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Logix 5000 Advanced Process Control and Drives Instructions

Important User Information

Read this document and the documents listed in the additional resources section about installation, configuration, and operation of this
equipment before you install, configure, operate, or maintain this product. Users are required to familiarize themselves with installation
and wiring instructions in addition to requirements of all applicable codes, laws, and standards.

Activities including installation, adjustments, putting into service, use, assembly, disassembly, and maintenance are required to be carried
out by suitably trained personnel in accordance with applicable code of practice.

If this equipment is used in a manner not specified by the manufacturer, the protection provided by the equipment may be impaired.

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.

> >

IMPORTANT: |dentifies information that is critical for successful application and understanding of the product.

These labels may also be on or inside the equipment to provide specific precautions.

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.

ARC FLASH HAZARD: Labels may be on or inside the equipment, for example, a motor control center, to alert people to potential Arc Flash. Arc Flash
will cause severe injury or death. Wear proper Personal Protective Equipment (PPE). Follow ALL Regulatory requirements for safe work practices and for
Personal Protective Equipment (PPE).

B> > >

The following icon may appear in the text of this document.

Q |dentifies information that is useful and can help to make a process easier to do or easier to understand.

Rockwell Automation recognizes that some of the terms that are currently used in our industry and in this publication are not in alignment
with the movement toward inclusive language in technology. We are proactively collaborating with industry peers to find alternatives to
such terms and making changes to our products and content. Please excuse the use of such terms in our content while we implement
these changes.
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Summary of changes

This manual includes new and updated information. Use these reference tables to locate changed information.
Global changes
None for this release.

New or enhanced features

Subject Reason

Throughout Added references to the ControlLogix 5590 controller. The Logix Designer
application versions 38 and later support it.

Throughout Removed references to the CompactLogix 5480 controller. The Logix Designer
application versions 38 and later do not support it.

Function Generator (FGEN) on page 53 In Logix Designer versions 38 and later, the Function Generator (FGEN) instruction:
+ issupported in the Ladder editor.

« can be used in safety applications.

Enhanced PID (PIDE) on page 66 The Enhanced PID (PIDE) instruction is not supported in safety applications and is
not supported on ControlLogix 5530 controllers. For ControlLogix 5590 controller
projects, substitute the PPID instruction. See Replacement Guidelines: Logix 5000
Controllers (publication 1756-RM100) for information on migrating projects for use
with ControlLogix 5530 controllers.

Rockwell Automation, Inc. Publication 1756-RMO06P-EN-P - September 2025
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Preface

This manual provides a programmer with details about the available General, Motion, Process, and Drives instruction set for a Logix-based
controller.

If you design, program, or troubleshoot safety applications that use GuardLogix controllers, refer to the GuardLogix Safety Application
Instruction Set Safety Reference Manual, publication 1756-RM095.

This manual is one of a set of related manuals that show common procedures for programming and operating Logix 5000™ controllers.

For a complete list of comman procedures manuals, refer to the Logix 5000 Controllers Common Procedures Programming Manual,
publication 1756-PMOO01.

The term Logix 5000 controller refers to any controller that is based on the Logix 5000 operating system.

Studio 5000 environment
The Studio 5000 Automation Engineering & Design Environment® combines engineering and design elements into a common environment.
The first element is the Studio 5000 Logix Designer® application. The Logix Designer application is the rebranding of RSLogix 5000®

software and will continue to be the product to program Logix 5000™ controllers for discrete, process, batch, motion, safety, and drive-
based solutions.

Studio 5000 |_ogix Designer®

The Studio 5000® environment is the foundation for the future of Rockwell Automation® engineering design tools and capabilities. The
Studio 5000 environment is the one place for design engineers to develop all elements of their control system.

Find instructions in manuals

Refer to these tables to find the applicable Logix5000 controllers instruction manual for each instruction.

Table 1. Logix5000 Controllers General Instructions Reference Manual (publication 1756-RM018)

Absolute Value (ABS) Compute (CPT) Less Than (LT) Cosine (COS)

8 Publication 1756-RMO0GP-EN-P - September 2025 Rockwell Automation, Inc.
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Table 1. Logix5000 Controllers General Instructions Reference Manual (publication 1756-RM018) (continued)

Add (ADD) Count down (CTD) Less Than or Equal to (LE) Jump to Subroutine (JSR), Subroutine
(SBR), and Return (RET)

Analog Alarm (ALMA) Count up (CTU) LIFO Load (LFL) Reset SFC (SFR)

Always False (AFI) Count up/down CTUD LIFO Unload (LFU) Return (RET)

Arc Cosine (ACOS) Data Transition (DTR) License Validation (LV) Retentive Timer On (RTO)

Arc Sine (ASIN) Degrees (DEG) Limit (LIMIT) Retentive Timer On with Reset (RTOR)

Arc Tangent (ATAN) Diagnostic Detect (DDT) Log Base (LOG) Pause SFC (SFP)

ASCII Chars in Buffer (ACB) Digital Alarm (ALMD) Lower to Case (LOWER) Size In Elements (SIZE)

ASCII Clear Buffer (ACL) DINT To String (DTOS) Masked Move (MVM) Sequencer Input (S0I)

ASCII Handshake Lines (AHL) Divide (DIV) Masked Move with Target (MVMT) Sequencer Load (SQL)

ASCII Read (ARD) End of Transition (EQT) Master Control Reset (MCR) Sequencer Output (SQ0)

ASCII Read Line (ARL) Equal to (EQ) Masked Equal to (MEQ) Sine (SIN)

ASCII Test for Buffer Line (ABL) Examine if Closed (XIC) Message (MSG) Square Roost (SORT)

ASCII Write (AWT) Examine If Open (XI0) Middle String (MID) String Concatenate (CONCAT)

ASCII Write Append (AWA) File Arithmetic (FAL) Modulo (MOD) String Delete (DELETE)

Bit Field Distribute (BTD) File Bit Comparison (FBC) Move (MOVE) String to DINT (STOD)

Bit Field Distribute with Target (BTDT) FIFO Load (FFL) Multiply (MUL) String to REAL (STOR)

Bit Shift Left (BSL) FIFO Unload (FFU) Natural Log (LN) Swap Byte (SWPB)

Bit Shift Right (BSR) File Average (AVE) Negate (NEG) Subtract (SUB)

Bitwise And (AND) File Standard Deviation (STD) Not Equal to (NE) Tangent (TAN)

Bitwise (NOT) File Fill (FLL) No Operation (NOP) Timer Off Delay (TOF)

Bitwise (OR) File Sort (SRT) One Shot (ONS) Timer Off Delay with Reset (TOFR)

Bitwise Exclusive (XOR) Find String (FIND) One Shot Falling (OSF) Timer On Delay (TON)

Boolean AND (BAND) For (FOR) One Shot Falling with Input (OSFI) Timer On Delay with Reset (TONR)

Boolean Exclusive OR (BXOR)

File Search and Compare (FSC)

One Shot Rising (OSR)

Temporary End (TND)

Boolean NOT (BNOT) Get System Value (GSV) and Set System | One Shot Rising with Input (OSRI) Trigger Event Task (EVENT)
Value (SST)
Boolean OR (BOR) Greater Than or Equal to (GE) Output Energize (OTE) Truncate (TRUNC)

Rockwell Automation, Inc.
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Table 1. Logix5000 Controllers General Instructions Reference Manual (publication 1756-RM018) (continued)

Break (BRK) Greater than (GT) Output Latch (OTL) Unknown Instruction (UNK)

Clear (CLR) Insert String (INSERT) Output Unlatch (0TU) Upper Case (UPPER)

Compare (CMP) Immediate Output (10T) Proportional Integral Derivative (PID) User Interrupt Disable (UID)/User
Interrupt Enable (UIE)

Convert to BCD (TO_BCD) Is Infinity (ISINF) Radian (RAD) X to the Power of Y (EXPT)

Convert to Integer (BCD_TO)

Is Not a Number (IsNAN)

Real to String (RTOS)

Copy File (COP), Synchronous Copy File
(cPS)

Jump to Label (JMP) and Label (LBL)

Reset (RES)

Table 2. Logix5000 Controllers Advanced Process Control, Drives, Equipment Phase, and Sequence Instructions Reference Manual (publication

1756-RM006)

Alarm (ALM) Equipment Phase External Request JK Flip-Flop (JKFF) Rate Limiter (RLIM)
(PXR0)

Attach to Equipment Phase (PATT) Equipment Phase Failure (PFL) Lead-Lag (LDLG) Reset Dominant (RESD)

Attach to Equipment Sequence (SATT) | Equipment Phase New Parameters Low Pass Filter (LPF) Scale (SCL)

(PRNP)

Coordinated Control (CC)

Equipment Phase Override Command
(POVR)

Maximum Capture (MAXC)

S-Curve (SCRV)

D Flip-Flop (DFF)

Equipment Phase Paused (PPD)

Minimum Capture (MINC)

Second-0rder Controller (SOC)

Deadtime (DEDT) Equipment Sequence Assign Sequence | Modular Multivariable Control (MMC) Second-Order Lead Lag (LDL2)
dentifier (SASI)
Derivative (DERV) Equipment Sequence Clear Failure Moving Average (MAVE) Select (SEL)

(SCLF)

Detach from Equipment Phase (PDET)

Equipment Sequence command (SCMD)

Moving Standard Deviation (MSTD)

Selected Negate (SNEG)

Detach from Equipment Sequence Equipment Sequence Override (SOVR) | Multiplexer (MUX) Selected Summer (SSUM)
(SDET)
Discrete 3-State Device (D3SD) Function Generator (FGEN) Notch Filter (NTCH) Set Dominant (SETD)

Discrete 2-State Device (D2SD)

High Pass Filter (HPF)

Phase State Complete (PSC)

Split Range Time Proportional (SRTP)

Enhanced PID (PIDE)

High/Low Limit (HLL)

Position Proportional (POSP)

Totalizer (TOT)

Enhanced Select (ESEL)

HMI Button Control (HMIBC)

Proportional + Integral (P1)

Up/Down Accumulator (UPDN)

Equipment Phase Clear Failure (PCLF)

Integrator (INTG)

Pulse Multiplier (PMUL)
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Table 2. Logix5000 Controllers Advanced Process Control, Drives, Equipment Phase, and Sequence Instructions Reference Manual (publication

1756-RM006) (continued)

Equipment Phase Command (PCMD)

Internal Model Control (IMC)

Ramp/Soak (RMPS)

Table 3. Logix5000 Controllers Motion Instructions Reference Manual (publication MOTION-RM002)

Master Driven Coordinated Control Mation Axis Stop (MAS) Motion Coordinated Circular Move Motion Group Shutdown (MGSD)
(MDCC) (Mccm)
Motion Apply Axis Tuning (MAAT) Motion Axis Time Cam (MATC) Motion Coordinated Linear Move (MCLM) | Motion Group Shutdown Reset (MGSR)

Mation Apply Hookup Diagnostics (MAHD)

Motion Axis Shutdown (MASD)

Motion Coordinated Shutdown (MCSD)

Motion Group Stop (MGS)

Motion Arm Output Cam (MAQC)

Motion Axis Shutdown Reset (MASR)

Motion Coordinated Shutdown Reset
(MCSR)

Motion Group Strobe Position (MGSP)

Motion Arm Registration (MAR)

Motion Calculate Cam Profile (MCCP)

Motion Coordinated Stop (MCS)

Motion Redefine Position (MRP)

Motion Arm Watch (MAW)

Motion Coordinated Path Move (MCPM)

Motion Coordinated Transform (MCT)

Motion Run Axis Tuning (MRAT)

Motion Axis Fault Reset (MAFR)

Motion Calculate Slave Values (MCSV)

Motion Direct Drive Off (MDF)

Motion Run Hookup Diagnostics (MRHD)

Motion Axis Gear (MAG) Motion Coordinated Transform with Motion Direct Drive On (MDO) Motion Servo Off (MSF)
Orientation (MCTO)

Motion Axis Home (MAH) Motion Calculate Transform Position Motion Direct Start (MDS) Motion Servo On (MS0)
(MCTP)

Motion Axis Jog (MAJ) Motion Calculate Transform Position Motion Disarm Output Cam (MDOC)
with Orientation (MCTPO)

Motion Axis Move (MAM) Motion Change Dynamics (MCD) Motion Disarm Registration (MDR)

Motion Axis Position Cam (MAPC)

Motion Coordinated Change Dynamics
(MccDp)

Motion Disarm Watch (MDW)

Table 4. Logix 5000 Controller Safety Application Instruction Set (publication 1756-

Auxiliary Valve Control (AVC)

Dual Channel Input Stop (DCS)

Light Curtain (LC)

Safely-Limited Position (SLP)

CamShaft Monitor (CSM)

Dual Channel Input Stop with Test and
Lock (DCSTL)

Main Valve Control (MVC)

Safely-Limited Speed (SLS)

Clutch Brake Continuous Mode (CBCM)

Dual Channel Input Stop with Test and
Mute (DCSTM)

Maintenance Manual Valve Control
(MMvC)

Safety Feedback Interface (SFX)

Clutch Brake Inch Mode (CBIM)

Dual-channel Input Start (DCSRT)

Redundant Input (RIN)

Safety Mat (SMAT)

Clutch Brake Single Stroke Mode (CBSSM)

Dual-Channel Input Stop with Test
(DCST)

Redundant Output (ROUT)

Two Hand Run Station (THRS)

Rockwell Automation, Inc.
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Table 4. Logix 5000 Controller Safety Application Instruction Set (publication 1756- (continued)

Configurable Redundant Output (CROUT)

Eight Position Mode Selector (EPMS)

Safe Brake Control (SBC)

Two Hand Run Station Enhanced (THRSe)

Crankshaft Position Monitor (CPM) Emergency Stop (ESTOP) Safe Direction (SDI) Two Sensor Asymmetrical Muting (TSAM)
Diverse Input (DIN) Enable Pendant (ENPEN) Safe Operating Stop (S0S) Two-sensor Symmetrical Muting (TSSM)
Dual Channel Analog Input (DCA - integer | Five Position Mode Selector (FPMS) Safe Stop 1(SS1)

version) and (DCAF - floating point

version)

Dual Channel Input Monitor (DCM) Four Sensor Bi-Directional Muting Safe Stop 2(SS2)

(FSBM)

Table 5. PlantPAx Process Control Instructions (publication PROCES-RM215)

Process Analog HART (PAH)

Process Discrete 2-, 3-, or 4-State
Device (PD4SD)

Process Interlocks (PINTLK)

Process Run Time and Start Counter
(PRT)

Process Analog Input (PAI)

Process Deadband Controller (PDBC)

Process Lead Lag Standby Motor Group
(PLLS)

Process Tank Strapping Table (PTST)

Process Dual Sensor Analog Input (PAID)

Process Discrete Input (PDI)

Process Motor (PMTR)

Process Valve (PVLV)

Process Multi Sensor Analog Input (PAIM)

Process Discrete Output (PDO)

Process Permissives (PPERM)

Process Valve Statistics (PVLVS)

Process Analog Output (PAO)

Process Dosing (PDOSE)

Process Proportional + Integral +
Derivative (PPID)

Process Boolean Logic (PBL)

Process Analog Fanout (PFO)

Process Pressure/Temperature
Compensated Flow (PPTC)

Process Command Source (PCMDSRC)

Process High or Low Selector (PHLS)

Process Restart Inhibit (PRI)

Additional resources

These documents contain additional information concerning related Rockwell Automation products.

Resource

Description

Industrial Automation Wiring and Grounding Guidelines, publication, 1770-4.1

Provides general guidelines for installing a Rockwell Automation industrial system.

Rockwell Automation product certifications

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

View or download publications at https://www.rockwellautomation.com/en-us/support/documentation/literature-library.html. To order

paper copies of technical documentation, contact a local Rockwell Automation distributor or sales representative.

