts to lower case all the letters in the Source and

places the result in the Destination.

o ASCII characters are case sensitive. Upper case ‘A’ ($41) is not equal to
lower case @’ ($61).

o Ifoperators 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. N/A
Rung-condition-in is true The instruction executes. N/A

The rung-condition-out i set to true.

Enableln is set

N/A 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.

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
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(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 item_number lower case.

Relay Ladder
terminal_read.E LOWER
4 E Lower Caze
Source item_number
'BECD" &
Dest  item_number_lower_case
‘abcd' &
Structured Text

IF terminal_read. EM THEN
LOWER(item_number,item_number lower case);
terminal_read.EM := 0;

END_IF;
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Debug Instructions

(BPT, TPT)
Topic Page
Breakpoints (BPT) 635
Tracepoints (TPT) 639

Use the debug instructions to monitor the state of your logic when it is in
conditions that you determine. These instructions are compatible only with
RSLogix Emulate 5000 software, with which you can emulate a

Logix5000 controller on your personal computer.

If you want to Use this instruction Available in these languages Page
Stop program emulation when a rung is true BPT Relay ladder 635
Log data you select when a rung is true TPT Relay ladder 639

Breakpoints (BPT)

Operands:

BFT
Breakpoint
Farrnat ryforrmat
'Breakpoint: The input’ €
Trace This analogvalue

Breakpoints stop program emulation when a rung is true.

Relay Ladder
Operand Type Format Description
Format String Tag A string that sets the formatting for the text that appears in

the trace window for the breakpoint.

Trace This BOOL, SINT, INT, DINT,
REAL

Tag The tag that has a value you want to
display in the trace window.
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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.

Slot #1

Q Stopped Al Breakpoint. OK to Continue?

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.

IMPORTANT ATTENTION: When a breakpoint triggers, you will not be able to
edit your project 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:

heading:(text)%(type)

where heading is a text string identifying the tracepoint or breakpoint, zext is a
string describing the tag (or any other text you choose), and %(zype) 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.

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.

636 Rockwell Automation Publication 1756-RM0030-EN-P - November 2012



Debug Instructions (BPT, TPT) ~ Chapter 20

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 the example.

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
format string as %e) appears here.

Arithmetic Status Flags: Not affected

Fault Conditions: None

The heading (the text preceding the colon in the
/—format string) appears here.

Freeze Dizplay

Clear Display

i

£.488484e+002 and Tag 2 = 443 ﬂ
B.617994e+002 and Tag 2 = 447

The text for the INT (repr
in the format string as %d)
appears here.

Freeze Log |

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.
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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.

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 &> =B]

Source & analogvalue
0.0«

Source B 2.02

LED

Less Than aor Eql [&<=B]
Source & analogvalue

Ereakpoint

Farmat ryfarmat
'Breakpoint: The input' €

Trace Thiz  analogvalue

Source B 2.0

0.0#

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

The input value is 3.040000
The input value is 3.030000
The input value 15 3.122000

| Freeze Log

Freeze Display
Clear Display
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Tracepoints (TPT)

Operands:

TPT
Tracepaoint
Format

‘Analog inputs trace;” &
Trace This  analogvaluel
Trace This  analogvalue2
Trace Thizs  analogvalue3

rmyformat

Description:

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,INT, | Tag The tag you want to trace.
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
asingle 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)%(type)

where heading is a text string identifying the tracepoint or breakpoint, zext is a
string describing the tag (or any other text you choose), and %(zype) 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.

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.
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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 the example.

The heading (the text preceding the colon in the

The slot number indicates the slot containing the / format string) appears here.

emulator module that has the tracepoint or /
breakpoint being traced in the trace window. /

1 Slot 1: My Tracepoint

Tag1=6.488484e+002 and Tag 2 = 443 ;l
Tag1 =6.617994e+002 and Tag 2 = 447
The text for the REAL (represented in the
format string as %e) appears here. ] The text for the INT (rep
in the format string as %d)
appears here.

Freeze Display 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.
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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 30.01

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.

: Slot 1: Analog inputs trace M= B3

dnalog inputs = 31.002007, 30.282000, and 30.110007
dnalog inputs = 30224007, 30214001, and 30226000
Analog inputs = 30.320000, 30.2:33000, and 30422001
(Analog inputs = 29.993000, 30 346007 . and 30 445999

Freeze Display I Freeze Log

Clear Display

i
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When this trace is logged to disk, the characters before the colon appear in the
traces.

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 This appendix describes attributes that are common to the Logix instructions.
For Information About See Page
Immediate Values 645
Floating Point Values 646

Status Fl ags To access controller configuration and status in your logic, use the Get System

Value (GSV) and Set System Value (SSV) instructions. There is a also a set of
status Status Flags that you can access directly with relay and structured text
instructions. These flags are not tags and you cannot create aliases for them.

Status Flag Description

S:FS First scan flag

The first scan flag is set by the controller on the first scan
of routines in a program. This flag can be used with only
the XICand XIO relay instructions or in structured text like
a Boolean variable. You can use this flag to initialize data
for use in later scans.

Sometimes called the first pass’ bit.

SN Negative flag

The controller sets the negative flag when the result of an
arithmetic or logical operation is a negative value. This
flag can be used only with XIC, XIO, OTE, OTL and OTU relay
instructions or in structured text like a Boolean variable.
You can use this flag as a quick test for a negative value.
Using S:N is more efficient than using the CMP instruction.

This math status flag is cleared at the start of executing an
instruction capable of setting this flag.

Sometimes called the ‘sign’ bit.

If a computation results in a NAN value, the sign bit is
irrelevant and could be positive or negative. In this
situation, the software displays 14.NAN with no sign.

An integer divide returns the numerator when the
denominator is 0, but does not set this flag.
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Status Flag

Description

Sz

Zeroflag

The zero flag is set by the controller when the result of an
arithmetic or logical operation is zero. This flag can be
used with only the XIC, XI0, OTE, OTL and OTU relay
instructions or in structured text like a Boolean variable.
You can use this flag as a quick test for a zero value. Using
S:Zis more efficient than using the CMP instruction.

The math status flag is cleared at the start of executing an
instruction capable of setting this flag.

An integer divide returns the numerator when the
denominator is 0, but does not set this flag.

SV

Overflow flag

The controller sets the overflow flag when the result of an
arithmetic operation resulted in an overflow. This flag can
be used with only the XIC, XI0, OTE, OTL and OTU relay
instructions or in structured text like a Boolean variable.
You can use this flag to check that the result of an
operation is still in range. For example, adding 1to a SINT
generates an overflow when the value goes from
127...128.

