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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.

> B PP

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

Allen-Bradley, Rockwell Automation, Logix5000, RSLogix 5000, Studio 5000, Connected Components Workbench, ControlLogix, GuardLogix, CompactLogix,
Micro800, PowerFlex, SoftLogix, Rockwell Software, PLC-2, PLC-3, PLC-5, SLC, SLC 500, and TechConnect are trademarks of Rockwell Automation, Inc.

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

This guide provides reference information about the instruction set available for

In This Manual

developing programs for use in Micro800 control systems. The instruction set
includes Structured Text (ST), Ladder Diagram (LD) Function Block Diagram
(FBD) programming language support. Additionally, the ladder elements
supported in Connected Components Workbench development environment are

defined.

14 Radwell Autormation Publication 2080RVIDIBENE - March 2014



Preface

Supported Controllers

following Micro800™ controllers.

2080-LC10-12AWA
2080-LC10-12DWD
2080-LC10-12QBB
2080-LC10-12QWB
2080-LC20-20AWB
2080-LC20-20QBB
2080-LC20-20QWB
2080-LC30-10QVB
2080-LC30-10QWB
2080-LC30-16AWB
2080-LC30-16QVB

2080-LC30-16QWB

2080-LC30-24QBB
2080-LC30-24QVB
2080-LC30-24QWB
2080-LC30-48AWB
2080-LC30-48QBB
2080-LC30-48QVB
2080-LC30-48QWB
2080-LCS0-24AWB
2080-LC50-24QBB
2080-LC50-24QVB
2080-LC50-24QWB
2080-LCS0-48AWB
2080-LC50-48QBB
2080-LC50-48QVB

2080-LCS0-48QWB

Rodwell AutormationPblication 2080 RVIDIBENE - March 2014
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Preface

Additional Resources

16

These documents contain additional information concerning related Rockwell

Automation products.

Resource

Description

Industrial Automation Wiring and Grounding
Guidelines, publication 1770-4.1 available at
http://literature.rockwellautomation.com/idc/grou
ps/literature/documents/in/1770-in041_-en-p.pdf.

Provides general guidelines for installing a Rockwell
Automation industrial system.

Product Certifications website, http://www.ab.com

Provides declarations of conformity, certificates, and
other certification details.

You can view or download publications at
http://www.rockwellautomation.com/literature. To order paper copies of
technical documentation, contact your local Rockwell Automation distributor or

sales representative.
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Chapter 1

Finding information about instructions and
ladder elements

Connected Components Workbench™ includes a comprehensive instruction set
with structures and arrays, development environments for ladder logic, structured
text, function block diagram, and user-defined function block programs.

Additionally, Connected Components Workbench includes user-interface
configuration tools for Micro800™ controllers, PowerFlex drives, a Safety Relay
device, PanelView™ Component graphic terminals, and serial and network
connectivity options.

Instruction set

For information about a specific instruction, including a description, parameter
details, and language examples, locate the instruction from the table of contents, or
from the following reference topics.

Ladder Diagram elements

For a description of the ladder elements used in Connected Components
Workbench, see the following section:
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Instruction blocks

Item No.

® 6 0 ©°

18

The Connected Components Workbench instruction set includes IEC 61131-3
compliant instruction blocks. Instruction blocks collectively include operators,
functions and function blocks.

e Operators (on page 18)
e Functions (on page 18)

e Function blocks (on page 19)

Operators

An operator is a basic logical operation such as arithmetic, boolean, comparator, or

data conversion.

Functions

Functions have one or more input parameters and one output parameter.

Instruction block format

An instruction block is represented by a single rectangle, and has a fixed number of
input connection points and output connection points. An elementary instruction

block performs a single function.

Item Description

Block name The name of the function to be performed by the instruction block is written inside its rectangle
shape (at the top).

Input Each input of an instruction block is labeled and has a defined type.

Input connection Inputs are connected on the left border.

Output Each output of an instruction block is labeled and has a defined type.

Output connection Outputs are connected on the right border.
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Fnding informationabout instructionsand leccker elements Chapter 1

(alling a function

Connected Components Workbench™ does not support recursive function calls.
When a function of the Functions section is called by itself or one of its called
functions, a run-time error occurs. Furthermore, functions do not store the local
values of their local variables. Since functions are not instantiated, they cannot call
function blocks.

e A function can be called by a program, by a function, or by a function block.

e Any program of any section can call one or more functions. A function can
have local variables.

e A function has no instance meaning local data is not stored and so is usually
lost from one call to the other.

e Because the execution of a function is driven by its parent program, the
execution of the parent program is suspended until the function ends.

Main program Function Function

\

=Y

Defining function and parameter names

The interface of a function must be explicitly defined with a type and a unique
name for each of its calling (input) parameters or return (output) parameters. A
function has one return parameter. The value of a return parameter for a function

block is different for each programming language (FBD, LD, ST).

Function names and function parameter names can use up to 128 characters.
Function parameter names can begin with a letter or an underscore followed by
letters, numbers, and single underscores.

Function blocks

A function block is an instruction block that has input and output parameters and
works on internal data (parameters). It can be written in Structured Text, Ladder
Diagram, or Function Block Diagram languages.

Radwell Autormetion Publication 2080RVIOIBENE - March 2014 March 2014 19



Chapter 1 Finding information about instructionsand ledder elaments

Instruction block format

An instruction block is represented by a single rectangle, and has a fixed number of
input connection points and output connection points. An elementary instruction
block performs a single function.

| MOV |
4 InputlLeft 1 o1 OutputRight L
é é
ItemNo. Item Description
(1] Block name The name of the function to be performed by the instruction block is written inside its rectangle
shape (at the top).
(2] Input Each input of an instruction block is labeled and has a defined type.
Q Input connection Inputs are connected on the left border.
o Output Each output of an instruction block is labeled and has a defined type.
o Output connection Outputs are connected on the right border.

Calling a function block

When a function block is called in a program, an instance of the block is actually
called. The instance uses the same code, but the input and output parameters are
instantiated, which means local variables are copied for each instance of the
function block. The values of the variables of a function block instance are stored
from one cycle to the other.

A function block can be called by a program, or by another function block. They
cannot be called by functions because functions are not instantiated.

Defining function block and parameter names

The interface of a function block must be explicitly defined with a type and a
unique name for each of its calling (input) parameters or return (output)
parameters. Function blocks can have more than one output parameter. The value
of a return parameter for a function block is different for each programming
language (FBD, LD, ST).
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Function block names and function block parameter names can use up to 128
characters. Function block parameter names can begin with a letter or an
underscore followed by letters, numbers, and single underscores.
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Chapter 1 Finding information about instructionsand ledder elaments

The following table lists the instruction set available in Connected Components

Instruction set in workbench in alphabetical order.
alphabetical order

Instruction Instruction block type
ABL (on page 114) Function block
ABS (on page 66) Function

ACB (on page 116) Function block
ACL (on page 118) Function block
ACOS (on page 68) Function
ACOS_LREAL (on page 70) Function
Addition (on page 72) Operator

AHL (on page 120) Function block
AND (on page 161) Operator
AND_MASK (on page 136) Function
ANY_TO_BOOL (on page 268) Function
ANY_TO_BYTE (on page 269) Function
ANY_TO_DATE (on page 270) Function
ANY_TO_DINT (on page 271) Function
ANY_TO_DWORD (on page 272) Function
ANY_TO_INT (on page 273) Function
ANY_TO_LINT (on page 274) Function
ANY_TO_LREAL (on page 275) Function
ANY_TO_LWORD (on page 276) Function
ANY_TO_REAL (on page 277) Function
ANY_TO_SINT (on page 278) Function
ANY_TO_STRING (on page 279) Function
ANY_TO_TIME (on page 280) Function
ANY_TO_UDINT (on page 281) Function
ANY_TO_UINT (on page 282) Function
ANY_TO_ULINT (on page 283) Function
ANY_TO_USINT (on page 284) Function
ANY_TO_WORD (on page 285) Function

ARD (on page 122) Function block
ARL (on page 124) Function block
ASCII (on page 568) Function

ASIN (on page 73) Function
ASIN_LREAL (on page 75) Function
ATAN (on page 77) Function
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Instruction Instruction block type
ATAN_LREAL (on page 79) Function
AVERAGE (on page 288) Function block
AWA (on page 126) Function

AWT (on page 128) Function
CHAR (on page 570) Function

COP (on page 290) Function block
(0S (on page 81) Function
COS_LREAL (on page 83) Function

CTD (on page 260) Function

(TU (on page 262) Function

(TUD (on page 264) Function
DELETE (on page 572) Function
DERIVATE (on page 502) Function block
Division (on page 85) Operator

DOY (on page 600) Function
Equal (on page 252) Operator

EXPT (on page 86) Function

FIND (on page 574) Function
F_TRIG (on page 154) Function block
Greater Than (on page 254) Operator
Greater Than or Equal (on page 255) Operator

HSC (on page 301) Function block
HSC_SET_STS (on page 321) Function block
HYSTER (on page 504) Function block
IIM (on page 363) Function block
INSERT (on page 576) Function
INTEGRAL (on page 506) Function block
I0M (on page 366) Function block
IPIDCONTROLLER (on page 535) Function block
KEY_READ (on page 369) Function block
LCD (on page 346) Function

LEFT (on page 578) Function

Less Than (on page 256) Operator

Less Than or Equal (on page 257) Operator
LIM_ALRM (on page 62) Function block
LIMIT (on page 524) Function
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24

Instruction

LOG (on page 88)

MAX (on page 296)
MC_AbortTrigger (on page 429)
MC_Halt (on page 432)

MC_Home (on page 436)
MC_MoveAbsolute (on page 441)
MC_MoveRelative (on page 446)
MC_MoveVelocity (on page 450)
MC_Power (on page 455)
MC_ReadAxisError (on page 460)
MC_ReadBoolParameter (on page 465)
MC_ReadParameter (on page 468)
MC_ReadStatus (on page 471)
MC_Reset (on page 476)
MC_SetPosition (on page 479)
MC_Stop (on page 483)
MC_TouchProbe (on page 487)
MC_WriteBoolParameter (on page 492)
MC_WriteParameter (on page 496)
MID (on page 580)

MIN (on page 294)

MLEN (on page 582)

MM_INFO (on page 376)

MOD (on page 90)

MOV (on page 92)
MSG_CIPGENERIC (on page 178)
MSG_CIPSYMBOLIC (on page 187)
MSG_MODBUS (on page 197)
MSG_MODBUS2 (on page 204)
Multiplication (on page 93)
MUX4B (on page 174)

MUX8B (on page 170)

NOT (on page 163)

Not Equal (on page 258)

Neg (on page 94)

NOT_MASK (on page 138)

Instruction block type
Function
Function
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function block
Function
Function
Function
Function block
Function
Operator
Function
Function
Function
Function
Operator
Function
Function
Operator
Operator
Operator

Function

Rodwell Automation PLblication 2080 RVIIBENE - March 2014Viaich 2014



Frding informationabout instructionsand leccker elements Chapter 1

Instruction Instruction block type
OR_MASK (on page 140) Function

OR (on page 160) Operator
PLUGIN_INFO (on page 379) Function block
PLUGIN_READ (on page 382) Function block
PLUGIN_RESET (on page 385) Function block
PLUGIN_WRITE (on page 387) Function block
POW (on page 95) Function
R_TRIG (on page 156) Function block
RAND (on page 97) Function
REPLACE (on page 586) Function

RHC (on page 357) Function
RIGHT (on page 584) Function

ROL (on page 142) Function

ROR (on page 144) Function

RPC (on page 359) Function

RS (on page 158) Function block
RTC_READ (on page 393) Function block
RTC_SET (on page 396) Function block
SCALER (on page 516) Function block
SHL (on page 146) Function

SHR (on page 148) Function

SIN (on page 99) Function
SIN_LREAL (on page 101) Function

SQRT (on page 103) Function

SR (on page 164) Function block
STACKINT (on page 519) Function block
STIS (on page 406) Function
Subtraction (on page 105) Operator

SUS (on page 528) Function block
SYS_INFO (on page 398) Function block
TAN (on page 106) Function
TAN_LREAL (on page 108) Function

TDF (on page 603) Function

TND (on page 522) Function

TOF (on page 591) Function block
TON (on page 593) Function block
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26

Instruction

TONOFF (on page 595)
TOW (on page 605)
TP (on page 598)

TRIMPOT_READ (on page 401)

TRUNC (on page 110)
TTABLE (on page 166)
UIC (on page 408)
UID (on page 410)
UIE(
UIF (on page 414
XOR_MASK (on page 150)
XOR (on page 162)

on page 412)
)

Instruction block type
Function block
Function
Function block
Function block
Function
Function
Function
Function
Function
Function
Function

Operator
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Instruction set by type and

. Function blocks
function

The following table lists the function blocks by functional category.

Instruction Functional category

ABL (on page 114) ASCll serial port instructions (on page 113)

ACB (on page 116)

ACL (on page 118)

AHL (on page 120)

ARD (on page 122)

ARL (on page 124)

AWA (on page 126)

AWT (on page 128)

AVERAGE (on page 288) Data manipulation instructions (on page 287)

COP (on page 290)

(CTD (on page 260) Counter instructions (on page 259)

(TU (on page 262)

CTUD (on page 264)

DERIVATE (on page 502) Process control instructions (on page 501)

F_TRIG (on page 154) Boolean instructions (on page 153)

HSC (on page 301) Input/Output instructions (on page 345)

HSC_SET_STS (on page 321)

HYSTER (on page 504) Process control instructions (on page 501)

IIM (on page 363) Input/Output instructions (on page 345)

INTEGRAL (on page 506) Process control instructions (on page 501)

I0M (on page 366) Input/Output instructions (on page 345)

IPIDCONTROLLER (on page 535) Proportional Integral Derivative (PID) instruction (on page
531)

KEY_READ (on page 369) Input/Output instructions (on page 345)

LIM_ALRM (on page 62) Alarm instructions (see "Alarm instruction” on page 61)

MC_AbortTrigger (on page 429) Motion control instructions (on page 417)

MC_Halt (on page 432)
MC_Home (on page 436)
MC_MoveAbsolute (on page 441)
MC_MoveRelative (on page 446)
MC_MoveVelocity (on page 450)
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Instruction

MC_Power (on page 455)
MC_ReadAxisError (on page 460)
MC_ReadBoolParameter (on page 465)
MC_ReadParameter (on page 468)
MC_ReadStatus (on page 471)
MC_Reset (on page 476)
MC_SetPosition (on page 479)
MC_Stop (on page 483)
MC_TouchProbe (on page 487)
MC_WriteBoolParameter (on page 492)
MC_WriteParameter (on page 496)
MM_INFO (on page 376)
MSG_CIPGENERIC (on page 178)
MSG_CIPSYMBOLIC (on page 187)
MSG_MODBUS (on page 197)
MSG_MODBUS2 (on page 204)
PLUGIN_INFO (on page 379)
PLUGIN_READ (on page 382)
PLUGIN_RESET (on page 385)
PLUGIN_WRITE (on page 387)
R_TRIG (on page 156)

RS (on page 158)

RTC_READ (on page 393)

RTC_SET (on page 396)

SCALER (on page 516)

SR (on page 164)

STACKINT (on page 519)

SUS (on page 528)

SYS_INFO (on page 398)

TOF (on page 591)

TON (on page 593)

TONOFF (on page 595)

TP (on page 598)

TRIMPOT_READ (on page 401)

Functional category

Input/Output instructions (on page 345)

Communication instructions (on page 177)

Input/Output instructions (on page 345)

Boolean instructions (on page 153)

Input/Output instructions (on page 345)

Process control instructions (on page 501)
Boolean instructions (on page 153)
Process control instructions (on page 501)
Program control instruction (on page 527)
Input/Output instructions (on page 345)

Timer instructions (on page 589)

Input/Output instructions (on page 345)
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Functions
The following table lists the functions by functional category.
Instruction Functional category
ABS (on page 66) Arithmetic instructions (on page 65)
ACOS (on page 68)
ACOS_LREAL (on page 70)
AND_MASK (on page 136) Binary instructions (on page 135)
ASCII (on page 568) String manipulation instructions (on page 567)
ASIN (on page 73) Arithmetic instructions (on page 65)
ASIN_LREAL (on page 75)
ATAN (on page 77)
ATAN_LREAL (on page 79)
CHAR (on page 570) String manipulation instructions (on page 567)
(0S (on page 81) Arithmetic instructions (on page 65)
COS_LREAL (on page 83)
DELETE (on page 572) String manipulation instructions (on page 567)
DOY (on page 600) Timer instructions (on page 589)
EXPT (on page 86) Arithmetic instructions (on page 65)
FIND (on page 574) String manipulation instructions (on page 567)
INSERT (on page 576)
LCD (on page 346) Input/Output instructions (on page 345)
LEFT (on page 578) String manipulation instructions (on page 567)
LIMIT (on page 524) Process control instructions (on page 501)
LOG (on page 88) Arithmetic instructions (on page 65)
MAX (on page 296) Data manipulation instructions (on page 287)
MID (on page 580) String manipulation instructions (on page 567)
MIN (on page 294) Data manipulation instructions (on page 287)
MLEN (on page 582) String manipulation instructions (on page 567)
MOD (on page 90) Arithmetic instructions (on page 65)
MUX4B (on page 174) Boolean instructions (on page 153)
MUX8B (on page 170)
NOT_MASK (on page 138) Binary instructions (on page 135)
OR_MASK (on page 140)
POW (on page 95) Arithmetic instructions (on page 65)
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Instruction Functional category

RAND (on page 97)

REPLACE (on page 586) String manipulation instructions (on page 567)
RHC (on page 357) Input/Output instructions (on page 345)
RIGHT (on page 584) String manipulation instructions (on page 567)
ROL (on page 142) Binary instructions (on page 135)

ROR (on page 144)

RPC (on page 359) Input/Output instructions (on page 345)
SHL (on page 146) Binary instructions (on page 135)

SHR (on page 148)

SIN (on page 99) Arithmetic instructions (on page 65)
SIN_LREAL (on page 101)

SQRT (on page 103)

STIS (on page 406) Interrupt instructions (on page 405)

TAN (on page 106) Arithmetic instructions (on page 65)
TAN_LREAL (on page 108)

TDF (on page 603) Timer instructions (on page 589)

TND (on page 522) Process control instructions (on page 501)
TOW (on page 605) Timer instructions (on page 589)

TRUNC (on page 110) Arithmetic instructions (on page 65)
TTABLE (on page 166) Boolean instructions (on page 153)

UIC (on page 408) Interrupt instructions (on page 405)

UID (on page 410)

UIE (on page 412)

UIF (on page 414)

XOR_MASK (on page 150)

Operators

Binary instructions (on page 135)

The following table lists the operators by functional category.

Instruction Functional category
Addition (on page 72) Arithmetic instructions (on page 65)
AND (on page 161) Boolean instructions (on page 153)

ANY_TO_BOOL (on page 268)
ANY_TO_BYTE (on page 269)
ANY_TO_DATE (on page 270)

Data conversion instructions (on page 267)
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Instruction

Addition (on page 72)
ANY_TO_DINT (on page 271)
ANY_TO_DWORD (on page 272)
ANY_TO_INT (on page 273)
ANY_TO_LINT (on page 274)
ANY_TO_LREAL (on page 275)
ANY_TO_LWORD (on page 276)
ANY_TO_REAL (on page 277)
ANY_TO_SINT (on page 278)
ANY_TO_STRING (on page 279)
ANY_TO_TIME (on page 280)
ANY_TO_UDINT (on page 281)
ANY_TO_UINT (on page 282)
ANY_TO_ULINT (on page 283)
ANY_TO_USINT (on page 284)
ANY_TO_WORD (on page 285)
Division (on page 85)

Equal (on page 252)

Greater Than (on page 254)

Greater Than or Equal (on page 255)

Less Than (on page 256)

Less Than or Equal (on page 257)
MOV (on page 92)

Multiplication (on page 93)

Neg (on page 94)

NOT (on page 163)

Not Equal (on page 258)

OR (on page 160)

Subtraction (on page 105)

XOR (on page 162)

Functional category

Arithmetic instructions (on page 65)

Arithmetic instructions (on page 65)

Compare instructions (on page 251)

Arithmetic instructions (on page 65)

Boolean instructions (on page 153)
Compare instructions (on page 251)
Boolean instructions (on page 153)
Arithmetic instructions (on page 65)

Boolean instructions (on page 153)
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Chapter 2

Ladder Diagram (LD) language

Ladder Diagram language reference.

Element

Description

LD program (on page 34)

Graphical representation of Boolean equations which combines contacts (input arguments) with coils (output
results) using graphic symbols.

LD program development
environment (on page 35)

Example showing the language editor for an Ladder Diagram (LD) program.

Ladder Diagram (LD)
elements (on page 37)

Components used to build a Ladder Diagram program.

Instruction blocks in LD
programs (on page 53)

IEC61131-3 compliant instruction blocks collectively include function blocks, functions and operators.

Working in the LD
language editor (on page
54)

Adding elements to a LD program.

Ladder Diagram (LD)
program examples (on
page 56)

Examples of Ladder Diagram (LD) programs.

LD Keyboard shortcuts (on
page 58)

Keyboard shortcuts available for the Ladder Diagram (LD) language.
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LD program

34

A Ladder Diagram (LD) is a graphical representation of Boolean equations that
combines contacts (input arguments) with coils (output results). Using graphic
symbols in a program chart (organized like a relay ladder wiring diagram), the LD
language describes the tests and modifications of Boolean data.

LD graphic symbols are organized within the chart as an electrical contact

g Yy 2

diagram. The term "ladder" comes from the concept of rungs connected to vertical
power rails at both ends where each rung represents an individual circuit.

Connected Components Workbench™ support for Ladder Diagram (LD)

Connected Components Workbench™ provides an LD language editor and
supports the elements and instructions that are supplied with the Connected
Components Workbench software only.
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LD program development

environment LD keyboard shortcuts to add elements to your LD POU.

LD_Program-POL™ ¢ Align Right:

Direct_Contact

[y]
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Return

lump

Eranch

Direct Coil

Reverse Coil

Set Coil

Reset Coil
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Direct Contact
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Block
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The following illustration shows the language editor for an LD program where
you develop an LD Program Organizational Unit (POU). Use the LD Toolbox or

m
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Chapter 3

Ladder Diagram (LD) elements

Ladder diagram elements are the components that you use to build a ladder
diagram program. All the elements listed in the following table can be added to
your ladder diagram from the LD Toolbox within Connected Components
Workbench.

Element Description

Rung (on page 37) Represents a group of circuit elements that lead to the activation of a coil.

Block (LD) (on page 40) Instructions include operators, functions, and function blocks including user-defined function blocks.
Branch (on page 39) Two or more instructions in parallel.

Coil (on page 43)

Represents the assignment of outputs or internal variables. In an LD program, a coil represents an action.

Contact (on page 48) Represents the value or function of an input or internal variable.
Return (on page 51) Represents the conditional end of a diagram output.
Jump (on page 51) Represents the conditional and unconditional logic in the LD program that control the control the execution of

diagrams.

Rung

Rungs are graphic components of an LD diagram that represent a group of circuit
elements that lead to the activation of a coil. Rungs can have labels to identify
them within the diagram. Labels, along with jumps, control the execution of a
diagram. You can enter comments (free-format text) above the rung for
documentation purposes.

Change the default width of rungs
Follow these steps to use a new width for rungs. You cannot adjust the width of
existing rungs within a project.
1. From the Tools menu, select Options.
Click IEC Languages, and then Ladder Diagram.
Under View Settings, click Default Cell Width.
Increase the cell width value, and then click OK.

Create and open a new LD program.

SN S

Hold down the Ctrl key while rolling the thumb wheel down on your
mouse until the entire rung is visible on your computer.
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Rung comments
Comments you enter in the space above the rung are saved in rich text format and
stored in the controller.

1. In the Language Editor, double-click the rectangular area above the rung,
then type comments.

2. Click anywhere in the Language Editor workspace to save the comments.

0 progran-pou < [

Twpe wng comments for pour LD POL here.

TON 2
TON
IM Q

=] I

Add a label to a rung

Every rung in the language editor has an area to the left of the rung for entering a
label name.

Label name requirements

Labels can be an unlimited number of characters, beginning with a letter or
underscore character followed by letters, numbers, and underscore characters.
Labels cannot have spaces or special characters (for example, ’+’,’-’, or ’\’).

To add a label for a rung

e  Click the area to the left of the rung, then type a label name.

Example: Label

To add an element to an LD program
To add a rung to the LD language editor, do one of the following:
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e From the Toolbox, drag the rung element into the language editor, or

e From the Toolbox, double-click the rung element to add it to the language
editor, or

e Right-click and existing rung, select Copy and then paste a copy of the rung
into the language editor.

Tip: A plus sign (+) appears on top of a Toolbox element when you hover over a valid target.
Release the mouse button to add the element.

Tip: You can use keyboard shortcut keys to add elements to your LD program. See LD Keyboard
shortcuts (on page 58).

Tip: If your ladder diagram contains more than 355 rungs, use the down triangle rather than the
scroll bar to view additional rungs.

]
=

Branch

Branches create alternative routing for connections. You can add parallel branches
to elements on a rung,

Add a branch

From the Toolbox, drag the branch element onto an existing element within the
language editor.

Example: Branches

LD_Program-POU
Farzllsl brarch earmie

Add a label to a rung

Every rung in the language editor has an area to the left of the rung for entering a
label name.
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Label name requirements

Labels can be an unlimited number of characters, beginning with a letter or
underscore character followed by letters, numbers, and underscore characters.
Labels cannot have spaces or special characters (for example, '+, -, or ’\)).

To add a label for a rung

o  Click the area to the left of the rung, then type a label name.

Example: Label

Time:_lnput

-

Block (LD)

A LD block element is a functional element in a LD diagram that can be a
function block, a function, a user-defined function block, or an operator.

LD instruction blocks

The Connected Components Workbench instruction set includes IEC 61131-3
compliant instruction blocks. Instruction blocks collectively include operators,
functions and function blocks.

Add a Block to an LD program

Use the LD Toolbox to add a Block to an LD program. After you add the Block,
you can configure its variables from the Block selector or from the Variable
selector.

Follow these steps to add a block element to an LD program, or change an existing
block element to a different type.

Add a block element to a program
1. From the Toolbox, drag the block element into the language editor and
place it in the correct location to display the Block Selector.

2. InSearch type the name of the block you want to add or sort and scroll

through the list to find it.
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3. Double-click the block to add it to the program.

Change the block element type
1. In the language editor, double-click the block to display the Block Selector.

2. In Search type the name of the block or sort and scroll through the list to
find it.

3. Double-click the block to update it.

Enable EN/ENO

You can enable the EN input parameter and ENO output parameter so they will
always be added with the instruction block even when there is an available boolean
input or output.

Note: The EN and ENO parameters will only be added to instruction blocks you
add after you enable the setting - instructions blocks already in the LD program
will not be affected.

To enable EN/ENO for all blocks added to LD program

1. On the Tool menu, click Options.
2. Select IEC Languages > Ladder Diagram (LD) to display the language

editor properties.
In Block Settings, set Enable EN/ENO to True.
4. Click OK.

To enable EN/ENO for the block

1. After selecting a block in the Block Selector, select EN/ENO (located at the
bottom of the list).

2. In the Block Selector, after selecting at the bottom of the list of instructions,

select EN/ENO.
< ﬁ Comparators Te
= E Comparators Te
£ =i PR ST =
L} L
7 EM FEND
Ok Cancel
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Example: Block (LD)
AT
ABL
M L7
Inputd

B  ABUn. Chors. |

Errae =

ErroriD 4

Use of enable inputs and enable outputs in LD instruction blocks

The rung state in an LD diagram is always boolean, and a block's first input and
first output is connected to the rung.

EN input/EN output

If a first boolean input or output is not present, an EN and/or an ENO parameter

will be added to the block.

o Ifthe first block input is not boolean, an EN input parameter is added to
the block. The instruction block is executed only when the EN input is
TRUE.

o Ifthe first block output is not boolean, an ENO output parameter is added
to the block. The ENO output always has the same state as the first input of
the instruction block.

You can enable/disable the EN/ENO block settings for an individual instruction
block in the Block Selector, or in Block Settings for the Ladder Diagram (LD)
program. The following table describes the results of enabling and disabling the
EN/ENO parameters in the blocks shown in the illustration.

Rung EN/ENO Block 1st boolean ENinput added? | 1st boolean ENO output

input output added?
1 False <= No Yes Yes No
ACB Yes No Yes No
2 True <= No Yes Yes Yes
ACB Yes Yes Yes Yes
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EM_EMO-POLN

Example: Enable input

In some cases, Enable parameters are required for instruction blocks that execute
on call. The following example shows an SUS instruction block with an Enable
input.

Coil

Coils are graphic components of an LD diagram that represent the assignment of
an output or of an internal variable. In an LD diagram, a coil represents an action.
A coil must be connected on the left to a Boolean symbol, such as a contact, or to a
Boolean output of an instruction block. Consequently, coils can only be added to a
defined rung in the LD language editor. After a coil is added, its definition can be

modified.

You can add the following coil element types to your LD program from the
Toolbox.
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Coil element
Direct coil (on page 45)

Reverse coil (on page 45)

Pulse rising edge coil (on page
46)

Pulse falling edge coil (on page
46)

Set coil (on page 47)
Reset coil (on page 47)

Description

Example: Coils

iz corected to s Bodesn gurvind foortact)

Direct coils support a Boolean output of a connection line Boolean state.

Reverse coils support a Boolean output according to the Boolean negation of a connection line

Pulse rising edge (or positive) coils support a Boolean output of a connection line Boolean state.

Pulse falling edge (or negative) coils support a Boolean output of a connection line Boolean state.

Set coils support a Boolean output of a connection line Boolean state.

Reset coils support a Boolean output of a connection line Boolean state.

DirectContact

DirectCold

Adding coil elements

Fam "
A
ReverseCol

¢)

SetCoil

i
a ()
9,

©)

PulseR= ol

g

C)

PulseFd

b

€]

Follow these steps to add and modify coil elements.

Add a coil element

1.
2.

Assign a variable to the coil.

A plus sign (+) appears on top of a Toolbox element when you hover over a valid target.

Verify the LD program has a defined rung for the coil.

From the Toolbox, drag the coil into the LD language editor to the right of
a Boolean symbol or of a Boolean output.

Release the mouse button to add the element.
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Tip: You can use keyboard shortcut keys to add elements to your LD program. See LD Keyboard
shortcuts (on page 58).

Insert a parallel coil
1. From the Toolbox, drag the branch element into the language editor, and
place it just slightly above the rung element.

2. From the Toolbox, draga coil element into the language editor, and place it
on the branch element to display the coil on the branch.

Change the type of coil

In the language editor, select the coil, then press the space bar until the new coil
type is available. Every time the space bar is pressed the type changes from direct,
to reverse, to set, to reset, to pulse rising edge, to pulse falling edge.

Direct Coil

A direct coil supports a Boolean output of a connection line Boolean state.

Left Right
connection connection

The associated variable is assigned with the Boolean state of the left connection.
The state of the left connection is propagated into the right connection. The right
connection must be connected to the right vertical power rail (unless you have
parallel coils, where only the upper coil must be connected to the right vertical
power rail).

The associated Boolean variable must be an output or it must be user-defined.

Example: Direct coil

QO io{

Reverse Coil

A reverse coil element supports a Boolean output according to the Boolean
negation of a connection line state.

Left Right
connection connection

The associated variable is assigned with the Boolean negation of the state of the
left connection. The state of the left connection is propagated into the right
connection. The right connection must be connected to the right vertical power
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rail (unless you have parallel coils, where only the upper coil must be connected to
the right vertical power rail).

The associated Boolean variable must be output or it must be user-defined.

Example: Reverse Coil

QO ioi

Pulse Falling Edge Coil

Pulse falling edge (or negative) coils support a Boolean output of a connection line
Boolean state.

/ \
Left _ Right _
connection connection
The associated variable is set to TRUE when the Boolean state of the left
connection falls from TRUE to FALSE. The output variable resets to FALSE in
all other cases. The state of the left connection is propagated into the right
connection. The right connection must be connected to the right vertical power

rail (unless you have parallel coils, where only the upper coil must be connected to
the right vertical power rail).

The associated Boolean variable must be output or it must be user-defined.

Example: Pulse Falling Edge Coil

auput!
F Y
A

Pulse Rising Edge Coil

Pulse rising edge (or positive) coils support a Boolean output of a connection line
Boolean state.

/ '\
Left Right
connection connection
The associated variable is set to TRUE when the Boolean state of the left
connection rises from FALSE to TRUE. The output variable resets to FALSE in
all other cases. The state of the left connection is propagated into the right
connection. The right connection must be connected to the right vertical power

rail (unless you have parallel coils, where only the upper coil must be connected to
the right vertical power rail).

The associated Boolean variable must be output or user-defined.
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Example: Pulse Rising Edge Coil

gt
)
b

Set Coil

Set coils support a Boolean output of a connection line Boolean state.

/ '\
Left Right
connection connection
The associated variable is set to TRUE when the Boolean state of the left
connection becomes TRUE. The output variable keeps this value until an inverse
order is made by a Reset coil. The state of the left connection is propagated into
the right connection. The right connection must be connected to the right vertical
power rail (unless you have parallel coils, where only the upper coil must be
connected to the right vertical power rail).

The associated Boolean variable must be output or it must be user-defined.

Example: Set Coil

—] | 0,
— | ©
Reset Coil

Reset coils support a Boolean output of a connection line Boolean state.

/ '\
Left Right
connection connection
The associated variable is reset to FALSE when the Boolean state of the left
connection becomes TRUE. The output variable keeps this value until an inverse
order is made by a Set coil. The state of the left connection is propagated into the
right connection. The right connection must be connected to the right vertical
power rail (unless you have parallel coils, where only the upper coil must be
connected to the right vertical power rail).

The associated Boolean variable must be output or user-defined.
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Example: Reset Coil

—] | 0,
] } ©
Contact

Contacts are graphic components of an LD diagram. Depending on the type, a
contact represents the value or function of an input or of an internal variable.
Contacts can only be added to a defined rung in the LD language editor. After a
contact is added, its definition can be modified.

Example: Contacts

LD_Program-POU
(Ertactsonadeined ladderng

DirectContact ReverseContact FPulseRs.Contact PulseFa. Contact
I L ] /L leol Inl
I l’ L IP I 1 N I

You can add the following contact element types to your LD program from the
LD Toolbox in Connected Components Workbench.

Contact element Description
Direct contact (on page 49) Direct contacts support a Boolean operation between a connection line state and a Boolean variable.
Reverse contact (on page 49) Reverse contacts support a Boolean operation between a connection line state and the Boolean

negation of a Boolean variable.

Pulse rising edge contact (on Pulse rising edge (or positive) contacts support a Boolean operation between a connection line state
page 50) and the rising edge of a Boolean variable.

Pulse falling edge contact Pulse falling edge (negative) contacts enable a Boolean operation between a connection line state and
the falling edge of a Boolean variable.

Adding contact elements

Follow these steps to add a contact element to the ladder rung or change the type
of contact used.

Add a contact element

1. Verify the LD program has a defined rung for the contact.
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2. From the Toolbox, drag the contact element into the language editor and
position it on the rung,

Tip: A plus sign (+) appears on top of a Toolbox element when you hover over a valid target.
Release the mouse button to add the element.

Tip: You can use keyboard shortcut keys to add elements to your LD program. See LD Keyboard
shortcuts (on page 58).

Insert a parallel contact

1. From the Toolbox, drag the branch element into the language editor, and
place it on the existing contact.

2. From the Toolbox, draga contact element into the language editor, and
place it on the branch.

Change the type of contact

In the language editor, select the contact, then press the space bar until the the
contact type you want to use is displayed in the language editor.

Direct Contact

Direct contacts support a Boolean operation between a connection line state and a
Boolean variable.

Left Right
connection connection

The state of the connection line on the right of the contact is the logical AND
between the state of the left connection line and the value of the variable
associated with the contact.

Example: Direct Contact

-k

autput!
Y
et

Reverse Contact

Reverse contacts support a Boolean operation between a connection line state and
the Boolean negation of a Boolean variable.

/'_V'_'\
Left Right
connection connection
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The state of the connection line on the right of the contact is the logical AND
between the state of the left connection line and the Boolean negation of the value
of the variable associated with the contact.

Example: Reverse Contact

{/} O

Pulse Rising Edge Contact

Pulse rising edge (or positive) contacts support a Boolean operation between a
connection line state and the rising edge of a Boolean variable.

/'_|P|_'\
Left Right
connection connection

The state of the connection line on the right of the contact is set to TRUE when
the state of the connection line on the left is TRUE, and the state of the associated
variable rises from FALSE to TRUE. The state is reset to FALSE in all other cases.

Example: Pulse Rising Edge Contact

autput!
Y
et

Recommendation: Restrict the use of output variables with edge
contacts

We recommend you do not use outputs or variables with a Pulse rising edge
contact (positive) or a Pulse falling edge contact (negative). These contacts are for
physical inputs in a ladder diagram. If you need to detect the edge of a variable or
an output, we recommend you use the R_TRIG/F_TRIG function block, which
is supported and works in any language at any location in your program.

Pulse Falling Edge Contact
Pulse falling edge (or negative) contacts support a Boolean operation between a
connection line state and the falling edge of a Boolean variable.

—ihi

Left Right
connection connection

The state of the connection line on the right of the contact is set to TRUE when
the state of the connection line on the left is TRUE, and the state of the associated
variable falls from TRUE to FALSE. The state is reset to FALSE in all other cases.
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Example: Pulse Falling Edge Contact

autput!
Y
et

=

Recommendation: Restrict the use of output variables with edge
contacts

We recommend you do not use outputs or variables with a Pulse rising edge
contact (positive) or a Pulse falling edge contact (negative). These contacts are for
physical inputs in a ladder diagram. If you need to detect the edge of a variable or
an output, we recommend you use the R_TRIG/F_TRIG function block, which

is supported and works in any language at any location in your program.

Return

Returns are outputs that represent a conditional end of an LD diagram.

Note:  You cannot place connections to the right of a return element.

When the left connection line has the TRUE Boolean state, the diagram ends
without executing the instructions located on the next lines of the diagram.

When the LD diagram is a function, its name is associated with an output coil to
set the return value (returned to the calling diagram).

Example: Return

Insert a return

From the Toolbox, drag the return element into the language editor and place it
on the rung.

Jump

Jumps are conditional or unconditional elements that control the execution of an

LD diagram.
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Jump notation

The following notation indicates a jump to the LAB label:

>>LAB - Jump to a label where the label name is "LAB"
Example: Jump

LD_Program-POU

[(rtectzonadeined ladder ng

DirectContact ReverseContact PulseRs. Contact PulseFa. Contact

— | /1 dd 1}
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Instruction blocks in LD
programs

The Connected Components Workbench instruction set includes IEC 61131-3
compliant instruction blocks. Instruction blocks collectively include function
blocks, functions and operators. You can connect instruction block inputs and
outputs to variables, contacts, coils, or other instruction block inputs and outputs.

Instruction block conventions

The IEC61131-3 programming language specification addresses numerous aspects
of programmable controllers including the operating system execution, data
definitions, programming languages, and instruction sets. The IEC61131-3
specification provides a minimum set of functionality that can be extended to
meet end user applications.

Instruction block names

Functions and function blocks are represented by a box that displays the name of
the instruction, and the short version of the parameter names. For function blocks,
the instance name is displayed in italics.

InstanceName
FunctionBlockhiame

Instruction block return parameters

o The return parameter of a function has the same name as the function. The
return parameter is the only output.

e  The return parameters of a function block can have any name. Multiple
return parameters can provide multiple outputs.

®  You can define the parameters of programs for multiple devices by
navigating the tabs for individual devices displayed in the Parameter view.
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Working in the LD language

. How elements are added to a ladder diagram
editor

When you add items to a rung in the LD program, they are added according to the
following criteria.

o  The first element on a rung is inserted at the position you select in the

ladder diagram.

e Subsequent elements are inserted to the right of the selected item on the
rung.

e Ifthe element is too large for the current rung, the element is placed on the
next rung,

Add an element to an LD program

From the LD Toolbox, drag the element into the LD language editor, and place it

on a rung,

Tip: A plus sign (+) appears on top of a Toolbox element when you hover over a valid target.
Release the mouse button to add the element.

Tip: You can use keyboard shortcut keys to add elements to your LD program. See LD Keyboard
shortcuts (on page 58).

Replace a variable assigned to an element

You can replace an assigned variable directly from the language editor, or from the
Variable Selector.

To modify a variable from the language editor

1. In the language editor, click the variable name to display a drop-down list of
global and local variables.

2. Do one of the following:

e Typea new variable name in the text box.

-Or-

o  Select a different variable name from the drop-down list.

To modify a variable from the Variable Selector

1. In the language editor, double-click the variable to open the Variable
Selector.
2. Click the variable name, then select a different variable from the drop-down

list of global and local variables.
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3. Click an existing variable, then type constant values in the text box

provided.
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Ladder Diagram (LD)
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56

See the following examples of Ladder Diagram (LD) programs.
Example: R_TRIG function block (on page 56)

Example: Comparing Real Values using Subtraction (-) ABS, and Less
than (<) (on page 56)

Example: R_TRIG function block

The following is an example program in debug mode that shows the recommended
usage of an R_TRIG function block being used to detect an edge.

[ising Outputs or Variables with PositveNegatve Edge Pulse Input Contact is NOT recommended The Fosile/MNegatwe Edge Pulse Input Canact is
or Phiysical inputs in Ladder Dagram,

Any_Vanable ~10_EM_DO_01
{7} O
fising & Variable, Input, Dutpu! &s input to B_TRIGF_TRIG function block is supporied and works in any language at any location in your
program. 1t i recommended if you need 1o detect an edge with any Varisble, input, or Output
Any_Variable [ R TRt T 0 EM DO 00
R TRIG -~

J L
e B —— L —————— O
[This is the TYFICAL way to use the PosiveMegative Pulse Inpul Contact with physseal inputs in Ladder Diagram

EM_DI_00 Any_Vanable
)

lok

LA S
Lising Cutputs or Varisbles with Positive/Negative Edge PLise Input Contact is NOT recommendsd but will work. if the Cutput or Variable s located
PFTER the rung which i triggering the adge,

Any_Vanable 10_EM_DO 02

| B I — -

10} O
LA J =

Example: Comparing Real Values using Subtraction (-) ABS, and Less
than (<)

The Real data type is not recommended when comparing values for equality
because of differences in the way numbers are rounded. Two output values may

appear equal in a Connected Components Workbench display, but will evaluate as
false.

For example, 23.500001 compared to 23.499999 will both display as 23.5 in the
variable input display, but will not be equal in the controller.
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To test whether two Real data type values are equal, you can use a Subtraction
instruction to get the difference between the values and then determine if the
difference is Less Than an established precision value. See the following LD
program example for comparing two Real data type values.
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LD Keyboard shortcuts

The following keyboard shortcuts are available for use with the LD language.

Shortcut
(Ctrl+0

Ctrl+-Alt+0
Ctrl+1
Ctrl+-Alt+1
Ctrl+2

Ctrl+-Alt+2
Ctrl+3
Ctrl+-Alt+3
Ctrl+-4
Ctrl+-Alt+4
Ctrl+5
Ctrl+-Alt+5
(trl+-6
Ctrl+-Alt+6
Space bar
Shift+Ctrl+Alt+G

Ctrl+Down Arrow

Ctrl+R
Ctrl+Up Arrow

Down, Up, Right, Left
Delete

Enter
Shift+Enter
Ctrl-+Enter
Ctrl+Shift+Enter
Ctrl+Shift+L
(trl+-Delete
Backspace
(trl+Backspace
Ctrl+C

Description
Inserts a rung after a selected rung.'

Inserts a rung before a selected rung.'
Inserts a branch after a selected element.
Inserts a branch before a selected element.

Inserts an instruction block after a selected element.?

Inserts an instruction block before a selected element.?
Inserts a contact after a selected element.2

Inserts a contact before a selected element.?

Inserts a coil after a selected element**,

Inserts a coil after a selected element**.

Inserts a jump after a selected element**,

Inserts a jump after a selected element**,

Inserts a return after a selected element**.

Inserts a return after a selected element**,
For coils or contacts, toggles between the available types.
Selects/clears the grid in the Language Editor workspace.

Moves to the next rung. When an element is selected on a rung, moves to the
next rung containing the selected element.

Opens the block selector.

Moves to the previous rung. When an element is selected on a rung, moves to
the previous rung containing the selected element.

Moves between branches and sub-.

Removes a selected rung or element.

(alls the Variable/ Block Selector (depending on the selected element).
Inserts a line break

Opens a line above the current line

Opens a line below the current line

Removes the current line

Removes the next word in the current line

Removes the character on the left

Removes the previous word in the current line

Copies the selected text to the clipboard
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Shortcut Description

Ctrl+Insert Copies the selected text to the clipboard

Ctrl+L Cuts the current line to the clipboard

Ctrl+X Cuts the selected text to the clipboard

Shift+Delete Cuts the selected text to the clipboard

Ctrl+V Pastes text saved on the clipboard to the insertion point
Shift+Insert Pastes text saved on the clipboard to the insertion point
Ctrl+Z Undoes the previous command

Ctrl+Y Redoes the previous command

Ctrl+Shift+Z Redoes the previous command

Ctrl+Left Moves to the previous statement or word

(trl+Right Moves to the next statement or word

Home Moves to the start of the line

End Moves to the end of the line

(trl4+-Home Moves to the start of the document

(trl+End Moves to the end of the document

Page Up Moves to the top of the visible code

Page Down Moves to the bottom of the visible code

(trl+Page Up Moves to the top of the visible code

(trl+Page Down Moves to the bottom of the visible code

Ctrl+) moves to the matching bracket

(trl+-Down Scrolls down

Ctrl+Up Scrolls up

Shift+Down Selects down

Shift+Up Selects up

Shift+Left Selects left

Shift-+Right Selects right

Ctrl+Shift+Left Selects to the previous statement or word

Ctrl+Shift-+Right Selects to the next statement or word

Shift+Home Selects from the insertion point until the start of the line
Shift+End Selects from the insertion point until the end of the line
(trl+Shift+Home Selects from the insertion point until the start of the document
Ctrl+Shift+End Selects from the insertion point until the end of the document
Shift+Page Up Selects from the insertion point until the top of the visible code
Shift+Page Down Selects from the insertion point until the end of the visible code
(trl+Shift+Page Up Selects from the insertion point until the top of the visible code
Ctrl+Shift-+Page Down Selects from the insertion point until the end of the visible code
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60

Shortcut

Ctrl+A
Ctrl+Shift+W
Ctrl+Shift+)
Shift+Alt+Down
Shift-+Alt+Up
Shift+Alt+Left
Shift+Alt-+Right
Ctrl-+Shift+Alt+ Left
Ctrl-+Shift+Alt+Right
(trl+Space
Ctrl+Shift-+Space
Ctrl+-Shift+U
Ctrl+U

Esc

Ctrl+I
Ctrl+-Shift+1
Ctrl+-Alt+R
Ctrl-+Shift+Alt+R
Insert
Ctrl+-Shift+T
Ctrl-+Shift+Alt+T

Description

Selects the entire document

Selects the next word

Selects to the matching bracket
Selects the current and next lines
Selects the current and previous lines
Selects left on the current line

Selects right on the current line

Selects available columns in lines of code from the left to right

Selects available columns in lines of code from the right to left

Accesses the autocomplete function
Accesses the autocomplete function
Changes the selected text into uppercase
Changes the selected text into lowercase
Deselects the selected text

Opens the variable selector

Opens the variable selector

Opens the block selector

Opens the block selector

Toggles between the overwrite/insert typing mode
Transposes the current and previous word

Transposes the current and next line

"When no rung i selected, a rung is added at the end of the rung list.
2When a branch is selected, an element is inserted at the end of the branch.
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Alarm instruction

Alarm instruction is used to provide alerts when a configured high or a configured
low limit has been reached.

Function block Description

LIM_ALRM (on page 62) Hysteresis on a real value for high and low limits.
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LIM_ALRM

Parameter

EN

EPS
QH

QL

62

Arguments
Parameter  Data type
type
Input BOOL
Input REAL
Input REAL
Input REAL
Input REAL
Output BOOL
Output BOOL
Output BOOL

LIM_ALRM is an alarm with hysteresis on a Real value for high and low limits.

- Lind ALRA 7 )
LIM_ALRM

= H GOH =

||}{ Qll

|||_ 'DLll

% EPS

L A

LIM_ALRM operation

A hysteresis is applied on high and low limits. The hysteresis delta used for either

high or low limit is one half of the EPS parameter.

Process alarms

An alarm occurs when a fault is received and processed by the controller. Process

level alarms alert you when the module has exceeded the configured high or

configured low limits for each channel.

Description

Function block enable.

When EN = TRUE, execute current LIM_ALRM computation.
When EN = FALSE, there is no computation.

Applies only to LD programs.

High limit value.

Input: any real value.

Low limit value.

Hysteresis value (must be greater than zero).
High alarm: TRUE if X above high limit H.
Alarm output: TRUE if X out of limits.

Low alarm: TRUE if X below low limit L.
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LIM_ALRM timing diagram example

H
H-EF:
X
L+EPS
L

B I e I

QL

|

LIM_ALRM function block language examples

Function Block Diagram (FBD)




Chapter 4 Alam instruction

Structured Text (ST)

1! HighLiwmit := 10.0;

2i X = 15.0;

3 LowLimit := 5.0;

4: HysteresisWValue := 2.0:

5 LIM ALEM 1(Highlimit, X, LowLimit, HysteresisValue]:
g ©OutputH := LIM ALEM 1.0QH;

7 OutputlL := LIM ALRM 1.QL:

S output := LIM ALEN 1.;

LI _ALRM 1

woid LIM_ALRM_1(REAL H, REAL ¥, REAL L, REAL EPS)
Type  LIM_ALRM, Highflow limit alarm with bhysteresis

Results

tEl Variable Monitoring

- gt T gl Al A i T gt
HighLimnit 10.0 M REAL -
® 18.0 M, REAL v
LowLirnit 5.0 M REAL -
Huysteresisy alue 2.0 [{Fe REAL -
OutputH v [ £, BOOL e
2 output 4 h A BOOL v
Dutputl M A BOOL -
+ LIM_ALFM_1 LIk_aLRbk -

[ I

o (o)
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Function

ABS (on page 66)

ACOS (on page 68)
ACOS_LREAL (on page 70)
Addition (on page 72)
ASIN (on page 73)
ASIN_LREAL (on page 75)
ATAN (on page 77)
ATAN_LREAL (on page 79)
(0S (on page 81)
COS_LREAL (on page 83)
Division (on page 85)
EXPT (on page 86)

LOG (on page 88)

MOD (on page 90)

MOV (on page 92)
Multiplication (on page 93)
Neg (on page 94)

POW (on page 95)

RAND (on page 97)

SIN (on page 99)
SIN_LREAL (on page 101)
SQRT (on page 103)
Subtraction (on page 105)
TAN (on page 106)
TAN_LREAL (on page 108)
TRUNC (on page 110)

Arithmeticinstructions

Arithmetic instructions give a controller the ability to perform mathematical
functions, such as addition, subtraction, multiplication, and division on data.

Description

Absolute value of a Real value

Arc cosine of a Real value

Perform 64-bit real arc-cosine calculation
Add a value

Arcssine of a Real value

Perform 64-bit real arc-sine calculation
Arc tangent of a Real value

Perform 64-bit Real arc-tangent calculation
Cosine of a Real value

Perform 64-bit Real cosine calculation
Divide Integer or Real value

Exponent calculation of Real values
Logarithm of a Real value

Module

Move a copy of a value

Multiply an Integer or Real value
Negate a value

Power calculation of Real values
Random value

Sine of a Real value

Perform 64-bit real sine calculation
Square root of a Real value

Subtract a value

Tangent of a Real value

Perform 64-bit real tangent calculation

Truncates Real values, leaving just the integer.
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ABS yields the absolute (positive) value of a Real value.

ABS

Arguments

Parameter ~ Parameter  DataType Description

Type
EN Input BOOL Function enable.
When EN = TRUE, execute current absolute computation.
When EN = FALSE, there is no computation.
IN Input REAL Any signed Real value.
ENO Output BOOL Enable out.
ABS Output REAL Absolute value (always positive).

ABS function language examples

Function block diagram

Ladder diagram

Structured text diagram

1 walue := -1.0;
2i lbsValue := AES (value):

1E3[i|

REAL ABS(REAL IN)
Absolute value

(* ST Equivalence: *)
over := (ABS (delta) > range);
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Results

tEl Variable Monitoring
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ACOS yields the Arc Cosine of a Real value. Input and output values are in
radians.

ACOS

Arguments

Parameter ~ Parameter  DataType Description

Type
EN Input BOOL Function enable.
When EN = TRUE, execute current arc-cosine computation.
When EN = FALSE, there is no computation.
IN Input REAL Must be in set [-1.0.. +1.0].
ENO Output BOOL Enable out.
ACOS Output REAL Arc-cosine of the input value(in set [-p1/2..+p1/2])=0 for invalid input

ACOS function language examples

Function block diagram

Ladder diagram

Structured text

1 value = 0.5;
2 ArcCosine :=

ACOE (value) ;

rcoshk

REAL ACOS{REAL IN)
Arc cosine

(* ST Equivalence: *)
cosine := COS (angle);
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result := ACOS (cosine); (* result is equal to angle *)

Results

&8l Variable Monitoring
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ACOS_LREAL calculates the Arc cosine of a Long Real value.

ACOS_LREAL

Arguments

Parameter =~ Parameter = DataType Description

Type
EN Input BOOL Function enable.
When EN = TRUE, execute current computation.
When EN = FALSE, there is no computation.
IN Input LREAL Must be in set [-1.0 .. +1.0].
ENO Output BOOL Enable out.
ACOS_LREAL  Output LREAL Arc-cosine of the input value (in set [0.0 .. PI]) = 0.0 for invalid input.

ACOS_LREAL function language examples

Function block diagram

Ladder diagram

Structured text

1§ wvalue = 0O,
2; ArcCosine

I in

ACO3 LEELL (walue) ;

ACOS LEELL[

LREAL ACOS_LREAL(LREAL IM)
Perform 64-bit real arcoosine calculation,

(* ST Equivalence: *)
cosine := COS_LREAL (angle);
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result := ACOS_LREAL (cosine); (* result is equal to angle *)

Results

tEl Variable Monitoring
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Avithmetic instructions

Addition

72

Parameter

EN

ol

ENO

Addition adds two or more Integer, Real, Time, or String values.

Addition operation

The Addition function supports additional inputs.

Arguments

Parameter
Type
Input

Input

Input

Output

Output

Data Type

BOOL

SINT - USINT - BYTE -
INT - UINT - WORD -
DINT - UDINT - DWORD
- LINT - ULINT -
LWORD - REAL - LREAL
- TIME - STRING

SINT - USINT - BYTE -
INT - UINT - WORD -
DINT - UDINT - DWORD
- LINT - ULINT -
LWORD - REAL - LREAL
- TIME - STRING

SINT - USINT - BYTE -
INT - UINT - WORD -
DINT - UDINT - DWORD
- LINT - ULINT -
LWORD - REAL - LREAL
- TIME - STRING

BOOL

Example

(* ST equivalence: *)
:= ailll + ail02;

aolo
ao5

Description

Function enable.

When Enable = TRUE, execute current addition computation.
When Enable = FALSE, there is no computation.

Applies only to LD programs.

Addend in Real, Time, or String data type.
Allinputs must be the same data type.

Addend in Real, Time, or String data type.
Allinputs must be the same data type.

Sum of the input values in Real, Time, or String fomat.
Input and output must use the same data type.

Enable out.
Applies only to LD programs.

:= (aib5l + aib2) + aib3;
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ASIN vyields the Arc sine of a Real value. Input and output values are in radians.

ASIN

Arguments
Parameter ~ Parameter  DataType Description
Type

EN Input BOOL Function enable.
When EN = TRUE, execute current arc sine
computation.
When EN = FALSE, there is no computation.

IN Input REAL Must be in set [-1.0 .. +1.0].

ASIN Output REAL Arcsine of the input value(in set
[-p1/2..4p1/2])=0 for invalid input.

ENO Output BOOL Enable out.

ASIN function language examples

Function block diagram

Ladder diagram

Structured text

1 dim := 0.5;
2 ArcSine = ASIN(in):

as )

REAL ASIM(REAL IM)
Arc sine

(* ST Equivalence: *)
sine := SIN (angle);
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result := ASIN (sine); (* result is equal to angle *)

Results

tEl Variable Monitoring
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ASIN LREAL calculates the Arc sine of a Long Real value.
ASIN_LREAL - s

Arguments
Parameter ~ Parameter  Data Type Description
Type

EN Input BOOL Function enable.
When EN = TRUE, execute current
computation.
When EN = FALSE, there is no computation.

IN Input LREAL Must be in set [-1.0.. +1.0].

ASIN_LREAL  Output LREAL Arcsine of the input value (in set [-PI/2 ..
+P1/2]) = 0.0 for invalid input.

ENO Output BOOL Enable out.

ASIN_LREAL function language examples

Function block diagram

Ladder diagram

Structured text

1 in := 0.5;
2 Arc3ine 1= ASTN LREALL (in):

ASIN_LREALY]

LREAL ASIN_LREAL{LREAL IM)
Perfarm 64-bit real arcsing calculation,

(* ST Equivalence: *)
sine := SIN_LREAL (angle);
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result := ASIN_LREAL (sine); (* result is equal to angle *)

Results

tEl Variable Monitoring
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ATAN vyields the Arc Tangent of a Real value.
ATAN ' X

Arguments
Parameter ~ Parameter  Data Type Description
Type

EN Input BOOL Function enable.

When EN = TRUE, execute current arc-tangent computation.

When EN = FALSE, there is no computation.
IN Input REAL Any Real value.
ATAN Output REAL Arc-tangent of the input value (in set [-PI/2 .. +-PI/2]) = 0.0 for invalid input.
ENO Output BOOL Enable out.

ATAN function language examples

Function block diagram

Ladder diagram

Structured text

1 in := 0.5;
2; ArcTan := ATLN[in);

LTAN (|

REAL ATAMN(REAL IN)
Arc bangent

(* ST Equivalence: *)
tangent := TAN (angle);

result := ATAN (tangent); (* result is equal to angle®)
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Results

tEl Variable Monitoring
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ATAN_LREAL calculates the Arc tangent of a Long Real value.

ATAN LREAL
Arguments
Parameter Parameter  Data Type Description
Type
EN Input BOOL Function enable.
When EN = TRUE, execute current computation.
When EN = FALSE, there is no computation.
IN Input LREAL Any Long Real value.
ATAN_LREAL Output LREAL Arc-tangent of the input value (in set [-P1/2 .. +PI/2]) = 0.0 for invalid input.
ENO Output BOOL Enable out.

ATAN_LREAL function language examples

Function block diagram

Ladder diagram

Structured text
1 din := D.5:
Z! ArcTan := ATAN LREAL (in):

ATAN LREALJ|

LREAL ATAMN_LREAL(LREAL IN)
Perfarm 64-bit real arctangent calculation.

(* ST Equivalence: *)
tangent := TAN_LREAL (angle);
result := ATAN_LREAL (tangent); (* result is equal to angle*)
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Results

&8l Variable Monitoring
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C0s

Parameter

EN

(0s
ENO

Parameter
Type
Input

Input
Output
Output

COS yields the Cosine of a Real value.

Arguments
Data Type

BOOL

REAL
REAL
BOOL

Description

Function enable.
When EN = TRUE, execute current cosine computation.
When EN = FALSE, there is no computation.

Any Real value.
Cosine of the input value (in set [-1.0 .. +1.0]).

Enable out.

COS function language examples

Function block diagram

Ladder diagram

Structured text
1 in := 10.0;
2 cosine = COS({in):
cosli]
REAL COS{REAL INM)
Cosine

(* ST Equivalence: *)

cosine := COS (angle);

result := ACOS (cosine); (* result is equal to angle *)
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Results

tEl Variable Monitoring
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COS_LREAL calculates the cosine of a Long Real value.

C0S_LREAL
Arguments
Parameter ~ Parameter = DataType Description
Type
EN Input BOOL Function enable.
When EN = TRUE, execute current computation.
When EN = FALSE, there is no computation.
IN Input LREAL Any Long Real value.
COS_LREAL Output LREAL Cosine of the input value (in set [-1.0... +1.0]).
ENO Output BOOL Enable out.

C0S_LREAL function language example

Function block diagram

Ladder diagram

Structured text

1 in := 10.0:
2 oosine := CO3 LEELL (in):

CO3 LREAL

LREAL COS_LREAL{LREAL IMN)
Perfarm &4-hit real cosine calculation,

(* ST Equivalence: *)
cosine := COS_LREAL (angle);
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result := ACOS_LREAL (cosine); (* result is equal to angle *)

Results

& Variable Monitoring

Logical¥alue | Physical¥alue | Lock I
v gt
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Division

Parameter

EN

ol

ENO

Parameter
Type
Input

Input

Input

Output

Output

Division divides the first Integer or Real input value by the second Integer or Real

input value.

Arguments

Data Type

BOOL

SINT - USINT - BYTE -
INT - UINT - WORD -
DINT - UDINT -
DWORD - LINT -
ULINT - LWORD -
REAL - LREAL

SINT - USINT - BYTE -
INT - UINT - WORD -
DINT - UDINT -
DWORD - LINT -
ULINT - LWORD -
REAL - LREAL

SINT - USINT - BYTE -
INT - UINT - WORD -
DINT - UDINT -
DWORD - LINT -
ULINT - LWORD -
REAL - LREAL

BOOL

Example

Description

Function enable.

When Enable = TRUE, execute current division computation.
When Enable = FALSE, there is no computation.

Applies only to LD programs.

Dividend in non-zero Integer or Real data type.
Al inputs must be the same data type.

Divisor in non-zero Integer or Real data type.
Allinputs must be the same data type.

Quotient of the inputs in non-zero Integer or Real data type.
Input and output must use the same data type.

Enable out.
Applies only to LD programs.

(* ST Equivalence: *)

aol0 := aill0l / ail02;
ao5 := (ai5 / 2) / aib53;
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EXPT

Parameter

EN

EXP
EXPT
ENO

86

Where 'base is the first argument and ‘exponent’ is the second argument, EXPT
yields the Real result of the following operation: (base exponent).

Arguments

Parameter  Data Type Description

Type

Input BOOL Function enable.
When EN = TRUE, execute current exponent computation.
When EN = FALSE, there is no computation.

Input REAL Any signed Real value.

Input DINT Integer exponent.

Output REAL (INEXP).

Output BOOL Enable out.

EXPT function language examples

Function block diagram

Ladder diagram

Structured text

1 in := 2.0;
Zi exponent = 3;
3 result 1= EXPT(in, exponent):
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EZPTH
REAL EXPT(REAL IM, DIMNT EXP)
Exponent
(* ST Equivalence: *)
tb_size := ANY_TO_DINT (EXPT (2.0, range) );
Results
t®l Variable Monitoring
| Global Yariables - Min::rn:nEﬂ:Il Local Vanables - RA_EXFT_LD | System e ¢ *
Logical¥alue | Physical¥Yalue | Lock I
- o] A A )
M AR
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L0G LOG yields the logarithm (base 10) of a Real value.

Arguments

Parameter =~ Parameter  Data Type Description

Type

EN Input BOOL Function enable.
When EN = TRUE, execute current logarithm computation.
When EN = FALSE, there is no computation.

IN Input REAL Must be greater than zero.

L0G Output REAL Logarithm (base 10) of the input value. The returned result is
-3.4E+38 for a zero IN value and negative IN value.

ENO Output BOOL Enable out.

LOG function language examples

Function block diagram

Ladder diagram

Structured text

1 din := 10.0;
2} output := LOG{in);:

Loal]

REAL LOGIREAL TM)
Logarithm

(* ST Equivalence: *)
xpos := ABS (xval);
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xlog := LOG (xpos);

Results

tEl Variable Monitoring

100 R P7) Rl

i
owput ——_J1o fua | W |A

o | (ol ]
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MOD yields the module of an integer value.

MOD

Arguments

Parameter ~ Parameter  DataType Description

Type
EN Input BOOL Function enable.
When EN = TRUE, execute the module computation.
When EN = FALSE, there is no computation.
IN Input DINT Any signed integer value.
Base Input DINT Must be greater than zero.
MOD Output DINT Module calculation (input MOD base) / returns -1 if Base <=0.
ENO Output BOOL Enable out.

MOD function language examples

Function block diagram

Ladder diagram

Structured text
1 in := 5;

2 hase := 3;
3 module =

MOD (in, hase);
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Hoolt

DINT MOD{DINT IM, DINT Base)
Madula

(* ST Equivalence: *)
division_result := (value / divider); (* integer division *)
rest_of_division := MOD (value, divider); (* rest of the division *)

Results

&8 Variable Monitoring

I A
base 3 [ s, ]|

CE R FR [
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MOV

92

Parameter

EN

ol

ENO

Parameter
Type
Input

Input

Output

Output

MOV moves a copy of the value in input (i1) to the output (ol).

MOV

Arguments
Data Type

BOOL

BOOL - DINT - REAL - TIME - STRING - SINT -
USINT - INT - UINT - UDINT - LINT - ULINT -
DATE - LREAL - BYTE - WORD - DWORD -
LWORD

BOOL - DINT - REAL - TIME - STRING - SINT -
USINT - INT - UINT - UDINT - LINT - ULINT -
DATE - LREAL - BYTE - WORD - DWORD -
LWORD

BOOL

Example

(* ST equivalence: *)
ao23 := ailo;

Description

Function enable.

When EN = TRUE, execute the direct link to an output
computation.