Legal notices
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Rockwell Automation publishes legal notices, such as privacy policies, license agreements, trademark disclosures, and other terms and
conditions on the Legal Notices page of the Rockwell Automation website.

Software and Cloud Services Agreement

Review the Rockwell Automation Software and Cloud Services Agreement here.

Open Source Software Licenses
The software included in this product contains copyrighted software that is licensed under one or more open source licenses.
You can view a full list of all open source software used in this product and their corresponding licenses at this URL:

Studio 5000 Logix Designer Open Source Attribution List

You may obtain Corresponding Source code for open source packages included in this product from their respective project web site(s).

Alternatively, you may obtain complete Corresponding Source code by contacting Rockwell Automation via the Contact form on the

Rockwell Automation website: http://www.rockwellautomation.com/global/about-us/contact/contact.page. Please include "Open Source” as

part of the request text.

Rockwell Automation, Inc. Publication 1756-RMO06P-EN-P - September 2025
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Chapter 1

Process Control Instructions

The Process Control instructions include these instructions:

Available Instructions

Ladder Diagram

Not available

Function Block and Structured Text

ALM on page | SCL on page | PIDE on RMPS on POSP on SRTP on LDLG on FGEN on
15 134 page 66 page 117 page 109 page 138 page 61 page 53
TOT on page DEDT on page | D2SD on page | D3SD on page | IMC on page CC on page MMC on page
146 48 31 20 208 155 236

If you want to

Use this instruction

Provide alarming for any analog signal. ALM
Control discrete devices, such as solenoid valves, D2SD
pumps, and motors, that have only two possible states

(e.g., on/off, open/closed, etc.).

Control discrete devices, such as high/low/off feeders | D3SD
that have three possible states (e.g., fast/slow/off,
forward/stop/reverse, etc.).

Perform a delay of a single input. You select the amount | DEDT
of deadtime delay.

Convert an input based on a piece-wise linear function. | FGEN
Provide a phase lead-lag compensation for an input LDLG
signal.

Regulate an analog output to maintain a process PIDE
variable at a certain setpoint, using a PID algorithm.

Raise/lower or open/close a device, such as a POSP
motor-operated valve, by pulsing open or close contacts.
Provide for alternating ramp and soak periods to follow | RMPS
a temperature profile.

Convert an unscaled input value to a floating point value | SCL

in engineering units.

Publication 1756-RMO06P-EN-P - September 2025
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Alarm (ALM)

Rockwell Automation, Inc.

Take the 0-100% output of a PID loop and drive heating | SRTP
and cooling digital output contacts with a periodic pulse.
Provide a time-scaled accumulation of an analog input | TOT
value, such as a volumetric flow.

Control a single process variable by maintaining a single | IMC
controller output.

Control a single process variable by manipulating as cC
many as three different control variables.

Control two process variables to their setpoints using up | MMC

to three control variables.

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Alarm (ALM) instruction provides alarming for any analog signal.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

ALK ]

Alarm

ALM_01

= HHAlarT
HAlarr
L&lars

=)

]

Structured Text
ALM(ALM_tag)

Operands

Function Block

Operand Type

Format Description

Publication 1756-RMO06P-EN-P - September 2025
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Process Control Instructions

16

ALM tag ALARM structure ALM structure
Structured Text

Operand Type Format Description
ALM tag ALARM structure ALM structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

ALARM Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

REAL

The analog signal input.
Valid = any float
Default=0.0

HHLimit

REAL

The high-high alarm limit for the
input.

Valid = any real value

Default = maximum positive value

HLimit

REAL

The high alarm limit for the input.
Valid = any real value
Default = maximum positive value

LLimit

REAL

The low alarm limit for the input.
Valid = any real value
Default = maximum negative value

LLLimit

REAL

The low-low alarm limit for the input.
Valid = any real value
Default = maximum negative value

= Deadband

REAL

The alarm deadband for the
high-high to low-low limits
Valid = any real value = 0.0

Default=0.0

ROCPosLimit

REAL

The rate-of-change alarm limit

in units per second for a positive
(increasing) change in the input.
Set ROCPosLimit = 0 to disable
ROC positive alarming. If invalid,
the instruction assumes a value of
0.0 and sets the appropriate bit in
Status.
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Input Parameter Data Type Description
Valid = any real value = 0.0
Default=0.0

ROCNegLimit REAL The rate-of-change alarm limit in
units per second for a negative
(decreasing) change in the input.
Set ROCNegLimit = 0 to disable
ROC negative alarming. If invalid,
the instruction assumes a value of
0.0 and sets the appropriate bit in
Status.
Valid = any real value = 0.0
Default =0.0

ROCPeriod REAL Time period in seconds for
calculation (sampling interval) of
the rate of change value. Each time
the sampling interval expires, a new
sample of In is stored, and ROC is
re-calculated. Instead of an enable
bit like other conditions in the analog
alarm, the rate-of-change detection
is enabled by putting any non-zero
value in the ROCPeriod.
Valid = 0.0 to 32767.0
Default = 0.0.

Output Parameter Data Type Description

EnableQut BOOL Indicates if instruction is enabled.
Cleared to false if ROC overflows.

HHAlarm BOOL The high-high alarm indicator.
Default = false

HAlarm BOOL The high alarm indicator.
Default = false

LAlarm BOOL The low alarm indicator.
Default = false

LLAlarm BOOL The low-low alarm indicator.
Default = false

ROCPosAlarm BOOL The rate-of-change positive alarm
indicator.
Default = false

ROCNegAlarm BOOL The rate-of-change negative alarm

indicator.
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Output Parameter Data Type Description

Default = false

ROC REAL The rate-of-change output.
Status DINT Status of the function block.
InstructFault (Status.0) BOOL The instruction detected one of the

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

DeadbandInv (Status.1) BOOL Invalid Deadband value.
ROCPosLimitinv (Status.2) BOOL Invalid ROCPosLimit value.
ROCNegLimitinv (Status.3) BOOL Invalid ROCNegLimit value.
ROCPeriodInv (Status.4) BOOL Invalid ROCPeriod value.
Description

The ALM instruction provides alarm indicators for high-high, high, low, low-low, rate-of-change
positive, and rate-of-change negative. An alarm deadband is available for the high-high to low-
low alarms. A user-defined period for performing rate-of-change alarming is also available.

High-high to Low-low Alarm

The high-high and low-low alarm algorithms compare the input to the alarm limit and the alarm
limit plus or minus the deadband.

9 In = HHLim In = HLim el ""\
{ HHAlam B HHAlam % HAlam T = Halam
| false | tue | false | . trug
. /77 In<(HHLim - Deadband) L /77 In<iHlim-Deadband] . A
'_ In < LLLim s e S In = LLim i
LLAlam T 0 [lAlarm ) 7 Lblam 0 |Alam
falze = | true | | false | | true
A S I (LLim + Deadband) A M /7 In={LLim + Deadband)
Rate-of-change Alarm

The rate-of-change (ROC) alarm compares the change of the input over the ROCPeriod to the
rate-of-change limits. The ROCPeriod provides a type of deadband for the rate-of-change alarm.
For example, define an ROC alarm limit of 2% /second with a period of execution of 100 ms. If
you use an analog input module with a resolution of 1°F, every time the input value changes, an
ROC alarm is generated because the instruction calculates an effective rate of 10°F/second.
However, enter an ROCPeriod of 1sec and the instruction only generates an alarm if the rate
truly exceeds the 2°F/second limit.

The ROC alarm calculates the rate-of-change as:

_ IniNow) —In(EndofpreviousROCPeriod)

Rk ROCPeriod
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The instruction performs this calculation when the ROCPeriod expires. Once the instruction
calculates the ROC, it determines alarms as:

—_—— ROC »= ROCPosLim .
—_
ROCPosAlarm ROCPosAlarm
false ROC < ROCPosLim true
& —
\ J .
—_—, ROC <= -ROCNegLim - \
— :ﬂ
ROCHegalarm ROCHegalarm
false ROC > -ROCNegLlim true
Y . I\—,-r"
Monitoring the ALM Instruction
There is an operator faceplate available for the ALM instruction.
Affects Math Status Flags
No
Major/Minor Faults
None specific to this instruction. See Common Attributes for operand-related faults.
Execution
Function Block
Condition/State Action Taken
Prescan Rung-condition-in bits are cleared to false.
Rung-condition-in is false Rung-condition-in bits are cleared to false.
Rung-condition-in is true Rung-condition-in bits are set to true.
The instruction executes.
Postscan Rung-condition-in bits are cleared to false.
Structured Text
Condition/State Action Taken
Prescan See Prescan in the Function Block table.
Normal Execution See Rung-condition-in is true in the Function Block
table.
Postscan See Postscan in the Function Block table.
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Example

The ALM instruction is typically used either with analog input modules (such as 17711/0 modules)
that do not support on-board alarming, or to generate alarms on a calculated variable. In this
example, an analog input from a 1771-IFE module is first scaled to engineering units using the
SCL instruction. The Out of the SCL instruction is an input to the ALM instruction to determine
whether to set an alarm. The resulting alarm output parameters could then be used in your
program and/or viewed on an operator interface display.

Function Block

scL [ ALK L]
Scale Alarm

SCL_M ALNM_M
InputdFrom1771IFE n Out n HHAlarm
AL
L&larm
LLAJarm
ROCPosAlarm
ROCHegAlarm

Structured Text

SCL_OTIN := InputOFrom1771IFE;
ScL(ScL_01);

ALM_O1.IN := SCL_01.0ut;
ALM(ALM_01);

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Discrete 3-State Device (D3SD) instruction controls a discrete device having three possible
states, such as fast/slow/off or forward/stop/reverse.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.
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Function Block
D35D ]

Discrete 3-State Device

D3sD 01

ProgOCommand COutd
Prog1Command Ot
ProgZCommand Outz
StatelPerm DevicelState
State1Perm Device15tate
State2Perm DeviceZState
FBO CommandlStatus
FB1 Command15tatus
FB2 Command2Status
FB3 Fault&larm
HandFB0 lodeAlarm
HandFB1 ProgQOper
HandFB2 Override
ProgProgReq Hand

ProgOperReq
ProgOwverrideReq

ProgHandReq

Structured Text
D3SD(D3SD_tag)

Operands

Structured Text

Operand Type Format Description
D3SD tag DISCRETE_3STATE structure D3SD structure

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

Function Block

Operand Type Format Description

D3SD tag DISCRETE_3STATE structure D3SD structure
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DISCRETE_3STATE Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

Prog0Command

BOOL

Program state 0 command. This
input determines the device state
when the device is in Program
control. If true, the device is
commanded to the 0 state.
Default is false.

ProgiCommand

BOOL

Program state 1 command. This input
determines the device state when
the device is in Program control. If
true, the device is commanded to the
1state.

Default is false.

Prog2Command

BOOL

Program state 2 command. This
input determines the device state
when the device is in Program
control. If true, the device is
commanded to the 2 state.
Default is false.

OperOReq

BOOL

Operator state 0 request. Set to true
by the operator interface to place
the device into the 0 state when the
device is in Operator control.
Default is false.

OperiReq

BOOL

Operator state 1request. Set true
by the operator interface to place
the device into the 1state when the
device is in Operator control.
Default is false.

Oper2Req

BOOL

Operator state 2 request. Set to true
by the operator interface to place
the device into the 2 state when the
device is in Operator control.
Default is false.

StateOPerm

BOOL

State 0 permissive. Unless in Hand
or Override mode, this input must
be true for the device to enter the 0
state. This input has no effect if the
device is already in the 0 state.
Default is true.

Publication 1756-RMO06P-EN-P - September 2025

Rockwell Automation, Inc.



Chapter1  Process Control Instructions

Rockwell Automation, Inc.

Input Parameter

Data Type

Description

StatelPerm

BOOL

State 1 permissive. Unless in Hand
or Override mode, this input must
be true for the device to enter the 1
state. This input has no effect if the
device is already in the 1 state.
Default is true.

State2Perm

BOOL

State 2 permissive. Unless in Hand
or Override mode, this input must
be true for the device to enter the 2
state. This input has no effect if the
device is already in the 2 state.
Default is true.

FBO

BOOL

The first feedback input available to
the instruction.
Default is false.

FBI

BOOL

The second feedback input available
to the instruction.
Default is false.

FB2

BOOL

The third feedback input available to
the instruction.
Default is false.

FB3

BOOL

The fourth feedback input available
to the instruction.
Default is false.

HandFBO

BOOL

Hand feedback state 0. This input
from a field hand/off/auto station
shows the requested state of the
field device. True indicates the field
device is being requested to enter
the 0 state; false indicates the field
device is being requested to enter
some other state.

Default is false.

HandFB1

BOOL

Hand feedback state 1. This input
from a field hand/off/auto station
shows the requested state of the
field device. True indicates the field
device is being requested to enter
the 1 state; false indicates the field
device is being requested to enter
some other state.

Default is false.

HandFB2

BOOL

Hand feedback state 2. This input
from a field hand/off/auto station
shows the requested state of the
field device. True indicates the field
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Input Parameter

Data Type

Description

device is being requested to enter
the 2 state; false indicates the field
device is being requested to enter
some other state.

Default is false.

FaultTime

REAL

Fault time value. Configure the value
in seconds of the time to allow the
device to reach a newly commanded
state. Set FaultTime = 0 to disable
the fault timer. If this value is invalid,
the instruction assumes a value of
zero and sets the appropriate bit in
Status.

Valid = any float = 0.0

Default =0.0

FaultAlarmLatch

BOOL

Fault alarm latch input. When

true and FaultAlarm is true, latch
FaultAlarm. To unlatch FaultAlarm,
set FaultAlmUnlatch to true or clear
FaultAlarmLatch to false.

Default is false.

FaultAlmUnLatch

BOOL

Fault alarm unlatch input. Set this
input to true when FaultAlarmLatch
is set to unlatch FaultAlarm. The
instruction clears this input to false.
Default is false.

OverrideOnlnit

BOOL

Override on initialization request.

If this bit is true, then during
instruction first scan, the instruction
is placed in Operator control with
Override true and Hand false. If
ProgHandReq is true, then Override
is cleared to false and Hand is set to
true.

Default is false.

OverrideOnFault

BOOL

Override on fault request. Set this
value to true if the device should

go to Override mode and enter the
Override State on a fault alarm.
After the fault alarm is removed,
the instruction is placed in Operator
control.

Default is false.

OutOState0

BOOL

Output 0 state 0 input. This value
determines the value of Output0

when the device is in the 0 state.
Default is false.
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Input Parameter

Data Type

Description

OutOStatel

BOOL

Output 0 state Tinput. This value
determines the value of Output0
when the device is in the 1 state.
Default is false.

OutOState2

BOOL

Output 0 state 2 input. This value
determines the value of Output0
when the device is in the 2 state.
Default is false.

Qut1State0

BOOL

Output 1state 0 input. This value
determines the value of Outputl
when the device is in the 0 state.
Default is false.

Out1Statel

BOOL

Output 1state Tinput. This value
determines the value of OQutputl
when the device is in the 1 state.
Default is false.

Out1State2

BOOL

Output 1state 2 input. This value
determines the value of Outputl
when the device is in the 2 state.
Default is false.

Out2State0

BOOL

Output 2 state 0 input. This value
determines the value of OQutput2
when the device is in the 0 state.
Default is false.

Out2Statel

BOOL

Output 2 state Tinput. This value
determines the value of Output2
when the device is in the 1 state.
Default is false.

Qut2State2

BOOL

Output 2 state 2 input. This value
determines the value of Output2
when the device is in the 2 state.
Default is false.

OverrideState

DINT

Override state input. Set this input to
indicate the state of the device when
in Override mode.