The overlow flag generates a minor fault when it
transitions from false to true.

This math status flag is cleared at the start of executing an
instruction capable of setting this flag.

Sometimes called the ‘overflow’ bit.

The MOD instruction does not capture an overflow that
may have occurred during the calculation. If an overflow
occurs, a minor fault will be generated, but the S:V bit will
not be set.

S:C

Carry flag

The controller sets the carry flag when the result of an
arithmetic operation resulted in the generation of a carry
out of the most significant bit. This flag can be used with
only the XIC, XI0, OTE, OTU and OTL relay instructions or in
structured text like a Boolean variable.

This math status flag is cleared at the start of executing an
instruction capable of setting this flag.

Sometimes called the ‘carry’ bit.

S:MINOR

Minor fault flag

The controller sets the minor fault flag when there is at
least one minor program fault. This flag can be used with
only the XIC, XI0, OTE, OTL and OTU relay instructions or in
structured text like a Boolean variable. You could use this
flag to test that a minor fault has occurred and take
appropriate action. This bit is triggered only by
programming faults (like overflow). It will not be
triggered by a battery fault. The bit is cleared on every
scan. An OTL can be used to explicitly program a minor
fault occurrence.
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Expressions in Array Subscripts

Expressions set status flags based on the results of arithmetic operations. If you
have an array subscript as an expression, both the expression and the instruction
could generate minor faults.

Under certain circumstances, the S:Z status flag may be set if the expression of an
array element evaluates to zero. In this example, Array[Element*3], 0 if
Element=0 the subscript [Element*3] evaluates to 0 and the S:Z bit will be set.

Arrap[Element*3].0
If Element=0
Anrap[073]. 0=frrap[0].0
The expression [073] evaluted to zero and zets the 52z Flag.

Array[Element<3].0
If Element=0
Array[0*3].0=Array[0].0

Amrap[Element®3].0 Daone
1F
1 E

5z Zem
e — >J

The expression [0*3] evaluated to zero and sets the s:z Flag.

Immediate Values

When you enter an immediate value (constant) in decimal format

(for example, -2, 3) the controller stores the value by 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).

IMPORTANT Zero-filling of immediate values

If you enter The controller stores
-1 164#ffff ffff (-1)

16#ffff (-1) 16#0000 ffff (65535)
8#1234 (668) 16#0000 029¢ (668)
2#1010(10) 16#0000 000a (10)
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Floating Point Values Logix controllers handle floating point values according to the IEEE 754
standard for binary floating-point arithmetic. This standard defines how floating
point numbers are stored and calculated. The IEEE 754 standard for floating
point math was designed to provide speed and the ability to handle very large
numbers in a reasonable amount of storage space.

Not all decimal values can be represented in binary format to the exact value,
which results in a loss of precision. This standard is widely used throughout
industry, including in computer operating systems. As a result, there is no way to
control the number of digits to the right of the decimal point in logic in a
Logix5000 controller.

For example, in most cases, if you subtract 10 from 10.1, you expect the result to
be 0.1. In a Logix controller, the result could very well be 0.10000038. In this
example, the difference between 0.1 and 0.10000038 is .000038%, or practically
zero. For most operations, this small inaccuracy is insignificant. To put things in
perspective, if you were sending a floating point value to an analog output
module, there would be no difference in the output voltage for a value being sent
to the module that differs by .000038%. Again, this applies to most cases, but not
necessarily every time.

Guidelines for Floating-point Math Operations

Follow these guidelines:

o When performing certain floating-point math operations, there may be a
loss of precision and you may receive unexpected results. In general,
floating-point numbers are quite accurate, but floating-point processors
have their own internal precision that can impact resultant values.

o Do not use floating point math for money values or for totalizer functions.
Use INT or DINT values, scale the values up, and keep track of the
decimal place (or use one INT or DINT value for dollars, and a second
INT or DINT value for cents).

¢ Do not compare floating-point numbers. Instead, check for values within a
range. The LIM instruction is provided specifically for this purpose.
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Totalizer Examples

The IEEE 754 standard affects totalization applications such that errors occur
when adding very small numbers to very large numbers. The standard requires
exponents in the two operands to be the same. Since the fractional component is
only 23 bits, as the exponent gets larger, the fractional component approaches
zZero.

This can be seen when adding 1 to a number over a period of time. When the sum
is in the 16 million range, the number 1 becomes 0 because the exponent is so
large, a 1 is insignificant, and gets shifted out of the equation. The result is that a
0is added instead of a 1.

To work around this, do math on small numbers until the results get large. Then,
transfer them to another location for additional large-number math. For
example:

x is the small incremented variable.

y is the large incremented variable.

z is the total current count that can be used anywhere.

xx+1;

if x = 100,000;

y =y + 100,000;

x=0;

Z=Yy+X;
Or another example:
x+ X + some_tiny_number;
if (x >=100)
{
z +=100;
x -= 1005 // there might be a tiny remainder ...

}
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Data Conversions Data conversions occur when you mix data types in your programming.
When programming 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

Instructions execute faster and require less memory if all the operands of the
instruction use:

o The same data type.
o An optimal data type:

- Inthe ‘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 support only 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.

o Areany of the operands a REAL value?

If Then input operands (for example, source, tag in an expression, limit) convert to
Yes REALs
No DINTs

o After instruction execution, the result (a DIN'T 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 doing the following:

o Using the same data type throughout the instruction.

o 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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Data Types LINT Data Type Considerations

When using LINT data types, many limitations apply. A LINT data type cannot
be used in most instructions. Limitations are as follows:

o The LINT data type is not supported in Machine Edition. The LINT data
type is a 64-bit word; ME uses only 32-bit words.

o The LINT data type is not supported by HMIs.

e The LINT data type is not supported in most instructions.

TIP LINTs can only be used with Move and Copy instructions. They are used with
the CST/WallClock Time attribute, time synchronization and Add-On
Instructions.You cannot Add, Subtract, Multiply, or Divide this tag type.

When using LINT data types, consider the following descriptions when these
issues occur.

How to Description

Move/copy two double-integer DINT values into one LINT | Create a double integer array of two elements, total of 64
bits (that is, DINT[2], which can then be copied into one
long integer.

Correct Date/Time Display error When a tag has a negative value, it cannot be displayed as
Date/Time. In the tag editor, check whether the value is
negative by changing the style of the tag from Date/Time
to Binary. When the most significant bit (leftmost one) is
1, the value is negative and therefore cannot be displayed
as a Date or Time.