When EN = FALSE, there is no computation.
Applies only to LD programs.
Applies only to LD programs.

Input and output must use the same data type.

Input and output must use the same data type.

Enable out.
Applies only to LD programs.
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Multiplication

Parameter

EN

ol

ENO

Multiplication multiplies two or more Integer or Real values. The Multiplication

function supports additional inputs.

Arguments
Parameter  Data Type Description
Type
Input BOOL Function enable.
When Enable = TRUE, execute current multiplication computation.
When Enable = FALSE, there is no computation.
Applies only to LD programs.
Input SINT- USINT - BYTE-INT-  Factor in Integer or Real data type.
UINT-WORD - DINT - UDINT  Alf inputs must be the same data type.
- DWORD - LINT - ULINT -
LWORD - REAL - LREAL
Input SINT- USINT - BYTE-INT-  Factor in Integer or Real data type.
UINT-WORD - DINT - UDINT - Alf inputs must be the same data type.
- DWORD - LINT - ULINT -
LWORD - REAL - LREAL
Output SINT- USINT-BYTE-INT-  Product of the inputs in Integer or Real data type.
UINT-WORD - DINT- UDINT  |nput and output must use the same data type.
- DWORD - LINT - ULINT -
LWORD - REAL - LREAL
Output BOOL Enable out.

Applies only to LD programs.

Example

(* ST equivalence *)
aol0 := ail0l * ail02;
ao5 := (aibl * aib52) * aib53;
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Neg

94

Parameter

EN

ol

ENO

Neg converts a value to a negated value.

Arguments
Parameter Type  Data Type
Input BOOL
Input SINT-INT - DINT - LINT - REAL -
LREAL
Output SINT-INT - DINT - LINT - REAL -
LREAL
Output BOOL
Example
(* ST equivalence: *)
ao23 = - (ailo);
rol00 := - (ril + ri2);

Description

Function enable.

When Enable = TRUE, execute current convert
to negative computation.

When Enable = FALSE, there is no
computation.

Applies only to LD programs.

Input and output must be the same data type.

Input and output must be the same data type.

Enable out.
Applies only to LD programs.
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When the first argument is 'base’ and the second argument is ‘exponent’, POW

POW

yields the Real result of the following: (base exponent).

POW operation

The Exponent is a real value.

Arguments
Parameter Parameter Type  Data Type Description
EN Input BOOL Function enable.
When EN = TRUE, execute current exponent computation.
When EN = FALSE, there is no computation.
IN Input REAL Real number to be raised.
EXP Input REAL Power (exponent).
POW Output REAL (INEXP)
1.0if INis not 0.0 and EXP is 0.0
0.0if IN'is 0.0 and EXP is negative
0.0 if both IN and EXP are 0.0
0.0if IN is negative and EXP does not correspond to an integer.
ENO Output BOOL Enable out.

POW function language examples

Function block diagram
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96

Ladder diagram

Structured text

1, in := 2.0;

2. exponent := 3.0;

3 power = POW(in, exponent):;
po]

REAL POW(REAL IM, REAL EXP)
Paveer calculation

(* ST Equivalence: *)
result := POW (xval, power);

Results

tEl Yariable Monitoring

Exponent a0

Rl
power a0 fna | W |

M
Mo ]|
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RAND

From a defined range, RAND yields random integer values.

Arguments

Parameter ~ Parameter  DataType Description

Type
EN Input BOOL Function enable.
When EN = TRUE, execute the random integer value computation
When EN = FALSE, there is no computation.
base Input DINT Defines the supported set of numbers.
RAND Output DINT Random value in set [0..base-1].
ENO Output BOOL Enable out.

RAND function language examples

Function block diagram

Ladder diagram

Structured text

1! hase := 10;
2! randow := BAND (base);

RAND

DINT RAND(DINT base)
Random walue

e (*ST Equivalence: *)
selected := MUX4 (RAND (4), 1,4, 8,16 );
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-
random selection of 1 of 4 pre-defined values

the value issued of RAND call is in set [0..3],

so 'selected' issued from MUX4, will get 'randomly’ the value
1if 0 is issued from RAND,

or 4if 1 is issued from RAND,

or 8 if 2 is issued from RAND,

or 16 if 3 is issued from RAND,

")

Results

tEl Variable Monitoring
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SIN

Parameter

EN

SIN
ENO

SIN yields the Sine of a Real value.

Arguments

Parameter  Data Type Description
Type

SIN function language examples

Function block diagram

Input BOOL Function enable.
When EN = TRUE, execute current sine computation.
When EN = FALSE, there is no computation.

Input REAL Any Real value.

Output REAL Sine of the input value (in set [-1.0... +1.0]).

Output BOOL Enable out.

Ladder diagram

Structured text

1 dim := 0.5;
2. sine := SIN{in);

ST

REAL SIN(REAL IM)
Sine

(* ST Equivalence: *)
sine := SIN (angle);
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result := ASIN (sine); (* result is equal to angle *)

Results

tEl Variable Monitoring
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SIN LREAL calculates the sine of a Long Real value.
SIN_LREAL - s

Arguments

Parameter ~ Parameter  DataType Description

Type
EN Input BOOL Function enable.
When EN = TRUE, execute current computation.
When EN = FALSE, there is no computation.
IN Input LREAL Any Long Real value.
SIN_LREAL Output LREAL Sine of the input value (in set [-1.0... +1.0]).
ENO Output BOOL Enable out.

SIN_LREAL function language examples

Function block diagram

Ladder diagram

Structured text

1 in := 0.5;
2 sinlreal := 35IN LRELL(in]:

SIN LEEAL]

LREAL SIN_LREAL(LREAL TN}
Perform &4-bit real sine calculation,

(* ST Equivalence: *)
TESTOUTPUTI := SIN_LREAL(TESTINPUTI) ;
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Results

tEl Variable Monitoring
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SQRT

Parameter

EN

SQRT

ENO

SQRT yields the square root of a Real value.

Arguments

Parameter  Data Type Description

Type
Input

Input
Output

Output

BOOL Function enable.
When EN = TRUE, execute current square root computation.
When EN = FALSE, there is no computation.

REAL Must be greater than or equal to zero.
REAL Square root of the input value. The returned result is 0 for a negative IN value.
BOOL Enable out.

SQRT function language examples

Function block diagram

Ladder diagram

Structured text

1 in := 16.0;
2. SquareRoot := S0RT(in):

SORTH

REAL SQRT{REAL IM)
Square rook

(* ST Equivalence: *)
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xpos := ABS (xval);
xroot := SQRT (xpos);

Results

tEl Variable Monitoring
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Subtraction

Parameter

EN

ol

ENO

Subtraction subtracts an Integer, Real, or Time value from another Integer, Real

or Time value.

When Enable = TRUE, execute current addition computation.
When Enable= FALSE, there is no computation.

Minuend in any Integer, Real or Time data type.

Subtrahend in any Integer, Real or Time data type.

Difference of the minuend and the subtrahend in any Integer, Real or

Arguments
Parameter  Data Type Description
Type
Input BOOL Function enable.
Applies only to LD programs.
Input SINT - USINT - BYTE - INT - UINT
- WORD - DINT - UDINT - Allinputs must be the same data type.
DWORD - LINT - ULINT - LWORD
- REAL - LREAL - TIME
Input SINT - USINT - BYTE - INT - UINT
-WORD - DINT - UDINT - Allinputs must be the same data type.
DWORD - LINT - ULINT - LWORD
- REAL - LREAL - TIME
Output SINT - USINT - BYTE - INT - UINT
- WORD - DINT - UDINT - Time data type.
DWORD - LINT - ULINT - LWORD  Qutput must be the same data type as inputs.
- REAL - LREAL - TIME
Output BOOL Enable out.
Applies only to LD programs.
Example

(* ST equivalence: *)

aol0 := ail0l - ail02;
ao5 := (aibl - 1) - aib53;
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TAN vields the tangent of a Real value.
TAN ' X

Arguments

Parameter ~ Parameter  DataType Description

Type
EN Input BOOL Function enable.
When EN = TRUE, perform current tangent computation.
When EN = FALSE, there is no computation.
IN Input REAL Cannot be equal to PI/2 modulo PI.
TAN Output REAL Tangent of the input value = 1E+38 for invalid input.
ENO Output BOOL Enable out.

TAN function language examples

Function block diagram

Ladder diagram

Structured text

1 in := 0.5;
z. tangent := TAN(in):

Tanji]

REAL TANCREAL IM)
Tangenk

(* ST Equivalence: *)
tangent := TAN (angle);
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result := ATAN (tangent); (* result is equal to angle®)

Results

& Variable Monitoring

Logical¥alue | Physical¥alue | Lock I
- :ﬁ“ - :ﬁ“
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TAN LREAL calculates the tangent of a Long Real value.
TAN_LREAL - g s

Arguments
Parameter Parameter  Data Description
Type Type
EN Input BOOL Function enable.
When EN = TRUE, perform current computation.
When EN = FALSE, there is no computation.
IN Input LREAL Cannot be equal to PI/2 modulo PI.
TAN_LREAL Output LREAL Tangent of the input value = 1E+38 for invalid input.
ENO Output BOOL Enable out.

TAN_LREAL function language examples

Function block diagram

Ladder diagram

Structured text

1 in := 0.5;
2 TanLresl := TLN LEEAL(in):

TAN_LREALJ|

LREAL TAM_LREAL(LREAL IM)
Perform &4-bit real tangent calculation,

(* ST Equivalence: *)
tangent := TAN_LREAL (angle);
result := ATAN_LREAL (tangent); (* result is equal to angle*)
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Results

tEl Variable Monitoring

o | ]
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TRUNC truncates Real values, leaving just the integer.

TRUNC

Arguments

Parameter =~ Parameter = DataType Description

Type

EN Input BOOL Function enable.
When EN = TRUE, perform the truncation of Real value computation.
When EN = FALSE, there is no computation.

IN Input REAL Any Real value.

TRUNC Output REAL IfIN>0, biggest integer less or equal to the input.
IfIN<O, least integer greater or equal to the input.

ENO Output BOOL Enable out.

TRUNC function language examples

Function block diagram

Ladder diagram

Structured text

1 in = 1.7;
2i truncation := TRUNC{in):

TRUNC

REAL TRUMC(REAL IM)
Truncate decimal part

(* ST Equivalence: *)
result := TRUNC (+2.67) + TRUNC (-2.0891);
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(* means: result := 2.0 + (-2.0) := 0.0; *)

Results

tEl Variable Monitoring

Radunell Autormetion Pblication 2080RVIDIBENE - March 2014Vrch 2014 m






Chapter 6

ASCll serial port instructions

ASCII serial port instructions are communication instructions that use or alter the
communication channel for receiving or transmitting data.

Function block Description

ABL (on page 114) Determine number of characters in buffer (up to and including end of line character)
ACB (on page 116) Determine total number of characters in buffer

ACL (on page 118) Clear the receive and transmit buffers

AHL (on page 120) Set or reset modem handshake lines

ARD (on page 122) Read characters from the input buffer and place them into a string

ARL (on page 124) Read one line of characters from the input buffer and place them into a string

AWA (on page 126) Write a string with user-configured characters appended to an external device

AWT (on page 128) Write characters from a source string to an external device
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Chapter 6 ASOllserial port instructions
ABL ABL counts the total number of characters in the input buffer up to and including
the end-of-line termination character.
g ABL T
ABL
=M Q
w AR Input Characters
Error
ErrorlD
L%
Arguments
Parameter Parameter type Data type Description
IN Input BOOL If Rising Edge (IN) turns from FALSE to TRUE, start the function block with the precondition
that the last operation has been completed.
ABLInput Input ABLACB The channel to be operated.
See ABLACB data type (on page 130).
Q Output BOOL FALSE - The function block is not done.
TRUE - The function block is done.
Characters Output UINT The number of characters displayed in the buffer up to 82 characters.
Error Output BOOL FALSE - No error.
TRUE - An error is detected.
ErrorlD Output UINT See ABL error codes (on page 130).

114

ABL function block language examples

Function Block Diagram (FBD)

4 ABLT R
_ ABL
Ll g T
Ry e Crarcters - —
Error s rnrar

m
ErorD 1

b ry

Ladder Diagram (LD)
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s ouiput
1 1 Fa
l . - oy - V
| -
Structured Text (ST)
1 ABL 1{in, input);
2. output := ABL 1.9y
3 hurwdber = LEL 1.Characters;
4. error := LEL_1.Error;
5. ID := ABEL 1.ErrorlD;
LEL_ 1ff
woid ABL_1(EC0L TN, ABLACE ABLInput)
Twpe : ABL, Specify number of charackers in buffer {including end of line).
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ACB determines the total characters in the buffer.
ACB
i ACE T
= I
= ACBInput
p
Arguments
Parameter Parameter type Data type Description
IN Input BOOL If Rising Edge (IN turns from FALSE to TRUE), start the function block with the precondition
that the last operation has been completed.
ACBInput Input ABLACB The channel to be operated.
See ABLACB data type (on page 130).
Q Output BOOL FALSE - The function block is not done.
TRUE - The function block is done.
Characters Output UINT The number of characters.
Error Output BOOL FALSE - No error.
TRUE - An error is detected.
ErrorlD Output UINT See ABL error codes (on page 130).

116

S et GRS

ACB function block language examples

Function Block Diagram (FBD)

" ACB T ‘
ACE

. | Qs

Error

ErrorlD 4

ke, A

Ladder Diagram (LD)
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of

Structured Text (ST)

11 ACE 1({in, input);:

2 output := LCE 1.Q:

3 number = LCE 1.Characters;
4; error := ACE 1.Error:

5 ID := ACE 1.ErrerlD;
acE_1lj|

void ACB_1(ECOL IN, ABLACE ACBInpuE)
Type : ACE, Determine kokal number of charackers in buffer,

Radanell Autometion Pblication 2080 RVIOIBENE - March 2014Vich 2014 1n7



Chapter 6 ASOllserial port instructions
ACL ACL clears the Receive and Transmit buffer(s), and removes instructions from
the ASCII queue.
i ACL T
ACL %
= [} Ql .
& AT Input Errors
ErrorlD
b, A
Arguments
Parameter Parameter type Data type Description
IN Input BOOL If Rising Edge (IN turns from FALSE to TRUE), start the function block with the precondition
that the last operation has been completed.
ACLInput Input ACL The state of the transmit and receive buffers.
See ACL data type (on page 131)
Q Output BOOL FALSE - The function block is not done.
TRUE - The function block is done.
Error Output BOOL FALSE - No error.
TRUE - An error is detected.
ErrorlD Output UINT See ABL error codes (on page 130).

118

ACL function block language examples

Function Block Diagram (FBD)

f AL T \

_ ACL
L b Sy
S AU B —
ErortD T

e -

Ladder Diagram (LD)
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it
P
Tt

Structured Text (ST)

1 ALCL 1{in, input);
2 cutput := ACL 1.0Q7
3 error := ACL 1.Error:
4. ID := ACL 1.ErrorID;

acL 1§
void ACL_1{BOOL IN, ACLT ACLINput)
Type : ACL, Clear the receive andfor transmit buffers,
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AHL sets or resets the RS-232 Request to Send (RTS) handshake control lines for

your modem.

AHL

i AHL 7 7
_ AHL
4 In A . output -
B00L N G s00L
s input ~ AHLinput  ChannelSts 4= chaced! -
Errorgm. . SEre -
ErroriD) g . ID -
Wy 4
Arguments
Parameter ~ Parametertype Data type Description
IN Input BOOL If Rising Edge (IN turns from FALSE to TRUE), start the function block with the
precondition that the last operation has been completed.
AHLInput Input AHLI Set or reset the RTS control line for the modem.
See AHLI data type (on page 132).
Q Output BOOL FALSE - The function block is not done.
TRUE - The function block is done.
ChannelSts Output WORD Displays the current status (0000 to 001F) of the handshake lines for the channel
specified.
See AHL ChannelSts data type (on page 131).
Error Output BOOL FALSE - No error.
TRUE - An error is detected.
ErrorlD Output UINT See ABL error codes (on page 130).

AHL function block language examples

Function Block Diagram (FBD)
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B
- input. "
st

Ladder Diagram (LD)

L ErrariD
Structured Text (ST)
11 AHL 1{in, input);
2 output := LHL 1.Q:
3 channel := LHL 1.Channel3ts:
4; error := ALHL 1.Error:
5 ID := LHL 1.ErrorlD;
LHL 1

woid AHL_1({BOOL TN, AHLI AHLInpuE)
Type : AHL, Zet or reset modem handshake lines.
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ARD

ARD reads characters from the buffer and stores them in a string,

& ARD T i
ARD

- [ Q -

# ARDInput Destination +

MNumChar #

Error =

ErrorlD #

s, 4
ARD operations

e ARD will be executed until all characters are received. If another ASCII
command is executed, it will be queued until ARD is finished. An ACL (on
page 118) instruction can be executed in order to abort the ARD

instruction.

e Use the results of an ACB (on page 116) 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.

Arguments

Parameter = Parameter  Data type

type
IN Input BOOL
ARDInput Input ARDARL
Q Output BOOL
Destination Output ASCIILOCADDR
NumChar Output UINT
Error Output BOOL
ErrorlD Output UINT

Description

If Rising Edge (IN turns from FALSE to TRUE), start the function block with the
precondition that the last operation has been completed.

Read characters from the buffer (maximum is 82).
See ARDARL data type (on page 132).

FALSE - The function block is not done.
TRUE - The function block is done.

The string element where you want the characters stored.

The number of characters.

FALSE - No error.
TRUE - An error is detected.

See ABL error codes (on page 130).
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ARD function block language examples

Function Block Diagram (FBD)

ErrorlD 1

Ladder Diagram (LD)

1]

] L

11

L EI'I!.'I‘IDJ

Structured Text (ST)
1; ARD 1{in, input]:
2 butput := LRED 1.0Q;
] des := LRED 1.Destination;
4 nuw 1= LED 1.MNumChar:
5i error := ARD 1.Error:
=) I := ARD_l.EerrID;
AERD 1

void ARD_1{BOCL IN, ARDARL ARDInpUL)

Type : ARD, Read characters from the input buffer and place them into a string,
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ARL ARL reads characters from the buffer (up to and including the termination
characters) and stores them in a string.
" ARL T G
ARL
- |1 Q=
* AR Input Destination =
NumChar »
Error
ErrorlD #
LY -
Arguments
Parameter Parameter type Data type Description
IN Input BOOL If Rising Edge (IN turns from FALSE to TRUE), start the function block with the precondition
that the last operation has been completed.
ARLInput Input ARDARL Read characters from the buffer (maximum is 82).
See ARDARL data type (on page 132).
Q Output BOOL FALSE - The function block is not done.
TRUE - The function block is done.
Destination Output ASCIILOCADDR The string element where you want the characters stored.
NumChar Output UINT The number of characters.
Error Output BOOL FALSE - No error.
TRUE - An error is detected.
ErrorlD Output UINT See ABL error codes (on page 130).

124

ARL function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

e e :

P
Structured Text (ST)
1; ARL 1i{in, input):
2 bputput := LRL 1.Q:
] de=z := LREL 1.Destination:
4 nuwm = ARL 1.MumChar:
5i error := ARL_l.Eerr;
=) I := ARL_l.EerrID;
ARL 1

void ARL_1(BOOL IN, ARDARL ARLINput)

Tvpe : ARL, Read line from the input buffer and place characters in a skring.
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AWA writes characters from a source string to an external device. This instruction

AWA

adds the two appended characters that you configure on the configuration dialog

box.
i Al 7 g
LT
= I Q=
& AafAlnput MumChar =
* Source Error #
ErroriD »
L A
Arguments
Parameter =~ Parameter  Data type Description
type
IN Input BOOL If Rising Edge (IN turns from FALSE to TRUE), start the function block with the
precondition that the last operation has been completed.
AWAInput Input AWAAWT The channel and length to be operated.
See AWAAWT data type (on page 132).
Source Input ASCIILOCADDR The source string: char array.
Q Output BOOL FALSE - The function block is not done.
TRUE - The function block is done.
NumChar Output UINT The number of characters.
Error Output BOOL FALSE - No error.
TRUE - An error is detected.
ErrorlD Output UINT See ABL error codes (on page 130).

AWA function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

Structured Text (ST)

ATA 1{in, input, Source);
oucput = AWA 1.0;

hum = LWL 1.MNumChar:
error = LWL 1.Error:

ID := LWL 1.ErrorlID:

Bt

Alrn 1
woid AWA_1(BOOL IN, AwAAWT Awalnput, ASCIILOCADDR Source, UINT _ADI Source)
Type : AW, Write a string with characters appended to an external device,
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AWT

Parameter

AWTInput

Source

Q

NumChar

Error

ErrorlD

128

AWT writes characters from a source string to an external device.

i AT 7 i
AT
= |1y o=
& N Input NumChar »
* Source Error %
ErrorlD #
e 4
Arguments
Parameter  Data type Description

type
Input

Input

Input
Output

Output

Output

Output

BOOL

AWAAWT

ASCIILOCADDR
BOOL

UINT

BOOL

UINT

If Rising Edge (IN turns from FALSE to TRUE), start the function block with the
precondition that the last operation has been completed.

The channel and length to be operated.
See AWAAWT data type (on page 132).

The source string: char array.
FALSE - The function block is not done.
TRUE - The function block is done.

Indicates the number of characters transmitted. Updates when the
transmission is complete and Q is TRUE. NumChar may be less than the Length
requested to be transmitted if the length of the Source String is shorter than
the requested Length.

FALSE - No error.

TRUE - An error is detected.

See ABL error codes (on page 130).

AWT function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

in
Structured Text (ST)
1 LUWT 1{in, input, sSource);
2. output := LUT 1.0Q;
3. num := AWT 1.NumChar;
4. error := LUT 1.Error;
5 ID := AUT 1.ErrorlD;
AUT 1

woid AWT_1(BOOL TN, AWAAMWT AWTInput, ASCIILOCADDR Source, UIMT _ADI_Source)
Type : AWT, \Write characters from a source string bo an external device,
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ASCIl parameter details

Error code

02
03
04
05

06
07

08
09
10
n

12

13

14
15

Parameter

Channel

130

The following topics provide additional details for ASCII parameters and
structured data types.

ABL error codes

The following table describes ABL error codes.

Error description

Operation cannot be completed because the modem went offline.

Transmission cannot be completed because the Clear-to-Send signal was lost.

Cannot complete ASCII receives because the communications channel is configured for System Mode.

While attempting to complete an ASCIl transmission, System Mode (DF1) communication was detected.

lllegal parameter was detected.

Cannot complete ASCII send or receive because channel configuration has been shut down via the channel configuration dialog box.

Cannot complete ASCII Write due to an ASCII transmission already in progress.
ASCIl communication requested is not supported by current channel configuration.
The Cancel was set, stopping instruction execution. No action required.

The requested length for the string is either invalid, a negative number, greater than 82, or 0. Applies to ARD (on page 122) and ARL (on
page 124) function blocks.

The length of the source string is either invalid, a negative number, greater than 82, or 0. Applies to AWA (on page 126) and AWT (on page
128) function blocks.

The requested (.LEN) in the control block is a negative number or a value greater than the string size stored with the source string. Applies
to AWA (on page 126) and AWT (on page 128) function blocks.

The ACL (on page 118) function block was aborted.

The channel configuration mode was changed.

ABLACB data type

The following table describes the ABLACB data type.

Data type Description

UINT Serial port number:

o 2 for the embedded serial port, or

o 5-9for serial port plug-ins installed in slots 1 through 5:
e 5forslot1

e 6forslot2

o 7forslot3

o 8forslot4

o 9forslot5
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Parameter

TriggerType

Cancel

Parameter

Channel

RXBuffer

TXBuffer

Parameter

DTRstatus
D(Dstatus

DSRstatus
RTSstatus

(TSstatus

Data type
USINT

BOOL

Data type
UINT

BOOL

BOOL

Data type

UINT
UINT

UINT
UINT

UINT

Description

Represents one of the following:

o 0: Msg Triggered Once (when IN goes from False to True)
o 1: Msg triggered continuously when IN is True

o Qther value: Reserved

When this input is set to TRUE, this function block does not execute.

ACL data type

The following table describes the ACL data type.

Description

Serial port number:

o 2 for the embedded serial port, or

o 5-9for serial port plug-ins installed in slots 1 through 5:
o Sforslot1

o 6forslot2

o 7forslot3

o 8forslot4

o 9forslot5

Clears the receive buffer when set to TRUE and removes the receive ASCII function blocks (ARL and ARD) from the ASCII
queue.

Clears the transmit buffer when set TRUE and removes the transmit ASCII function blocks (AWA and AWT) from the ASCII
queue.

AHL ChannelSts data type

The following table describes the AHL ChannelSts data type.

Description

Used for the DTR signal (reserved)

Used for the DCD signal (bit 3 of word)
1 indicates active

Used for the DSR signal (reserved)

Used for the RTS signal (bit 1 of word)
1 indicates active

Used for the CTS signal (bit 0 of word)
1indicates active
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AHLI data type

The following table describes the AHL data type.
Parameter Data type Description
Channel UINT Serial port number:

o 2 for the embedded serial port, or
o 5-9for serial port plug-ins installed in slots 1 through 5:
o 5forslot1
o 6forslot2
o 7forslot3
o 8forslot4
o 9forslot5
ClrRts BOOL Used to reset the RTS control line.
SetRts BOOL Used to set the RTS control line.
Cancel BOOL When this input i set to TRUE, this function block does not execute.

ARDARL data type

The following table describes the ARDARL data type.

Parameter Data type Description

Channel UINT Serial port number:
o 2 forthe embedded serial port, or
o 5-9for serial port plug-ins installed in slots 1 through 5:
o 5forslot1
o 6forslot2
o 7forslot3
o 8forslot4
o 9forslot5
Length UINT The number of characters that you want to read from the buffer (maximum is 82).

(Cancel BOOL When this input is set to TRUE, this function block does not execute. If already executing, operation ceases.

AWAAWT data type

The following table describes the AWAAWT data type.

Parameter Data type Description
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Parameter Data type Description

Channel UINT Serial port number:
o 2 for the embedded serial port, or
o 5-9for serial port plug-ins installed in slots 1 through 5:
o Sforslot1
e 6forslot2
o 7forslot3
o 8forslot4
o 9forslot5
Length UINT The number of characters that you want to write to the buffer (maximum is 82).
Note: If you set the Length to 0, AWA sends 0 bytes of user data and 2 bytes of appended characters to the buffer.

(Cancel BOOL When this input is set to TRUE, this function block does not execute. If already executing, operation ceases.
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Binary instructions

Binary instructions perform mathematical operations in which two elements are
combined to yield a single result.

Operator Description

AND_MASK (on page 136) Integer bit-to-bit AND_MASK
NOT_MASK (on page 138) Integer bit-to-bit negation NOT_MASK
OR_MASK (on page 140) Integer bit-to-bit OR_MASK

ROL (on page 142) Rotate Left an integer value

ROR (on page 144) Rotate Right an integer value

SHL (on page 146) Shift Left an integer value

SHR (on page 148) Shift Right an integer value
XOR_MASK (on page 150) Integer bit-to-bit Exclusive OR mask
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Integer bit-to-bit AND mask.
AND_MASK X

Arguments

Parameter ~ Parameter  DataType Description

Type

EN Input BOOL Function enable.
When EN = TRUE, execute the Integer AND bit-to-bit mask computation.
When EN = FALSE, there is no computation.

IN Input DINT Must have integer format.

MSK Input DINT Must have integer format.

AND_MASK Output DINT Bit-to-bit logical AND between IN and MSK.

ENO Output BOOL Enable out.

AND_MASK function language examples

Function block diagram

Ladder diagram

Structured text

i1 in := 5;

2. mask = §;

3 AndMask = AWND MAZE(in, wask];
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AND MASE(|

DINT AND_MASK{DINT IN, DINT MSK)
Analog bit ko bik AND mask,

(* ST Equivalence: *)
parity := AND_MASK (xvalue, 1); (* 1 if xvalue is odd *)
result := AND_MASK (16#abc, 16#{0f); (* equals 16#a0c *)

Results

tEl Variable Monitoring
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Integer bit-to-bit negation mask, NOT_MASK inverts a parameter value.

NOT_MASK

Arguments

Parameter ~ Parameter  DataType Description

Type
EN Input BOOL Function enable.
When EN = TRUE, execute the bit-to-bit negation mask computation.
When EN = FALSE, there is no computation.
IN Input DINT Must have integer format.
NOT_MASK Output DINT Bit-to-bit negation on 32 bits of IN.
ENO Output BOOL Enable out.

NOT_MASK function language example

Function block diagram

Ladder diagram

Structured text

1 in := a;
2 NotMask := NOT MAZE(in);

NOT_MASKE(|

DIMT MOT_MASK(DINT IM)
bit ko bit neqgation

(*ST equivalence: *)
result := NOT_MASK (16#1234);
(* result is 16#FFFF_EDCB *)
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Results

t® Variable Monitoring

o | o ]
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Integer OR bit-to-bit mask, OR_MASK turns bits on.

OR_MASK

Arguments

Parameter ~ Parameter  DataType Description

Type

EN Input BOOL Function enable.
When EN = TRUE, execute the Integer OR bit-to-bit mask computation.
When EN = FALSE, there is no computation.

IN Input DINT Must have integer format.

MSK Input DINT Must have integer format.

OR_MASK Output DINT Bit-to-bit logical OR between IN and MSK.

ENO Output BOOL Enable out.

OR_MASK function language examples

Function block diagram

Ladder diagram

Structured text

1 din := 3;

2t mask := 6;

3 OrMask := OFR MLZK(in, mask]:
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OR_MAsE(|

DINT OR_MASK{DINT IN, DINT MSK)
Analog bit to bik OF mask,

(* ST Equivalence: *)
parity := OR_MASK (xvalue, 1); (* makes value always odd *)
result := OR_MASK (16#abc, 16#0f); (* equals 16#fbf *)

Results

&8l Variable Monitoring
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For 32-bit integers, ROL rotates integer bits to the left.

ROL )

LT T T T

Arguments

Parameter ~ Parameter  Data Type Description

Type

EN Input BOOL Function enable.
When EN = TRUE, execute the rotate bits left integer value computation.
When EN = FALSE, there is no computation.

IN Input DINT Integer value.

NbR Input DINT Number of 1-bit rotations (in set [1..31]).

ROL Output DINT Left rotated value. When NbR <=0, no change occurs.

ENO Output BOOL Enable out.

ROL function language examples

Function block diagram

Ladder diagram

142 Radaell AutomationPublication 2080-RVIDDIBENE - March 20014Viarch 2014



Chapter7

Structured text

1 im := 123;

Z2i mhr = Z;

3. rotation := ROL({in, nbr):

ROL

DIMT ROL{DIMT I, DIMNT MbR)
Raotate Left

(* ST Equivalence: *)

result := ROL (register, 1);

(* register = 2#0100_1101_0011_0101*)
(* resule = 2#1001_1010_0110_1010*)

Results

&8l Variable Monitoring

Cancel
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For 32-bit integers, ROR rotates integer bits to the right.

ROR

EI IR

Arguments

Parameter = Parameter  DataType Description

Type

EN Input BOOL Function enable.
When EN = TRUE, execute the rotate bit right integer value computation.
When EN = FALSE, there is no computation.

IN Input DINT Any integer value.

NbR Input DINT Number of 1-bit rotations (in set [1..31]).

ROR Output DINT Right rotated value. There is no effect if NbR <= 0.

ENO Output BOOL Enable out.

ROR function language examples

Function block diagram

Ladder diagram
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Structured text

1 in := 123;

Z2i mbr = Z:

3. rotation := ROR{in, nbr):

RORN

DIMT ROR(DIMT Ir, DIMT MbR)
Raotate Right

(* ST Equivalence: *)

result := ROR (register, 1);

(* register = 2#0100_1101_0011_0101*)
(* resule = 2#1010_0110_1001_1010*)

Results

&8 Variable Monitoring

| Global Yariables - Micra10 [ Local Yariables - RA_ROR_LD | Spstemar 4 *

Logical¥alue | PhysicalYalue | Lock I
- :#“ - :#“ - :#“
M A
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For 32-bit integers, SHL moves integers to the left and places 0 in the least

SHL

significant bit.

,
ECH I I -

Arguments

Parameter ~ Parameter  DataType Description

Type

EN Input BOOL Function enable.
When EN = TRUE, move integers to the left.
When EN = FALSE, there is no integer movement.

IN Input DINT Any integer value.

NbS Input DINT Number of 1 bit shifts (in set [1..31]).

SHL Output DINT Left shifted value. There is no effect if NbS <= 0. If a value of 0, replaces the least
significant bit.

ENO Output BOOL Enable out.

SHL function language examples

Function block diagram

146 Radunell Autormetion Pblication 2080RVIDIBENE - March 2014Virch 2014



Chapter7

Ladder diagram

Structured text
1 in = 123;
2; nhs = 2

[T

3. output SHL {in, nhs):

sHL{]

DIMT SHLIDIMT I, DINT MBS)
Shift: Left

(* ST Equivalence: *)

result := SHL (register,1);

(* register = 2#0100_1101_0011_0101 *)
(* result = 2#1001_1010_0110_1010*)

Results

&8 Variable Monitoring
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For 32-bit integers, SHR moves integers to the right and places 0 in the most

SHR

significant bit.

™Y
L
I I N I B T

Arguments

Parameter ~ Parameter = DataType Description

Type

EN Input BOOL Function enable.
When EN = TRUE, move integers to the right.
When EN = FALSE, there is no integer movement.

IN Input DINT Any integer value.

NbS Input DINT Number of 1 bit shifts (in set [1..31]).

SHR Output DINT Right shifted value. There is no effect if NbS <= 0. If a value of 0, replaces the most
significant bit.

ENO Output BOOL Enable out.

SHR function language examples

Function block diagram
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Ladder diagram

Structured text
1 din := 123;
2 rhs = 2

I ==

3 output

S3HE (in, nhs):

sHE|

DINT SHR{DINT IM, DINT MbS)
Shift Right

(* ST Equivalence: *)

result := SHR (register,1);

(* register = 2#1100_1101_0011_0101 ")
(* result = 2#0110_0110_1001_1010*)

Results

t®l Variable Monitoring

v ot " ot
in 123 N/,
b N/,

% 2
w0 Jwa_ ] m |n

T ot T gt
T 15
1 Dl
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Integer exclusive OR bit-to-bit mask, XOR_MASK returns inverted bit values.

XOR_MASK

Arguments

Parameter Parameter  DataType  Description

Type

EN Input BOOL Function enable.
When EN = TRUE, perform the exclusive OR bit-to-bit mask computation.
When EN = FALSE, there is no computation.

IN Input DINT Must have integer format.

MSK Input DINT Must have integer format.

XOR_MASK Output DINT Bit-to-bit logical Exclusive OR between IN and MSK.

ENO Output BOOL Enable out.

XOR_MASK language examples

Function block diagram

Ladder diagram

Structured text

1 in := 5;
2! mask 1= &;
3 ZorMask = HOR MAZE(in, mwask);
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ZOF MASE(

DINT %OR_MASK(DINT IM, DINT MSk)
Analag kit ka kit Exclusive OF mask,

(* ST Equivalence: *)
crc32 := XOR_MASK (prevere, nextc);
result := XOR_MASK (16#012, 16#011); (* equals 16#003 *)

Results

t® Variable Monitoring

| Global Wariables - Miu:ru:uB1Ell Local Yariables - BA_XORMASKE_LD | Spste ¢ *

Logical¥alue | PhysicalYalue | Lock I
- :#“ - :#“ - :#“
[ P
M2,
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Function

MUX4B (on page 174)
MUX8B (on page 170)
TTABLE (on page 166)
Function block
F_TRIG (on page 154)
RS (on page 158)
R_TRIG (on page 156)
SR (on page 164)
Operator

AND (on page 161)
NOT (on page 163)
XOR (on page 162)
OR (on page 160)

Boolean instructions

Boolean instructions determine a value output based on some logical calculation
from inputs. The module outputs can be directly controlled from the program or
independently controlled by the module using the Boolean instructions.

Description

Similar to MUX4, but can accept BOOL type input and output BOOL type value
Similar to MUX8, but can accept BOOL type input and output BOOL type value
Provides the value of the output according to the combination of inputs
Description

Falling edge detection

Reset dominant bistable

Rising edge detection

Set dominant bistable

Description

Performs a boolean AND operation between two or more values.

For Boolean expressions, converts values to negated values.

Boolean exclusive OR of two values.

Boolean OR of two or more values.
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F_TRIG detects a falling edge of a Boolean variable.

F_TRIG
F THIG 1
F_TRIG
CLK Q
Arguments
Parameter = Parameter  Data type Description
type
(LK Input BOOL Any Boolean variable.
Q Output BOOL TRUE when CLK changes from TRUE to FALSE.
FALSE in all other cases.
F_TRIG function block language examples
Function Block Diagram (FBD)
F_TRIGN
F_TRIG
d ENAELE CLK
[ = . S _
Ladder Diagram (LD)
Enable FTRIGT Output
F_TRIG
1 a
— | ™ g O-
Structured Text (ST)

1i F_TRIG_1(ENAELE):

2 IF F_TRIG_1.Q THEN
3 output := TRUE:
4 END_IF:
F_TRIG_ 1|

woid F_TRIG_1{BO0L CLE)
Type : F_TRIG, Falling edge detection

(* ST Equivalence: F_TRIG1 is an instance of a F_TRIG block *)

F_TRIG1(cmd);
nb_edge := ANY_TO_DINT(F_TRIG1.Q) + nb_edge;
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Results

t®l Variable Monitoring

- ﬂf“
EMAELE M A

-z-mml

+ F TFiII31

o (o)
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R_TRIG

Parameter

(LK

clk

R_TRIG detects a rising edge of a Boolean variable.
AR TRIG T
R_TRIG
CLK Q

Arguments

Parameter  Data type Description

type
Input
Output

R THIG T
F-'._TF{IG
Q g -
_ [- £ 1 S

BOOL Any Boolean variable.

BOOL TRUE when CLK rises from FALSE to TRUE.
FALSE in all other cases.

R_TRIG function block language examples

Function Block Diagram (FBD)

156

Ladder Diagram (LD)
A TRIGT output
R_TRIG ~
CLK Qs @,
Structured Text (ST)
1, E_TRIG_1{clk);
2. output := R _TRIG 1.0Q;
R TRIG 1f

void R_TRIG_1{ECOL CLEY
Type | R_TRIG, Rising edge detection

(* ST Equivalence: R_TRIG1 is an instance of a R_TRIG block *)

R_TRIG1(cmd);
nb_edge := ANY_TO_DINT(R_TRIG1.Q) + nb_edge;
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Results

tEl Variable Monitoring

- ﬂf“
clk M4

Bl
YT I [ S I
R

+ R_TRIG_1
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RS resets dominant bistable.

RS
RS 1
RS
SET
RESETT
Arguments

Parameter = Parameter  Datatype Description
type
SET Input BOOL If TRUE, sets Q1 to TRUE.
RESET1 Input BOOL If TRUE, resets Q1 to FALSE (dominant).

Q1 Output BOOL Boolean memory state.

RS function block language examples

Function Block Diagram (FBD)

" A5 T

e T SET o
e RESET!

Ladder Diagram (LD)

set [ HS T ‘ output
RS

SET Q1 '®

RESETT

Structured Text (ST)

1i =et := TRUE;

2! resetl := FLLZE;
3i B3 1(set, resetl):
4} output := BRI 1.Q1;

rs_ 1ff
woid RS_1({BOOL SET, BOOL RESETL)
Type : RS, Reset dominant bistable
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(* ST Equivalence: RS1 is an instance of a RS block *)

RS1(start_cmd, (stop_cmd OR alarm));
command := RS1.Q1;

Results

tEl Variable Monitoring

| Global Variables - Micra10 [ Local Yaniables - UntiledST | System Waniables -1 4 *

Logical¥alue | Physical¥alue | Lock m

- gttt - ot - g T gt
zet e kA BOOL
reset] A BOOL
2 oLtput < f At BOOL
+ RS_1 RS

I -
o
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OR

Parameter

160

Boolean OR of two or more values.

OR operation

The OR operator supports additional inputs.

Arguments
Parameter  Data Type Description
Type
Input BOOL
Input BOOL
Output BOOL Boolean OR of the input terms.

OR operator ST language example

(* ST equivalence: *)

bol0 := bil01 OR NOT (bil02);
bo5 := (bi51 OR bi52) OR bi53;
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AND AND performs a boolean AND operation between two or more values.
AND
i ol
i2
AND operation
The AND operator supports additional inputs.
Arguments
Parameter = Parameter  DataType Description
Type
i Input BOOL Value in Boolean data type.
i2 Input BOOL Value in Boolean data type.
o1 Output BOOL Result of the Boolean AND operation of the input values.
AND operator ST language example
(* ST equivalence: *)
bol0 := bil01 AND NOT (bil1l02);
bo5 := (bi51 AND bi52) AND bi53;
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Boolean exclusive OR of two values.

XOR

XOR

Arguments

Parameter  Parameter = DataType Description

Type
il Input BOOL
i2 Input BOOL
ol Output BOOL Boolean exclusive OR of the two input terms.

XOR operator ST language example

(* ST equivalence: *)

bol0 := bil101 XOR NOT (bil02);
bo5 := (bi51 XOR bi52) XOR bi53;
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NOT For Boolean expressions, NOT converts values to negated values.
NOT
il ol
Arguments
Parameter ~ Parameter = DataType Description
Type
i Input BOOL Any Boolean value or complex expression.
ol Output BOOL TRUE when IN is FALSE.
FALSE when IN is TRUE.
NOT operator ST language example
(* ST equivalence: *)
bol0 := bil01 NOT;
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SR sets dominant bistable.

SR
SR 71
SR
SET1 at
RESET
Arguments

Parameter =~ Parameter  Data type Description

type

SET1 Input BOOL If TRUE, sets Q1 to TRUE (dominant).

RESET Input BOOL If TRUE, resets Q1 to FALSE.

Q1 Output BOOL Boolean memory state.
Dominant bistable example
Set1 Reset Q1 Result Q1
0 0 0 0
0 0 1 1
0 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1
SR function block language examples
Function Block Diagram (FBD)

I SR R
SR
e S oL g TS
reset RESET
b ry

Ladder Diagram (LD)
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5et]

Structured Text (ST)

1 =setl := TRUE;

2 reset := FALLZIE;

3 SR _1lisetl, reset);
4} output := SR 1.0Q1;
s 1§

void SR_1{BOOL SET1, BOOL RESET)
Tvpe : SR, Set dominant bistable

(* ST Equivalence: SR1 is an instance of a SR block *)

SR1((auto_mode & start_cmd), stop_cmd);
command := SR1.Q1;

Results

t® Variable Monitoring

Logical¥alue | Physical ¥alue | Lock m

v gl gt T il
zet] v [ A, BOO
reset M BOO
output + P BoO

SR

o o]
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TTABLE

Parameter

Table
INO

IN1

IN2
IN3
TTABLE

166

Arguments
Parameter  Data Type
Type
Input UINT
Input BOOL
Input BOOL
Input BOOL
Input BOOL
Output BOOL

The TTABLE function gives the value of the output according to the
combination of inputs.

If the value is 0OxABCD and In3 through In0 corresponds to the number 7, then
TTABLE is the value of bit 7 in the table (which is 1). The least significant bit in

the table is bit 0.

Description

Truth table of BOOLEAN function.
Any BOOL input value.
Any BOOL input value.
Any BOOL input value.
Any BOOL input value.

The value of the output according to the combination of inputs.
See TTABLE input combinations (on page 169).

TTABLE input combinations

The function has four inputs, and therefore 16 combinations. These combinations

can be found in a truth table; for each combination, the output value can be

adjusted. The number of configurable combinations depends on the number of

inputs connected to the function. For example:

Number

0
1

S W N

In3

o O o o o

In2 In1 In0
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
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Number In3 In2 In1 In0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
n 1 0 1 1
12 1 1 0 0
13 1 1 0 1

TTABLE function language examples

Function block diagram

Ladder diagram
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oF

Structured text

1! table = 217:

2 ind := TRUE:

3 inl := TRUE:

4 in2 := TRUE;

5i in3d := FALZE:

6 output := TTLELE (takble, in0, inl, inzZ, in3):
TTAELE [

BOOL TTABLE(UINT Table, BOOL IND, BOOL IM1, BOOL INZ, BOOL INZ)
Prowide the walue output based on the combination of inputs,

Results

t® Variable Monitoring

OUogog

o |
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TTABLE input combinations

The function has four inputs, and therefore 16 combinations. These combinations
can be found in a truth table; for each combination, the output value can be
adjusted. The number of configurable combinations depends on the number of
inputs connected to the function. For example:

Number In3 In2 In1 In0
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
n 1 0 1 1
12 1 1 0 0
13 1 1 0 1
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MUXSB vyields a value between eight BOOL type input and output values.
MUXSB Y g type inp P

Arguments

Parameter ~ Parameter  Data Type Description

Type

Selector Input USINT Selector integer value, must be in set [0...7].
INO Input BOOL Any BOOL input value.
IN1 Input BOOL Any BOOL input value.
IN2 Input BOOL Any BOOL input value.
IN3 Input BOOL Any BOOL input value.
IN4 Input BOOL Any BOOL input value.
IN5 Input BOOL Any BOOL input value.
IN6 Input BOOL Any BOOL input value.
IN7 Input BOOL Any BOOL input value.
MUX8B Output BOOL (an be:

o In0if Selector=0
o InTif Selector=1
o In2if Selector =2
o In3if Selector =3
o In4if Selector=4
o In5if Selector =5
o In6if Selector=6
o In7if Selector=7
Will be FALSE for all other values of the selector.
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MUX8B function language examples

Function block diagram
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Ladder diagram

Structured text
1! selector = 7:
2! in0 := FLLZE;
3 1nl = FALZE;
4; 1in2 = FALLZE;
5 1in3 := FALLZE;
g ind := FALLZE;
7 inS = FLLEZE:
8! inge = FLLZE:
9i in?Y := TRUE:
10! output = MUESE (selector, inld, inl, in2, in3d, ind, in5, in&g, in7?):
MUZEE

BOL MUXSB{JSINT Selector, BOOL INO, BOOL IN1, BOOL INZ, BOOL IN3, BOOL IN4, BOOL INS, BOOL ING, BOOL IN7)
Multiplexer(8 entries) - accepts BOOL inputs and oukput walue.,
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(* ST Equivalence: *)
range := MUXS (choice, 1, 5, 10, 50, 100, 500, 1000, 5000);

(* select from 8 predefined ranges, for example, if choice is 3, range will be 50 *)

Results
t&l Variable Monitoring

| 3 selectar 7 P A USINT -
ind M BOOL A

il P BOOL -

ing M BOOL -

ind P BOOL w

ind M BOOL A

5 P BOOL -

inG M BOOL -

ing v I s BOOL w

autpLt b [ s, BOOL -

x
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MUX4B yields a value between four BOOL type input and output values.

MUX4B

Arguments

Parameter  Parameter  DataType Description

Type
Selector Input USINT Selector integer value, must be in set [0...3].
INO Input BOOL Any BOOL input value.
IN1 Input BOOL Any BOOL input value.
IN2 Input BOOL Any BOOL input value.
IN3 Input BOOL Any BOOL input value.
MUX4B Output BOOL (Can be:

o In0if Selector =0
o InTifSelector=1
o In2if Selector =2
o In3if Selector =3
Will be FALSE for all other values of the selector.

MUX4B function language examples

Function block diagram
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Ladder diagram

Structured text

1 selector = 1;

Zi 1nb = FALLZE;

3¢ inl := TEUE:

4: inZ := FLLZE;

5 1in3 := FLLZE:

Bi output := MIUX4E (selector, in0, inl, ind, in3):

MNUE4E

]

BOOL MUX4B(USIMT Selector, BOOL IMNO, BOOL IN1, BOOL IMNZ, BOOL IM3)
Multiplescer(4 entries) - accepts BOOL inputs and output walue,

(* ST Equivalence: *)
range := MUX4 (choice, 1, 10, 100, 1000);

(* select from 4 predefined ranges, for example, if choice is 1, range will be 10 *)

Results
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t®l Variable Monitoring

T gt T gt T g v g T gt

2 selectar 1 P4 USINT -
ind P BOOL v

it v P A BOOL -

inZ (R BOOL -

i3 P A BOOL T

autpLt ¥ P o, BOOL -

TS
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Communication instructions

Communication instructions read, write, compare, and convert communication

strings.
Function block Description
MSG_CIPGENERIC (on page 178) Send a CIP generic explicit message
MSG_CIPSYMBOLIC (on page 187) Send a CIP symbolic explicit message
MSG_MODBUS (on page 197) Send a Modbus message
MSG_MODBUS2 (on page 204) Send a MODBUS/TCP message over an Ethernet Channel
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MSG_CIPGENERIC sends a common industrial protocol (CIP) explicit message
over an Ethernet channel or a serial port.

MSG_ CIPGENERIC T
MSG_CIPGEMNERIC
=M Ow

MSG_CIPGENERIC

= CirlCfg Status +
= AnpCig FeslLength »
* TargetCfg
= FegData

* Reglength

#* FesData

b, A

MSG_CIPGENERIC operation

A maximum of four message requests per channel can be processed in one scan.
For Ladder Diagram programs, message requests are executed at the end of a
ladder scan.

Arguments

When the MSG_CIPGENERIC function block is enabled, the receive buffers for
Read operations are cleared on the rising edge of Enable.

Parameter Parameter type Data type Description

IN Input BOOL If Rising Edge (IN turns from FALSE to TRUE), start the function block
with the precondition that the last operation has been completed.

(triCfg Input CIPCONTROLCFG Function block execution control configuration
See CIPCONTROLCFG data type (on page 180).

App(fg Input CIPAPPCFG CIP service and application path (EPATH) configuration
See CIPAPPCFG data type (on page 180).

Target(fg Input CIPTARGETCFG Target device configuration

See CIPTARGETCFG data type (on page 183).

RegData Input USINT[1..1] (IP message request data. The array size should not be less than the
‘ReqLength’ size
See MSG_CIPGENERIC message behavior.

RegLength Input UINT (IP message request data length:
e 0-490
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Parameter

ResData

Status

ResLength

Parameter type Data type

Input USINT[1..1]
Output BOOL
Output CIPSTATUS
Output UINT

Description

(IP message response data. The array size should not be less than the
‘ResLength’ size.

When a MSG is triggered or re-triggered, data in the ResData array is
cleared.

TRUE - MSG instruction is finished.

FALSE - MSG instruction is not finished.

Function block execution status

When a MSG is triggered, or re-triggered, all elements inside Status are
reset.

See CIPSTATUS data type (on page 181).

(IP message response data length:

e 0-490

When a MSG is triggered, or re-triggered, ResLength is reset to 0.

MSG_CIPGENERIC function language examples

Function block diagram

Ladder diagram
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CIPAPPCFG data type

The following table describes the CIPAPPCFG data type.

Parameter Data type Description

Service USINT Service code:
1-127

Class UINT Logical segment’s Class ID value:
1-65535

Instance UDINT Logical segment’s Instance ID value:

0 - 4294967295

Attribute UINT Logical segment’s Attribute ID value:
1-65535, 0 - No Attribute ID used

MemberCnt USINT Members ID count. Maximum Member ID values used:
1-3,0-No Member ID used

Memberld UINT[3] Member ID values:
0-65535

CIPCONTROLCFG data type
The following table describes the CIPCONTROLCFG data type.
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Parameter

Cancel

TriggerType

StrMode

Data type Description
BOOL TRUE - Cancel the execution of the function block.
Bit is cleared when the message is enabled.
USINT Represents one of the following:
o 0: Msg Triggered Once (when IN goes from False to True)
o 110 65535: Cyclic trigger value in milliseconds. Msg is triggered periodically when IN is True.
Set the value to 1 to trigger the MSG as quickly as possible.
USINT Reserved for future use.
Message cancellation

If the Cancel parameter is set, and the message is enabled (EN bit is set) and not
done (DN bit is not set), then the message execution is aborted and the ER bit is
set.

CIP message triggering

A CIP message can be triggered periodically by setting a non-zero value to the
TriggerType parameter. The following table describes what happens when the
TriggerType parameter is used.

Action Results

Message is enabled Trigger timer starts

Trigger timer expires before the message ~ Message is immediately triggered in the next
completes ladder scan cycle.

Message completes before the trigger time ~ Message is triggered when the trigger time
expires expires.

Example: message triggering

In the following example, the TriggerType value is set to 100.

Message Execution -~ -
Ladder scan «—p——————— e
EMbit  _|
DNERbit — L
Trigger Timer Ta0ene * oo
CIPSTATUS data type

The following table describes the CIPSTATUS data type.
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182

Name
EN

EW

ST

ER

DN

Parameter Data type Description
Error BOOL This bit is set to TRUE when the function block execution encounters an error condition.
ErrorlD UINT Error code value.
See CIPSTATUS error codes (on page 182).
SubErrorlD UINT Sub Error code value.
See CIPSTATUS error codes (on page 182).
ExtErrorlD UINT (IP extended status error code value.
StatusBits UINT This parameter can be used to verify control bits:
o Bit0: EN —Enable
o Bit 1: EW — Enable Wait
o Bit2: ST - Start
o Bit3: ER—Error
o Bit4: DN —Done
o (Qther bits are reserved
o See (IPSTATUS status bits (on page 182).
CIPSTATUS status bits
The CIPSTATUS status bits are set based on the status of the message execution,
the communication buffers, and the rung conditions.
- - - - - - - - - 4 3 2 1 0
Description Behavior
Enable Set when the rung goes true and remains set until either the DN bit or the ER bit is set and the rung goes false.
Enable Waiting Set when the communication buffer is allocated for the message request. Cleared when the ST bit is set.
Start Set when the message has been transmitted and is waiting for a reply. Cleared when the DN bit is set.
Error Set when message transmission fails. An error code is written to ErrorlD. The ER bit and error code values are
cleared the next time the rung goes from false to true.
Done Set when the message is transmitted successfully. The DN bit is cleared the next time the rung goes from false to
true.
When the Done bit i set, all other bits are cleared to indicate the MSG completed successfully. When an error is
detected and the Error bit is set, the other status bits (EN/EW/ST) are not cleared.
CIPSTATUS error codes
The following table describes the error codes that are displayed in the ErrorID and
SubErrorID fields of the CIPSTATUS parameter when the ER bit is set.
ErroriD  SubErrorlD Error code description
code
33 Parameter configuration related errors
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ErroriD
code

55

69

208
209
210
217
218
222
224

255

Parameter

SubErrorlD Error code description

32 Bad Channel number.

36 Unsupported CIP connection type.

40 Unsupported CIP symbolic data type.

41 Invalid CIP symbol name.

43 Unsupported CIP Class value or MemberlD count.

48 The instruction block’s input data array size is not sufficient.

49 Invalid target path.

50 Bad service code.

51 The instruction block’s transmit data array size is too big for CIP communication.

Note: The maximum length for the user data to be transmitted varies for different message
configurations. If the total CIP message payload (including user data and CIP message overload) is beyond
504 bytes, an error 0x21 (subError 0x33) is reported.

Timeout related errors

112 Message timed out while waiting in the message wait queue.

113 Message timed out while waiting for the a connection to the link layer to be established.
14 Message timed out while waiting to transmit to the link layer.

115 Message timed out while waiting for a response from the link layer.

Server response format related error codes

65 Message reply does not match request.

68 Message reply data type not valid/supported. (MSG_CIPSYMBOLIC).
No IP address configured for the network.

Maximum number of connections used — no connections available.

Invalid internet address or node address.

Message execution was canceled by user. (Cancel parameter was set to TRUE).

No network buffer space available.

Reserved.

CIP response error code. SubErrorlD specifies the CIP status and ExtErrorID specifies the CIP extended status value. Refer to the
(IP specification for possible error code values.

Channel is shutdown or recon figuration is in progress. Error code occurs immediately after power on until a connection is
established, and is normal behavior. It may also occur if an Ethernet cable is disconnected or an IP address cannot be detected.

CIPTARGETCFG data type

The following table describes the CIPTARGETCFG data type.

Data type Description
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Parameter

Path

CipConnMode

UcmmTimeout

ConnMsgTimeout

ConnClose

String element

Local port

184

Data type
STRING[80]

USINT

UDINT

UDINT

BOOL

Description

Path for the target. A maximum of two hops can be specified. The path syntax is:
o {"<port>,<node/slot address>"}2

See also Target path for CIP messaging (on page 184).

CIP Connection type.

e (- Unconnected (default)

o 1-C(lass3 connection

See also CIP/EIP message connections (on page 185)

Unconnected message timeout (in milliseconds). The amount of time to wait for a reply for
unconnected messages, including connection establishment for connected message.

o Valid values: 250-10,000.

o Set to 0 to use the default value of 3000.

o Avalue set to less than 250 will be set to 250 (minimum).

o Avalue set to greater than 10,000 will be set to 10,000 (maximum).

See also CIP message timeout timers (on page 186).

(lass3 Connection timeout (in milliseconds). The amount of time to wait for a reply for connected
messages. The connection closes when the timeout expires.

o Valid values: 800-10,000

e Set to 0 to use the default value of 3000

o Avalue set to less than 800 will be set to 800 (minimum)

o Avalue set to greater than 10,000 will be set to 10,000 (maximum)

See also CIP message timeout timers (on page 186).

Connection closing behavior:

o TRUE - Close the connection when the message completes.

o FALSE - Do not close the connection when the message completed (default).
e Seealso CIP/EIP message connections (on page 185).

Target path for CIP messaging

The target path for CIP messaging contains parameters which determine the path
and destination of the of the CIP message.

Target path syntax
The target path string parameter uses the following syntax:

e "<local port>, <Ist target’s address>, [ <1st target’s local port>, <2nd
target’s address>]"

The 1st hop must be present; the 2nd hop is optional.

Description

Local port used to send out the message. The port should be an active EtherNet/IP or CIP Serial port - USB ports
are not supported.
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String element Description

1st Target address Target address of the 1st hop.

o ForEIP, specify the target’s IP address. The IP address should be a unicast address and should not be 0,
multicast, broadcast, local address or a loop back (127.x.x.x) address.

o For CIP Serial, specify the target’s node address. The supported value is 1.

Local port of the 1st Target

Local port used to send out the message.

The following table lists example values used in a target path stringand describes

2nd Target address Target address of the 2nd hop.
Target path example
the results for each string.
String example Results
"0,0" The target device is the local device.
"6,1" Through Port 6 (Micro830 UPM Serial port) reach the Node at 1.

"4,192.168.1.100"
"4,192.168.1.100,1,0"

Through Port 4 (Micro850 embedded Ethernet port) reach the Node at 192.168.1.100.
Through Port 4 (Micro850 embedded Ethernet port) reach the Node at 192.168.0.100 (Logix ENET module).

From ENET module, through the Backplane port (Port 1) reach the Logix controller at Slot 0.

CIP/EIP message connections

A maximum of 16 CIP (class 3) and 16 EIP connections are supported for client

message execution. The following table describes the CIP/EIP connection

behavior.

Scenario

Message request is enabled and CipConnMode=1.

Message request is enabled, CipConnMode=1, and the
message's local port is Ethernet.

Message request is enabled, CipConnMode=0, and the
message's local port is Ethernet.

Message execution is completed, and ConnClose is set to True.

Message execution is completed, and ConnClose is set to False.

Results

If a connection to the target does not exist, a CIP connection is established.
If a connection to the target already exists, the existing CIP connection is
used.

If an EIP connection to the target does not exist, an EIP connection is
established prior to establishing a CIP connection.

If an EIP connection to the target does not exist, an EIP connection is
established.
If there is only one connection to the target, the connection is closed.

If there is more than one connection to the target, the connection is closed
when the last message execution is completed.

When a CIP connection is closed, any associated EIP connection is also
closed.

If more than one CIP connection uses the same EIP connection, the EIP
connection will be closed after all associated CIP connections are closed.

The connection is not closed.
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Scenario Results
Connection is not associated with an active message, and The connection is closed.
remains idle for the amount of time specified in ConnTimeOut
parameter.

186

Controller transitions from an executing mode (Run, Remote All active connections are forcibly closed.
Run, Remote Test Single Scan and Remote Single Rung) to a
non-executing mode.

CIP message timeout timers

The following table describes how timers for CIPTARGETCEFG timeout
parameters (UcmmTimeout and ConnMsgTimeout) behave based on message
requests and status.

Action Results

Message is enabled UcmmTimeout timer is activated
Connection is requested ConnMsgTimeout timer is activated
ConnMsgTimeout timer is active UcmmTimeout timer is disabled
Connection request is completed UcmmTimeout timer is reactivated
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MSG_CIPSYMBOLIC

Parameter

IN

(triCfg
SymbolicCfg
Target(fg

Data

Status

MSG_CIPSYMBOLIC sends a common industrial protocol (CIP) symbolic

message over an Ethernet channel or a serial port.

" MSG_CIPSYMBOLIC T
MSG_CIPSYMBOLIC
b | {] L

b CtrlCfg Status
b SymbolicClg DiataLength »
» TargetCfg

» [ata

" A

MSG_CIPSYMBOLIC operation

When the function block is enabled, the receive buffers for the Read operations

are cleared on the rising edge of Enable. See the Message execution processes and

timing diagrams (on page 21

Arguments
Parameter  Data type
type
Input BOOL
Input CIPCONTROLCFG
Input CIPSYMBOLICCFG
Input CIPTARGETCFG
Input USINT[490]
Output BOOL
Output CIPSTATUS

1) for examples.

Description

If Rising Edge (IN turns from FALSE to TRUE), start the function block
with the precondition that the last operation has been completed.
Function block execution control configuration.

See CIPCONTROLCFG data type (on page 180).

Information for the symbol to Read/Write.
See CIPSYMBOLICCFG data type (on page 189).

Target device configuration.
See CIPTARGETCFG data type (on page 183).

Read command stores the data returned from the server.
Write command buffers the data to be sent to the server.

When a MSG is triggered or retriggered, Data is cleared for the MSG Read
command.

FALSE - The function block is not done.
TRUE - The function block is done.

Function block execution status

When a MSG is triggered, or re-triggered, all elements inside Status are
reset.

See CIPSTATUS data type (on page 181).
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Parameter Parameter  Data type Description
type
DataLength Output UDINT Number of data bytes Read/Written.
When a MSG is triggered or retriggered, DataLength is reset to 0 for MSG
Read command.

MSG_CIPSYMBOLIC function language examples

Function block diagram

Ladder diagram

WwriteValue

Structured Text (ST)

188 Radunell Autormetion Pblication 2080RVIDIBENE - March 2014Vrch 2014



Garunication instructions Chapter 9

ptatusl = - il

reslengl := r .Reslengzh:

voud MSG_OIPFSYMBOLIC_MBOOL M, CPCONTROLOFG CiriClg, CIPSYMBOUCCHG SymibokoClg, CIFTARGETCRG TargetChg, USINTIL.1] Data))
Type : MS5G_CIPSYMBOLIC, Send a (P Symbokc message !

CIPSYMBOLICCFG data type

The following table describes the CIPSYMBOLICCEFG data type.

Parameter Data type Description
Service USINT Service code:
o (- Read (default)
o 1-Write
Symbol STRING Name of the variable to Read/Write.

o Maximum of 80 characters.

o Field cannot be empty.

See Symbolic Read/Write syntax (on page 190).
Count UINT Number of variable elements to Read/Write:

o Valid values: 1-490

e 1isused if the valueis set to 0.

Type User-defined User-defined data type for the target variable.
See Symbolic data type support (on page 189).
Offset USINT Reserved for future use.

Abyte offset of Read/Write variable used to Read/Write a large size variable that cannot be
processed in one message.

e (—OxFF

Reserved for future use.

Symbolic data type support
The following table lists the data types that the MSG_CIPSYMBOLIC function

block supports.
Data type Data type value Description
(hexadecimal)
BOOL 193 (0xC1) Logical Boolean with values TRUE (1) and FALSE (0)
SINT 194 (0xC2) Signed 8—bit integer value
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Data type

INT
DINT
LINT
USINT
UINT
UDINT
ULINT
REAL
LREAL

Symbol
Variable

Array

Structure

Data type value
(hexadecimal)

195 (0xG3)
196 (0xC4)
197 (0xC5)
198 (0xC6)
199 (0x(7)
200 (0xC8)
201 (0xC9)
202 (0xCA

(

)
203 (0xCB)

Description

Signed 16—bit integer value
Signed 32—bit integer value
Signed 64—bit integer value
Unsigned 8—bit integer value
Unsigned 16-bit integer value
Unsigned 32—bit integer value
Unsigned 64—bit integer value
32-bit floating point value
64—bit floating point value

Symbolic Read/Write syntax

Syntax is the set of rules that defines the combinations of symbols that comprise a

valid read/write function block.

Valid symbol names

To be valid, each symbol name must meet the following requirements.

e  Begin with aletter or underscore character followed by a letter, digit, or

single underscore character.

e  Be 40 characters or less.

e Not contain two consecutive underscore characters.

e Use special characters [ ] ., as separators.

Symbol syntax

The following table defines the valid syntax for symbols.

Note: Only global variables are supported.

Syntax

PROGRAM: <program name>,<symbol name>

<symbol name>[dim3, dim2, dim1]
(Maximum supported dimension is 3.

<symbol name>.<symbol name of struct field>
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CIPAPPCFG data type

The following table describes the CIPAPPCFG data type.

Parameter Data type Description

Service USINT Service code:
1-127

(lass UINT Logical segment’s Class ID value:
1-65535

Instance UDINT Logical segment’s Instance ID value:
0— 4294967295

Attribute UINT Logical segment’s Attribute ID value:
1-65535, 0 - No Attribute ID used

Member(nt USINT Members ID count. Maximum Member ID values used:
1-3,0-No Member ID used

Memberld UINT[3] Member ID values:
0-65535

CIPCONTROLCFG data type

The following table describes the CIPCONTROLCFG data type.