2 = Device should go to the 2 state
1=Device should go to the 1 state
0 = Device should go to the 0 state

An invalid value sets the appropriate
bit in Status.

Valid=0to2

Default =0

FBOState0

BOOL

Feedback 0 state 0 input. This value
determines the expected value of
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Input Parameter

Data Type

Description

FBO when the device is in the 0
state.
Default is false.

FBOStatel

BOOL

Feedback 0 state 1input. This value
determines the expected value of
FBO when the device is in the 1state.
Default is false.

FBOState2

BOOL

Feedback 0 state 2 input. This value
determines the expected value of
FBO when the device is in the 2 state.
Default is false.

FB1State0

BOOL

Feedback 1state 0 input. This value
determines the expected value of
FB1 when the device is in the 0 state.
Default is false.

FBiStatel

BOOL

Feedback 1state Tinput. This value
determines the expected value of
FB1when the device is in the 1 state.
Default is false.

FB1State2

BOOL

Feedback 1state 2 input. This value
determines the expected value of
FB1when the device is in the 2 state.
Default is false.

FB2State0

BOOL

Feedback 2 state 0 input. This value
determines the expected value of
FB2 when the device is in the 0 state.
Default is false.

FB2Statel

BOOL

Feedback 2 state Tinput. This value
determines the expected value of
FB2 when the device is in the 1 state.
Default is false.

FB2State2

BOOL

Feedback 2 state 2 input. This value
determines the expected value of
FB2 when the device is in the 2 state.
Default is false.

FB3State0

BOOL

Feedback 3 state 0 input. This value
determines the expected value of
FB3 when the device is in the 0 state.
Default is false.

FB3Statel

BOOL

Feedback 3 state 1input. This value
determines the expected value of
FB3 when the device is in the 1 state.
Default is false.
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Input Parameter

Data Type

Description

FB3State2

BOOL

Feedback 3 state 2 input. This value
determines the expected value of
FB3 when the device is in the 2 state.
Default is false.

ProgProgReq

BOOL

Program program request. Set

to true by the user program to
request Program control. Ignored

if ProgOperReq is true. Holding this
true and ProgOperReq false locks the
instruction in Program control.
Default is false.

ProgOperReq

BOOL

Program operator request. Set to
true by the user program to request
operator control. Holding this true
locks the instruction in Operator
control.

Default is false.

ProgOverrideReq

BOOL

Program override request. Set to
true by the user program to request
the device to enter Override mode.
Ignored if ProgHandReq is true.
Default is false.

ProgHandReq

BOOL

Program hand request. Set to true
by the user program to request the
device to enter Hand mode.
Default is false.

OperProgReq

BOOL

Operator program request. Set

to true by the operator interface

to request Program control. The
instruction clears this input to false.
Default is false.

OperOperReq

BOOL

Operator operator request. Set

to true by the operator interface

to request Operator control. The
instruction clears this input to false.
Default is false.

ProgValueReset

BOOL

Reset program control values.
When true, all the program request
inputs are cleared to false at each
execution of the instruction.
Default is false.

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
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Output Parameter

Data Type

Description

Out0

BOOL

The first output of the instruction.

Outl

BOOL

The second output of the instruction.

Out2

BOOL

The third output of the instruction.

DeviceOState

BOOL

Device state 0 output. True when
the device is commanded to the 0
state and the feedback indicates the
device really is in the 0 state.

DevicelState

BOOL

Device state 1output. True when

the device is commanded to the 1
state and the feedback indicates the
device really is in the 1 state.

Device2State

BOOL

Device state 2 output. True when
the device is commanded to the 2
state and the feedback indicates the
device really is in the 2 state.

CommandOStatus

BOOL

Device state 0 command status.
True when the device is being
commanded to the 0 state;

false when the device is being
commanded to some other state.

Command1Status

BOOL

Device state 1 command status.
True when the device is being
commanded to the 1state;

false when the device is being
commanded to some other state.

Command2Status

BOOL

Device state 2 command status.
True when the device is being
commanded to the 2 state;

false when the device is being
commanded to some other state.

FaultAlarm

BOOL

Fault alarm output. True if the device
has been commanded to a new
state, and the FaultTime has expired
without the feedback indicating

that the new state has actually

been reached. Also set to true if,
after reaching a commanded state,
the feedbacks suddenly indicate
that the device is no longer in the
commanded state.

ModeAlarm

BOOL

Mode alarm output. True if the
device is in operator control and a
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Output Parameter Data Type Description

ProgxCommand input requests a
state which is different from the
state currently commanded by the
operator. This alarm is intended as
a reminder that a device was left in
Operator control.

ProgOper BOOL Program/operator control indicator.
True when in Program contral. False
when in Operator control.

Override BOOL Override mode. True when the device
is in the Override mode.

Hand BOOL Hand mode. True when the device is
in the Hand mode.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errars. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

FaultTimelnv (Status.1) BOOL Invalid FaultTime value. The
instruction sets FaultTime = 0.

OverrideStatelnv (Status.2) BOOL The Override value is out of range.
It prevents the instruction from
entering the Override state.

ProgCommandinv (Status.3) BOOL Multiple program state command
bits are set at the same time. Refer
to Commanded State in Program
Control section.

OperReqlnv (Status.4) BOOL Multiple operator state request bits
are set at the same time. Refer

to Commanded State in Program
Control section.

HandCommandInv (Status.5) BOOL Multiple hand feedback state request
bits are set at the same time.

Description

The D3SD instruction controls a discrete device having three possible states, such as fast/slow/
off or forward/stop/reverse. Typical discrete devices of this nature include feeder systems, and
reversible motors.
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Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page

faults.

Execution

Function Block

for operand-related

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes

Instruction first run

Set ProgOper to Operator Mode.
Set Command0Status to True.
Set Command1Status to False.
Set Command2Status to False.

Instruction first scan

The fault timer is cleared.
ModeAlarm is cleared to false.
All the operator request inputs are cleared to false.

If ProgValueReset is true, all the program request inputs
are cleared to false.

When OverrideOninit is true, ProgOper is cleared to
false(Operator control).

If ProgHandReq is false and OverrideOnlnit is true, Hand
is cleared to false and Override is set to true (Override
mode).

If ProgHandReq is true, Hand is set to true and Override
is cleared to false(Hand mode).

Postscan

Enableln and EnableQut bits are cleared to false.

Structured Text

In Structured Text, Enableln is always true during normal scan. Therefore, if the instruction is in
the control path activated by the logic it will execute.

Condition/State

Action Taken

Prescan

See Prescan in the Function Block table.
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Condition/State Action Taken

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Examples

The D3SD instruction is typically used to control 3-state devices such as high/low/off feed
systems. In this example, the D3SD instruction controls a feed system consisting of a pair of
solenoid valves adding vegetable oil to a batch tank. One of the valves is on a large diameter
feed pipe into the batch tank, and the other valve is plumbed in parallel on a small diameter
feed pipe. When oil is first added, the D3SD instruction is commanded to the fast feed state
(state 2) where both valves are opened. When the oil added approaches the target amount,
the D3SD instruction is commanded to the slow feed state (state 1) where the "large valve" is
closed and the "small valve" is kept open. When the target is reached, the D3SD instruction is
commanded to go to the off state (state 0) and both valves are closed. As long as the D3SD
instruction is in Program control, the valves open according to the CloseQilFeed, SlowOQilFeed,
and FastOilFeed inputs. The operator can also take Operator control of the feed system if
necessary. The solenoid valves in this example have limit switches which indicate when the
valves are fully closed or opened. These switches are wired into the FBO, FBI, FB2, and FB3
feedback inputs. This allows the D3SD instruction to generate a FaultAlarm if the solenoid valves
do not reach their commanded states within the configured FaultTime.

Function Block
D3sD I:I

Discrete 3-State Device

DilFeedControlier

ClozeQilFeed Prog0Command Outl SmallQilakve
Slow0DilFeed Prog1Command Outl LargeDilValve
FastOiFeed ProgZCommand Out2
StatePerm DevicelSiate
State1Perm Device1State
StateZPerm Device2State
SmalldilatveClosed FBO Command0Status
SmalldiNalveOpened F

ul
o m m

[3
i=
o
]
B O
1%
7

E

T

LargeQiNalveClosed
LargeOiNalveOpened

Fa
I
[=

()

Structured Text
QilFeedController.Prog0Command := ClosedQilFeed;

OilFeedController.ProglCommand := SlowOQilFeed;
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OilFeedController.Prog2Command := FastQilFeed;
OilFeedController.FBO := SmallQilValveClosed;
OilFeedController.FBT := SmallQilValveOpened;
OilFeedController.FB2 := LargeQilValveClosed;
OilFeedController.FB3 := LargeQilValveOpened:;
D3SD(0ilFeedController);

SmallQilValve := OilFeedController.0ut0;
LargeQilValve := QilFeedController.OutT;

Switch Between Program Control and Operator Control

The following diagram shows how the D3SD instruction changes between Program control and
Operator control.

OperOperReq isset to true when ProgProgReq '
iz falze J

ProgOperReq isset to true (1) N

" Ll
Cwerride transitions from true to false and Hand is
false N

¥
Hand transitions from true to false and Override is

Program false N
]

Control

Operator
Control

ProgProgReq is set to true when ProgOperReq
is false

OperProgReq is set to true when ProgOperReq
i false and OperOperReq is false

4

-y A =
(1) The instruction remains in Operator control mode when ProgOperReq is true.

Commanded State in Program Control

The following table shows how the D3SD instruction operates when in Program control.

32

Prog0
Command

Progl
Command

Prog2
Command

State0
Perm

Statel
Perm

State2
Perm

Description

false

false

true

either

either

true

CommandOSta
tus is cleared
to false
Command1Sta
tus is cleared
to false
Command2Sta
tus is set to
true
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Prog0
Command

Progl
Command

Prog2
Command

State0
Perm

Statel
Perm

State2
Perm

Description

false

true

false

either

true

either

CommandOSta
tus is cleared
to false
Command1Sta
tus is set to
true
Command2Sta
tus is cleared
to false

true

false

false

true

either

either

CommandOSta
tus is set to
true
Command1Sta
tus is cleared
to false
Command2Sta
tus is cleared
to false

If more than one program command input is true:

+ Theinstruction sets the appropriate bit in Status

 If Override and Hand are cleared to false, the instruction holds the previous state

Commanded State in Operator Control

The following table shows how the D3SD instruction operates when in Operator control.

OperOReq

OperiReq

Oper2Req

State0 Perm

Statel Perm

State2 Perm

Description

false

false

true

either

either

true

CommandOSta
tus is cleared
to false
Command1Sta
tus is cleared
to false
Command2Sta
tus is set to
true

false

true

false

either

true

either

CommandOSta
tus is cleared
to false
Command1Sta
tus is set to
true
Command2Sta
tus is cleared
to false

Rockwell Automation, Inc.
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OperOReq OperlReq Oper2Req State0 Perm | Statel Perm | State2 Perm | Description

true false false true either either CommandOSta
tus is set to
true
Command1Sta
tus is cleared
to false
Command2Sta
tus is cleared
to false

If more than one operator command input is true:

» The instruction sets the appropriate bit in Status

 If Override and Hand are cleared to false, the instruction holds the previous state
After every instruction execution, the instruction:

* Clears all the operator request inputs

« If ProgValueReset is true, clears all the program request inputs to false

Hand Mode or Override Mode

The following table describes how the D3SD instruction determines whether to operate in Hand
or Override mode.

ProgHandRe: ProgOverrideRe Faultlarm and Description
r rogOverri ripti
9 9 9 9 OverrideOnFault g
true either either Hand mode
Hand is set to true
Override is cleared to false
false true either Override mode
Hand is cleared to false
Override is set to true
false either true Override mode
Hand is cleared to false
Override is set to true

When Override is set, it takes precedence over Program and Operator control. The following
table describes how the Override mode affects the commanded state.

Override Override State Description

true 2 CommandOStatus is cleared to false
Command1Status is cleared to false
Command2Status is set to true

true 1 CommandOStatus is cleared to false
CommandiStatus is set to true
Command?2Status is cleared to false
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Override

Override State

Description

true

CommandOStatus is set to true
Command1Status is cleared to false
Command?2Status is cleared to false

If OverrideState is invalid, the instruction sets the appropriate bit in Status and does not enter

the override state.

When Hand is true, it takes precedence over Program and Operator control. The following table
describes how the Hand mode affects the commanded state.

Hand HandFBO

HandFB1

HandFB2 Description

true false

false

true CommandOStatus is
cleared to false
Command1Status is
cleared to false
Command2Status is
set to true

true false

true

false CommandOStatus is
cleared to false
Command1Status is
set to true
Command2Status is
cleared to false

true true

false

false CommandOStatus is
set to true
Command1Status is
cleared to false
Command2Status is
cleared to false

If more than one HandFB input is true, the instruction sets the appropriate bit in Status and, if
Hand is true, the instruction holds the previous state.

Output State

The D3SD output state is based on the state of the command status.

CommandStatus

Output State

Command0Status is true

0Out0 = OutOState0
Qut1=OutIState0
Qut2 = Qut2State0

CommandOStatus is true and
FBO = FBOState0 and
FB1=FB1State0 and

FB2 = FB2State0 and

FB3 = FB3State0

Stop and clear the fault timer.
DeviceOState is set to true

Command1Status is true

Qut0 = OutOStatel
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CommandStatus Output State
Outl = Out1Statel
Out2 = Out2Statel
Command1Status is true and Stop and clear the fault timer.
FBO = FBOStatel and DevicelState is set to true
FB1=FB1Statel and
FB2 = FB2Statel and
FB3 = FB3Statel
Command2Status is true Out0 = OutOState?
Out1 = Out1State?
Out2 = Qut2State2
Command2Status is true and Stop and clear the fault timer.
FBO = FBOState? and Device2State is set to true
FB1=FBIState2 and
FB2 = FB2State2 and
FB3 = FB3State?
Fault Alarm Conditions
The D3SD instruction checks for these fault alarm conditions.
Fault alarm condition resulting from Rules
Device state was commanded to change, but the Start the fault timer when CommandO0Status,,
feedback did not indicate that the desired state was # Command0Status, or CommandiStatus,
actually reached within the FaultTime
# Command1Statusy- or Command2Status,, #
Command2Statusy-1
Set FaultAlarm when the fault timer done and FaultTime
>0.0
The device unexpectedly left a state (according to the Set FaultAlarm to true when the fault timer is not timing
feedback) without being commanded to and one of the following conditions is satisfied:
CommandOStatus is true and DeviceOState is false
Command1Status is true and DevicelState is false
Command?2Status is true and Device2State is false
If there is no fault present, FaultAlarm is cleared to false if one of the following conditions is
met:
» Command0Status is true and DeviceOState is true
« CommandiStatus is true and DevicelState is true
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» Command2Status is true and Device2State is true
* FaultTime =0

FaultAlarm cannot be cleared to false when FaultAlarmLatch is true, unless FaultAlimUnlatch is
true and no fault is present.

Mode Alarm Conditions

The mode alarm reminds an operator that a device has been left in Operator control. The mode

alarm only turns on when, in Operator control mode, the program tries to change the state of the

device from the operator’s commanded state. The alarm does not turn on if an operator places

a device in Operator control mode and changes the state. The D3SD instruction checks for mode

alarm conditions, using these rules.

ModeAlarm is When

true Prog2Command # Prog2Commandj,_1 and
Prog2Command # Command2Status er
ProgiCommand # ProgiCommand,, and
ProglCommand # Command1Status or
Prog0Command # ProgiCommand,,-1 and
Prog0Command # Command0Status

false Prog2Command = Command?2Status and
ProgliCommand = Command1Status and
Prog0Command = CommandQStatus or
The device is in Override, Hand, or Program control
mode

Discrete 2-State Device (D2SD)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix

5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,

GuardLogix 5580, and ControlLogix 5590 controllers.