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 leftmost 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 A111_n_nmnonm (-1
Convertsto thisvalueby | 281TT1_111T_NM1_MM_1111_1111_1111_1111 (-1)
sign-extension

Converts to this value by | 2#0000_0000_0000_0000_1111_1111_1111_11M (65535)
zero-fill
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Because immediate values are always zero-filled, the conversion of a SINT or
INT value may produce unexpected results. In the following example, the
comparison is false because Source A, an IN'T, converts by sign-extension; while
Source B, an immediate value, is zero-filled.

EQU
Equal

Source Arenpte_rack_1:1. Data[ 0]
2#1111_1111 1111 17111
Source B#1111 1111 1111 17111

42093

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.

o Ifyou 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 leftmost bit
into each bit position to its left until there are 32 bits.

o 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.
o 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.

IMPORTANT Mixing an INT tag with an immediate value

ATTENTION: 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

Sour ce rfenot e_rack_1: 1. Pat a[ 0]
2#1111_1111_1111_1111

Source B int_0
2#1111_1111_ 1111 1111

42093
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IMPORTANT Mixing an INT tag with an immediate value

Since remote_rack_1:.Data[0] is an INT tag, the value to check it against
first moves into int_0, also an INT tag. The EQU instruction then compares
both tags.

MOV EQUY
Move Equal
Source2#1111_1111_1111 1111 Sour ce rPenot e_rack_1: 1. DPat a[ 0]
2#1111_1111_1111_1111
Dest int_0 Source B int_0
2#1111_1111_1111 1111 2#1111_1111_1111 1111

42093

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 (SIN'T,
INT, or DINT) and a REAL tagas inputs in the same instruction, the controller
converts the integer value to a REAL value before the instruction executes.

o ASINT or INT value always converts to the same REAL value.
o 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 value. If it will not, the controller rounds to
the nearest REAL value by using 24 significant bits.

DINT to SINT or INT

To convert a DINT value to a SINT or INT value, 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.

IMPORTANT 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 in the following

examples.

¢ Numbers other than x.5 round to the nearest whole number.

e X.5 rounds to the nearest even number.

The following example shows the result of converting REAL values to DINT

values.
IMPORTANT Conversion of REAL values to DINT values
This REAL value Converts to this DINT value
-25 2
-16 -2
15 -2
-14 -1
14 1
15 2
1.6 2
25 2
IMPORTANT The arithmetic status flags are set based on the value being 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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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*"" because internal floating point
calculations are done by using single precision floating point.
Engineering units outside of this range may resultin a loss of accuracy
if results approach the limitations of single precision floating point

(+/-10+38),

Function Block Elements To control a device, use these elements.

Input Reference (IREF) Function Block Output Reference (OREF)

v

I — S ]

DJ j_|—|( ) €«—— Output Wire

Connector (OCON)

Input Wire J

Connector (ICON) ]
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Use the table to choose your function block elements.

If you want to

Usea

Supply a value from an input device or tag

Input reference (IREF)

Send a value to an output device or tag

Output reference (OREF)

Perform an operation on an input value or values and produce an
output value or values

Function block

Transfer data between function blocks when they are:
-Far apart on the same sheet
-On different sheets within the same routine

Output wire connector (OCON) and an input wire connector (ICON)

Disperse data to several points in the routine

Single output wire connector (OCON) and multiple input wire
connectors (ICON)

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.

REF  —®» [ »——— 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

(=

Block_02
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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

(=

:

d

Block_02

(=

>

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.

Black_01

Black_02

-
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The Logix Designer application automatically determines the order of execution
for the function blocks in a routine when you do the following:

e Verify a function block routine.
o Verify a project that contains a function block routine.

o 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.

1 2 3
= = =

D—CJ—CJ—CD—G

Execution order is relative only 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.

1 3 5
= = =

D—CJ—CJ—CD—G

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 okay. The loop contains
only a single block, so execution order does not matter.
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||
This input pin uses an output that the block l ]
produced on the previous scan. = e
e |
S —

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.

? ? ?

Ed || =, | b L

D—rct — — :l—"—D:_: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.

1 2 3

[ »—o b— b— o—a |
This input pin uses the output that block3 —— g )
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.

Do not mark all the wires of a loop with the Assume Data Available indicator.

This is okay This is NOT okay

A g M I S o S

o The controller cannot resolve the loop because all the wires use the Assume Data
Assume Data Available indicator Available indicator.

The Assume Data Available indicator defines the data flow within the loop.
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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 okay This is not okay
> =l :u'_ =l > = ®
= — —d m g F— —o
] ———— ] F———]
s (n

Neither wire uses the Assume Data Available indicator.

* = > =

Assume Data Available
Indicator

Both wires use the Assume Data Available indicator.

One wire uses the Assume Data Available indicator while the other wire does not.

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.

2

1

=

e

=

Assume Data Available Indicator
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Function Block Responses to
Overflow Conditions

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 +NAN, 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 INF. If NAN or INF, the block outputs
T NAN or LINF.

Response 2

Blocks with output limiting execute their algorithm and
check the result for NAN or ZINF. The output limits are

defined by the HighLimit and LowLimit input parameters.

If T 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 OSFI
MAXCTOT
MINCUPDN
MSTD
MUX
Timing Modes These process control and drives instructions support different timing modes.

DEDT LDLG
DERV LPF
HPF NTCH
INTG PI
LDL2 PIDE

RLIM
SCRV
SOC
TOT

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012 659



Appendix B Function Block Attributes

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 task Elapsed time since the previous execution

The controller truncates the elapsed time to whole milliseconds (ms). For example, if the elapsed time = 10.5 ms,
the controller sets Deltal = 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.

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.

660

Time-based instructions require a constant value for Deltal 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 following happens:
e Instruction is not executed during a scan.
o Instruction is executed multiple times during a task.

o 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.

e 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.