Parameter Data type Description

(Cancel BOOL TRUE - Cancel the execution of the function block.
Bit is cleared when the message is enabled.
TriggerType USINT Represents one of the following:
o 0: Msg Triggered Once (when IN goes from False to True)

o 1t065535: Cyclic trigger value in milliseconds. Msg is triggered periodically when IN is True.
Set the value to 1 to trigger the MSG as quickly as possible.

StrMode USINT Reserved for future use.

Message cancellation

If the Cancel parameter is set, and the message is enabled (EN bit is set) and not
done (DN bit is not set), then the message execution is aborted and the ER bit is
set.

CIP message triggering

A CIP message can be triggered periodically by setting a non-zero value to the
TriggerType parameter. The following table describes what happens when the
TriggerType parameter is used.
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Action Results
Message is enabled Trigger timer starts

Trigger timer expires before the message ~ Message is immediately triggered in the next
completes ladder scan cycle.

Message completes before the trigger time ~ Message is triggered when the trigger time
expires expires.

Example: message triggering

In the following example, the TriggerType value is set to 100.

Message Execution S e
Ladder scan ————————— ——
EnMbit ]
DNER bt — L
Triggar Timer T T
CIPSTATUS data type
The following table describes the CIPSTATUS data type.
Parameter Data type Description
Error BOOL This bit is set to TRUE when the function block execution encounters an error condition.
ErrorlD UINT Error code value.
See CIPSTATUS error codes (on page 182).
SubErrorlD UINT Sub Error code value.
See CIPSTATUS error codes (on page 182).
ExtErrorlD UINT CIP extended status error code value.
StatusBits UINT This parameter can be used to verify control bits:

o Bit0: EN — Enable

o Bit 1: EW — Enable Wait

Bit 2: ST — Start

Bit 3: ER — Error

Bit 4: DN — Done

Other bits are reserved

o See (IPSTATUS status bits (on page 182).

CIPSTATUS status bits

The CIPSTATUES status bits are set based on the status of the message execution,
the communication buffers, and the rung conditions.
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Name
EN

EW

ST

ER

DN

Description
Enable

Enable Waiting
Start

Error

Done

Behavior

Set when the rung goes true and remains set until either the DN bit or the ER bit is set and the rung goes false.
Set when the communication buffer is allocated for the message request. Cleared when the ST bit is set.

Set when the message has been transmitted and is waiting for a reply. Cleared when the DN bit is set.

Set when message transmission fails. An error code is written to ErrorlD. The ER bit and error code values are
cleared the next time the rung goes from false to true.

Set when the message is transmitted successfully. The DN bit is cleared the next time the rung goes from false to
true.

When the Done bit is set, all other bits are cleared to indicate the MSG completed successfully. When an error is
detected and the Error bit is set, the other status bits (EN/EW/ST) are not cleared.

CIPSTATUS error codes

The following table describes the error codes that are displayed in the ErrorID and
SubErrorID fields of the CIPSTATUS parameter when the ER bit is set.

ErrorlD  SubErrorlD Error code description
code
33 Parameter configuration related errors
32 Bad Channel number.
36 Unsupported CIP connection type.
40 Unsupported CIP symbolic data type.
41 Invalid CIP symbol name.
43 Unsupported CIP Class value or MemberlD count.
48 The instruction block’s input data array size is not sufficient.
49 Invalid target path.
50 Bad service code.
51 The instruction block’s transmit data array size is too big for CIP communication.
Note: The maximum length for the user data to be transmitted varies for different message
configurations. If the total CIP message payload (including user data and CIP message overload) is beyond
504 bytes, an error 0x21 (subError 0x33) is reported.
55 Timeout related errors
112 Message timed out while waiting in the message wait queue.
113 Message timed out while waiting for the a connection to the link layer to be established.
14 Message timed out while waiting to transmit to the link layer.
115 Message timed out while waiting for a response from the link layer.
69 Server response format related error codes
65 Message reply does not match request.
68 Message reply data type not valid/supported. (MSG_CIPSYMBOLIC).
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ErrorlD  SubErrorlD Error code description

code

208 No IP address configured for the network.

209 Maximum number of connections used — no connections available.

210 Invalid internet address or node address.

217 Message execution was canceled by user. (Cancel parameter was set to TRUE).

218 No network buffer space available.

222 Reserved.

224 CIP response error code. SubErrorlD specifies the CIP status and ExtErrorID specifies the CIP extended status value. Refer to the

(IP specification for possible error code values.

255 Channel is shutdown or recon figuration is in progress. Error code occurs immediately after power on until a connection is
established, and is normal behavior. It may also occur if an Ethernet cable is disconnected or an IP address cannot be detected.

CIPTARGETCFG data type

The following table describes the CIPTARGETCFG data type.
Parameter Data type Description
Path STRING[80] Path for the target. A maximum of two hops can be specified. The path syntax is:

o {"<port>,<node/slot address>"}2

See also Target path for CIP messaging (on page 184).
CipConnMode USINT (IP Connection type.

e (- Unconnected (default)

o 1-C(lass3 connection

See also CIP/EIP message connections (on page 185)

UcmmTimeout UDINT Unconnected message timeout (in milliseconds). The amount of time to wait for a reply for
unconnected messages, including connection establishment for connected message.

o Valid values: 250-10,000.

e Set to 0 to use the default value of 3000.

o Avalue set to less than 250 will be set to 250 (minimum).

o Avalue set to greater than 10,000 will be set to 10,000 (maximum).

See also CIP message timeout timers (on page 186).

ConnMsgTimeout UDINT (lass3 Connection timeout (in milliseconds). The amount of time to wait for a reply for connected
messages. The connection closes when the timeout expires.

o Valid values: 800-10,000

o Setto 0 to use the default value of 3000

o Avalue set to less than 800 will be set to 800 (minimum)

o Avalue set to greater than 10,000 will be set to 10,000 (maximum)
See also CIP message timeout timers (on page 186).
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Parameter Data type
ConnClose BOOL

String element

Local port

1st Target address

Local port of the 1st Target

Description

Connection closing behavior:
o TRUE - Close the connection when the message completes.
o FALSE - Do not close the connection when the message completed (default).

o See also CIP/EIP message connections (on page 185).

Target path for CIP messaging

The target path for CIP messaging contains parameters which determine the path
and destination of the of the CIP message.

Target path syntax
The target path string parameter uses the following syntax:
e "<local port>, <1st target’s address>, [<1st target’s local port>, <2nd

target’s address>]"

The Ist hop must be present; the 2nd hop is optional.

Description

Local port used to send out the message. The port should be an active EtherNet/IP or CIP Serial port - USB ports
are not supported.

Target address of the 1st hop.

o ForEIP, specify the target’s IP address. The IP address should be a unicast address and should not be 0,
multicast, broadcast, local address or a loop back (127.x.x.x) address.

o For CIP Serial, specify the target’s node address. The supported value is 1.

Local port used to send out the message.

2nd Target address Target address of the 2nd hop.

Target path example
The following table lists example values used in a target path stringand describes
the results for each string.

String example Results

"0,0" The target device is the local device.

"6,1" Through Port 6 (Micro830 UPM Serial port) reach the Node at 1.

"4,192.168.1.100" Through Port 4 (Micro850 embedded Ethernet port) reach the Node at 192.168.1.100.

"4,192.168.1.100,1,0" Through Port 4 (Micro850 embedded Ethernet port) reach the Node at 192.168.0.100 (Logix ENET module).

From ENET module, through the Backplane port (Port 1) reach the Logix controller at Slot 0.
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CIP/EIP message connections

A maximum of 16 CIP (class 3) and 16 EIP connections are supported for client

message execution. The following table describes the CIP/EIP connection

behavior.

Scenario

Message request is enabled and CipConnMode=1.

Message request is enabled, CipConnMode=1, and the
message's local port is Ethernet.

Message request is enabled, CipConnMode=0, and the
message's local port is Ethernet.

Message execution is completed, and ConnClose is set to True.

Message execution is completed, and ConnClose is set to False.

Connection is not associated with an active message, and
remains idle for the amount of time specified in ConnTimeQut
parameter.

Controller transitions from an executing mode (Run, Remote
Run, Remote Test Single Scan and Remote Single Rung) to a
non-executing mode.

Results

If a connection to the target does not exist, a CIP connection is established.
If a connection to the target already exists, the existing CIP connection is
used.

If an EIP connection to the target does not exist, an EIP connection is
established prior to establishing a CIP connection.

If an EIP connection to the target does not exist, an EIP connection is
established.
If there is only one connection to the target, the connection is closed.

If there is more than one connection to the target, the connection is closed
when the last message execution is completed.

When a CIP connection is closed, any associated EIP connection is also
closed.

If more than one CIP connection uses the same EIP connection, the EIP
connection will be closed after all associated CIP connections are closed.

The connection is not closed.

The connection is closed.

All active connections are forcibly closed.

CIP message timeout timers

The following table describes how timers for CIPTARGETCEFG timeout
parameters (UcmmTimeout and ConnMsgTimeout) behave based on message

requests and status.
Action
Message is enabled

Connection is requested

ConnMsgTimeout timer is active

Connection request is completed

Results
UcmmTimeout timer is activated

ConnMsgTimeout timer is activated

UcmmTimeout timer is disabled

UcmmTimeout timer is reactivated
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MSG_MODBUS

Parameter

IN

Cancel
LocalCfg

Target(fg

LocalAddr

Error

ErrorlD

MSG_MODBUS sends a Modbus message over a serial port.

i M5G MODBUS 7 o
MSG_MODBUS

. | Q -
¥ Cancel Error #
¥ |LocalCfg ErroriD =
s TargetCig

b | ocalAddr

LS &

MSG_MODBUS operation

A maximum of four message requests per channel can be processed in one scan.

For Ladder Diagram programs, message requests are executed at the end of a

ladder scan.

Arguments
Parameter  Data type
type
Input BOOL
Input BOOL
Input MODBUSLOCPARA
Input MODBUSTARPARA
Input MODBUSLOCADDR
Output BOOL
Output BOOL
Output UINT

Description

If Rising Edge (IN turns from FALSE to TRUE), start the function block
with the precondition that the last operation has been completed.

TRUE - Cancel the execution of the function block.

Define structure input (local device).
Defines the input structure for the local device.
See MODBUSLOCPARA data type (on page 199).

Define structure input (target device).

Defines the input structure for the target device.

See MODBUSTARPARA data type (on page 203).

MODBUSLOCADDR is a 125 Word array that is used by Read commands
to store the data (1-125 words) returned by the Modbus slave and by
Write commands to buffer the data (1-125 words) to be sent to the
Modbus slave.

TRUE - MSG instruction is finished.

FALSE - MSG instruction is not finished.

TRUE - When error occurs.
FALSE - No error.

Show the error code when message transfer failed.
See Modbus error codes (on page 199).
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Note: Ifatriggeris set to continuous, error codes are also continuously cleared. To view error codes,
add a rung before the MSG_MODBUS instruction.

MSG_MODBUS function block language examples

Function Block Diagram (FBD)

Ladder Diagram (LD)

Q 4

LocalAddr

., A

Structured Text (ST)
1 M3& MODEUS 1{in, ecancel, lc, te, la):
2. output := M3G _MODBUS 1.0
3. error := M3G MODEUS 1.Error;
4. ID := MSG_MODEUSZ 1.ErrorID;

weitd MSG_MODBUS_L{B00L IN, BOOL Cancel, MODSUSLOCPAR A LocalChg, MODBUSTARPARA TargetClg, MODBLUSLOCADDR, Losalndd, UINT _ADT Lecalgddr)

HSG_MODBUS_1
Typa : M53G_MODELS, Send a modbus message.
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Parameter

Channel

Error code

3

20
21
22

33

54

55

217
129
130
131
132
133
134
135
136
137
255

Data type
UINT

Modbus error codes

The following table describes error codes for the MSG_MODBUS function
block.

Error description

The value of the TriggerType has been changed from 2 - 255.
The local communication driver is incompatible with the MSG instruction.
Alocal channel configuration parameter error exists.

The Target or Local Bridge address is higher than the maximum node address.

A bad MSG file parameter exists.
Alost modem.

The message timed out in the local processor. A link layer timeout.
The user cancelled the message.
An illegal function.

Anillegal data address.
Anillegal data value.

A slave device failure.
Acknowledge.

The slave device is busy.
Negative acknowledge.

A memory parity error.

A non-standard reply.

The channel has been shut down.

MODBUSLOCPARA data type

The following table describes the MODBUSLOCPARA data type parameters.

Description

Micro800 PLC serial port number:

2 for the embedded serial port, or

5-9 for serial port plug-ins installed in slots 1 through
5forslot 1

6 forslot2

7 forslot 3

8 forslot 4

9forslot 5
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Parameter Data type Description
TriggerType USINT Represents one of the following:
o 0: Msg Triggered Once (when IN goes from False to True)

1: Msg triggered continuously when IN is True

Other value: Reserved

(md USINT Represents one of the following:

01: Read Coil Status (0xxxx)

02: Read Input Status (1xxxx)

03: Read Holding Registers (4xxxx)

04: Read Input Registers (3xxxx)

05: Write Single Coil (0Oxxxx)

06: Write Single Register (4xxxx)

15: Write Multiple Coils (0xxxx)

16: Write Multiple Registers (4xxxx)

Others: See MODBUSLOCPARA custom command support.

ElementCnt UINT Limits

200

For Read Coil/Discrete inputs: 2000 bits
For Read Register: 125 words

For Write Coil: 1968 bits

For Write Register: 123 words

MSG_MODBUS message triggering

A Modbus message can be triggered periodically by setting a non-zero value to the
TriggerType parameter. The following table describes what happens when the
TriggerType parameter is used with the MSG_MODBUS function block.

Action Results
Message is enabled Trigger timer starts

Trigger timer expires before the message ~ Message is immediately triggered in the next
completes ladder scan cycle.

Message completes before the trigger time ~ Message is triggered when the trigger time
expires expires.
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Example: message triggering

In the following example, the TriggerType value is set to 100.

Message Execufion o o
Ladder scan «—p——————— e
EMbit ]
DNERbit — L
Trigger Timer T H—mmne

MODBUSLOCPARA custom command support

Custom Commands in the range of 0-255 that are not already assigned to a
Modbus command are also supported. If a custom command is used then the
LocalCfg:ElementCnt contains the number of bytes received.

The response is received into the Local Address Data and overwrites the request
data.

Example for (MD=0x2B
e Local Address Data 1:0x0E, READ_DEVICE _ID MEI
e Local Address Data 2:0x01, READ_DEV _ID BASIC

e Local Address Data 3:0x00, Read Vendor Object

Message execution process (Rung = TRUE)

The following process diagram describes the message instruction events that occur
when the Rung condition is True.
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Rung Condition is TRUE

Com Queye. Message reque sts added to this queue has buffer

Co >

allocated and processed by communicaton task Maximum ENbE=1
queue size is 4 Examine EN b4
Wait Queue- Messages cannot added to the Com queue are
added to this queus for |ater process. No maximum imit ENbE=D
SStEN bt
ClearDN/ER b4
Ciear Error code
Kot E mpty
< | Add MSG to Wak Queue e DEJ-“:::I“?
Empiy
DNER bt =1
Examinz DNER b
DM bit =0
ERbt=0
Cancel= 1 or 2
T g s EWbit=0
Canced
Cancel = Oand
Timeoat = 0 EN -t
L
Remove MSG fom Walt Ermor
CQueve if present
Queue Rl
Add Mg to Com queue
Cancel =1
Queue miccessh|
L | ] e TOr GO0
= Remove Msg fom Com
Cugue
Sut Ermr col Add MSG to Wakt Queue SelEW bt e
| Y L -
L
END

202

Com queue: Message requests added to the Com queue have a buffer allocated
and processed by the communication task. The maximum queue size limit is 4.
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Wait queue: Messages that cannot be added to the Com queue are added to the
Wait queue to be processed at a later time. The Wait queue does not have a
maximum size limit.

MODBUSTARPARA data type

The following table describes the MODBUSTARPARA data type.

Parameter Data type Description
Addr UDINT Target data address (1 - 65536). Decreases by one when sending.
Node USINT The default slave node address is 1. The range is 1- 247. Zero is the Modbus broadcast address and is only valid for

Modbus write commands (for example, 5, 6, 15 and 16).
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MSG_MODBUS2

204

Parameter

IN

Cancel

Local(fg

Target(fg

LocalAddr

Error

MSG_MODBUS2 sends a MODBUS/TCP message over an Ethernet Channel.
C MSE_ MODBUSZ T

MSG_MODBLS2
- [y Q -
+ Cancel Error +
# LocslCfg ErrorlD &

# TargetCfg  SubErrorlD

# Local Addr Status Bits

b e

MSG_MODBUS2 operation

A maximum of four message requests per channel can be processed in one scan.
For Ladder Diagram programs, message requests are executed at the end of a
ladder scan.

Arguments

When the MSG_MODBUS?2 function block is enabled, the receive buffers for
Read operations are cleared on the rising edge of Enable.

Parameter  Data type Description

type

Input BOOL If Rising Edge (IN turns from FALSE to TRUE), start the function block with
the precondition that the last operation has been completed.

Input BOOL TRUE - Cancel the execution of the function block.

Input MODBUS2LOCPARA Define structure input (local device).

Defines the input structure for the local device.
See MODBUS2LOCPARA data type (on page 207).

Input MODBUS2TARPARA Define structure input (target device).

Defines the input structure for the target device.
See MODBUS2TARPARA data type (on page 208).

Input MODBUSLOCADDR MODBUSLOCADDR data type is a 125 Word array that is used by Read
commands to store the data (1-125 words) returned by the Modbus slave
and by Write commands to buffer the data (1-125 words) to be sent to the
Modbus slave.

Output BOOL TRUE - MSG instruction is finished.

FALSE - MSG instruction is not finished.

Output BOOL TRUE - When error occurs.

FALSE - No error.
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Parameter =~ Parameter  Data type Description
type
ErrorlD Output UINT Show the error code when message transfer failed.

See Modbus2 error codes (on page 206).
SuberrorlD Output UINT Used to verify status bits:
o Bit0: EN —Enable
Bit 1: EW — Enable Wait
Bit 2: ST— Start
Bit 3: ER — Error
Bit 4: DN — Done
Other bits are reserved.

StatusBits Output UINT Sub Error code value when Error is TRUE.

When a MSG is triggered, or re-triggered, a previously set SubErrorID is
cleared.

MSG_MODBUS2 function block language examples

Function Block Diagram (FBD)

Ladder Diagram (LD)
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in output
1 1 "
LI | L

206

= Target.. SubEr_..»

= | ocald . Status_.

Structured Text (ST)

Ms: MODEUSZ 1(in, cancel, lc, to, la);
output := MSG MODEUSZ 1.Q:

error := M5G MODBUSZ 1.Error;

ID := M5G MODEUSZ 1.ErrorID;

[ R oy e

M3E MODBOS2Z 1§

void MSG_MODBUS2_1(E00L TN, BOOL Cancel, MODBUS2LOCPARA LocalC fig, MODBUSZTARPARA TargebCfig, MODBLUSLOCADDR Localdddr)
Type : MSG_MODBUSZ, Sand & modbus meszages.

Modbus2 error codes
The following table describes error codes for the MSG_MODBUS?2 function
block.
Error code Error description
3 The value of the TriggerType has been changed from 2 - 255.
20 The local communication driver is incompatible with the MSG instruction.
21 Alocal channel configuration parameter error exists.
22 The Target or Local Bridge address is higher than the maximum node address.
33 A bad MSG file parameter exists.
54 Alost modem.
55 The message timed out in the local processor. A link layer timeout.
217 The user cancelled the message.
129 Anillegal function.
130 Anillegal data address.
131 Anillegal data value.
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Parameter

Channel

TriggerType

Cmd

ElementCnt

Error code
132
133
134
135
136
137
255

Data type
UINT

UDINT

USINT

UINT

Error description

Asslave device failure.

Acknowledge.

The slave device is busy.

Negative acknowledge.

A memory parity error.

A non-standard reply.

The channel has been shut down.

MODBUS2LOCPARA data type

The following table describes the MODBUSLOCPARA data type parameters.

Description

Local Ethernet port number:

4 for Micro850 & Micro820 embedded Ethernet port

Message trigger type:

0: Msg Triggered Once (when IN goes from False to True)

o 11065535 - Cydlic trigger value in milliseconds. Message triggered periodically when IN is true and the previous

message execution completes.

Set the value to 1 to trigger messages as quickly as possible.

Modbus command:

01: Read Coil Status (0xxxx)

02: Read Input Status (Txxxx)

03: Read Holding Registers (4xxxx)

04: Read Input Registers (3xxxx)

05: Write Single Coil (0xxxx)

06: Write Single Register (4xxxx)

15: Write Multiple Coils (Oxxxx)

16: Write Multiple Registers (4xxxx)

Others: See MODBUS2LOCPARA custom command support

Limits

For Read Coil/Discrete inputs: 2000 bits
For Read Register: 125 words

For Write Coil: 1968 bits

For Write Register: 123 words
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Parameter

Addr

208

Data type
UDINT

MSG_MODBUS2 message triggering

A Modbus message can be triggered periodically by setting a non-zero value to the
TriggerType parameter. The following table describes what happens when the
TriggerType parameter is used with the MSG_MODBUS?2 function block.

Action Results
Message is enabled Trigger timer starts

Trigger timer expires before the message ~ Message is immediately triggered in the next
completes ladder scan cycle.

Message completes before the trigger time ~ Message is triggered when the trigger time
expires expires.

MODBUS2LOCPARA custom command support

Custom Commands in the range of 0-255 that are not already assigned to a
Modbus command are also supported. If a custom command is used then the
LocalCfg:ElementCnt contains the number of bytes received.

The response is received into the Local Address Data and overwrites the request
data.

Example for (MD=0x2B
e Local Address Data 1:0x0E, READ_DEVICE _ID MEI
e Local Address Data 2:0x01, READ_DEV_ID BASIC

e Local Address Data 3:0x00, Read Vendor Object

MODBUS2TARPARA data type

The following table describes the MODBUSTARPARA data type parameters.

Description

Target device’s Modbus data address:

e 1-65536.

o Decreases by one when sending.

o Firmware uses low-word of address if the address value is greater than 65536.
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Parameter

NodeAddress[4]

Port

Unitld

MsgTimeOut

ConnTimeOut

ConnClose

Data type
USINT

UINT

USINT

UDINT

UDINT

BOOL

Description

Target device’s IP address. The IP address should be a valid unicast address and cannot be 0, multicast, broadcast,
local address or loop back address (127.x.x.x).

For example, to specify 192.168.2.100:

o NodeAddress[0]=192

e NodeAddress[1]=168

e NodeAddress[2]=2

o NodeAddress[3]=100

Target TCP port number. Standard Modbus/TCP port is 502.
1-65535

Set to 0 to use the default value 502

Unit Identifier. Used to communicate with slave devices through a Modbus bridge. Refer Modbus specification for
more details. Note that Micro800 shall not attempt to validate this value.

0-255

Set to 255 if Target device is not a bridge.

Message timeout (in milliseconds). Amount of time to wait for a reply for an initiated command.
250-10,000

Set to 0 to use the default value 3000.

Avalue less than 250 (minimum) will be set to 250.

A value greater than 10,000 (maximum) will be set to 10,000.
See also Modbus/TCP message timeout timers (on page 209).

TCP Connection establishment timeout (in milliseconds). Amount of time to wait for establishing successful TCP
connection to the Target device.

250-10,000
Set to 0 to use the default value 3000.

Avalue less than 250 (minimum) will be set to 250.

o Avalue greater than 10,000 (maximum) will be set to 10,000.
See also Modbus/TCP message timeout timers (on page 209).

TCP connection closing behavior.

o True: Close the TCP connection upon message completion.

o False: Do not close the TCP connection upon message completion [Default].
See also Modbus/TCP message connections (on page 210).

Modbus/TCP message timeout timers
The following table describes how timers for MODBUS2TARPARA timeout

parameters (UcmmTimeout and ConnMsgTimeout) behave based on message
requests and status.
Action Results

Message is enabled UcmmTimeout timer is activated
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Action Results

Connection is requested ConnMsgTimeout timer is activated
ConnMsgTimeout timer is active UcmmTimeout timer is disabled
Connection request is completed UcmmTimeout timer is reactivated

Modbus/TCP message connections

Modbus/TCP client supports a maximum of 16 connections. The following table
describes Modbus/TCP connection behavior.

Scenario Results
Message request is enabled, and a connection to the target does  If a connection to the target does not exist, a new connection is
not exist. . established.
If a connection to the target already exists, the existing connection is used.

Message execution is completed, and ConnClose is set to True.  If there is only one connection to the target, the connection is closed.
If there is more than one connection to the target, the connection is closed
when the last message execution is completed.

Message execution is completed, and ConnClose is set to False.  The connection is not closed.

Connection is not associated with an active message, and The connection is closed.
remains idle for the amount of time specified in ConnTimeQut
parameter.

Controller transitions from an executing mode (Run, Remote All active connections are forcibly closed.
Run, Remote Test Single Scan and Remote Single Rung) to a
non-executing mode.

210 Radanell Autormetion Publication 2080RVIDIBENE - March 20014Virch 2014



Garunication instructions Chapter 9

The following topics describe how and when MSG_CIPGENERIC,

Message execution MSG_CIPSYMBOLIC and MSG_MODBUS2 message instructions execute
processes and timing based on their bit and rung conditions.
diagrams
Message execution process (general)
The following diagram shows how and when messages execute based on the status
of the Com queue. See the table below for a detailed description of each the
sequence.
~ Ladder Scan o C ommunication Task (€ nd of Scan) _
L True J\
Com Quewe (max 4)
4 % F, " Process Server H\'\\.\_\
R { 3 . /E{ E
- S e — Tlomane sapons > Com ik
MSG FB _ : — N o Faise
Irigger o r mer -~
s L o ~~

Process C lient

evenis

(on&a measags per
‘ channel)

Message execution sequence (general)

The following table describes the sequence of events identified in the preceding
diagram.

No. Description of events

1 The message is enabled.

If the Com queue is empty, the buffer is allocated for the message and the message is added to the Com queue for
transmission.

The Com queue size is 4 and each channel has a separate queue.
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No. Description of events

2 Ifthe Com queue is full, the message is added to the Wait Queue.
When the Com queue is empty, the message in the Wait queue is added to the Com queue.
There is no size limit for the Wait Queue and each channel has a separate queue.

3 The communication task executes the messages in the Com queue on every End-of-Scan for transmission.
Each channel's queue is processed one by one in a round robin fashion.

One message from each channel is executed, and the process continues until all messages are executed or the
communication schedule (10ms) expires.

The channel next to the last processed channel is scheduled to appear first in the next End-of-Scan.

Message execution process (Rung = TRUE)

The following process diagram describes the message instruction events that occur
when the Rung condition is True.
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Rung Condition is TRUE

Co >

Com Queye. Message reque sts added to this queue has buffer
allocated and processed by communicaton task Maximum ENbE=1
queue size is 4 Examine EN b4
Wait Queue- Messages cannot added to the Com queue are
added to this queus for |ater process. No maximum imit ENbE=D
SetEN bt
ClearDN/ER bat
Ciear Error code
Not E mpty
< | Add MSG to Wak Queue e DEJ-“:::I“?
Empiy
DNER bt =1
Examinz DNER b
DMt =0
ERbt=0
Cancel= 1 or 2
e = EW bt =0
Canced
Cancel = Oand
Timeoat = 0 EN -t
L
Remove MSG fom Walt Ermor
CQueve if present
Queue Rl
Add Mg to Com queue
Cancel =1
Queue successhl
L | ] e TOr GO0
e Remove Msg fem Com
Cusue
Sut Ermr col Add MSG to Wakt Queue SelEW bt e
| Y L -
1
END

Com queue: Message requests added to the Com queue have a buffer allocated
and processed by the communication task. The maximum queue size limit is 4.
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Wait queue: Messages that cannot be added to the Com queue are added to the
Wait queue to be processed at a later time. The Wait queue does not have a
maximum size limit.

Message execution timing diagram (Rung = TRUE)

The following table describes the message conditions and bit status for each
execution step identified in the timing diagram while the rung condition remains

true.
Step  Message description Bit status
1 Rung condition goes TRUE. EN bit is set.

Message execution is enabled. All other bits are cleared.
2 Message control buffer is acquired. At this time, input data (that is, the ~ EW bit is set.

"data" parameter for write messages) is copied for transmission.
Subsequent changes to the input data will not be reflected in the
transmitted message.

3 Message transmission starts. EW bit is cleared.
ST bit s set.

4 Message response is received. ST bit is cleared.
DN bit is set.

5 Rung condition goes FALSE. EN bit is cleared.

Timing diagram for (Rung = TRUE)
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Error

(ER)

FALSE)

Message execution process (Rung

The following process diagram describes the message instruction events that occur

when the Rung condition is True.

215
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Rung Condition is FALSE

Cancel=10r
Timeout = 1

Cancel = 0 and
Timeout = 0

Remove MSG fom Wal
Queue if present

Set EW bit

EWbl=10

Examine DNER bit

DNER bt = 1

D' bit= 0 i
ER bi=0
ClearEN bt
L ]
Examine EW bit
EW bit = 1
L ]
Cancel=0

Examine Cancel

ClearEN bt
Set Ermor / Ermor code:
Ramove Msg fom Com

Radunell Autormetion Pblication 2080RVIDIBENE - March 2014Vrch 2014




Garunication instructions Chapter 9

Message execution timing diagram (Rung = FALSE)

The following table describes the message conditions and bit status for each
execution step identified in the timing diagram when the rung goes to FALSE
during execution.

Step  Message description Bit status
1 Rung condition goes TRUE. EN bit is set.

Message executioy is enabled. All other bits are cleared.
2 Rung condition goes FALSE.

Message execution continues.

3 Message buffer is acquired.At this time, input data (that is, the "data”  EW bit is set.
parameter for write messages) is copied for transmission. Subsequent
changes to the input data will not be reflected in the transmitted

message.

4 Message transmission starts. EW bit is cleared.
ST bitis set.

5 Message response is received. ST bit is cleared.
DN bit is set.

6 Message is scanned again after step 5. EN bit is cleared.

Timing diagram for (Rung = FALSE)
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'llﬂlll

ST

(DM}

Error
(ER)

Message execution process (Error)

The following table describes the message conditions and bit status for each
execution step identified in the timing diagram when an error occurs during

execution.
Step Message description Bit status
1 Rung condition goes TRUE. EN bit is set.
Message execution is enabled. All other bits are cleared.
2 Message buffer is acquired. EW bitis set.
3 Message transmission starts. EW bit is cleared.
ST bit s set.
4 Message transmission times out. EW and ST bits do not change.
4-6 As rung condition goes FALSE. EN bit is cleared.
ER bitis set.

Message execution timing diagram (Error)

The following timing diagram shows a typical pattern when an error occurs during
execution.
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EN

EW

ST
o
(DM}

Error

(ER)

416

219

Rodwell Autormation Publication 2080 RVIOIBENE - March 2014Vich 2014



Chapter 9

Gammunication instructions

Using the communication
(message) function blocks

220

This section provides specific details and examples for using communication
instructions in logic programs. See the following topics for details of and examples

for using the MSG_CIPGENERIC and MSG_CIPSYMBOLIC function blocks

to create programs.

Configuring object data values for explicit messaging
(MSG_CIPGENERIC)

To use the MSG_CIPGENERIC function block for explicit messaging, you will
need to configure the AppCfg parameter with the correct values.

For additional information about message communication

There are several sources of information covering the implementation and use of
message communication, including Connected Components Workbench Help,
user manuals and the Rockwell Automation Literature Library.

Information sources for message communication

The following table lists additional sources of information relevant to message

communication.
Information source Description How to find the information
User manual for your specific Contains important information about messaging  Connected Components Workbench Help

communication device

and specificinformation for configuring message ~ menu
function blocks.

EtherNet/IP Adapter 22-COMM-EFRN  Provides information about the EtherNet/IP objects ~ Connected Components Workbench Help

1.xxx, Appendix C that can be accessed using Explicit Messages. menu
EtherNet/IP specification Defines the objects to be included in every CIP ODVA web site (http://www.odva.org)
device: ldentity object, Messsage Router object and
the Network object.
Micro800 Programmable Controllers: Provides quickstart instructions for using CIP Rockwell Automation Literature Library
Getting Started with CIP Client GENERIC and CIP Symbolic Messaging in Micro830
Messaging and Micro850 programmable logic controllers (PLC).

Accessing user manuals and quickstart guides

To access quickstart guide from the Help Menu
1. On the Help menu, click View Help.
2. Double-click on Connected Components Workbench.

3. Double-click on Getting Started with Connected Components
Workbench.

Rodwell Autormation Publication 2080 RVIIBENE - March 2014Vich 2014



Gmunication instructions Chapter 9

To access drive manuals from the Help menu

1.  On the Help menu, click User Manuals to display the Manuals dialog box.

2. Click the plus (+) sign next to Drives to expand the category, and then
expand the class until you locate your manual.

3. Double-click the manual name to open the pdf file.

To access the EtherNet/IP manual from the Help menu
1. On the Help menu, click User Manuals to display the Manuals dialog box.

2. Click the plus (+) sign next to Drives to expand the category, and then
expand the PowerFlex 4-class Peripherals class.

3. Double-click the 22-COMM-E EtherNet/IP Adapter User Manual to open
the pdf file.

To access manuals from the Rockwell Automation Literature Library

1. Go to http://literature.rockwellautomation.com
(htep://literature.rockwellautomation.com).

2. Click Advanced Search.

3. Enter the product information and other search criteria. This example
shows search criteria for Kinetix manuals:

ADVANCED SEARCH

Brand: |J"-|;lf'|1'E-| .?.I_'"-‘_".,- :J
P foi g i )
FoCnCE |-'~'|D".'nn Control, Integrated (Allen-Bradley) |
Hefine: |'_'-.-:"I"1"3 Diriwes r]
Rafline Further: | e - J
Kinetix 3 i)

4. Click Search.

To access non-English language versions of user manuals

1. Select the language from the Publication Language drop-down box (right
corner).

2. Enter the full or partial device catalog number in the Search box. For
example, enter 2080-LC30 to view Micro830 user manuals.

CIP Register object data

MSG_CIPGENERIC function blocks use the CIP Register object data in the
AppCfg parameter. The object data includes the following:
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e (lass Code
e Instance
e Instance Attribute

e Service

Values for the MSG_CIPGENERIC AppCfg parameter

Use the values from the CIP register object in your input variables to configure the
MSG_CIPGENERIC function block parameters. The following image shows
how the CIP register object data values are used in the MSG_CIPGENERIC

function block parameters.

" oaewe | Comven o nie

v - =2 - ot

+ MSG_ReadDrive () MSG_CIPGENERIC -

- |MyAppCla | |cpapPCFG {4 ]
MyAppClg Service ] USINT CIP Service code: 1- 127 14
MyAppCg.Class UINT CIP Class ID: 1 - 65535 7
MyAppClgInstance | UDINT CIP Instance ID: 0 - 0xFFFFFFFF 4
MyAppCfg.Attribute | UINT CIP Attribute: 1 - 65535, 0 - No attribute || 2

~MyAppCfg MemberCnt  USINT CIP Member ID count: 1- 3, 0- None el
+ MyAppCfg.Memberld  CIPMEMBERID CIP Member ID: 0 - 65535

Example: How to create a MSG_CIPGENERIC messaging program to
read data from a controller

This example shows you how to create a message program to retrieve Controller
B's catalog information from Controller A usinga MSG_CIPGENERIC function
block and a COP function block.
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Stratix
Ethernet
Switch

No

Ly

Controller A
Catalog: 2080-LC30-48QVE
. IP Address 192 168.1.18
Subnal Mask: 235.255.255.0
1 Gateway Address.  192.768.1.1

Controller B

Calalog: 2080-L CH0-48Q88
|P Address: 192 168.1.19
Subnet Mask: £99.232.225.0

Gateway Address: 182 168.1.1

Creating a MSG_CIPGENERIC messaging program

Perform the following tasks to create a MSG_CIPGENERIC messaging program
that can be used to read information from a different controller.

Task

[dentify initial values for the input variables (MSG_CIPGENERIC) (on page 223)
Add a MSG_CIPGENERIC function block and variables (on page 224)

Configure initial values for variables (on page 226)

Add a contact and a coil (on page 229)

Add a COP function block, variables and contact (MSG_CIPGENERIC) (on page 229)

Verify correct IP configuration on Controller B (on page 231)

Identify initial values for the input variables (MSG_CIPGENERIC)

Follow these general steps to obtain the Identity Object values to use for
configuring the AppCfg parameter initial values.

To add input variables and initial values

1. From the Help menu, click User Manuals.
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2. Expand the Drives selection and locate the user manual for the type of

communication adapter you are using (EtherNet/IP Adapter User
Manual).

Double- click the manual to open it.

4. Review the Appendix headings to locate the section that provides
information about the EtherNet/IP objects that can be accessed using
Explicit Messages (Appendix C).

5. Go to the Appendix section and identify the object type related to your
explicit message (Identity object).

6. Identify the initial values for the AppCfg parameters based on the type

information you will be retrieving.

Ethernet/IP object data and AppCfg parameters example

The following table identifies the specific Ethernet/IP object data that will be used
to read catalog information from a controller.

Input variable example App(fg Ethernet/IP objectdata  Description Initial value
parameter option
MyApp(fg.Service Service Service code Implement for class = Yes 14
Implement for Instance = Yes (OXOE in hexadecimal)
Get attribute single
MyApp(fg.Class (lass (lass code EtherNet/IP object class = Identity object 01
MyApp(fg.Instance Instance Instances 22-COMM-E 01
MyApp(fg.Attribute Attribute Instance attribute Get product name and rating as SHORT 07
STRING

Add a MSG_ CIPGENERIC function block and variables

Follow these steps to start a project, add a MSG_CIPGENERIC function block to
aladder diagram program and then add input variables to the function block.

Add a MSG_CIPGENERIC function block
1. Add a controller:

e Expand the Controllers folder and the Micro850 folder to view all
Micro850 controllers.

e Double-click a controller (2080-LC50-48QVB) to add it to the Project

Organizer.

2. Add aladder diagram program:
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e In the Project Organizer, right-click Programs, click Add, and then
click New LD: Ladder Diagram.

e Right-click the ladder diagram icon in the Project Organizer, click
Rename and type CIPExplicitMessage.

e Double-click the ladder diagram program in the Project Organizer to
display the LD POU in the language editor.

3. Addthe MSG_CIPGENERIC function block:

In the Toolbox, select Block and drag and drop it onto the ladder rung
to display the Block Selector.

e In Scarch, type MSG to display the message function blocks.

e Type MSG_ReadDrive in the Instance field.

e Double-click MSG_CIPGENERIC to add an instance of the function
block to the ladder diagram.

Add MSG_CIPGENERIC variables

1. Addlocal input variables:

e In the Project Organizer, double-click Local Variables to display the
Local Variables page.

o In the Variables page, add the variables and data types listed in the table.

Parameter Variable Name Data Type
(trlCfq MyCtrlCfg CIPCONTROLCFG
App(fg MyApp(fg CIPAPPCFG
Target(fg MyTarget(fg CIPTARGETCFG
RegData MyRegData USINT
RegLength MyReqLength UINT

ResData MyResData USINT (array)

2. For the MyResData variable, double click in Dimension and change the
array size to [1..81].
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Result
The Variables page should look similar to the following image.
I ™S B T
= - ot - ot - ot - ot
. +| MSG_ReadDrive L MSG CPGENERIC - o,
B - Mycuicig CIPCOMTROLCFG - B
B - Myrecha CIPAPPCFG - @
B -/ My Targetci CIPTARGETCEG - B
B reaDee USINT
B '4Relengh LINT -
Bl A PR TR
. =
Configure initial values for variables
Follow these steps to add initial values to the input variables you previously
created and then assign the variables to the correct MSG_CIPGENERIC function
block input parameter.
To configure initial values for the MyCtriCfg input variable

1. From the Local Variables page, expand MyCtrlCfg to view its parameters.

2. Enter the following values in the Initial Value column for each parameter.
Parameter Initial value Comments
My(trlCfg.Cancel Leave blank Not needed.
My(trlCfg.TriggerType 0 We only need to retrieve the catalog

number once.

MyCtrlcfg.StrMode Leave blank Not needed.
To configure initial values for the MyApp(fg input variable

1. From the Local Variables page, expand MyAppCfg to view its parameters.

2. Enter the following values in the Initial Value column for each parameter.
Parameter Initial value
MyApp(fg.Service 14
MyApp(fg.Class 01
MyApp(fg.Instance 01
MyApp(fg.Attribute 07
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Parameter
MyTarget(fg.Path

MyTarget(Cfg.CipConnMode
MyTargetCfg.UcmmTimeout

MyTargetCfg.ConnMsgTimeout

MyTargetCfg.ConnClose

To configure initial values for the MyTarget(fg input variable

1. From the Local Variables page, expand MyTargetCfg to view its parameters.

2. Enter the following values in the Initial Value column for each parameter.

Initial Value Comments

'4,192.168.100.4' The first ‘4’ indicates the message is being sent out of the embedded Ethernet port.
192.168.100.4 is the IP address of the drive Ethernet interface.

0 Unconnected is preferred for CIP messages.

blank Unconnected messages have a timeout default of 3000 milliseconds if their Initial
Values are blank.

blank Connected messages have a timeout default of 3000 milliseconds if their Initial Values
are blank.

FALSE For Connected messaging, the CIP connection could be closed immediately after

completion of the message instruction by setting the Initial Value to TRUE.

Result

The parameters in the Variables page should look similar to the following image.

- - o o -
= Hiﬁluﬂ.‘»hv I WG CPGENERIC = |
yCariCig CPCOMTROLORG -
ByCeriThg Camcel BOOL Abert the eoecuteon of message |
m‘w T 0= Teigeer ance n - Cyelic tngowe |
UENT renerved pERTEIE |
- u,.-.pcfg CAPRCYG = i
Mydpplig Serve LEINT 14 IOF Servicw cote | - 127 |
WhyiagpiCig Clan T { OF Olans 10 1 - 65535 |
hpppli lnstance T o4 P Irataece 100 O - OuFPEFETRY |
Wyhpplin Attribute T ! (OF Anribste 1 - 63505 0 - Mo stwibute |
by aopCiy MermberCre ENT O Mermier [0 court: 1 - 3.3 - Nore |
by dipplig Mermbarrdd CPMEVBESD P Mpmber 0 0 - 83535 |
- bty Targeniig OFTRAGETTFG - |
Moy Targesihg Fath STRING "4 19216810 OF Sessination path: |
My TargerChy Ciplomnbiode  LSINT 0~ Unconmected, 1 - Clend connection |
Bty Targuel g U rewm Timaesnut LDNT o Uneanra Dis FuLgs S Sl |
Wiy TargesChg ConmblogTimeout  LICINT Conner ted mesage time put. |
Uy TargenC iy Coeallowe B Farst TRUE Clesie OF conmciion opom memuge |
Bely Rz it LSNT
ity RegLength LT
. [asns 'E__m-_i
| | pres
W Moo bl |

To assign the variables to the parameters

1. In theladder diagram POU, click the top portion of the variable input
block to display the variable drop-down list.
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2. From the list, assign each input parameter to its correct input variable as
identified in the following table.

Parameter Input variable Comments

(trlCfg MyCtrlCfg The catalog number must only be retrieved one time so the MyCtrlCfg.TriggerType
initial value is set to 0.

App(fg MyApp(fg The initial values were determined by looking up the object data values for Service,
(lass, Instance and Attribute.

Target MyTarget(fg The initial values are for target device configuration.

RegData MyReqData Because this is a Read message, there is no request data so the ReqData parameters is
not used.

RegLength MyRegLength Because this is a Read message, there is no request data so the ReqLength parameters
is not used.

ResData MyResData The catalog number string is stored in the array in the ODVA short string format.

The first array element defines the strength length and the rest store the string
character's hexadecimal value.

The maximum number of characters is 80, plus the length element so MyResData is
defined as a 1 dimension array with 81 elements.

Result

Your instance of the MSG_CIPGENERIC function block should look similar to
the following image.
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Add a contact and a coil
Follow these steps to add a coil and a contact to the MSG_CIPGENERIC

function block, which will be used to convert the catalog information to a human
readable string.

1. In the Toolbox, select Direct Contact and dragand drop it to the left of the
MSG_CIPGENERIC function block input on the first ladder rung,

2. In the Variable Selector, type Get_Catalog in the Name field for the
contact.

3. Inthe Toolbox, select Direct Coil and drag and drop it to the right of the
MSG_CIPGENERIC function block output on the first ladder rung,

4. 1In the Variable Selector, type Convert_String in the Name field for the
coil.
Result

The first rung of your ladder diagram program for MSG_CIPGENERIC
messaging should look similar to the following image.

Comvert_Siring

Add a COP function block, variables and contact (MSG_ CIPGENERIC)

Follow these steps to add a COP function block, variables and a contact. The
COP instruction is used to convert data from the source data type (for example,
DINT or REAL) to the destination data type. In this example, the catalog
information will be converted to a human readable string,
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Add a COP function block

1. In the Toolbox, select Rung and drag and drop it directly under the first
ladder rung to add a second rung.

2. Add the COP function block:

e In the Toolbox, select Block and drag and drop it onto the second
ladder rung to display the Block Selector.

e  Double-click COP to add an instance of the function block to the

ladder diagram.

Add COP variables

1. Addlocal input variables:

e In the Project Organizer, double-click Local Variables to display the

Local Variables page.
e In the Variables page, add the variables and data types listed in the
following table.
Parameter Variable name Data type
Src MyResData Array USINT
SrcOffset 0 UINT
Dest (atalogID Array STRING
DestOffset 0 UINT
Length 1 UINT
Swap FALSE BOOLEAN

2. For the CataloglID variable, double click in Dimension and change the
array size to [1..1]

Add a contact

1. In the Toolbox, select Direct Contact and dragand drop it to the left of the
COP function block input on the second ladder rung,

2. Inthe Variable Selector, select the Convert_String variable for the contact.

Result

The second rung of your ladder diagram program for MSG_CIPGENERIC

messaging should look similar to the following image.
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Convert_String

Verify correct IP configuration on Controller B
Follow these steps to verify the IP address settings are correct on Controller B.
1. Open the application workspace for the controller:

2. From the Project Organizer, double-click the controller to display it in the
application workspace.

3. In the controller configuration workspace, expand Ethernet in the
controller tree and then click Internet Protocol to display the controller
configuration page.

4. Verify the IP address settings are correct as identified in the following table.

IP configuration option Value

IP address 192.168.1.19
Subnet Mask 255.255.255.0
Gateway address 192.168.1.1
Results

The Internet Protocol options in your controller configuration page should look
similar to the following image.
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Example: How to create a MSG_CIPSYMBOLIC messaging program to
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write a value to a variable

This example shows you how to create a message program to write a value to a
Controller B global variable from Controller A.
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Stratix
Ethemet
Switch

Controller A

Catalog: 280-LCH-480VE
P Address 192 166 1.18
Bubnet Mask p LI BT

Gateway Address. 192 168 1 1

E! | Vaiue wrie fo B
A

978654321

Global vanatie: UINNT_FromA

Controller B

Catalog 2080-L C50-48088
P Address 192 168 1.19
Subnet Mask: 299,738 255 0
Gateway Addrass: 192 168 1.1

Creating a MSG_CIPSYMBOLIC messaging program

Perform the following tasks to create a MSG_CIPSYMBOLIC messaging
program that can be used to write a value to a global variable on another
controller.

No Task

1 Add a COP function block, variables and a contact (MSG_CIPSYMBOLIC) (on page 233)
2 Add an Equal operator and a coil (on page 235)

3 Add a MSG_CIPSYMBOLIC function block, variables and a contact (on page 237)

4 Verify correct IP configuration on Controller B (on page 231)

5 Create global variable for Controller B (on page 241)

6 Review the complete program results (on page 242)

Add a COP function block, variables and a contact (MSG_ CIPSYMBOLI()

Follow these steps to add a COP function block, variables and a contact. The
COP instruction is used to convert the data you enter to the destination data type
so it will be compatible with the controller variable.

Add a COP function block
1. Add a controller:
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Expand the Controllers folder and the Micro850 folder to view all
Micro850 controllers.

Double-click a controller (2080-LC50-48QVB) to add it to the Project

Organizer.

2. Addaladder diagram program:

In the Project Organizer, right-click Programs, click Add, and then
click New LD: Ladder Diagram.

Right-click the ladder diagram icon in the Project Organizer, click
Rename and type CIPSymbolicMessage.

Double-click the ladder diagram program in the Project Organizer to
display the LD POU in the language editor.

3. Adda COP function block:

In the Toolbox, select Block and drag and drop it onto the first ladder
rung to display the Block Selector.

In Search, type COP, and double-click COP to add an instance of the
function block to the ladder diagram.

Add COP variables and initial values

1. Add variables:

In the ladder diagram POU, double-click Local Variables to display
the Local Variables page.

In the Variables page, add the variables and data types listed in the table

below.

2. Create Arrays:

For ValueToWrite, double-click in Dimension and change the array
size to [1..1].

For A_Data, double-click in Dimension and change the array size to

[1.4].

3. Enter the data from the Value column of the table below into the Initial
Value field for each variable.

Parameter
Src
SrcOffset
Dest

Variable name Data type
ValueToWrite Array UINT
0 UINT
A_Data Array USINT
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Parameter Variable name
DestOffset 0

Length 4

Swap TRUE

STS (OPsts

Add a contact

Data type
UINT

UINT
BOOLEAN
Array UINT

1. In the Toolbox, select Direct Contact and dragand drop it to the left of the
COP function block input on the first ladder rung,

2. Inthe Variable Selector, assign a variable named Convert_Data to contact.

Result

The first rung of your ladder diagram program for MSG_CIPSYMBOLIC
messaging should look similar to the following image.

Comvert_Datz

Add an Equal operator and a coil

Follow these steps to add an Equal (=) operator, variables and a coil. The Equal

instruction is used to trigger writing a value if the data type conversion was

successful.
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To add an Equal operator

1. In the Toolbox, select Rung and drag and drop it directly under the first
ladder rung to add a second rung.
2. Add an Equal operator:

e In the Toolbox, select Block and drag and drop it onto the second
ladder rung to display the Block Selector.

o In Search, type the '="sign and double-click '=' to add an instance of
the operator to the ladder diagram.

To add Equal variables
1. In theladder diagram POU, double-click a variable to display the Variable

Selector.

2. In the Variable Selector, assign variable names as listed in the following

table.
Parameter Variable name
i (COPsts
i2 1

To add a coil to the Equal operator

1. In the Toolbox, select Direct Coil and dragand drop it to the right of the
Equal operator output on the second ladder rung,

2. Inthe Variable Selector, type WriteValue in the Name field for the coil.

Result

The second rung of your ladder diagram program for MSG_CIPGENERIC
messaging should look similar to the following image.

white\alue

T
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Add a MSG_CIPSYMBOLIC function block, variables and a contact
Follow these steps to add a MSG_CIPSYMBOLIC function block, input variables

and a contact to a ladder diagram.

Add function block and variables

1. In the Toolbox, select Rung and drag and drop it directly under the second
ladder rung to add a third rung.

2. Add the MSG_CIPSYMBOLIC function block:

e In the Toolbox, select Block and drag and drop it onto the ladder rung
to display the Block Selector.

e In Scarch, type MSG to display the message function blocks.
e Type MSG_WriteVariable in the Instance field.

e Double-click MSG_CIPSYMBOLIC to add an instance of the
function block called MSG_WTriteVariable to the ladder diagram.

3. Assign variable names:

e In the ladder diagram POU, double-click a variable to display the
Variable Selector.

e In the Variable Selector, assign variable names as listed in the following

table.

4. For the Data variable, double click in Dimension and change the array size

to [1..4].

Configure initial values for the local variables
1. Add CulCfginitial values:

e From the Local Variables page, expand the CtrlCfg parameter to view
additional parameters.

e Enter the following values in the Initial Value column for each

parameter.
Parameter Initial value
A_CtrlCfg.Cancel Leave blank
A_CtrlCfg.TriggerType 300
A_Ctrlcfg.StrMode Leave blank

2. Add SymCfginitial values:
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e From the Local Variables page, expand the SymCfg parameter to view
additional parameters.

e Enter the following values in the Initial Value column for each

par ameter.
Parameter Initial value
A_Sym(fg.Service 1
A_Sym(fg.Symbol 'UDINT_FromA'
A_Sym(fg.Count Leave blank
A_Sym(fg.DataType 200
A_Sym(fq.Offset Leave blank

Results

The Local Variables selector should look similar to the following image.

. (S e T e ([P SymbolicMessage- POU Microd30

e [ ot | v

= gt = gt e = ot
+ | MSG_OPSYMBOLIC 1 I MSG CPSYMBD - .

- .ﬁ._EIrICfg CIPCOMNTROLCFG * BN
B ~cricgcance BOOL
A& _CriCig TriggerType  UDINT 300
= ACtiCigSuMode  USINT
W - s [@omsoucrs -1 ]
A_SymCfg. Senvice LSINT 1

A SymCfg.Symbol  STRING "UDENT_FromaA
B ~smoacoum LINT
B  AsmCigDstaType  USINT 200
B A smCigOffset USINT

Configure initial values for Target(fg
1. From the ladder diagram POU, double-click the A_TarCfg variable to open
the global variables selector.
2. Expand the TargetCfg parameter to view additional parameters.

3. Enter the following values in the Initial Value column for each parameter.

Parameter Initial value
A_Tar(fg.Path '4,192.168.1.19'
A_Tar(fg.CipConnMode 1
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A_Tar(fg.UcmmTimeout 0
A_TarCfg.ConnMsgTimeout 0
A_Tar(fg.ConnClose Leave blank
Results

The User Global Variables selector should similar to the following image.

| User Giobal Vanabies - MerBS0 | Local Varables - N/A | System Vanables - Mcro@50 | 1/0 - M50 | Defnec

|| - o8 CIFTARGETCFG -+ == =
| - [ATerCig |CIPTARGETCFG -] |
[ B ATaCipPath STRING 4192168119

B A TerCi CipConnblode USINT 1

B A TerClg UcmmTimesut UDINT 0

B A TaCigConnMsgTimeout  UDINT o

B A TerCihConnClose BODL
™ -

Values for the Data parameter

The values for A_Data will be automatically obtained from the COP function
block on Rung 1. Also, notice that A UDINT is 32 bit data, USINT is 8 bit data,
so A_Data is a one dimension array with 4 elements

Add a contact

1. In the Toolbox, select Direct Contact and dragand drop it to the left of the
MSG_CIPSYMBOLIC function block input on the third ladder rung.

2. In the Variable Selector, assign the WriteValue variable to the contact.

Result

The third rung of your ladder diagram program for MSG_CIPSYMBOLIC
messaging should look similar to the following image.
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Verify correct IP configuration on Controller B
Follow these steps to verify the IP address settings are correct on Controller B.
1. Open the application workspace for the controller:

2. From the Project Organizer, double-click the controller to display it in the
application workspace.

3. In the controller configuration workspace, expand Ethernet in the
controller tree and then click Internet Protocol to display the controller
configuration page.

4. Verify the IP address settings are correct as identified in the following table.

IP configuration option Value

IP address 192.168.1.19
Subnet Mask 255.255.255.0
Gateway address 192.168.1.1
Results

The Internet Protocol options in your controller configuration page should look
similar to the following image.
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Create global variable for Controller B
Follow these steps to create a Global variable for controller B.

1. In the Project Organizer, double-click Global Variables to display the
global variables selector.

2. Click in the name column and type UDINT_ToA.

3. Configure the remaining parameters:
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e  Verify the data type is UDINT.
e Type 123456789 in the Initial Value field.

e Verify the Read/Write attribute is selected.

Results

The Global Variables selector should look similar to the following image.

Initial Value Attribute

- gt - gt - gt - gt
_I0_EM_DL 27 BOOL - Read -
+| A_TarCfg CIPTARGETCFC ~ Read/Write -
UDINT_ToA UDINT + 123456789  Read/Write -~

Review the complete program results

The following example shows the complete MSG_CIPSYMBOLIC messaging
program after it has executed.
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Fims | phos

Controller B results

The following two images show the values for Controller B before and after the
messaging program is executed.
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Before the program is executed

Project Organizer

[ ome T Loucarvae [ Pvscarvoe
- ot - o - ot
UDINT_Frosnd 1] MIA
I0_EM_DI_00

10 EM DI 01
J0_EM_DI_0z
IO EM DI 03
10 EM_DI_04
_I0_EM_DI 05
-10_EM_DI1_06

After the program is executed

MRl icroBS0-VAR X

Project Organizer

55,085, o0 e g
E[:I MEs0_CkrlB480BE . - o " & )
LIDINT _Frama SH7ES432] NJA
E?E — _10_EM_D1_00
10 EM DI 01
ﬂ Global Variables 0 _EM_DI_02
_I0_EM_DI_03
I User-Defined Function £ _I0_EM_DI_D4
L patat S0 L
4 il _I0_FM_DI_06

Example: How to configure Modbus communication to read from and
write to a drive

These examples show you how to configure Modbus communication to read
status data from and write control data to a PowerFlex 4 drive using the

MSG_MODBUS function block.
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Micro830 wiring

This example uses a Micro830 controller with a SERTALISOL module plugged
into the first slot (Channel 5). A single PowerFlex 40 is connected, but the
diagram below shows how to wire for multi-drop. Refer to the user manual for
additional wiring information.

.
ey eeeeeeeeeeeﬂ'

Master u‘“ u;‘ g’-“ FRONT
an P - TSR SR
+485 L P 5 TRl & TaRa- 5:. ﬁq
-485 h._.s---u e Ses ., Pwe
NOTE: The shisld should be grounded af OMNLY ONE location.

i1 60 53 04 6 06 67 08 09
[oo]olh

AK-U0-RJ45-TB2P is an RJ45 connector with 2 terminal blocks for RS485 communications

Modbus Read example

The following MSG_MODBUS instruction can be used to read status data from
the PowerFlex 40 drive.

Drive status

An "1807" indicates the drive is
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e Ready (bit 0 ON),

e Active (bit 1 ON)

e Commanded Forward (bit 2 ON)
¢ Rotating Forward (bit 3 ON)

e  Status of some digital inputs on the drive
A "278" indicates 27.8Hz.

Refer to the PowerFlex user manual for additional information about Logic Status
word bits, error code descriptions, commanded and actual speeds, and other status
codes.

MSG_MODBUS Read configuration

The following image shows the variable options for the MSG_MODBUS
instruction block used to read status data from a PowerFlex 40 drive.

- gt - gl ~ o] ~ gt
+ M5G_MODEUS_1 M5G_MODI ~ Var -
- DZ_lcfg MODEUSLE « var -
Dz _lcFg. Channel IMT Mat -
DZ_|cfg. TriggerType IISIMT War >
Dz _lcFg, Crnd ISIMT War =
D2 _|cfg.ElementCnt LIINT War >
. - D2_Tefg MODBUSTE - Var -
DzZ_Tcfg. Aaddr LIDIMT War -
= DZ_TcFg.Mode LISIMT War >
u = |Dz_la|:||:|r oD C
Dz _laddr[1] WIDRD Mat -
Dz _laddr[2] WiDRD War >
Dz _laddr[3] WiDIR D War =
D2 _laddr[4] WiORD War >
Dz _laddr[5] WDRD Mar -

MSG_MODBUS Read variables

The following table identifies the variables and the values used to configure the
MSG_MODBUS instruction to read status data from a PowerFlex 4 drive.

Variable Value Description
* Channel 5 Channel 5 - location of SERIALISOL module
* TriggerType 0 Trigger on False-to-True transition
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Variable Value Description

*.Cmd 3 Modbus Function Code "03" - Read Holding Registers
* ElementCnt 4 Length

* Addr 8449 PowerFlex Logic Status word address + 1

* Node 2 PowerFlex Node address

* laddr[1] {data} PowerFlex Logic Status word

* laddr[2] {data} PowerFlex Error Code

* laddr[3] {data} PowerFlex Commanded Speed (Speed Reference)

* laddr[4] {data} PowerFlex Speed Feedback (Actual Speed)

MOV instruction example

The following images shows an example of using the MOV instruction to move
the *_I[1] array value to a Word, which allows you to directly access the individual
bits.

Times_OnGFEQ

Logec_Sts.7 J0_Embedded_
— |

Logic_Sis 8 _I0_Embadded_
— | o—
Modbus Write example

The following MSG_MODBUS instruction is used to write control data to a
PowerFlex 40 drive.
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Variable

* Channel

* TriggerType
*Cmd

* ElementCnt
* Addr

* Node
*_laddr[1]

* laddr[2]

248

Value

16

8193

{data}
{data}

MSG_MODBUS Write configuration

The following image shows the variables and the values used to configure the
MSG_MODBUS instruction to write control data to a PowerFlex 4 drive.

1 veme  [oatotme| orecion | Dimersn]
. - ot - of* S - o

B - o3fg MODBLELE - Yar -
. D3 _lcfg. Channel LINT War -
D3 Icfg. TriggerType  USINT War -

L3 _lcfg.Cmd USINT Yar

D3_lcfg. ElementCnt LINT Var

. b3 _Tofg.Adde UDINT War -
B ceachonede USINT War

B - o3 teddr MODBUSLE = Var
B cesdi(1] WORD War
B reledi) WORD Yar -
. 03 _laddr[3) WORD War -

MSG_MODBUS Write variables

The following table lists the variables, values and describes the purpose of each
variable.

Description

Channel 5 - location of SERIALISOL module

Trigger on False-to-True transition

Modbus Function Code "16" - Write Holding Registers
Length

PowerFlex Logic Status word address + 1

PowerFlex Node address

PowerFlex Logic Command word

PowerFlex Speed Reference word
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Communication protocol
support

The MSG_CIP function blocks support different communication protocols as
described in this section.

Function block support for message communication protocols

The following table lists the communication protocols supported by the Modbus
and CIP message function blocks.

Messaging Protocol Communication media Use this function block

Modbus/RTU client and server  Through a Serial port configured as Modbus RTU MSG_MODBUS (on page 197)

Modbus/TCP client and server  Over the Ethernet instead of through a serial port ~ MSG_MODBUS2 (on page 204)

Ethernet IP client and server Through an embedded Ethernet channel MSG_CIPSYMBOLIC (on page 187)
MSG_CIPGENERIC (on page 178)

CIP Serial client and server Ethernet cable or Serial cable MSG_CIPSYMBOLIC (on page 187)

ASdll Through an RS-232 port configured with an ASCII  See ASCII serial port instructions

driver (on page 113)

Modbus RTU

Modbus is a half-duplex, master-slave communications protocol that allows a
single master to communicate with a maximum of 247 slave devices. The Modbus
network master reads and writes bits and registers. Modbus RTU is supported by
configuring the Serial port as Modbus RTU.

For more information about the Modbus protocol, refer to the Modbus Protocol
Specifications (available from http://www.modbus.org).

Modbus/TCP

The Modbus/TCP Server communication protocol uses the same Modbus
mapping features as Modbus RTU, but it is supported over the Ethernet instead of
through a Serial port.

The Micro850 controller supports up to 16 simultaneous Modbus TCP Server
connections. No protocol configuration is required other than configuring the

Modbus mapping table.

EtherNet/IP

Micro850 controllers support up to 16 simultaneous EtherNet/IP server
connections through an embedded Ethernet communication channel. The
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channel can be used to connect a Micro850 controller to various devices through a
local area network using a 10 Mbps/100 Mbps transfer rate.

Common Industrial Protocol (CIP)

The CIP protocol is a transport and application layer protocol used for messaging
over EtherNet/IP, ControlNet, and DeviceNet networks that allows HMIs to
easily connect to a Micro830 or a Micro850 controller.

CIP explicit messaging

The CIP protocol is used for explicit messaging. Explicit Messaging
(configuration, data collection, and diagnostics) is used to transfer data that does
not require continuous updates. Explicit messaging is supported using CIP
Generic client messaging through the MSG_CIPGENERIC function block and
using CIP Symbolic client messaging through the MSG_CIPSYMBOLIC
function block.

CIP Serial

CIP serial uses DF1 Full Duplex protocol, and provides point-to-point connection
between two devices. It combines data transparency (American National
Standards Institute ANSI - X3.28-1976 specification subcategory D1) and 2-way
simultaneous transmission with embedded responses (subcategory F1)

Micro830 and Micro850 controllers support CIP Serial through an RS-232
connection to external devices, such as computers running RSLinx Classic
software, PanelView Component terminals (firmware revisions 1.70 and above),
or other controllers that support CIP Serial over DF1 Full-Duplex, such as
ControlLogix and CompactLogix controllers that have embedded serial ports.

The Serial Port driver can be configured as CIP Serial, Modbus RTU, ASCII or
Shutdown through the device configuration tree.

Embedded communication channels

The Micro830 and Micro850 controllers have the following additional embedded
communication channels:

e A non-isolated RS-232/485 combo port
¢ A non-isolated USB programming port

e  AnRJ-45 ethernet port (Micro850 only)
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Compare instructions

Compare instructions compare values using an expression or a specific compare

instruction.

Operator Description

(=) Equal (on page 252) Compares the first input to the second input to determine equality for Integer,
Real, Time, Date, and String data types.

(>) Greater Than (on page 254) For Integer, Real, Time, Date, and String values, compares input values to
determine whether the first is greater than the second.

(>=) Greater Than or Equal (on page 255) For Integer, Real, Time, Date, and String values, compares input values to
determine whether the first is greater than or equal to the second.