The Discrete 2-State Device (D2SD) instruction controls a discrete device which has only two

possible states (such as on/off or open/closed).

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.
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Function Block

D250

Discrete 2-State Dey

Structured Text
D2SD(D2SD_tag)

Operands

ice

There are data conversion rules for mixed data types within an instruction. See Data

Conversions on page

Structured Text
Operand Type Format Description
D2SD tag DISCRETE_2STATE Structure D2SD structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Function Block

Operand

Type

Format

Description

D2SD tag

DISCRETE_2STATE

Structure

D2SD structure

DISCRETE_2STATE Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.
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Input Parameter Data Type Description

ProgCommand BOOL Used to determine CommandStatus
when the device is in Program
control. When true, the device is
commanded to the 1state; when
false, the device is commanded to
the 0 state.

Default is false.

OperOReq BOOL Operator state 0 request. Set by

the operator interface to place the
device in the 0 state when the device
is in Operator control.

Default is false.

OperTReq BOOL Operator state 1request. Set by

the operator interface to place the
device in the 1state when the device
is in Operator control.

Default is false.

State0Perm BOOL State 0 permissive. Unless in Hand
or Override mode, this input must
be set for the device to enter the 0
state. This input has no effect for a
device already in the 0 state.
Default is true.

StatelPerm BOOL State 1 permissive. Unless in the
Hand or Override mode, this input
must be set for the device to enter
the 1state. This input has no effect
for a device already in the 1state.
Default is true.

FBO BOOL The first feedback input available to
the D2SD instruction.
Default is false.

FBI BOOL The second feedback input available
to the D2SD instruction.
Default is false.

HandFB BOOL Hand feedback input. This input is
from a field hand/off/auto station
and it shows the requested state
of the field device. When true, the
field device is being requested to
enter the 1state; when false, the
field device is being requested to
enter the 0 state.

Default is false.

FaultTime REAL Fault time value. Configure the value
in seconds of the time to allow the
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Input Parameter

Data Type

Description

device to reach a newly commanded
state. Set FaultTime = 0 to disable
the fault timer. If this value is invalid,
the instruction assumes a value of
zero and sets the appropriate bit in
Status.

Valid = any float = 0.0
Default=0.0

FaultAlarmLatch

BOOL

Fault alarm latch input. When

true and FaultAlarm is true, latch
FaultAlarm. To unlatch FaultAlarm
set FaultAlmUnlatch to true or clear
FaultAlarmLatch to false.

Default is false.

FaultAlmUnLatch

BOOL

Fault alarm unlatch input.

Set FaultAlmUnLatch when
FaultAlarmLatch is set to unlatch
FaultAlarm. The instruction clears
this input to false.

Default is false.

OverrideOnlnit

BOOL

Override on initialization request.

If this bit is true, then during
instruction first scan, the 2-state
device is placed in Operator contraol,
Override is set to true, and Hand is
cleared to false. If ProgHandReq is
true, then Override is cleared to false
and Hand is set to true.

Default is false.

OverrideOnFault

BOOL

Override on fault request. Set
OverrideOnFault to true if the
device should go to Override mode
and enter the OverrideState on a
fault alarm. After the fault alarm
is removed, the 2-state device is
placed in Operator contraol.

Default is false.

OutReverse

BOOL

Reverse default out state. The
default state of Out is cleared to
false when commanded to state 0,
and set to true when commanded to
state 1. When OutReverse is true, Out
is set to true when commanded to
state 0, and cleared to false when
commanded to state 1.

Default is false.
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Input Parameter

Data Type

Description

OverrideState

BOOL

Override state input. Configure

this value to specify the state of

the device when the device is in
Override mode. True indicates the
device should go to the 1state; false
indicates the device should go to the
0 state.

Default is false.

FBOState0

BOOL

Feedback 0 state 0 input. Configure
the state of the FBO when the device
isin the 0 state.
Default is false.

FBOStatel

BOOL

Feedback O state 1input. Configure
the state of the FBO when the device
isin the 1 state.

Default is false.

FBiState0

BOOL

Feedback 1state 0 input. Configure
the state of the FB1 when the device
isin the 0 state.
Default is false.

FB1Statel

BOOL

Feedback 1state 1input. Configure
the state of the FB1 when the device
isin the 1state.

Default is false.

ProgProgReq

BOOL

Program program request. Set

to true by the user program to
request Program control. Ignored

if ProgOperReq is true. Holding this
true and ProgOperReq false locks the
instruction into Program control.
Default is false.

ProgOperReq

BOOL

Program operator request. Set to
true by the user program to request
Operator control. Holding this true
locks the instruction into Operator
control.

Default is false.

ProgOverrideReq

BOOL

Program override request. Set to
true by the user program to request
the device to enter Override mode.
Ignored if ProgHandReq is true.
Default is false.

ProgHandReq

BOOL

Program hand request. Set to true
by the user program to request the
device to enter Hand mode.
Default is false.
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Input Parameter

Data Type

Description

OperProgReq

BOOL

Operator program request. Set

to true by the operator interface

to request Program control. The
instruction clears this input to false.
Default is false.

OperOperReq

BOOL

Operator operator request. Set

to true by the operator interface

to request Operator control. The
instruction clears this input to false.
Default is false.

ProgValueReset

BOOL

Reset program control values.
When true, all the program request
inputs are cleared to false at each
execution of the instruction.
Default is false.

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.

Out

BOOL

The output of the 2-state instruction.

DeviceOState

BOOL

Device 0 state output. Set to true
when the device is commanded

to the 0 state and the feedbacks
indicate the device really is in the 0
state.

DevicelState

BOOL

Device 1state output. Set to true
when the device is commanded

to the 1state and the feedbacks
indicate the device really is in the 1
state.

CommandStatus

BOOL

Command status output. Set to
true when the device is being
commanded to the 1state and
cleared when the device is being
commanded to the 0 state.

FaultAlarm

BOOL

Fault alarm output. Set to true if the
device was commanded to a new
state and the FaultTime has expired
without the feedbacks indicating
that the new state has actually
been reached. Also set to true if,
after reaching a commanded state,
the feedbacks suddenly indicate

Publication 1756-RMO06P-EN-P - September 2025

Rockwell Automation, Inc.



Chapter1  Process Control Instructions

Rockwell Automation, Inc.

Output Parameter

Data Type

Description

that the device is no longer in the
commanded state.

ModeAlarm

BOOL

Mode alarm output. Set to true if the
device is in Operator control and

a program command changes to a
state which is different from the
state currently commanded by the
operator. This alarm is intended as
a reminder that a device was left in
Operator control.

ProgOper

BOOL

Program/Operator control indicator.
True when in Program contral. False
when in Operator control.

Override

BOOL

Override mode. True when the device
is in the Override mode.

Hand

BOOL

Hand mode. True when the device is
in the Hand mode.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

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

FaultTimelnv (Status.1)

BOOL

Invalid FaultTime value. The
instruction sets FaultTime = 0.

OperReqlnv (Status.2)

BOOL

Both operator state request bits are
true.

Description

The D2SD instruction controls a discrete device which has only two possible states (such as
on/off or open/closed). Typical discrete devices of this nature include motors, pumps, and

solenoid valves.

Monitoring the D2SD Instruction

There is an operator faceplate available for the D2SD instruction.

Affects Math Status Flags

No

Publication 1756-RMO06P-EN-P - September 2025

43



Chapter1  Process Control Instructions

Major/Minor Faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run Set ProgOper to Operator Mode. Set CommandStatus to
False.
Instruction first scan Set EnableQut to true.

ModeAlarm and operator request inputs are cleared to
false,

If ProgValueReset is true, all the program request inputs
are cleared to false.

When OverrideOnlnit is true, ProgOper is cleared to false
(Operator control).

If ProgHandReq is cleared and OverrideOninit is set,
clear Hand and set Override (Override mode).

If ProgHandReq is set, set Hand and clear Override (Hand
mode).

Postscan Enableln and EnableQut bits are cleared to false.

Structured Text

In Structured Text, Enableln is always true during normal scan. Therefore, if the instruction is in
the control path activated by the logic it will execute.

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Examples

SD instruction is typically used to control on-off or open-close devices such as pumps or
solenoid valves. In this example, the D2SD instruction controls a solenoid valve adding corn
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syrup to a batch tank. As long as the D2SD instruction is in Program control, the valve opens
when the AddSyrup input is set. The operator can also take Operator control of the valve to open
or close it if necessary The solenoid valve in this example has limit switches that indicate when
the valve is fully closed or opened. These switches are wired into the FBO and FB1 feedback
inputs. This allows the D2SD instruction to generate a FaultAlarm if the solenoid valve does not
reach the commanded state within the configured FaultTime.

Function Block

D25D

Discrete 2-State Device

SyrupController
AddSyrup ProgCommand
StateQPerm
State1Perm
SyrupValveClosedLimitSwitch FBO
SyrupVahreOpenedLimitSwitch FB1
HandFB
ProgProgReq
ProgOperReq
ProgOverrideReq

ProgHandReq

Structured Text

SyrupController.ProgCommand := AddSyrup;
SyrupController.FBO := SyrupValveClosedLimitSwitch;
SyrupController.FB1 := SyrupValveOpenedLimitSwitch;
D2SD(SyrupController);

SyrupValve := SyrupController.Out;

Cut
DevicelState
Device1State

CommandStatus
FaultAlarm
ledeAlarm
ProgOper
Override

Hand

Switch Between Program Control and Operator Control

The following diagram shows how the D2SD instruction changes between Program control and

Operator control.
 —

OperOperReq is set to true when ProgProgReq is false N

ProgOperReq is setto true (1)

¥

)
L4

Override transitions from true to false and Hand is false\

Hand transitions from true to false and Override is false

—]

SyrupValve

—

L Operator
Program Control
e Control
ProgProgReq is set to true when ProgOperReq is
L falze
[
OperProgReq is set to true when ProgOperReq is false
. and OperOperfeq is false
_— R
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(1) The instruction remains in Operator control mode when ProgOperReq is true.

Commanded State in Program Control

The following diagram shows how the D2SD instruction operates when in Program control.

. ) ProgCommand is false -

StateOPerm istrue .

True Command Status False Command Status

ProgCommand is true
State1Perm is true

Commanded State in Operator Control

The following diagram shows how the D2SD instruction operates when in Operator control.

- ) OperOReq is true -

StateOPerm is true :

True Command Status False Command Status

OperlReqis true
State1Perm istrue

\ J A"

If both OperOReq and Oper1Req are true:

» The instruction sets the appropriate bit in Status to true

« If Override and Hand are false, the instruction holds the previous state.
After every instruction execution, the instruction:

* Clears all the operator request inputs to false

 If ProgValueReset is true, clears all the program request inputs to false

Hand Mode or Override Mode

The following table describes how the D2SD instruction determines whether to operate in Hand
or Override mode.

FaultAlarm and
ProgHandRe! ProgOverrideRe Description
9 9 9 1 OverrideOnFault g
true either either Hand mode
Hand is set to true
Override is cleared to false
false true either Override mode
Hand is cleared to false
Override is set to true
false either true Override mode
Hand is cleared to false
Override is set to true
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When the instruction is in Override mode, CommandStatus = OverrideState.

When the instruction is in Hand mode, CommandStatus = HandFB.

Output State

The D2SD output state is based on the state of the command status.

CommandStatus Output State

false If OutReverse is false, Out is cleared to false
If OutReverse is true, Out is set to true

true If OutReverse is false, Out is set to rue
If OutReverse is true, Out is cleared to false

false and The fault timer is stopped and cleared to 0

FBO = FBOState0 and
FB1=FBiState0

DeviceOState is set to true

true and
FBO = FBOStatel and
FB1 = FBiStatel

The fault timer is stopped and cleared to 0
DevicelState is set to true

Fault Alarm Conditions

The D2SD instruction checks for these fault alarm conditions.

Fault alarm condition
resulting from

Rules

Device state was commanded to change, but the
feedback did not indicate that the desired state was
actually reached within the FaultTime

Start the fault timer when CommandStatus , #

CommandStatusy-1

Set FaultAlarm when faulttimer is done and FaultTime >
0.0

The device unexpectedly left a state (according to the
feedback) without being commanded to

Set FaultAlarm to true when the fault timer is not timing
and one of the following conditions is satisfied:

CommandStatus is false and DeviceOState is false

CommandStatus is true and DevicelState is false

FaultAlarm is cleared to false if one of the following conditions is met:

» CommandStatus is false and DeviceOState is true

» CommandStatus is true and DevicelState is true

* FaultTime =0

FaultAlarm cannot be cleared to false when FaultAlarmLatch is true, unless FaultAimUnlatch is

true and no fault is present.
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Mode Alarm Conditions

The mode alarm reminds an operator that a device has been left in Operator control. The mode
alarm only turns on when, in Operator control mode, the program tries to change the state of the
device from the operator’s commanded state. The alarm does not turn on if an operator places
a device in Operator control mode and changes the state. The D2SD instruction checks for mode
alarm conditions, using these rules.

ModeAlarm When

True ProgCommand , # ProgCommandn-1and

ProgCommand , # CommandStatus

False ProgCommand = CommandStatus or
the device is in Override, Hand, or Program control mode

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Deadtime (DEDT) instruction performs a delay of a single input. You select the amount of
deadtime delay.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

DEDT Gl

Deadtime

DEDT_01

Structured Text
DEDT(DEDT_tag,storage);

Operands

Structured Text

Operand Type Format Description
DEDT tag DEADTIME structure DEDT structure
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storage REAL

array

deadtime buffer

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Function Block

Operand Type

Format

Description

DEDT tag DEADTIME

structure

DEDT structure

storage REAL

array

deadtime buffer

DEADTIME Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

REAL

The analog signal input to the
instruction.

Valid = any float

Default =0.0

InFault

BOOL

Bad health indicator for the input.

If the input value is read from

an analog input, then InFault

is controlled by fault status on

the analog input. If true, InFault
indicates the input signal has

an error, the instruction sets the
appropriate bit in Status, the control
algorithm is not executed, and Out is
held.

Default is false.

false = good health

Deadtime

REAL

Deadtime input to the instruction.
Enter the deadtime in seconds. If
this value is invalid, the instruction
assumes a value of zero and sets the
appropriate bit in Status.

Valid = 0.0 to (StorageArray size *
DeltaT)

Default=0.0

Gain

REAL

Gain input to the instruction. The
value of In is multiplied by this value.
This allows simulation of a process
gain.
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Input Parameter Data Type Description

Valid = any float
Default=1.0

Bias REAL Bias input to the instruction. The
value of In multiplied by the Gain

is added to this value. This allows
simulation of an ambient condition.
Valid = any float

Default=0.0

TimingMode DINT Selects timing execution mode.
0 = Period mode

1= oversample mode

2 = real time sampling mode

Valid=0to2

Default=0

For more information about
timing modes, see Function Block
Attributes.

OversampleDT REAL Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default=0

RTSTime DINT Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp DINT Module time stamp value for real
time sampling mode.
Valid = 0 to 32,767ms

Default=0
Output Parameter Data Type Description
EnableQut BOOL Indicates if instruction is enabled.

Cleared to false if Out overflows.

Out REAL The calculated output of the
deadtime algorithm.

DeltaT REAL Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status DINT Status of the function block.
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Output Parameter Data Type Description

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

InFaulted (Status.1) BOOL In health is bad.
Deadtimelnv (Status.2) BOOL Invalid Deadtime value.
TimingMode (Status.27) BOOL Invalid TimingMode value.

For more information about
timing modes, see Function Block
Attributes.