Common Instruction Parameters for Timing Modes

The instructions that support time-base modes have these input and output
parameters.
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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=0...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 OversampleDT =
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...4194.303 seconds

Default=10.0

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...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...32,767ms (wraps from 32767 to 0)

1 count = 1 millisecond

Default=0
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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
(I;::E)l:jﬁc DeltaT = task scan rate if task is Periodic task, DeltaT = elapsed time since previous instruction execution if task is
Event or Continuous task
Oversample: Deltal = OversampleDT
Real Time Sampling: Deltal = (RTSTimeStamp,, - RTSTimeStamp,,_;)
Status DINT Status of the function block.
TimingModelnv (Status.27) | BOOL Invalid TimingMode value.
RTSMissed (Status.28) BOOL Only used in real time sampling mode. Set when ABS | DeltaT - RTSTime | > 1(.001 second).
RTSTimelnv (Status.29) BOOL Invalid RTSTime value.
RTSTimeStamplnv (Status.30) | BOOL Invalid RTSTimeStamp value.
DeltaTlnv (Status.31) BOOL Invalid DeltaT value.
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TimingMode =0

Overview of Timing Modes

The following diagram shows how an instruction determines the appropriate

timing mode.

v

Determine Time-base Mode

TimingMode =1

( Periodic Timing

v

> ( Oversample Timing )

TimingMode =2

( Real Time Timing )

DeltaT = OversampleDT

If DeltaT < 0 or DeltaT > 4194.303 s the
instruction sets Deltal = 0.0 and sets the
appropriate bit in Status.

If DeltaT > 0, the instruction executes.

Determine Task Type

Deltal = RTSTimeStamp,, - RTSTimeStamp,,_;

If DeltaT > 0, the instruction executes.
If |RTSTIME - DeltaT| > 1, the instruction sets RTSMissed bit in
Status.

v

< Periodic Task

) ( Event or Continuous Task >

v

Deltal = Task scan time
If DeltaT > 0, the instruction executes.

v

Deltal = Elapsed time since last execution
If DeltaT > 0, the instruction executes.
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Progra m /OPerator Control Several instructions support the concept of Program/Operator control. These

instructions include the following:
o Enhanced Select (ESEL)
o Totalizer (TOT)
o Enhanced PID (PIDE)
o Ramp/Soak (RMPS)
e Discrete 2-State Device (D2SD)
e 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.

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.
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Locak1:l.ChOData [,

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

[
l — —i| PregDperReg

Wiring a 1" into ProgOperReq means the user
program always wants the TOT to be in
Operator control

device.
TOT_O01
Tar =l
Totalizer
In Total [—
ProgPragReq OldTotal o
ProgQper @
£ ProgStatReq RunStop [
=] FrogStopReq FrogResetDone [
-] FrogResetReq TargetFlag [0
TargethewiFlag [0
TargetlevZFlag @

Totalizer : program:MainProgram.TOT_01

Total: 403.282 gallons  (Mode:
Old Total: 0 gallons  |Operator
Input: 59.07 galfmin  |Run
Target Programﬁ:
500 —Dey 2
—Dev 1 Operatar |
Start |
Stop |
Reset |
0
Reset
- Detail.._|
Status: Ok

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.

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.
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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 until 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 I:I
Enhanced PIL

O SFFrog SP O
] SFCascade FYHHAlLam [0
@—I—é RatioProg FYHAlam [
CWFrag FwLAlarm [
o FF FWLLAlarm @
O HandFB FWROCFosAlarm [0
II —— —z ProgProgReq PWROCHegAlarm [0
| 5 FrogOperReq LewHHAlarm [0
] ProgCasRatReq DevHAlarm [0
| ] ProgAutoReq CevlAlarm 5
|- —— —| FroghlanualReq CevllAlarm [
When StartupSequenceActive is set, ) Frogtermaeieg Frogtperi
the PIDE instruction s placed in & FrogHandReq FasRata
Program control and Manual mode. Auto B
The StartupCV value is used as the Manual B
loop output. Cheerride [0
Hand 5

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 push button 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
push button is pressed.

When the TIC10TAutoReq push button 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
J F {ONS 7} L ‘

‘ J O
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Notes:
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Introduction

Structured Text Syntax

Structured Text Programming

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 €xecutes.

Topic Page
Structured Text Syntax 669
Assignments 670
Expressions 673
Instructions 679
Constructs 680
Comments 696

what to execute.

Structured text is a textual programming language that uses statements to define

o Structured text is not case sensitive.

o Use tabs and carriage returns (separate lines) to make your structured text

casier 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 670) The := operator is the assignment operator.
Terminate the assignment with a semi colon ’;’
Expression An expression is part of a complete assignment or construct statement. An expression evaluates
(see page 673) to a number (numerical expression) or to a true or false state (BOOL expression).

An expression contains:

Tags A named area of the memory where data is stored (BOOL, valuel
SINT,INT,DINT, REAL, string).
Immediate A constant value. 4
Operators A symbol or mnemonic that specifies an operation within an tag1 + tag2
expression. tag1 >=valuel
Functions When executed, a function yields one value. Use parentheses to function(tag1)
contain the operand of a function.
Even though their syntax is similar, functions differ from instructions
in that functions can be used only in expressions. Instructions cannot
be used in expressions.

Rockwell Automation Publication 1756-RM0030-EN-P - November 2012

669



Appendix C

Structured Text Programming

Term Definition Examples
Instruction Aninstruction is a standalone statement. instruction();
(see page 679) An instruction uses parenthesis to contain its operands.
Depending on the instruction, there can be zero, one, or multiple operands. instruction(operand);
When executed, an instruction yields one or more values that are part of a data structure.
Terminate the instruction with a semi colon(;). instruction(operand1, operand2,operand3);
Even though their syntax s similar, instructions differ from functions in that instructions cannot
be used in expressions. Functions can be used only in expressions.
Construct A conditional statement used to trigger structured text code (that is, other statements). IF...THEN
(see page 680) Terminate the construct with a semi colon (;). CASE
FOR...DO
WHILE...DO
REPEAT...UNTIL
EXIT
Comment Text that explains or clarifies what a section of structured text does. //comment
(see page 696) « Use comments to make it easier to interpret the structured text.
+ Comments do not affect the execution of the structured text. (*start of comment . ... end of comment*)
« Comments can appear anywhere in structured text.
[¥start of comment ... . end of comment*/
Assignments Use an assignment to change the value stored within a tag. An 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 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
The tag retains the assigned value until another assignment changes the value.
The expression can be simple, such as an immediate value or another tag name, or
the expression can be complex and include several operators and/or functions.
See Expressions on page 673.
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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 does the following:

o 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.)

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.

The table shows some examples.

This Is Okay

This Is Not Okay

string1.DATA[0]:= 65;

string1.DATA[0] := A;

string1.DATA[O]:= string2.DATA[O];

string1 := string2;

To add or insert a string of characters to a string tag, use cither of these ASCII

string instructions.