(<) Less Than (on page 256) For Integer, Real, Time, Date, and String values, compares input values to
determine whether the first is less than the second.

(<=) Less Than or Equal (on page 257) For Integer, Real, Time, Date, and String values, compares input values to
determine whether the first is less than or equal to the second.

(<>) Not Equal (on page 258) For Integer, Real, Time, Date, and String values, compares input values to

determine whether the first is not equal to the second.
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Equal

Parameter

EN

ol

252

Equal (=) compares the first input to the second input to determine equality for
Integer, Real, Time, Date, and String data types.

Recommendation: Using the Equal (=) operator

Equality testing of Time values is not recommended for TON, TP, and TOF

functions.

The Real data type is not recommended when comparing values for equality
because numbers in the math operation are rounded differently than those that
appear in the variable output display. Consequently, two output values may appear
equal in the display, but will still evaluate as false. For example, 23.500001
compared to 23.499999 will both display as 23.5 in the variable input display, but
will not be equal in the controller. For an alternative method to determine
equality, see the following topic.

Arguments
ParameterType  DataType Description
Input BOOL Function enable.
When Enable = TRUE, execute the equality comparison.
When Enable = FALSE, there is no comparison.
Applies only to LD programs.
Input BOOL - SINT - USINT - BYTE - INT-  Allinputs must be the same data type.
UINT-WORD - DINT - UDINT - The Time input applies to the ST, LD and FBD languages.
DWORD - LINT- ULINT-LWORD - oo The Real data type is not recommended.
REAL - LREAL - TIME - DATE -
STRING
Input BOOL - SINT - USINT - BYTE - INT -
UINT - WORD - DINT - UDINT -
DWORD - LINT - ULINT - LWORD -
REAL - LREAL - TIME - DATE -
STRING
Output BOOL TRUEifi1 =12.
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Example: Comparing Real Values using Subtraction (-) ABS, and Less
than (<)

The Real data type is not recommended when comparing values for equality
because of differences in the way numbers are rounded. Two output values may

appear equal in a Connected Components Workbench display, but will evaluate as
false.

For example, 23.500001 compared to 23.499999 will both display as 23.5 in the
variable input display, but will not be equal in the controller.

To test whether two Real data type values are equal, you can use a Subtraction
instruction to get the difference between the values and then determine if the
difference is Less Than an established precision value. See the following LD
program example for comparing two Real data type values.

:-Hlﬂli\ruhhﬂ-d
= Spcond Feal Valee ko be comparnd.
Diigmance = 4 .0
I

Equal (=) operator ST language example

Example

(* ST Equivalence: *)

aresult := (10 = 25); (* aresult is FALSE *)
mresult := (fab®™ = "ab"); (* mresult is TRUE *)
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G h For Integer, Real, Time, Date, and String values, Greater Than compares input
reater than values to determine whether the first is greater than the second.
Arguments
Parameter = Parameter  DataType Description
Type
EN Input BOOL Function enable.
When Enable = TRUE, execute the input comparison.
When Enable = FALSE, there is no comparison.
Applies only to LD programs.
i Input SINT - USINT-BYTE-  All inputs must be the same data type.
INT - UINT - WORD -
DINT - UDINT -
DWORD - LINT -
ULINT - LWORD -
REAL - LREAL - TIME -
DATE - STRING
i2 Input SINT - USINT - BYTE -
INT - UINT - WORD -
DINT - UDINT -
DWORD - LINT -
ULINT - LWORD -
REAL - LREAL - TIME -
DATE - STRING
o1 Output BOOL TRUEifi1 > i2.

254

Greater than (>) operator ST language example

(* ST Equivalence: *)

aresult := (10 > 25); (* aresult is FALSE *)
mresult := (T"ab"™ > "a"); (* mresult is TRUE *)
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Greater than or equal

Parameter

EN

ol

For Integer, Real, Time, Date, and String values, Greater Than or Equal compares

input values to determine whether the first is greater than or equal to the second.

Special recommendations for >= operator

For TON, TP, and TOF, equality testing of Time values is not recommended.

Arguments
Parameter Data Type
Type
Input BOOL
Input SINT - USINT - BYTE - INT -

UINT - WORD - DINT - UDINT
- DWORD - LINT - ULINT -
LWORD - REAL - LREAL -
TIME - DATE - STRING

Input SINT - USINT - BYTE - INT -
UINT - WORD - DINT - UDINT
- DWORD - LINT - ULINT -
LWORD - REAL - LREAL -
TIME - DATE - STRING

Output BOOL

Description

Function enable.

When Enable = TRUE, execute the input comparison.
When Enable = FALSE, there is no comparison.
Applies only to LD programs.

All inputs must be the same data type. The Time input applies to the ST,
LD and FBD languages.

TRUEifi1 >=i2.

>= operator ST language example

(* ST Equivalence: *)

aresult := (10 >= 25); (* aresult is FALSE *)
mresult := (fab®™ >= "ab"); (* mresult is TRUE *)
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Less than
Parameter
EN
i
i2
ol
256

For Integer, Real, Time, Date, and String values, Less Than compares input values

to determine whether the first is less than the second.

Arguments

Parameter  Data Type

Type
Input

Input

Input

Output

BOOL

Description

Function enable.

When Enable = TRUE, execute the input comparison.
When Enable = FALSE, there is no comparison.
Applies only to LD programs.

SINT - USINT - BYTE - INT - Allinputs must be the same data type.
UINT - WORD - DINT - UDINT -

DWORD - LINT - ULINT -

LWORD - REAL - LREAL - TIME

- DATE - STRING

SINT - USINT - BYTE - INT -
UINT - WORD - DINT - UDINT -
DWORD - LINT - ULINT -
LWORD - REAL - LREAL - TIME

- DATE - STRING

BOOL

TRUEifi1 <i2.

Less than (<) operator ST language example

(* ST Equivalence: *)

aresult :
mresult :

(10 < 25); (* aresult is TRUE *)
("z" < "B"); (* mresult is FALSE *)

(* IL equivalence: *)

LD 10

LT 25

ST aresult
LD "z

LT "B*

ST mresult
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Less than or equal

Parameter

EN

ol

For Integer, Real, Time, Date, and String values, Less Than or Equal compares
input values to determine whether the first is less than or equal to the second.

Special recommendations

For TON, TP, and TOF, equality testing of Time values is not recommended.

Arguments
Parameter Type Data Type Description
Input BOOL Function enable.
When Enable = TRUE, execute the input comparison.
When Enable = FALSE, there is no comparison.
Applies only to LD programs.
Input SINT - USINT - BYTE - INT- UINT - All inputs must be the same data type. The Time input
WORD - DINT - UDINT - DWORD -  applies to the ST, LD and FBD languages.
LINT - ULINT - LWORD - REAL -
LREAL - TIME - DATE - STRING
Input SINT - USINT - BYTE - INT - UINT -
WORD - DINT - UDINT - DWORD -
LINT - ULINT - LWORD - REAL -
LREAL - TIME - DATE - STRING
Output BOOL TRUEifi1 <=i2.

Less than or equal (<=) operator ST language example

(* ST Equivalence: *)

aresult := (10 <= 25); (* aresult is TRUE *)
mresult := (Tab"™ <= "ab"); (* mresult is TRUE *)
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For Integer, Real, Time, Date, and String values, Not Equal compares input values

Not equal

to determine whether the first is not equal to the second.

Arguments
Parameter Parameter Type  Data Type Description
EN Input BOOL Function enable.
When Enable = TRUE, execute current compare
computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

i Input BOOL - SINT - USINT - BYTE - INT Al inputs must be the same data type.
- UINT - WORD - DINT - UDINT -
DWORD - LINT - ULINT - LWORD -
REAL - LREAL - TIME - DATE -
STRING

i2 Input BOOL - SINT - USINT - BYTE - INT
- UINT - WORD - DINT - UDINT -
DWORD - LINT - ULINT - LWORD -
REAL - LREAL - TIME - DATE -
STRING

o1 Output BOOL TRUE if first <> second

Not equal (<>) operator ST language example

(* ST Equivalence: *)

aresult := (10 <> 25); (* aresult is TRUE *)
mresult := ("ab" <> "ab"); (* mresult is FALSE *)
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Counter instructions

Counter instructions are used to control operations based on the number of

events.
Function Description
CTD (on page 260) Block counts (integers) from a given value down to 0, 1 by 1.
(TU (on page 262) Counts (integers) from 0 up to a given value, 1by 1.
CTUD (on page 264) Counts (integers) from 0 up to a given value, 1by 1, or from a given value down to 0 (1 by

1).
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CTD counts (integers) from a given value down to 0, 1 by 1.

q]))
- T
CTD
» CD
» LOAD
- P/
Arguments
Parameter Parametertype  Data type Description
)] Input BOOL Counting input
(down-counting when (D is a rising edge).
LOAD Input BOOL Load command (dominant)
(CV=PV when LOAD is TRUE).
PV Input DINT Programmed initial value.
Q Output BOOL Underflow: TRUE when CV <=0.
v Output DINT Counter result.

CTD function block language examples

Function Block Diagram (FBD)

Ladder Diagram (LD)
cd

.LGAD w.ﬂ

PV
———"
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Structured Text (ST)

1 ImitialValues := 10;
2 CTD_1icd, load, InitialVWalue):

cTo_1fi]
woid CTD_1{BOOL CO, BOOL LOAD, DIMT PV
Twpe : CTD, Down counter

(*ST Equivalence: CTD1 is an instance of block *)
CTD1(trigger,load_cmd,100);

underflow := CTD1.Q;

result := CTD1.CV;

Results

&8 Variable Monitoring

| Global W ariables - Micro810 [ Local Yariables - BA_CTD_LD | Spstem Variables - ¢ *

Logical¥alue | Physical Yalue

- gttt v gt A R )
+ CTD_1
3 T N L7
load [ P
Iritials alie 10 A
CounterB esult 9 [

BOOL
BOOL
CIMNT
CIMNT
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q]

Parameter
]

RESET

PV

v

262

CTU counts (integers) from 0 up to a given value, 1 by 1.

¢ CTu 7
ETH
» CU
* RESET
- P/
e
Arguments
Parameter type Data type Description
Input BOOL Counting input (counting when CU is a rising edge).
Input BOOL Reset dominant command.
Input DINT Programmed maximum value.
Output BOOL Overflow: TRUE when CV >=PV.
Output DINT Counter result.

CTU function block language examples

Function Block Diagram (FBD)

» CL Q

o g

. ~
Ladder Diagram (LD)
cu f

1 CTu

1 | cu
[ HESH Cv .ﬂ
PV
PR

Structure Text

1 MaximunWalue := 10;
2 CTO 1({cu, reset, MaximumValue]:
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CTO_1j
woid CTU_L{BOOL CU, BOOL RESET, DIMT PY)
Type : CTU, Up counter

(* ST Equivalence: CTULI is an instance of CTU block*)

CTUl(trigger,NOT(auto_mode) ,100);
overflow := CTU1.Q;
result := CTU1.CV;

Results

tEl Variable Monitoring

v gt
+ CTU_1

reset
b asirum' alue 10 M
CounterR esult 1

ETHR - TS
I

CTU
BOO
EOD
DIMT
DIMT

o (e
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CTUD counts (integers) from 0 up to a given value, 1 by 1, or from a given value

(TuD down to 0 (1 by 1).
d CTUo 7 i
CTUD

* CU aus

=_[0 Qb=

* RESET OV o=

* LOAD

» PV

e A

Arguments
Parameter Parametertype  Data type Description
w Input BOOL Up-counting (when CU is a rising edge).
(@) Input BOOL Down-counting (when (D is a rising edge).
RESET Input BOOL Reset dominant command.
(CV=0when RESET is TRUE).

LOAD Input BOOL Load command (CV = PV when LOAD is TRUE).
PV Input DINT Programmed maximum value.
Q Output BOOL Overflow: TRUE when CV >=PV.
QD Output BOOL Underflow: TRUE when CV <=0.
0 Output DINT Counter result.

CTUD function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

Structured Text (ST)

1: eou := TRUE;

Zi od 1= TRUE;

3: reset = FLLZE:

4: load := FLLSE;

5i opw 1= 10;

6i CTUD 1{cu, cd, reset, load, pv):

CTUD 1

void CTUD_1{BOOL €U, BOOL COy BOOL RESET, BOOL LOAD, DINT PY)

Type : CTUD, Up-down counker

(* ST Equivalence: We suppose CTUD1 is an

instance of block*)

CTUD1(triggerl, trigger2, reset_cmd, load_cmd,100);

full := CTUD1.QU;
empty := CTUD1.QD;
nb_elt := CTUD1.CV;
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Data conversion instructions

Data conversion instructions are used to convert the data type of a variable to a

different data type.
Operator Description
ANY_TO_BOOL (on page 268) Converts to Boolean
ANY_TO_BYTE (on page 269) Converts to BYTE
ANY_TO_DATE (on page 270) Converts to Date

ANY_TO_DINT (on page 271)
ANY_TO_DWORD (on page 272)
ANY_TO_INT (on page 273)
ANY_TO_LINT (on page 274)
ANY_TO_LREAL (on page 275)
ANY_TO_LWORD (on page 276)
ANY_TO_REAL (on page 277)
ANY_TO_SINT (on page 278)
ANY_TO_STRING (on page 279)
ANY_TO_TIME (on page 280)
ANY_TO_UDINT (on page 281)
ANY_TO_UINT (on page 282)
ANY_TO_ULINT (on page 283)
ANY_TO_USINT (on page 284)
ANY_TO_WORD (on page 285)

Converts to Double Integer
Converts to Double Word

Converts to Integer

Converts to Long Integer

Converts to Long real

Converts to Long Word

Converts to Real

Converts to Short Integer

Converts to String

Converts to Time

Converts to Unsigned Double Integer
Converts to Unsigned Integer
Converts to Unsigned Long Integer
Converts to Unsigned Short Integer

Converts to Word
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ANY _TO_BOOL converts a value to a Boolean value.

ANY_TO_BOOL
Arguments
Parameter Parameter  Data Type Description
Type
EN Input BOOL Function enable.
When Enable = TRUE, execute the conversion to BOOLEAN
computation.
When Enable = FALSE, there is no computation.
in Input SINT - USINT - BYTE - INT - UINT - Any non-Boolean value.
WORD - DINT - UDINT - DWORD - LINT
- ULINT - LWORD - REAL - LREAL -
TIME - DATE - STRING
o1 Output BOOL Boolean value.

ANY_TO_BOOL operator ST language example

(* ST Equivalence: *)

ares = ANY_TO_BOOL (10); (* ares is TRUE *)
tres = ANY_TO_BOOL (t#0s); (* tres is FALSE *)
mres = ANY_TO _BOOL ("FALSE"); (* mres is FALSE *)
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ANY_TO_BYTE

Parameter

EN

ol
ENO

ANY_TO_BYTE converts a value to an 8-bit Byte value.

ANY_TO_BY_

EN ENO

Arguments
Parameter Data Type
Type
Input BOOL
Input BOOL - SINT -USINT - INT -

UINT - WORD - DINT - UDINT
- DWORD - LINT - ULINT -
LWORD - REAL - LREAL -
TIME - DATE - STRING

Output BYTE
Output BOOL

Description

Function enable.

When Enable = TRUE, execute the conversion to the 8-bit BYTE
computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

Any non-Byte value.

An 8-bit Byte value.

Enable out.
Applies only to LD programs.

ANY_TO_BYTE operator ST language example

(* ST Equivalence: *)

bres :

ANY_TO_BYTE (true); (* bres is 1 *)

tres = ANY_TO_BYTE (t#0s46ms); (* tres is 46 *)
mres = ANY_TO _BYTE ("01987); (* mres is 198 *)
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ANY _TO_DATE converts a value to a Date value.

ANY_TO_DATE
Arguments
Parameter Parameter Data Type Description
Type
EN Input BOOL Function enable.
When Enable = TRUE, execute the conversion to the Date
computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

i Input BOOL - SINT - USINT - BYTE  Any value other than Date.
-INT- UINT - WORD - DINT
- UDINT - DWORD - LINT -
ULINT - LWORD - REAL -
LREAL - TIME - STRING

ol Output DATE Date represented by IN. A value of -1 indicates an invalid date.

ENO Output BOOL Enable out.
Applies only to LD programs.

ANY_TO_DATE operator ST language example
(* ST Equivalence: *)

ares:= ANY_TO_DATE (1109110199); (* ares := d#2005-02-22 *)
rres == ANY_TO_DATE (1109110199.3); (*rres := d#2005-02-22 *)
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ANY_TO_DINT

Parameter

EN

ol

ENO

ANY_TO_DINT converts a value to 32-bit Double Integer value.

ANY_TO DI

EN

Arguments

Parameter Type  Data Type
Input BOOL

Input BOOL - SINT - USINT - BYTE -
INT - UINT - WORD - UDINT -
DWORD - LINT - ULINT -
LWORD - REAL - LREAL -
TIME - DATE - STRING

Output DINT
Output BOOL

Description

Function enable.

When Enable = TRUE, execute the conversion to the 32-bit
Double Integer computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

Any value other than a Double Integer.

A 32-bit Double Integer value.

Enable out.
Applies only to LD programs.

ANY_TO_DINT operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_DINT (true);

(* bres is 1 *)

tres = ANY_TO_DINT (t#1s46ms); (* tres is 1046 *)
mres = ANY_TO_DINT ("01987); (* mres is 198 *)
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ANY_TO_DWORD

Parameter

EN

ol
ENO

272

ANY TO_DWORD converts a value to a 32-bit double Word value.

ANY_TO Do

LEN ENO

Arguments

ParameterType  Data Type Description

Input

Input

BOOL Function enable.
When Enable = TRUE, execute the conversion to the 32-bit
double Word computation.
When Enable = FALSE, there is no computation.
Applies only to LD programs.

BOOL - SINT - USINT - BYTE - Any value other than a double word.
INT - UINT - WORD - DINT -

UDINT - LINT - ULINT - LWORD -

REAL - LREAL - TIME - DATE -

STRING
Output DWORD A 32-bit double Word value.
Output BOOL Enable out.

Applies only to LD programs.

ANY_TO_DWORD operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_DWORD (true); (* bres is 1 *)
tres := ANY_TO_DWORD (t#1s46ms); (* tres is 1046 *)
mres = ANY_TO_DWORD ("0198%); (* mres is 198 *)
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ANY_TO_INT converts a value to a 16-bit Integer value.
ANY_TO_INT
Arguments
Parameter Parameter Type Data Type Description
EN Input BOOL Function enable.
When Enable = TRUE, execute the conversion to the 16-bit
Integer computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

i Input BOOL - SINT-USINT-BYTE-  Any non-16-bit Integer value.
UINT - WORD - DINT - UDINT -
DWORD - LINT - ULINT -
LWORD - REAL - LREAL - TIME

- DATE - STRING
ol Output INT A 16-bit Integer value.
ENO Output BOOL Enable out.

Applies only to LD programs.

ANY_TO_INT operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_INT (true); (* bres is 1 *)
tres = ANY_TO_INT (t#0s46ms); (* tres is 46 *)
mres = ANY_TO_INT ("01987); (* mres is 198 *)
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ANY_TO_LINT converts a value to a 64-bit Long Integer value.

ANY_TO_LINT _
ANY_TO _LINT )
EM EMO
Arguments
Parameter Parameter Data Type Description
Type
EN Input BOOL Function enable.
When Enable = TRUE, execute the conversion to the 64-bit Long Integer
computation.
When Enable = FALSE, there is no computation.
Applies only to LD programs.
i Input BOOL - SINT-USINT-  Any value other than a Long Integer.
BYTE- INT- UINT -
WORD - DINT - UDINT -
DWORD - LINT - ULINT
- LWORD - REAL -
LREAL - TIME - DATE -
STRING
o1 Output LINT A 64-bit Long Integer value.
ENO Output BOOL Enable out.

Applies only to LD programs.

ANY_TO_LINT operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_LINT (true); (* bres is 1 *)
tres = ANY_TO_LINT (t#0s46ms); (* tres is 46 *)
mres = ANY_TO_LINT ("01987); (* mres is 198 *)
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ANY_TO_LREAL

Parameter

EN

ol

ENO

ANY_TO_LREAL converts any value to a Long Real value.

ANY_TO_ LR

EN

Arguments

Parameter Type Data Type

Input

Input

Output
Output

BOOL

BOOL - SINT - USINT - BYTE -
INT - UINT - WORD - DINT -
UDINT - DWORD - LINT -
ULINT - LWORD - REAL -
TIME - DATE - STRING

LREAL
BOOL

Description

Function enable.

When Enable = TRUE, execute the conversion to the long Real
computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

Any value other than a long Real.

Along real value.

Enable out.
Applies only to LD programs.

ANY_TO_LREAL operator ST language example

bres :
tres :

ares :

(* ST Equivalence: *)

ANY_TO_LREAL (true); (* bres is 1.0 *)
ANY_TO_LREAL (t#1s46ms); (* tres is 1046.0 *)

ANY_TO_LREAL (198);

(* ares is 198.0 *)
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ANY_TO_LWORD

Parameter

EN

ol

ENO

276

ANY_TO_LWORD converts a value to a 64-bit Long Word value.

Arguments

Parameter Data Type

Type

Input BOOL

Input BOOL - SINT - USINT - BYTE - INT -
UINT - WORD - DINT - UDINT -
DWORD - LINT - ULINT - REAL -
LREAL - TIME - DATE - STRING

Output LWORD

Output BOOL

Description

Function enable.

When Enable = TRUE, execute the conversion to the 64-bit long
Word computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

Any value other than a long Word.

A 64-bit long Word value.

Enable out.
Applies only to LD programs.

ANY_TO_LWORD operator ST language example

(* ST Equivalence: *)

bres
tres

mres

= ANY_TO_LWORD (true);
= ANY_TO_LWORD (t#0s46ms);
= ANY_TO_LWORD ("0198%);

(* bres is 1 *)
(* tres is 46 *)
(* mres is 198 *)
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ANY TO_REAL converts a value to a Real value.

ANY_TO_REAL
Arguments
Parameter Parameter Data Type Description
Type
EN Input BOOL Function enable.
When Enable = TRUE, execute the conversion to the Real
computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

i Input BOOL - SINT - USINT - BYTE - INT  Any value other than Real.
- UINT - WORD - DINT - UDINT -
DWORD - LINT - ULINT - LWORD -
LREAL - TIME - DATE - STRING

ol Output REAL Areal value.

ENO Output BOOL Enable out.
Applies only to LD programs.

ANY_TO_REAL operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_REAL (true); (* bres is 1.0 *)
tres = ANY_TO_REAL (t#ls46ms); (* tres is 1046.0 *)
ares = ANY_TO_REAL (198); (* ares is 198.0 *)
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ANY_TO_SINT converts a value to a Short Integer value.

ANY_TO_SINT __
ANY_TO 513
Arguments
Parameter Parameter Type Data Type Description
EN Input BOOL Function enable.
When Enable = TRUE, execute the conversion to the 8-bit Short
Integer computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

i Input BOOL - USINT-BYTE- INT- UINT  Any non-Short Integer value.
- WORD - DINT - UDINT - DWORD
- LINT - ULINT - LWORD - REAL -
LREAL - TIME - DATE - STRING

ol Output SINT A Short Integer value.

ENO Output BOOL Enable out.
Applies only to LD programs.

ANY_TO_SINT operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_SINT (true); (* bres is 1 *)
tres = ANY_TO_SINT (t#0s46ms); (* tres is 46 *)
mres = ANY_TO_SINT (°01987); (* mres is 198 *)
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ANY_TO_STRING

Parameter

EN

ol

ENO

ANY_TO_STRING converts a value to a String value.

( ANY_TO ST =

FEN ENOD

Arguments

Parameter Type  Data Type

Input BOOL

Input BOOL - SINT - USINT - BYTE - INT -
UINT - WORD - DINT - UDINT -
DWORD - LINT - ULINT - LWORD -
REAL - LREAL - TIME - DATE

Output STRING

Output BOOL

Description

(C Function enable.

When Enable = TRUE, execute the conversion to String
computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

Any value other than String.

IfIN is a Boolean, 'FALSE' or 'TRUE'.

If INis an Integer or a real, a decimal representation.
If IN is a TIME, can be:

TIME time1

STRING 51

time1:=13ms;

s1:=ANY_TO_STRING(time1);

(*s1="0s13"*).

Enable out.
Applies only to LD programs.

ANY_TO_STRING operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_STRING (TRUE);
ares = ANY_TO_STRING (125);

(* bres is "TRUE" *)

(* ares is "125" *)
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ANY_TO_TIME

Parameter

EN

ol

ENO

280

ANY_ TO_TIME converts a non-Time or non-Date value to a Time value.

Arguments
Parameter Type Data Type
Input BOOL
Input BOOL - SINT - USINT - BYTE - INT

- UINT - WORD - DINT - UDINT -
DWORD - LINT - ULINT - LWORD -
REAL - LREAL - STRING

Output TIME

Output BOOL

Description

Function enable.

When Enable = TRUE, execute the conversion to the Time
computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

Any positive value other than a Time or Date data type.

IN (or integer part of IN if it is real) is the number of milliseconds.
STRING (number of milliseconds, for example, a value of 300032
represents 5 minutes and 32 milliseconds).

Time value represented by IN. A value of 1193h2m475295ms
indicates an invalid time.

Enable out.
Applies only to LD programs.

ANY_TO_TIME operator ST language example

(* ST Equivalence: *)

ares = ANY_TO_TIME (1256); (* ares := t#1s256ms *)
rres = ANY_TO_TIME (1256.3); (* rres = t#1s256ms *)
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ANY TO_UDINT converts a value to a 32-bit Unsigned Double Integer value.
ANY_TO_UDINT - - & 8

Arguments

Parameter Parameter Type Data Type Description

EN Input BOOL Function enable.
When Enable = TRUE, execute the conversion to the 32-bit Double Integer
computation.
When Enable = FALSE, there is no computation.
Applies only to LD programs.

i Input BOOL - SINT - USINT - Any value other than an Unsigned Double Integer.

BYTE- INT- UINT - WORD
- DINT - DWORD - LINT -
ULINT - LWORD - REAL -
LREAL - TIME - DATE -

STRING
ol Output UDINT A 32-bit Unsigned Double Integer value.
ENO Output BOOL Enable out.

Applies only to LD programs.

ANY_TO_UDINT operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_UDINT (true); (* bres is 1 *)
tres = ANY_TO_UDINT (t#1ls46ms); (* tres is 1046 *)
mres = ANY_TO_UDINT (°0198%); (* mres is 198 *)
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ANY_TO_UINT converts a value to an Unsigned Integer value.

ANY_TO_UINT h
ANY TO UL
EMN END
Arguments
Parameter Parameter Data Type Description
Type
EN Input BOOL Function enable.
When Enable = TRUE, execute the conversion to the 16-bit Unsigned
Integer computation.
When Enable = FALSE, there is no computation.
Applies only to LD programs.
i Input BOOL - SINT - USINT - BYTE  Any non-Unsigned Integer value.
- INT- WORD - DINT -
UDINT - DWORD - LINT -
ULINT - LWORD - REAL -
LREAL - TIME - DATE -
STRING
o1 Output UINT An Unsigned Integer value.
ENO Output BOOL Enable out.

Applies only to LD programs.

ANY_TO_UINT operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_UINT (true); (* bres is 1 *)
tres = ANY_TO_UINT (t#0s46ms); (* tres is 46 *)
mres = ANY_TO_UINT ("01987); (* mres is 198 *)
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ANY_TO_ULINT converts a value to a 64-bit Unsigned Long Integer value.

( ANY_TO_ULL

ANY_TO_ULINT

FEN ENOD

Arguments
Parameter Parameter Type Data Type Description
EN Input BOOL Function enable.

When Enable = TRUE, execute the conversion to the 64-bit Unsigned
Long Integer computation.
When Enable = FALSE, there is no computation.
Applies only to LD programs.
i Input BOOL - SINT - USINT - BYTE - Any value other than an Unsigned Long Integer.
INT - UINT - WORD - DINT -
UDINT - DWORD - LINT -

LWORD - REAL - LREAL -
TIME - DATE - STRING

o1 Output ULINT A 64-bit Unsigned Long Integer value.

ENO Output BOOL Enable out.
Applies only to LD programs.

ANY_TO_ULINT operator ST language example

(* ST Equivalence: *)

bres 1= ANY_TO_ULINT (true); (* bres is 1 *)
tres = ANY_TO_ULINT (t#0s46ms); (* tres is 46 *)
mres = ANY_TO_ULINT (°0198%); (* mres is 198 *)
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ANY_TO_USINT converts a value to an Unsigned Short Integer value.

ANY_TO DS

ANY_TO_USINT

ENO

Arguments
Parameter ParameterType  Data Type Description
EN Input BOOL Function enable.

When Enable = TRUE, execute the conversion to the 8-bit
Unsigned Short Integer computation.

When Enable = FALSE, there is no computation.

Applies only to LD programs.

i Input BOOL - SINT - BYTE - INT - Any non-Short Integer value.
UINT - WORD - DINT - UDINT -
DWORD - LINT - ULINT -
LWORD - REAL - LREAL - TIME

- DATE - STRING
o1 Output USINT An Unsigned Short Integer value.
ENO Output BOOL Enable out.

Applies only to LD programs.

ANY_TO_USINT operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_USINT (true); (* bres is 1 *)
tres = ANY_TO_USINT (t#0s46ms); (* tres is 46 *)
mres = ANY_TO_USINT (°0198%); (* mres is 198 *)
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ANY_TO_WORD

Parameter

EN

ol
ENO

ANY TO_WORD converts a value to a 16-bit Word value.

ANY_TO WL

END

Arguments

Parameter Type  Data Type

Input BOOL
Input BOOL - SINT - USINT - BYTE -
INT - - DINT - UDINT -

DWORD - LINT - ULINT -
LWORD - REAL - LREAL -
TIME - DATE - STRING

Output WORD
Output BOOL

Description

Function enable.

When Enable = TRUE, execute the conversion to the 16-bit Word
computation.

When Enable = FALSE, there is no computation.
Applies only to LD programs.

Any non-Unsigned Integer value.

An Unsigned Integer value.

Enable out.
Applies only to LD programs.

ANY_TO_WORD operator ST language example

(* ST Equivalence: *)

bres := ANY_TO_WORD (true); (* bres is 1 *)
tres = ANY_TO_WORD (t#0s46ms); (* tres is 46 *)
mres = ANY_TO_WORD ("01987); (* mres is 198 *)
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Function block
AVERAGE (on page 288)
COP (on page 290)
Function

MAX (on page 296)
MIN (on page 294)

Data manipulation instructions

Data manipulation instructions are used to alter the output data to change the
status without altering the program.

Description

Running average over N samples.

Copy binary data in the Source (Src) to the Destination (Dest).
Description

Maximum

Minimum
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AVERAGE stores a value at each cycle and calculates the average value of all
already stored values. Only the N last values are stored.

AVERAGE

" AVERAGE ¥ Ei
AVERAGE

* RLN HOUT =

w N

= [y

b 4

Average function block operation
e  The number of samples (N) cannot exceed 128.

e Ifthe RUN command is FALSE (reset mode), the output value is equal to
the input value.

e  When the maximum number of stored values is reached, the first stored
value is erased by the last one.

Arguments
Parameter Parametertype  Data type Description
RUN Input BOOL TRUE = run/FALSE = reset.
XIN Input REAL Any real variable.
N Input DINT Application defined number of samples.
Xout Output REAL Running average of XIN value.
ENO Output BOOL Enable out.

Applies only to LD programs.

Note: Using floating-point data types could result in inaccurate calculations due to the rounding limitations inherent in floating-point
mathematics.

Note: When setting or changing the value for N, you need to set RUN to FALSE, then set it back to TRUE.

AVERAGE function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

run

! | RUN

lxjN KUUT.—

Structured Text (ST)

1 AVERAGE 1({run, Varisble, Number):
Z; output := AVERAGE 1.XOUT;

LVERLGE 11

void AYERAGE_1(EOCL RUN, REAL <IN, DINT M)
Tvpe : AYERAGE, Running average over N samples

(* ST Equivalence: AVERAGE1l an instance of an AVERAGE block *)
AVERAGE1((auto_mode & store_cmd), sensor_value, 100);
ave_value := AVERAGE1.XOUT;
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COP COP copies the binary data in the Source to the Destination, and leaves the
source value unchanged.
" e i ™
Cop
= Enable 5T5
* Src
» SrcOffset
» Dest
= DestOffzet
* Length
* Swap
h
Arguments
Parameter Parametertype  Data type Description
Enable Input BOOL Function block enable. This FB is level triggered.
When Enable=TRUE, perform copy.
When Enable=FALSE, the function block will not be
executed.
Src Input BOOL DWORD Initial element to copy.
SINT REAL If the source or destination is a String data type, the other
USINT TIME party must also be a String data type, or a USINT (UCHAR
BYTE DATE and BYTE) data type. If it is not, a data type mismatch will
T STRING tS)e re;l)ortced. ing to a different data type ( 293)
UINT LWORD ee also Copying to a different data type (on page 293).
WORD ULINT
DINT LINT
UDINT LREAL
SrcOffset Input UINT Source element offset.

The element offset if the source is an array data type.
Set the offset to 0 if:

o [fitis notan array data type, or

o To copy from the first element for an array data type.
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Parameter

Dest

DestOffset

Length

Swap

Sts

ENO

Parameter type

Input

Input

Input

Input

Output

Output

Data type

BOOL DWORD
SINT REAL
USINT TIME
BYTE DATE
INT STRING
UINT LWORD
WORD ULINT
DINT LINT
UDINT

UINT

UINT

BOOL

UINT

BOOL

Description

Initial element to be overwritten by the source.

Destination element offset.

The element offset if the destination is an array data type.
Set the offset to 0 if:

o Ifitis notan array data type, or

o To copy from the first element for an array data type.

Number of Destination Elements to copy.

When the destination is a String data type, it indicates the

number of strings to be copied.

TRUE: Swap bytes according to the Data Type.

A swap operation will not occur if:

o The source data type or the destination data type s a
String, or

o Ifboth the source and the destination are 1-byte length
data.

Status of the copy operation.

See COP operation status values (on page 293)

Enable out.
Applies only to LD programs.

COP function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

Structured Text (ST)
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COP 1 ({EnableCopy, Element3ocurce, Scourcelffset, Sourcelest,
Destlffset, ElementLength, SwapBytes):;
output (=CCF _1.5T5;

[WE T % T =

COP operation status values

The following table describes COP operation status values:

COP Status value Status description

0x00 No action taken (not enabled).

0x01 COP function block success.

0x02 Destination has spare bytes when copying from String.
0x03 Source data are truncated.

0x04 Copy length is invalid.

0x05 Data type mismatch when there is String Data type as either source or destination.
0x06 Source data size is too small for copy.

0x07 Destination data size is too small for copy.

0x08 Source Data offset is invalid.

0x09 Destination Data offset is invalid.

0x0A Datais invalid in either source or destination.

Copying to a different data type

When a copy to or from a String data type is performed, the ODVA short String format is used for data in the
USINT array.

When COP is used between any other pair of data types, the copy operation is valid, even if the data type in the
source is not the same as the data type in the destination, and even when they are not in a valid format. The
logic must be validated at the application level.

From a USINT array to a String array

To copy a USINT array to a String array, the data in the USINT array must be in this format:
o Bytel: Length of first String

o Byte2: First Byte Character

o Byte3: Second Byte Character

o Byte n: Last Byte Character

o Byte (n+1): Length of second String

o Byte (n+2): First Byte Character for second String

o [t
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MIN yields the minimum of two integer values.

MIN

Arguments
Parameter Parameter Data Type Description
Type

EN Input BOOL Function enable.
When EN = TRUE, execute the minimum integer value computation
When EN = FALSE, there is no computation.

IN1 Input DINT Any signed integer value.

IN2 Input DINT Cannot be Real.

MIN Output DINT Minimum of both input values.

ENO Output BOOL Enable out.

MIN function language examples

Function block diagram

Ladder diagram

Structured text
1 inl := 3;
Zi inZ = 10:

3 minimum := MIN(inl, inZ2):
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nIn|

DINT MIMNCDINT IN1, DINT IN2)
Mirirnrn

(* ST Equivalence: *)
new_value := MAX (MIN (max_value, value), min_value);
(* bounds the value to the [min_value..max_value] set *)

Results

tEl Variable Monitoring

| Global W aniables - Micro810 [ Local Yariables - RA_MIN_LD | System Vari, ¢ *

Logical¥alue | Physical ¥alue | Lock I
- :#“ - :#“ - :#“
i K] A ]
ine 10 M ]

i N LTS I [

LCancel
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MAX yields the maximum of two integer values.

MAX

Arguments
Parameter Parameter  Data Type Description
Type

EN Input BOOL Function enable.
When EN = TRUE, execute maximum integer
value computation.
When EN = FALSE, there is no computation.

IN1 Input DINT Any signed integer value.

IN2 Input DINT (annot be Real.

MAX Output DINT Maximum of both input values.

ENO Output BOOL Enable out.

MAX function language examples

Function block diagram

Ladder diagram
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Structured text

11 IN1 := 3;

2 INZ = 10:

3 Maxirwuaw == MLX(IN1, IN2):

maxl

DIMT MAXDIMNT IM1, DINT INZ)
Maxirmun

(* ST Equivalence: *)
new_value := MAX (MIN (max_value, value), min_value);
(* bounds the value to the [min_value..max_value] set *)

Results

t® Variable Monitoring
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High-Speed Counter (HSC) instructions

High-speed counter instructions are used to monitor and control the high-speed

counter.
Function block Description
HSC (on page 301) HSCapplies high presets, low presets and output source values to the high-speed counter.

HSC_SET_STS (on page  HSC_SET_STS manually sets or resets the HSC counting status.
321)
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What is a High-Speed
Counter?

300

A high-speed counter detects and counts narrow (fast) pulses and then issues
specialized instructions to initiate control operations when the detected counts
reach their preset values. Control operations include the automatic and
immediate execution of the high-speed counter interrupt routine and the
immediate update of outputs based on the configured source and mask pattern.

High-speed counter capabilities

Because HSC instructions have high-performance requirements, their operation is
performed by custom circuitry that runs in parallel with the main system
processor. Enhanced capabilities of High-Speed Counters include:

e 100 kHz operation high-speed direct control of outputs

32-bit signed integer data (count range of + 2,147,483,647)
e Programmable high and low presets

e  Overflow and underflow setpoints

e  Automatic interrupt processing based on accumulated count

¢ Run-time editable parameters (from the user control program) HSC
instruction operation

Micro800 controller support for HSC

All Micro830 and Micro850 controllers, except for 2080-LCxx-AWB, support up
to six HSC inputs. HSC functionality is implemented in Micro800 controllers
using high-speed counter hardware (embedded inputs in the controller), and the
HSC instruction in the application. The HSC instruction configures the
high-speed counter hardware and updates the image accumulator.

Important: The HSC function can only be used with the controller's embedded I/0. It cannot be used with
expansion /0 modules.
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HSC

Parameter

Enable

HscCmd

HSCAppData

HSCStsInfo

PlsData

Sts

ENO

HSC applies high presets, low presets and output source values to the high-speed

counter.

" HSC T
HSC
= Enahle

# HscCmd
*+ HschppData
#* HscStsinfo

* FlzData

LY

o

Arguments

Parameter type Data type

Input

Input

Input

Input

Input

Output

Output

BOOL

USINT

HSCAPP

HSCSTS

DINT
UDINT

UINT

BOOL

Description

Function block enable.

When Enable = TRUE, execute the HSC operation specified in the HSC command

parameter.
When Enable = FALSE, no HSC commands are issued.

Issues commands to the HSC.
See HSCCmd values (on page 302).

HSC application configuration, which is usually only needed once.
See HSCAPP data type (on page 303).

HSC dynamic status, which is continuously updated during HSC counting.

See HSCSTS data type (on page 310).

Programmable Limit Switch (PLS) data structure.
See PLS data type (on page 318)

HSC execution status.
See HSC status codes (Sts) (on page 320).

Enable out.
Applies only to LD programs.

HSC function block language examples

Function Block Diagram (FBD)
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* Enable

b HecCmd
¢ HschppData
» HzoStsInfo

» PlsData

",

Ladder Diagram (LD)

enable

Structured Text (ST)
1 H3C_1i(enable, he, had, hsi, pd):
. stg := HIC 1.3ts:
HSC 1

void HSC _1{EOOL Enable, USIMT HsoCmd, HICAPP HscAppData, H3CSTS HeoaksInfo, PLS[1..1] PlsData, UIMNT __ADI_PlsData)
Type : H3C, Apply highflow presets and oukpuk source ko high-speed counter,

HSCCmd values

The following table describes the HSC commands for each HSC command value.

HSC Command description
command
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HSC Command description
command
0x01 HSCRUN

o Start HSC (if HSCis in Idle mode and the rung is enabled).
o Update HSC Status Information only (if HSCin Run mode and the rung is

enabled).
0x02 HSC Stop: Stop a HSC counting (if HSCiis in Run mode and the rung is enabled).
0x03 HSC Load/Set: reload the HSC Application Data (if rung is enabled) for 6 input

elements: HPSetting, LPSetting, HPOutput, LPOutput, OFSetting, and UFSetting.
Note: This command does not re-load the following input element: HSC

accumulator.

0x04 HSC Accumulator Reset (if rung is enabled).

HSC command results

The following table describes the results of issuing HSC commands in different

situations.

Command value Result

HscCmd =1

HscCmd =4
(reset)

Parameter

PLSEnable
HSCID

Starts the HSC mechanism, and the HSC
transitions to running mode.

The HSC mechanism automatically updates
values.

Sets the HSC Acc value to the HSC
AppData.Accumalator value.

HSCAPP data type

Conditions

Setting the Enable input parameter to False does not stop
counting while in running mode.

HscCmd =2 must be issued to stop counting.

HSC AppData.Accumalator is updated with HSC Sts.Accumulator

HscCmd =4 does not stop HSC counting.

If HSCis counting when HscCmd =4 is issued, some counting may
be lost

To set a specific value to HSC Acc while counting, write the value
to HSC AppData.Accumalator immediately before HscCmd =4 is
issued.

HSCAppData (data type HSCAPP) is used to configure the HSC application.

HSCAppData parameters

The following table lists the HSCAppData parameters.

Datatype  Dataformat  Userprogram

access
BOOL bit read/write
UINT word read/write

Description

Enable or disable the Programmable Limit Switch (PLS).
Defines the HSC.
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Parameter Datatype  Dataformat  Userprogram Description
access
HSCMode UINT word read/write Defines the HSC mode.
Accumulator DINT long word read/write Initial accumulator value.
HPSetting DINT long word read/write High preset setting.
LPSetting DINT long word read/write Low preset setting.
OFSetting DINT long word read/write Overflow setting.
UFSetting DINT long word read/write Underflow setting.
OutputMask UDINT word read/write Out mask for output.
HPOutput UDINT long word read/write 32-bit output setting for High preset reaching.
LPOutput UDINT long word read/write 32-bit output setting for Low preset reaching.

HSCAppData parameter details

HSCApp data type parameters are used to define HSC configuration data.

PLSEnable
Parameter Data type Data format User program access
HSCApp.PLSEnable BOOL bit read/write

Enables and disables the High-Speed Counter Programmable Limit Switch (PLS)
function.

HSCApp settings versus PLSData settings

When the PLS function is enabled, relevant HSCApp settings are superseded by
the corresponding PLSData settings as shown in the following table.

HSCApp setting PLSData setting

HSCAPP.HpSetting HSCHP

HSCAPP.LpSetting HSCLP

HSCAPP.HPOutput HSCHPOutput

HSCAPP.LPOutput HSCLPOutput

HSCID
Parameter Data type Data format User program access
HSCApp.HSCID UINT word read/write
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Identifies the High-Speed Counter to be used. The following table lists the values

for defining the HSC ID:

Output Selection Bit Description

First word of HSC Function Data ~ 15-13 Module type of HSC:
o 0x00 - Embedded.
o 0x01 - Expansion.
o (x02 - Plug-in Port.

12-8 Slot ID of the module:
e (0x00 - Embedded.
o (0x01-0x1F - ID of Expansion Module.
o 0x01-0x05 - ID of Plug-in Port.

7-0 HSCID inside the module:
o 0x00-0xOF - Embedded.
o (x00-0x07 - ID of HSC for Expansion.
o 0x00-0x07 - ID of HSC for Plug-in Port.

Note: For the initial version of Connected Components
Workbench, only IDs 0x00-0x05 are supported.

HSCMode
Parameter Data type User program access
HSCApp.HSCMode UINT read/write

Set the High-Speed Counter to one of 10 types of counting modes. The mode
value is configured through the programming device and is accessible in the
control program.

HSC operating modes

The main HSC and sub HSC support different modes.

e  The main high-speed counters support 10 types of operation modes.

e  Sub high-speed counters support 5 types of operation modes (mode 0, 2, 4,

6,8).

o Ifthe main high-speed counter is set to mode 1, 3, 5,7 or 9, then the sub
high-speed counter will be disabled.

HSCMode Counting mode

0 Up counter. The accumulator is immediately cleared (0) when it reaches the high preset. A

low preset cannot be defined in this mode.
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HSCMode Counting mode

0 Up counter. The accumulator is immediately cleared (0) when it reaches the high preset. A
low preset cannot be defined in this mode.

1 Up counter with external reset and hold. The accumulator is immediately cleared (0) when
it reaches the high preset. A low preset cannot be defined in this mode.

2 Counter with external direction.

3 Counter with external direction, reset and hold.

4 Two input counter (up and down).

5 Two input counter (up and down) with external reset and hold.

6 Quadrature counter (phased inputs A and B).

7 Quadrature counter (phased inputs A and B) with external reset and hold.

8 Quadrature X4 counter (phased inputs A and B).

9 Quadrature X4 counter (phased inputs A and B) with external reset and hold.

For additional information on HSC operating modes and input assignments, see
HSC Inputs and Wiring Mapping in the Micro830 and Micro850 Programmable
Controllers User Manual.

1. In the Help menu, click User Manuals, expand Controllers and then the
controller category.

2. Double-click the controller user manual in the controller category to open a

pdf of the manual.
Accumulator
Parameter Data type User program access
HSCApp.Accumulator DINT read/write

Sets the initial accumulator value when the High-Speed Counter starts. When the
HSC is in Counting mode, the Accumulator is automatically updated by the HSC
sub-system to reflect the actual HSC accumulator value.

HPSetting
Parameter Data type User program access
HSCApp.HPSetting DINT read/write
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Upper setpoint (in counts) that defines when the HSC sub-system generates an
interrupt.

The data loaded into the high preset must be less than or equal to the data resident
in the overflow (HSCAPP.OFSetting) parameter or an HSC error is generated.

LPSetting
Parameter Data type User program access
HSCApp.LPSetting DINT read/write

Lower setpoint (in counts) that defines when the HSC sub-system generates an
interrupt.

e The dataloaded into the low preset must be greater than or equal to the
data resident in the underflow (HSCAPP.UFSetting) parameter or an HSC
error is generated.

o Ifthe underflow and low preset values are negative numbers, the low preset
must be a number with an absolute value smaller than the underflow.

OFSetting
Parameter Data type User program access
HSCApp.OFSetting DINT read/write

Overflow setting that defines the upper count limit for the counter.

o Ifthe counter's accumulated value increments above the value specified in
OFSetting, an overflow interrupt is generated.

e When the overflow interrupt is generated, the HSC sub-system resets the
accumulator value to the underflow value and the counter continues
counting from the underflow value (counts are not lost in this transition).

OFSetting values must be:
e Between -2,147,483,648 and 2,147,483,647.
e  Greater than the underflow value.

e  Greater than or equal to the data resident in the high preset
(HSCAPP.HPSetting) or an HSC error is generated.

UFSetting
Parameter Data type User program access
HSCApp.UFSetting DINT read/write
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Underflow setting that defines the lower count limit for the counter.

e Ifthe counter's accumulated value decrements below the value specified in
UFSetting, an underflow interrupt is generated.

®  When the underflow interrupt is generated, the HSC sub-system resets the
accumulated value to the overflow value and the counter starts counting
from the overflow value (counts are not lost in the transition).

UFSetting values must be:
e Between -2,147,483,648 and 2,147,483,647.
e Less than the overflow value.

® Less than or equal to the data resident in the low preset
(HSCAPP.LPSetting) or an HSC error is generated.

OutputMask
Parameter Data type User program access
HSCApp.OutputMask UDINT read/write

Defines the embedded outputs on the controller that the High-Speed Counter
can directly control. The HSC sub-system can, without control program
interaction, turn outputs ON or OFF based on the High or Low presets of the
HSC accumulator.

OutputMask bit patterns

The bit pattern stored in HSCApp.OutputMask defines which outputs are
controlled by the HSC and which outputs are not controlled by the HSC.

The HSCAPP.OutputMask bit pattern corresponds to the output bits on the
controller, and can only be configured during initial setup.

e Bits thatare set (1) are enabled and can be turned on or off by the HSC
sub-system.

e  Bits that are set (0) cannot be turned on or off by the HSC sub-system.

For example, to use the HSC to control outputs 0, 1, 3, assign:
e HscAppData.OutputMask = 2#1011, or

e HscAppData.OutputMask = 11

HPOutput

Parameter Data type User program access
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Parameter Data type User program access

HSCApp.HPOutput UDINT read/write

Defines the state (1 = ON or 0 = OFF) of the outputs on the controller when the
high preset is reached. For more information on how to directly turn outputs on

or off based on the high preset, see OutputMask.

You can configure the high output bit pattern during initial setup, or you can use
the HSC function block to load the new parameters while the controller is

operating.

LPOutput

Parameter Data type User program access
HSCApp.LPOutput UDINT read/write

LPOutput (HSCApp.LPOutput) defines the state (1 = "on", 0 = "off ") of the
outputs on the controller when the low preset is reached. For more information
on how to directly turn outputs on or off based on the low preset, see
OutputMask.

You can configure the low output bit pattern during initial setup, or you can use
the HSC function block to load the new parameters while the controller is
operating.

HSCAppData parameters example

The following image shows the HSCAppData parameters in the Variable

Selector.
. — T R
* gt HSC x

[HSC 1HscAppDats  JHSCAPP |

HSC_1 HselppData FlsEnable BOOL

HSC_1 HscAppData HselD UINT

HSC_1.HscAppData HscMode UINT ReadWrite -

HSC_1 HsclppData Accumulator  DINT Read’\trite -~

HSC_1 HsclppData HPSetting DINT Read\Write -

HSC_1 HsclippData LPSetting DINT Rezdiwnte - .

HSC_1 HscAppData OF Setting DINT Resdiwnite - I

HSC_1 HseAppData LIF Setting DINT Read\rite -

HSC_1 HscAppDats OutputMask  UDINT Read/\rite -

HSC_1 HscAppData HPOutput UDINT Readfsfrits -

HSC_1 HschppData LPOutput UDINT Read\tnte -
HSC_1 HscStsinfo HSCSTS Read\inte - HSC dynamic
HSC_1PlsData Readbile = Progamnable
HSC_1.__ADI|_PlsData UINT ReadMfite - ADI hidden
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Parameter

CountEnable
ErrorDetected
CountUpFlag
CountDwnFlag
Mode1Done

OVF

UNF
CountDir
HPReached
LPReached
OFCauselnter
UFCauselnter
HPCauselnter
LPCauselnter
PlsPosition
ErrorCode
Accumulator
HP

LP

HPOutput

Data
type
BOOL
BOOL
BOOL
BOOL
BOOL

BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
UINT
UINT
DINT
DINT
DINT
UDINT

HSCSTS data type

HSCSTSInfo (data type HSCSTS) displays the status of the High-Speed

Counter.

HSCSTSInfo status actions

During HSC counting, the following HSC status actions occur.

is continuously updated.
[ ]
set.
HSCSTSInfo parameters

If the HSC function block is counting with command 0x01, the HSC status

If an error occurs, the Error_Detected flag is turned on and an error code is

The following table describes the HSCSTSInfo parameters.

HSC mode User program

0...
0...
0...
2.
Oor1

eleldMe MMM o oS

o L L L L v v WV v v

9
9
9
9

access
read only
read/write
read only
read only

read/write

read/write
read/write
read only
read/write
read only
read/write
read/write
read/write
read/write
read only
read/write
read/write
read only
read only

read/write

Description

Counting enabled.

Non-zero means error detected.
Count up flag.

Count down flag.

HSCis Mode 1A or Mode 1B; accumulator counts up to the HP value.

Overflow is detected.

Underflow is detected.

1: count up; 0: count down.

High preset reached.

Low preset reached.

Overflow caused a HSC interrupt.

Underflow caused a HSC. interrupt.

High preset reached, causing a HSC interrupt.
Low Preset reached, causing a HSCinterrupt.
Position of the Programmable Limit Switch (PLS).
Displays the error codes detected by the HSC sub-system.
Actual accumulator reading.

Last high preset setting.

Last low preset setting.

Last high preset output setting.
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Parameter Data
type

CountEnable BOOL

LPOutput UDINT
Parameter
HSCSTS.CountEnable
Parameter
HSCSTS. ErrorDetected
Parameter
HSCSTS.CountUpFlag
Parameter
HSCSTS.CountDownFlag

HSC mode User program Description
access
0..9 read only Counting enabled.
read/write Last low preset output setting.

HSCSTSInfo parameter details

HSCSTSInfo (data type HSCSTS) parameters are used to determine the status of
the High-Speed Counter.

CountEnable
Data type HSCmode User program access
BOOL 0..9 read only

Indicates the status of the High-Speed Counter, whether counting is enabled (1)
or disabled (0, default).

ErrorDetected
Data type HSC mode User program access
BOOL 0..9 read/write

Detects if an error is present in the HSC sub-system. Configuration errors are the
most common types of error represented by the ErrorDetectedr. When the bit is
set (1), look at the specific error code in parameter HSCSTS.ErrorCode, which is
maintained by the controller. You can clear the ErrorDetected bit when necessary.

CountUpFlag
Data type HSCmode User program access
BOOL 0..9 read only

Used with all of the HSCs (modes 0...9). If the HSCSTS.CountEnable bit is set,
the Count Up bit is set (1). If the HSCSTS.CountEnable is cleared, the Count
Up bit is cleared (0).

CountDownFlag
Data type HSCmode User program access
BOOL 2.9 read only
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Parameter

HSCSTS.Mode1Done

Parameter

HSCSTS.OVF

Parameter

HSCSTS.UNF

Parameter

HSCSTS.CountDir

Used with the bidirectional counters (modes 2...9). If the HSCSTS.CountEnable
bit is set, the Count Down bit is set (1). If the HSCSTS.CountEnable bit is clear,
the Count Down bit is cleared (0).

Mode1Done

Data type HSCmode User program access

BOOL Oor1 read/write

The HSC sub-system sets the HSCSTS.ModelDone status flag to (1) when the
HSC is configured for Mode 0 or Mode 1 behavior, and the accumulator counts
up to the High Preset value.

OVF

Data type HSCmode User program access

BOOL 0..9 read/write

The HSC sub-system sets the HSCSTS.OVF status flag to (1) whenever the
accumulated value (HSCSTS.Accumulator) has counted through the overflow
variable (HSCAPP.OFSetting). This bit is transitional and is set by the HSC
sub-system. It is up to the control program to use, track, and clear (0) the overflow
condition.

Overflow conditions do not generate a controller fault.

UNF

Data type HSCmode User program access
BOOL 0..9 read/write

The HSC sub-system sets the HSCSTS.UNF status flag to (1) whenever the
accumulated value (HSCSTS.Accumulator) has counted through the underflow
variable (HSCAPP.UFSetting). This bit is transitional and is set by the HSC
sub-system. It is up to the control program to use, track, and clear (0) the
underflow condition.

Underflow conditions do not generate a controller fault.

CountDir

Data type HSCmode User program access

BOOL 0..9 read only

The HSC sub-system controls the HSCSTS.CountDir status flag. When the
HSC accumulator counts up, the direction flag is set to (1). Whenever the HSC
accumulator counts down, the direction flag is cleared (0).
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If the accumulated value stops, the direction bit retains its value. The only time the
direction flag changes is when the accumulated count reverses.

This bit is updated continuously by the HSC sub-system whenever the controller
is in a run mode.

HPReached
Parameter Data type HSCmode User program access
HSCSTS.HPReached BOOL 2.9 read/write

The HSC sub-system sets the HSCSTS.HPReached status flag to (1) whenever
the accumulated value (HSCSTS.Accumulator) is greater than or equal to the
high preset variable (HSCAPP.HPSetting).

This bit is updated continuously by the HSC sub-system whenever the controller
is in an executing mode. Writing to this element is not recommended.

LPReached
Parameter Data type HSCmode User program access
HSCSTS.LPReached BOOL 2.9 read only

The HSC sub-system sets the HSCSTS.LPReached status flag to (1) whenever the
accumulated value (HSCSTS.Accumulator) is less than or equal to the low preset

variable (HSCAPP.LPSetting).

This bit is updated continuously by the HSC sub-system whenever the controller
is in an executing mode. Writing to this element is not recommended.

OFCauselnter
Parameter Data type HSCmode User program access
HSCSTS.OFCauselnter BOOL 0..9 read/write

The Overflow Interrupt status bit sets (1) when the HSC accumulator counts
through the overflow value and the HSC interrupt is triggered. This bit can be
used in the control program to identify that the overflow variable caused the HSC
interrupt. If the control program needs to perform any specific control action
based on the overflow, this bit is used as conditional logic.

This bit can be cleared (0) by the control program and is also cleared by the HSC

sub-system whenever these conditions are detected:
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e  Low Preset Interrupt executes
° High Preset Interrupt executes

e  Underflow Interrupt executes

UFCauselnter
Parameter Data type HSCmode User program access
HSCSTS.UFCauselnter BOOL 2.9 read/write

The Underflow Interrupt status bit sets (1) when the HSC accumulator counts
through the underflow value and the HSC interrupt is triggered. This bit can be
used in the control program to identify that the underflow condition caused the
HSC interrupt. If the control program needs to perform any specific control
action based on the underflow, this bit is used as conditional logic.

This bit can be cleared (0) by the control program and is also cleared by the HSC

sub-system whenever these conditions are detected:
e Low Preset Interrupt occurs
° High Preset Interrupt occurs

® OVCI’HOW Interrupt occurs

HPCauselnter
Parameter Data type HSCmode User program access
HSCSTS.HPCauselnter BOOL 0..9 read/write

The High Preset Interrupt status bit sets (1) when the HSC accumulator reaches
the high preset value and the HSC interrupt is triggered. This bit can be used in
the control program to identify that the high preset condition caused the HSC
interrupt. If the control program needs to perform any specific control action
based on the high preset, this bit is used as conditional logic.

This bit can be cleared (0) by the control program and is also cleared by the HSC

sub-system whenever these conditions are detected:
e Low Preset Interrupt occurs
e  Underflow Interrupt occurs

e  Overflow Interrupt occurs

LPCauselnter

Parameter Data type HSCmode User program access
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Parameter Data type HSCmode User program access

HSCSTS.LPCauselnter BOOL 2.9 read/write

The Low Preset Interrupt status bit sets (1) when the HSC accumulator reaches
the low preset value and the HSC interrupt is triggered. This bit can be used in the
control program to identify that the low preset condition caused the HSC
interrupt. If the control program needs to perform any specific control action
based on the low preset, this bit is used as conditional logic.

This bit can be cleared (0) by the control program and is also cleared by the HSC

sub-system whenever these conditions are detected:
e High Preset Interrupt occurs
e  Underflow Interrupt occurs

® OVCI’HOW Interrupt occurs

PlsPosition
Parameter Data type HSCmode User program access
HSCSTS.PLSPosition UINT 0..9 read only

When the HSC is in Counting mode, and PLS is enabled, this parameter indicates
which PLS element is used for the current HSC configuration.

ErrorCode
Parameter Data type HSC mode User program access
HSCSTS.ErrorCode BOOL 0..9 read only

Displays the error codes detected by the HSC sub-system.

Error code HSC counting Error description
sub-element error code
Bit 15-8 (high byte) 0-255 The non-zero value for the high byte indicates that the HSC error is due to the PLS
data setting. The value of the high byte indicates which element of the PLS data
triggers the error.
Bit 7-0 (low byte) 0x00 No error occurring.
0x01 Invalid HSC counting mode.
0x02 Invalid high preset.
0x03 Invalid overflow.
0x04 Invalid underflow.
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Error code HSC counting Error description
sub-element error code
0x05 No PLS data.
Accumulator
Parameter Data type User program access
HSCApp.Accumulator DINT read/write

Sets the initial accumulator value when the High-Speed Counter starts. When the
HSC is in Counting mode, the Accumulator is automatically updated by the HSC
sub-system to reflect the actual HSC accumulator value.

HP
Parameter Data type User program access
HSCSTS.HP DINT read only

The HSCSTS.HP is the upper setpoint (in counts) that defines when the HSC

sub-system generatcs an interrupt.

The data loaded into the high preset must be less than or equal to the data resident
in the overflow (HSCAPP.OFSetting) parameter or an HSC error is generated.

This is the latest high preset setting, which may be updated by PLS function from

the PLS data block.

LP
Parameter Data type HSCmode User program access
HSCSTS.LP DINT read only

The HSCSTS.LP is the lower setpoint (in counts) that defines when the HSC

sub-system generates an interrupt.

The data loaded into the low preset must be greater than or equal to the data
resident in the underflow (HSCAPP.UFSetting) parameter or an HSC error is
generated. If the underflow and low preset values are negative numbers, the low
preset must be a number with a smaller absolute value.

This is the latest low preset setting, which may be updated by PLS function from
the PLS data block.

HPOutput

Parameter Data type User program access
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Parameter Data type User program access

HSCApp.HPOutput UDINT read/write

Defines the state (1 = ON or 0 = OFF) of the outputs on the controller when the
high preset is reached. For more information on how to directly turn outputs on

or off based on the high preset, see OutputMask.

You can configure the high output bit pattern during initial setup, or you can use
the HSC function block to load the new parameters while the controller is

operating.

LPQutput

Parameter Data type User program access
HSCApp.LPOutput UDINT read/write

LPOutput (HSCApp.LPOutput) defines the state (1 = "on", 0 = "off ") of the
outputs on the controller when the low preset is reached. For more information
on how to directly turn outputs on or off based on the low preset, see
OutputMask.

You can configure the low output bit pattern during initial setup, or you can use
the HSC function block to load the new parameters while the controller is
operating.

HSCSTSInfo parameters example

The following image shows the HSCStsInfo parameters in the Variable Selector.
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PLS data type

PLSData (data type PLS) is used to configure the programmable limit switch.

PLSData structure elements

The PLS data structure is a flexible array with the following elements.

Element Element order Data type Element description
HSCHP Word 0...1 DINT High preset

HSCLP Word 2...3 DINT Low preset
HSCHPOutput Word 4...5 UDINT Output high data
HSCLPOutput Word 6...7 UDINT Output low data

The total number of elements for one PLS data structure should not exceed 255.
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PLSData parameters

The following table lists the PLSData parameter details.

Parameter Data type Dataformat HSC User program Description
mode access

HSCHP DINT 32-bit signed 0 read/writer High preset
integer

HSCLP DINT 32-bit signed 0 read/write Low preset
integer

HSCHPOutput UDINT 32-bit binary 0 read/write Output high data

HSCLPOutput UDINT 32-bit binary 0 read/write Output low data

HSCApp settings versus PLSData settings

When the PLS function is enabled, relevant HSCApp settings are superseded by
the corresponding PLSData settings as shown in the following table.

HSCApp setting

HSCAPP.HpSetting
HSCAPP.LpSetting
HSCAPP.HPOutput
HSCAPP.LPOutput

PLSData setting
HSCHP

HSCLP
HSCHPOutput
HSCLPOutput

PLSData parameters example

The following figure shows the PLSData parameters in the Variable Selector.
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riables - Micro850 | Local Variables - HSCSampleProgram | Sysiem Variables - Micro850 | /O - Micro850 | Defined Words - Micro50 |

Mame Data Type Comment

HSC status codes (STS)

The following table describes the codes that are used to indicate the execution

status of the HSC function block.

Status code Status description

0x00 No action taken (not enabled).
0x01 HSC execution successful.
0x02 HSC command invalid.

0x03 HSCID out of range.

0x04 HSC configure error.
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HSC_SET_STS manually sets or resets the HSC counting status.
" HS5C SET 575 7 )
HSC_SET_STS

* Enable Stsw

HSC_SET_STS

* HsclD

# Model1Done
# HPReached
+ | PReached

# OFOcecurmed

# IFOccurred

e -

HSC_SET_STS function block operation

The HSC function block must be stopped (not counting) for the
HSC_SET_STC function block to set or reset its HT'S status. If the HSC
function block is not stopped, the input parameters will continue to update and

any changes made using the HSC_SET_STS function block will be ignored.

Arguments
Parameter Parameter  Datatype Description
type

Enable Input BOOL Function block enable.

When Enable = TRUE, set/reset the HSC status.

When Enable = FALSE, there is no HSC status change.
HscID Input UINT Manually sets ore resets the HSC status.
Mode1Done Input BOOL Mode 1A or 1B counting is done.
HPReached Input BOOL High preset reached.

This bit can be reset to FALSE when HSC s not counting.
LPReached Input BOOL Low preset reached.

This bit can be reset to FALSE when HSC s not counting.
OFOccurred Input BOOL Overflow occurred.

This bit can be reset to FALSE when necessary.
UFOccurred Input BOOL Underflow occurred.

This bit can be reset to FALSE when necessary.
Sts Output UINT See HSC Status codes (STS) (on page 320).
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Parameter Parameter  Datatype Description
type
ENO Output BOOL Enable out.

Applies only to LD programs.