RTSMissed (Status.28) BOOL Only used in real time sampling
mode. Set when
ABS(DeltaT - RTSTime) > 1

millisecond.
RTSTimelnv (Status.29) BOOL Invalid RTSTime value.
RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.
DeltaTInv (Status.31) BOOL Invalid DeltaT value.

Description

The DEDT instruction uses a data buffer to store delayed data, thereby allowing any length
deadtime desired. The DEDT instruction is designed to execute in a task where the scan rate
remains constant.

To use the DEDT instruction, create a storage array to store the deadtime buffer to hold the
samples of (In x Gain) + Bias. The storage array should be large enough to hold the largest
desired deadtime, using this formula:

StorageArray Size Needed = Maximum Deadtime (secs) / DeltaT (secs)

Servicing the Deadtime Buffer

During runtime, the instruction checks for a valid Deadtime. Deadtime must be between 0.0 and
(StorageArray Size x DeltaT).

If the Deadtime is invalid, the instruction sets an appropriate Status bit and sets Out = (In x
Gain) + Bias.

The deadtime buffer functions as a first-in, first-out buffer. Every time the deadtime algorithm
executes, the oldest value in the deadtime buffer is moved into Out. The remaining values in
the buffer shift downward and the value ((In x Gain) + Bias) is moved to the beginning of the
deadtime buffer. A new value that is placed in the deadtime buffer appears in the Out after
Deadtime seconds.

The number of array elements required to perform the programmed delay is calculated by
dividing Deadtime by DeltaT. If Deadtime is not evenly divisible by DeltaT, then the number of
array elements and the programmed delay are rounded to the nearest increment of DeltaT. For
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example, to find the number of array elements required to perform the programmed delay given
Deadtime = 4.25s and DeltaT = 0.50s:

4.25s/0.50s =85
rounds up to 9 array elements required

The actual delay applied to the input in this example is:

number of array elements x DeltaT = programmed delay or
9x0.5s=45s

Runtime changes to either Deadtime or DeltaT change the point in which values are moved out
of the buffer. The number of elements required to perform the programmed delay can either
increase or decrease. Prior to servicing the deadtime buffer, the following updates occur:

If the number of required elements needs to increase, the new buffer elements are populated
with the oldest value in the current deadtime buffer.

If the number of required elements needs to decrease, the oldest elements of the current
deadtime buffer are discarded.

Instruction Behavior on InFault Transition

When InFault is true (bad), the instruction suspends execution, holds the last output, and sets
the appropriate bit in Status.

When InFault transitions from true to false, the instruction sets all values in the deadtime buffer
equal to In x Gain + Bias.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run N/A

Instruction first scan N/A

The instruction does not execute, but does validate input
parameters.
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Condition/State Action Taken

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

In this example, the DEDT instruction simulates a deadtime delay in a simulated process. The
output of the PIDE instruction is passed through a deadtime delay and a first-order lag to
simulate the process. The array DEDT_Olarray is a REAL array with 100 elements to support a
deadtime of up to 100 samples. For example, if this routine executes every 100 msec, the array
would support a deadtime of up to 10 seconds.

Function Block

DEDT (=) e o) PDE ()

Deadtime Lead-Lag Enhanced PIC

DEDT_D1 LDLG_01 SimulatedLoop

eArray DEDT_01array

Function Generator (FGEN)
This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix

5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.
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The Function Generator (FGEN) instruction converts an input based on a piece-wise linear

function.

Available Languages

Ladder Diagram
FGEM
FGEN FGEN_0O1
In Input_real
X1 array_x1
1 array_y1
X2 array_x2
Y2 array_y2
Out 0.0-
Function Block
FGEN
FGEN_01
0.0
In Lt
X1 amay_x1
1 amay_y1
X2 amay_x2
Y2 amay_y2
Structured Text
FGEN(FGEN_tag,X1,Y1,X2,Y2);
Operands
Ladder Diagram
Operand Type Format Description
FGEN tag FUNCTION- structure FGEN structure
GENERATOR
In REAL tag / immediate The analog signal input to
the instruction.
Valid = any float
X1 REAL array X-axis array, table one.
Combine with the Y-axis
array, table one to define
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Operand

Type

Format

Description

the points of the first
piece-wise linear curve.
Valid = any float

Y1

REAL

array

Y-axis array, table one.
Combine with the X-axis
array, table one to define
the points of the first
piece-wise linear curve.
Valid = any float

X2

REAL

array

(optional)

X-axis array, table two.
Combine with the Y-axis
array, table two to define
the points of the second
piece-wise linear curve.
Valid = any float

Y2

REAL

array

(optional)

Y-axis array, table two.
Combine with the X-axis
array, table two to define
the points of the second
piece-wise linear curve.
Valid = any float

Function Block

Operand

Type

Format

Description

FGEN tag

FUNCTION-
GENERATOR

structure

FGEN structure

X1

REAL

array

X-axis array, table one.
Combine with the Y-axis
array, table one to define
the points of the first
piece-wise linear curve.
Valid = any float

Y1

REAL

array

Y-axis array, table one.
Combine with the X-axis
array, table one to define
the points of the first
piece-wise linear curve.
Valid = any float

X2

REAL

array

(optional)

X-axis array, table two.
Combine with the Y-axis
array, table two to define
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Operand Type Format Description

the points of the second
piece-wise linear curve.
Valid = any float

Y2 REAL array (optional)

Y-axis array, table two.
Combine with the X-axis
array, table two to define
the points of the second
piece-wise linear curve.
Valid = any float

Structured Text

Operand Type Format Description

FGEN tag FUNCTION- structure FGEN structure
GENERATOR

X1 REAL array X-axis array, table one.
Combine with the Y-axis
array, table one to define
the points of the first
piece-wise linear curve.
Valid = any float

Y1 REAL array Y-axis array, table one.
Combine with the X-axis
array, table one to define
the points of the first
piece-wise linear curve.
Valid = any float

X2 REAL array (optional)

X-axis array, table two.
Combine with the Y-axis
array, table two to define
the points of the second
piece-wise linear curve.
Valid = any float

Y2 REAL array (optional)

Y-axis array, table two.
Combine with the X-axis
array, table two to define
the points of the second
piece-wise linear curve.
Valid = any float

See Structured Text Syntax for more information on the syntax of expressions within structured
text.
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FUNCTION_GENERATOR Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

REAL

The analog signal input to the
instruction.

Valid = any float

Default =0.0

XY1Size

DINT

Number of points in the piece-wise
linear curve to use from table one. If
the value is less than one and Select
is cleared, the instruction sets the
appropriate bit in Status and the
output is not changed.

Valid = 1to (smallest of X1and Y1
array sizes)

Default =1

XY2Size

DINT

Number of points in the piece-wise
linear curve to use from table two.
If the value is less than one and
Select is set, the instruction sets
the appropriate bit in Status and the
output is not changed.

Valid = 0 to (smallest of X2 and Y2
array sizes)

Default =0

Select

BOOL

This input determines which table to
use. When cleared, the instruction
uses table one; when set, the
instruction uses table two.

Default is cleared.

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
Cleared to false on overflow

Out

REAL

Output of the instruction.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

Instruction generated a fault.

XY1Sizelnv (Status.1)

BOOL

Size of table 1is invalid or not
compatible with the array size.

Rockwell Automation, Inc.
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Output Parameter Data Type Description

XY2Sizelnv (Status.2) BOOL Size of table 2 is invalid or not
compatible with the array size.

XisOutofOrder (Status.3) BOOL The X parameters are not sorted.

Description

The following illustration shows how the FGEN instruction converts a twelve-segment curve.

Y T

e /
Ty
Y T

X1 XE XS Xd. XS XE\ X? XS XQ X1El Xﬁ X13 X13

In

The X-axis parameters must follow the relationship:
X[1]1< X[2] < X[3] < ... < X[XY<n>Size],

where XY<n>Size > 1and is a number of points in the piece-wise linear curve and where nis 1or
2 for the table selected. You must create sorted X-axis elements in the X arrays.

The Select input determines which table to use for the instruction. When the instruction is
executing on one table, you can modify the values in the other table. Change the state of Select
to execute with the other table.

Before calculating Out, the X axis parameters are scanned. If they are not sorted in ascending
order, the appropriate bit in Status is set and Out remains unchanged. Also, if XY1Size or XY2Size
is invalid, the instruction sets the appropriate bit in Status and leaves Out unchanged.

The instruction uses this algorithm to calculate Out based on In:
« WhenIn £ X[1], set Out = Y[1]
«  When In > X[XY<n>Size], set Out = Y[XY<n>Size]

«  When X[n]<In £ X[n+1], calculate Out = ((Y[n+1]-Yn)/ (X[ n+1]-Xn)J¥{In-Xn)+Yn
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Affects Math Status Flags
No

Major/Minor Fault

None specific to this instruction. See Common Attributes on page

faults.

Execution

Ladder Diagram

for operand-related

Condition

Function Block Action

Prescan

Rung-condition-out is cleared to false.

Rung-condition-in is false

Set Rung-condition-out to Rung-condition-in.

Rung-condition-in is true

Set Rung-condition-out to Rung-condition-in.

Execute FGEN algorithm.

Postscan

Rung-condition-out is cleared to false.

Function Block Diagram

Condition

Function Block Action

Prescan

Enableln and EnableQut bits are set to false.

Enableln is false

Enableln and EnableQut bits are set to false.

Enableln is true

Enableln and EnableQut bits are set to true. Execute
FGEN algorithm.

Instruction first run

N/A

Instruction first scan

Set the internal Out to 0.0

Execute FGEN algorithm.
Postscan Enableln and EnableQut bits are set to false.
Structured Text
Condition/State Action Taken
Prescan Enableln and EnableQut bits are set to false.

Normal Execution

Enableln and EnableQut bits are set to true.

Execute FGEN algorithm.

Postscan

Enableln and EnableQut bits are set to false.
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Examples

Example 1

In this example, the FGEN instruction characterizes a flow signal which is then totalized using
a T0T instruction. The FGEN_O1X1 and FGEN_O1Y1 arrays are REAL arrays of 10 elements each
to support up to a 9 segment curve. You can use arrays of any size to support a curve of any
desired number of segments.

Function Block

FGEN [l TOT [
Function Generator Totalizer
FGEN_01 FlowTotal
Lecal1:1.Ch0Data In Out In Total
x4 FGEN_D1X1 ProgProgReq OldTotal
ProgOperReq ProgCper
b FGEN_011 ProgStartReq RunStop
X2 7 ProgStopReq ProgResetDone
ProgRezetReq TargetFlag
2 ? TargetDeviFlag
TargetDevZFlag
Ladder Diagram
MOVE FGEN MOVE
Source Local:0:.Data FGEN FGEN_01 .. Source FGEN_01.0ut
2#0000_0000_0000_0000_0000_0000_0000_0000+ In input_real 0.0«
Dest input_real X1 array_x1 Dest Local:1:0.Data
0.0« Y1 array_y1 2#0000_0000_0000_0000_0000_0000_0000_0000+
X2
Y2 0
Out 0.0«
Example 2
This example passes optional parameters to FGEN instruction.
Function Block
FGEN ] TOT (|
Function Generator Totalizer
FGEN_02 FlowTotall
0.0 0.0 0.0
Local:1:1.Ch0Data In Out In Total 0o
x4 FGEN_02x1 ProgProgReq OldTotal B-
ProgOperReq ProgOper .
1 FGEN_0271 ProgStartReq RunStop 0
X2 FGEN_02x2 ProgStopReqg ProgResetDone .
ProgResetReq TargetFlag .
2 FGEN_02v2 TargetDeviFlag .

TargetDev2Flag

Ladder Diagram

MOVE FGEN MOVE
Source Local (r1 Data FGEN FGEN_01 Source FGEN_01 Out
280000_0000_0000_0000_0000_0000_0000_0000« v input_real 00w
Dest input_real X1 amay_x1 hest Local1:0 Data
00e amay_yi 250000_0000_0000_0000_0000_0000_0000_0000«
amay x2
amay_y2
00
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Lead-Lag (LDLG)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Lead-Lag (LDLG) instruction provides a phase lead-lag compensation for an input signal.
This instruction is typically used for feedforward PID control or for process simulations.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram.

Function Block

LDLG_01

Structured Text
LDLG(LDLG_tag);

Operands

Function Block

Operand Type Format Description

LDLG tag LEAD_LAG Structure LDLG structure
Structured Text

Operand Type Format Description

LDLG tag LEAD_LAG Structure LDLG structure

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

LEAD_LAG Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the
instruction does not execute and
outputs are not updated.
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Input Parameter

Data Type

Description

Default is set.

REAL

The analog signal input to the
instruction.

Valid = any float

Default =0.0

Initialize

BOOL

Request to initialize filter control
algorithm. When Initialize is set, Out
=(Inx Gain) + Bias.

Default = cleared

Lead

REAL

The lead time in seconds. Set

Lead = 0.0 to disable the lead
control algorithm. If Lead < 0.0, the
instruction sets the appropriate bit
in Status and limits Lead to 0.0. If
Lead > maximum positive float, the
instruction sets the appropriate bit
in Status.

Valid = any float Z 0.0
Default=0.0

Lag

REAL

The lag time in seconds. The
minimum lag time is DeltaT/2. If Lag
< DeltaT/2, the instruction sets the
appropriate bit in Status and limits
Lag to DeltaT/2. If Lag > maximum
positive float, the instruction sets
the appropriate bit in Status.

Valid = any float = DeltaT/2
Default =0.0

Gain

REAL

The process gain multiplier. This
value allows the simulation of

a process gain. The In signal is
multiplied by this value. I =(In x Gain)
+Bias

Valid = any float

Default=1.0

Bias

REAL

The process offset level. This value
allows the simulation of an ambient
condition. This value is summed with
the results of the multiplication of In
times Gain. | =(In x Gain) + Bias
Valid = any float

Default=0.0

TimingMode

DINT

Selects timing execution mode.
0 = Periodic rate

1= 0versample mode
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Input Parameter

Data Type

Description

2 = Real-time sampling mode

Valid=0to2

Default =0

For more information about
timing modes, see Function Block
Attributes.

OversampleDT

REAL

Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default=0

RTSTime

DINT

Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp

DINT

Module time stamp value for real
time sampling mode.

Valid = 0 to 32,767ms

Default =0

Output Parameter

Data Type

Description

EnableQut

BOOL

Enable output.

Out

REAL

The calculated output of the
algorithm. Math status flags are used
for this output.

DeltaT

REAL

Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

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

LeadInv (Status.1)

BOOL

Lead < minimum value or Lead >
maximum value.

Laginv (Status.2)

BOOL

Lag < minimum value or Lag >
maximum value.

TimingModelnv (Status.27)

BOOL

Invalid TimingMode value.
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Output Parameter Data Type Description

For more information about
timing modes, see Function Block
Attributes.

RTSMissed (Status.28) BOOL Only used in real time sampling
mode. Set when
ABS | DeltaT - RTSTime | > 1(.001

second).
RTSTimelnv (Status.29) BOOL Invalid RTSTime value.
RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.
DeltaTInv (Status.31) BOOL Invalid DeltaT value.

Description

The LDLG instruction supports one lead and lag in series. The instruction also allows
configurable gain and bias factors. The LDLG instruction is designed to execute in a task where
the scan rate remains constant.

The LDLG instruction uses this equation:

1+Le=:cm!’><s:|
l1+iagxs

Hs) = [

with these parameter limits:

Parameter Limitations

Lead LowLimit=0.0
HighLimit = maximum positive float

Lag LowLimit = DeltaT/2 (DeltaT is in seconds)
HighLimit = maximum positive float

Whenever the value computed for the output is invalid, NAN, or % INF, the instruction sets Qut =
the invalid value and sets the Math overflow status flag. When the value computed for the output
becomes valid, the instruction initializes the internal parameters and sets Out =(In x Gain) +

Bias.

Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.

Publication 1756-RMO06P-EN-P - September 2025 Rockwell Automation, Inc.


unique_24
unique_24

Chapter1  Process Control Instructions

Rockwell Automation, Inc.

Execution

Function Block

Condition

Function Block Action

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

N/A

Instruction first scan

Execute "Out = (In * Gain) + Bias".

Recalculate Lead/Lag coefficients.

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

Example

The LDLG instruction in this example adds a first-order lag to a simulated process. Optionally,
you could enter a Gain on the LDLG instruction to simulate a process gain, and you could enter a
Bias to simulate an ambient condition.
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Function Block

DEDT ) e [ PDE G
Deadtime Lead-Lag Enhanced PID
DEDT_O1 LOLG_01 SimulatedLoop

torageArray DEDT_01array

......

Structured Text

DEDT_OLIn := SimulatedLoop.CVEU;
DEDT(DEDT_O1,DEDT_O1_array);
LDLG_0%In := DEDT_01.0ut;
LDLG(LDLG_01);

SimulatedLoop.PV := LDLG_01.0ut;
PIDE(SimulatedLoop);

This information applies to the CompactLogix 5370, ControlLogix 5570, CompactLogix 5380, and
ControlLogix 5580 controllers.

NOTE: The PIDE instruction is not supported in safety applications and is not supported on ControlLogix 5590
controllers. For ControlLogix 5590 controller projects, substitute the PPID instruction. See Replacement Guidelines:
Logix 5000 Controllers (publication 1756-RM100) for information on migrating projects for use with ControlLogix
5590 controllers.

The Enhanced PID (PIDE) instruction provides enhanced capabilities over the standard PID
instruction. The instruction uses the velocity form of the PID algorithm. The gain terms are
applied to the change in the value of error or PV, not the value of error or PV.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram.
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Function Block

PIDE
Enhanced PID

PIDE_01

Fl"..."

SPProg
SPCascade
RatioProg
CWProg

FF

HandFB
ProgProgReq
ProgOperReq
ProgCasRatReq
ProgAutoReq

ProgManualReq

AutotuneTag

Structured Text
PIDE(PIDE_tag);

Operands

Function Block

CWVEU

sp

PYHHAlarm
PvYHAlarm
PYLAlarm
PVLLAlarm
PWROCPosAlarm
PVROCHegAlarm
DevHHAlarm
DevHAlarm
DevLAlarm
DevLLAlarm
ProgOper
CasRat

Auto

Manual

Owerride

Hand

?

=
[=

= L= = L= = L= = L= = L= = L= = L= = =
=

L=

Operand Type Format Description
PIDE tag PID_ENHANCED structure PIDE structure
autotune tag PIDE_AUTOTUNE structure (optional)
autotune structure
Structured Text
Operand Type Format Description
PIDE tag PID_ENHANCED structure PIDE structure
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See Structured Text Syntax for more information on the syntax of expressions within structured

text.

PIDE Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

PV

REAL

Scaled process variable input. This
value is typically read from an analog
input module.

Valid = any float

Default=0.0

PVFault

BOOL

PV bad health indicator. If PV is read
from an analog input, then PVFault
is normally controlled by the analog
input fault status. When PVFault is
true, it indicates the input signal has
an error.

Default is false = "good health"

PVEUMax

REAL

Maximum scaled value for PV.

The value of PV and SP which
corresponds to 100 percent span of
the Process Variable.

Valid = PVEUMin < PVEUMax =
maximum positive float
Default =100.0

PVEUMin

REAL

Minimum scaled value for PV.

The value of PV and SP which
corresponds to 0 percent span of the
Process Variable.

Valid = maximum negative float =
PVEUMin < PVEUMax
Default=0.0

SPProg

REAL

SP program value, scaled in

PV units. SP is set to this value

when in Program control and not
Cascade/Ratio mode. If the value of
SPProg < SPLLimit or > SPHLimit, the
instruction sets the appropriate bit
in Status and limits the value used
for SP.

Valid = SPLLimit to SPHLimit
Default=0.0
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Input Parameter

Data Type

Description

SPOper

REAL

SP operator value, scaled in

PV units. SP is set to this value

when in Operator control and not
Cascade/Ratio mode. If the value of
SPOper < SPLLimit or > SPHLimit, the
instruction sets the appropriate bit
in Status and limits the value used
for SP.

Valid = SPLLimit to SPHLimit
Default=0.0

SPCascade

REAL

SP Cascade value, scaled in PV units.
If CascadeRatio is true and UseRatio
is false, then SP = SPCascade. This is
typically the CVEU of a primary loop.
If CascadeRatio and UseRatio are
true, then SP = (SPCascade x Ratio).
If the value of SPCascade < SPLLimit
or > SPHLimit, set the appropriate bit
in Status and limit the value used for
SP.

Valid = SPLLimit to SPHLimit
Default=0.0

SPHLimit

REAL

SP high limit value, scaled in PV
units. If SPHLimit > PVEUMax, the
instruction sets the appropriate bit
in Status.

Valid = SPLLimit to PVEUMax
Default =100.0

SPLLimit

REAL

SP low limit value, scaled in PV
units. If SPLLimit < PYEUMin, the
instruction sets the appropriate bit
in Status. If SPHLimit < SPLLimit,
the instruction sets the appropriate
bit in Status and limits SP using the
value of SPLLimit.

Valid = PVEUMin to SPHLimit
Default =0.0

UseRatio

BOOL

Allow ratio control permissive. Set to
true to enable ratio control when in
Cascade/Ratio mode.

Default is false.

RatioProg

REAL

Ratio program multiplier. Ratio

and RatioOper are set equal to this
value when in Program control.

If RatioProg < RatioLLimit or >
RatioHLimit, the instruction sets the
appropriate bit in Status and limits
the value used for Ratio.
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Input Parameter

Data Type

Description

Valid = RatioLLimit to RatioHLimit
Default=1.0

RatioOper

REAL

Ratio operator multiplier. Ratio is set
equal to this value when in Operator
control. If RatioOper < RatioLLimit or
> RatioHLimit, the instruction sets
the appropriate bit in Status and
limits the value used for Ratio.

Valid = RatioLLimit to RatioHLimit
Default=1.0

RatioHLimit

REAL

Ratio high limit value. Limits

the value of Ratio obtained

from RatioProg or RatioOper. If
RatioHLimit < RatioLLimit, the
instruction sets the appropriate bit
in Status and limits Ratio using the
value of RatioLLimit.

Valid = RatioLLimit to maximum
positive float

Default=1.0

RatioLLimit

REAL

Ratio low limit value. Limits the value
of Ratio obtained from RatioProg

or RatioOper. If RatioLLimit < 0, the
instruction sets the appropriate bit
in Status and limits the value to zero.
If RatioHLimit < RatioLLimit, the
instruction sets the appropriate bit
in Status and limits Ratio using the
value of RatioLLimit.

Valid = 0.0 to RatioHLimit
Default=1.0

CVFault

BOOL

Control variable bad health indicator.
If CVEU controls an analog output,
then CVFault normally comes from
the analog output's fault status.
When true, CVFault indicates an
error on the output module and the
instruction sets the appropriate bit
in Status.

Default is false = "good health"

CVInitReq

BOOL

CV initialization request. This signal
is normally controlled by the "In Hold"
status on the analog output module
controlled by CVEU or from the
InitPrimary output of a secondary
PID loop.

Default is false.
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Input Parameter

Data Type

Description

CVInitValue

REAL

CVEU initialization value, scaled

in CVEU units. When CVInitializing
is true, CVEU = CVInitValue and

CV equals the corresponding
percentage value. CVInitValue comes
from the feedback of the analog
output controlled by CVEU or from
the setpoint of a secondary loop.
Instruction initialization is disabled
when CVFaulted or CVEUSpaninv is
true.

Valid = any float

Default=0.0

CVProg

REAL

CV program manual value. CV
equals this value when in Program
Manual mode. If CVProg < 0 or >
100, or < CVLLimit or > CVHLimit
when CVManLimiting is true, the
instruction sets the appropriate bit
in Status and limits the CV value.
Valid = 0.0 to 100.0

Default=0.0

CVOper

REAL

CV operator manual value. CV
equals this value when in Operator
Manual mode. If not Operator
Manual mode, the instruction sets
CVOper = CV at the end of each
instruction execution. If CVOper <0
or > 100, or < CVLLimit or > CVHLimit
when CVManLimiting is true, the
instruction sets the appropriate bit
in Status and limits the CV value.
Valid = 0.0 to 100.0

Default=0.0

CVOverride

REAL

CV override value. CV equals this
value when in override mode.

This value should correspond to

a safe state output of the PID

loop. If CVOverride < 0 or >100, the
instruction sets the appropriate bit
in Status and limits the CV value.
Valid = 0.0 to 100.0

Default=0.0

CVPrevious

REAL

CVp-y value. If CVSetPrevious is set,
CVp-1 equals this value. CVy - is
the value of CV from the previous
execution. CVPrevious is ignored
when in manual, override or hand
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Input Parameter

Data Type

Description

mode or when CVInitializing is set.
If CVPrevious < 0 or > 100, or <
CVLLimit or > CVHLimit when in
Auto or cascade/ratio mode, the
instruction sets the appropriate bit
in Status and limits the CVn-1value.

Valid = 0.0 t0 100.0
Default =0.0

CVSetPrevious

BOOL

Request to use CVPrevious. If true,
CVn-1=CVPrevious

Default is false.

CVManLimiting

BOOL

Limit CV in manual mode request. If
Manual mode and CVManLimiting is
true, CV is limited by the CVHLimit
and CVLLimit values.

Default is false.

CVEUMax

REAL

Maximum value for CVEU. The value
of CVEU which corresponds to 100
percent CV. If CVEUMax = CVEUMin,
the instruction sets the appropriate
bit in Status.

Valid = any float

Default =100.0

CVEUMin

REAL

Minimum value of CVEU. The value
of CVEU which corresponds to 0
percent CV. If CVEUMax = CVEUMin,
the instruction sets the appropriate
bit in Status.

Valid = any float

Default=0.0

CVHLimit

REAL

CV high limit value. This is used to
set the CVHAlarm output. It is also
used for limiting CV when in Auto

or Cascade/Ratio mode, or Manual
mode if CVManLimiting is true. If
CVHLimit > 100 or < CVLLimit, the
instruction sets the appropriate bit
in Status. If CVHLimit < CVLLimit, the
instruction limits CV using the value
of CVLLimit.

Valid = CVLLimit < CVHLimit = 100.0

Default =100.0

CVLLimit

REAL

CV low limit value. This is used to
set the CVLAlarm output. It is also
used for limiting CV when in Auto
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Input Parameter

Data Type

Description

or Cascade/Ratio mode, or Manual
mode if CVYManLimiting is true. If
CVLLimit < 0 or CVHLimit < CVLLimit,
the instruction sets the appropriate
bit in Status. If CVHLimit < CVLLimit,
the instruction limits CV using the
value of CVLLimit.

Valid = 0.0 = CVLLimit < CVHLimit

Default = 0.0

CVROCLimit

REAL

CV rate of change limit, in percent
per second. Rate of change limiting
is only used when in Auto or
Cascade/Ratio modes or Manual
mode if CYManLimiting is true.

Enter 0 to disable CV ROC limiting.

If CVROCLimit < 0, the instruction
sets the appropriate bit in Status and
disables CV ROC limiting.

Valid = 0.0 to maximum positive float
Default =0.0

FF

REAL

Feed forward value. The value of
feed forward is summed with CV
after the zero-crossing deadband
limiting has been applied to CV.
Therefore changes in FF are always
reflected in the final output value
of CV. If FF <-100 or > 100, the
instruction sets the appropriate bit
in Status and limits the value used
for FF.

Valid =-100.0 to 100.0

Default =0.0

FFPrevious

REAL

FFp-p value. If FF SetPrevous is

set, the instruction sets FF1 =
FFPrevious. FFy-1 is the valu eof

FF from the previous execution.

If FFPrevious < -100 or > 100, the
instruction sets the appropriate bit
in Status and limits value used for
FFp

Valid =-100.0 to 100.0
Default - 0.0

FFSetPrevious

BOOL

Request to use FFPrevious. If true,
FFn-1=FFPrevious.

Default is false.
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Data Type
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HandFB

REAL

CV Hand feedback value. CV equals
this value when in Hand mode and
HandFBFault is false (good health).
This value typically comes from the
output of a field mounted hand/
auto station and is used to generate
a bumpless transfer out of hand
mode. If HandFB < 0 or > 100, the
instruction sets the appropriate bit
in Status and limits the value used
for CV.

Valid = 0.0 to 100.0

Default=0.0

HandFBFault

BOOL

HandFB value bad health indicator.
If the HandFB value is read from an
analog input, then HandFBFault is
typically controlled by the status of
the analog input channel. When true,
HandFBFault indicates an error on
the input module and the instruction
sets the appropriate bit in Status.
Default is false = "good health"

WindupHin

BOOL

Windup high request. When true, the
CV cannot integrate in a positive
direction. The signal is typically
obtained from the WindupHOut
output from a secondary loop.
Default is false.

WindupLIn

BOOL

Windup low request. When true, the
CV cannot integrate in a negative
direction. This signal is typically
obtained from the WindupLOut
output from a secondary loop.
Default is false.

ControlAction

BOOL

Control action request. Set to true to
calculate error as E = PV - SP; clear
to false to calculate error as E = SP
- PV.

Default is false.

Dependindepend

BOOL

Dependent/independent control
request. When true, use the
dependent form of the PID equation;
when false, use the independent
form of the equations.

Default is false.

PGain

REAL

Proportional gain. When the
independent form of the PID
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Input Parameter

Data Type

Description

algorithm is selected, enter the
unitless proportional gain into

this value. When the dependent

PID algorithm is selected, enter

the unitless controller gain into

this value. Enter 0 to disable the
proportional control. If PGain < 0, the
instruction sets the appropriate bit
in Status and uses a value of PGain
=0.

Valid = 0.0 to maximum positive float
Default =0.0

|Gain

REAL

Integral gain. When the independent
form of the PID algorithm is selected,
enter the integral gain in units of
1/minutes into this value. When the
dependent PID algorithm is selected,
enter the integral time constant in
units of minutes/repeat into this
value. Enter 0 to disable the integral
control. If 1Gain < 0, the instruction
sets the appropriate bit in Status and
uses a value of IGain = 0.

Valid = 0.0 to maximum positive float
Default =0.0

DGain

REAL

Derivative gain. When the
independent form of the PID
algorithm is selected, enter the
derivative gain in units of minutes
into this value. When the dependent
PID algorithm is used, enter the
derivative time constant in units

of minutes into this value. Enter 0
to disable the derivative control. If
DGain <0, the instruction sets the
appropriate bit in Status and uses a
value of DGain = 0.

Valid = 0.0 to maximum positive float
Default=0.0

PVEProportional

BOOL

Proportional PV control request.
When true, calculate the proportional
term (DeltaPTerm) using the change
in process variable (PVPercent).
When false, use the change in error
(EPercent).

Default is false.

PVEDerivative

BOOL

Derivative PV control request. When
true, calculate the derivative term
(DeltaDTerm) using the change
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Input Parameter

Data Type

Description

in process variable (PVPercent).
When false, use the change in error
(EPercent).

Default is true.

DSmoothing

BOOL

Derivative Smoothing request. When
true, changes in the derivative term
are smoothed. Derivative smoothing
causes less output "jitters" as a
result of a noisy PV signal but also
limits the effectiveness of high
derivative gains.

Default is false.

PVTracking

BOOL

SP track PV request. Set to true
to cause SP to track PV when in
manual mode. Ignored when in
Cascade/Ratio or Auto mode.
Default is false.