To Use this instruction
Add characters to the end of a string CONCAT
Insert characters into a string INSERT
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Expressions An expression is a tag name, equation, or comparison. To write an expression, use
any of the following:

o Tag name that stores the value (variable)

o Number that you enter directly into the expression (immediate value)
¢ Functions, such as: ABS, TRUNC

o Operators, such as: +, -, <, >, And, Or

As you write expressions, follow these general rules:

o Use any combination of upper-case and lower-case letter. For example,
these three variations of AND’ are acceptable: AND, And, and.

o 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 678.

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 Asimple bool expression can be a single BOOL tag.

o Typically, you use bool expressions to condition the execution of other

logic.

Numeric expression: An expression that calculates an integer or floating-point
value.

¢ A numeric expression uses arithmetic operators, arithmetic functions, and
bitwise operators. For example, tagl+5.

o Often, you nest a numeric expression within a bool expression. For

example, (tagl+5)>65.

Use the table to choose operators for your expressions.

If you want to Then

(alculate an arithmetic value Use Arithmetic Operators and Functions on page 674.
Compare two values or strings Use Relational Operators on page 675.

Check if conditions are true or false Use Logical Operators on page 677.

Compare the bits within values Use Bitwise Operators on page 678.
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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
Arcsine ASIN (numeric_expression) REAL

Arc tangent ATAN (numeric_expression) REAL
Cosine C0S (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 SQRT (numeric_expression) DINT, REAL
Tangent TAN (numeric_expression) REAL
Truncate TRUNC (numeric_expression) DINT, REAL

The table shows some examples.

Use this format Example
For this situation Write

value1 operator value2 If gain_4 and gain_4_adj are DINT tags and your specification says: | gain_4_adj := gain_4+15;
‘Add 15 to gain_4 and store the result in gain_4_adj"

operator valuel If alarm and high_alarm are DINT tags and your specification says: | alarm:=-high_alarm;

‘Negate high_alarm and store the result in alarm”

function(numeric_expression)

If overtravel and overtravel_POS are DINT tags and your
specification says: ‘Calculate the absolute value of overtravel and
store the result in overtravel _P0S.

overtravel_POS := ABS(overtravel);

valueT operator (function((value2+value3)/2)

If adjustment and position are DINT tags and sensor1 and sensor2

are REAL tags and your specification says: ‘Find the absolute value of
the average of sensor1 and sensor2, add the adjustment, and store
the result in position.’

position := adjustment + ABS((sensor1 +
sensor2)/2);

674
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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 result is
True 1
False 0
Use these 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
The table shows some examples.
Use this format Example
For this situation Write
value1 operator value2 If temp is a DINT tag and your specification says: ‘If temp is less | IF temp<100 THEN...

than 100- then. .

stringtag1 operator stringtag2

If bar_code and dest are string tags and your specification
says: ‘If bar_code equals dest then.. .’

IF bar_code=dest THEN...

char1 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 length are DINT tags, done is a BOOL tag, and your
specification says: ‘If count is greater than or equal to length,
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 s less
than or greater than another string.

o When the two strings are sorted as in a telephone directory, the order of
the strings determines which one is greater.

ASClI Characters Hex Codes
1ab $31961562
L A b $31562
es e A 541
se at
r er AB $41542 — AB<B
B $42 —
1
a %61 — a>B
Y& 561562

o Strings are equal if their characters match.

o Characters are case sensitive. Uppercase ‘A’ ($41) is not equal to lowercase

@ ($61).
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Use Logical Operators

Logical operators let you check if multiple conditions are true or false. The result

of alogical operation isa BOOL value.

If the comparison is The result is
True 1
False 0
Use these 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
The table shows some examples.
Use this format Example
For this situation Write
BOOLtag If photoeye is a BOOL tag and your specification says: ‘If IF photoeye THEN...
photoeye is on then. .
NOT BOOLtag If photoeye is a BOOL tag and your specification says: ‘If IF NOT photoeye THEN...

photoeye is off then. ..

expression & expression2

If photoeye is a BOOL tag, temp is a DINT tag, and your
specification says: ‘If photoeye is on and temp is less than 100-
then...

IF photoeye & (temp<100) THEN...

expression OR expression2

If photoeye is a BOOL tag, temp is a DINT tag, and your
specification says: ‘I photoeye is on or temp is less than 100-
then...

IF photoeye OR (temp<100) THEN...

expression1 XOR expression2

If photoeye1 and photoeye2 are BOOL tags and your
specification says: ‘If:

« photoeyeT is on while photoeye 2 is off

« photoeyeT is off while photoeye 2 is on

then...

IF photoeye1 XOR photoeye2 THEN...

BOOLtag := expression1 & expression2

If photoeye1 and photoeye2 are BOOL tags, open is a BOOL tag,
and your specification says: ‘If photoeye1 and photoeye2 are
both on, set open to true’

Open := photoeye1 & photoeye2;
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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

This is an example.

Use this format Example
For this situation Write

value1 operator value2 Ifinput1, input2, and result1 are DINT tags and your specification says: | result1:=input1 AND input2;
‘Calculate the bitwise result of input1 and input2. Store the result in
resultl!

Determine the Order of Execution

The operations you write into an expression are performed in a prescribed order,
not necessarily from left to right.

o Operations of equal order are performed from left to right.

o Ifan 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. ()

2. function (...)
3. *x

4, — (negate)

5. NOT

6. *,/,M0D

7. +, - (subtract)
8. <, <=,>,>=
9. = <>

10. &, AND

11. XOR

12. OR
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Instructions Structured text statements can also be instructions. See the Locator Table
on page 29 for alist 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 are 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 zag_xic is cleared.

tag_xic HEL
1 E A5CI1 Test For Buffer Line -
Charnrel 0 D
SernalPaort Control zenal_control  —ER>—
Character Count 0«

In structured text, if you write this example as:
IF tag_xic THEN ABL(0,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.

If you want the ABL instruction to execute only when za¢g_xic transitions from
cleared to set, you have to condition the structured text instruction. Use a
one shot to trigger execution.

osri_1.InputBit := tag_xic;
OSRI(osri_1);

IF (osri_1.0utputBit) THEN

ABL(0,serial_control);
END_IF;
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Constructs Constructs can be programmed alone or nested within other constructs.