HSC_SET_STS function block language examples

Function Block Diagram (FBD)

» Enable

* HsclDh

b Mode1Dane

 HPReached

b | PReached

CFCecccurred

LFOccurred

Ladder Diagram (LD)
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+ HPReached

» LPReached

 OFOccowr...

LU FOccurred

Structured Text (ST)

1 H3ZC _SET _=5T3 1(enable, hid, wld, hpr, lpr, ofo, ufo):
2 sts = H3C SET 5T3 1.5ts:

H3C 3ET 3TS 1
void HSC_SET_STS_1{BO0L Enable, UINT HeclD, BOOL Mode1Done, BOOL HPReached, BOCL LPReached, BOOL OFDccrurred, BOCL URCooured)
Tyae : HSC_SET_STS, Manually setfreset HSC status.
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Using the High-Speed
Counter instructions

324

This section provides specific details and examples for using high-speed counter
instructions in logic programs, including the following:

Updating HSC application data

HSC configuration is defined in the HSC application data, and is usually only
configured once before programming the HSC instruction. Changes made to the
HSC application data (HSCAppData parameter) are ignored while the HSC is

counting,

To update the HSC configuration
e Update HSCAppData.

e Call the HSC instruction with command 0x03 (set/reload).

High-Speed Counter (HSC) User Interrupt dialog box

Use the HSC interrupt dialog box to:
e Configure the interrupt properties, such as ID and the program to use it in.
¢ Configure the interrupt parameters.

e InInterrupt Type, sclect High-Speed Counter (HSC) User Interrupt.

Add High Speed Counter (HSC) User Interrupt |
Properties
Inkeanupt T yppes: , High 5peed Counter [H5C) User Intermupt -
HSE 10 |HsC0 .
HSC Descrphon: HSICa
Fiagiar | -
Farameters
Bugn Slait
Dvmiflow Mask High Preset Mazk
Uradefiow sk Low Preset Mazk
ok || Concal |[ appw || Hep

Configuring High-Speed Counter (HSC) user interrupts

A user interrupt causes the controller to suspend the task it is currently
performing, perform a different task, and then return to the suspended task at the
point where the task was suspended.
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2080-LCS0-480'WE

[ = Contraller
Geners|

Mermany

Serial Port

UEE Port
& Ethemet

Dabe and Tirne

Interrupts

Micro830 and Micro850 controllers support up to six HSC User Interrupts that
can be used to execute selected user logic at a pre-configured event.

L Sy e e e e e T T e e % T T T T R e e e T T T Th e e e e e e %
Add High Speed Counter (H5C) User Interrupt [
Propeslies

Irtisrupt Type | High Speed Countes [HEC] User Irtestupt -

=4 HsC 1D |Hsco -
it HSC Descaplion: HSCO

HARE!

O Frogram: | -
Farametens
Ako Start
Oveeflorn Mtk High Prezal Mazk
Underiow Mask | Low Preset Mask
Ok || Cacel || Appk || Heb

Startup/Faults

Add and configure a High-Speed Counter (HSC) User Interrupt

Follow these steps to add and configure a HSC interrupt from the controller's
configuration workspace.

To add an HSCinterrupt

1. Double-click the controller to open the controller configuration workspace.

2. Inthe controller tree, click Interrupts to display the Interrupt
configuration page.

3. Right-click an empty row, and click Add to display the Interrupt properties
dialog box.

To configure an HSC interrupt

1. InInterrupt Type, select High-Speed Counter (HSC) User Interrupt.

2. Select the properties:

HSC Interrupt properties (on page 326)

3. Select the parameters:

HSC Interrupt parameters (on page 327).

Radanell Autometion Pblication 2080 RVIOIBENE - March 2014Vich 2004 325



Chapter 14

HighrSpeedCounter (HBO) instructions

326

HSC Interrupt properties

The HSC Interrupt properties status bits indicate the enabled/disabled status, the
execution status, and whether or not the interrupt condition is lost.

User Interrupt Enable (HSC0.Enabled)

Parameter Data format HSC modes User program access

HSCO.Enabled bit 0.9 read only

Enabled bit is used to indicate HSC interrupt enable or disable status.

User Interrupt Executing (HSCO.EX)

Parameter Data format HSC modes User program access
HSCO.Ex bit 0.9 read only

The EX (User Interrupt Executing) bit is set (1) whenever the HSC sub-system
begins processing the HSC subroutine due to any of the following conditions:

e Low preset reached
e High preset reached
e Opverflow condition - count up through the overflow value

e  Underflow condition - count down through the underflow value

The HSC EX bit can be used in the control program as conditional logic to detect
ifan HSC interrupt is executing,

The HSC sub-system will clear (0) the EX bit when the controller completes its
processing of the HSC subroutine.

User Interrupt Pending (HSCO.PE)
Parameter Data format HSC modes User program access

HSCO.PE bit 0..9 read only

The PE (User Interrupt Pending) status flag indicates an interrupt is pending. The
PE status bit can be monitored or used for logic purposes in the control program if
you need to determine when a subroutine cannot be immediately executed. The
PE bit is maintained by the controller and is set and cleared automatically.

User Interrupt Lost (HSCO.LS)

Parameter Data format HSC modes User program access

HSCO.LS bit 0..9 read only
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The LS (User Interrupt Lost) is a status flag that indicates an interrupt has been
lost. The controller can process 1 active user interrupt condition and maintain 1
pending user interrupt condition before it sets the lost bit.

The LS bit is set by the controller. It is up to the control program to use and
monitor a lost condition.
HSC Interrupt parameters

The HSC interrupt parameters are used to configure the start and mask options.

Auto Start (HSC0.AS)
Parameter Data format HSC modes User program access
HSCO.AS bit 0..9 read only

Auto Start is configured with the programming device and stored as part of the
user program. The auto start bit defines if the HSC interrupt function
automatically starts whenever the controller enters any run or test mode.

Overflow Mask (HSC0.MV)
Parameter Data format HSC modes User program access
HSCO.MV bit 0..9 read only

The MV (Overflow Mask) control bit is used to enable (allow) or disable (not
allow) an overflow interrupt from occurring. If the bit is clear (0), and an
Overflow Reached condition is detected by the HSC, the HSC user interrupt is
not executed.

The MV bit is controlled by the user program and retains its value through a
power cycle. The user program must set and clear the MV bit.

Underflow Mask (HSCO.MN)
Parameter Data format HSC modes User program access
HSCO.MN bit 2.9 read only

The MN (Underflow Mask) control bit is used to enable (allow) or disable (not
allow) an underflow interrupt from occurring, If the bit is clear (0), and an
Underflow Reached condition is detected by the HSC, the HSC user interrupt is
not executed.

The MN bit is controlled by the user program and retains its value through a
power cycle. The user program must set and clear the MN bit.
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High Preset Mask (HSC0.MH)

Parameter Data format HSC modes User program access

HSCO.MH bit 0..9 read only

The MH (High Preset Mask) control bit is used to enable (allow) or disable (not
allow) a high preset interrupt from occurring. If this bit is clear (0), and a High
Preset Reached condition is detected by the HSC, the HSC user interrupt is not
executed.

The MH bit is controlled by the user program and retains its value through a
power cycle. The user program must set and clear the MH bit.

Low Preset Mask (HSC0.ML)

Parameter Data format HSC modes User program access

HSCO.ML bit 2.9 read only

The ML (Low Preset Mask) control bit is used to enable (allow) or disable (not
allow) a low preset interrupt from occurring. If this bit is clear (0), and a Low
Preset Reached condition is detected by the HSC, the HSC user interrupt is not
executed.

The ML bit is controlled by the user program and retains its value through a
power cycle. The user program must set and clear the ML bit.

Configuring a Programmable Limit Switch (PLS)

The high-speed counter has additional operating modes for implementing a
Programmable Limit Switch (PLS). The PLS function is used to configure the
High-Speed Counter to operate as a PLS or as a rotary cam switch. The PLS
function supports up to 255 pairs of high and low presets, and can be used when
you need more than one pair of high and low presets.

Enabling PLS in the HSC

The PLS mode only operates in tandem with the HSC of the Micro800
controller, and must be enabled in the HSC by setting the
HSCAppData.PLSEnable parameter to True.

HSCoperation when PLS is enabled

The PLS function can operate with all other HSC capabilities, including the
ability to select which HSC events generate a user interrupt. When the PLS
function is enabled, and the controller is in run mode, the HSC counts incoming
pulses, and the following events occur.
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e When the count reaches the first preset (HSCHP or HSCLP) defined in
the PLS data, the output source data (HSCHPOutput or HSCLPOutput)
is written through the HSC mask (HSCAPP.OutputMask).

e At that point, the next presets (HSCHP and HSCLP) defined in the PLS

data become active.

e  When the HSC counts to the new preset, the new output data is written
through the HSC mask.

e This process continues until the last element within the PLS data block is

loaded.
e At that point the active element within the PLS data block is reset to zero.

o  This behavior is referred to as circular operation

Example: How to create a High-Speed Counter (HSC) program

This example shows you how to create a High-Speed Counter (HSC) program
that uses a quadrature encoder and includes a Programmable Limit Switch (PLS)
function.

Quadrature encoder used in the example

The High Speed Counter program example uses an HSC function block and a
quadrature counter with phased inputs A and B. The quadrature encoder
determines the direction of rotation and the position for rotating equipment, such
as a lathe. The Bidirectional Counter counts the rotation of the quadrature
encoder.

The following quadrature encoder is connected to inputs 0 and 1. The count
direction is determined by the phase angle between A and B:
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e If A leads B, the counter increments.

e IfBleads A, the counter decrements.

Creating a High-Speed Counter (HSC) program

Perform the following tasks for to create, build, and test the HSC program, and
then add a PLS function.

No Task

1 Create a ladder diagram and add variables (on page 330)

2 Assign values to the HSC variables (on page 333)

3 Assign variables and build the program (on page 335)

4 Test the program and run the High-Speed Counter (on page 337)

5 Add a Programmable Limit Switch (PLS) function (on page 340)

Create a ladder diagram and add variables

Follow these steps to create a ladder diagram and then add local variables to the
rung. This sample program uses a 2080-LC50-24QVB controller. The HSC is
supported on all Micro830 and Micro850 controllers except 2080-LCxx-xxAWB
controller types.

To create a ladder diagram and add variables

1. In the Device Toolbox, expand the Catalog tab to view the device folders.
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2. Expand he Controllers folder and the Micro830 folder to view all Micro830
controllers.  Double-click a controller (2080-LC50-24QVB) to add it to
the Project Organizer.

= Catalog

Im DE0LC10-120NE
] ooccsoce
;[II] SRCHL CI0-100WE
,Im SO0 L0 LEAND
__:[II] HE0-LCI0-160YE
,;HII SN C3N-1 £

3. In the Project Organizer, right-click Programs, click Add, and then click
New LD: Ladder Diagram to add a new ladder logic program.

4. Right-click UntitledLD and select Open.
5. In the Toolbox:

e Double-click Direct Contact to add it to the rung, or

e Dragand drop a Direct Contact onto the rung.

e @ @ @@ @@

_l |_|-

6. Assign avariable to the direct contact:
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Double-click on the direct contact to display the Variable Selector,
and then click the I/O - Micro830 tab.

Click _TO_EM_DI_05, and then click OK to assign the direct contact
to input 5.

B Variable Selectar

I+l aymen Type Ghbal Scope
|10 _EM_DI_0& BOOL w| | MicwE30 -

| User Global Vrisbles - MicioB30 | Local Vasiables - NIA | §ysiem Vaniables - MicioB3) | 1D - Microf0

T Toek|

et BOOL 7 == - ot

J0_EM_DD_17  BOOL :
_I0EM DO 18 BOOL -
ZI0_EM_DD_19  BOOL =
I0_EM_DI 03 BOOL =

_ID_EM DI 2 BOOL -
_IDEW_DI 03  BOOL -
JOEM DIO4  BOOL -

_I0_EM_DI_05

ZID_EM_DIOG 8OO -
JID_EM_DILO7  BOOL -

A Bii A S5 Bffe =

|
= JO_EMDLO  BOOL :
im
=

7. Inthe Toolbox, select a function block and drag it to the right of the direct

contact as shown in the following image.

0 _EN BG 6
_' : = (i

8. Double-click the function block to display the Block Selector.
9. In the Block Selector, select HSC and click OK.

Tip: Type HSC in Search to display all HSC function blocks.

10. Verify the ladder runglooks similar to the following figure.
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11. In the Project Organizer, double-click Local Variables to display the
Variables page.

12. In the Variables page, add the following variables and data types.

Variable Name Data Type
MyCommand USINT
MyAppData HSCAPP
Mylnfo HSCSTS
MyPLS PLS
MyStatus UINT
Result

The Variables page should look similar to the following image.

UntithedLD-¥AR  [intitledLD-POL*

=z

T o€l ™ gE
. Fhaommand USIT -
. F| MyippDaks HSCAFP -
B+ mnfo H5C5TS -
| EERUGE PLS -
B e Ut -

=

Assign values to the HSC variables

After you add variables, follow these steps to add values to the variables using the
Initial Value column in the Variable Selector. A standard program usually uses a
routine to assign values to the variables.
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To assign values to the HSC variables

1. Expand MyAppData to view all variables.

s e e
|

w d‘
I H-f.ﬂppData HSCAPR - L.
Iy AppData. PlsEnable BOOL FiL5E
ity AppData.HeclD LIINT 0
My AppDiats. HecMode I
My AppDasta. Accumulabor  DINT
My AppD-ata. HPSEtting DINT 40
My AppData. LFSetting DINT -0
My AppData. OFSetting DIMT 50
My bppData. UFSetting GINT 50
My SppDiata, Outputiask  LUDIMT 3
Iy AppData. HPOUtput DI 1
Iy AppData, LFOWEpuE DM z
Iy i maamd LISIT 1
[+ MyInFa HECSTS 0
|+ myFLs PLS |
| mystae LINT -

2. Assign the HSC mode value:

e In the Initial Value field for the MyAppData. HSCMode variable, type
6.

e Sece HSCMode in HSCAPP data type (on page 303) for more

information on the description for each value.

3. Assign the rest of the values to the MyAppData variables as shown in the
following figure.
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e In the Initial Value field, enter the value.

e Sce HSCAPP data type (on page 303) for more information on the
description for each value

.}

: d‘
B o
E H'f.ﬂppDal'a HSCAPE - L.,
MyAppData PlsEnabls BOOL FALSE

My AppData.HecID

NT 0
My AppDists. HscMode LITMT I

My AppDasta. Accumulabor  DINT

MyAppData.HPSetting  DINT 40

MyAppData.lPSetting  DINT -40)

My AppData. OFSetting  DINT 50

MydppData.UFSetting  DINT 50

My Applata. OutputMask  LUDINT 3

MyAppData HPOUtpUE  LIDINT 1

Iy AppDiata. LFCUkpuE LIDTMNT z

Iy i maamd LISIT 1

[+ MyInFa HECSTS 0

|+ myFLs PLS ~ |
| mystae UINT .

4. Assign the HSC command value:
e In the Initial Value field for the MyCommand variable, type 1.

e Sce HSCCmd values (on page 302) for more information on command
values.

Assign variables and build the program

After you enter values in the HSC variables, follow these steps to assign the
variables to the function block, and build the program.
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1. From the ladder diagram, assign each variable to its HSC function block
element as shown in the following figure.

2. From the Project Organizer, click the controller to display the controller
tree.

= Corkroller
L Geneal
I Memcry
- SarlalPort
LSS Fort
i Date and Time
- Inkerngts
- StartupyFaults
- Modbus Mapping
R e e 1/0)
= Makion
Db New dods =
= Plug-In Madules
< Emphy =
o< Emply =
i Emply =
e Emply
‘. < Emphby >
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3. From the controller tree, click Embedded I/O,and  select input filters for
your encoder.

Cintralisr - Ervbedded 1i0

Input Fiers Input Laich and 11 Edge
Inpuike | Trgudt Fikar ~ Tnpik  Ensblad | Labeh | F1TFdge -~
N . - r B [0 [reling EFabng #
23 Defat . R T
4.5 _i-é'r.wt w 2 ] |rsting v Faling  ~
o7 [oefat v 3 | 00 |rmg_vlirang v
g5 |Defaut w 4 [0 |raling s {Faling =
1011 |Defaut v E [] |Faling »[lFaling =
12- 13 |Defat i & [0 |Faling »fiFaling |«
i .15 |Defout ""_| 7 o iﬂ[h' Falng v
1633 | oerat | 8 | :Fnll'm wiiraling %
24.27 |Defait v 9 0 [ratng  viramng |

4. Verify the encoder is connected to the Micro830 controller.
5. Start the Micro830 controller and connect it to your computer.

6. Build the program and then download it to the controller.

Test the program and run the High-Speed Counter

After you download the HSC program to the controller, you can test it and then
run the High-Speed Counter.

To test the program

1. Enter debug mode by performing one of the following:
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e From the Debug menu, click Start Debugging, or
o  Click the green play button below the menu bar, or

o DPress the F5 key.

d Coo niponents Wor kbench

%0

Prosgr s

|07 Untitied 01

a Local Varisbles
Global Yariables
DataTypes

Furction Blocks

While in debug mode, you can see the values of the two HSC outputs: STS
(MyStatus) and HSCSTS (Mylnfo).

1. Double-click the _IO_EM_DI_05 direct contact to display the Variable
Selector window.

2. Click the I/O Micro830 tab, and then click the _IO_EM_DI_05 row.
3. Select Lock and Logical Value to force the input to the ON position.
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[® Yariable Monitoring

Global Varisbles - Micro830 | Local Variables - Untited D1 | System Variables - Micto830 170 - Mictof30 ]Dd‘i‘f&dwﬂdﬁ‘t

[ Hame [ LogeolVoke | PhyscalVohe | Lock | DavaTyv | Dinenion | Aias
o ot - ot

,.‘?'.1- '1?'* - o - ,#1- - ﬂ';t
= _I0_EM_DO_00 BOOL -
_I0_EM_DO_01 gooL -
B _10EM D002 pooL -
B _I0.EM D003 pooL -
_I0_EM_DO_D4 pooL -
_|I0_EM_DO_05 gooL -
_I0_EM_DO_DB pooL -
B _I0.EM_DO_07 BOOL -
_I0_EM_DO_08 pooL -
= _I0_EM_DO_09 BOOL -
B _0.EM_DI 00 gooL -
_I0_EM_DI0 gooL -
_I0_EM_DI_02 BOOL -
_0_EM_DI D3 BOOL <
_I0_EM_DI.04 pooOL -
_10_EM_DI D5
H _10_EM_DI_08
_I0_EM_DIO7
_I0_EM_DI_08
_I0_EM_DIL03
_|I0_EM_DI_10
= _I0_EM_DI_T1
_I0_EM_DI 12
= _I0_EM_DI13
To view results

1. Click the Local Variables tab to view variable changes.
2. Expand MyAppData and MylInfo variable list.

3. Turn on the encoder to see the counter count up/down. For example, if the
encoder is attached to a motor shaft, then turn on the motor to trigger the
HSC count.

4. Verify the Logical Value of in the MyStatus variable is 1, which indicates the
HSC is running,

5. View the counter value in Mylnfo.Accumulator.

Tip: See HSC status codes (STS) (on page 320) for the complete list of

status codes.
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Results

In this example, once MyInfo.Accumulator reaches a High Preset value of 40,
output 0 turns on and the HPReached flag turns on. If MyInfo.Accumulator
reaches a Low Preset value of -40, output 1 turns on and the LPReached flag turns
on as well.
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Mydndo. HPCauselnter Mt
IMpine, LPC susslrinn LY
Iyiralo, PisPoaiion 0 R
Mglraba EsrcaCoda ] MAA
Mylrlo Accumnlaton 40 M
Mgdrda HF 40 M
Myinio LP 40 M
phraby P e 1 ik

E
E
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Add a Programmable Limit Switch (PLS) function

This example shows you how to add a Programmable Limit Switch (PLS) function
to the HSC program.
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Variable values for the counter settings

e MyAppData.PlsEnable is used to enable or disable the PLS settings. It
should be set to FALSE (disabled) if the MyAppData variable is used.

e  MyAppData.HscID is used to specify which embedded inputs will be used
based on the mode and application type. See HSC Inputs and Wiring
Mapping to know the different IDs that can be used as well as the
embedded inputs and its characteristics.

e IfID Oisused, ID 1 cannot be used on the same controller because the
inputs are used by Reset and Hold.

e  MyAppData.HscMode is used to specify the type of operation the HSC
will use to count. See HSC Mode (HSCAPP.HSCMode).

To enable PLS

1. In the Project Organizer, double-click Local Variables to display the
Variables page.

2. Enable the PLS function:

o In the Initial Value field for the MyAppData.PlsEnable variable, select
TRUE.

3. Configure the underflow and overflow settings:
o In the Initial Value field for MyAppData.OFSetting, type 50.

o In the Initial Value field for MyAppData.UFSetting, type -50.

4. Configure the output mask if an output is to be used.

Results

In this example, the PLS variable has a dimension of [1..4]. This means that
the HSC can have four pairs of High and Low Presets.
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e High Presets should always be set lower than the OFSetting and the
Low Preset should always be greater than the UFSetting.

e The HscHPOutPut and HscLPOutPut values will determine which
outputs will be turned on when a High Preset or Low Preset is reached.

Progl-VAR >

i
]
. ~| HsC.1 (@ HsC . - Resd/Write  +
B command LISINT . 1 Resd/Write =
Bl - MrtesData HSCARP - 3 Resd/Write -
W - ke HS5CSTS - i3 Read/Write
Bl - e PLS - L4 7 Read/Write -
B - wesm PLS . Resd/Wiite -
B wesiisscHe DINT 10 Read/Writs -
[l WPl Hscle DINT -10 Resd/Write -
B ryeusiuHscHPC UDINT 1 Read/Write -
B MyPLsiiHsclPC UDINT 16 Read/Write -
W - ez PLS . Resd/Write -
B wesizHscHe DINT 20 Read/Writs -
Bl wesi2Hsle DINT -20 Resd/Write -
B wesisserec voNT 3 e
B MyPLsi2HsclPC UDINT 32 Read/Write -
W - e PLS . Resd/Write -
B wesiEiHscHe DINT 30 Read/Writs -
[l WPsBIHsle DINT -30 Resd/Write -
B wrusiHscHpe DT s Resd/Write -
B MyPLsiBlHscLPC UDINT 64 Read/Write -
W - wese PLS . Resd/Wirte -
N D I I
B DT I R R o |
B rvrusiansscHpe uomT 8 Resd/Write -
B MyPLSilHscLPC UDINT 128 Read/Write -
B s LANT - Resd/Write -

Example: Programmable Limit Switch (PLS) enabled

This topic describes the results when PLS is enabled using specific HSC and
PLSData parameter values.

HSC parameter values

This example assumes the following HSC parameters use these values.
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e HSCApp.OutputMask = 31
e HSCApp.HSCMode =0

e HSC controls Embedded Output 0...4 only

PLSData parameter values

This example assumes the PLSData parameters for the variable (HSC_PLS) are
configured as shown in the following figure.

Data Type Dhimensson | Inrhal Value

o

HSC

Ej I
Kl

o
o
tn
=
o

n
o]

il 2o L (o e L

[ =t
-
.
-
230 |
-2

3 |
0
=
500 .
-2

& .
i}
FEE———
-2

0

-2

n
0

;< S— | —
o
o
wv
ww
. ——
o
o
wn
wnr
s P
o
or
wn
wn
MR ——
o
o
wn
wnr

HsCPsp o
HSC_PLS[N}HsclP

- HSC_PLS[1]HscHPOWPt
HSC_PLS[T]HsclPOutPwt
HscASsm
- HSC_PLSZIHscHP
HSC_PLSR2HsclP

- HSC_PLS[2HscHPOutPut
HSC_PLSI2] HsclPOutPut

- [EET
HSC_PLSEIHscHP
HSC_PLS[HeclP

- HSC_PLS[3jHscHPOWP®t
HSC_PLSP]HscLPOuPut
HsCPS
(HSC_PLSRJHscHP
HSC_PLSM]HsclP

- HSC_PLSM]HscHPOuPwt
HSC_PLSM]HsclPOWtPut

PLS enabled results

For this example, the following events will occur.
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e When the ladder logic first runs: HSCSTS.Accumulator = 1, which means
all the outputs are turned off.

e  When HSCSTS.Accumulator = 250, HSC_PLS[1].HSCHPOutput is sent
through the HSCAPP.OutputMask, and energizes outputs 0 and 1.

e Sending the high preset output throught the output mask repeats as the
HSCSTS.Accumulator reaches 500, 750, and 1000, and the controller
energizes outputs 0...2, 0...3, and 0...4 respectively.

e After the full operation completes, the cycle resets and repeats from
HSCSTS.HP = 250.

Rodwell Autormation Publication 2080 RVIIBENE - March 2014Vich 2014



Chapter 15

Input/Output instructions

Input/Output instructions read or write data to or from a controller or a module

using signals sent to a device that is physically connected to a programmable logic

controller. Input relays transfer signals to the internal relays, and output relays

transfer signals to external output devices.

Function

LCD (on page 346)

LCD_BKLT_REM (on page 349)
LCD_REM (on page 352)

RHC (on page 357)

RPC (on page 359)

Function block

DLG (on page 360)

IIM (on page 363)

I0M (on page 366)

KEY_READ (on page 369)

KEY_READ_REM (on page 372)
MM_INFO (on page 376)
PLUGIN_INFO (on page 379)

PLUGIN_READ (on page 382)
PLUGIN_RESET (on page 385)
PLUGIN_WRITE (on page 387)
RCP (on page 389)

RTC_READ (on page 393)
RTC_SET (on page 396)
SYS_INFO (on page 398)
TRIMPOT_READ (on page 401)

Description

Display string or number
(Micro810™ only)

Change remote LCD backlight color and mode
Display messages on remote LCD

Read high-speed clock

Reads user program checksum

Description

Save data and global/local variables to an SD Card Data Log file
Update inputs prior to normal output scan

Update outputs prior to normal output scan

Read key status on the optional LCD module
(Micro810™ only)

Read key status on remote LCD

Read memory module header information

Get module information from a generic plug-in module (excluding Memory Module)

Read data from a generic plug-in module

Reset a generic plug-in module (hardware reset)

Write data to a generic plug-in module

Read/write recipe data to and from an SD memory card
Read real-time clock (RTC) module information

Set real-time clock data to real-time clock module
Read Micro800™ system status

Read the trimpot value from a specific trimpot
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LCD

Parameter

Enable

Line1
Line2
Line3
Line4
LD

346

LCD displays a string or a number on the optional LCD module.

LCD function operation

The LCD function is only supported by the Micro810 controller.

Arguments
Parameter Type  Data Type
Input BOOL
Input STRING
Input STRING
Input STRING
Input STRING
Output BOOL

Function block diagram

Description

Function enable.

When Enable = TRUE, the LCD switches to the user-defined screen
(strings displayed on the LCD) from the 1/0 status screen.

When Enable = FALSE, the LCD displays the contents of the I/0 status
screen.

String to be displayed on line 1 of the LCD.

String to be displayed on line 2 of the LCD.
String to be displayed on line 3 of the LCD.
String to be displayed on line 4 of the LCD.
When TRUE, function is enabled.

LCD function language examples
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Ladder diagram

Structured text
1; enable := TRUE;
2 linel := 'RE':
3 lineZ := '0';
4 line3 := 'C':
= lined := 'HK':
oi output := LCD(enabhle, linel, linel, lined, lined):
LCD

BOOL LCDCEDOL Enable, STRIMG Linel, STRING Line2, STRIMG Line3, STRIMG Lined)
Display string or number according to user requirements i option LCD mounts,

(* ST Equivalence: *)
TESTOUTPUT := LCD(LCDENABLE, LINE1, LINE2, LINE3, LINE4) ;
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Results

t®l Variable Monitoring

enable
line
line2
line3
lined

3 oLtpuk

- ot - gt v gt g -
v N/, BOOL

R N/, STRING

0 N, STRING

C N/, STRING

K N/, STRING
v N, BOOL

.

o[ Dwon ]
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LCD_BKLT_REM sets the Remote LCD backlight parameters in a user

program.

LCD_BKLT_REM function block can be used in a user program to set the
Remote LCD backlight parameters. The function is only supported by Micro 820.

LCD_BKLT_REM is only effective when Remote LCD is displaying either the
User defined screen (by using LCD_REM FB) or default IO Status screen. For all
other screens, backlight parameter settings done through menu will take effect.

LCD_BKLT_REM

When Enable input goes False, last menu settings will take effect

LD BRI HEMST.

LCD_BKLT_REM
= Enahble LCD_BKLT..»
* Color Stz -
= [lode
LY g

LCD_BKLT_REM operation
e LCD_BKLT_REM is supported for Micro820 controllers only.

e LCD_BKLT_REM is only effective when Remote LCD is displaying either
the user-defined screen (by using the LCD_REM function block) or default
I/O Status screen. For all other screens, backlight parameter settings
configured through the menu will take effect.

®  When the Enable Input goes false the last menu settings will take effect.

LCD_BKLT_REM arguments

Parameter Parameter Data type Description
type
Enable Input BOOL Function block enable.

When Enable = TRUE, execute REM_LCD_BKLT function, overwriting any current
backlight settings.

When Enable = FALSE, REM_LCD_BKLT will be disabled.
Color Input UINT Backlight Color Code
0: White
1: Blue
2: Red
3:Green
4-65535: Reserved
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Parameter

Mode

LCD_BKLT_REM

Sts

enable
-
BOOL
color
-
LHNT
mode
-
LHNT

Parameter
type
Input

Output

Output

Data type Description

UINT

BOOL

UINT

0: Permanently OFF

1: Permanently ON

2: Flash (1 secinterval)

e 3-65535: Reserved

When TRUE: Instruction executed successfully.

When FALSE: Error occurred during instruction execution.

Status of the remote LCD operation.
See LCD_BKLT_REM status codes (on page 351)

LCD_BKLT_REM function block language examples

Function Block Diagram (FBD)

P LEDY BRIT REM T ®
LCD_BKLT_REM
L Enable LCD_BKLT_REM d=_ LCD_BKLT
x Color Sts g g
» Mode
M -
Ladder Diagram (LD)
1CD BRLT REM T
LCD_BKLT_REM
EMN END
enable lcd_bklt
== Enable LCD_BELT . sem
color stz
= _olor St e
mode [C_REM
=t [Mode
Structured Text (ST)
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output
LCD BELT

sts_lcd rem

LCD BELT REM 1 (EN, Enable, Color, Mode):
:= LCD BELT REM 1.ENO

_REM 1 := LCD BELT REM 1.LCD BKLT REM

:= LCD_REM 1.5ts

LCD_BELT REM 4|

void LCD_BKLT_REM_4(BOOL Enable, UINT Celor, UINT Mode)
Type: LCD_BKLT_REM, Set the remote LCD backlight parameters.

LCD_BKLT REM status codes

Status code
0
1
2

6-65535

Description

Enable input is false.
Success.

Remote LCD not detected.
May occur when:

e Remote LCD is not physically connected to
the controller (or the wiring is incorrect).

e  Serial port settings are other than what is
required for the Remote LCD.

Connection error.

May occur when there is an internal state machine error. (Possibly
caused by an incompatibility between Controller FW version and
RLCD FW version.

Invalid color code.
Invalid mode.

Reserved.
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LCD REM LCD_REM function block can be used in a program to display user strings on the
— Remote LCD when it is present and connected. This function block is only
supported by the Micro820.

i LoD REM T i
LCD_REM
= Enable LCD_REM

+ Font Stz +

* Linel

* Line2

# line3

# Lined

= Line5

= [insk

= |insy

= [insd

L A

LCD_REM operation

e LCD_REM is supported for Micro820 controllers only.

LCD_REM arguments

Parameter Parameter Data Description
type type
Enable Input BOOL Function block enable.
When Enable = TRUE, remote LCD switches to user-defined screen from I/0 status
screen.

When Enable = FALSE, remote LCD switches back to 1/0 status screen.
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Parameter

Font

Linel
Line2
Line3
Line4
Line5
Line6
Line7
Line8
LCD_REM

Sts

Parameter Data
type type
Input UDINT
Input String
Input String
Input String
Input String
Input String
Input String
Input String
Input String
Output BOOL
Output UINT

Description

Value of the startup message font size.
Valid values:

o 0: Default (Large — 8x16)

1: Small (8x8)

2: Large (8x16)

3: Extra Large (16x16)

4 onward: Reserved

Remote LCD Size is 192x64 pixels. When large or extra-large font is selected, Remote
LCD only displays Line1 to Line4 strings. Line5 to Line 8 string inputs are ignored in
this case.

Remote LD can display maximum 24 characters per line when small or large font is
selected. For extra large fonts, remote LD can display maximum 12 characters per
line.

String to be displayed on line 1 of the LCD. Maximum 24 characters.
String to be displayed on line 2 of the LCD. Maximum 24 characters.
String to be displayed on line 3 of the LCD. Maximum 24 characters.
String to be displayed on line 4 of the LCD. Maximum 24 characters.
String to be displayed on line 5 of the LCD. Maximum 24 characters.
String to be displayed on line 6 of the LCD. Maximum 24 characters.
String to be displayed on line 7 of the LCD. Maximum 24 characters.
String to be displayed on line 8 of the LCD. Maximum 24 characters.

Function block enable.
When Enable = TRUE, user display is active.
When Enable = FALSE, 10 Status/Menu display is active.

Status of the remote LCD operation.
SeeL(D_REM status codes. (see "LCD_REM status codes" on page 356)

LCD_REM function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)
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LCD_REM_2

L4
i
L
 Line5
L&
» Lineb
L7
 Line?
-lurﬂ
Structured Text (ST)
1' LCD REM 1 (EM, Enable, Font, Linel, Line2, Line3, Lined, LineS5, Lineé&, Line7, Line8);
2 output := LCD REM 1.END
3| LCD_REM 1 := LCD_REM 1.LCD_REM
4] ste_lod rem := LCD REM 1.5ts
Lco BEM 1 :

waid LOD_REM_1(BOOL Enable, UDINT Fent, STRIMNG Linel, STRING Line2, STRING Line3, STRING Lined, STRING LineS, STRING Linef, STRING Line?, STRING Linel)
Type : LCD_REM, Display user strings on remote LOD when # is connected.
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LCD_REM status codes

Status code
0
1
2

4
5-65535

Description

Enable input is false.
User Message displayed successfully.
Remote LCD not detected.

May occur when:

o Remote LCD is not physically connected to the controller (or the
wiring is incorrect).

o Serial port settings are other than what is required for the
Remote LCD.

Connection error.

May occur when there is an internal state machine error. (Possibly
caused by an incompatibility between Controller FW version and
RLCD FW version.

Invalid font code.

Reserved.

Rodwell Autormation Publication 2080 RVIIBENE - March 2014Vich 2014



InputOutput instructios Chapter 15

RHC

Parameter

EN

ENO
RHC

Controller Type
Micro810
Micro830
Micro850

RHC reads a high-speed clock value in the Micro800™ controller.

Arguments

ParameterType  Data Type

Input BOOL
Output BOOL
Output UDINT

Description

Function enable.
When EN = TRUE, replace parts of strings with new characters.
When EN = FALSE, no operation.

Enable out.

The value of the high-speed clock.

High-speed clock resolution

The resolution for the high-speed clock instruction differs depending on the

controller type:

Increments
4 every 40 ps
1every 10 ps
Tevery 10 s

Timebase Resolution
10 s 40 ps
10 s 10 s
10 ps 10 ps

RHC function language examples

Function block diagram

Ladder diagram

Structured text

1 rho = BHCO():
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rHC[i]

UDINT RHC()
Read high-speed clock,

(* ST Equivalence: *)
TESTOUTPUT?2 := RHC() ;
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RPC

Parameter

MemMod

ENO
RPC

RPC reads the user program checksum, either from the controller or Memory
Module.

RPC function language examples

Function block diagram

Ladder diagram

Structured text

1! MemwMod := TRUE:
2 rpe = BPC [MermMod) :
RECI

DIMT RPC(ECOL MemMod)

Reads user program checksum,

(* ST Equivalence: *)
TESTOUTPUT?2 := RPC(TESTINPUT) ;
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Arguments
Parameter Type Data Type Description
Input BOOL If true, the value is taken from the memory module.
If false, the value is taken from the Micro800 controller.
Output BOOL Enable out.
Output UDINT The checksum value of the specified user program.
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The Data Logging Function Block can be used to write variable values from the

DLG

run-time engine into a Data Logging File on an SD Card.

Important: When writing to a data log a maximum of 50 group folders are allowed per day. Each group folder has a maximum of 50 files with a file size of

4k-8k.
L G ¥ ks
DLG
= Enable Status =
* TSEn ErrorlD w
» CfglD
b, ry
DLG operation
e  DLGi s supported for Micro820 controllers only.
DLG arguments
Parameter Parameter Data type Description
type

Enable Input BOOL Datalogging write enable.

If Rising Edge Enable is triggered from "False" to "True," data logging function block

will execute if the previous FB operation is completed.
TSEnable Input BOOL Date and time stamp logging enable flag.
(fgiD Input USINT Data logging configuration VA ID number from 1-10.
ENO Output BOOL Enable out.

Applies only to LD programs.
Status Output USINT Data logging function block current status.

See DLG status codes (on page 361).
ErrorlD Output UDINT FB error code, refer to Data logging FB error ID.

See DLG error codes (on page 362).

DLG function block language examples

Function Block Diagram (FBD)
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& oG 7 e
DLG
— enahble b Ertie Shatus e status L
tsen D
e == T5En ErrorlD #= ot -
config
snT == fglD
e A~
Ladder Diagram (LD)
G T
OLG
EM END
enable status
=+ Enable Status o |
tzen D
-t TSEn ErrariDl s .
config
= il
Structured Text (ST)

DLG 1 (EN, Enable, TSEn, CEgID);

R T o I T

output := DLGE 1.ENC
status := DLE 1.S5tatus
4! ID := DLG 1.ErrorID
DLG 1§
void DLG_1(BOOL Enable, BOOL TSEn, USINT CfglD)
Type: DLG, Save list of data to 50 Card Data Leqg file,
DLG status codes
Status code Description
0 Data logging "Idle" status.
1 Data logging "Doing" status.
2 Data logging Complete - "Succeed" status.
3 Data logging Complete "Error" status.
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DLG error codes

The following table describes DLG error codes.

Error code Error Name

0 DLG_ERR_NONE

1 DLG_ERR_NO_SDCARD

2 DLG_ERR_RESERVED

3 DLG_ERR_DATAFILE_ACCESS
4 DLG_ERR_CFG_ABSENT

5 DLG_ERR_CFG_ID

6 DLG_ERR_RESOURCE_BUSY
7 DLG_ERR_CFG_FORMAT

8 DLG_ERR_RTC

9 DLG_ERR_UNKNOWN

Rodwell Autormation Publication 2080 RVIIBENE - March 2014Vich 2014

Comments

No error.

SD card is absent.

Reserved.

Access Data logging file error.

Data logging configuration file is absent.

Configure ID is absent in data logging
configuration file

The Data logging operation linked to
this Data logging ID is used by another
FB operation.

Data logging configuration file format is
invalid.

Real time clock is invalid.

Unspecified error has occurred.
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IIM

Parameter
Enable

InputType

InputSlot

Sts

ENO

IIM executes an immediate input instruction to update the input data without

having to wait until the beginning of the next input scan.

(" 7
1]
¥ Enable

¥ InputType

b [nputSlot

e

E

St w

Arguments

Parameter type Data type

Input

Input

Output

Output

BOOL

USINT

USINT

USINT

BOOL

Description

Function block enable.

When Enable = TRUE, execute function.

When Enable = FALSE, do not execute function.
Type of input:

0 - Embedded input.

1-Plug-in input.

Input slot:

For embedded input, always 0.

For Plug-in input, input slot is 1,2,3,4,5 (Plug-in slot number, starting with left-most
slot=1).

Immediate input scan status.

See |IM status codes (on page 364).

Enable out.
Applies only to LD programs.

IIM function block language examples

Function Block Diagram (FBD)

" T W)
[1M
b Enable

» [nputType

b [nputSlot

b, -~
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Ladder Diagram (LD)
" T
1M
Enable
InputType
_lll-ll:"-llt-l—.!'rl:E
InputSlot
_llnpmslm
e, P
Structured Text (ST)
1! enable := TRUE:
2 InputType := O:
3 Imput3lot := O;
4 ITH 1(ensble, InpucType, Input3lot);
5 output = IIM 1.3ts;

I:IH_l |

woid TIM_1{ECOL Enable, USIMT InputType, USINT InpukSlob)
Type : IIM, Update inputs prior to normal input scan.

Results

t® Variable Monitoring

[nputT ype

|nputSlok

output
+ [IM_1

1IM status codes

The following table describes the codes that are used to indicate the input scan

status of the IIM function block.

Status code Description

0x00 Not enabled (no action taken).
0x01 Input/output scan success.
0x02 Input/output type invalid.
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Status code Description

0x03 Input/output slot invalid.
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IOM executes an immediate embedded output data update without waiting for

I0M

the automatic output scan.

& oM 7 “‘
[OM
# Enable Cio o

# OutputType

* DutputSlot
e, "4
Arguments

Parameter Parametertype  Data type Description

Enable Input BOOL Function block enable.
When Enable = TRUE, execute function.
When Enable = FALSE, do not execute function.

OutputType Input USINT Type of output:

0 - Embedded output.
1-Plug-in output.

OutputSlot Input USINT Output slot:
For embedded output, always 0.

For Plug-in output, output slot is 1,2,3,4,5 (Plug-in slot number,
starting with left-most slot =1).

Sts Output USINT Immediate output scan status.
See |OM status codes (on page 368).

ENO Output BOOL Enable out.
Applies only to LD programs.

I0M function block language examples

IIM executes an immediate input instruction to update the input data without
having to wait until the beginning of the next input scan.

" T i
[1M
* Enable (=71 )

* [nputType

® |[nputSlot

b 7
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Parameter
Enable

InputType

InputSlot

Sts

ENO

Arguments

Parameter type Data type

Output

Output

BOOL

USINT

USINT

USINT

BOOL

Description

Function block enable.

When Enable = TRUE, execute function.

When Enable = FALSE, do not execute function.
Type of input:

0 - Embedded input.

1-Plug-in input.

Input slot:

For embedded input, always 0.

For Plug-in input, input slot is 1,2,3,4,5 (Plug-in slot number, starting with left-most
slot=1).

Immediate input scan status.

See |IM status codes (on page 364).

Enable out.
Applies only to LD programs.

IIM function block language examples

Function Block Diagram (FBD)

T
M

b Enable

¥ InputType

b InputSlot

Ladder Diagram (LD)
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Structured Text (ST)

1 enable := TRUE;

2 InpucType := 0O;

3. InputSlot := O

4 ITH 1({enable, InputType, Input3lot):
5 output := IIM 1.3t=:

11m_ifi

void TIM_1{ECOL Enable, USINT InputType, USINT InpukSlob)
Type : IIM, Update inputs prior to normal input scan.

Results

t® Variable Monitoring

Logical¥alue | PhysicalValue | Lock I
v gt A A i
[nputT ype M
[npLtSlot P
output
+ |IM_1

o[ goen ]

I0M status codes

The following table describes the codes that are used to indicate the output scan
status of the IOM function block.

Status code Description

0x00 Not enabled (no action taken).
0x01 Input/output scan success.
0x02 Input/output type invalid.
0x03 Input/output slot invalid.
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KEY_READ

Parameter

Enable

CKYL
EKYL
CKY
EKY
UKY
DKY
LKY
RKY

KEY_READ reads key status on the optional LCD module.

r

b Enable

KEY REAL
KEY_READ

¥

CKYL

EKYL +

CKY

EKY

UKY 4

DKY 1

RKY 1

LK »

KEY_READ operation

The KEY_READ function block is available for Micro810 controllers only.

Arguments
Parameter type Data type
Input BOOL
Output BOOL
Output BOOL
Output BOOL
Output BOOL
Output BOOL
Output BOOL
Output BOOL
Output BOOL

Description

Function block enable.
When Enable = TRUE, execute LCD read.

When Enable = FALSE, there is no read operation.

TRUE: ESC key pressed for more than 2 seconds.
TRUE: OK key pressed for more than 2 seconds.
TRUE: ESC key pressed.

TRUE: OK key pressed.

TRUE: Up key pressed.

TRUE: Down key pressed.

TRUE: Left key pressed.

TRUE: Right key pressed.

KEY_READ function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)
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Structured Text (ST)

11 KEY RELD 1{ensble):

2. okyl := KEY RELD 1.CKYL:
3. ekyl := KEY READ 1.EKYL:
4 cky = EEY READ 1.CEY;

5 eky := KEY READ 1.EKY;

6 uky := EEYT READ 1.TUKY:

7i dky := KEY READ 1.DKY:

8 1lky := KEY RELD 1.LEY:

9. rky := KEY RELD 1.RET:
EEY READ 1ff

void KEY_READ_1(E00L Enable)
Type : KE¥_READ, Read key skatus on option LCD module,

(* ST Equivalence: *)

KEY_READ_1(KEYENABLE) ;
KEY_EKYL := KEY_READ_1.EKYL ;

KEY_CKY := KEY_READ_1.CKY ;
KEY_EKY := KEY_READ_1.EKY ;
KEY_UKY := KEY_READ_1.UKY ;
KEY_DKY := KEY_READ_1.DKY ;
KEY_RKY := KEY_READ_1.RKY ;
KEY_LKY := KEY_READ_1.LKY ;
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KEY_READ_REM checks Key status on a Remote LCD module when the user

KEY_READ_REM display is active.  This is only available for the Micro820.

" KEY HEAR HEMSISE

KEY_READ _REM
= Enzble KEY_READ . #
Stg =
KeyData =
LY g

KEY_READ_REM operation
e KEY_READ_REM is supported for Micro820 controllers only.

e This function block can be used to check Key status on Remote LCD
module when user display is active (LCD_REM instruction is used to make
User Display Active). When User display is not active, KEY_READ_REM
instruction flags an error.

e P-BUTTON property in LCD Function File shall be activated; otherwise
all key status will be FALSE.

e  Only single key presses are supported for the KEY_READ_REAM
instruction; two-key press combinations are not supported.

KEY_READ_REM arguments

Parameter Parameter Data type Description
type
Enable Input BOOL Function enabled.
TRUE = Enable
FALSE = Disable
KEY_READ_REM Output BOOL TRUE: Remote LCD Key data is read successfully.

FALSE: Enable is false, there is an error reading.
Remote LCD Key Data or User Display is not active.

Sts Output UINT Status of the KEY_READ_REM operation.
See KEY_READ_REM status codes (on page 374).
KeyData Output UDINT Remote LCD KeyPad Data.

See KeyData bitfields table (on page 374).
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KEY_READ_REM function block language examples

Function Block Diagram (FBD)

r KEY REAL] REM T ™
_ KEY_READ_REM
gt =+ Enzble KEY_READ_REM #=___ Suput -
sis
Sis | o - -
KeyData f= . - data -
b, -
Ladder Diagram (LD)
in KEY READ . autgut
KEY_READ__.
. - e
_I I Enable KEY .. o_
] . :
St s
[ data '
KeyDa.. T .
Structured Text (ST)
1: KEY READ REM (Enable):
2 output := EKEY READ REM.ENC
3 sts := KEY READ REM.Sts
4 data := EEY EEAD REM.EKeyData

void KEY_READ_REM_2(BOOL Enable)
Type: KEY_READ_REM, Check key status on remote LCD.
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KEY_READ_REM operation

KEY_READ_REM is supported for Micro820 controllers only.

This function block can be used to check Key status on Remote LCD
module when user display is active (LCD_REM instruction is used to make
User Display Active). When User display is not active, KEY_READ_REM
instruction flags an error.

P-BUTTON property in LCD Function File shall be activated; otherwise
all key status will be FALSE.

Only single key presses are supported for the KEY_READ_REAM

instruction; two-key press combinations are not supported.

KEY READ_ REM status codes

Status code Description

0
1
2

5-65535

Enable Input is False.
Key data read successfully.

Remote LCD not detected.
May occur when:

e Remote LCD is not physically connected to
the controller (or the wiring is incorrect).

e  Serial port settings are other than what is
required for the Remote LCD.

Connection Error.

May occur when there is an internal state machine error. (Possibly
caused by an incompatibility between Controller FW version and
RLCD FW version.)

User Display is not active.

Reserved.

KeyData bitfields table

Bit No. in
KeyData

0
1
2

Name Parameter Description
UKY TRUE = Up key pressed.
DKY TRUE = Down key pressed.
LKY TRUE = Left key pressed.
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Bit No. in Name Parameter Description
KeyData
3 RKY TRUE = Right key pressed.
4 F1KY TRUE = F1 key pressed.
5 F2KY TRUE = F2 key pressed.
6 F3KY TRUE = F3 key pressed.
7 F4KY TRUE = F4 key pressed.
8 F5KY TRUE = F5 key pressed.
9 FoKY TRUE = F6 key pressed.
10 EKY TRUE = Enter key pressed.
n CKY TRUE = Cancel key pressed.
12 EKYL TRUE = Enter key pressed for more than 2 seconds.
13 CKYL TRUE = Cancel key pressed for more than 2 seconds.
14-31 -- Reserved.
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MM_INFO checks Memory Module information. When a Memory Module is

MM—INFO not present, all values return zero (0).
MA_INFCLT
MM_INFO
Enable MMInfo
Arguments

Parameter Parameter type Data type Description

Enable Input BOOL Function block enable.
When Enable = TRUE, read Memory Module header information.
When Enable = FALSE, there is no read operation, and the output
Memory Module information is invalid.

MMinfo Output MMINFO Memory Module Information.
See MMINFO data type (on page 377).

ENO Output BOOL Enable out.

Applies only to LD programs.

MM_INFO function block language examples

Function Block Diagram (FBD)

MM INECL T
MM_INFO
4 enable Enable MMinfo output

b, 4

Ladder Diagram (LD)

MM _INFO_T
MM_INFD
= END

nable

MMinfo

Structured Text (ST)

1 MM INFO 1{enable);
2. output := MM INFO_1.MMInfo:
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MM INFo 1|

vioid MM_INFO_1{EBOOL Enable)
Type : MM_INFD, Read memory module header information,

Results

& variable Monitoring

Logical¥alue | PhysicalValue |
- ot - gt - gt
enable < F A
- autput
. - output MCatalog
. output. MM Catalog. CatalogStr  2080-LCD [ A,
output. 5 enies 1 [ s,
output Bevizion 1 [ o1,
autput LI alid [ o,
output. bModeB ehawvior [ A,
output. Loaddways [ s,
output. LoadOnE mrar [ o1,
output F aulkdverride [ A,
output. MbPrezent + [ i,
B - MM_INFO_1
bAbd_IMFD_1.Enable 4 P A
E S tAkA_IMFO_1 MkInfo
| 4] i e

MMINFO data type

The following table describes the MMINFO data type parameters.
Parameter Data type Description
MMCatalog MMCATNUM The catalog number of the Memory Module.

Note: When using the MM_INFO instruction on controllers with an SD card, the
MMCatalog is "SD CARD".

Series UINT The series of the Memory Module.
Note: When using the MM_INFO instruction on controllers with an SD card, the
series is 0.

Revision UINT The revision of the Memory Module.

Note: When using the MM_INFO on controllers with an SD card, the revision is
0.
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378

Parameter
UPValid
ModeBehavior
LoadAlways
LoadOnError
FaultOverride
MMPresent

Data type
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL

Description

User program valid (TRUE: Valid).

Mode behavior (TRUE: Go to RUN on power up).

Memory Module restore to controller always on power up.
Memory Module restore to controller if power up with error.
Override fault on power up.

Memory Module is present.
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PLUGIN_INFO

Parameter

Enable

SlotID

ModID
VendorlD

ProductType
ProductCode
ModRevision

ENO

PLUGIN_INFO reads the Plug-in Generic Module Information. It can read any
Plug-in module information except for 2080-MEMBAK-RTC modules. When a
Plug-in Generic Module is not present, all values return to zero (0).

£ PLUGIN INFGQ T i
PLUGIN_INFO
= Enable MadID »
* SlotlD VendorlD »
ProductType
ProductCode #
ModRevision »
L A
Arguments
Parameter Data Description
type type
Input BOOL Function block enable.
When Enable = TRUE, execute P_IM information read.
When Enable = FALSE, the function block is not executed. All output data values are
reset to 0.
Input UINT Plug-in slot number.
SlotID =1,2,3,4,5 (starting with far left slot = 1).
Output UINT Plug-in Generic Module physical ID.
Output UINT Plug-in Generic Module vendor ID.
For Allen Bradley products, the vendor ID=1.
Output UINT Plug-in Generic Module product type.
Output UINT Plug-in Generic Module product code.
Output UINT Plug-in Generic Module revision information.
Output BOOL Enable out.

Applies only to LD programs.

PLUGIN_INFO function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

Structured Text (ST)

1 BlotID := 1:

21 PLUGIN INF2 1iensakhle, FlotID);

3 outputl := PLUGIN INFC 1.HModID:

4 oputputz := PLUGIN TNFO 1.VendorID:

St outputld = PLUGIN TNFO 1.ProductType:
6i outputd := PLUGIN INFO 1.ProductCode;
Y outputS = PLUGIN INFO 1.ModRevision:

PLUGIN INFO 1

void PLUGIN_INFO_1{BOCL Enable, UINT SlatID)
Type : PLUGIN_INFO, Get module information From a generic plug-in module,
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Results

&8l Variable Monitoring

| Global Yariables - Misra30 | Local Yariables - UnbitledST l System Variables - Micro830 | ¢ *
Logical¥alue | Physical Yalue DataType I
- gt - gttt - g gt - gt
e | @ [we | @ [ol |
SlotiD 1 Mg, UIMT -
autpLt] 1] [ A, LIMT x
output? 1] A LIMT -
output3 1] [ P LIMT -
outputd 1] [ s, UIMT -
outputh 1] [ A, LIMT x
+ PLUGIM_INFO_1 .. PLUGIM_IN ~
i .
oK
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PLUGIN_READ

Parameter

Enable

SlotID
Offset

Datalength
DataArray
Sts

ENO

382

PLUGIN_READ reads a block of data from any Plug-in Generic Module
hardware except for 2080-MEMBAK-RTC modules. When a Plug-in Generic
Module is not present, all values return to zero (0).

d FPLUGIN READ T ""
PLUGIN_READ
* Enable Sizw
* SlotlD
* AddrOffset
* [atalength
* Datadrray
L A
Arguments
Parameter type Data type Description
Input BOOL Function block enable.
When Enable = TRUE, execute UPM read.
When Enable = FALSE, there is no read operation and the data inside the
data array is invalid.
Input UINT Plug-in slot number.
SlotID =1,2,3,4,5 (starting with the far left slot = 1).
Input UINT Address offset of the first data to be read, calculating from the first byte
of the Plug-in Generic Module.
Input UINT The number of bytes to be read.
Input USINT An array used to store the data read from the Plug-in Generic Module.
Output UINT See PLUGIN_READ status codes (on page 383).
Output BOOL Enable out.

Applies only to LD programs.

PLUGIN_READ function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

enable

Structured Text (ST)

1! PLUGIN READ 1(enshle, ID, ao, dl, da):
. sts := PLUGIN RELD 1.5ts;

PLUG IN_REm_iF

woid PLUGIN_READ_1(B00L Enable, UINT SlotTD, UINT AddrOffset, UINT Datalength, USINT[1..1] Datadrray, UINT __ADI_Datafrray)
Type : PLLGIN_READ, Read dats from & generic PLUGIN modue,

PLUGIN_READ status codes

The following table describes status codes for the PLUGIN_READ function

block.

Status code Status description

0x00 Function block not enabled (no operation).
0x01 Plug-in operation success.
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384

Status code
0x02
0x03
0x04
0x05

Status description

Plug-in operation fails due to an invalid Slot ID.

Plug-in operation fails since it is not a valid Plug-in Generic module.
Plug-in operation fails due to data operated out of range.

Plug-in operation fails due to a data access parity error.
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PLUGIN RESET PLUGIN_RESET resets any Plug-in Generic Module hardware except
— 2080-MEMBAK-RTC modules. After the hardware reset, the Plug-in Generic
Module is ready for configuration and operation.

PLUGIN RESET T

PLUGIMN_RESET .
Enable Sts
SlatlD
Arguments
Parameter Parameter  Data type Description
type
Enable Input BOOL Function block enable.
When Enable = TRUE, execute Plug-in reset.
When Enable = FALSE, there is no reset operation.
SlotID Input UINT Plug-in slot number.
SlotID =1,2,3,4,5 (starting with the far left slot = 1).
Sts Output UINT See PLUGIN_READ status codes (on page 383).
ENO Output BOOL Enable out.

Applies only to LD programs.

PLUGIN_RESET function block language examples

Function Block Diagram (FBD)

FLUGIN RESET_

FLUGIN_RESET
» Enable St
b SlotlD
e
Ladder Diagram (LD)
FLlaiN RESET T

PLUGIN_RESET

Enable EMNO
SlatlD output

SlotlD St=
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Structured Text (ST)

1 SlotID := 1;

2 FLUGIN RESET 1 (enskhle, SlotID]:
3 output := PLUGIN RESET 1.5ts:

PLUGIN REZET 11

void PLUGIN_RESET _1{EO0L Enable, UINT SlatID)
Type : PLUGIMN_RESET, Reset a genetic PLUGIN modulethardware reset),

Results

&8 Variable Monitoring

SlotlD
oukput
+ PLUGIMN_RESET_1 ..

o | (gwen ]
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PLUGIN_WRITE

Parameter

Enable

SlotID

Offset

DataLength
DataArray
Sts

ENO

PLUGIN_WRITE writes a block of data to any Plug-in Generic Module
hardware except 2080-MEMBAK-RTC modules.

i FLiGiN WRITE ¥ %
PLUGIN_WRITE
+ Enahle Stz -

* SlotlD
# LrddrOffset
= DatalLength

# Datalrray

.. i
Arguments
Parameter type Data type Description
Input BOOL Function block enable.
When Enable = TRUE, execute Plug-in write.
When Enable = FALSE, there is no data write operation.
Input UINT Plug-in slot number.
SlotID =1,2,3,4,5 (starting with the far left slot = 1).
Input UINT Address offset of the first data to be written, calculating from the first byte of
the Plug-in Generic Module.
Input UINT The number of bytes to be written.
Input USINT Data to be written to the Plug-in Generic Module.
Output UINT See PLUGIN_READ status codes (on page 383).
Output BOOL Enable out.

Applies only to LD programs.

PLUGIN_WRITE function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

Structured Text (ST)

1 PLUGIN WRITE 1{enshle, ID, ao, dl, da);:
. sts i= PLUGIN WRITE 1.3ts:

PLUGIN WRITE 1

void PLUGIN_WRITE_1{B00L Enable, LINT SiatiD, UINT Addrffset, UINT Datalength, USINT[L..1] Datadmray, UINT __ADI Datafrray)
Twpe : PLUGIN_\WRITE, ‘Write data bo a generic PLUGIN madule,
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RCP

Parameter

EN

Enable

RWFlag

(fgID
RcpName

Status

ErrorlD

ENO

Recipe C Function Block can be used to read a variable’s data value from the

recipe data file which exists in the recipe data file folder of SD card and update the

value to the run-time engine. The Recipe C Function Block can be used to write

the variable value with the run time engine into the recipe data file in the SD card.

ra HEE T =y
RCP
= Enable Status +
* RinFlag ErrorlD =
» CfglD
* FileMams
B, -~
RCP operation
e RCP is supported for Micro820 controllers only.
RCP arguments
Parameter Datatype  Description
type
Input BOOL Function block enable.
When EN = TRUE, execute current RCP computation.
When EN = FALSE, there is no computation.
Applies only to LD programs.
Input BOOL Function block read/write enable.
On Rising Edge (Enable switches from 0 to 1), the function block executes with
the precondition that the last operation has completed.
Input BOOL TRUE = write to SD Card.
FALSE = Recipe read from SD Card.
Input USINT Recipe configuration VA ID index.
Input STRING Recipe data file name which is operated in the recipe folder in SD card
(maximum 30 characters length).
Output USINT Recipe function block current status.
See RCP status codes (on page 391).
Output UDINT Error ID if RCP Read/Write fails.
See RCP error codes (on page 391).
Output BOOL Enable out.

Applies only to LD programs.
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RCP function block language examples

Function Block Diagram (FBD)

I RCP T ™
RCP
enahble status
- =+ Fnable Status gl
ﬂa’g—H{:P — —— |D
g T RinFlag ErrarlD —
configlD
T =t CfglD
name_RCP ;
- — = [ilelame
b A
Ladder Diagram (LD)
RCE. T
RCP
EM END
enable status
== Enahble Status s
flag_ RCP error_|0_RCF
=t R\Flag ErrorlD =
Config_ID
= (CfglD
name_RCP
= FileMame
Structured Text (ST)
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RECF 1 (EN, Enabkle, EWFlag, CfgID, FileName):

output = ECF 1.ENO

status := RCP_1.5tatus
4{ error ID RCP := RCP 1.ErrorlID
ECEF 1}

void RCP_1(BEOOL Enable, BOOL RWFlag, USINT CfgID, STRING FileMarne)
Type: RCP, Save/Restore list of data to/from 50 Card Recipe file,

RCP status codes

Status code Description

0 Recipe "ldle" status.

1 Recipe "Doing" status.

2 Recipe Complete - "Succeed" status.
3 Recipe Complete - "Error" status.
RCP error codes

The following table describes RCP error codes.

Error code Error Name
0 RCP_ERR_NONE
1 RCP_ERR_NO_SDCARD
2 RCP_ERR_DATAFILE_FULL
3 RCP_ERR_DATAFILE_ACCESS
SD card may be identified as a) broken;  b) full; or ¢)
read only.
4 RCP_ERR_CFG_ABSENT
5 RCP_ERR_CFG_ID
6 RCP_ERR_RESOURCE_BUSY
7 RCP_ERR_CFG_FORMAT
8 RCP_ERR_RESERVED
Reserved for future possible expansion.
9 RCP_ERR_UNKNOWN
10 RCP_ERR_DATAFILE_NAME
n RCP_ERR_DATAFOLDER_INVALID
12 RCP_ERR_DATAFILE_ABSENT
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Error code Error Name
13 RCP_ERR_DATAFILE_FORMAT
14 RCP_ERR_DATAFILE_SIZE

Recipe data file size is too big (>4kb).
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RTC_READ

Parameter

Enable

RTCData

RTCPresent
RTCEnabled
RTCBatLow

ENO

RTC_READ reads the RTC preset and RTC information.

"' RTC_ READ T o
RTC_READ
¥ Enable RTCData =
RTCPresent =
RTCEnabled +
RTCEatLow *

"

RTC_READ operation

e  When used with a Micro810 controller with embedded RTC, RTCBatLow

is always set to zero (0).

®  When the embedded RTC has lost its charge/memory due to loss of power,
RTCEnabled is always set to zero (0).

Arguments
Parameter  Data type
type
Input BOOL
Output RTC
Output BOOL
Output BOOL
Output BOOL
Output BOOL

Description

Function block enable.

When Enable = TRUE, execute RTC information read.

When Enable = FALSE, there is no read operation and output RTC data is
invalid.

RTC data information: yy/mm/dd, hh/mm/ss, week.

See RTC data type (on page 394).

TRUE - RTC hardware is plugged in.
FALSE - RTC hardware is not plugged in.

TRUE - RTC hardware is enabled (timing).
FALSE - RTC hardware is disabled (not timing).

TRUE - RTC battery is low.
FALSE - RTC battery is not low.
Enable out.

Applies only to LD programs.

RTC_READ function block language examples

Function Block Diagram (FBD)
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RTCEnabled »

RTCEatLow 1

Ladder Diagram (LD)

enable

RTCPresent «

FTCEnabled

RTCBatLow

Structured Text

1§ RETC READ 1{enable);

dats 1= RTC RELD 1,.RTCData;
present = RTC RELD 1,.RTCPresent;
enakbiled := RTC RELD 1,RTCEnabled;
batlow := RTC RELD 1.RTCEatLow:

[y QY O AV i

RTC_READ_1[]
void RTC_READ_1(BCOL Enable)
Type : RTC_READ, Read RTC module information,

RTC data type
The following table describes the RTC data type.

Parameter Data type Description

Year UINT The year setting for the RTC. 16-bit value, and the valid range is from
2000 (Jan 01, 00:00:00) to
2098 (Dec. 31, 23:59:59)
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Parameter Datatype Description
Month UINT The month setting for the RTC.
Day UINT The day setting for the RTC.
Hour UINT The hour setting for the RTC.
Minute UINT The minute setting for the RTC.
Second UINT The second setting for the RTC.
DayOfWeek UINT The day of the week setting for the RTC. This parameter is ignored for RTC_SET.
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RTC_SET
i RIC 5EF T b
RTC_SET
+ Enable RTCPresent &
# RTCEnable RTCEnshled
# RTCData RTCEatLow %
Stz -
L A
Arguments
Parameter Parameter  Data type Description
type
Enable Input BOOL Function block enable.
When Enable = TRUE, execute RTC set with the RTCinfo from input.
When Enable = FALSE, there is no read operation and output RTC data is invalid.
RTCEnable Input BOOL TRUE - To enable RTC with the RTC data specified.
FALSE - To disable RTC.
Note: This is ignored by Micro810 controllers.
RTCData Input RTC RTC data information: yy/mm/dd, hh/mm/ss, week.
This RTC data are ignored when RTCEnable = 0.
See RTC data type (on page 394).
RTCPresent Output BOOL TRUE - RTC hardware is plugged in.
FALSE - RTC hardware is not plugged in.
RTCEnabled Output BOOL TRUE - RTC hardware is enabled (timing).
FALSE - RTC hardware is disabled (not timing).
RTCBatLow Output BOOL TRUE - RTC battery is low.
FALSE - RTC battery is not low.
Sts Output USINT The read operation status.