ZCDeadband

REAL

Zero crossing deadband range,
scaled in PV units. Defines the zero
crossing deadband range. Enter 0 to
disable the zero crossing deadband
checking. If ZCDeadband < 0, the
instruction sets the appropriate bit
in Status and disables zero crossing
deadband checking.

Valid = 0.0 to maximum positive float
Default=0.0

ZCOff

BOOL

Zero crossing disable request. Set to
true to disable zero crossing for the
deadband calculation.

Default is false.

PVHHLimit

REAL

PV high-high alarm limit value,
scaled in PV units.

Valid = any float

Default = maximum positive float

PVHLimit

REAL

PV high alarm limit value, scaled in
PV units.

Valid = any float

Default = maximum positive float

PVLLimit

REAL

PV low alarm limit value, scaled in PV
units.

Valid = any float

Default = maximum negative float

PVLLLimit

REAL

PV low-low alarm limit value, scaled
in PV units.
Valid = any float
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Data Type

Description

Default = maximum negative float

PVDeadband

REAL

PV alarm limit deadband value,
scaled in PV units. Deadband is the
delta value between the turn-on and
turn-off value for each of the PV
alarm limits. If PVDeadband < 0.0,
the instruction sets the appropriate
bit in Status and limits PVDeadband
to zero.

Valid = 0.0 to maximum positive float
Default=0.0

PVROCPosLimit

REAL

PV positive rate of change alarm
limit. The limit value for a positive
(increasing) change in PV, scaled

in PV units per seconds. Enter 0.0
to disable positive PVROC alarm
checking. If PVROCPosLimit < 0.0,
the instruction sets the appropriate
bit in Status and disables positive
PVROC checking.

Valid = 0.0 to maximum positive float
Default = 0.0 PV/second

PVROCNegLimit

REAL

PV negative rate of change alarm
limit. The limit value for a negative
(decreasing) change in PV, scaled
in PV units per seconds. Enter 0.0
to disable negative PVROC alarm
checking. If PVROCNegLimit <0,
the instruction sets the appropriate
bit in Status and disables negative
PVROC checking.

Valid = 0.0 to maximum positive float
Default =0.0

PVROCPeriod

REAL

PV rate of change sample period.
The time period, in seconds, over
which the rate of change for PV is
evaluated. Enter 0 to disable PVROC
alarm checking If PYROCPeriod < 0.0,
the instruction sets the appropriate
bit in Status, and disables positive
and negative PVROC checking.

Valid = any float = 0.0

Default = 0.0 seconds

DevHHLimit

REAL

Deviation high-high alarm limit
value, scaled in PV units. Deviation
is the difference in value between
the process variable (PV) and the
setpoint (SP). Deviation alarming
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Data Type

Description

alerts the operator to a discrepancy
between the process variable and
the setpoint value. If DevHHLimit

< 0.0, the instruction sets the
appropriate bits in Status and sets
DevHHLimit = 0.0.

Valid = 0.0 to maximum positive float
Default = maximum positive float

DevHLimit

REAL

Deviation high alarm limit value,
scaled in PV units. Deviation is

the difference in value between

the process variable (PV) and the
setpoint (SP). Deviation alarming
alerts the operator to a discrepancy
between the process variable and
the setpoint value. If DevHLimit

< 0.0, the instruction sets the
appropriate bit in Status and sets
DevHLimit = 0.0.

Valid = 0.0 to maximum positive float
Default = maximum positive float

DevLLimit

REAL

Deviation low alarm limit value,
scaled in PV units. Deviation is

the difference in value between

the process variable (PV) and the
setpoint (SP). Deviation alarming
alerts the operator to a discrepancy
between the process variable and
the setpoint value. If DevLLimit < 0.0,
the instruction sets the appropriate
bit in Status and sets DevLLimit =
0.0.

Valid = 0.0 to maximum positive float
Default = maximum positive float

DevLLLimit

REAL

Deviation low-low alarm limit value,
scaled in PV units. Deviation is

the difference in value between

the process variable (PV) and the
setpoint (SP). Deviation alarming
alerts the operator to a discrepancy
between the process variable and
the setpoint value. If DevLLLimit

< 0.0, the instruction sets the
appropriate bit in Status and sets
DevLLLimit = 0.0.

Valid = 0.0 to maximum positive float
Default = maximum positive float

DevDeadband

REAL

The deadband value for the
Deviation alarm limits, scaled in PV
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Data Type
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units. Deadband is the delta value
between the turn-on and turn-off
value for each of the Deviation alarm
limits. If DevDeadband < 0.0, the
instruction sets the appropriate bit
in Status and sets DevDeadband =
0.0.

Valid = 0.0 to maximum positive float
Default=0.0

AllowCasRat

BOOL

Allow cascade/ratio mode
permissive. Set to true to allow
Cascade/Ratio mode to be selected
using either ProgCasRatReq or
OperCasRatReq.

Default is false.

ManualAfterlnit

BOOL

Manual mode after initialization
request. When true, the instruction
is placed in Manual mode when
CVinitializing is true, unless the
current mode is Override or Hand.
When ManualAfterInit is false, the
instruction’s mode is not changed,
unless requested to do so.

Default is false.

ProgProgReq

BOOL

Program program request. Set

to true by the user program to
request Program control. Ignored

if ProgOperReq is true. Holding this
true and ProgOperReq false locks
the instruction in Program control.
When ProgValueReset is true, the
instruction clears this input to false
at each execution.

Default is false.

ProgOperReq

BOOL

Program operator request. Set to
true by the user program to request
Operator control. Holding this true
locks the instruction in Operator
control. When ProgValueReset is
true, the instruction clears this input
to false at each execution.

Default is false.

ProgCasRatReq

BOOL

Program cascade/ratio mode
request. Set to true by the user
program to request Cascade/Ratio
mode. When ProgValueReset is true,
the instruction clears this input to
false at each execution.
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Data Type
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Default is false.

ProgAutoReq

BOOL

Program auto mode request. Set to
true by the user program to request
Auto mode. When ProgValueReset is
true, the instruction clears this input
to false at each execution.

Default is false.

ProgManualReq

BOOL

Program manual mode request.

Set to true by the user program

to request Manual mode. When
ProgValueReset is true, the
instruction clears this input to false
ateach execution.

Default is false.

ProgOverrideReq

BOOL

Program override mode request.
Set to true by the user program

to request Override mode. When
ProgValueReset is true, the
instruction clears this input to false
at each execution.

Default is false.

ProgHandReq

BOOL

Program hand mode request.

Set to true by the user program

to request Hand mode. This

value is usually read as a digital
input from a hand/auto station.
When ProgValueReset is true, the
instruction clears this input to false
at each execution.

Default is false.

OperProgReq

BOOL

Operator program request. Set

to true by the operator interface

to request Program control. The
instruction clears this input to false
at each execution.

Default is false.

OperOperReq

BOOL

Operator operator request. Set

to true by the operator interface

to request Operator control. The
instruction clears this input to false
at each execution.

Default is false.

OperCasRatReq

BOOL

Operator cascade/ratio mode
request. Set to true by the operator
interface to request Cascade/ Ratio
mode. The instruction clears this
input to false at each execution.
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Data Type
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Default is false.

OperAutoReq

BOOL

Operator auto mode request. Set
to true by the operator interface to
request Auto mode. The instruction
clears this input to false at each
execution.

Default is false.

OperManualReq

BOOL

Operator manual mode request. Set
to true by the operator interface

to request Manual mode. The
instruction clears this input to false
at each execution.

Default is false.

ProgValueReset

BOOL

Reset program control values.

When true, all the program request
inputs are cleared to false by the
instruction at each execution. When
true and in Operator control, the
instruction sets SPProgram = SP and
CVProgram = CV.

Default is false.

TimingMode

DINT

Selects timing execution mode.
0 = Periodic mode

1= 0versample mode

2 = Real time sampling mode

For more information about
timing modes, see Function Block
Attributes.

Valid=0to2

Default =0

OversampleDT

REAL

Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default=0

RTSTime

DINT

Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp

DINT

Module time stamp value for real
time sampling mode.

Valid = 0 to 32,767ms

Default =0

AtuneAcquire

BOOL

Acquire PIDE AtuneData request.

Default is false.
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Input Parameter

Data Type

Description

AtuneStart

BOOL

Start Autotune request.

Default is false.

AtuneUseGains

BOOL

Use Autotune gains request.

Default is false.

AtuneAbort

BOOL

Abort Autotune request.

Default is false.

AtuneUnacquire

BOOL

Unacquire PIDE AtuneData request.

Default is false.

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
Cleared to false if CVEU overflows.

CVEU

REAL

Scaled control variable output.
Scaled using CVEUMax and CVEUMin,
where CVEUMax corresponds to 100
percent and CVYEUMin corresponds
to 0 percent. This output typically
controls an analog output module or
a secondary loop.

CVEU =(CV x CVEUSpan / 100) +
CVEUMin

CVEU span calculation: CVEUSpan =
(CVEUMax - CVEUMin)

cv

REAL

Control variable output. This value
is expressed as 0 to 100 percent. CV
is limited by CVHLimit and CVLLimit
when in auto or cascade/ratio mode
or manual mode if CVManLimiting is
true. Otherwise this value is limited
by 0 and 100 percent.

CVinitializing

BOOL

Initialization mode indicator.
CVinitializing is set to true when
CVInitReq is true, during instruction
first scan, and on a true to false
transition of CVHealth (bad to good).
CVinitializing is cleared to false after
the instruction has been initialized
and CVInitReq is false.

CVHAlarm

BOOL

CV high alarm indicator. Set to true
when the calculated value of
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CV>100 or CVHLimit.

CVLAlarm

BOOL

CV low alarm indicator. Set to true
when the calculated value of
CV <0 or CVLLimit.

CVROCAlarm

BOOL

CV rate of change alarm indicator.
Set to true when the calculated
rate of change for CV exceeds
CVROCLimit.

SP

REAL

Current setpoint value. The value of
SP is used to control CV when in Auto
or Cascade/ Ratio mode.

SPPercent

REAL

The value of SP expressed in percent
of span of PV.

SPPercent = ((SP - PYEUMin) x 100) /
PVSpan

PV Span calculation: PVSpan =
(PVEUMax - PVEUMin)

SPHAlarm

BOOL

SP high alarm indicator.
Set to true when the SP > SPHLimit.

SPLAlarm

BOOL

SP low alarm indicator.
Set to true when the SP < SPLLimit.

PVPercent

REAL

PV expressed in percent of span.
PVPercent = ((PV- PVEUMin) x 100) /
PVSpan

PV Span calculation: PVSpan =
(PVEUMax - PVEUMin)

REAL

Process error. Difference between
SP and PV, scaled in PV units.

EPercent

REAL

The error expressed as a percent of
span.

InitPrimary

BOOL

Initialize primary loop command. Set
to true when not in Cascade/Ratio
mode or when CVInitializing is true.
This signal is normally used by the
CVInitReq input of a primary PID
loop.

WindupHOut

BOOL

Windup high indicator. Set to

true when CV high or CV low limit

(depending on the control action)

or SP high limit has been reached.
This signal is typically used by the
WindupHIn input to prevent the
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windup of the CV output on a primary
loop.

WindupLOut

BOOL

Windup low indicator. Set to true
when CV high or CV low limit
(depending on the control action)

or SP low limit has been reached.
This signal is typically used by the
WindupLIn input to prevent the
windup of the CV output on a primary
loop.

Ratio

REAL

Current ratio multiplier.

RatioHAlarm

BOOL

Ratio high alarm indicator. Set to
true when Ratio > RatioHLimit.

RatioLAlarm

BOOL

Ratio low alarm indicator. Set to true
when Ratio < RatioLLimit.

ZCDeadbandOn

BOOL

Zero crossing deadband indicator.
When true the value of CV does

not change. If ZCOff is true, then
ZCDeadbandOn is set to true when |
E [is within the ZCDeadband range.
If ZCOff is false, then ZCDeadbandOn
is set to true when | E | crosses

zero and remains within the
ZCDeadband range. ZCDeadbandOn
is cleared to false when | E | exceeds
the deadband range or when
ZCDeadband = 0.

PVHHAlarm

BOOL

PV high-high alarm indicator. Set to
true when PV = PVHHLimit. Cleared
to false when PV < (PVHHLimit -
PVDeadband)

PVHAlarm

BOOL

PV high alarm indicator. Set to
true when PV 2 PVHLimit. Cleared
to false when PV < (PVHLimit -
PVDeadband)

PVLAlarm

BOOL

PV low alarm indicator. Set to true
when PV £ PVLLimit. Cleared

to false when PV > (PVLLimit +
PVDeadband)
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Output Parameter Data Type Description

PVLLAlarm BOOL PV low-low alarm indicator. Set to
true when PV = PVLLLimit. Cleared
to false when PV > (PVLLLimit +
PVDeadband)

PVROCPosAlarm BOOL PV positive rate-of-change
alarm indicator. Set to true when
calculated PV rate-of-change =
PVROCPosLimit.

PVROCNegAlarm BOOL PV negative rate-of-change
alarm indicator. Set to true when
calculated PV rate-of-change =
(PVROCNegLimit x -1).

DevHHAlarm BOOL Deviation high-high alarm indicator.
Set to true when
PV = (SP + DevHHLimit). Cleared to
false when
PV < (SP + DevHHLimit -
DevDeadband)

DevHAlarm BOOL Deviation high alarm indicator. Set to
true when
PV = (SP + DevHLimit). Cleared to
false when
PV < (SP + DevHLimit - DevDeadband)

DevLAlarm BOOL Deviation low alarm indicator. Set to
true when
PV £ (SP - DevLLimit). Cleared to
false when
PV > (SP - DevLLimit + DevDeadband)

DevLLAlarm BOOL Deviation low-low alarm indicator.
Set to true when
PV = (SP - DevLLLimit). Cleared to
false when
PV > (SP - DevLLLimit +
DevDeadband)

ProgOper BOOL Program/operator control indicator.

Set to true when in Program control.
Cleared to false when in Operator
control.
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Data Type

Description

CasRat

BOOL

Cascade/ratio mode indicator. Set
to true when in the Cascade/Ratio
mode.

Auto

BOOL

Auto mode indicator. Set to true
when in the Auto mode.

Manual

BOOL

Manual mode indicator. Set to true
when in the Manual mode.

Override

BOOL

Override mode indicator. Set to true
when in the Override mode.

Hand

BOOL

Hand mode indicator. Set to true
when in the Hand mode.

DeltaT

REAL

Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

AtuneReady

BOOL

Set to true when the specified
AtuneData has been acquired by the
PIDE instruction.

AtuneOn

BOOL

Set to true when auto tuning has
been initiated.

AtuneDone

BOOL

Set to true when auto tuning has
completed.

AtuneAborted

BOOL

Set to true when auto tuning has
been aborted by the user or due to
errors that occurred during the auto
tuning operation.

AtuneBusy

BOOL

Set to true when the specified
AtuneData could not be acquired
because it is currently acquired by
another PIDE instruction.

Statusl

DINT

Status of the function block.

InstructFault
(Status1.0)

BOOL

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

PVFaulted (Status1.1)

BOOL

Process variable (PV) health bad.

CVFaulted (Status1.2)

BOOL

Control variable (CV) health bad.
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Output Parameter Data Type Description

HandFBFaulted BOOL HandFB value health bad.

(Status1.3)

PVSpaninv BOOL Invalid span of PV. PVEUMax £

(Status1.4) PVEUMin.

SPProglnv BOOL SPProg < SPLLimit or SPProg >

(Status1.5) SPHLimit. The instruction uses the
limited value for SP.

SPQperlnv BOOL SPOper < SPLLimit or SPOper >

(Status1.6) SPHLimit. The instruction uses the
limited value for SP.