If you want to Use this construct Available in these languages Page

Do something if or when specific conditions occur IF...THEN Structured text 681

Select what to do based on a numerical value CASE...OF Structured text 684

Do something a specific number of times before doing FOR...DO Structured text 687
anything else

Keep doing something as long as certain conditions are true WHILE...DO Structured text 690

Keep doing something until a condition is true REPEAT...UNTIL Structured text 693

Some Key Words are Reserved

These constructs are not available:
¢« GOTO
o REPEAT

Logix Designer application will not let you use them as tag names or constructs.
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IF...THEN Use IF...THEN to do something if or when specific conditions occur.
Operands:
Structured Text
IF bool _expression THEN
Operand Type Format Enter
<statement>: Bool_ BOOL Tag BOOL tag or expression that evaluates to a BOOL value
’ expression expression (BOOL expression)

Description: The syntax is described in the table.

IF bool _expressionl THEN

<statement >; <— Statements to execute when
bool_expressionT is true

optional ELSIF bool_expression2 THEN
<statement>; - Statementsto execute when
bool_expression2 is true
optional 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.

o Each ELSIF represents an alternative path.

o Specify as many ELSIF paths as you need.

o 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 table summarizes different combinations of IF, THEN, ELSIF,

and ELSE.
If you want to And Use this construct
Do something if or when conditions are true Do nothing if conditions are false IF...THEN
Do something else if conditions are false IF...THEN. . .ELSE
Choose from alternative statements (or groups of | Do nothing if conditions are false IF...THEN...ELSIF
statements) based on input conditions -
Assign default statements if all conditions are false IF...THEN...ELSIF.. .ELSE

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;
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The [:=] tells the controller to clear /ight whenever the controller does the

following:

e Enters the RUN mode.

o 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 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

IF Sugar.Low & Sugar.High THEN

| inlet valve = open (on)

‘ Sugar.Inlet [:=]1;

Until sugar high limit switch = high (off)

ELSIF NOT(Sugar.High) THEN

| ‘ Sugar.Inlet:=0;

END_IF;

The [:=] tells the controller to clear Sugar.Inler whenever the controller does the
following:

 Enters the RUN mode.
o 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 IF tank.temp > 200 THEN

| then pump = slow | pump.fast:=1; pump.slow :=0; pump.off :=0;

If tank temperature > 200 ELSIF tank.temp > 100 THEN

| then pump = fast | pump.fast :=0; pump.slow :=1; pump.off :=0;

Otherwise pump = off ELSE

| pump.fast :=0; pump.slow :=0; pump.off :=1;

END_IF;
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CASE...OF Use CASE to select what to do based on a numerical value.
Operands:
Structured Text
CASE numeric_expression OF
Operand Type Format Enter
selectorl: statement; Numeric_ SINT Tag Tag or expression that evaluates to a number
expression INT expression (numeric expression)
DINT
selectorN: statement; REAL
ELSE Selector IS’\IlthT Immediate Sametypeas numerIc_expression
DINT
REAL
IMPORTANT If you use REAL values, use a range of values for 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 described in the table.

CASE numeric_expression OF

Specify as many alternative selectorl: <statement>; @ Statementstoexecute when
selector values (paths) as you numeric_expression = selector1
need. :

selector?2: <statement>; <« Statementstoexecute when
numeric_expression = selector2

selector3: <statement>; @ Statementstoexecute when
numeric_expression = selector3

optional ELSE

<statement>; @ Statementstoexecute when
~ numeric_expression # any selector

END_CASE;

See the table on page 686 for valid selector values.
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These are the syntax for entering the selector values.

When selector is

Enter

One value

value: statement

Multiple, distinct values

valuel, value2, valueN : <statement>

Use a comma (,) to separate each value.

Arange of values

value1..valueN : <statement>

Use two periods (..) to identify the range.

Distinct values plus a range of values

valuea, valueb, value1..valueN : <statement>

The CASE construct is similar to a switch statement in the C or C++
programming languages. However, with the CASE construct the controller

executes only 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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686

Example

If you want this

Enter this structured text

If recipe number = 1 then
Ingredient A outlet 1= open (1)
Ingredient B outlet 4 = open (1)

CASE recipe_number OF

1.
Ingredient_A.Outlet_1:=1;
Ingredient_B.Outlet_4:=1;

If recipe number =2 or 3 then

Ingredient A outlet 4 = open (1)
Ingredient B outlet 2 = open (1)

23:
Ingredient_A.Outlet_4:=1;
Ingredient_B.Outlet_2:=1;

If recipe number =4, 5, 6, or 7 then
Ingredient A outlet 4 = open (1)
Ingredient B outlet 2 = open (1)

4...7:
Ingredient_A.Outlet_4:=1;
Ingredient_B.Outlet_2:=1;

If recipe number =8, 11, 12, or 13 then
Ingredient A outlet 1= open (1)
Ingredient B outlet 4 = open (1)

8,11...13
Ingredient_A.Outlet_1:=T;
Ingredient_B.Outlet_4:=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
does the following:

 Enters the RUN mode.
o 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 po— - - —

final_value BY increment DO peran ype ormat escription

count SINT Tag Tag to store count position as the FOR. .. DO executes

INT

<stat 1>

statemen DINT
END FOR; initial_ value SINT Tag Must evaluate to a number
- INT expression Specifies initial value for count
DINT Immediate
final_ value SINT Tag Specifies final value for count, which determines
INT expression when to exit the |00p
DINT Immediate
increment SINT Tag (Optional) amount to increment count each time
INT expression through the loop
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 timesina
single scan.

o The controller does not execute any other statements
in the routine until it completes the loop.

o Ifthe time that it takes to complete the loop is
greater than the watchdog timer for the task, a major
fault occurs.

o Consider using a different construct, such as

IE. THEN.

Description: The syntax is described in the table.

FOR count := initial_value

T0 final_value

Optional { BY increment If you don't specify an increment, the loop increments by
1.
DO
<statement>;
Optional IF bool_expression THEN
EXIT; <@——— Ifthereare conditions when you want to exit the loop
early, use other statements, such as an IF...THEN
END_IF; construct, to condition an EXIT statement.
END_FOR;
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The following diagrams show how a FOR...DO loop executes and how an EXIT
statement leaves the loop early.

DonexNumber Of ~ Yes DonexNumber Of - Yes
/V Times? -] /y Times?
No No
Statement 1 Statement 1
Statement2 Statement 2
Statement 3 Statement 3
Statement 4 Statement 4
v ... s
\__/ v o Bit? Yes
2
Rest Of The Routi
es e Routine U No !
Rest Of The Routine
The FOR...DO loop executes a specific number of times. To stop the loop before the count reaches the last 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
Example 1:
If you want this Enter this structured text
Clear bits 0...31in an array of BOOLs: For subscript:=0to 31 by 1do
1. Initialize the subscript tag to 0. -
2. Clear array] subscript ] . For example, when array[subscript] := 0;
subscript =5, clear array[5]. -
3. Add 1 to subscript. End_for;
4. If subscriptis <to 31, repeat 2 and 3.
Otherwise, stop.
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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:

Barcode ID of the item (string data type)
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.