RTC_SET sets RTC status or write RTC information.

See RTC Set Status values (on page 397)

RTC_SET function block language examples

Function Block Diagram (FBD)
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LY A
Ladder Diagram (LD)
in
- |
I
Structured Text (ST)
1 ETC _SET 1(in, enable, data);:
2 present = RETC SET 1.RTCPresent:
3 enabled := RTC SET 1.RTCEnabled;
‘1 batlow := RETC ZET 1.RTCEatLow:
5 sts := RTC SET 1.3ts;
RTC_SET 1|
woid RTC_SET_1{BOCL Enable, BOOL RTCEnable, RTC RTCData)
Type : RTC_SET, Set RTC data to RTC module.
RTC Set status values

The following table describes RTCSet values:

Status value Status description

0x00 Function block not enabled (no operation).
0x01 RTC set operation success.

0x02 RTC set operation fails.
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SYS_INFO reads the status data block.

SYS_INFO
SY5 INFD T W
SY5_[NFO
Enable St
Arguments
Parameter Parameter type Data type Description
Enable Input BOOL Function block enable.
When Enable = TRUE, execute function.
When Enable = FALSE, do not execute function.
Sts Output SYSINFO System status data block.
See SYS_INFO data type (on page 399).
ENO Output BOOL Enable out.

Applies only to LD programs.

SYS_INFO function block language examples

Function Block Diagram (FBD)

SYE INFO T

SYS_INFO
4 enzble Engble Ste output L
oo " weweo o ©

Ladder Diagram (LD)

SYS INEOLT
SYS_INFO
E ENO

nable

Sts

Structured Text (ST)

1, 5YS INFO 1{enable);
2i output := 3Y3_INFO 1.5ts;

5YS INFO_1ff

void SY¥S_INFO_1({E2CL Enable)
Type : 5Y3_INFO, Read MicroS00 system skakus,

Results
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Parameter
BootMajRev
BootMinRev

Operating System Series

0SMajRev

&l Variable Monitoring

- A A i - gt
> -E-MIEI T |
- Dutput SYSIMFO -
output. Boaothd ajF ey 'I N.-".E‘-. IMNT
output BoottinR ey 1 Mt IMT
output, 05 Series 1] M IMT
output. OS5k ajF ey 1 M, KT
output. OSMinF e 12 M A, IMNT
output. b odeB ehaviour Mt BOOL
output, FaultOverride M BOOL
output StritlpProtect M, BOOL
output MaErHaled M A, BOOL
output. M aErmCode 1] Mt IMT
output. M aErJFR M BOOL
output UFRPouf um I} M, KT
autpt MLoaddways M A, BOOL
output. MLoadOnE rar Mt BOOL
output, bk Pradiizmatch M BOOL
output FreeRunClock, I} M, KT
output. Forcesl nstall M A, BOOL
output. EminFilkertdod Mt BOOL
. - SYS_INFO_1 SYS_IMFC -
Sv5_INFO_1.Enable " M BOOL
= + SY¥S_IMFO_1.5ts STSIMFO
| 4] i ——

SYS_INFO data type

The following table describes the SYSINFO data type.

Data type Description

UINT Boot Major Revision.
UINT Boot Minor Revision.
UINT Operating System Series:

0 indicates a series A device
1 indicates a series B device

UINT 0S Major Revision.
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Parameter
OSMinRev
ModeBehaviour
FaultOverride

StrtUpProtect

MajErrHalted
MajErrCode
MajErrUFR

UFRPouNum
MMLoadAlways
MMLoadOnError
MMPwdMismatch

FreeRunClock

Forceslnstall

EMINFilterMod

400

Data type
UINT
BOOL
BOOL
BOOL

BOOL
UINT
BOOL

UINT
BOOL
BOOL
BOOL

UINT

BOOL
BOOL

Description

0S Minor Revision.

Mode Behavior (TRUE: Go to RUN on power up).

Fault Override (TRUE: Override error on power up).

Startup Protection (TRUE: Run startup protection program on power up).
Note: For future release

Major error halted (TRUE: Major error halted).

Major error code.

Major error during user fault routine.

Note: For future release

User fault routine program number.

Memory Module restore to controller always on power up (TRUE: Restore).
Memory Module restore to controller if power up with error (TRUE: Restore).

Memory Module password mismatch (TRUE: Controller and Memory Module password mismatch).

Free running clock that increments every 100 microseconds from 0 to 65535 and then returns to 0. You can
use the Clock, which is globally accessible, if you need more resolution than the standard 1 millisecond
timer.

Note: Only supported for Micro830 and Micro850 controllers. Value for Micro810 controllers remains 0.

Forces enabled (TRUE: Enabled).
Embedded filter modified (TRUE: Modified).
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TRIMPOT READ reads one Trimpot current value.
TRIMPOT_READ - P

TRIMPOT_READ T
TRIMPOT_READ
Enahble TrimPaotVe

TrimPotlD

Arguments
Parameter Parameter  Datatype Description
type

Enable Input BOOL Function block enable.

When Enable = TRUE, execute Trimpot read.

When Enable = FALSE, there is no read operation and output Trimpot value is invalid.
TrimPotID Input UINT The ID of the Trimpot to be read.

See Trimpot ID definition (on page 402).
TrimPotValue Output UINT Current trimpot value.
Sts Output UINT The read operation status.

See Trimpot operation status values (on page 402).
ENO Output BOOL Enable out.

Applies only to LD programs.

TRIMPOT function block language examples

Function Block Diagram (FBD)

TRIMPOT REAL.
TRIMPOT_READ

L kel
Sy — TrimFotD 5

.,

Ladder Diagram (LD)
enable THIMPOT
TRIMPOT_READ

I} Enable
11

[1n] value

status
bR A
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402

Output selection

Trimpot ID definition

Status value

0x00
0x01

Structured Text (ST)

1 TEIMFOT READ 1f{enshle, ID):
2 wvalue = TRIHPOT_REILD_l.TrimPDtvalue,:
3 status 1= TRIHPOT_REILD_l.Sts,:

TRIMPOT READ 14

void TRIMPOT_READ _1(EO0L Enable, UINT TrimPotID)
Type : TRIMPOT_READ, Read the Trimpok walue from a specific Trimpot,

Trimpot ID definition

The following table describes the Trimpot ID definition.

Bit Description

15-13 Module type of trimpot:
o 0x00 - Embedded.
o 0x01 - Expansion.
® 0x02 - Plug-in Port.
12-8 Slot ID of the module:
o 0x00 - Embedded.
o 0x01-0x1F - ID of Expansion Module.
o 0x01-0x05 - ID of Plug-in Port.
7-4 Trimpot type:
o (0x00 - Reserved.
o 0x071 - Digital Trimpot Type 1 (LCD Module 1).
o 0x02 - Mechanical Trimpot Module 1.
3-0 Trimpot ID inside the module:
o (x00-0xOF - Embedded.
o 0x00-0x07 - ID of Trimpot for Expansion.
® 0x00-0x07 - ID of Trimpot for Plug-in Port.
The trimpot ID starts from 0.

Trimpot operation status values

The following table describes Trimpot operation status values.

Status description

Function block not enabled (no read/write operation).

Read/write operation success.
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Status value Status description
0x02 Read/write operation fails due to an invalid Trimpot ID.
0x03 Write operation fails due to an out of range value.
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Function

STIS (on page 406)
UIC (on page 408)

UID (on page 410)

UIE (on page 412)

UIF (on page 414)

Interrupt instructions

Interrupt instructions are used to signal the processor that an event needs
attention. Usually, the interrupt signal is used for high-priority conditions that
require interruption of the current code the processor is executing,

Description
Start the STI timer from the control program rather than starting automatically

Clears specific user interrupt

Disable specific user interrupt

Enable specific user input

Flush specific user input
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STIS starts a selectable timed (timer) user interrupt.
STIS
Arguments
Parameter Parameter Data Type Description
Type
Enable Input BOOL Function enable.
When Enable = TRUE, perform function.
When Enable = FALSE, do not perform function.
IRQType Input UDINT Use the STI defined words.
-IRQ_STIO
-IRQ_STN
-IRQ_STI2
-IRQ_STI3
SetPoint Input UINT This is the amount of time (in ms) which must expire prior to executing the
selectable timed interrupt. A value of 0 disables the STIS function. A value
between 1and 65535 enables the STIS function.
STIS Output BOOL Rung status (same as Enable).

406

STIS function language examples

Function block diagram
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Ladder diagram

Structured text

1! enable := TRUE:

z; IRQType := IRQ 3TIZ:

3. SetPoint := 1000;

4 output = ZTIZ (enable, IRQType, 3etPoint):;

sTIs]|

BOOL STIS(EOOL Enable, UDINT IRGTvpe, UINT SetPaint)
Skark STI timer From conkral programiinstead of aukomatically],

(* ST Equivalence: *)
TESTOUTPUT := STIS(TESTENABLE, 2, 1000) ;

Results

tEl Variable Monitoring

- gt - gt
IRQType 131072
SetPoint 1000

output
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vIC UIC clears Interrupt Lost bit for the selected User Interrupt(s).
Arguments
Parameter Parameter Data Type Description
Type

Enable Input BOOL Function enable.
When Enable = TRUE, perform function.
When Enable = FALSE, do not perform function.

IRQType Input UDINT Use the STI defined words. -IRQ_HSG
-IRQ_EllO - IRQ_HSC4
-IRQ_EII - IRQ_HSC5
-IRQ_EI2 -IRQ_STIO
-IRQ_EII3 -IRQ_STI
- IRQ_EI4 -IRQ_STI2
-IRQ_EN5 -IRQ_STI3
-IRQ_Ell6 -IRQ_UFR
- IRQ_EN7 - IRQ_UPMO
-IRQ_HSCO -IRQ_UPM1
-IRQ_HSC1 -IRQ_UPM2
-IRQ_HSC2 - IRQ_UPM3

- IRQ_UPM4
UIC Output BOOL Rung status (same as Enable).

408

UIC function language examples

Function block diagram
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Ladder diagram

Structure text
1. enable := TEUE;
IRQType = 2;

output = UIC (enable, IRQTvype):

3

Results

User Global Variables - Micro50 | Local Vanables - Prog3 | System Varial
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UiD

Parameter

Enable

IRQType

uib

410

UID disables selected user interrupt(s).

Arguments
Parameter Data Type
Type
Input BOOL
Input UDINT
Output BOOL

Description

Function enable.
When Enable = TRUE, perform function.
When Enable = FALSE, do not perform function.

Use the STI defined words. -IRQ_HSG3
-IRQ_ENO -IRQ_HSC4
-IRQ_EIN -IRQ_HSCS
-IRQ_EI2 -1RQ_STIO
-IRQ_EI3 -1RQ_STN
-IRQ_EN4 -1RQ_STI2
- IRQ_EII5 -1RQ_STI3
-IRQ_Ell6 -IRQ_UFR
- IRQ_EN7 -IRQ_UPMO
-IRQ_HSCO -IRQ_UPM1
-IRQ_HSC1 -IRQ_UPM2
-IRQ_HSC2 -IRQ_UPM3
-IRQ_UPM4

Rung status (same as Enable).

UID function language examples

Function block diagram
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Ladder diagram

Structured text

1! enable := TRUE;

2 IRQType := 2

3 output := UID|(enable, IRQOType]:
u1ofi]

BOOL UID(EOOL Enable, UDINT IRQType)
Disable specific user interrupt.

(* ST Equivalence: *)
TESTOUTPUT := UID(TESTENABLE, 2) ;

Results

E®l variable Monitoring

o Comen )
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UIE
Parameter
Enable
IRQType
UIE

412

UIE enables a user interrupt.

Arguments
Parameter Data Type
Type
Input BOOL
Input UDINT
Output BOOL

Description

Function enable.
When Enable = TRUE, perform function.
When Enable = FALSE, do not perform function.

Use the STI defined words. -IRQ_HSG3
-IRQ_ENO0 -IRQ_HSC4
-IRQ_EIN -IRQ_HSCS
-IRQ_EI2 -1RQ_STIO
-IRQ_EI3 -IRQ_STN
-IRQ_EI4 -1RQ_STI2
- IRQ_EII5 -1RQ_STI3
-IRQ_Ell6 -IRQ_UFR
- IRQ_EN7 -IRQ_UPMO
-IRQ_HSCO -IRQ_UPM1
-IRQ_HSC1 -IRQ_UPM2
-IRQ_HSC2 -IRQ_UPM3
-IRQ_UPM4

Rung status (same as Enable).

UIE function language examples

Function block diagram
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Ladder diagram

Structured text

1 enable := TRUE;

2 IRQType = 2;

3 output := UIE(enable, IRQType):
UIE]|

BOOL UIE(BOOL Enable, UDINT IRGType)
Enable specific user interrupt,

(* ST Equivalence: *)
TESTOUTPUT := UIE(TESTENABLE, 2)

Results

tEl Variable Monitoring |:||X|
| Global Yariables - Misra@30 | Local Yariables - RA_LIE_ST | Spstem Variz 4 *

- ot
enable + [ P ]
IRGETupe p M, ]
output

b (e ]
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UIF

Parameter

Enable

IRQType

UIF

414

UIF flushes (removes) a pending user interrupt for selected user interrupt(s).

Arguments

ParameterType  Data Type Description

Input BOOL Function enable.
When Enable = TRUE, perform function.
When Enable = FALSE, do not perform function.

Input UDINT Use the STl defined words. -IRQ_HSG
-IRQ_ENO - IRQ_HS(4
- IRQ_EIN -IRQ_HSC5
- IRQ_EI2 -1RQ_STIO
-IRQ_EN3 -1RQ_STN
-IRQ_ENI4 -1RQ_STI2
- IRQ_EII5 -IRQ_STI3
- IRQ_ElI6 -IRQ_UFR
-IRQ_EN7 -IRQ_UPMO
- IRQ_HSCO -IRQ_UPM1
- IRQ_HSC1 -IRQ_UPM2
- IRQ_HSC2 -IRQ_UPM3

- IRQ_UPM4
Output BOOL Rung status (same as Enable).

UIF function language examples

Function block diagram
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Ladder diagram

Structured text

1! enable := TRUE;

2 IEQType = 2;

3 output := UIF (enable, IRQType):
uIFji]

BOOL UIF(BOOL Enable, UDINT IRQType)
Flush specific user interrupt.

(* ST Equivalence: *)
TESTOUTPUT := UIF(TESTENABLE, 2) ;

Results

tEl Variable Monitoring

" gt
enable
IRQType

output

Cancel
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Motion control instructions

Connected Components Workbench 2.0 and later includes a set of instructions

for programming and designing the motion of a particular axis using motion

control function blocks.

Function block

Administrative

MC_AbortTrigger (on page 429)
MC_Power (on page 455)
MC_ReadAxisError (on page 460)
MC_ReadBoolParameter (on page 465)
MC_ReadParameter (on page 468)
MC_ReadStatus (on page 471)
MC_Reset (on page 476)
MC_SetPosition (on page 479)
MC_TouchProbe (on page 487)
MC_WriteBoolParameter (on page 492)
MC_WriteParameter (on page 496)
Motion

MC_Halt (on page 432)

MC_Home (on page 436)
MC_MoveAbsolute (on page 441)
MC_MoveRelative (on page 446)

MC_MoveVelocity (on page 450)
MC_Stop (on page 483)
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Description

Abort function blocks which are connected to trigger events.
Controls the power stage (ON or OFF)

Describes general axis errors

Returns the value of a vendor specific parameter of type BOOL
Returns the value of a vendor specific parameter

Returns the status of the axis

Resets all internal axis-related errors

Shifts the coordinate system of an axis by manipulating the actual position

Records the axis position at a trigger event
Modifies the value of a vendor specific parameter of type BOOL

Modifies the value of a vendor specific parameter

Stop the axis under normal operating conditions
Commands the axis to perform the <search home> sequence
Commands a controlled motion to a specified absolute position

Commands a controlled motion of a specified distance relative to the actual position
at the time of the execution

Commands a never ending controlled motion at a specified velocity

Commands a controlled motion stop
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General rules for motion
control function blocks

Rule applies to

Input parameters

Missing input parameters

Inputs exceeding application limits

Sign rules for inputs
Position versus Distance

Position/Distance input

Velocity input

Direction input

418

The general rules for the Micro800 motion control function blocks follow the
PLCopen Motion control specifications. The following table provides general
rules about the interface of motion control function blocks.

Rule

With Execute: The parameters are used with the rising edge of the execute input. To modify any parameter,
change the input parameter(s) and trigger the motion again.

Note: If an instance of a function block receives a new Execute before it finishes (as a series of commands on the
same instance), the new Execute is ignored, and the previously issued instruction continues with its execution.

With Enable: The parameters are used with the rising edge of the enable input and can be modified continuously.

Missing input is captured during User Application compilation. There is no missing input error handling at the
controller level.

If a function block is commanded with parameters that result in a violation of application limits, the instance of the
function block generates an error. In this case, the Error output is flagged On, and error information is indicated by
the output ErrorID. The controller, in most cases, remains in Run mode, and there is no Motion Error reported as a
major controller fault.

The Acceleration, Deceleration, and Jerk inputs are always positive values. Velocity, Position and Distance inputs
can have positive and negative values.

Position is a value defined within a coordinate system. Distance is a relative measure related to technical units.
Distance is the difference between two positions.

Only linear motion is supported on Micro800 controllers. For MC_MoveAbsolute function block, the position input is
the absolute location to be commanded to the axis. For MC_MoveRelative, the distance input is the relative
location (considering current axis position is 0) from current position.

Velocity can be a signed value, but it can also use Direction input to define the sign of the velocity (negative velocity
X negative direction = positive velocity). The E parameter "Direction” refers to the velocity input and output for
compatibility reasons.

For distance (position) motion, with the target position (either absolute, or relative) defined, the motion direction is
unique. The direction input for distance move is ignored.

For velocity motion, direction input value can be 1 (positive direction), 0 (current direction) or -1 (negative
direction). For any other value, only the sign is considered. For example, -3 denotes negative direction, +2 denotes
positive direction, and so on.

For velocity move (MC_MoveVelocity), the sign (velocity x direction) determines the actual motion direction if the
value is not 0. For example, if velocity x direction = +300, then direction is positive.
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Rule applies to

Acceleration, Deceleration and Jerk
inputs

Output exclusivity

Output status

Behavior of Done output

Behavior of Busy output

Behavior of CommandAborted
output

Rule

o Deceleration or Acceleration inputs should have a positive value. If Deceleration or Acceleration is set to a
non-positive value, the function block reports an error (Error ID: MC_FB_ERR_RANGE).

o Jerkinput should have a non-negative value. If Jerk is set to a negative value, the function block reports an error
(Error ID: MC_FB_ERR_RANGE).

o If Maximum Jerk is set to zero, all jerk parameters for the motion control function block, including jerk setting for
MC_Stop have to be set to zero. If they are not, the function block reports an error (Error ID:
MC_FB_ERR_RANGE).

o |f Jerk s set to a non-zero value, S-Curve profile is generated; if Jerk is set to 0, trapezoidal profile is generated.
o Home Jerk configuration is not limited to Max Jerk configuration.

o Ifthe motion engine fails to generate the motion profile prescribed by the dynamic input parameters, the
function block reports an error (Error ID: MC_FB_ERR_PROFILE).

With Execute: When Execute is TRUE, one of the Busy, Done, Error, or CommandAborted outputs must also be
TRUE. The outputs are mutually exclusive: only one output on one function block can be TRUE.
Only one of the outputs Active, Error, Done and CommandAborted is set at one time.

With Enable: The Valid and Error outputs are mutually exclusive: only one output on one function block can be
TRUE.

With Execute: The Done, Error, ErrorlD and CommandAborted outputs are reset with the falling edge of Execute
instruction. However, the falling edge of Execute does not stop or influence the execution of the actual function
block. Even if Execute is reset before the function block completes, the corresponding outputs are set for at least
one cycle.

If an instance of a function block receives a new Execute command before it completes (as a series of commands on
the same instance), the new Execute command is ignored, and the previously issued instruction continues with
execution.

With Enable: Valid, Enabled, Busy, Error, and ErrorID outputs are reset with the falling edge of Enable as soon as
possible.

The Done output is set when the commanded action has successfully completed.
When multiple function blocks are working on the same axis in a sequence, the following applies:

o When one movement on an axis is interrupted with another movement on the same axis without having
reached the final goal, Done on the first function block will not be set.

Every function block can have a Busy output, indicating the function block is not finished (for function blocks with
an Execute input) or is not working and new output values can be expected (in case of Enable input).

Busy is set at the rising edge of Execute and reset when one of the outputs Done, Aborted, or Error is set. The
function block should be kept in the active loop of the application program for at least as long as Busy is TRUE
because the outputs may change.

Function blocks with the same instance that are busy cannot execute until it is no longer busy. Function blocks with
different instances can abort the currently executing function block.

The CommandAborted output is set when a commanded motion is interrupted by another motion command.

The reset behavior of CommandAborted output is similar to Done output. When CommandAborted occurs, other
output signals such as InVelocity are reset.
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Rule applies to

Output Active

Enable and Valid status

Output error handling

Naming conventions ENUM types

420

Rule

The Active output is required on buffered function blocks, and is set at the moment the function block takes control
of the motion of the according axis.

For unbuffered mode, the Active and Busy outputs can have the same value.

The Enable input is coupled to a Valid output. Enable is level sensitive, and Valid shows that a valid set of outputs is
available at the function block.

The Valid output is TRUE as long as a valid output value is available and the Enable input is TRUE. The relevant
output value can be refreshed as long as the input Enable is TRUE.

If there is a function block error, the output is not valid (Valid set to FALSE). When the error condition disappears,
the values reappear and Valid output is set again.

Outputs used to define errors

All blocks have the following two outputs that are used for errors that occur during execution:

o Error — Rising edge of "Error" informs that an error occurred during the execution of the function block.

o ErrorlD — Error number.

Note: Done and InVelocity outputs are used for successful completion so they are logically exclusive to Error.
Instance errors do not always result in an axis error (bringing the axis to ErrorStop).

How the error outputs are reset

o Error outputs of the relevant function blocks are reset with tje falling edge of Execute and Enable.

o The error outputs of a function block with Enable can be reset during operation without having to reset Enable.

Types of errors

o Function blocks logics (for example, parameters out of range, state machine violation attempted, and so on)
o HW Limit or SW Limit

o Mechanism/Motor

o Drive

Due to the naming constraints in the IEC standard on the uniqueness of variable names, the 'mc’ reference to the
PLCopen Motion Control namespace is used for the ENUM:s.

In this way we avoid the conflict that using the ENUM types 'positive’ and 'negative' for instance with variables with
these names throughout the rest of the project since they are called mcPositive and mcNegative respectively.
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The following topics provide details for motion control parameters that are

MOtlon ContrOI funCtlon relevant to all motion control function blocks.
block parameter details
Motion control axis states

The basic rule for the behavior of the axis at a high level when multiple motion
control function blocks are activated is that motion commands are always taken
sequentially, even if the controller has the capability of real parallel processing.
Any motion command is a transition that changes the state of the axis and, as a
consequence, modifies the way the current motion is computed.

Motion control axis state diagram

The axis is always in one of the defined states as shown in the following diagram.

MC_MovaAbsolute

MC MoveRelati MC_MoveVelocity
~HOVEREIENE MC_MoveAbsolute; MC_MoveRelative; MC_Halt

MC_Halt
Discrete MC_MoveVelocity /" Continuous
Motion g Motion
I MC_Stop
tC_Stop I
\ ] Ern:urf.-'"
y  rror Stopping
% I|II-.1 Mot 5: I'." _,':
Done e j Error
| ' Mote 1 [ W
MC_MoveAbsolute i ; A, MC_Stop
MC_MoveRelati b I
—HOVEREEIE . ¥ MC_MoveVelocity
ErrorStop  Je.--..%
MC Stop % . :
ﬁ E Nu:-te_4
MC_Resat Eirr-:rf t  MC_Resetand
- i . ' MC_PowerStatus=FALSE
TR
StandStill s\, Disabled ) -

Motion control axis state behavior

The following table describes motion control axis states and parameters.
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No. Note

1 In the ErrorStop and Stopping states, all function blocks (except MC_Reset), can be called although they will not be executed.

MC_Reset generates a transition to the Standstill state. If an error occurs while the state machine is in the Stopping state, a
transition to the ErrorStop state is generated.

2 Power.Enable = TRUE and there is an error in the axis.

3 Power.Enable = TRUE and there is no error in the axis

4 MC_Stop.Done AND NOT MC_Stop.Execute.

5 When MC_Power is called with Enable = False, the axis goes to the Disabled state for every state including ErrorStop.
6 If an error occurs while the state machine is in Stopping state, a transition to the ErrorStop state is generated.

Motion control axis state code values

You can monitor the axis state using the Axis Monitor feature. The following table
identifies the values used to define each of the predefined axis states.

State value State name

0x00 Disabled

0x01 Standstill

0x02 Discrete Motion
0x03 Continuous Motion
0x04 Homing

0x06 Stopping

0x07 Error Stop

Axis state updates

On motion execution, the axis state update is dependent on when the relevant
motion function block is called by the POU scan. This is the case even though the
motion profile is controlled by the Motion Engine as a background task, and is
independent from the POU scan.

For example, on a moving axis on a Ladder POU (state of a rung=true), an
MC_MoveRelative function block in the rung is scanned and the axis starts to
move. Before MC_MoveRelative completes, the state of the rung becomes False,
and MC_MoveRelative is no longer scanned. In this case, the state of the axis
cannot switch from Discrete Motion to StandStill, even after the axis fully stops,
and the velocity comes to 0.
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Motion control function block parameter numbers

The following function blocks use specific parameter numbers when the function
blocks are programmed.

MC_ReadParameter

MC_ReadBoolParameter

MC_WoriteParameter

MC_WriteBoolParameter

Parameter number identification

Parameter numbers between 0 and 999 are reserved for standard parameters.
Extensions by a supplier or user are also allowed, although using them can affect
portability between different platforms. If the parameter number is greater than
999, the parameter is supplier-specific.

Parameter Parameter Name Datatype R/W Description
number
1 Commanded Position REAL R Commanded position.
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Parameter Parameter Name Datatype R/W Description

number

2 SWLimitPos REAL R/W Positive software limit switch position.

3 SWLimitNeg REAL R/W Negative software limit switch position.

4 EnableLimitPos BOOL R/W Enable positive software limit switch.

5 EnableLimitNeg BOOL R/W Enable negative software limit switch.

8 MaxVelocitySystem REAL R Maximal allowed velocity of the axis in the motion system.

9 MaxVelocityAppl REAL R/W Maximal allowed velocity of the axis in the application.

n CommandedVelocity REAL R Commanded velocity.

12 MaxAccelerationSystem REAL R Maximal allowed acceleration of the axis in the motion system.
13 MaxAccelerationAppl REAL R/W Maximal allowed acceleration of the axis in the application.

14 MaxDecelerationSystem REAL R Maximal allowed deceleration of the axis in the system.

15 MaxDecelerationAppl REAL R/W Maximal allowed deceleration of the axis in the application.

16 MaxJerk REAL R/W Maximal allowed jerk of the axis.

1001 TargetPosition REAL R The final target position for current active moving function block
1002 TargetVelocity1 REAL R The final target velocity for current active moving function block.
1005 Duty Cycle REAL R/W The pulse duty cycle for one pulse. The valid value is 0 — 100, indicating 0% -

100%. (PWM function can be realized by adjusting this value).

This parameter is configurable only using this Function Block. The default value is
set 50.0 by the controller.

Note: For Duty Cycle, the value will be overwritten by the default setting, 50.0
when the controller is switched from RUN mode to PRG and RUN again, or when
the controller power is cycled.

1006 PulsePerRevolution REAL R The Pulse per Revolution setting input by user in CCW GUI.
1007 TravelPerRevolution REAL R The Travel per Revolution setting input by user in CCW GUI.

Motion control function block error IDs

When a motion control function block ends with an error, and the axis state is
ErrorStop, in most cases, MC_Reset function block (or, MC_Power Off/On and
MC_Reset) can be used to recover the axis. The axis can be reset to normal motion
operation without stopping the controller operation.

Value MACROID Description
00 MC_FB_ERR_ The function block execution is successful.
NO
01 MC_FB_ERR_ The function block cannot execute because the axis is not in the correct state. Check the axis state.

WRONG_STATE
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Value

02

03

04

05

06

07

08

09

0A

0B

MACROID

MC_FB_ERR_
RANGE

MC_FB_ERR_
PARAM

MC_FB_ERR_
AXISNUM

MC_FB_ERR_
MECHAN

MC_FB_ERR_
NOPOWER

MC_FB_ERR_
RESOURCE

MC_FB_ERR_
PROFILE

MC_FB_ERR_
VELOCITY

MC_FB_ERR_
SOFT_LIMIT

MC_FB_ERR_
HARD_LIMIT

Description

The function block cannot execute because there is invalid axis dynamic parameter(s) (velocity, acceleration,
deceleration, or jerk) set in the function block.

Correct the setting for the dynamic parameters in the function block against Axis Dynamics configuration page.

The function block cannot execute because there is invalid parameter other than velocity, acceleration,
deceleration, or jerk, set in the function block.

Correct the setting for the parameters (for example, mode or position) for the function block.

The function block cannot execute because the axis does not exist, the axis configuration data is corrupted, or the
axis is not correctly configured.

The function block cannot execute because this axis gets a fault due to drive or mechanical issues. Check the
connection between the drive and the controller (Drive Ready and In-Position signals), and ensure the drive is
operating normally.

The function block cannot execute because the axis is not powered on.

Power on the axis using MC_Power function block.

The function block cannot execute because the resource required by the function block is controlled by some other
function block or it is not available.

Ensure the resource required by the function block is available for use.

Examples:

o MC_Power try to control the same axis.

o MC_Stop are executed against the same axis at the same time.

o MC_TouchProbe are executed against the same axis at the same time.)

o MC_TouchProbe is executed, while touch probe input is not enabled in Motion Configuration.

The function block cannot execute because the motion profile defined in the function block cannot be achieved.
Correct the profile in the function block.

The function block cannot execute because the motion profile requested in the function block cannot be achieved
due to current axis velocity.

Examples:

o The function block requests the axis to reverse the direction while the axis is moving.

o The required motion profile cannot be achieved due to current velocity too low or too high.

Check the motion profile setting in the function block, and correct the profile, or re-execute the function block when
the axis velocity is compatible with the requested motion profile.

This function block cannot execute as it will end up moving beyond the Soft Limit, or the function block is aborted
as the Soft Limit has been reached.

Check the velocity or target position settings in the function block, or adjust Soft Limit setting.

This function block is aborted as the Hard Limit switch active state has been detected during axis movement, or
aborted as the Hard Limit switch active state has been detected before axis movement starts.

Move the axis away from the Hard Limit switch in the opposite direction.
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Value MACROID

0c MC_FB_ERR_
LOG_LIMIT
0D MC_FB_ERR_
ERR_ENGINE
10 MC_FB_ERR_
NOT_HOMED
80 MC_FB_ERR_

PARAM_MODIFIED

Description

This function block cannot execute as it will end up moving beyond the PTO Accumulator logic limit, or the function
block is aborted as the PTO Accumulator logic limit has been reached.

Check the velocity or target position settings for the function block. Or use MC_SetPosition function block to adjust
the axis coordinate system.

A motion engine execution error is detected during the execution of this function block.

Power cycle the whole motion setup, including controller, drives and actuators, and re-download the User
Application. If the fault persists, call Tech support.

The function block cannot execute because the axis need to be homed first.

Execute homing against the axis using MC_Home function block.

Warning: The requested velocity for the axis has been adjusted to a lower value.
The function block executes successfully at a lower velocity.

Axis error scenarios

In most cases, when a movement function block instruction issued to an axis
results in a function block error, the axis is also flagged as being in an Error state,
and the corresponding ErrorID element is set on the AXIS_REF data for the axis.
However, in the following situations, an axis error may not always be flagged, and
it is still possible for the user application to issue a successful movement function
block to the axis after the axis state changes.

Scenario Example
A movement function block instructs an axis, but the axis is in a state in which the The axis has no power, or the axis is in a Homing
function block cannot be executed properly. sequence, or in an Error Stop state.

A movement function block instructs an axis, but the axis is still controlled by another The new function block commands the axis to change
movement function block. The axis cannot allow the motion to be controlled by the new  motion direction.
function block without going to a full stop.

When one movement function block tries to control an axis, but the axis is still controlled = User Application issues an S-Curve MC_MoveAbsolute
by another movement function block, and the newly-defined motion profile cannotbe  function block to an axis with too short a distance given

realized by the controller.

Parameter

426

when the axis is moving.

AXIS_REF data type

The AXIS_REF data type is a data structure that contains information for a
motion axis. It is used as an input and output variable in all motion control
function blocks. An instance of an AXIS_REF data type is automatically created
when you add a motion axis to the configuration.

Data type Description
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Parameter Data type Description

Axis_ID AXIS_REF The logic axis ID automatically assigned by Connected Components Workbench. It cannot be edited
or viewed by user.

Error Flag BOOL Indicates whether an error is present in the axis.

AxisHomed BOOL Indicates whether homing operation is successfully executed for the axis or not.

When the user tries to redo homing for an axis with AxisHomed already set (homing performed
successfully), and the result is not successful, the AxisHomed status is cleared.

ConstVel BOOL Indicates whether the axis is in Constant Velocity movement or not. Stationary axis is not considered
in Constant Velocity.

AccFlag BOOL Indicates whether the axis is in an Accelerating movement or not.

DecelFlag BOOL Indicates whether the axis is in an Decelerating movement or not.

AxisState USINT Indicates the current state of the axis.

ErrorlD UINT Indicates the cause for axis error when error is indicated by ErrorFlag. This error usually results from
motion control function block execution failure.

ExtraData UINT Reserved.

TargetPos REAL Indicates the final target position of the axis for MoveAbsolute and MoveRelative function blocks.
For MoveVelocity, Stop, and Halt function blocks, TargetPos is 0 except when the TargetPos set by
previous position function blocks is not cleared.

CommandPos REAL During motion, this is the current position the controller commands the axis to take. There may be a
slight delay between the axis actual position and this CommandPos.

TargetVel REAL The maximum target velocity instructed to the axis for a moving function block. The value of
TargetVel in current function block, or smaller than it, depending on the other parameters in the
same function block.

CommandVel REAL During motion, this element indicates the current velocity the controller instructs the axis to use.
Note that there may be a slight difference between the axis actual velocity and CommandVel, due to
the drive delay or drive adjustment overshoot.

Important: Once an axis is flagged with and error, and the error ID is not zero, the axis must be reset using MC_Reset before issuing any other movement
function block.
Axis variables

Axis variables are used to control position, speed, acceleration, and error for a

given motion control axis.

Assigning a variable to an Axis output parameter

In a Function Block Diagram

You can graphically connect the Axis output parameter of a motion control

function block to the AxisIn input parameter of another motion control function
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block for convenience. For example, connect MC_POWER Axis output
parameter to MC_HOME AxisIn input parameter. j

In a Ladder Diagram

You cannot assign a variable to the Axis output parameter of a motion control
function block because it is read-only.

Monitoring an AXIS_REF variable

You can monitor an AXIS_REF variable in the software while in the controller
debug mode when the motion engine is active, or in the user application as part of
user logic. You can also monitor the AXIS_REF variable remotely through various
communication channels.

428 Radanell Autormetion Publication 2080RVIDIBENE - March 20014Virch 2014



Mbtionaontrol instructions Chapter 17

MC_AbortTrigger

Parameter

EN

Axisln
Triggerlnp

Execute

ENO
Axis

TriggerInput
Done
Busy
Error

ErrorlD

MC_AbortTrigger aborts other function blocks that are connected to trigger

events. For example, MC_TouchProbe.

4 MC AborfTrgger T g
MC_AbortTrigger

b Aocisin Docis »
¥ Triggerinp Triggerinput #
¥ Execute Dione =
Busyr -
Error +
Error|D)

b =

MC_AbortTrigger operation

Arguments
Parametertype  Data type
Input BOOL
Input AXIS_REF
Input USINT
Input BOOL
Output BOOL
Output AXIS_REF
Output USINT
Output BOOL
Output BOOL
Output BOOL
Output UINT

e The MC_AbortTrigger function block only executes when it is assigned to
an axis that is controlled by MC_TouchProbe.

Description

Function block enable.

When EN = TRUE, execute current MC_AbortTrigger computation.
When EN = FALSE, there is no computation.

Applies only to LD programs.

See also AXIS_REF data type (on page 426).
This parameter is ignored.
When TRUE, aborts the trigger event at the rising edge.

Enable out.
Applies only to LD programs.

Axis output is read-only in LD programs.

See also AXIS_REF data type (on page 426).
This parameter is ignored.

TRUE when the trigger event is aborted.
TRUE when the function block is not finished.
TRUE when an error is detected.

Error identification.
See also Motion control function block error IDs (on page 424).
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MC_AbortTrigger function block language examples

Function Block Diagram (FBD)

Ladder Diagram (LD)

ErrorlD «
",

s

Structured Text (ST)
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MC bbhortTrigger 1(Axisl,TrigerInp dhortTrigger,Execute MbhortTrigger) :

Done AbortTrigger := MC LhortTrigger 1.Done;
Busy_AbortTrigger := MC ibortTrigger 1.Busy:

Error AbortTrigger := MNC LhortTrigger 1.Error:
ErrorID dbortTrigger := MNC lhortTrigger 1.ErrorID:

MC MhortTrigger 19

void MC_AbortTrigger_1{AxXI5_REF AxisIn, USIMT TriggerInp, BOOL Execute)

Type : MC_abortTrigger, Abort Function Blocks connected to trigger events (e.g. MC_TouchProbe)

Results

Global Variables - Micro850 | Local Variables - N/A | System Variables - Micro850 | 140 |+ [ *

- o “ o Ao
Trigerlnp_AbortTric 0 M ~ USINT
Execute AbortTrigl [ JwA | m [soOL
Trigerinput_AbortTi M ~ USINT
Done_AbortTrigger 7 MiA EOOL
Busy_AbortTrigger 2 BOOL

Error_AbortTrigger MiA BOOL
ErrorlD_AbortTrigg O MiA

Logical Value | Physical Value Data Ty
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MC_Halt

432

Parameter

EN

Axisin

Execute

Deceleration

MC_Halt commands a controlled motion stop. Use MC_Halt to stop the axis

under normal operating conditions. The axis state changes to DiscreteMotion,

until velocity is zero. When velocity reaches zero, Done is set to True and the axis

state changes to StandStill.

& MC Hale T 2
MC_Halt

# fxizln PLVEEL
= Execute Cone =
# Deceleration Busy =
= lerk Active s
# BufferMode Commandfborted %
Error »

ErrorlD ¢

. i

MC_Halt operation

It is possible to execute another motion command during deceleration of
the axis, which aborts the MC_Halt function block.

If an MC_Halt function block is issued when the axis state is Homing, the

function block reports an error, and the homing process is not interrupted.

[ ]
[ ]
Arguments

Parameter type Data type
Input BOOL
Input AXIS_REF
Input BOOL
Input REAL

Description

Function block enable.

When EN = TRUE, execute current MC_Halt computation.
When EN = FALSE, there is no computation.

Applies only to LD programs.

See also AXIS_REF data type (on page 426).
When TRUE, start the motion at rising edge.

Note: Executing MC_Halt during homing, MC_Halt is set to MC_FB_ERR_STATE

and the homing process continues.

Value of the deceleration (always positive) (decreasing energy of the
motor).

Note: If Deceleration <= 0 and the axis state is not Standstill, MC_Halt is set to
MC_FB_ERR_RANGE.
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Parameter

Jerk

BufferMode
ENO

Axis

Done

Busy

Active
CommandAborted

Error

ErrorlD

Parameter type

Input

Input
Output

Output

Output
Output
Output
Output
Output

Output

Data type

REAL

SINT
BOOL

AXIS_REF

BOOL
BOOL
BOOL
BOOL
BOOL

UINT

Description

Value of the Jerk (always positive).

Note: If Jerk < 0 and the axis state is Standstill, MC_Halt is set to
MC_FB_ERR_RANGE.

Not used. The mode is always MC_Aborting.
Enable out.

Applies only to LD programs.

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).
Zero velocity reached.

The function block is not finished.

Indicates that the function block has control on the axis.

Command is aborted by another command, or error stop.

FALSE - No error.
TRUE - An error is detected.

Error identification.

See also Motion control function block error IDs (on page 424).

MC_Halt function block language examples

Function Block Diagram (FBD)

» Jerk Active 1

b BufferM_.  Comma.. o

Error

ErrorlD 4

ey
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Ladder Diagram (LD)

ErrorlD
~

ot

Structured Text (ST)

Deceleration Halt := 10.0;
Jerk Halt := 10.0;
MC Halt 1({ixisl,Execute Halt,Deceleration Halt,Jerk Halt,BufferMode Halt):

Done Halt := MC Halt 1.Done:

Busy Halt := MC Halt 1.Busy:

Letive Halt := MC Halt 1.Active:
Commandibort Halt = MC Halt 1.Commandilborted;
Error Halt := MNC Halt 1.Error;

ErrorID Halt := MC Halt 1.ErrorlID:

HC Halr 1ff

void MC_Halt_1{#X15_REF #xisIn, BODL Execute; REAL Deceleration, REAL Jerk, SINT BufferMode)
Type : MC_Halt, Commands & controlled matian stop. The axis is moved to the state Discrete Motion, unkil the velocity is zero,

Results
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Pesithon and Velodity
Cesnmand Pediben:

Target Pasitian:

Ciscrate Mation
Yo
Dacelarating
-42223.86 mm  Command Velecity: 413.1685 mmisec
00 mm = Target Velocity: 00 mmifsae
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MC H MC_Power commands the axis to perform the <search home> sequence. The
_riome details of this sequence are manufacturer dependent and can be set by the axis
parameters. The "Position" input is used to set the absolute position when a
reference signal is detected, and the configured Home offset is reached.

[ MC Homea T 2
MC_Home

=+ Lwisln Locis
% Evecute Done =
* Position Busy =
* HomingMode Active s
= BufferMode Commandbborted
Erraor =

Error|[) s

L A

MC_Home operation

o  After MC_Power is issued, the axis Homed status is reset to 0 (not homed).
In most cases, after the axis is powered on, the MC_Home function block
needs to be executed to calibrate the axis position and the Home reference.

e The MC_Home function block can only be aborted usinga MC_Stop or a
MC_Power function block. If it is aborted before it completes, the
previously searched Home position is considered invalid and the axis
Homed status is cleared.

Arguments

Parameter Parameter type Data type Description

EN Input BOOL Function block enable.
When EN = TRUE, execute current MC_Home computation.
When EN = FALSE, there is no computation.
Applies only to LD programs.

Axisin Input AXIS_REF See also AXIS_REF data type (on page 426).

Execute Input BOOL When TRUE, starts the motion at the rising edge.
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Parameter

Position

HomingMode

BufferMode
ENO

Axis

Done

Busy

Active

CommandAborted

Error

ErrorlD

Parameter type Data type

Input

Input

Input
Output

Output

Output

Output

Output
Output

Output
Output

REAL

SINT

SINT
BOOL

AXIS_REF

BOOL

BOOL

BOOL
BOOL

BOOL
UNIT

Description

Absolute position is set when the reference signal is detected and
configured Home offset is reached.

The value range for this input is -0x40000000 — 0x40000000 physical
pulse after the position is converted from user position unit to PTO
pulse. Set the Position value within the Soft Limit.

An invalid input value results in an error.
Error ID=MC_FB_ERR_PARAM.

Enum input for Homing mode
See Homing modes (on page 439).

Not used. The mode is always mcAborting.
Enable out.

Applies only to LD programs.

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

When TRUE, the Homing operation completed successfully and the
axis state is set to StandStill.

When TRUE, the function block is not finished.

When TRUE, indicates that the function block has control on the axis.

When TRUE, command was aborted by another command, or error
stop.

When TRUE, an error was detected.

Error identification.
See also Motion control function block error IDs (on page 424).

MC_Home function block language examples

Function Block Diagram (FBD)
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b Homing...

Ladder Diagram (LD)

Structured Text (ST)
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Fozition Home =50000.o;

HomeMode Home := 4; [*1*)

MC Home 1(ixisl,Execute Home,Position Home, HomeMode Home, BufferMode Home) :
Done Howe = MC Home 1.Done;

Busy Home := MC Homwe 1.Busy:

Aetive Howe = MNC Home 1.A4ctive:

Commandibort Home = MNC Home 1.Comrandiborted:

Error Home := MC Home 1.Error:

ErrorID Home := MC Home 1.ErrorID:

MC_Home_ 1§
void MC_Home_1({A%I5_REF AxisIn, BOOL Execute, REAL Position, SIMNT HomingMaode, SIMNT BufferMode)
Type : MC_Home, Commands the axis bo perform the home searching sequence

Results
Wl ol - By Ml i L | .‘J Var Monitor I?W
i Globaf Variables -MicrolSD | Local Variables N | Syotem Vaiabies - Miciod50 [ ¢ |
dps S Hafvang T
N =
= ; 3 r % .
Errar Dearrmtion: .
E
[Fasitbon and Welocity .
Lommand Poason: <1007 mm Cormmand Velocky: 250 v .
Furget Fomitors 03 mm  Taget Velpoty 250 mmipex =
. -
Clase
Homing modes
Value Name Description
0x00 MC_HOME_ABS_SWITCH Homing process by searching Home Absolute switch
0x01 MC_HOME_LIMIT_SWITCH Homing process by searching limit switch
0x02 MC_HOME_REF_WITH_ABS Homing process by searching Home Absolute switch plus using encoder reference pulse
0x03 MC_HOME_REF_PULSE Homing process by searching limit switch plus using encoder reference pulse
0x04 MC_HOME_DIRECT Static homing process with direct forcing a home position from user reference. The function

block will set current position the mechanism is in as home position, with its position
determined by the input parameter, "Position"
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MC_MoveAbsolute

Parameter

MC_MoveAbsolute commands a controlled motion to a specified absolute

position.

(e MC Movedbsalide T e

MC_Moveldbsolus

# Laisln Buxizw
= Fuecute Dione »
* FPosition Busy »
= Velocity Lctive +
# Leceleration Commandiborted »
= [Jeceleration Error =
+ Jerk ErrorlD &
# Direction
# Buffermode

s

MC_MoveAbsolute operation

Parameter

For a Micro800 controller, the sign of the input Velocity for a
MC_MoveAbsolute function block is ignored because the motion direction
is determined by the Current position and the Target position.

For a Micro800 controller, the input Direction for a MC_MoveAbsolute
function block is ignored because there is only one mathematical solution to
reach the Target position.

If the MC_MoveAbsolute function block is issued when the Micro800
controller axis state is StandStill and the relative distance to move is zero,
the execution of the function block is immediately reported as Done.

If a MC_MoveAbsolute function block is issued to an axis that is not in the
Homed, position, the function block reports an error.

e The MoveAbsolute function block completes with Velocity zero if it is not
aborted by another function block.
Arguments
Datatype  Description
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Parameter

EN

AxisIn

Execute

Position

Velocity

Acceleration

Deceleration

Jerk

Direction
BufferMode
ENO

Axis

Done

Busy

Parameter
type
Input

Input
Input

Input

Input

Input

Input

Input

Input
Input
Output

Output

Output

Output

Data type

BOOL

AXIS_REF
BOOL

REAL

REAL

REAL

REAL

REAL

SINT
SINT
BOOL

AXIS_REF

BOOL

BOOL

Description

Function block enable.

When EN = TRUE, execute current MC_MoveAbsolute computation.
When EN = FALSE, there is no computation.

Applies only to LD programs.

See also AXIS_REF data type (on page 426).

When TRUE, starts the motion at rising edge.

The axis should be in the home position when this execute command is issued or an
error occurs, MC_FB_ERR_NOT_HOMED.

Target position for the motion in technical unit (negative or positive).

Note: The technical unit is defined in the Motion - General configuration page for an axis.

Value of the maximum velocity.
The maximum velocity may not be reached when Jerk = 0.

The sign of Velocity is ignored, the motion direction is determined by the input
Position.

Value of the acceleration (always positive - increasing energy to the motor.)
user unit/sec’

Value of the deceleration (always positive - decreasing energy to the motor).
u/sec

Value of the Jerk (always positive).
u/sec’

Note: When the value of the input Jerk = 0, the Trapezoid profile is calculated by Motion Engine.

When Jerk > 0, the S-Curve profile is calculated.

This parameter is not used.

This parameter is not used.

Enable out

Applies only to LD programs.

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

When TRUE, command position reached.

When the In-Position Input is configured as Enabled for this axis, the drive needs to
set In-Position Input signal active before this Done bit goes to True.

This action completes with velocity zero unless it is aborted.

When TRUE, the function block is not finished.
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Parameter

Active

CommandAbort
ed

Error

ErrorlD

Parameter  Data type
type

Output BOOL
Output BOOL
Output BOOL
Output UINT

Description

When TRUE, indicates that the function block has control of the axis

When TRUE, the Command was aborted by another command, or error stop.

When TRUE, an error was detected.

Error identification.

See also Motion control function block error IDs (on page 424).

MC_MoveAbsolute function block language examples

Function Block Diagram (FBD)

» Position

Acceler_.

Deceler..

» Jerk

» Diirection

¥ Bufferm_..

"

]

ErrorlD »

g
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Ladder Diagram (LD)

Pozicion Absolute = 50000.0;
Velocity Absolute := 500.0;
Acceleration_Absoluce := 1000.0
Deceleration_Rosolute := 1000.0
Jerk Absolute = 10.0;

MC_ Movelbsolute 1 (Axisl,Execuce_Absolute, PFosition_Absolute,Velocity Abaolute,

Acceleration Absplute, Deceleration Ahsolute, Jerk Absolute,Direction Ahsoclute,BufferMode Abhsolute]
Done_Abzolute := HC Hovedbsolute_ 1.Done:

Busy_ibaolute = HNC Movehbsolute 1. Busy:

Active Absolute := MNC Movelbsolute l.Active;

Conmandibort Absolute := MC Movelbsolute 1.CommandAborted:

Error_Absolute := MNC_MoveAbsolute l.Error:

ErroclD Absolute = HC Novelbaolute 1.EcrorlD:

.
-
*
L

i ME_Maveabsolite_1{5505_REF fxsin, BOOL Execule, REAL Fusilan, AEAL Velnly, REAL Acteleration, REAL Detsleration, REAL Jek, SINT Drechon, SINT Bullermods)

HE Fovelbsoluts L
Tne : MC_Moveabsolute, Commands a contraled moton ta a speofied absalute poation
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MC_MoveRelative commands a controlled motion of a specified distance relative

MC_MoveRelative

to the actual position at the time of the execution.

- MC_MoveRslzte T "
MC._MoveRelatve

* fuisin P
= Fuecute Done =
= [istance Busy =
- 'H,.l'e|{)c|1_‘5,l Bctive ¢
= f\coeleration Commandaborted +
= [l=celeration Error
% Jerk ErrorlD) =
# BufferMode

L% A

MC_MoveRelative operation

e Because the motion direction fora MC_MoveRelative function block is
determined by the current position and the target position, the sign of the
Velocity is ignored.

e The MoveRelative function block completes with Velocity zero if it is not
aborted by another function block.

e Ifthe MC_MoveRelative function block is issued when the Micro800
controller axis state is StandStill and the relative distance to move is zero,
the execution of the function block is immediately reported as Done.

e  ForaMicro800 controller, the sign of the input Velocity for a
MC_MoveRelative function block is ignored because the motion direction
is determined by the Current position and the Target position.

Arguments
Parameter Parameter Data type Description
type
EN Input BOOL Function block enable.
When EN = TRUE, execute current MC_MoveRelative computation.
When EN = FALSE, there is no computation.
Applies only to LD programs.
Axisin Input AXIS_REF See also AXIS_REF data type (on page 426).
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Parameter

Execute

Distance

Velocity

Acceleration

Deceleration
Jerk
BufferMode
ENO

Axis

Done

Busy

Active
CommandAborted
Error

ErrorlD

Parameter
type
Input
Input
Input

Input

Input
Input
Input
Output

Output

Output

Output
Output
Output
Output
Output

Data type

BOOL

REAL
REAL

REAL

REAL
REAL
SINT

BOOL

AXIS_REF

BOOL

BOOL
BOOL
BOOL
BOOL
UINT

Description

When TRUE, starts the motion at rising edge.

Relative distance for the motion (in technical unit [u]).

Value of the maximum velocity (not necessarily reached) [u/s]. As the
motion direction is determined by input Position, the sign of Velocity is
ignored by the function block.

Note: The maximum velocity may not be reached when Jerk = 0.

Value of the acceleration (increasing energy of the motor) [u/s2]

Value of the deceleration (decreasing energy of the motor) [u/s2]
Value of the Jerk [u/s’]
This parameter is not used.

Enable out.
Applies only to LD programs.

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

When TRUE, commanded distance reached.

When the In-Position input is enabled for an axis, the In-Position signal
must be set to active before Done = True.

When TRUE, the function block is not finished.

When TRUE, indicates that the function block has control on the axis
Command is aborted by another command, or Error Stop.

When TRUE, an error was detected.

Error identification.
See also Motion control function block error IDs (on page 424).

MC_MoveRelative function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

r Buffer.

Structured Text (ST)
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I iatan:E_Relat, iwve 100000.0;

Velocity Relatcive ino.o;

hppeleration Relative := 100.0:

Deceleration Relative := 100.0;

Jerk Relatiwve = 100.0;

HC_MoveReslative 1(Axisgl,Execuce Relative,Discance_ Relative,

Welocity Relative,Acceleration Relative,leceleration Relative,Jerk Relative,Bufffode Relatiwve);

Done_Relative := NC_MoveRelative 1.Done:

Busy_Relative = HC HMoveRelative 1.Buay:

Aocive Relative 1= MC NoveRelative 1.Accive:

Commpandibort Relative = HNC MNoveRelative 1.Commandsborted;
Error Relative := MC MNowsRelacive 1.Error;

ErrorID Relative := HNC MoveRelative 1.ErrorID:

MC_MoveRelative 1)

veid MC_MoveRelative_1(A%15_REF Axzln, BOOL Executs, REAL Cistarce, REAL Velacity, REAL Acceleration, REAL Decelerstion, REAL Jerk, SINT Buffartods)
Ty | MC_MoveRelativa, Commeards a corkroled mokion of & speciied distarce relative bo the adual position &t the time of the exeostion,

Results
Mcred50 - Ass Muritor o :
{ A Mame: [ -l i IM‘MWH-HW | Local Variahies - M | Syston Vaniables - Micid50 | 140+ 1 |2
fois States Dhserete Mation L Mamsr Logecal Vel | Phyzical Vahe | Lock | Oodn Ty
Ans Homed: Ko b
Movemers: Constant Velocry o
Ermor Description: E !
=k s
Pl .
Pasition and Veleity ; ﬂi
Command Posiion SOETE AL maen Cammand Vielooty: 30000 s fsec ﬁ
Targat Pocitior: 1000000 mes  Tagat Velocihe 30000 A ioec i
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MC_MoveVelocity commands a never ending controlled motion at a specified

MC_MoveVelocity

velocity.
£ MC_Movelelocris T 3
MC_Move\elooty
= Myisln Biz
= Fuecute InVelocity =
= elocity Busy »
= Lcceleration Active +
= [l=celeration Direction =
= Jerk Commandfborted
=+ Directionln Error =
= BufferMaode ErrorlD) #
b A
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Parameter

MC_MoveVelocity operation

If the MC_MoveVelocity function block Directionln input is equal to 0
and the axis is in a moving state, the sign of the Velocity input is ignored,
the axis continues to move in its current direction, and new dynamic
parameters are applied.

If the MC_MoveVelocity function block Directionln input is equal to 0
and the axis is not in a moving state, the function block reports an error.

If the PTO Pulse limit is reached during execution of the
MC_MoveVelocity function block, the PTO Accumulator value is rolled
over to 0 (or to the opposite Soft Limit if the limit is activated) and the
execution of the function block continues.

If the axis is in a moving state, and the MC_MoveVelocity function block
issues a motion in which the direction (the sign of Velocity * Direction) is
the opposite of the current motion direction, the function block reports an
error.

Once the signal TnVelocity' is set, it indicates the MC_MoveVelocity
function block has completed. Any subsequent motion event has no effect
on the function block outputs except the signal 'InVelocity'.

The InVelocity output of the MC_MoveVelocity function block stays True
once the Velocity of the axis reaches the commanded Velocity until the
function block is aborted.

The sign of (Velocity * Direction) determines the motion direction for a
MC_MoveVelocity function block. If the Velocity sign and the Direction
sign are the same, positive motion is issued. If the Velocity sign and the
Direction sign are different, negative motion is issued.

The signal 'InVelocity' is reset when the MC_MoveVelocity is aborted by
another function block/Motion event, or at the falling edge of 'Execute’.

To stop or change the motion initiated by the MC_MoveVelocity function
block, the function block must be interrupted or aborted by another
function block, which includes executing the MC_MoveVelocity function
block again with different parameters.

If the MC_MoveVelocity function block is issued with the axis state in
StandStill (not controlled by another function block) and a function block
error occurs, the axis state goes to ErrorStop.

Arguments

Parameter type Data type Description
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Parameter Parameter type Data type Description

EN Input BOOL Function block enable.
When EN = TRUE, execute current MC_MoveVelocity computation.
When EN = FALSE, there is no computation.
Applies only to LD programs.

Axisin Input AXIS_REF See also AXIS_REF data type (on page 426).
Execute Input BOOL When TRUE, starts the motion at rising edge.
Velocity Input REAL Value of the maximum velocity [u/s].
Acceleration Input REAL Value of the acceleration (increasing energy of the motor) [u/s’]
Deceleration Input REAL Value of the deceleration (decreasing energy of the motor) [u/s’]
Jerk Input REAL Value of the Jerk [u/s’]
Directionin Input SINT The valid values are: -1,0, 1.
BufferMode Input SINT This parameter is not used.
ENO Output BOOL Enable out.
Applies only to LD programs.
Axis Output AXIS_REF Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).
InVelocity Output BOOL When TRUE, commanded velocity was reached (first time).
Busy Output BOOL When TRUE, the function block is not finished.
Active Output BOOL When TRUE, indicates that the function block has control on the axis.
Direction Output SINT The valid values are: -1, 0, 1.
CommandAborted Output BOOL When TRUE, command was aborted by another command, or Error Stop.
Error Output BOOL When TRUE, an error was detected.
ErrorlD Output UINT Error identification.

See also Motion control function block error IDs (on page 424).

MC_MoveVelocity function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

* Direch...

r Buffer..  ErrorlD 5

Structured Text (ST)
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Velosity Veloeity := £00.0;
Aoceleration Velocity := 100.0;

Deceleratinn_velnctw = 100.0:

dJerk Velocity := 100.0;

DirectionIln Velocity = 1:

HC_HE'.I'E:UE 1o i'l'.5.|'_1 [Axi=l, Execur E_UEJ.DI: Lt?.VElﬂtin’_VE locicy,

hoceleration Velocity,Deceleration Velocity,Jderk Velocity,Directionln Velocity,BufferHode Velocity):
InVelocity Velocity i= HC NHoveVelocity 1.InVelocity:

Husy_VEln:Ity 1= MC Hnuevglncity L.Hus;;

Aotive Velpoeity = EC_HDUEVELGB:E?_l.hﬂtrve;

Pirection Velocity = MNC MoveVelocity 1.Direction:

Cnmmandnhart_Velnctty :=_Hc_nﬂveuelnc1ty_1.Cuumandihnrted;

Error_Veloeity := HC HoveVelocity 1.Error;

Er:anD_ﬁ.ﬁ:lnch = HC_HQUEUElﬂﬂiE?_‘I.EEIDEID:

MZ_MoveWVelocicy iff
woid MC_MoveYelockty _1(a<5_REF Axisin, BOOL Exeoute, REAL Yelooty, REAL Accederation, REAL Deceleration, REAL Jerk, SINT Directiondn, SINT Buffericde)
Type : MC_MoveNelocky, Commands a never ending controled metion at a specfied velodty,

Results

Moo - K Mgretar -3

arne ]

Hs Slate Confinuoat Motos

i Hoemed L]

Mlevament: Corstant Veloity

firor Dewnpion

Positim ssd Velaity
Cammiand Poditiern: 1330095 mm Command Velacite 400 emsed
Target Posian o0 ome Target Yelsohe 4000 remysec

R ERH
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MC_Power controls the power stage (ON or OFF).

MC_Power
" ME Power 1 =
MC_Power

* fisin PR o

= Enable Status =

= Enable_Peositive Busy »

= Fnable MNegative Lctive »

Error =

ErrorlDr #

b A
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Parameter

EN

AxisIn

Enable
Enable_Positive
Enable_Negative

ENO

MC_Power operation

e After axis power On completes, the axis Homed status is reset to 0 (not
homed).

o The Enable_Positive input and the Enable_Negative input of the
MC_Power function block are both level triggered; they are checked when
the Enable input changes from OFF to ON. The on-the-fly change for the
Enable_Positive input and the Enable_Negative input without Enable
input toggling is not checked.

e If power fails during operation (when Servo ready has been detected) the
axis state goes to ErrorStop.

e Ifthe MC_Power function block with Enable set to True is called while the
axis state is Disabled, the axis state goes to StandStill if there is not an error,
or the axis state goes to ErrorStop if there is an error.

e  Only one MC_Power function block should be issued per axis. Usinga
different MC_ Power function block to control the same axis
simultaneously will be rejected by the Motion Engine.

e  When there is a Power On/Off state switch for an axis, the absolute axis
position is not reset.

e Ifthe MC_Power function block with Enable set to False is called, the axis
state goes to Disabled for every state including ErrorStop. The MC_Power
function block can do the following:

e Power on the axis if Enable is set to True; Power off the axis if Enable is set
to False.

Arguments

Parameter  Data type Description

type

Input BOOL Function block enable.
When EN = TRUE, execute current MC_Power computation.
When EN = FALSE, there is no computation.
Applies only to LD programs.

Input AXIS_REF See also AXIS_REF data type (on page 426).

Input BOOL When TRUE, power is ON.

Input BOOL When TRUE, motion direction is positive only.

Input BOOL When TRUE, motion direction is negative only.

Output BOOL Enable out.

Applies only to LD programs.
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Parameter

Axis

Status

Busy
Active
Error
ErrorlD

Parameter
type
Output

Output

Output
Output
Output
Output

Data type

AXIS_REF

BOOL

BOOL
BOOL
BOOL
UINT

Description

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

State of the power stage:
o When TRUE, drive power on is done

When TRUE, the function block is not finished.
When TRUE, indicates that the function block has control on the axis.
When TRUE, an error is detected.

Error identification.
See also Motion control function block error IDs (on page 424).

MC_Power function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

ErrarlD «
A

",

Structured Text (ST)
Positive = True;
HNegative = True;
MC Power 1(A®isl,Enable,Positive,Negative]:
Status := MC Power 1.3tatus:
Busy := NC Power 1.Busy;
Lotive 1= MC Power 1. Actiwve:
Error := MC Power 1.Error:
ErrorID := MC FPower 1.ErrorID:

MC Power 1

void MC_Power_1(4%I5_REF AxisIn, BOOL Enable, BOOL Enable_Positive, BOOL Enable_Meqgative)
Type : MC_Power, Controls the power skage (On or OFF)

Results
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Mg e85 - dosit Muritor |

e — okl Variaies <My | nnal Warissinn - M4 | Syshem Vavisbles - Mizee250 | 10 0 |
n Logrcol Vol | Phyaacol Walue

Zis Slate: ‘Standssll

Zxis Horred: Ko

Error Description:

Partition snd Velodity

Gommand Pasban Q0 mm  Commped Veloity: Qb reec

Target Pasition: Qb mm  Target Velooty Q0 rsec
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MC_ReadAxisError describes general axis errors not related to the Motion

MC_ReadAxisError

control function blocks.

" MC_ReadidxrzEmror 1 =
MC_ReadfuisEmor

* foasln FayEE
= Enahble Yalid =
By =
Error =
ErrorlD =
AuisErrorid =

L A

MC_ReadAxisError operation

e  When an axis is in a Disabled state, the MC_ReadAxisError function block
may or may not get a non-zero Error ID for the axis as a Disabled axis can
contain errors or be error-free.

e When the Enable input of the MC_ReadAxisError function block is set to
False, the Error, ErrorID, and AxisErrorID outputs are all reset to False or

0.
Arguments
Parameter Parameter Data type Description
type

EN Input BOOL Function block enable.
When EN = TRUE, execute current MC_ReadAxisError computation.
When EN = FALSE, Error, ErrorID, and AxisErrorlD are reset to False(or 0).
Applies only to LD programs.

Axisin Input AXIS_REF See also AXIS_REF data type (on page 426).

Enable Input BOOL When TRUE, gets the value of the parameter continuously.

ENO Output BOOL Enable out.
Applies only to LD programs.

Axis Output AXIS_REF Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

Valid Output BOOL When TRUE, indicates the function block is active and new output values
are expected.

Busy Output BOOL When TRUE, the function block is not finished.

Error Output BOOL When TRUE, an error was detected.
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Parameter Parameter Data type Description
type
ErrorlD Output UINT Error identification.

See also Motion control function block error IDs (on page 424).

AxisErrorlD Output UINT Error identification. See AxisErrorlD error codes (on page 462).