2.
3.

Get the size (number of items) of the Inventory array and store the result in

Inventory_Items (DINT tag).

Initialize the position tag to 0.

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.

. Add 1 to position.
. If position is <to (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_ltems);

For position:=0 to Inventory_Items - 1 do

If Barcode = Inventory[position].ID then

Quantity := Inventory[position].Qty;

Exit;

End_if;

End_for;
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WHILE...DO Use the WHILE...DO loop to keep doing something as long as certain
conditions are true.
Operands:
Structured Text
WHILE bool_expression DO
Operand Type Format Enter
<statement>; Bool_ BOOL Tag BOOL tag or expression that evaluates to a BOOL value
expression 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.

« Ifthe time that it takes to complete the loop is greater
than the watchdog timer for the task, a major fault
oceurs.

« (Consider using a different construct, such as IF...THEN.

Description: The syntax is described in the table.

WHILE bool_expression1D0

<statement>; @ Statements to execute while bool_expressionT is true
Optional IF bool_expression2 THEN
EXIT; < [Ifthereare conditions when you want to exit the loop
early, use other statements, such as an IF...THEN
END IF; 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 carly.

. False False

/y BOOL expression /y BOOL expression

True True

Statement 1 Statement 1

Statement 2 Statement 2

Statement 3 Statement 3

Statement 4 Statement 4

v ..
U v Exit? Yes
. >
Rest Of The Routine Y
o
v
Rest Of The Routine

While the bool_expression istrue, the controller

To stop the loop before the conditions are true, use an EXIT statement.
executes only the statements within the WHILE...DO 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 WHILE...DO loop evaluates its conditions first. If the conditions are true, the pos:=0;
controller then executes the statements within the loop. -
This differs from the REPEAT...UNTIL loop because the REPEAT...UNTIL loop While ((pos <=100) & structarray[pos].value <> targetvalue)) do
executes the statements in the construct and then determines if the conditions are pos = pos +2;
true before executing the statements again. The statements in a REPEAT...UNTIL . '
loop are always executed at least once. The statements in a WHILE...DO loop might String_tag.DATA[pos] := SINT_array[pos];
never be executed.
end_while;
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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_number :=0;

element holds one character.) Stop when you reach the carriage return. -
1. Initialize Element_number to 0. SIZE(SINT_array, 0, SINT_array_size);

2. Count the number of elements in SINT_array (array that contains the ASCII

characters) and store the result in SINT_array_size (DINT tag). While SINT_arrayelement_number] <> 13 do

3. Ifthe character at SINT_array[element_number] = 13 (decimal value of the String_tag.DATA[element_number] := SINT_array[element_number];
carriage return), then stop. — — _ — '

4. Set String_tag[element_number] = the character at element_number := element_number + 1;
SINT_array[element_number].

5. Add 1to element_number. This lets the controller check the next character in String_tag.LEN := element_number;
SINT_array.

6. Set the Length member of String_tag = element_number. (This records the If element_number = SINT_array_size then

number of characters in String_tag so far.) exit:

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.) end_if;
8. Gotostep3. —

end_while;
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Use the REPEAT...UNTIL loop to keep doing something until conditions are

true.

REPEAT...UNTIL

Operands:

Structured Text
REPEAT
Operand Type Format Enter

<statement>; bool_ BOOL Tag BOOL tag or expression that evaluates to a BOOL value
expression expression (BOOL 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.

« If the time that it takes to complete the loop is greater than the watchdog timer for
the task, a major fault occurs.

« Consider using a different construct, such as IF... THEN.

Description: The syntax is described in the table.

REPEAT

<statement>; <@ statements to execute while bool_expressionT is false

IF bool_expression2 THEN

EXIT; <@ Ifthereare conditions when you want to exit the loop
early, use other statements, such as an IF... THEN
END_IF;

construct, to condition an EXIT statement.

Optional

UNTIL bool_expressiont
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 Statement 3
Statement 4 statement 4
Eor Yes
?
BOOL expression True Bt
False No
v
) True
BOOL expression - >
Rest Of The Routine
U False
Rest Of The Routine
While the bool_expression isfalse, the controller executes To stop the loop before the conditions are false, use an EXIT
only the statements within the REPEAT. . .UNTIL loop. 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
Example 1:
If you want this Enter this structured text
The REPEAT...UNTIL loop executes the statements in the construct and then pos:=-1;
determines if the conditions are true before executing the statements again.
This differs from the WHILE...DO loop because the WHILE..DO The WHILE..DO | REPEAT
loop evaluates its conditions first. If the conditions are true, the controller then POS = pos +2;
executes the statements within the loop. The statements in a REPEAT...UNTIL loop i '
are always executed at least once. The statements in a WHILE...DO loop might UNTIL ((pos = 101) OR (structarray[pos].value = targetvalue))
never be executed.
end_repeat;
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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_number :=0;
element holds one character.) Stop when you reach the carriage return. -
1. Initialize Element_number to 0. SIZE(SINT _array, 0, SINT_array_size);
2. Count the number of elements in SINT_array (array that contains the ASCII Repeat
characters) and store the result in SINT_array_size (DINT tag). €pea
3. Set String_tag[element_number] = the character at String_tag.DATA[element_number] := SINT_array[element_number];
SINT_array[element_number].
4. Add 1to element_number. This lets the controller check the next character in element_number := element_number + 1;
SINT_array.
5. Set the Length member of String_tag = element_number. (This records the String_tag.LEN := element_number;
number of characters in String_tag so far.) -
6. If element_number = SINT_array_size, then stop. (You are at the end of the If element_number = SINT_array_size then
array and it does not contain a exit:
carriage return.) !
7. Ifthe character at SINT_array[element_number] = 13 (decimal value of the end_if;
carriage return), then stop. -
Otherwise, go to step 3. Until SINT_array[element_number] =13
end_repeat;
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Comments To make your structured text easier to interpret, add comments to it.

o Comments let you use plain language to describe how your structured text
works.

¢ Comments do not affect the execution of the structured text.

The table describes how to add comments to your structured text.

To add a comment Use one of these formats

Onasingle 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*/

The table shows some examples.