MC_ReadAxisError function block language examples

Function Block Diagram (FBD)

Ladder Diagram (LD)

AoisEr . >

o

Structured Text (ST)
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MC ReadixisError 1(Axisl,Enable ReadlxisError);

Valid ReadixisError := MC ReadlxisError 1.WValid:

Busy ReadlixisError := MC ReadlixisError 1.Busy:

Error ReadlixisError := MC ReadlxisError 1.Error:

ErrorIDl ReadixisError := MC ReadixisError 1.ErrorlD;
bxisErrorID ReadAxisError := MC ReadlxisError 1.AxisErrorld;

MC_ReadixisError_1lj|

void MC_ReadAxisError_1(axI5_REF AxisIn, BOOL Enable)
Type : MZ_ReadfxisError, Reads the error information For an axis

Results
; BiciodSi - fsis Moniton o 5 Wariable Monitersy fr - e
Ty e Aaitl = (kb pistie: -WicsollS | Local Waniatens - M5 | Spmem Wanisnies - MiorneSa | 170 ¢ |0
s Homed Ho | @ Erotie Aeediaisroc ] E W& | W [B
B Ve ResddaiaErion 4 s
Movement Tl B ey ReadiisErmr [
Eivor Descrigtion: The aui is niot opetional becaiise the m is not B Eor_ReoddmisEror N
hamed a B S0 Rasdtuisbre WA U
. ExigErronl_ResdiaosEmor tE His LII.
Retat the stae o the s wing the MC_Resel
e B L] ]
Position and Velocity | Do
: CEPhC T ORI EEAAGE IO 0]
Cisnman Forkdoe G0 mm  Cosmaes Voo [xla L N Rt =
Target Posibon: G0 mm  Target Velooty 00 menzac
i =y
il
AxisErrorID error codes
The following table describes the Axis error codes identified in the AxisErrorID
for the MC_ReadAxis Error.
Value  MACROID Description
00 MC_FB_ERR_ The axis is in an operational state (nothing to display).
NO
01 MC_FB_ERR_ The axis is not operational because an incorrect axis state was detected during a function
WRONG_STATE block execution.
Reset the state of the axis using the MC_Reset function block.
02 MC_FB_ERR_ The axis is not operational because an invalid axis dynamic parameter (velocity, acceleration,
RANGE deceleration, or jerk) is setin a function block.

Reset the state of the axis using the MC_Reset function block.

In the function block, correct any setting for the dynamic parameters that conflict with the
settings on the Axis Dynamics configuration page.
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Value

03

04

05

06

07

08

09

10

n

MACRO ID

MC_FB_ERR_
PARAM

MC_FB_ERR_
AXISNUM

MC_FB_ERR_
MECHAN

MC_FB_ERR_
NOPOWER

MC_FB_ERR_
RESOURCE

MC_FB_ERR_
PROFILE

MC_FB_ERR_
VELOCITY

MC_FB_ERR_

SOFT_LIMIT

MC_FB_ERR_
HARD_LIMIT

Description

The axis is not operational because an invalid parameter, (other than velocity, acceleration,
deceleration, or jerk), is set in a function block.

Reset the state of the axis using the MC_Reset function block.
In the function block, correct the settings for the parameters, such as mode or position.

Motion internal Fault, Error ID = 0x04.

Contact your local Rockwell Automation technical support representative. For contact
information, see:

http://www.rockwellautomation.com/support

The axis is not operational because a drive or mechanical issue was detected.

Check the connection between the drive and the controller (Drive Ready and In-Position
signals), and ensure the drive is operating normally.

Reset the state of the axis using the MC_Reset function block.

The axis is not powered on.
Power on the axis using MC_Power function block.
Reset the state of the axis using the MC_Reset function block.

The axis is not operational because it or its related resources required by a function block are
under the control of other function block, or not available.

Ensure the axis or its related resources required by the function block are available for use.
Reset the state of the axis using the MC_Reset function block.

Review and correct the application if there are multiple instances of the same function block
trying to control the axis at the same time.

The axis is not operational because the motion profile defined in a function block is invalid.
Reset the state of the axis using the MC_Reset function block.
Correct the profile in the function block.

The axis is not operational because the motion profile requested in a function block conflicts
with the current axis velocity.

Possible causes:

o The function block requests the axis to reverse the direction while the axis is moving.
o The current velocity is too low or too high for the requested motion profile.

Reset the state of the axis using the MC_Reset function block.

Correct the motion profile in the function block, or re-execute the function block when the
axis velocity is compatible with the requested motion profile.

The axis is not operational because  a Soft Limit error was detected, or executing the
function block would cause a Soft Limit error.

Reset the state of the axis using the MC_Reset function block.

Check the velocity or target position settings for the function block, or adjust Soft Limit
setting.

The axis is not operational because a Hard Limit error was detected.

Reset the state of the axis using the MC_Reset function block, and then move the axis away
from the Hard Limit switch in the opposite direction.
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Value  MACROID Description
12 MC_FB_ERR_ The axis is not operational because a PTO Accumulator logic limit error was detected, or
LOG_LIMIT executing the function block would cause a PTO Accumulator logic limit error.

Reset the state of the axis using the MC_Reset function block.
Check the velocity or target position settings for the function block. Use the MC_SetPosition
function block to adjust the axis coordinate system.
13 MC_FB_ERR_ The axis is not operational because a motion engine execution error was detected.
ERR_ENGINE Power cycle the entire machine and download the User Application to the controller again.

If the fault persists, contact your local Rockwell Automation technical support representative.
For contact information, see:

http://www.rockwellautomation.com/support.

16 MC_FB_ERR_ The axis is not operational because the axis is not homed.
NOT_HOMED Reset the state of the axis using the MC_Reset function block.
Execute homing against the axis using MC_Home function block.
128 MC_FB_ERR_ Motion internal warning, Warning ID = 0x80.
PARAM_MODIFIED Contact your local Rockwell Automation technical support representative. For contact
information, see:

http://www.rockwellautomation.com/support.
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MC_ReadBoolParameter returns the value of a vendor specific parameter with

MC_ReadBoolParameter ;. ... sooL.

& MC_ReadBool/Farameiar T =

MC_ReadBoolParameter

* Lvisin PUEL
= Enable Valid w
= FParametertumber Busy =
Error #
ErrorlD =
Walue

b A

MC_ReadBoolParameter operation

When the MC_ReadBoolParameter function block Enable input is set to False,
the Value output is reset to 0.

Arguments
Parameter Parameter  Datatype  Description
type
EN Input BOOL Function block enable.
When EN = TRUE, execute current MC_ReadBoolParameter computation.
When EN = FALSE, the Value output is reset to 0.
Applies only to LD programs.
AxisIn Input AXIS_REF See also AXIS_REF data type (on page 426).
Enable Input BOOL When TRUE, gets the value of the parameter continuously.
ParameterNumber Input DINT Parameter identification.
See also Motion control function block parameter numbers (on page 423).
ENO Output BOOL Enable out.
Applies only to LD programs.
Axis Output AXIS_REF Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).
Valid Output BOOL When TRUE, parameter available.
Busy Output BOOL When TRUE, the function block is not finished.
Error Output BOOL When TRUE, an error was detected.
ErrorlD Output UINT Error identification.

See also Motion control function block error IDs (on page 424).
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Parameter

Value

Parameter  Datatype  Description

type
Output BOOL Value of the specified parameter in the data type, as specified by the vendor.

MC_ReadBoolParameter function block language examples

Function Block Diagram (FBD)

Ladder Diagram (LD)

Walue
., A

Structured Text (ST)
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ParameterNumber ReadBoolParameter = 4;

Mo FeadBoolParamecer 1(Axisl,Ensble ReadBoolParawseter, ParameterNumber ResdBoolParameter) ;
Valid ReadBoolParameter := MC ResdBoolParameter 1.Valid;

Busy ReadBoolParameter := HT ReadBoolParameter 1.Busy:

Error ReadBoolParameter := MNC FReadBoolParameter 1.Error;

ErrorIl ReadBoolParameter := NC ReadBoolParammeter 1,ErrorID;

Value ReadBoolParsweter := MC ReadBoolParameter 1.Value;

MC ReadBoolParameter 1 il

woid MC_ReadBoolParameter_1{AxI5_REF AxisIn, BOOL Enable, DIMT Parameterfumber)
Type : MC_ReadBoolParameter, Returns the walue of a motion specific BOOL parametet,

Results

5= Variable Monitoring . . .L.

Global Yaribles - MicroB50 | Lacal Varisbles - N4 | System Yariables - Micio850 | 140 - ¢ | * |

Logical Value | Physical Value
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MC_ReadParameter returns the value of a vendor specific parameter.

MC_ReadParameter

- MC_RezdFParamefer 7 2
MC_ReadFParameter

* Axisin Bxizw
+ Enahble Walid =
#* ParameterMumber Busy =
Error s
ErrorlD #
Walue =

Ny A~

MC_ReadParameter operation

®  When the MC_ReadParameter function block Enable input is set to False,
the Value output is reset to 0.

e  Only supports the REAL data type.

Arguments
Parameter Parameter  Data type Description
type
EN Input BOOL Function block enable.
When EN = TRUE, execute current MC_ReadParameter computation.
When EN = FALSE, the Value output is reset to 0.
Applies only to LD programs.
Axisin Input AXIS_REF See also AXIS_REF data type (on page 426).
Enable Input BOOL When TRUE, gets the value of the parameter continuously.
ParameterNumber Input DINT Parameter identification.
See also Motion control function block parameter numbers (on page 423).
ENO Output BOOL Enable out.
Applies only to LD programs.
Axis Output AXIS_REF Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).
Valid Output BOOL When TRUE, parameter available.
Busy Output BOOL When TRUE, the function block is not finished.
Error Output BOOL When TRUE, an error was detected.
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Parameter

ErrorlD

Value

Parameter  Data type Description
type
Output UINT Error identification.
See also Motion control function block error IDs (on page 424).
Output REAL Value of the specified parameter in the data type, as specified by the
vendor.

MC_ReadParameter function block language examples

Function Block Diagram (FBD)

Ladder Diagram (LD)

Walue «
LY A

Structured Text (ST)
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ParameterNumbher ReadParameter := 11;
MC ReadParameter 11Axisl,Enable ReadParameter, ParasmeterMuwrber ReadParameter) ;
Valid ReadParameter := MNC ReadParsameter 1.Valid:

Busy_ ReadParameter := MC ReadParameter 1.Busy:

Error ReadParameter := MNC ReadParameter 1.Error;
ErrorID ReadParameter := MC ReadParasmeter 1.ErrorID:
Value FeadParsmeter := MC RBeadParameter 1.Walue:

MC ReadParameter 1 |:|

void MC_ReadParameter_1(AXIS_REF AxisIn, BOOL Enable, DIMNT ParameterMurbet)
Type : MC_ReadParameter, Returns the value of a motion specific REAL parameter,

Results
MicrelSl - Asis Menitor 51 || Variaie Mavitaring =
=g e - % T I‘LMlﬁ SRR
I Logrcal Vel
o State: Discrete Motion l__q
Ay Homed: e =
1 I Pewameterhlumber FeadParamaier 11 L
Mz mest: Congtant Velagity = \ahed_AeadFarametsr L MA
Errest Descripton: Busy_ReadFarmeter :|:.
Etren_AaadParameter
= ErodD_ReadFammeser ] fia
] hI_'
Position and Velocity ]
al 1 Close |
] e 20
Command Position: 17236 mm  Command Velocity 3000 mmy'sec cITaramecer 1. TeroeIb;
m
Target Pasition: 1000000 mm  Target Veloohy 30 mmsec
FETCL T =SS g
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MC_ReadStatus

Parameter

MC_ReadStatus returns the status of the axis with respect to the motion

currently in progress.

f .MI;H.. : ﬁﬁ. - _.}'C
MC_ReadStatus.

= Enable Valid
Busy

Error

Errorl D

Errorstop

Disabled

Stopping
Referenced
StandShill
DiscreteMotion
Continuous Motion
SynchronizedMot .
Homing
ConstantVelocity
Accelerating

Decelerating

+ Lisln ﬁs-

MC_ReadStatus operation

When the MC_ReadStatus function block Enable is set to False, all status outputs

are reset to False or 0.

Arguments

Parameter Datatype  Description
type
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Parameter Parameter Datatype  Description
type
EN Input BOOL Function block enable.

When EN = TRUE, execute current MC_ReadStatus computation.
When EN = FALSE, there is no computation.
Applies only to LD programs.

Axisin Input AXIS_REF See also AXIS_REF data type (on page 426).
Enable Input BOOL When TRUE, gets the value of the parameter continuously.
ENO Output BOOL Enable out.
Applies only to LD programs.
Axis Output AXIS_REF Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).
Valid Output BOOL When TRUE, valid outputs are available.
Busy Output BOOL When TRUE, the function block is not finished.
Error Output BOOL When TRUE, an error was detected.
ErrorlD Output UINT Error identification.
For Error ID numbers and descriptions, see Motion control function block error
IDs (on page 424).
ErrorStop Output BOOL When TRUE, the axis state is ErrorStop.
See Motion control axis state values and names.
Disabled Output BOOL When TRUE, the axis state is Disabled.
Stopping Output BOOL When TRUE, the axis state is Stopping.
See Motion control axis state values and names.
Referenced Output BOOL When TRUE, the absolute reference position is known for the axis (axis is
homed).
Standstill Output BOOL When TRUE, the axis state is StandStill.
See Motion control axis state values and names.
DiscreteMotion Output BOOL When TRUE, the axis state is DiscreteMotion.
See Motion control axis state values and names.
ContinuousMotion Output BOOL When TRUE, the axis state is ContinuousMotion.
See Motion control axis state values and names.
SynchronizedMotion Output BOOL This output is always FALSE.
Synchronized motion is not supported in Micro800 controllers.
Homing Output BOOL When TRUE, the axis state is Homing.
See Motion control axis state values and names.
ConstantVelocity Output BOOL When TRUE, the velocity for the motor is constant.
Accelerating Output BOOL When TRUE, increasing energy to the motor.
Decelerating Output BOOL When TRUE, decreasing energy to the motor.
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Function Block Diagram (FBD)

Disabled

Stopping 3

?

StandStill 4

Discree s

Continu_.. 4
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Ladder Diagram (LD)

j

i

Ei

\
Structured Text (ST)
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MC Readitatus 1(Axisl,Enable Read3tatus):

Valid Bead3tatus := NC Readstatus 1.Valid:

Busy Read3tatus := MC Readitatus 1.Busy:

Error Read3tatus := MC Reasditatus 1.Error:

ErrorID Read3tatus = MC Readitatus 1.ErrorID:

Error3top Read3tatus := MC Feaditatus 1.Errorstop:

Dizabled Readitatus := MC Readitatus_ 1.Dissbled:

Stopping Readitatus MC Readitatus 1.3topping:

Feferenced Readitatus := MC Readitatus 1.Referenced:;

Stan3till Read3tatus := HMC FReaditatus 1.3tand3till:
DigcretelMotion Readdtatus (= MC Resditatus 1.DiscreteMotion;
ContinuousMotion Read3tatus = HNC Besditsatus 1.ContinucusMotion:
SynChronizedMotion Readitatus := MC ReadStatus l.3ynchronizedMotion:
Homing Read3tatus := MNC ReadStatus 1.Homing:

ConstantVelocity Read3tatus = MC Readitatus 1.ConstantVelocity:
Apcelerating Read3tatus 1= MNC ReadStatus 1. Ahccelerating:
Decelerating Readitatus MC Readitatus_1.Decelerating:

NC ReadStatus 17

void MC_ReadStatus_1{AXI5_REF AxisIn, BOOL Enable)

Type : MC_Read3tatus, Returns in dekail the skakus of the axis with respect o the motion currently in progress,

Results

e e P

|i MiacmES) - Axis Monitor =1} . Variable Monitoring

Ay hupng Al -

Ao Sewoe Cescrete Mlobon J.

P o Yo [l Ermble ResSta ¥ e
H  Vaiid_Rsadtiata o i

Disabled_ResdStshe Ha
Seopping_Readitsa na
Ralaienced ReasSisns o Ha
SarSn_FessSmns 1

Continuamsblotor_FeadSlakus =
SyrChronaesMoton_FeadStana s
Homing_FlesdSisia W=
Constmtsnionty_FesdSlntue 15
ccelerating FasiSin m ¥ i
Decetenting ResdSiatua [[EY

Position and Yelocity n

Command PosiBon ~-49E16.T3 mes Cammand Vielatky 10097 meviec ':

Targat Podibon 0000 me Targel Weleonty 5000 e
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MC_Reset

476

Parameter

EN

AxisIn
Execute

ENO

Axis

Done
Busy
Error

ErrorlD

MC_Reset transitions the axis state from ErrorStop to StandStill by resetting all

internal axis-related errors. The outputs of the function block instances are not

changed.
( MC Reset 1 "“
MC_Reset

= Axisln Lis e
= Execute Done =
Busy =
Error &
ErrorlC =

LS -

MC_Reset operation

The MC_Reset function block only resets the axis state from ErrorStop to
StandStill. The application of MC_Reset function block in other states, including

Disabled, results in an error, and has no impact on on-going motion or the status

of the axis.

Arguments
Parameter Data type
type
Input BOOL
Input AXIS_REF
Input BOOL
Output BOOL
Output AXIS_REF
Output BOOL
Output BOOL
Output BOOL
Output UINT

Description

Function block enable.

When EN = TRUE, execute current MC_Reset computation.
When EN = FALSE, there is no computation.

Applies only to LD programs.

See also AXIS_REF data type (on page 426).
When TRUE, resets the axis to the rising edge.

Enable out.
Applies only to LD programs.

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

When TRUE, the axis state is StandStill.
When TRUE, the function block is not finished.
When TRUE, an error is detected.

Error identification.
See also Motion control function block error IDs (on page 424).
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MC_Reset function block language examples

Function Block Diagram (FBD)

Ladder Diagram (LD)

e,

Structured Text (ST)

MC Reset 1(Axi=l,Execute Reset]:
Lone Reset := MC Feset 1.Done;

Busy Reset := MC Feset 1.Busy:

Error Reset := MC Reset 1.Error;
ErrorID Reset := MC Reset 1.ErrorID;
MC EBeset 1

void MC_Reset_1{axI15_REF AxisIn, BOOL Execute)
Type : MZ_Reset, Resets all internal axis-related errors
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Results
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MC_SetPosition

Parameter

EN

AxisIn

Execute

MC_SetPostion shifts the coordinate system of an axis by manipulating the actual

position of an axis with the same value without causing any movement.

i MC_SetPosition T 2y
MC_SetPosition
= Misln Lotz w
= Execute Olone =
* FPosition Busy =
= Relative Error +
& MC_ExecutionMo... ErrorlD) #

e

&

MC_SetPosition operation

The MC_SetPostion function block can successfully complete only when
the axis state is StandStill, continuous Motion (MC_ExecutionMode = 0),
or when the on-going motion completes, and ends with a StandStill state
(MC_ExecutionMode = 1).

The MC_SetPosition function block operates the same as MC_Home
when the HomingMode = MC_HOME_DIRECT (0x04), except the
MC_Home function block sets the Axis Homed status.

When MC_ExecutionMode = 0 (mcImmediately), the execution of the
MC_SetPosition function block reports an error if there is on-going
non-continuous motion with the axis.

When MC_ExecutionMode = 1 (mcQueued), the actual position setting
occurs only when all previous on-going motion stops. That is, each previous
function block must have at least one of the Done, Aborted, or Error
outputs equal to True.

Arguments

Parameter Data type Description

type
Input

Input
Input

BOOL Function block enable.
When EN = TRUE, execute current MC_SetPosition computation.
When EN = FALSE, there is no computation.
Applies only to LD programs.

AXIS_REF See also AXIS_REF data type (on page 426).
BOOL When TRUE, starts setting the axis position.
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Parameter

Position

Relative

MC_ExecutionMode

ENO

Axis

Done
Busy
Error

ErrorlD

480

Parameter
type
Input
Input

Input

Output

Output

Output
Output
Output
Output

Data type

REAL
BOOL

SINT

BOOL

AXIS_REF

BOOL
BOOL
BOOL
UINT

Description

The absolute position or relative distance to be set for the axis.

When TRUE, set the relative distance for the axis.
When FALSE, set the absolute position for the axis.

Values are:
o 0 (mcImmediately) - The functionality is immediately valid.
o 1 (mcQueued) - The new functionality becomes valid when:

— all previous motion commands set one of the following output
parameters: Done, Aborted or Error.
— the axis is not in a moving state.

For (MC_ExecutionMode = 0), this function block can only successfully
complete when the axis state is Disabled or StandStill. The execution of this
function block reports an error if there is on-going non-Continuous motion
with the axis in this mode.

For (MC_ExecutionMode = 1), this function block can only successfully
complete when the axis state is Disabled, Standstill, or the on-going motion
can complete, ending with a Standstill state.

Other input values are reserved currently, and are considered as invalid
parameters.

Enable out.
Applies only to LD programs.

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

When TRUE, the Position has new value.
When TRUE, the function block is not finished.
When TRUE, an error was detected.

Error identification.
See also Motion control function block error IDs (on page 424).

MC_SetPosition function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

¢ MC_E.. ErrorlD 4
e

Structured Text (ST)

Fosition JFetPositlion := 10000.0:

Relacive_SecPosition := TRUE;

HC_ExecutionMode ZecPosition = 0;

HC SetPositdon L(Axisl Execute JetFosaition, Position SetPositlon, Relatlve SetFosicion, N0 ExecutionMode SecPosition);
Done_SetPosition := HC SetPooition_l.Done;

Busy SetPosition i= NC_SerPosition_l.Busy;

Error SecPoaltion := EC SecFosicion 1.Errar;

EcrorIb _SetPosition := IIC_SIrtPDaJtmn_l ErrocID:

(ARIS_REF Asisin, BOCL Exacube, REAL Postion, BOOL Relztve, SINT MC

MC_SecFositian_. l.
)
'D,.-pe MC_SetPesition, ShifLs the coordinate systemaf an axis by masipulsting the aclual postion of the axiz with the seme value without any mevesant caused

Results
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 Mizro50 - Asis Monitor — e —

Position and Velocity

Command Posrbon: 100000 mm Command Veloorty: 00 mmfsec

'I'aagt:l‘os.i‘tinm 100000 mm T:rgitﬁ'thdqr. 00 meisec
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MC_Stop

Parameter

EN

AxisIn

Execute

MC_Stop commands a controlled motion stop and transfers the axis state to

Stopping. Any ongoing function block execution is aborted. All function block

move commands are ignored until the axis state transitions to StandStill.
- T Sion 7 B
MC_Stop

* Lxisln Bxizw
=+ Execute Done =
# Deceleration Busy
* Jerk Active &
CommandAborted *
Error =
ErrorlD »

A

MC_Stop operation

e Aslongas the Execute input is high, the axis remains in the Stopping state.
While the axis is in the Stopping state, no other motion function block can
perform any motion on the same axis.

e IfDeceleration equals zero, the MC_Stop function block parameters are
determined by the Axis configuration Emergency stop setting, including
E-Stop type, E-stop Deceleration and E-stop Jerk.

e The axis goes to StandStill after the Done bit is SET and the Execute input
is changed to False if there is no error detected during the stop sequence.

e The MC_Stop function block is primarily intended for emergency stop
functionality or exception situations. For normal motion stop, MC_Halt
function block is usually used.

Arguments

Parameter type Data type Description

Input BOOL Function block enable.
When EN = TRUE, execute current MC_Stop computation.
When EN = FALSE, there is no computation.
Applies only to LD programs.

Input AXIS_REF See also AXIS_REF data type (on page 426).

Input BOOL When TRUE, starts the action at the rising edge.
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Parameter
Deceleration

Jerk
ENO

Axis

Done

Busy
Active

CommandAborted

Error
ErrorlD

484

Parameter type Data type

Input

Input
Output

Output

Output

Output
Output
Output

Output
Output

REAL

REAL
BOOL

AXIS_REF

BOOL

BOOL
BOOL
BOOL

BOOL
UINT

Description
Value of the deceleration [u/s2].

Value of the Jerk [u/s].

Enable out.

Applies only to LD programs.

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

When TRUE, zero velocity was reached, without error during the stop sequence.

When TRUE, the function block is not finished.
When TRUE, indicates the function block has control on the axis.

When TRUE, command was aborted by MC_Power(OFF) function block, or ErrorStop.

When TRUE, an error was detected.

Error identification.
See also Motion control function block error IDs (on page 424).

MC_Stop function block language examples

Function Block Diagram (FBD)

Error

ErrorlD 4

e, A
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Ladder Diagram (LD)

ErrorlD «
A

.,
Structured Text (ST)
Deceleration 3top := 10.0;
Jerk Stop := 10.0;

MC Stop 1(Axisl,Execute 3top,Deceleration Stop,Jerk Stop) !

Done 3top := MC ZFtop 1.Done:

Busy_ 3top := MC Jtop 1.Busy:

hevive Stop = MC Stop 1.Active;
Contranddhort 3top = MC Stop 1. Commwandiborted:
Error Stop := MC Stop l.Error:

ErrorID Stop := MC Stop l1.ErrorID:

MC_stop_ 14]

woid MC_Stop_1{axI5_REF AxisIn, BOOL Execute, REAL Deceleration, REAL Jerk)
Type : MZ_Stop, Commands a controlled motion stop and transfers the axis to the state Stopping.

Results
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Position and Velocity
Command Postion:

Targe: Posithon:

Cecelerating

-3924690 mm

B3 mm

Lammard Vekocity:

Target Veiociy:
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MC_TouchProbe records an axis position at a trigger event.
MC_TouchProbe
f MC TouchProbe T i
MC_TouchProbe

* Axisin Bocjs e
= Triggerinp Triggerlinput +
* Fxecute Done =
= VifindowOnly Busy *
* FirstPosition Commandfborted
* | a=tPosition Error =
ErrorlD
RecordedPosition »

e, A

MC_TouchProbe operation

o Ifthe window direction (first position --> last position) is in the opposite
direction of the motion direction, the touch probe window will not be
activated.

e If the window setting (FirstPosition or LastPosition) is invalid, the
MC_TouchProbe function block reports an error.

e Ifasecond instance of the MC_TouchProbe function block is issued on the
same axis, and the first function block instance is in a Busy state, the second
function block instance reports an error.

¢ Only one MC_TouchProbe function block instance should be issued to one

axis.
Arguments
Parameter Parameter Datatype  Description
type
EN Input BOOL Function block enable.
When EN = TRUE, execute current MC_TouchProbe computation.
When EN = FALSE, there is no computation.
Applies only to LD programs.
Axisin Input AXIS_REF See also AXIS_REF data type (on page 426).
Triggerlnp Input USINT Only embedded motion supported.
Execute Input BOOL When TRUE, starts touch probe recording at the rising edge.
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Parameter

WindowOnly

FirstPosition

LastPosition

ENO

Axis

TriggerInput
Done

Busy

CommandAborted

Error
ErrorlD

RecordedPosition

Parameter Data type

type
Input

Input

Input

Output

Output

Output
Output
Output

Output

Output
Output

Output

BOOL

REAL

REAL

BOOL

AXIS_REF

USINT
BOOL
BOOL

BOOL

BOOL
UINT

REAL

Description

When TRUE, only use the window (defined here) to accept trigger events.

Motion resolution is limited to the Motion Engine interval configured by the
user.

For WindowOnly TouchProbe functionality, there is a maximum response time
delay that is equal to the Motion Engine interval for both FirstPosition and
LastPosition activation.

The maximum possible lag in the triggering position (both FirstPosition and
LastPosition) can be calculated by (Motion Engine interval * moving velocity).

Start position of the window from where trigger events are accepted (in
technical units [u]). Value included in window.

Stop position of the window from where trigger events are not accepted (in
technical units [u]). Value included in window.

Enable out.
Applies only to LD programs.

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

Only embedded motion supported.

When TRUE, trigger event was recorded.

When TRUE, the function block is not finished.

When TRUE, the command was aborted by the MC_Power(OFF), or Error Stop
function block.

When TRUE, an error was detected.

Error identification.

See also Motion control function block error IDs (on page 424).

Position where trigger event occurred (in technical units [u])

Motion is an open-loop motion.

The axis position at the time the trigger event occurs. If the axis motion is an
open-loop motion, the commanded position (not an actual position) at the time
the trigger event occurs, assuming there is no motion delay between the drive
and the motor.

Motion fixed input/output

Motion Signals

PTO pulse
PTO direction

Lower (Negative) Limit switch

Upper (Positive) Limit switch

Absolute Home switch

PTO0 PTO1 PTO02
Output_0 Output_1 Output2
Output_3 Output_4 Output_5
Input_0 Input_4 Input_8
Input_1 Input_5 Input_9
Input_2 Input_6 Input_10
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Motion Signals PT00 PTO1 PT02
Touch Probe Input switch Input_3 Input_7 Input_11

MC_TouchProbe function block language examples

Function Block Diagram (FBD)

b indow._.. Busy

b FirstFos .

IiII
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Ladder Diagram (LD)

Fecor.. s

Structured Text (ST)

FirstPosition TouchProbe := 10000.0;

LastPosait if.in_Tl:l uchProbe = 50000.0;

HE TouchProbe 1(Axisl, Trigerlnp TouchProke,Execute TouchProbe, WindowsOnly TouchProbe,
FirstPosition TouchProbe,LastPosition TouchProbe) ;

Done_TouchProbe := MC TouchProbe 1.Done;

Buay_ TouchProbe MC TouchFrobe 1.Busay:

Error TouchProbe := MNC TouchProbe 1.Error:

ErrorID TouchProbe := NC TouchProbe 1.ErrorID:

RecordPosition_TouchProbe := NC_TouchFrobe 1.RecordedPosition:

woid MC_TouchProhe_1i4KI5_REF Axisin, USTNT Triggering, BOOL Exeube, BOOL WindowOnly, REAL FirstPastion, REAL LestPastion)
Type ¢ MC_TowchProbe, Recaords an axis poskion at & bhigger event

MC_TouchPr DhE_l’m

Results
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Migrpdl 50 - Auxiz Monitor

s Piames e

Az Srape [Discrete Motion

s Homed! Yes

Meement: Consmnt Yelocity

Errar Deslorplaee

Fenitive and Velaity
Covmmand Feition: 3875 mm  Command Velaoiy SO0 mmVSEE
Target Peaition. SO0000 mm  Target Velstly SO00 e

Motion fixed input/output

Motion Signals PTO0 PTO1 PTO02
PTO pulse Output_0 Output_1 Output2
PTO direction Output_3 Output_4 Output_5
Lower (Negative) Limit switch Input_0 Input_4 Input_8
Upper (Positive) Limit switch Input_1 Input_5 Input_9
Absolute Home switch Input_2 Input_6 Input_10
Touch Probe Input switch Input_3 Input_7 Input_11
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MC_WriteBoolParameter modifies the value of a vendor specific parameter of

MC_WriteBoolParameter 5001

" MC_WireBoolFaramerar T 7
MC_wiriteBool Parameer

*+ Lxisin Lois
= Execute Done =
# FarameterMumber By =
= Y/zlue Error %
& MC_ExecuhonMode ErrorlD #
e A

MC_WriteBoolParameter operation

The parameters set by the MC_ WriteBoolParameter function block are only
applied to the application temporarily. They are overwritten by the permanent
settings, which are configured by the user in Connect Component Workbench
Motion Configuration, when the controller is switched from PRG to RUN, or
when the controller power is cycled.

Arguments
Parameter Parameter  Data type Description
type

EN Input BOOL Function block enable.
When EN = TRUE, execute current MC_WriteBoolParameter computation.
When EN = FALSE, the Value output is reset to 0.
Applies only to LD programs.

Axisin Input AXIS_REF See also AXIS_REF data type (on page 426).

Execute Input BOOL When TRUE, writes the value of the parameter at the rising edge.

ParameterNumber Input DINT Parameter ID. See additional topics in 'See also' below.

Value Input BOOL When TRUE, the specified parameter has a new value.
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Parameter

MC_ExecutionMode

ENO

Axis

Done
Busy
Error

ErrorlD

Parameter
type
Input

Output

Output

Output
Output
Output
Output

Data type

SINT

BOOL

AXIS_REF

BOOL
BOOL
BOOL
UINT

Description

Values are:
o 0 (mcImmediately) - The functionality is immediately valid.
o 1 (mcQueued) - The new functionality becomes valid when:
— all previous motion commands set one of the following output
parameters: Done, Aborted or Error
— the axis is not in a moving state.

Note: When (MC_ExecutionMode = 0), for all parameters except Duty Cycle (1005),
this FB can be completed successfully only when the axis state is Disabled or
Standstill,

When (MC_ExecutionMode = 0), for Parameter Duty Cycle (1005), this FB can be

completed successfully except the axis is in Homing or ErrorStop state.

For (MC_ExecutionMode = 1), this function block can be successfully
completed only when the axis state is Disabled, Standstill, or the on-going
motion can complete, ending with Standstill state

Other input values are reserved currently, and are considered as invalid
parameters.

Enable out.
Applies only to LD programs.

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

When TRUE, the parameter was successfully written.
When TRUE, the function block is not finished.
When TRUE, an error is detected.

Error identification.
See also Motion control function block error IDs (on page 424).

MC_WriteBoolParameter function block language examples

Function Block Diagram (FBD)

" MO m
MC_wiiteBoolPar

Auisin Lz w

R

BRI e oy B

b -
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Ladder Diagram (LD)

R MC_E.. ErranDJ-

Structured Text (ST)

Parameteriwhe r_Ur: iteBoolParameter := 5;

HC_\TE iteBoolParamsete E_ 1jAMisl, Exec ur.l:_ir iceBoolParameter, ParameterNumnbe r_tlr iceBoolParameter,
Value UriteBoolParameter, MC ExecutionMode UriteBoolParameter):

Dnne_m: iteBoolParameter = HC_[ITE iteBoolParame Cer 1.Done;

Busy WriteBoolParameter := MC WriteBoolParamecer l.Busy:
Error_UriteBoolFParameter = NC_WriteBoolParameter 1.Error;
ErroclIDl VWriteBoolParameter := MC lriteBHoolParamster 1.ErrorlDl:

BC_WriteBoo lPa.rameter_lﬁ',[

viid MC_WriteBoolParameter_1(A=15_REF Axisln, BOOL Execute, DINT Parameterbumoer, BOOL Yalue, SINT MC_ExecutionMode)
Type | MC_WrteBoolParameter, Madfies the value of & motion spedfic B00L parameler
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Results

L [ (S
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MC_WriteParameter

Parameter

EN

Axisin

Execute

ParameterNumber

Value

496

MC_WriteParameter modifies the value of a vendor specific parameter.

i MC_WiteParameter T i
MC_winteParameter
* focisin luis =
b Execute Daone =
¥ ParameterMumber Busy =
s alue Error =
b MC_ExecutionMode ErroriD =
LS &

MC_WriteParameter operation

The parameters set by the MC_WriteParameter function block are only applied

to the application temporarily. They are overwritten by the permanent settings,

which are configured by the user in Connect Component Workbench Motion
Configuration, when the controller is switched from PRG to RUN, or when the

controller power is cycled.

Arguments
Parameter Data type
type
Input BOOL
Input AXIS_REF
Input BOOL
Input DINT
Input REAL

Description

Function block enable.

When EN = TRUE, execute current MC_WriteParameter computation.
When EN = FALSE, there is no computation.

Applies only to LD programs.

See also AXIS_REF data type (on page 426).

When TRUE, writes the value of the parameter at the rising edge.

Parameter identification.

See also Motion control function block parameter numbers (on page
423).

New value of the specified parameter.

Rodwell Autormation Publication 2080 RVIIBENE - March 2014Vich 2014



Mbtionaontrol instructions Chapter 17

Parameter

MC_ExecutionMode

ENO

Axis

Done

Busy
Error

ErrorlD

Parameter
type
Input

Output

Output

Output

Output
Output
Output

Data type

SINT

BOOL

AXIS_REF

BOOL

BOOL
BOOL
UINT

Description

Values are:
o 0 (mcImmediately) - The functionality is immediately valid.
o 1 (mcQueued) - The new functionality becomes valid when:

— all previous motion commands set one of the following output
parameters: Done, Aborted or Error

— the axis is not in a moving state
— implies that the output parameter Busy is set to FALSE.

Note: When (MC_ExecutionMode = 0), for all parameters except Duty Cycle
(1005), this FB can be completed successfully only when the axis state is Disabled
or Standstill,

When (MC_ExecutionMode = 0), for Parameter Duty Cycle (1005), this FB can be

completed successfully except the axis is in Homing or ErrorStop state.

For (MC_ExecutionMode = 1), this function block can be successfully
completed only when the axis state is Disabled, Standstill, or the
on-going motion can complete, ending with Standstill state

Other input values are reserved currently, and are considered as invalid
parameters.

Enable out.
Applies only to LD programs.

Axis output is read-only in LD programs.
See also AXIS_REF data type (on page 426).

When TRUE, the parameter was successfully written.

When TRUE, indicates the function block has control of the axis.
When TRUE, an error was detected.

Error identification.
See also Motion control function block error IDs (on page 424).

MC_WriteParameter function block language examples

Function Block Diagram (FBD)
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" MC_E.. EerrIDJ-
Structured Text (ST)
ParameterNumher_HritEParamEter = 2;
Walue WriteParameter = 20000.0;

498

HC WriteParameter 1(Axisl,Execute WriteParameter,ParameterMNunber WriteParameter,

Walue WriteParameter, MC ExecutionMode WriteParameter):

Done WriteParsmeter := MC WriteParsmeter 1.Done:

Busy WriteParameter := MC WriteParameter 1.Busy:

Error WriteParameter := MC WriteParameter 1.Error;
ErrorID WriteParsmeter = MC WriteParsmeter 1.ErrorID;

NC UriceParamecer 1

1

waid MC_WribeParameter 1 (AXIS_REF fxisin, BOOL Exacute, DINT Parameterhumber, REAL Valus, SINT MZ_ExecutionModa)
Type : MC_WriteParameter, Modifies the value of a motion specific REAL parameter

Results
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I

Global Yarisbles - MicroB50 | Lacal Varisbles - N4 | System Yariables - Micio850 | 14 ¢ | *

Logical Value | Physical Value
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Chapter 18

Function block

DERIVATE (on page 502)
HYSTER (on page 504)
INTEGRAL (on page 506)
PWM (on page 512)
SCALER (on page 516)
STACKINT (on page 519)
Function

LIMIT (on page 524)
TND (on page 522)

Process control instructions

Process control instructions are used to monitor and maintain process loops for
quantities such as pressure, temperature, flow rate, and fluid level. Process controls
regulate the course by sending an output signal to the control valve.

Description

Differentiation of a real value

Boolean hysteresis on difference of reals
Integration over time

Turns the output for a configured channel on or off
Scale input value according to output range

Stack of integer

Description

Limit

Stops the current cycle of the user program scan
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DERIVATE

Parameter

RUN
XIN
CYCLE
XouT
ENO

502

DERIVATE differentiates a Real value. If the CYCLE parameter value is less than
the cycle timing of the execution of the device, the sampling period is forced to
this cycle timing.

4 DERIVATE T i
DERIVATE
+ RUN XOUT ¢
+ XIN
1 CYCLE
A -
Derivate operation

The derivation is performed with a time base of milliseconds (that is, the
derivation of an input of 1000 that changes to 2000 over a time period of 1 second
results in a value of 1). To convert the output of the instruction to units of
seconds, the output must be multiplied by 1000.

Arguments
Parameter Data type Description
type
Input BOOL Mode: TRUE = normal / FALSE = reset.
Input REAL Input: any real value.
Input TIME Sampling period. Possible values range from Oms to 23h59m595999ms.
Output REAL Differentiated output.
Output BOOL Enable out

Applies only to LD programs.

DERIVATE function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

run

—

|

1
-.XIN KDL.I-I-.—
-l C\rtLE
S

Structured Text (ST)

1 DERIVATE 1(run, input, T]:
2 output := DERIVATE 1.XOUT:

DERIVATE_1fi|

void DERIVATE_1(EOOL RUM, REAL 2IM, TIME CWiZLE)
Type : DERIVATE, Differentiation accarding ko kime

(* ST Equivalence: DERIVATEI is an instance of a DERIVATE block *)

DERIVATEl1(manual_mode, sensor_value, t#100ms);
derivated_value := DERIVATE1.XOUT;
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HYSTER performs hysteresis on a Real value for a high limit.

HYSTER
f HYSTER T i
HYSTER
& XM {] -
w XIN2
= EFS
e 4
Arguments
Parameter Parametertype Data type Description
EN Input BOOL Function block enable.

When EN = TRUE, execute function.
When EN = FALSE, do not execute function.
Applies only to LD programs.

XIN1 Input REAL Any real value.
XIN2 Input REAL To test if XIN1 has overpassed XIN2 + EPS.
EPS Input REAL Hysteresis value (must be greater than zero).
ENO Output BOOL Enable out.
Applies only to LD programs.
Q Output BOOL TRUE if XINT has overpassed XIN2 + EPS and is not yet below XIN2 - EPS.

Hyster timing diagram example

EIN2+EPS

KIN2
KIN2-EFS

HIN1

Q I

HYSTER function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

 XINT Qs

N2

r EPS
Structured Text (ST)
1! =inl := 10.0;
2i xminz = 1.0;
di epas = 1.0;
4 HY3TER 1ixinl, xinZ, eps):
5. output := HYSTER 1.Q;
HY3TER 1

void HYSTER_1(REAL ¥IN1, REAL ¥INZ, REAL EPS)
Type : HYSTER, Boolean hysteresis on difference of reals
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INTEGRAL integrates a real value.
INTEGRAL 8

% INTEGRAL 7 i
INTEGRAL

w BN o=
+R1 XOUT ¢
+ XIN

+ X0

+ CYCLE

s, 4
INTEGRAL operation

e  When the INTEGRAL function block is first initialized, its initial values
are not considered. Use the R1 parameter to set the initial values for a
calculation.

e To prevent loss of the integrated value, the integration value is not cleared
automatically when the controller transitions from PROGRAM to RUN or
when the RUN parameter transitions from FALSE to TRUE. Use the R1
parameter to clear the integral value when first transitioning the controller
from PROGRAM to RUN mode and when starting a new integration.

e Werecommend you do not use the EN or ENO parameters with this
function block because the cycle time calculation will be disrupted when
EN is FALSE, resulting in an incorrect integration. If you choose to use the
EN or ENO parameters, toggle the R1 parameter with EN equal to TRUE
to clear the current result and ensure correct integration.

e Integration is performed with a time base of milliseconds (that is,
integrating an input of 1 with an initial value of 0 for 1 second will result in
avalue of 1000). To convert the output of the instruction to units of
seconds, divide the output by 1000.

o Ifthe CYCLE parameter value is less than the cycle timing of the execution
of the device, the sampling period is forced to the cycle timing,

e XIN sampling and function block executions occur every cycle time + Scan
Time Jitter.

e Foragiven user program, Scan Time Jitter varies from controller to
controller.

e The cycle time determines the sensitivity of the Integral function block.
Changes occurring in XIN between two samplings (or within the cycle
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Parameter

RUN
R1
XIN
X0
CYCLE

XouT

Arguments
Parametertype  Data type
Input BOOL
Input BOOL
Input REAL
Input REAL
Input TIME
Output BOOL
Output REAL

time) are not taken into account when the integral XOUT value is

calculated.

Cycle time and Scan Time Jitter both contribute to the overall inaccuracy of

Integral output.

See also XIN in sync with function block execution example and XIN not

in sync with function block execution example.

Description

Mode: TRUE = integrate / FALSE = hold.
Overriding reset.

Input: any real value.

Initial value.

Sampling period. Possible values range from Oms to
23h59m595999ms.

NotR1.
Integrated output.

Example: XIN in sync with function block execution

The following pictures show the effect of Scan Time Jitter on the XOUT value:

XIN

Y-Axis

'y Ideal Sampling
(Cycle Time)
. Acdual Sarmpling
SWJ.J::W (FB Execution)

T T T m T T

| | I ] |

| | | | ] |

I | | | ] |

| | | | ] |

| | I | ] |

[ I I | n |

[ | | | ] |

[ | | | ] |

| | | | 1] |

| | | | 1] [

[ | | | ] |

| | | | 1] |

I | | | ] |

| | | | 1] |

| | | | 1 |

| | i [ 1 |

[ | | 11 1]

[ | | 11 1]

| | | 11 1]

I | | 11 1]
. ' t + t { t >
% t K-Am! Number of

Cycles
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F
,./"H
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A |
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- |
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Ideal Sampling - |
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Differance in - X
A ir I
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x |
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|
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< [ |
> | i
- | |
.-"'-' 1 I
- |
A '
| i |
" | | 1
" l' / L] I L] ' ' >
}(-Am! Number of

Cycles

Example: XIN not in sync with function block execution

The following pictures show an example in which an error is introduced in the

XOUT value of an Integral function block:
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Progessaontrol instructions

Ideal Sampling
{Cycla Time)

Scan Tims

Actual Samplng
{FB Execution )

Jitter

e

Mumber of

NIX S0g-A -

Cycles

w
Va4

Idaal XOUT

Emor im XOUT

Vo

g £E
E &
iE 23
E- =23
m [ -]
_.h”_m a
= =
..m.L O
= Sk

MNumber of

1NOX

Shy-A &

Cycles

INTEGRAL function block language examples

Function Block Diagram (FBD)
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RUN
oot
X¥IN
b X0
r CYCLE
e, A
Ladder Diagram (LD)
run
] 1
11
Structured Text (ST)
1: run := TRUE;
Zi Xin := 10.0;
3 InitialVWalue := 5.0;
4 T := TH1i0s=:
L) INTEGRAL 1(run, CwerridingReset, xin, InitialValue, T):
6 output := NOT CrrerridingReset:
71 Integratedoutput := INTEGRAL 1.X0UT:
INTEGRAL 17§

woid INTEGRAL _1(BOOL RN, BOOL R1, REAL ¥IM, REAL X0, TIME CYCLE)
Tvpe : INTEGRAL, Integration over time

(* ST Equivalence: INTEGRALL is an instance of a INTEGRAL block *)

INTEGRAL1(manual_mode, NOT(manual_mode), sensor_value,
init_value, t#100ms);

controlled_value := INTEGRAL1.XOUT;

Results
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t®l Variable Monitoring

- gt - gt A A ) - gt
run + Y BOOL -
OwemdingReszet [FE BOOL -
®if 10.0 M A8, REAL *
Initialy alue 5.0 kA REAL A
T TH10z Y TIME -
output v [FE BOOL -

2 IntegratedOutput 631 F07E+06 [ REAL v
+ INTEGRAL_1 IMTEGRAI ~
oK
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PWM PWM (Pulse Width Modulation) turns the PWM output for a configured PWM
channelon oroff. It is valid on Micro820 2080-LC20-20QBB controllers only
and only one PWM channel is supported (thru the embedded output channel 6).

(= Pt 1 G
Piaid
* Enable Stz

= On

= Freg

= OutyCycle
# ChTvpe
» ChSlot

* ChMum

e, A

PWM operation

e PWM is supported for Micro820 controllers only.

PWM arguments
Parameter Parameter Data Description
type type
EN Input BOOL Function block enable.

When EN = TRUE, execute current computation.
When EN = FALSE, there is no computation.

On Input BOOL Turns on or off the PWM output.

When TRUE, turns on the PWM output. Overwrites with new configuration if the PWM
channel is already on.

When  FALSE, turns off the PWM output.

Freq Input USINT Frequency in Hz

e 1-5000
DutyCycle Input String Duty Cycle

e 01000 (0%-100%)
ChType Input USINT Channel Type

e 0—Embedded

o T—Plugin

o 2 —Expansion
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Parameter

ChSlot

ChNum

Sts

ENO
S pooL
Seooc
=y
1 UINT
ST
e
=T

Parameter
type
Input

Input

Output

Output

Data
type
UINT

UINT

UINT

BOOL

Description

Channel Slot
e (—Embedded

Channel Number

e (0 —PWM CHO // For 2080-LC20-20QBB, embedded output pin 6 is used as PWM
CHo.

Function block execution status.
See PWM status codes (on page 514).

Enable out.
Applies only to LD programs.

PWM function block language examples

Function Block Diagram (FBD)

I =7 i ™
Pl
enable -t Erdie Sted=, - sts
on_1 -0y
frequency = Freg
cycle = [utyCycle
type P et Chiliype
slot_Piah v ChSlot
num_ M st ChHum
. o
Ladder Diagram (LD)
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PWRLT G
Piaitd
EN ENO.
eanble | sts
| T Enable Sts T |
On_pwim
I - TN
frequency
. -t Freg
cycle Pl
= [utyCycle
type_PinM '
| = ChType
slot_P'M
| =t ChSlat
num_FPiid
=t ChMum
Structured Text (ST)

FWH (EN, Enable, On, Freq, DutyCycle, ChType, ChS5lot, ChNum):

LS I oS I S

output = EPFWH.EHNO
3tz := FWM.S53ts
P 1§

void PWM_1{BCOOL Enable, BOOL On, UDINT Freq, UINT DutyCycle, UINT ChType, UINT ChSlot, UINT ChMum)
Type: PWM, Enable PWM output.

PWM status codes
Status code Description
0 Function block not enabled (no operation).

—_

PWM configuration successful.
Invalid Duty cycle.

Invalid Frequency.

OV )

Invalid Channel Type.
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Status code Description

5 Invalid Channel Slot.

6 Invalid Channel Number.

7 Invalid Catalog. PWM feature is not supported in the catalog being
used.
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SCALER scales the input value according to the output range.

SCALER
i SCAMER T i
SCALER
* [nput DOutput
* [nputMin
# [nputMax

* DutputiMin

* Dutputiax
e, &
Arguments
Parameter Parameter type Data type Description
EN Input BOOL Function block enable.
When EN = TRUE, execute the scaling equation.
When EN = FALSE, there is no scaling equation.
Applies only to LD programs.
Input Input REAL Input signal.
InputMin Input REAL Minimum value of Input.
InputMax Input REAL Maximum value of Input.
OutputMin Input REAL Minimum value of Qutput.
OutputMax Input REAL Maximum value of Qutput.
Output Output REAL Output value.
ENO Output BOOL Enable out.

Applies only to LD programs.

SCALER function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

Structured Text (ST)
1 input := 10.0;
2 InputMin = 5.0;
3 InputMax = 15.0;
4: OutputMin = 1.0;
S5 OutputMax = 10.0;
6f SCLLER 1iinput, InputMin, InputMax, OutputMin, oOutputMax):
Yiooutput = ZICALLER 1.0utput:
SCALER 1

void SCALER_1{REAL Inpuk, REAL InputMin, REAL InputMas, REAL Ouktpukiing REAL Outpukia:)
Type : SCALER, Scale input value according ko output range.

(* ST equivalence: SCALERI is an instance of SCALER block *)
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SCALER1(Signal_In, 4.0, 20.0 , 0.0 , 150.0 ) ;
Out_Temp := SCALER1.Output ;

Results

tEl Variable Monitoring

inpLIt 10.0 M REAL -
Inputhdin 5.0 M2 REAL -

| npLithd 2 15.0 P RE&L e
Outputhdin 1.0 M REAL -
Cutpithd 2 10.0 [ A, REAL -

2 output 55 A2 REAL -
+ SCALER_1 SCALER -

o | (gwen
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STACKINT

Parameter

PUSH

POP

R1

IN

N
EMPTY
OFLO
out

STACKINT manages a stack of integer values.

4 STACKINT_7 %)
STACKINT

+ PUSH EMPTY 1
+ POP OFLO
+R1 OUT s
= IN

=

., o
STACKINT operation

The STACKINT function block includes a rising edge detection for both PUSH
and POP commands. The maximum size of the stack is 128. The OFLO value is
valid only after a reset (R1 has been set to TRUE at least once and back to
FALSE). The application defined stack size N cannot be less than 1 or greater than
128. STACKINT manages invalid values as follows:

e ifN <1, STACKINT assumes a size of 1.

e ifN > 128, STACKINT assumes a size of 128.

Arguments

Parameter type

Input

Input

Input
Input
Input
Output
Output
Output

Data type
BOOL

BOOL

BOOL
DINT
DINT
BOOL
BOOL
DINT

Description

Push command (on rising edge only).
Adds the IN value on the top of the stack.

Pop command (on rising edge only).
Deletes the last value pushed to the top of the stack.

Resets the stack to its empty state.
Pushed value.

Application defined stack size.
TRUE if the stack is empty.
Overflow: TRUE if the stack is full.

Value at the top of the stack.
0UT equals 0 when OFLO is TRUE.

STACKINT function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

r [

—
Structured Text (ST)
1: PushedValue := 5;
Zi si=ze = 10:
3: STACKINT 1 ({push, pop, reset, PushedValue, =zize):
d: empty := ITACEINT 1.EMPTY:
5 oflo := STLCEINT 1.0FLO:;
6 out = FITACEINT 1.00UT:
STACEINT 1

void STACKINT _1{EQOL PUSH, BOOL POP, BOOL R1, DINT IN, DINT M)
Type : STACKINT, Stack of inteqer analogs

(* ST Equivalence: STACKINT1 is an instance of a STACKINT block *)
STACKINT1(err_detect, acknowledge, manual_mode, err_code,

520 Radanell Autormetion Pblication 2080RVIDIBENE - March 2014Varch 20014



Poessontrol instructions Chapter 18

max_err);

appli_alarm = auto_mode AND NOT(STACKINT1.EMPTY);
err_alarm := STACKINT1.0FLO;

last_error := STACKINT1.0UT;

Results

&8 Variable Monitoring

| Global Variables - Micra810 | Local Variables - UntiledST | System Variables - Micro810 | 10 ¢ *
Logical¥alue | Physical¥alue | Lock | Data Type m
T gt T gl T g - gt
> -E-mlﬂl-
pop [ s, BOOL -
reset kA8, BOOL -
Pushedy alus 5 b A, CIMT A
zize 10 M s CIMT -
empty [ s, BOOL -
oflo M A BOOL -
out ] F7) CIMT -
+ STACKINT_1 STACKIMNT ~
[ .
x
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IND TND stops the current cycle of user program scan. Then, after the output scan,
input scan, and housekeeping, the user program will be re-executed from the start
of the first routine.

Arguments
Parameter Parameter Type Data Type Description
Enable Input BOOL Function enable.
When Enable = TRUE, perform the function.
When Enable = FALSE, do not perform the function.
TND Output BOOL If true, function performed.

Note: When variable monitoring is on, the monitoring variable’s value is
assigned to the block’s output.

When variable monitoring is off, the output variable’s value is
assigned to the block’s output.

TND function language examples

Function block diagram

Ladder diagram

Structured text

1! enable
2i output

TRUE:
THD [enable) ;

THD

BOCOL TND(BOOL Enable)
Abort current user program scarn,
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(* ST Equivalence: *)
TESTOUTPUT := TND(TESTENABLE) ;

Results

tEl Variable Monitoring

enable
output
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Processaontrol instrudtions

LIMIT

524

Parameter

EN

MIN

MAX
LIMIT

ENO

LIMIT restricts integer values to a given interval. Integer values between the
minimum and maximum are unchanged. Integer values greater than the
maximum are replaced with the maximum value. Integer values less than the
minimum are replaced with the minimum value.

Arguments

Parameter Type  Data Type Description

Input BOOL Function enable.
When EN = TRUE, execute current LIMIT computation.
When EN = FALSE, there is no computation.

Input DINT Minimum value supported.

Input DINT Any signed integer value.

Input DINT Maximum value supported.

Output DINT Input value bounded to the supported range.

Output BOOL Enable out.

LIMIT function language examples

Function block diagram
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Ladder diagram

Structured text

11 minimum := 2;

2i in := 5;

3 maximwuam = 10;

‘1 cutput = LIMIT (minimwn, in, w&ximum) ;
LIMITI|

DIMT LIMIT(DIMT MIM, DIMT IM, DINT MAX)
Lirnit

(* ST Equivalence: *)
new_value := LIMIT (min_value, value, max_value);

(* bounds the value to the [min_value..max_value] set *)
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Results

tEl Variable Monitoring

el

i
L EST

oukput

rririrnLm
in
TSR ILIT

output

rririrnLm
in
TSR ILIT

output
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Program control instruction

Program control instructions are used to control instructions simultaneously from
a user program and from an operator interface device.

Function block Description

SUS (on page 528) Suspend the execution of the application.
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Programaontrol instruction

SUS

528

Parameter

Enable

SusID
ENO

SUS suspends the execution of the Micro800 controller. The controller remains
in RUN mode but execution is suspended indefinitely. Suspend catches User
Program errors and aids in User Program debugging. Place the SUS instruction in
User Program sections where you want to trap unusual conditions. In suspend
mode, RUN LED is set to OFF to indicate the program scan is Idle.

SU5 7
SUS
Enable
Sus|D
Arguments
Parameter type Data type Description
Input BOOL Function block enable.
When Enable = TRUE, execute function.
When Enable = FALSE, do not execute function.
Input UINT Suspension ID.
Output BOOL Enable out.

Applies only to LD programs.

SUS function block language examples

Function Block Diagram (FBD)

- 505 7
5US

- e Fiable

4 SuslD SusiD

h

Ladder Diagram (LD)

SIS Y
SU5
= END

nable

SuslD

Sus|D

Structured Text (ST)

1. SusID := 1;
2. 25U _1(enable, SusID):
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sus_ 1

woid SUS_1{BOCOL Enable, UIMT SusID)
Type : 5U3, Suspend the execution of the application.

Results

t® Variable Monitoring

Logical¥alue | Physical¥alue | Lock I

- :ﬁ“ - :#“ - :#“
enable + I A, |
SuslD
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Chapter 20

Proportional Integral Derivative (PID) instruction

The Proportional-Integral-Derivative (PID) instruction is used to control the
process more accurately using PID functionality.

Function block Description

IPIDCONTROLLER (on page 535) Proportional Integral Derivative
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What is P . | Proportional-Integral-Derivative (PID) control allows the process control to
atis Proportiona accurately maintain the setpoint by adjusting the control outputs. A PID function

|nteg ral Derivative (PID) block combines all of the necessary logic to perform
control? proportional/integral/derivative (PID) control.
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How the IPIDController
function block implements

PID control

Process
Value

Set Point

Feedback
(Tracking)

The IPIDController function block, available in the Connected Components
Workbench instruction set, is based on PID control theory and combines all of
the necessary logic to perform analog input channel processing and proportional
integral-derivative (PID) control. In the HMI, the IPID faceplate is available for
use with the IPIDController function block.

IPIDController function block description

The IPIDController function block uses the following function block
components:

e A:Acting(+/-1)
e PG: Proportional Gain

e DG: Derivative Gain

e td:aD
o ti:al

P s o

l .

i l+ Auto Mode < 5 A
' ' Tp s |

! LTI i@ Initialize < | i
I DG l I

: 4 @—>+ Ading | o]+ —:-I Output
. © (+/-1) LPe. O uipd
- i ,

' 1 1 o

i .

: I

! |

| - ,

; | 1 '

: | Ts+1 |

! i
e

Error
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Preventing integral windup

If the difference between the setpoint value and the process value is great, the
output value will increase significantly, and during the time it takes to decrease,
the process will not be in control. The IPIDController function block
interactively tracks feedback and prevents integral windup. When the output is
saturated, the integral term in the controller is recomputed so that its new value

provides an output at the saturation limit.
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IPIDCONTROLLER

Parameter

EN

Process

SetPoint
FeedBack

Auto

Initialize

Gains

AutoTune

ATParameters

IPIDCONTROLLER is used for proportional integral-derivative (PID) logic,

which controls physical properties such as temperature, pressure, liquid level, or

flow rate using process loops.

" FIDCONTROLLER T ™

IFIDCONTROLLER
+ Process Output +
# SetPoint AbsoluteError &
= FeedBack ATwarming &
& Ayito OutGains =
+ Initialize
* (Gains
# SutoTune
# ATParameters

. -
Arguments
Description

Parameter type Data type

Input

Input

Input
Input

Input

Input

Input

Input

Input

BOOL

REAL

REAL
REAL

BOOL

BOOL

GAIN_PID

BOOL

AT _Param

Function block enable.

When EN = TRUE, execute function.

When EN = FALSE, do not execute function.
Applies only to LD programs.

Process value, which is the value measured from the process output.

Set point.

Feedback signal, which is the value of the control variable applied to the process.
For example, the feedback can be IPIDCONTROLLER output.

The operation mode of the PID controller:
o TRUE - controller runs in normal mode.

o FALSE - controller causes reset R to track (F-GE).

A change in value (TRUE to FALSE or FALSE to TRUE) causes the controller to eliminate any
proportional gain during that cycle. Also initializes AutoTune sequences.

Gains PID for IPIDController.
See GAIN_PID data type (on page 539).

When set to TRUE and Auto and Initialize are FALSE, the AutoTune sequence is started.

Auto Tune Parameters.
See AT_Param data type (on page 540).
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Parameter Parameter type Data type Description

Output Output REAL Output value from the controller.

AbsoluteError Output REAL Absolute error (Process — SetPoint) from the controller.

ATWarnings Output DINT (ATWarning) Warning for the Auto Tune sequence. Possible values are:
e (0-noauto tune done.
e 1-inauto tune mode.
e 2-auto tune done.
o -1-ERROR Tinput automatically set to TRUE, no auto tune possible.
o -2-ERROR 2 auto tune error, ATDynaSet expired.

OutGains Output GAIN_PID Gains calculated after AutoTune sequences.
See GAIN_PID data type (on page 539).

ENO Output BOOL Enable out.

536

Applies only to LD programs.

IPIDCONTROLLER function block language examples

Function Block Diagram (FBD)
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b St

» [nitialize

JEEN

b AutoTune

» ATParameters

Ladder Diagram (LD)
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\ /
Structured Text (ST)
1 IPIDCONTROLLER 1 (pro, sp, fh, auto, init, gains, sautotune, atp, emw);
2 output := IPIDCONTREOLLEE 1.0Qutput;
3 gae = IPIDCONTROLLEER 1.ihsoluteError;
4 atw := IPIDCCHTEOLLEE 1.ATWarning:
5 og = IFIDCONTREOLLEER 1.0utGains:

tripconTROLLER 1§

rad IPIDCONTROLLER_] [FEAL Process, AEAL SetFoist, AEAL Feseliack, BOOL Ao, BOOL Iritilze, GAIN_ PID Gains, BOOL Autalune, A1_PARAM ATParsmeters, DT Enariiods)
Type ¢ IFIBCON 18 CLLER, B vl Iriegra Derhesti

(* ST equivalence: IPIDControllerl is an instance of IPIDController

block *)
IPIDControllerl(Proc,
SP,
FBK,
Auto,
Init,
G_In,
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A_Tune,

A_TunePar,

Err );
Out_process := IPIDControllerl.Output ;
A_Tune_Warn := IPIDControllerl_ATWarning ;
Gain_Out := IPIDControllerl._OutGains ;

Results

t®l Variable Monitoring

| Global ¥ ariables - Micrag10 | Local Variables - UntitledST | System Wariables - Micro81 4 *

Logical¥alue | PhysicalYalue | Lock
- gt - gt A A - i - gt
HighLinit 10.0 A8 REA&L >
X 15.0 A8 REAL A
Ll irmik 5.0 A REAL -
HuysteresizY alue 20 Mt REAL -
OutputH «f M, BOOL v
2 output 4 P At BOOL v
Dutputl M8 BOOL -
+ LIM_ALRM_1 LIM_aLRbk -
i I

LCancel

GAIN_PID data type

The following table describes the GAIN_PID data type.

Parameter Datatype  Description

DirectActing BOOL The type of acting:

o TRUE - direct acting (output moves same direction as error). That is, the actual process value
is greater than the SetPoint and the appropriate controller action is to increase the output
(For example: Chilling).

o FALSE - reverse acting (output moves opposite direction as error). That is, the actual process
value is greater than the SetPoint and the appropriate controller action is to decrease the
output (For example: Heating).

ProportionalGain REAL Proportional gain for PID (>=0.0001).
Timelntegral REAL Time integral value for PID (>= 0.0001).
TimeDerivative REAL Time derivative value for PID (> 0.0).
DerivativeGain REAL Derivative gain for PID (> 0.0).
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AT_Param data type

The following table describes the AT_Param data type parameters.

Parameter Datatype Description

Load REAL Load parameter for auto tuning. This is the output value when starting AutoTune.

Deviation REAL Deviation for auto tuning. This is the standard deviation used to evaluate the noise band needed for
AutoTune.

Step REAL Step value for AutoTune. Must be greater than noise band and less than % Load.

ATDynamSet REAL Waiting time in seconds before abandoning auto tune.

ATReset BOOL The indication of whether the output value is reset to zero after an AutoTune sequence:

o TRUE - resets output to zero.
o FALSE - leaves Output at Load value.
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IPIDController function
block operation

Input Auto

When Input Auto is TRUE, the IPIDController runs in normal auto mode.

When Input Auto is FALSE, it causes reset R to track (F-GE) forcing the
IPIDController Output to track the Feedback within the IPIDController limits
at which time the controller switches back to auto without incrementing the

Output.

(
s
Ahsohite Value LFLAR. |
Autp #+—————— 4
Initialize ————————— L
—_— - - - = — = — — — S
AE
Input Initialize

For Input Initialize, changing from FALSE to TRUE or TRUE to FALSE when
AutoTune is FALSE causes the IPIDController to eliminate any proportional
gain action during that cycle (for example, Initialize). You can use this process to
prevent bumping the Output when changes are made to the SetPoint using a
switch function block.