Format Example

/lcomment 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_ltems tag*/
SIZE(Inventory,0,Inventory_Items);
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A

ABL instruction 579
ABS instruction 286
absolute value 286
ACB instruction 582
ACL instruction 584
ACS instruction 540
ADD instruction 261
addition 261
addressing

bit 88
advanced math instructions

introduction 547

LN 548

log 551

XPY 554
AFl instruction 468
AHL instruction 586
alarms 513

and events instructions
alarm status 77
ALMA, analog alarm 55
buffer alarms 77
configuration 72, 83
message text 74
programmatically access 78
suppress or disable alarms 79
all mode 340
ALMA instruction 55
ALMD

digital alarm 44
instruction
alarms and events instructions 44
always false instruction 468
AND instruction 312
arc
cosine 540
sine 537
tangent 543
ARD instruction 590
arithmetic
operators
structured text 674
status flags
overflow 659
ARL instruction 594

array instructions

AVE 375

BSL 398, 402

(0P 365

DDT 497

FAL 345, 490, 406, 412
file/misc. 339

FLL 371,357

LFL 418, 424

mode of operation 340
RES 152

sequencer 431, 397, 392
SQI 432, 440, 436, 380, 385

array subscript

expressions 645
Ascll
chars in buffer 582, 584
handshake lines 586
instructions
ABL 579, 582, 584, 586, 590, 594, 598,
602
CONCAT 610
delete 612
DTOS 627
find 614
insert 616
lower case 633
MID 618
RTOS 629
STOD 623, 625, 308
upper case 631
read 590, 594
structured text assignment 672
test for buffer line 579
write 602, 598
ASN instruction 537
assignment
ASCII character 672
non-retentive 671
retentive 670
assume data available 656, 658
ATN instruction 543
attributes

converting data types 648
immediate
values 645
AVE instruction 375

average 375
AWA instruction 598
AWT instruction 602

BAND 327
bit
addressing 88
field distribute 299, 302
instructions
introduction 87
ONS 102, 107, 112, 105, 109, 96, 98,
100
X0 93
shift left 398, 402
bitwise
AND 312
exclusive OR 320
NOT 324
operators
structured text 678
OR 316
BNOT 336

BOOL expression
structured text 673
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698

Boolean

AND 327
Exclusive OR 333
NOT 336
OR 330

BOR 330

break 485

BRK instruction 485
BSL instruction 398
BSR instruction 402
BTD instruction 299
BTDT instruction 302
buffer alarms 77
BXOR 333

C

cache

connection 186
CASE 684

are
large connection option 174
cear 306
CLR instruction 306
CMP instruction 215
comments
structured text 696
common attributes 643
converting data types 648
immediate values 645
compare 215
instructions
CMP 215
EQU 220

expression format 217, 362

GEQ 224, 228
introduction 213
LEQ 232, 236, 240
MEQ 246

NEQ 251

order of operation 218, 363

valid operators 217, 362
structure 490, 497
compute 257
instructions
ABS 286, 261
CPT 257
DIV 271

expression format 259, 355

introduction 255
MOD 276, 268
NEG 283

order of operation 260, 356

SQR 280, 265
valid operators 259, 355
CONCAT instruction 610
configuring 167
MSG instruction 167
PID instruction 512
connection

cache 186

connector

function block diagram 653
construct

structured text 680

control structure 346, 357, 376, 380, 385, 398,
402,407,413, 418,419,425, 432, 436,

440, 460
conversion instructions

DEG 560

FRD 569

introduction 559

RAD 563

TOD 566, 571
convert

data types 648
to BCD 566, 569
COP instruction 365

copy 365

CO0S instruction 531
cosine 531

count

down 144
up 140, 148
counter instructions

(TD 144, 140, 148
introduction 115
RES 152

counter structure 140, 144

CPS instruction 365
CPTinstruction 257
CTD instruction 144
CTU instruction 140
CTUD instruction 148

D

data transitional 504
data type

LINT 649
DDT instruction

operands 497
search mode 498
deadband 522

debug instructions 635
DEG instruction 560
degree 560

delete instruction 612
description

structured text 696
diagnostic detect 497

DINT to String 627
disable flag

status 200
DIV instruction 271

division 271
document

structured text 696
DTOS instruction 627

DTR instruction 504
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elements

size instruction 392
end of transition instruction 470

EOT instruction 470
EQU instruction 220
equal to 220

error codes

ASCII 578
MSG instruction 161
event

instruction 476
task
trigger via consumed tag 209, 476
examine if open 93

execution order 656
exponential 554
expression

array subscript 645
BOOL expression
structured text 673
format 217, 259, 355, 362
numeric expression
structured text 673
order of execution
structured text 678
218, 260, 356, 363
structured text
arithmetic operators 674
bitwise operators 678
functions 674
logical operators 677
overview 673
relational operators 675
valid operators 217, 259, 355, 362

F

FAL instruction

mode of operation 340
operands 345
FBCinstruction

operands 490
search mode 491
FBD_BIT_FIELD_DISTRIBUTE structure 303

FBD_BOOLEAN_AND structure 327

FBD_BOOLEAN_NOT structure 336

FBD_BOOLEAN_OR structure 330

FBD_BOOLEAN_XOR structure 333

FBD_COMPARE structure 221, 225, 229, 233,
237,252

FBD_CONVERT structure 566, 569

FBD_COUNTER structure 148

FBD_LIMIT structure 241

FBD_LOGICAL structure 313, 317, 321, 325

FBD_MASK_EQUAL structure 247

FBD_MASKED_MOVE structure 296

FBD_MATH structure 262, 266, 269, 272, 277,
283,555

FBD_MATH_ADVANCED structure 280, 286,
528,531,534,537, 540, 544, 548, 551,
561, 564

FBD_ONESHOT structure 109, 112
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JSR instruction 449
jump 447, 635, 639

to subroutine 449
JXR instruction

control structure 460

L

label 447, 635, 639
large connection option

(P 174
latching data 654

LBL instruction 447, 635, 639
LEQ instruction 232

LES instruction 236

less

than 236, 232
LFL instruction 418

LFU instruction 424
LIFO load 418

LIFO unload 424
LIM instruction 240
limit 240

LINT

data type 649
LN instruction 548

log
base 10 551
instruction 551
natural 548
logical
instructions
AND 312
introduction 289
NOT 324
OR 316
XOR 320
operators
structured text 677
lower case 633

instruction 633

M

masked
equal to 246
move 293, 296
masks 504
master control reset 464
math
conversion instructions
DEG 560
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