To run an AutoTune sequence

To run an AutoTune sequence, the input ATParameters must be completed. The
Input Gain and DirectActing parameters must be set according to the process and
DerivativeGain set, (typically 0.1). The AutoTune sequence is started with the

following sequence:
1. Set the input Initialize to TRUE.
2. Set the input Autotune to TRUE.
3. Change the input Initialize to FALSE.
4. Wait until the output ATWarning changes to 2.
5

Transfer the values for output OutGains to input Gains.
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To finalize tuning

To finalize the tuning, some fine tuning may be needed depending on the
processes and needs. When setting TimeDerivative to 0.0, the IPIDController
forces DerivativeGain to 1.0 then works as a PI controller.
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This section provides specific details and examples for using the proportional

Using the Proportional
Integral Derivative
instruction Using auto-tune with the IPIDController function block

integral derivative instruction, including the following:

You can use the AutoTune parameter of the IPIDController function block to
implement auto-tuning in the control program.

Auto-tuning requirements and recommendations

Following is a summary of requirements and recommendations for implementing
successful auto-tuning,

e Autotuning must cause the output of the control loop to oscillate, which
means the IPIDController must be called frequently enough to adequately
sample the oscillation.

e The IPIDController instruction block must be executed at a relatively
constant time interval.

e Configure the scan time of the program to be than half of the oscillation
period.

e Consider using a Structured Text Interrupt (STI) instruction block to
control the IPIDController instruction block.

Auto-tune in first and second order systems

Auto-tune can be used in first order system, which uses a single element, or in a
second order system, which uses two independent elements.

Auto-tune a first order system

A first order system uses a single independent energy storage element. Examples
include:

e Coolingof a fluid tank, with heat energy as the storage unit.
e Flow of fluid from a tank, with potential energy as the storage unit.

e A motor with constant torque driving a disk flywheel, with rotational
kinetic energy as the storage unit.

e An electric RC lead network, with capacitive storage energy as the storage
unit.

In a first order system, the function may be written in a standard form such as f{t)

=tdy/dt + y(t)
Where:
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Variable Description Example: Cooling of a fluid tank using heat energy as the storage element
t System time constant Is equal to RC
Where

R = Thermal resistance of the walls of the tank
(= Thermal capacitance of the fluid

f Forcing function Is the Ambient temperature

y System state variable Is the Fluid temperature

Auto-tune in a second order system

A second order system uses two independent energy storage elements that
exchange stored energy. Examples include:

e A motor driving a disk flywheel with the motor coupled to the flywheel via a
shaft with torsional stiffness; Rotational kinetic energy and torsion spring
energy are the storage units.

® An electric circuit composed of a current source driving a series LR
(inductor and resistor) with a shunt C (capacitor); Inductive energy and
capacitive energy are the storage units.

Motor driven systems and heating systems can typically be modeled by the LR and
the C electric circuit.

Configure auto-tuning

Following are the general steps for implementing auto-tuning using the
IPIDController function.

No. |Step Example
Reset setpoint to zero. ¢ . —
! P g Variable Monitaring [ | 2
Giobal Vamables - Micd50 | Local Variables - IPID | System Vanables - M 4 | * |
lI-'_"
m - ot - ot -l
[ + IPIDCONTROLLER Y |
B+ TempConvest_1 |
B« My L1 |
[ ||+ MAT Param
»® |
‘ l. AutoTune Mk
B Intelkce HA
1. AutcMode ’ N/ |
[ Ar st ) HIA
]- ApsEnor 00 H/A |
| (ransherGan MIA
]. « My_GanTranshe_1 [
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2 Switch Auto mode to False

LogicalValue | Physical V.

3 Set Gains parameters.
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4 Set Auto-Tune parameters. Set auto-tune parameters including an initial load value, step change for the output, an estimated time
to complete the auto tuning, and the auto-tune reset.

T
I

|

|

5 Set Initialize and AutoTune to True.
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No. (Step Example
6 Notice the Output changes to the value of Load when you set AutoTune to True.

—

- OuvtGairs

False ‘

7 Observe the process value rises

quickly until it gets closer to its

saturation point.
8 Observe the stabilization of the

process value and its fluctuation.
9 Set the deviation.
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No. (Step Example

10 Set Initialize to False. W Verisbie Moitor |l . e
| Global Vansbies - M50 | Local Vanabies - IPID | System Variables -M * |+ |

1 Controller starts auto-tuning. Wait
for ATWarning to become 2.

12 Set AutoTune to False.

13 Observe the tuned values appear in
OutGains.
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Step Example
Transfer parameter from OutGainto | [ vassbie Monitoring [
My_Gains. -

| Gobal Vanabies - Microg50 | Local Varabies - PID | System Vaaties M * - |

LogicalVale | Physical V{|

A

SEE3S55555

Observe the controller is updated . : — —r——
with the with the tuned gain .g o hg__ - '
parameter. Giobal Varables.” McroS50 | Local Variables - N/A | System Vanebles - M |

LogealValee | PhyzicalV

My_Gains DerivativeGan 01
remaar s - e
- [ S E

OufGanPropoionalGan 1 1577 A
DutGan Timelntegial 216775 Hia

OuGan TmeDervalive 9756 NI
OuGanDerivatveGan 01 M

Radunell Autormetion Pblication 2080RVIDIBENE - March 2014Vrch 2014 549



Chapter 20 Proportional Integral Derivative (PD) instruction

Using a Structured Timing Interrupt (STI) with auto-tuning

Although a PID instruction works if it is not controlled by a Structured Timing
Interrupt (STI), using an STT increases the auto-tune success rate because the

auto-tune will operate on a fixed cycle.

Propases
Intesrupt Type: | Seleciable Timed Intetupt [5T1) -
STHD: |sTi0 v
5T) Desciiption. 5TID
Frogram: [ - |
Parameters
[7] Auto Start
Set Ponk; 0 ms

Example: IPIDController with auto-tune

The following example program is shows the variables used to configure the

parameters fOI' auto—tuning.

Auto-tune parameters

The following table describes the variables that are used with each parameter in

the example to configure auto-tuning.
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Input parameters
Variable
AutoMode

Initialize

My_Gains
My_Gains.DirectActing

My_Gains.ProportionalGain
My_Gains.Timelntegral

My_Gains.TimeDerivative

My_Gains.DerivativeGain

AutoTune
ATParameters
Load

Deviation

Step

ATDynaSet

ATReset

Output parameters
Parameter

AbsoluteError

Parameter Description

Auto The operation mode of the PID controller:
TRUE - controller runs in normal mode.

FALSE — derivative term is ignored forcing the controller output to track the feedback within
the controller limits, and allowing the controller to switch back to auto without bumping
the output

Initialize Initializes AutoTune sequence.

A change in value from TRUE to FALSE or FALSE to TRUE causes the controller to eliminate
any proportional gain during the cycle.

Gains Establishes the Gains PID for IPIDController.

DirectActing Defines the type of acting for the output.

TRUE - direct acting in which the output moves in the same direction as the error. That is,
the actual process value is greater than the SetPoint and the appropriate controller action is
to increase the output. For example, chilling.

FALSE - reverse acting in which the output moves in the opposite direction as the error. That
is, the actual process value is greater than the SetPoint and the appropriate controller action
is to decrease the output. For example: heating.

ProportionalGain Proportional gain for PID (>=0.0001).

Timelntegral Time integral value for PID (>= 0.0001).
The tendency for oscillation increases with a decrease in ti.

TimeDerivative Time derivative value for PID (> 0.0).

Damping increases with an increase in derivative time, but decreases if the derivative time
value is too large.

Derivative gain for PID (> 0.0).
When set to TRUE and Auto and Initialize are FALSE, the AutoTune sequence is started.

o |nitial output value during auto-tuning.
o Allows the process value to stabilize at the load

o The standard deviation for a series of stabilized process values. For example, if the process value stabilized between
31.4t0 32.0, then the deviation value would be (32.0-31.4)/2=10.3.

o Some process values, such as temperature, take a very long time to stabilize.

o The auto-tune process considers how the process value reacts to the changes in step value and derives the Gain
parameters.

o Allocated time for the auto-tune to complete. It must be longer than what is required for the auto-tune process.
o A common value for many systems is 600 seconds, but some systems may require more time.

o IfTRUE, the output will be reset to "0" after auto-tune completes.

o IfFALSE, the output will remain at the load value after auto-tune completes.

Description

Absolute error (Process — SetPoint) from the controller.
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Input parameters
ATWarning Warning for the Auto Tune sequence. Possible values are:
0 - no auto tune done.
1 - in auto tune mode.
2 - auto tune done.
-1 - ERROR 1 input automatically set to TRUE, no auto tune possible.
-2 - ERROR 2 auto tune error, ATDynaSet expired
OutGains Gains calculated after AutoTune sequences.
Example: How to create a feedback loop for the manipulated value
Addinga feedback loop for the manipulated value prevents excessive overshooting
by providing a minimum and maximum value for the MV.
Temperature feedback loop example
At the beginning of the temperature control process, the difference between the
process value (PV) and the setpoint value (SP) is large, as shown in the following
graph. In this example of a temperature feedback loop, the PV starts at 0 degrees
Celsius and moves towards the SP value of 40 degrees Celsius. Notice also that the
fluctuation between the high and low manipulated value (MV) decreases and
stabilizes with time. The behavior of the MV depends on the values used in each of
the P, I, and D parameters.
Temperature feedback: Process Value (PV) temperature Output
_____________________ i -
h sp
40 -—
Temperature / By
Sensor
k. | Thermal
Contact
50%
My

i time

Control Signal: Manipulated Value (MV)

IPIDController with a feedback loop
The following function block diagram includes a feedback loop for the

manipulated value that prevents excessive overshooting by providing a minimum
and maximum value for the MV.
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—

Prevent excessive 1 ATParameters
. ——
overshooting

&

+ Inialize
= Gaing

* AusoTune

\ J

Example: How to add a UDFB to a PID program

You can add UDFBs outside the main program to perform specialized functions
such as converting units or transferring values.

Transfer the auto-tune gain value

This UDFB transfers the Autotune gain value to My_GainTransfer so it can be
used by the controller.

W_Gmfmir_f T
- My _GainTrarshr
: : — Transfer

Convert a manipulated value to a digital output

This UDFB converts a manipulated value (MV) to a digital output (DO) so it can
be used to control a digital input n(DI).
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Item
Setpoint (SP)
Process value (PV)

Manipulated value (MV)

554

Converting a manipulated value to an a

nalog output

This UDFB converts a manipulated value (MV) to an analog output (AO) so it

can be used to control an analog input (AI).

My Scaler T i

f— O P1_AC -

My_Scaler
h! !!! m!ﬁ &E Input Output
T inputhin
w—' 1000, i * InputMax
T Outputttin
A Ovoutax

——— )

Example: How to create an IPIDController program to control

temperature

The temperature control program maintains the temperature within the control

zone.

Setpoint, process and manipulated valu

es

The following table defines how the SP, PV, and MV values are used in the

temperature control program.

Description

Measurement of temperature in degrees Celsius that defines the temperature for the control zone.

Must be converted to the same unit as the SP, which is a measurement of degrees Celsius.

Must be converted to an analog value so it can be output to the PWM to control the heating element.
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©0 00 00

Item

Controller output

Temperature control system

The following diagram shows the components in the temperature control system

that are controlled by the temperature control program. The table following the

diagram describes the events that occur when the control program runs.

4 Control Zone ‘\

e

Y,

~
g

Sequence of events for temperature control program

The following table identifies the components in the temperature control system

and describes, in sequence, the events that occur in the system when the

temperature COHtI‘OI program runs.

Description

Sends the MV to the PWM (On/Off).

Pulse Width Modulation (PWM temperature Solid state relay that controls the heating element.

controller

Heating element

Resistance temperature detector (RTD)

Controller input

PLC program

Increases temperature in the control zone.

input.
Receives the PV (RTD signal).

Measures the temperature in the control zone and sends the PV (RTD signal) to the controller

Converts the PV (RTD signal) to the same unit as the SP (degrees Celsius) and determines the
difference between the PV and the SP and adjusts the MV according to the parameter values

defined in the P, 1 and D parameters.
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Example: Function block diagram to control temperature

This function block diagram shows the predefined and user-defined function
blocks used in the application to control temperature in a control zone.

L i
IPMDCONTROWER J’
Pr Output
SetPoirt AbsoluteError ¢
FasdBack ATiiuering &
Bty CtGaire
b Initiniize
b Gaing
b At Tune:
k ATParamaeters
\ J

Example: How to create an IPIDController program to control water
supply level

The water supply level control program example maintains sufficient water in a
water supply tank that has an outflow. A solenoid valve controls incoming water
and fills the tank at a preset rate; outflowing water is also controlled at a preset
rate.

Water In

—_—

Water Leve| m—p

Tank \ Water Out

Program example information

The water supply level program example includes the following information.
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o The sequence of events that occur in the control process

e  How the setpoint, process and manipulated values are used in the control
program

e An example function block diagram that shows the IPIDController and

other instruction blocks

Setpoint, process and manipulated values

The following table defines how the SP, PV, and MV values are used in the water

supply level program.
Item Description
Setpoint (SP) Measurement of height that defines the target water supply level.
Process value (PV) The 4-20mA must be converted to the same unit as the SP, which is a measurement of
height.
Manipulated value (MV) Must be converted to an analog value so it can be output to the drive to control the pump.

Water supply level system

The following diagram shows the components in the water supply level system
that are controlled by the water supply level program. The table following the
diagram describes the events that occur when the control program runs.
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Outlet
Sequence of events in water supply level system
The following table identifies the components in the water supply system and
describes, in sequence, the events that occur in the system when the water supply
level program runs.
No Item Description

Q00000

558

Controller output
PowerFlex drive
Water pump

Output transfer device
Controller input

PLC program

Sends the MV to the PowerFlex drive (0-10V).

Controls the water pump (0-50Hz).

Controls the water level in the supply tank.

Measures the height of the water supply level (4-20mA) and sends the PV to the controller.
Receives the PV (water supply level of 4-20mA).

Converts the PV to the same unit as the SP (measurement of height) and determines the difference between the PV and SP and
adjusts the MV according to the parameter values defined in the P, | and D parameters.

Example: Function block diagram to control water supply level

The following function block diagram shows the predefined and user-defined
function blocks for the program to control the water supply level.
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Function blocks and UDFBs used in the water level FBD

This application, developed in the Function Block Diagram (FBD) language, uses
the function blocks described in the following table.

Function block

Description

IPIDController function block

Provides PID process control

PID_OutputRegulator UDFB

Regulates the output of the IPIDCONTROLLER within a safe range to ensure the hardware used in the
process is not damaged

Sample code:

IF RMIN < RIN < RMAX, then ROUT =RIN,
IFRIN < RMIN, then ROUT = RMIN,

IF RIN > RMAX, then ROUT = RMAX
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Function block Description

IPIDController function block Provides PID process control

PID_Feedback UDFB Acts as a multiplexer
Sample code:

IF"FB_RST"is false, FB_OUT=FB_IN;
If "FB_RST" is true, then FB_OUT=FB_PREVAL.

PID_PWM UDFB Provides a PWM function, converting a real value to a time related ON/OFF output

SIM_WATERLVL UDFB Simulates the process in the application example
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Real Time Clock (RTC) instructions

Real Time Clock instructions are used to configure the calendar and the clock.

Function block Description
RTC_READ (on page 393) RTC_READ reads the RTC preset and RTC information.
RTC_SET (on page 396) RTC_SET sets RTC status or write RTC information.
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Chapter 21 Real TimeClok (RIC) instructiors

RTC_READ

Parameter

Enable

RTCData

RTCPresent
RTCEnabled
RTCBatLow

ENO

562

RTC_READ reads the RTC preset and RTC information.

"' RTC_ READ T o
RTC_READ
¥ Enable RTCData =
RTCPresent =
RTCEnabled +
RTCEatLow *

"

RTC_READ operation

e  When used with a Micro810 controller with embedded RTC, RTCBatLow

is always set to zero (0).

®  When the embedded RTC has lost its charge/memory due to loss of power,
RTCEnabled is always set to zero (0).

Arguments
Parameter  Data type
type
Input BOOL
Output RTC
Output BOOL
Output BOOL
Output BOOL
Output BOOL

Description

Function block enable.

When Enable = TRUE, execute RTC information read.

When Enable = FALSE, there is no read operation and output RTC data is
invalid.

RTC data information: yy/mm/dd, hh/mm/ss, week.

See RTC data type (on page 394).

TRUE - RTC hardware is plugged in.
FALSE - RTC hardware is not plugged in.

TRUE - RTC hardware is enabled (timing).
FALSE - RTC hardware is disabled (not timing).

TRUE - RTC battery is low.
FALSE - RTC battery is not low.
Enable out.

Applies only to LD programs.

RTC_READ function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)
enable
] L
| |
RTCBatLow
b, -
Structured Text
1 RTC RELD 1{enahle):
2§ data := RTC_READ_l.RTCData;
3§ present = RTC RELD 1,.RTCPresent;
4 enabled := RTC READ 1,.RTCEnabled:
5§ batlow := RTC RELD 1.RTCEatLow:
RTC RELAD 1
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RTC_SET

Parameter

Enable

RTCEnable

RTCData

RTCPresent
RTCEnabled

RTCBatLow

Sts

564

RTC_SET sets RTC status or write RTC information.

a RTC_SET_T B
RTC_SET
+ Enable RTCPresent &
+ RTCEnable RTCEnabled #
+ RTCData RTCBatLow $
Sts ¢
L A
Arguments

Parameter  Data type

type
Input

Input

Input

Output

Output

Output

Output

BOOL

BOOL

RTC

BOOL

BOOL

BOOL

USINT

Description

Function block enable.
When Enable = TRUE, execute RTC set with the RTCinfo from input.
When Enable = FALSE, there is no read operation and output RTC data is invalid.

TRUE - To enable RTC with the RTC data specified.
FALSE - To disable RTC.

Note: This is ignored by Micro810 controllers.

RTC data information: yy/mm/dd, hh/mm/ss, week.
This RTC data are ignored when RTCEnable = 0.

See RTC data type (on page 394).

TRUE - RTC hardware is plugged in.

FALSE - RTC hardware is not plugged in.

TRUE - RTC hardware is enabled (timing).

FALSE - RTC hardware is disabled (not timing).

TRUE - RTC battery is low.
FALSE - RTC battery is not low.

The read operation status.
See RTC Set Status values (on page 397)

RTC_SET function block language examples

Function Block Diagram (FBD)
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Parameter

Year

Month
Day
Hour

Minute

» HTCEnable  RTC

» RTCData RTCBatLow

S S

LY A
Ladder Diagram (LD)
in
- |
I
Structured Text (ST)
1 ETC _SET 1(in, enable, data);:
2 present = RETC SET 1.RTCPresent:
3 enabled := RTC SET 1.RTCEnabled;
‘1 batlow := RETC ZET 1.RTCEatLow:
5 sts := RTC SET 1.3ts;
RTC_SET 1|
woid RTC_SET_1{BOCL Enable, BOOL RTCEnable, RTC RTCData)
Type : RTC_SET, Set RTC data to RTC module.
RTC data type

The following table describes the RTC data type.

Datatype Description

UINT

UINT
UINT
UINT
UINT

The year setting for the RTC. 16-bit value, and the valid range is from
2000 (Jan 01, 00:00:00) to
2098 (Dec. 31, 23:59:59)

The month setting for the RTC.
The day setting for the RTC.
The hour setting for the RTC.
The minute setting for the RTC.
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Parameter Datatype Description

Second UINT The second setting for the RTC.

DayOfWeek UINT The day of the week setting for the RTC. This parameter is ignored for RTC_SET.
RTC Set status values

The following table describes RTCSet values:

Status value Status description

0x00 Function block not enabled (no operation).
0x01 RTC set operation success.

0x02 RTC set operation fails.
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Note:

String manipulation instructions

chosen from a set or alphabet to change the output status.

String manipulation instructions are used to alter a sequence of symbols that are

To read input strings containing special characters correctly, input the string characters after the program containing the function block instance is

online.

Function

ASCII (on page 568)
CHAR (on page 570)
DELETE (on page 572)
FIND (on page 574)
INSERT (on page 576)
LEFT (on page 578)
MID (on page 580)
MLEN (on page 582)
REPLACE (on page 586)
RIGHT (on page 584)

Rodwell Autormation Publication 2080 RVIIBENE - March 2014Vich 2014

Description

Character -> ASClI code
ASCIl code -> Character

Delete sub-string

Find sub-string

Insert string

Extract left of a string
Extract middle of a string
Get string length
Replace sub-string

Extract right of a string
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ASCll yields the ASCII code for characters in strings.

Asdll

Arguments

Parameter Parameter Type Data Type Description

EN Input BOOL Function enable.

When EN = TRUE, display the ASCII code
for characters.
When EN = FALSE, no display operation.

IN Input STRING Any non-empty string.

Pos Input DINT Position of the selected character in set
[1..len] (len is the length of the IN
string).

Asdll Output DINT Code of the selected character (in set [0 ..
255]) yields 0 is Pos is out of the string.

ENO Output BoOOL Enable out.

ASCII function language examples

Function block diagram

Ladder diagram
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Structured text

1{ position := 1:

Z2i pode := ASCII(in, position):
LsCIIk

DIMT ASCIL{STRIMNG IM, DINT Pos)
Character -» ASCII code

(* ST Equivalence: *)
FirstChr := ASCII (message, 1);
(* FirstChr is the ASCII code of the first character of the string *)

Results

&8 variable Monitoring

| Global Yariables - Miu:ru:uE'IEl[ Local Yariables - RA_ASCI_LD | Systemva 4 *

Logical¥alue | Physical¥Yalue | Lock I
- o] A A )

it abed A, 5
pogition 1 [ ]|
code v [na | W |0|

Cancel
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For a given ASCII code, CHAR provides a string containing one character.

CHAR

Arguments

Parameter ParameterType  Data Type Description

EN Input BOOL Function enable.
When EN = TRUE, provide a single character string.
When EN = FALSE, no operation.

Code Input DINT Codeinset [0..255].

CHAR Output STRING One character string.
The character has the ASCIl code given in input code.

ENO Output BOOL Enable out.

CHAR function language examples

Function block diagram

Ladder diagram

Structured text

1 code = 97;
Z{ character := CHLR(code);

cHARN]

STRIMNG CHAR(DINT Code)
A5CII code -= Character

(* ST Equivalence: *)
Display := CHAR (value + 48 );

(* value is in set [0..9] *)
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(* 48 is the ascii code of '0" *)
(* result is one character string from '0' to '9" *)

Results

tEl Variable Monitoring
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DELETE deletes part of a string.
DELETE P &

Arguments
Parameter Parameter Type  Data Type Description
EN Input BOOL Function enable.
When EN = TRUE, delete specified part of a string.
When EN = FALSE, no operation.
IN Input STRING Any non-empty string.
NbC Input DINT Number of characters to be deleted.
Pos Input DINT Position of the first deleted character
(first character of the string has position 1).
DELETE Output STRING Can be a(n):
o modified string
o empty string (if Pos < 1)
o initial string (if Pos > IN string length)
o initial string (if NbC <=0)
ENO Output BOOL Enable out.

DELETE function language examples

Function block diagram
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Ladder diagram

Structured text

1 mhe = 3;

2. position := Z;

3 output := DELETE (in, nbc, position):
DELETE(]

STRIMNG DELETE(STRING I, DIMT MbC, DIMT Pos)
Delete sub-string

(* ST Equivalence: *)

complete_string := INSERT (CABCD ’,"EFGH, 5); (* complete_string is
'ABCDEFGH ' %)

sub_string := DELETE (complete_string, 4, 3); (* sub_string is '"ABGH ™)

Results

&8 variable Monitoring

pogition

oLtput
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FIND locates and provides the position of sub-strings within strings.

FIND

Arguments

Parameter ParameterType  Data Type Description

EN Input BOOL Function enable.
When EN = TRUE, locate position within strings.
When EN = FALSE, no locate operation.

In Input STRING Any non-empty string.

Pat Input STRING Any non-empty string (Pattern).

FIND Output DINT (Can be:
o (if the sub string Pat not found
o the position of the first character of the first occurrence of the

sub-string Pat (first position is 1)

Note: This function is case sensitive.

ENO Output BOOL Enable out.

FIND function language examples

Function block diagram

Ladder diagram
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Structured text

1 result := FIND(in, pattern):

F IND[|

DIMT FIND{STRING In, STRIMG Pat)
Find sub-string

(* ST Equivalence: *)
complete_string:= 'ABCD' + 'EFGH'; (* complete_string is'ABCDEFGH ' *)
found := FIND (complete_string, 'CDEF'); (* found is 3 *)

Results

tEl Variable Monitoring
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INSERT

576

INSERT inserts sub-strings at user-defined positions within strings.

Arguments

Parameter Parameter Type Data Type Description

EN Input BOOL Function enable.
When EN = TRUE, insert sub-strings in a string.
When EN = FALSE, no operation.

IN Input STRING Initial string.

Str Input STRING String to be inserted.

Pos Input DINT Position of the insertion

the insertion is done before the position
(first valid position is 1).

INSERT Output STRING Modified string. Can be:
o empty string if Pos <=0

o concatenation of both strings if Pos is greater than the length of
the IN string

ENO Output BOOL Enable out.

INSERT function language examples

Function block diagram
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Ladder diagram

Structured text

1§ Position = 3;
25 Hodified3tring := INIERT(Initial3tring, Inserted3tring, Position):

INIERTH

STRIMNG INSERT{STRIMNG IM, STRIMG Str, DIMT Pos)
Insert string

(* ST Equivalence: *)
MyName := INSERT ('MrJONES', 'Frank ', 4);
(* MyName is 'Mr Frank JONES'*)

Results

&8 variable Monitoring

[nitialString
[nzertedString
Pozition

ModifiedString abefged
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From the left end of strings, LEFT yields the number of characters defined.

LEFT

Arguments

Parameter Parameter Type Data Type Description

EN Input BOOL Function enable.
When EN = TRUE, yield number of characters from left side of
string.
When EN = FALSE, no operation.

IN Input STRING Any non-empty string.

NbC Input DINT Number of characters to be extracted. This number cannot be
greater than the length of the IN string.

LEFT Output STRING Left part of the IN string (its length = NbC). Can be:
o empty string if NbC <=0
o complete IN string if NbC >= IN string length

ENO Output BOOL Enable out.

LEFT function language examples

Function block diagram

Ladder diagram
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Structured text

1 nuwber := 3;
Zi output LEFT(in, nuwher]:

LEFTH|

STRIMNG LEFT(STRIMG IM, DIMNT NbC)
Exctract left of a string

(* ST Equivalence: *)

complete_string := RIGHT ('12345678', 4), LEFT ('12345678', 4), 5;
(* complete_string is '56781234'

the value issued from RIGHT call is '5678'

the value issued from LEFT call is '1234")

Results

t® Variable Monitoring

Logical ¥alue | PhyzicalYalue | Lock I
- :#“ - :#“ - :#“
abcdef MAA 5
ramber K] M Dl

ouput _Jabo qna | W |

o (e ]
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Using the position and number of characters provided, MID vyields required parts

MID

of strings.

Arguments

Parameter Parameter Type Data Type Description

EN Input BOOL Function enable.
When EN = TRUE, generate portion of a string.
When EN = FALSE, no generate operation.

IN Input STRING Any non-empty string.

NbC Input DINT Number of characters to be extracted cannot be greater than the
length of the IN string.

Pos Input DINT Position of the sub-string. The sub-string first character will be
the one pointed to by Pos (first valid position is 1).

MID Output STRING Middle part of the string (its length = NbC).
When the number of characters to extract exceeds the length of
the IN string, NbC is automatically recalculated to get the
remainder of the string only. When NbC or Pos are zero or
negative numbers, an empty string is returned.

ENO Output BOOL Enable out.

MID function language examples

Function block diagram

Ladder diagram
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Structured text

1 nurdber 1= 3;

2, position := Z;

3 middle := HMID(in, nuber, position):
MID

STRIMG MIDCSTRIMG IM, DIMNT MbC, DINT Pos)
Extract middle of a string

(* ST Equivalence: *)
sub_string := MID (‘abedefgh', 2, 4);
(* sub_string is 'de' *)

Results

E®l variable Monitoring

" gt v gt
abcdef

nurmber

positian
middle
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MLEN vyields the length of strings.
MLEN Y & &

Arguments

Parameter Parameter Type Data Type Description

EN Input BOOL Function enable.
When EN = TRUE, yield length of strings.
When EN = FALSE, no operation.

IN Input STRING Any string.

MLEN Output DINT Number of characters in the IN string.

ENO Output BOOL Enable out.

MLEN function language examples

Function block diagram

Ladder diagram

Structured text

1 number := MLEN(in);

MLEN

DIMT MLEMN(STRIMG IM)
et skring length

(* ST Equivalence: *)

nbchar := MLEN (complete_string);
If (nbchar < 3) Then Return; End_if;
prefix := LEFT (complete_string, 3);
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(* this program extracts the 3 characters on the left of the string and puts the result
in the prefix string variable. Nothing is done if the string length is less than 3

characters *)

Results

tEl Variable Monitoring

- :#“
abcdef A 5]

i
rumber |6 fna | W |0
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RIGHT

584

Parameter

EN

NbC

RIGHT

ENO

From the right ends of strings, RIGHT yields the number of characters defined.

Arguments

Parameter Type Data Type Description

Input BOOL Function enable.
When EN = TRUE, yield specified number of characters from the
right end of the string.
When EN = FALSE, no operation.

Input STRING Any non-empty string.

Input DINT Number of characters to be extracted. This number cannot be
greater than the length of the IN string.

Output STRING Right part of the string (length = Nb(). Can be:
o empty string if NbC <=0
o complete string if NbC >= string length

Output BOOL Enable out.

RIGHT function language examples

Function block diagram

Ladder diagram

Radunell Autormetion Pblication 2080RVIDIBENE - March 2014Verch 2014



Stringrmenipulation instructiors

Chapter 22

Structured text

1 nbe = Z;
2. output := RIGHT(in, nbe):

RIGHT|

STRIMG RIGHT(STRIMG IN, DIMT MbC)
Exkract right of a string

(* ST Equivalence: *)

complete_string := RIGHT ('12345678', 4), LEFT ('12345678', 4),5;
(* complete_string is '56781234'

the value issued from RIGHT call is '5678'

the value issued from LEFT call is '1234'

")

Results

t®l variable Monitoring

| Global Variables - Micra10 [ Local Variables - RA_RIGHT_LD | Systerm ' 4

- :#“ - :#“
i abcde [ A,

gl A

s 2
owput—_Jde N | W [5]
|

¥

Logical Yalue | Phyzsical¥alue | Lock I
- :#“

o
]l

o (o]
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REPLACE replaces parts of a string with new sets of characters.

REPLACE

Arguments

Parameter Parameter Type Data Type Description

EN Input BOOL Function enable.
When EN = TRUE, replace parts of strings with new characters.
When EN = FALSE, no operation.

IN Input STRING Any string.

Str Input STRING String to be inserted (to replace NbC chars).

NbC Input DINT Number of characters to be deleted.

Pos Input DINT Position of the first modified character
(first valid position is 1).

REPLACE Output STRING Modified string. The NbC characters are deleted at position Pos,
then the substring Str is inserted at this position. Can be:
o empty string if Pos <=0
o strings concatenation (IN-+Str) if Pos is greater than the

length of the IN string

o initial string IN if NbC <=0

ENO Output BOOL Enable out.

REPLACE function language examples

Function block diagram
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Ladder diagram

Structured text
1 nbc := 4;
Zi pos 1= 2
3 output := REPLACE(in, str, nkbco, pos):

REPLACE]|

STRING REPLACE(STRIMNG IN, STRIMG Str, DIMNT MbC, DINT Pos)
Replace sub-string

Replacing a part of a string with a new set of characters.
(* ST Equivalence: *)

MyName := REPLACE ('Mr X JONES, 'Frank’, 1, 4);
(* MyName is 'Mr Frank JONES'*)

Results

tEl Variable Monitoring

abcdef M 1 [STRI
ghi Mo [ STRI
4 I . DINT

R [l DINT

pos 2
output _Jaoht N | W [5TA
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Function block

TOF (on page 591)
TON (on page 593)
TONOFF (on page 595)

TP (on page 598)
Function
DOY (on page 600)

TDF (on page 603)
TOW (on page 605)

Timer instructions

Timer instructions are used to control operations based on time.

Description
Off-delay timing
On-delay timing

Delay turning on an output on a true rung, and then delay turning off the output on the false rung

Pulse timing
Description

Turn on an output if the value of the real-time clock is in the range of the Year Time setting.

Compute the time difference.

Turn on an output if the value of the real-time clock is in the range of the Time of Week setting.
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Ti instructi Time accuracy refers to the time between the moment the processor enables a
Imer Instruction timer instruction and the moment the processor completes the timed interval.

(Onflguratlon The processor uses the following information from the timer instruction:
e Timer - The timer control address in the timer area of data storage.
e Time Base - Determines how the timer operates.

® DPreset - Specifies the value that the timer must reach before the processor

sets the done bit.

e  Accumulated value - The number of time increments the instruction has
counted. When enabled, the timer updates this value continually.
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TOF

Parameter

IN

PT

ET

TOF increases an internal timer up to a given value.

TOE T
TOF
IN Q
F.IT
Arguments

Parameter type Data type

Description

If falling edge, starts increasing internal timer.
If rising edge, stops and resets internal timer.

Maximum programmed time.

If TRUE: total time is not elapsed.

Current elapsed time. Possible values range from Oms to

Note: If you use the EN parameter with this block, the timer starts

incrementing when EN is set to TRUE, and continues to increment even if EN

Input BOOL
Input TIME
See Time data type.
Output BOOL
Output TIME
1193h2m475294ms.
is set to FALSE.
See Time data type.
TOF timing diagram
i —_ [ ] [ ]
(o] L I
FT —
ET
1] L L

TOF function block language examples

Function Block Diagram (FBD)

r

L
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Ladder Diagram (LD)
I
_| [
I
MaxTime

Structured Text (ST)

1 MaxTime 1= THI=;

2 TOF_1(in, MaxTime);
3 output = TOF 1.0Q;
4. elapse := TOF_1.ET;
ToF _1ff

woid TOF_1(E00L TN, TIME PT)
Type : TOF, Off-delay timing

Results

t®l Variable Monitoring

- gt A A )

; _-E-MIEI 00L
b axTime TH3s TIME
oukpLt v Nf.-'l'-. BOOL
elapse TH2218ms [ s, TIME

+ TOF_1 TOF

i .
o
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TON

Parameter

IN

PT

ET

TON increases an internal timer up to a given value.

TON 7
TON
IN
FIT
TON operation

e Do not use a jump to skip over a TON function block in a Ladder Diagram
(LD). If you do, the TON timer will continue after the elapsed time.

e Forexample: Rung 1 contains a jump; rung 2 contains a TON function

block with an elapsed time of 10 seconds; enable the jump from rung I to

rung 3; disable the jump after 30 seconds; the elapsed time will be 30

seconds - not 10 seconds as defined in the elapsed time.

If rising edge, starts increasing internal timer.
If falling edge, stops and resets internal timer.

Maximum programmed time.

If TRUE, programmed time is elapsed.

Current elapsed time. Possible values range from Oms to

Note: If you use the EN parameter with this block, the timer starts

incrementing when EN is set to TRUE, and continues to increment even if EN

Arguments
Parameter type Data type Description
Input BOOL
Input TIME
See Time data type.
Output BOOL
Output TIME
1193h2m475294ms.
is set to FALSE.
See Time data type.
TON timing diagram
o : ’—| i
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TON function block language examples

Function Block Diagram (FBD)

TON T
TON

Ladder Diagram (LD)

mn

4t
I

Structured Text (ST)
1 MaxTime := THIs:
2 TCH 1(in, MaxTime):
3. output = TON 1.0
4 elapse := TOM 1.ET:
TCH 1§

waoid TON_1(ECOL TN, TIME PT)
Type : TOM, On-delay timing

Results

EEl Variable Monitoring

- ﬂ"‘ - ﬂ"‘
b auTime TH3z TIM
output I'\I.n’.-“-‘-. BOC
elapze TH#1=493mz [ s, TiM
+ TOM_1 TOR
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TONOFF

Parameter

IN

PT

PTOF

ET

TONOFF delays turning on an output on a true rung, then delays turning off the

output on the false rung.

i TONOFE T &
TONOFF
- |1 o=
=PT ET =
= PTOF
b, ~
Arguments
Parameter type Data type Description

Input

Input

Input

Output

Output

BOOL

TIME

TIME

BOOL

TIME

If Rising Edge (IN) turns from 0 to 1, the On-delay timer starts.

If the Programmed On-delay time is elapsed and the Falling Edge (IN)
turns from 1 to 0, the Off-delay timer starts and resets the elapsed
time (ET).

If the Programmed On-delay time is elapsed and the Falling Edge (IN)
turns from 1 to 0, the Off-delay timer starts. If the Programmed
On-delay time is not elapsed and the Rising Edge (IN) turns from 0 to
1, the On-delay timer starts.

On-delay time setting.
See Time data type.

Off-delay time setting.
See Time data type.

If TRUE, the Programmed On-delay time is elapsed and Programmed
Off-delay time is not elapsed.

Current elapsed time. Possible values range from Oms to
1193h2m475294ms.

If the Programmed On-delay time is elapsed and the Off-delay timer
is not starting, the elapsed time (ET) remains at the on-delay (PT)
value. If the Programmed Off-delay time is elapsed and the Off-delay
timer is not starting, the elapsed time (ET) remains at the off-delay
(PTOF) value until the rising edge occurs again.

Note: If you use the EN parameter with this block, the timer starts
incrementing when EN is set to TRUE, and continues to increment even if EN is
set to FALSE.

See Time data type.

TONOFF function block language examples

Function Block Diagram (FBD)
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Ladder Diagram (LD)

in '

output

-lPT

r FTOF
e
Structured Text (ST)
1§ Onbhelay := TH3I=:
2 OffDelay := T#S=:
37 TONOFF 1(in, Onbelay, O0ffDelay);
4. output := TONOFF_1.0Q;
5 elapse := TONOFF 1.ET;

TCHOFF_1

void TONDFF_1{EBo0L IN, TIME PT, TIME PTOR)
Type : TOMOFF, Delay an output-ontrue), then delay an output-offifalse).

Results

596 Radunell Autormetion Pblication 2080RVIDIBENE - March 2014Vrch 2014



Timer instructions Chapter 23

& Variable Monitoring

T gl - gtf T it v gl
> _-Z-mlﬂl 00

OnDelay TH3z TIME -
DD elay THAz Na".-“-‘-. TIME w
aLtpLt Y BOOL -
elapse TH#1 zB0mz Y TIME -
+ TOMOFF_1 TOMOFF -

i ey

o | ]

&% Variable Monitoring
- gt A A - i - gt
> _-E-mlﬂl 0L
OnDelay TH3z TIME
DffDelay THE: I A TIME ™
autpLt b P o, BOOL -
elapze TH1z446ms [ A, TIME w
+ TOMOFF_1 TOMOFF -
[ .

o (o)
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TP

Parameter

IN

PT

ET

598

On a rising edge, TP increases an internal timer up to a given value. If the timer is

elapsed, it resets the internal timer.

2
TE
I a
PT ET
Arguments
Parameter Data type Description
type
Input BOOL If rising edge, starts increasing internal timer (if not already increasing).
If FALSE and only if timer is elapsed, resets the internal timer.
Any change on IN during counting has no effect.
Input TIME Maximum programmed time.
See Time data type.
Output BOOL If TRUE: timer is counting.
Output TIME Current elapsed time. Possible values range from Oms to
1193h2m475294ms.
Note: If you use the EN parameter with this block, the timer starts incrementing when
EN is set to TRUE, and continues to increment even if EN is set to FALSE.
See Time data type.
TP timing diagram

TP function block language examples

Function Block Diagram (FBD)
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| |
S

Ladder Diagram (LD)
in [ TP 1 output
TP
L
I . O
FT El
Structured Text (ST)
1. MaxTime := THis;
2 TF 1(in, MaxTime):
3 output := TP 1.0;
4! elapse := TP 1.ET;
TP _1fi

woid TP_1(EOOL IN, TIME PT)
Type : TP, Pulse timing

Results

tEl Variable Monitoring

BOOL
TIME
BOOL
TIME

b axT ime
output

elapze
+ TP_1

Radell AutormationPublication 2080-RVIDDIBENE - March 2014Viarch 2014 599



Chapter 23

Timer instructions

DOY

600

Parameter

EN

TimeA

TimeB

TimeC

TimeD

DoY

The DOY function has four channel inputs; it turns on an output if the value of
Real-Time Clock (RTC) is in the range of the Year Time setting of any one of
four channels. If RTC is not present, the output is always off.

DOY operation

Configure any of the Time input parameters with valid ranges as specified in the
DOYDATA Data Type table. If TimeX.Enable is set to TRUE and an RTC is
present and enabled, an invalid value will fault the controller.

Arguments

Parameter Type Data Type

Input BOOL
Input DOYDATA
Input DOYDATA
Input DOYDATA
Input DOYDATA
Output BOOL

Description

Function enable.

When EN = TRUE, perform the function.
When EN = FALSE, do not perform the function.
Year Time Setting of Channel A.

See DOYDATA data type (on page 601).

Year Time Setting of Channel B.

See DOYDATA data type (on page 601).
Year Time Setting of Channel C.

See DOYDATA data type (on page 601).
Year Time Setting of Channel D.

See DOYDATA data type (on page 601).

If TRUE, the value of the real-time clock is in the range of the Year Time
setting of any one of the four channels.

DOY instruction language examples

Function block diagram
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Parameter
Enable
YearlyCenturial
YearOn
MonthOn
DayOn

Data Type
BOOL
BOOL

UINT
USINT
USINT

Ladder diagram

Structured text

1 output := DOTV(Ai, B, C, D):

poti]

BOOL DOY(DOYDATA Timed, DOYDATA Timel, DOYDATA TimeC, DOYDATA Timeln
Turn on autput when real-time clock, value is within vear range,

(* ST Equivalence: *)
TESTOUTPUT := DOY(TIMEAI, TIMEBI, TIMEC1, TIMEDI1) ;

DOYDATA data type
The following table describes the DOYDATA data type.

Description

TRUE:Enable; FALSE:Disable

Type of timer (0:Yearly timer; 1:Centurial timer).

Year On value (must be in set [2000...2098]).

Month On value (must be in set [1...12]).

Day On value (must be in set[1...31], determined by "MonthOn" value).
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Parameter Data Type Description

YearOff UINT Year Off value (must be in set [2000...2098]).

MonthOff USINT Month Off value (must be in set [1...12]).

DayOff USINT Day Off value (must be in set [1...31], determined by "MonthOff" value).
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TDF computes time difference.

TDF

Arguments
Parameter Parameter Type  Data Type Description
EN Input BOOL Function enable.
When EN = TRUE, perform current computation.
When EN = FALSE, there is no computation.
TimeA Input TIME The start time for time difference computation.
TimeB Input TIME The end time for time difference computation.
ENO Output BOOL Enable out.
TDF or Q Output TIME The time difference for the two time inputs.
TDF is name or PIN ID
QisPINID

TDF function language examples

Function block diagram

Ladder diagram
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Structured text

11 Timek := TH10s;

2 TimeE := THE=:

3. output := TDF (Timeld, TimeE):
TDF [

TIME TDF(TIME Timed, TIME TimeE)
Complke kime difference,

(* ST Equivalence: *)

TESTTIMEDIFF := TDF(TESTTIMEI, TESTTIMEZ) :
Results

t®l Variable Monitoring

Tirned,
Timek
output
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The TOW function has four channel inputs; it turns on an output if the value of

ToW

the real-time clock (RTC) is in the range of the Time of Week setting of any one
of four channels. If an RTC is not present, the output is always off.

Note: Make sure you configure any TimeX input parameter with valid ranges as specified in the TOWDATA Data Type table. An invalid value will fault the
controller if TimeX.Enable is set to TRUE and an RTCiis present and enabled.

Arguments
Parameter Parameter Data Type Description
Type
EN Input BOOL Function enable.
When EN = TRUE, perform the function.
When EN = FALSE, do not perform the function.
TimeA Input TOWDATA Day Time Setting of Channel A.
See TOWDATA Data Type (on page 607).
TimeB Input TOWDATA Day Time Setting of Channel B.
See TOWDATA Data Type (on page 607).
TimeC Input TOWDATA Day Time Setting of Channel C.
See TOWDATA Data Type (on page 607).
TimeD Input TOWDATA Day Time Setting of Channel D.
See TOWDATA Data Type (on page 607).
TOW Output BOOL If TRUE, the value of the real-time clock is in the range of the Day Time

setting of any one of four channels.

TOW function language examples

Function block diagram
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Ladder diagram

Structured text

1 output = TOW(Timed, TimweE, TimeC, TimeD):

TO

BOOL TOWHTOWDATA Timed, TOWDATA TimeB, TOWDATA TimeZ, TOWDATA TimeD)
Turn on oukput when real-time clock value is within week range.

(* ST Equivalence: *)
TESTOUTPUT := TOW(TIMEA, TIMEB, TIMEC, TIMED) ;

Results
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Logical¥alue | Physical¥alue | Lock | DataType

- gt - A A - i v ot
- Timed TOMWDAT, =
Times, Enable v [ A, BOOL
Timned, D ailhy ek e P o, BOOL
Timnes, Dayln 1 P A LSINT
Timed, HourOn 10 P LISINT
Times, MinOn 20 I A LSIMNT
Timned, [ apCfe 2 P A LSIMNT
Tirned, HourCff 15 P A LSINT
Tirned, binCff an P LISINT
B - TimeB TOWDAT, -
TimeB.Enable e P A BOOL
TimeB.Daibheeky ¥ [ o, BOOL
TimeB.Drapln 2 P A LISINT
TimeB HourDn 15 [ P SIMNT
TimeB. MinOn 20 P A LSIMNT
TirneB. [ apClff 3 P A LSINT
TimeB. Hourlff 10 P A LISINT
TimeR. MinCff an P A LSIMNT
B . TimeC TOWDAT) -
TimeC.Enable o4 P A BOOL
Timel.Dailytweekly s M A, BOOL
TimelC.DrayOn K] I A LSIMNT
TimeC HourDn 20 P SIMT
Tirmel. MinOn 10 P A LSINT
Timel. D apCff 4 P LISINT
Timnel. HourCff 2h I A LSIMNT
Timel. MinCff ala] P A LSIMNT
B - TimeD TOWDAT, -
Timel Enable v P A BOOL
TimeD. D ailhf ekl ¥ [ s, BOOL
Timel.Dapln ] P A LSIMNT
TimeD HourOn 10 [ ErY SIMT
Timel Mindn 15 P A LISINT
Tirnel, Dap ff E P A LSIMNT
Tirnelr HourOff i3] P A LSIMNT
Tirnel kinCff an P A LSINT
1 X 7 7S I T
TOWDATA Data Type

The following table describes the TOWDATA data type:
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Parameter Data Type Description

Enable BOOL TRUE: Enable; FALSE: Disable.

DailyWeekly BOOL Type of Timer (0:daily timer; 1:weekly timer).
DayOn USINT Day of Week On value (must be in set [0...6]).
HourOn USINT Hour On value (must be in set [0...23]).
MinOn USINT Minute On value (must be in set [0...59]).
DayOff USINT Weekday Off value (must be in set [0...6]).
HourOff USINT Hour Off value (must be in set [0...23]).
MinOff USINT Minute Off value (must be in set [0...59]).
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-operator 109

*

* operator 97

/

/operator 88

+

+ operator 74

<

<operator 262
<=operator 264
<> operator 265

= operator 258

>

> operator 260
>=operator 261

1

1Gain operator 96

AHL function block 124
alarms
LIM_ALRM function block 64
AND operator 165
AND_MASK function 140
ANY_TO_BOOL operator 276
ANY_TO_BYTE operator 277
ANY_TO_DATE operator 278
ANY_TO_DINT operator 279
ANY_TO_DWORD operator 280
ANY_TO_INT operator 281
ANY_TO_LINT operator 282
ANY_TO_LREAL operator 283
ANY_TO_LWORD operator 284
ANY_TO_REAL operator 285
ANY_TO_SINT operator 286
ANY_TO_STRING operator 287
ANY_TO_TIME operator 288
ANY_TO_UDINT operator 289
ANY_TO_UINT operator 290
ANY_TO_ULINT operator 291
ANY_TO_USINT operator 292
ANY_TO_WORD operator 293
ARD function block 126
arithmetic
ABS function 68
ACOS function 70
ACOS_LREAL function 72
addition operator 74
ASIN function 76
ASIN_LREAL function 78
ATAN function 80
ATAN_LREAL function 82
COS function 84
COS_LREAL function 86

A division operator 88

ABL function block 118 EXPT function 90
ABS function 68 LOG function 92
ACB function block 120 MOD function 94
ACL function block 122 MOV operator 96
ACOS function 70 multiplication operator 97
ACOS_LREAL function 72 Neg operator 98
addition operator 74 POW function 99
advanced control blocks RAND function 101

SCALER 527 SIN function 103
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SIN_LREAL instruction 105 C
SQRT function 107
subtraction operator 109 calling
TAN function 110 function blocks 19
TAN_LREAL function 112 CHAR function 582
TRUNC function 114 coils
arithmetic operations changing types of 44
1Gain operator 96 changing types of in FBD 44
ARL function block 128 directtype 46
ASClI function 580 direct type in FBD 46
ASIN function 76 inserting 44
ASIN_LREAL function 78 inserting in FBD 44
ATAN function 80 parallel, inserting 44
ATAN_LREAL function 82 parallel, inserting in FBD 44
AVERAGE function block 296 pulse falling edge (positive) 47
AWA function block 130 pulserising edge (positive) 47
AWT function block 132 reset 48
resetin FBD 48
reverse type 46
B reverse type in FBD 46
binary operations set 48
AND_MASK function 140 setinFBD 48
NOT_MASK function 142 usage and available types for FBD 44
OR_MASK function 144 usage and available types of 44
ROL function 146 communications
ROR function 148 ABL function block 118
SHL function 150 ACB function blocks 120
SHR function 152 ACL function block 122
XOR_MASK function 154 AHL function block 124
boolean ARD function block 126
MUX4B function 178 ARL function block 128
MUX8B function 174 AWA function block 130
TTABLE function 170 AWT function block 132
boolean operations MSG_CIPGENERIC function block 182
AND operator 165 MSG_CIPSYMBOLIC function block 191
F_TRIG function block 158 MSG_MODBUS function block 202
NOT operator 167 MSG_MODBUS2 function block 209
OR operator 164 comparison operations
R_TRIG function block 160 equal operator 258
RS function block 162 greater than operator 260
SR function block 168 greater than or equal operator 261
XOR operator 166 less than operator 262
branches less than or equal operator 264
forLD 39 not equal operator 265
inserting 39 contacts

changing type of 49
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direct 50 MAX function 304
directinFBD 50 MIN function 302
inserting 49 DERIVATE function block 512
parallel, inserting 49 direct

pulse falling edge (positive) 52 coils 46

pulse rising edge (positive) 51 coilsin FBD 46

pulse rising edge (positive) in FBD 51 contacts 50

reverse 51
reversein FBD 51

contactsin FBD 50
division operator 88

usage and available types in FBD of 49 DOY function 612

usage and available types of 49

COP function block 298
COS function 84
COS_LREAL function 86
counter

CTD function block 268
CTU function block 270
CTUD function block 272

CTD function block 268
CTU function block 270
CTUD function block 272

D

data conversion

ANY_TO_BOOL operator 276
ANY_TO_BYTE operator 277
ANY_TO_DATE operator 278
ANY_TO_DINT operator 279
ANY_TO_DWORD operator 280
ANY_TO_INT operator 281
ANY_TO_LINT operator 282
ANY_TO_LREAL operator 283
ANY_TO_LWORD operator 284
ANY_TO_REAL operator 285
ANY_TO_SINT operator 286
ANY_TO_STRING operator 287
ANY_TO_TIME operator 288
ANY_TO_UDINT operator 289
ANY_TO_UINT operator 290
ANY_TO_ULINT operator 291
ANY_TO_USINT operator 292
ANY_TO_WORD operator 293

data manipulation

AVERAGE function block 296
COP function block 298

equal operator 258
EXPT function 90

F

F_TRIG function block 158

FBD (Function Block Diagram)
coils, usage and available types of 44
contacts, usage and available types of 49

direct coils 46
direct contacts 50

instruction blocks, inserting 41
jumps to labels, inserting 53
pulse rising edge (positive) contacts 51

reset coils 48
returns, inserting 52
reverse coils 46
reverse contacts 51
rungs, inserting 37
setcoils 48
FIND function 586
function blocks
ABL 118
ACB 120
ACL 122
AHL 124
ARD 126
ARL 128
AVERAGE 296
AWA 130
AWT 132
calling 19
P 298
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612

(1D 268

au 270

(Tup 272
DERIVATE 512
F_TRIG 158
HSC 309
HSC_SET_STS 329
HYSTER 514

M 372

inserting in Function Block Diagrams 41

INTEGRAL 516

IOM 375
IPIDCONTROLLER 547
KEY_READ 378
LIM_ALRM 64
MC_AbortTrigger 438
MC_Halt 441
MC_Home 445
MC_MoveAbsolute 450
MC_MoveRelative 455
MC_MoveVelocity 459
MC_Power 464
MC_ReadAxisError 469
MC_ReadBoolParameter 475
MC_ReadParameter 479
MC_ReadStatus 482
MC_Reset 487
MC_SetPosition 490
MC_Stop 494
MC_TouchProbe 498
MC_WriteBoolParameter 503
MC_WriteParameter 507
MMINFO 385
MSG_CIPGENERIC 182
MSG_CIPSYMBOLIC 191
MSG_MODBUS 202
MSG_MODBUS2 209
PLUGIN_INFO 388
PLUGIN_READ 391
PLUGIN_RESET 394
PLUGIN_WRITE 396
R_TRIG 160

RS 162

RTC_READ 401
RTC_SET 404

SCALER 527

SR 168
STACKINT 530
SUS 540
SYS_INFO 406
TOF 603
TON 605
TONOFF 607
TP 610

TRIMPOT_READ 409
functions

ABS 68

ACOS 70
ACOS_LREAL 72
AND_MASK 140
ASCll 580
ASIN 76
ASIN_LREAL 78
ATAN 80
ATAN_LREAL 82
CHAR 582
0s 84
COS_LREAL 86
DELETE 584
DOY 612
EXPT 90

FIND 586
INSERT 588
LD 355

LEFT 590
LIMIT 535
L0G 92

MAX 304

MID 592

MIN 302
MLEN 594
MOD 94
MUX4B 178
MUX8B 174
NOT_MASK 142
OR_MASK 144
POW 99
RAND 101
REPLACE 598
RHC 366
RIGHT 596
ROL 146
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ROR 148

RPC 368

SHL 150

SHR 152

SIN 103

SIN_LREAL 105

SQRT 107

STIS 414

TAN 110

TAN_LREAL 112

TDF 615

TND 533

TOW 617

TRUNC 114

TTABLE 170

UiC 416

uiD 418

UIE 420

UIF 422

XOR_MASK 154
functions blocks

naming and parameters for 19

G

greater than operator 260
greater than or equal operator 261

HSC function block 309
HSC_SET_STS function block 329
HYSTER function block 514

1IM function block 372

input/output
HSC function block 309
HSC_SET_STS function block 329
IIM function block 372
I0M function block 375
KEY _READ function block 378
LCD function 355
MMINFO function block 385
PLUGIN_INFO function block 388

PLUGIN_READ function block 391
PLUGIN_RESET function block 394
PLUGIN_WRITE function block 396
RHC function 366

RPC function 368

RTC_READ functionblock 401
RTC_SET function block 404
SYS_INFO function block 406
TRIMPOT_READ function block 409

INSERT function 588
inserting

instruction blocks in Function Block Diagrams 41
jumps to labels (FBD elements) 53

labels Rungs 37

returns (FBD elements) 52

rungs (FBD elements) 37

Instruction block description 182, 191, 209, 296, 298
Instruction block description for

ABL 118

ACB 120

ACL 122

AHL 124

ARD 126

ARL 128

AVERAGE 296

AWA 130

AWT 132

CoP 298

(1D 268

v 270

(Tup 272
DERIVATE 512
F_TRIG 158

HSC 309
HSC_SET_STS 329
HYSTER 514

lim 372

INTEGRAL 516

IOM 375
IPIDCONTROLLER 547
KEY_READ 378
LIM_ALRM 64
MC_AbortTrigger 438
MC_Halt 441
MC_Home 445
MC_MoveAbsolute 450
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MC_MoveRelative 455 INTEGRAL function block 516
MC_MoveVelocity 459 interrupt

MC_Power 464 STIS function 414
MC_ReadAxisError 469 UlCfunction 416
MC_ReadBoolParameter 475 UID function 418
MC_ReadParameter 479 UIE function 420
MC_ReadStatus 482 UIF function 422
MC_Reset 487 I0M function block 375
MC_SetPosition 490 IPIDCONTROLLER function block 547
MC_Stop 494

MC_TouchProbe 498 J
MC_WriteBoolParameter 503

MC_WriteParameter 507 jumps

MM_INFO 385 for LD diagrams 53
MSG_CIPGENERIC 182 Function Block Diagram, inserting 53
MSG_CIPSYMBOLIC 191 Ladder Diagrams, inserting 53
MSG_MODBUS 202 Rungs,inserting 37
MSG_MODBUS2 209

PLUGIN_INFO 388 K

PLUGIN_READ 391

PLUGIN RESET 394 KEY READ function block 378
PLUGIN_WRITE 396 keyboard shortcuts

R TRIG 160 LD language 59

RST 162

RTC_READ 401 L

RTC_SET 404

SCALER 527 labels

SRT 168 Rungs, inserting 37
STACKINT 530 Ladder Diagram (LD)

SUS 540 instructions 33
SYS_INFO 406 language 33

TOF 603 language

TON 605 Ladder Diagram (LD) 33
TONOFF 607 LCD function 355

P 610 LD (Ladder Diagram)

branches 39

coils, usage and available types of 44
contacts, usage and available types of 49
direct coils 46

direct contacts 50

instruction blocks 41

jumps 53

pulse falling edge (negative) coils 47
pulse falling edge (negative) contacts 52
pulse rising edge (positive) coils 47
pulse rising edge (positive) contacts 51

TRIMPOT_READ 409
instruction blocks

EN and ENO parameters 41

EN output 41

ENO output 41

for LD diagrams 41

inserting 41

inserting in Function Block Diagrams 41

parallel, inserting 41

setting type of 41
instructions 33, 41
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reset coils 48
return statements 52
reverse coils 46
reverse contacts 51
rungs, inserting 37
setcoils 48
LD language
keyboard shortcuts 59
LEFT function 590
less than operator 262
less than or equal operator 264
LIM_ALRM function block 64
LIMIT function 535
LOG function 92

M

MAX function 304
MC_AbortTrigger function block 438
MC_Halt function block 441
MC_Home function block 445
MC_MoveAbsolute function block 450
MC_MoveRelative function block 455
MC_MoveVelocity function block 459
MC_Power function block 464
MC_ReadAxisError function block 469
MC_ReadBoolParameter function block 475
MC_ReadParameter function block 479
MC_ReadStatus function block 482
MC_Reset function block 487
MC_SetPosition function block 490
MC_Stop function block 494
MC_TouchProbe function block 498
MC_WriteBoolParameter function block 503
MC_WriteParameter function block 507
MID function 592
MIN function 302
MLEN function 594
MMINFO function block 385
MOD function 94
motion
MC_AbortTrigger function block 438
MC_Halt function block 441
MC_Home function block 445
MC_MoveAbsolute function block 450
MC_MoveRelative function block 455

MC_MoveVelocity function block 459
MC_Power function block 464
MC_ReadAxisError function block 469
MC_ReadBoolParameter function block 475
MC_ReadParameter function block 479
MC_ReadStatus function block 482
MC_Reset function block 487
MC_SetPosition function block 490
MC_Stop function block 494
MC_TouchProbe function block 498
MC_WriteBoolParameter function block 503
MC_WriteParameter function block 507

Motion control function blocks 425

MOV operator 96

MSG_ CIPGENERIC function block 182

MSG_CIPSYMBOLIC function block 191

MSG_MODBUS function block 202

MSG_MODBUS2 function block 209

multiplication operator 97

MUX4B function 178

MUX8B function 174

naming conventions
function blocks 19

Neg operator 98

not equal operator 265

NOT operator 167

NOT_MASK function 142

0

operators
1Gain 96
addition 74
AND 165
ANY_TO_BOOL 276
ANY_TO_BYTE 277
ANY_TO_DATE 278
ANY_TO_DINT 279
ANY_TO_DWORD 280
ANY_TO_INT 281
ANY_TO_LINT 282
ANY_TO_LREAL 283
ANY_TO_LWORD 284
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ANY_TO_REAL 285 IPIDCONTROLLER function block 547
ANY_TO_SINT 286 LIMIT function 535
ANY_TO_STRING 287 STACKINT function block 530
ANY_TO_TIME 288 program control
ANY_TO_UDINT 289 SUS function block 540
ANY_TO_UINT 290 TND function 533
ANY_TO_ULINT 291 pulse falling edge (negative)
ANY_TO_USINT 292 coils 47
ANY_TO_WORD 293 contacts 52
division 88 pulse rising edge (positive)
equal 258 coils 47
greaterthan 260 contacts 51
greater than orequal 261 contactsin FBD 51
lessthan 262
less than orequal 264 R
MOV 96
multiplication 97 R_TRIG function block 160
Neg 98 RAND function 101
NOT 167 REPLACE function 598
notequal 265 reset
OR 164 coils 48
subtraction 109 reset coilin FBD 48
XOR 166 return statements
OR operator 164 for LD diagrams 52
OR_MASK function 144 inserting 52

return symbols
inserting, FBD elements 52

P
reverse

parallel branches for LD diagrams 39 coils 46
Parameter view coilsin FBD 46

accessing 41 contacts 51

accessing the 41 contactsin FBD 51
parameters RHC function 366

defining for Function Block Diagrams using the Parameter RIGHT function 596

view 41 ROL function 146

defining in LD using the Parameter view 41 ROR function 148

for function blocks 19 RPC function 368
PLUGIN_INFO function block 388 RS function block 162
PLUGIN_READ function block 391 RTC_READ function block 401
PLUGIN_RESET function block 394 RTC_SET function block 404
PLUGIN_WRITE function block 396 rungs
POW function 99 Function Block Diagram, inserting 37
process control inserting 37

DERIVATE function block 512 labels, inserting 37

HYSTER function block 514
INTEGRAL function block 516
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S TON function block 605

TONOFF function block 607

TOW function 617

TP function block 610
TRIMPOT_READ function block 409
TRUNC function 114

TTABLE function 170

SCALER function block 527
SHL function 150

SHR function 152

SIN function 103
SIN_LREAL function 105
SQRT function 107

SR function block 168

STACKINT function block 530 U

stencil UIC function 416
coils types available for FBD 44 UID function 418
coils types available for LD diagrams 44 UIE function 420
contact elements available for LD diagrams 49 UIF function 422

rungs, inserting in LD containers 37
STIS function 414

string manipulation X
ASClI function 580 XOR operator 166
CHAR function 582 XOR_MASK function 154

DELETE function 584
FIND function 586
INSERT function 588
LEFT function 590
MID function 592
MLEN function 594
REPLACE function 598
RIGHT function 596
subtraction operator 109
SUS function block 540
SYS_INFO function block 406

T

TAN function 110
TAN_LREAL function 112
TDF function 615
time
DOY function 612
TDF function 615
TOF function block 603
TON functionblock 605
TONOFF function block 607
TOW function 617
TP functionblock 610
TND function 533
TOF functionblock 603
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Rockwell Automation Support

Rockwell Automation provides technical information on the Web to assist you in using its products.

At http://www.rockwellautomation.com/support/, you can find technical manuals, a knowledge base of FAQs, technical
and application notes, sample code and links to software service packs, and a MySupport feature that you can customize
to make the best use of these tools.

For an additional level of technical phone support for installation, configuration, and troubleshooting, we offer
TechConnect support programs. For more information, contact your local distributor or Rockwell Automation
representative, or visit http://www.rockwellautomation.com/support/.

Installation Assistance

If you experience a problem within the first 24 hours of installation, review the information that is contained in this
manual.

You can contact Customer Support for initial help in getting your product up and running.

United States or Canada 1.440.646.3434
Outside United States or Use the Worldwide Locator at http://www.rockwellautomation.com/support/americas/phone_en.html, or contact your local
(anada Rockwell Automation representative.

New Product Satisfaction Return

Rockwell Automation tests all of its products to ensure that they are fully operational when shipped from the
manufacturing facility. However, if your product is not functioning and needs to be returned, follow these procedures.

United States Contact your distributor. You must provide a Customer Support case number (call the phone number above to obtain one) to your
distributor to complete the return process.

Outside United States Please contact your local Rockwell Automation representative for the return procedure.

Documentation Feedback
Your comments will help us serve your documentation needs better. If you have any suggestions on how to improve this
document, complete this form, publication RA-DU002, available at http://www.rockwellautomation.com/literature/.

Rockwell Otomasyon Ticaret A.S., Kar Plaza I} Merkezi F Blok Kat:6 34752 igcrcnk(")}'. Istanbul, Tel: +90 (216) 5698400

www.rockwellautomation.com

Power, Control and Information Solutions Headquarters

Americas: Rockwell Automation, 1201 South Second Streer, Milwaukee, W 53204-2496 USA, Tel: (1) 414.382.2000, Fax: (l} 414.382 4444
Europe/Middle East/Africa: Rockwell Automation NV, Pegasus Park, De Kleetlaan 12a, 1831 Diegem, Belgium, Tel: (32) 2 663 0600, Fax: (32) 2 663 0640
Asia Pacific: Rockwell Automation, Level 14, Core F, Cyberport 3, 100 Cyberport Road, Hong Kong, Tel: (852) 2887 4788, Fax: (852) 2508 1846
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