SPCascadelnv BOOL SPCascade < SPLLimit or SPCascade

(Status1.7) > SPHLimit. The instruction uses the
limited value for SP.

SPLimitsInv BOOL Limits invalid: SPLLimit < PVEUMin,

(Status1.8) SPHLimit > PVEUMax, or SPHLimit
< SPLLimit. If SPHLimit < SPLLimit,
the instruction limits the value using
SPLLimit

RatioProglnv BOOL RatioProg < RatioLLimit or RatioProg

(Status1.9) > RatioHLimit. The instruction limits
the value for Ratio.

RatioOperlnv BOOL RatioOper < RatioLLimit or RatioOper

(Status1.10) > RatioHLimit. The instruction limits
the value for Ratio.

RatioLimitsInv BOOL RatioLLimit < 0 or RatioHLimit <

(Status1.11) RatioLLimit.

CVProglnv BOOL CVProg < 0 or CVProg > 100, or

(Status1.12) CVProg < CVLLimit or CVProg >
CVHLimit when CVManLimiting is
true. The instruction limits the value
for CV.

CVOperlnv BOOL CVOper < 0 or CVOper > 100, or

(Status1.13) CVOper < CVLLimit or CVOper >
CVHLimit when CVManLimiting is
true. The instruction limits the value
for CV.

CVOverridelnv (Status1.14) BOOL CVOverride < 0 or CVQOverride > 100.
The instruction limits the value for
Cv.

CVPreviousInv (Status1.15) BOOL CVPrevious < 0 or CVPrevious >

100, or CVPrevious < CVLLimit or
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Output Parameter Data Type Description
CVPrevious > CVHLimit when in
Auto or Cascade/Ratio mode. The
instruction limits the value of CVn-1.

CVEUSpaninv BOOL Invalid CVEU span. The instruction

(Status1.16) uses a value of
CVEUMax = CVEUMin.

CVLimitsInv BOOL CVLLimit < 0, CVHLimit > 100, or

(Status1.17) CVHLimit < CVLLimit. If CVHLimit <
CVLLimit, the instruction limits CV
using CVLLimit.

CVROCLimitInv (Status1.18) BOOL CVROCLimit < 0. The instruction
disables ROC limiting.

FFInv (Status1.19) BOOL FF <-100 or FF >100. The instruction
uses the limited value for FF.

FFPreviousinv BOOL FFPrevious < -100 or FFPrevious >

(Status1.20) 100. The instruction uses the limited
value for FFy,

HandFBInv BOOL HandFB < 0 or HandFB >100. The

(Status1.21) instruction uses the limited value for
Cv.

PGainlnv BOOL PGain < 0. The instruction uses a

(Status1.22) value of PGain = 0.

|Gainlnv BOOL IGain < 0. The instruction uses a

(Status1.23) value of IGain=0.

DGainlnv BOOL DGain < 0. The instruction uses a

(Status1.24) value of DGain = 0.

ZCDeadbandInv (Status1.25) BOOL ZCDeadband < 0. The instruction
disables zero crossing deadband.

PVDeadbandInv (Status1.26) BOOL PVDeadband < 0. The instruction
limits PVDeadband to zero.

PVROCLimitslnv (Status1.27) BOOL PVROCPosLimit < 0, PVROCNegLimit
<0, or PVROCPeriod < 0.

DevHLLimitsInv (Status1.28) BOOL Deviation high-low limits invalid.

Low-low limit < 0,

low limit < 0, high limit < 0, or
high-high limit < 0. The instruction
uses 0 for the invalid limit.
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Output Parameter Data Type Description

DevDeadbandInv (Status1.29) BOOL Deviation deadband < 0. The
instruction uses a value of
DevDeadband = 0.

Status2 DINT Timing status of the function block.

TimingModelnv BOOL Invalid TimingMode value.

(Status2.27) For more information about
timing modes, see Function Block
Attributes.

RTSMissed BOOL Only used in real time sampling

(Status2.28) mode. Set to true when
ABS | DeltaT - RTSTime | > 1(.001
second).

RTSTimelnv BOOL Invalid RTSTime value.

(Status2.29)

RTSTimeStamplnv (Status2.30) BOOL Invalid RTSTimeStamp value.

DeltaTlnv BOOL Invalid DeltaT value.

(Status2.31)

Description

The PID algorithm regulates the CV output in order to maintain the PV at the SP when the
instruction executes in Cascade/Ratio or Auto modes.

When ControlAction is set, the calculated value of EPercent and PVPIDPercent is negated before

being used by the control algorithm.

The following table describes how the instruction calculates the PID terms.

PID Term

Method of Calculation

proportional

The proportional term is calculated using:
« PV when PVEPraportional is set or
e Error when PVEProportional is cleared

Set PGain = 0 to disable proportional control.

integral The integral term is calculated using Error. Set [Gain =0
to disable integral control. Also, setting PGain = 0 when
Dependindepend is set will disable integral control.
derivative The derivative term is calculated using:

» PV when PVEDerivative is set or
Error when PVEDerivative is cleared

Set DGain = 0 to disable derivative control. Also, setting
PGain = 0 when Dependindepend is set will disable
derivative control.
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PID Term Method of Calculation

Derivative smoothing is enabled when DSmoothing is
set and disabled when DSmoothing is cleared. Derivative
smoothing causes less CV output "jitter" as a result of a
noisy PV signal but also limits the effectiveness of high
derivative gains.

Computing CV
The PID control algorithm computes the value for CV by summing Delta PTerm, Delta ITerm, Delta

DTerm, and CV from the previous execution of the instruction, for example CV ... When
CVsetPrevious is set,

CVn-1is set equal to CVPrevious. This lets you preset CV, 4 to a specified value before computing
the value of CV.

CalculatedCV = CV,; + DAPTerm + DITerm + DDTerm

PIDE Algorithms

The PIDE instruction uses a velocity form PID algorithm similar to that used in most DCS
systems. Some advantages to a velocity form algorithm include:

» Bumpless adaptive gain changes - You can change gains on the fly without initializing the
algorithm.

» Multi-loop control schemes - You can implement cross limiting between loops by
manipulating the CV,,; term.

Independent Gains Form

g B o R g
{:_\],'\: = F:'—I 1 KPJ'-E q ﬂ_‘Eﬂr 4 E'GK-D " | 3
| | 60 At

In this form of the algorithm, each term of the algorithm (proportional, integral, and derivative)
has a separate gain. Changing one gain only affects that term and not any of the others, where:

PIDE term: Description:
cv Control variable
E Error in percent of span
Dt Update time in seconds used by the loop
Kp Proportional gain
Ki Integral gain in min !
a larger value of K| causes a faster integral response.
Kp Derivative gain in minutes
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Dependent Gains Form
1

~

CV, =C¥,, +K | AE +

r
i

EAt + 60T, —*+———"

E,-2E, +E,_, )

At

This form of the algorithm changes the proportional gain into a controller gain. By changing the
controller gain, you change the action of all three terms (proportional, integral, and derivative)

at the same time, where:

PIDE term: Description:

cv Control variable

E Error in percent of span

Dt Update time in seconds used by the loop

Kc Controller gain

T Integral time constant in minutes per repeat a larger
value of T; causes a slower integral response
It takes Ty minutes for the integral term to repeat the
action of the proportional term in response to a step
change in error.

To Derivative time in constant in minutes

PIDE term: Description:

cv Control variable

E Error in percent of span

Dt Update time in seconds used by the loop

Kp Proportional gain

K| Integral gain in min !
a larger value of K| causes a faster integral response.

Kp Derivative gain in minutes

Determining Which Algorithm to Use

. KK
g adta

. J TJ

o Kn = Kcrn
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The PIDE equations above are representative of the algorithms used by the PIDE instruction.
You can substitute the change in error values for the change in PV (in percent of span) for
the proportional and derivative terms by manipulating the parameters PVEProportional and
PVEDerivative. By default, the PIDE instruction uses the change in error for the proportional
term and the change in PV for the derivative term. This eliminates large derivative spikes on
changes in setpoint.

You can convert the gains used between the different PIDE algorithm forms using these
equations:

K=K,
¢ ke

* r:

Ky =K.T,

Each algorithm provides identical control with the appropriate gains. Some people prefer the
independent gains style because they can manipulate individual gains without affecting the
other terms. Others prefer the dependent gains style because they can, at least to a certain
extent, change just the controller gain and cause an overall change in the aggressiveness of the
PID loop without changing each gain separately.

Monitoring the PIDE Instruction

There is an operator faceplate available for the PIDE instruction.

Autotuning the PIDE Instruction

The Logix DesignerLogix Designer application PIDE autotuner provides an open-loop autotuner
built into the PIDE instruction. You can autotune from PanelView terminal or any other operator
interface devices, as well as the Logix Designer application. The PIDE block has an Autotune Tag
(type PIDE_LAUTOTUNE) that you specify for those PIDE blocks that you want to autotune.

The PIDE autotuner is installed with the application, but you need an activation key to enable
it. The autotuner is only supported in function block programming; it is not available in ladder
diagram or structured text programming.

Use the Autotune tab to specify and configure the autotune tag for a PIDE block.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.
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Execution

Function Block

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

N/A

Instruction first scan

If CVFault and CVEUSpaninv are set,see Processing
Faults later in this instruction.

If CVFault and CVEUSpaninv are cleared:
1. CVinitializing is set

2. If PVFault is set, PVSpaninv and SPlimitsinv are
cleared. See Processing Faults in this instruction.

3. The PID control algorithm is not executed.

4. The instruction sets CVEU = CVInitValue and CV =
corresponding percentage.

5. When CVInitializing and Manual AfterInit are set,
the instructions misables auto and cascade/ratio
modes. If the current mode is not Override or Hand
mode, the instruction changes to manual ode.|f
ManualAfterlnit is cleared, the mode is not changed.
CVEu = CVInitValue
CVp-1=CV =CVEU - CVEUMin x100
CVEUMax - CVEUMin

CVOper=CV
Postscan Enableln and EnableQut bits are cleared to false.
Structured Text
Condition/State Action Taken
Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

When CVInitReq is set, or during instruction first scan, or on a set to cleared transition of
CVFault (bad to good), the instruction initializes the CVEU and CV outputs to the value of
CVInitValue. If the timing mode is not oversample and Enableln transitions from cleared to
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set, the instruction initializes the CVEU and CV values. CVInitialization is cleared after the
initialization and when CVInitReq is cleared.

The CVInitValue normally comes from the analog output's readback value. The CVInitReq value
normally comes from the "In Hold" status bit on the analog output controlled by CVEU. The
initialization procedure is performed to avoid a bump at startup in the output signal being sent
to the field device.

When using cascaded PID loops, the primary PID loop can be initialized when the secondary loop
is initialized or when the secondary loop leaves the Cascade/Ratio mode. In this case, move the
state of the InitPrimary output and SP output from the secondary loop to the CVInitReq input
and CVInitValue input on the primary loop.

The instruction does not initialize and the CVEU and CV values are not updated if CVFault or
CVEUSpanlnv is set.

Examples

Example 1

The easiest way to implement a PIDE instruction is to create a function block routine in a
program in a periodic task. The default timing mode for the PIDE instruction is periodic. When
the PIDE instruction is used in a periodic task and in periodic timing mode, it automatically uses
the periodic task's update rate as its delta t update time. All you need to do is wire the process
variable analog input into the PV parameter on the PIDE instruction and wire the CVEU out of the
PIDE instruction into the controlled variable analog output.

Optionally, you can wire the analog input's fault indicator (if one is available) into the PVFault
parameter on the PIDE instruction. This forces the PIDE into Manual mode when the analog input
is faulted and stops the PIDE CVEU output from winding up or down when the PV signal is not
available.
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Function Block

Local:1:1.ChiData

Local:1:1.ChOFault

Structured Text

PIDE_01.PV := Local:1:.ChOData;
PIDE_O1.PVFault := Local:1:|.ChOFault;
PIDE(PIDE_O1);
Local:2:)0.ChOData :=PIDE_01.CVEU;

Example 2

Cascade control is useful when externally-caused upsets to the controlled variable occur often,
which then cause upsets to the process variable you are trying to control. For example, try to
control the temperature of liquid in a tank by varying the amount of steam fed into a heating
jacket around the tank. If the steam flow suddenly drops because of an upstream process, the
temperature of the liquid in the tank eventually drops and the PIDE instruction then opens the
steam valve to compensate for the drop in temperature.

PIDE
Enhanced PID

PIDE_D1
Py

PVFault

SPProg
SPCascade
RatioProg
CWProg

FF

HandFB
ProgProgReq
ProgOperReq
ProgCasRatReq
ProgAutoReq
ProgManualReq
ProgOverrideReq

ProgHandReq

AutotuneTag
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CVEU
P
PVHHAIZrm

PVHAlarm

PYLAlarm
PVLLAlRrm

legAlarm
DewvHHAlarm
DevHAlarm
DevLAlarm
DevlLLAlarm
ProgOper
CasRat
Auto
WManual
Override
Hand

?

(=T T T T T — T — T T — T T~ T~ T T~~~ =

(= -1

Local:2:0.Ch0Data

In this example, a cascaded loop provides better control by opening the steam valve when the
steam flow drops before the liquid temperature in the tank drops. To implement a cascaded
loop, use a PIDE instruction to control the steam valve opening based on a process variable
signal from a steam flow transmitter. This is the secondary loop of the cascaded pair. A second
PIDE instruction (called the primary loop) uses the liquid temperature as a process variable
and sends its CV output into the setpoint of the secondary loop. In this manner, the primary
temperature loop asks for a certain amount of steam flow from the secondary steam flow loop.
The steam flow loop is then responsible for providing the amount of steam requested by the
temperature loop in order to maintain a constant liquid temperature.
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Function Block
PDE =] PIDE =
Structured Text
PrimaryLoop.PV := Local:1:1.CHOData;
PrimaryLoop.CVInitReq := SecondaryLoop.InitPrimary;
PrimaryLoop.CVInitValue := SecondaryLoop.SP;
PrimaryLoop.WindupHIn := SecondaryLoop.WindupHOut;
PrimaryLoop.WindupLIn := SecondaryLoop.WindupLOut;
PIDE(PrimaryLoop);
SecondaryLoop.PV := Local:1:.Ch1Data;
SecondarylLoop.SPCascade := PrimaryLoop.CVEU;
PIDE(SecondaryLoop);
Local:2:0.Ch0Data:= SecondaryLoop.CVEU;
For a cascaded pair of loops to work correctly, the secondary loop must have a faster process
response than the primary loop. This is because the secondary loop’s process must be able
to compensate for any upsets before these upsets affect the primary loop’s process. In this
example, if steam flow drops, the steam flow must be able to increase as a result of the
secondary controller’s action before the liquid temperature is affected.
To set up a pair of cascaded PIDE instructions, set the AllowCasRat input parameter in the
secondary loop. This allows the secondary loop to be placed into Cascade/Ratio mode. Next,
wire the CVEU from the primary loop into the SPCascade parameter on the secondary loop. The
SPCascade value is used as the SP on the secondary loop when the secondary loop is placed into
Cascade/Ratio mode. The engineering unit range of the CVEU on the primary loop should match
the engineering unit range of the PV on the secondary loop. This lets the primary loop scale its
0-100% value of CV into the matching engineering units used for the setpoint on the secondary
loop.
The PIDE instruction supports several other features to more effectively support cascade
control. Wire the InitPrimary output on the secondary loop into the CVInitReq input on the
primary loop and wire the SP output of the secondary into the CVInitValue input on the primary.
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This sets the CVEU value of the primary loop equal to the SP of the secondary loop when the
secondary loop leaves Cascade/Ratio mode. This allows a bumpless transfer when you place
the secondary loop back into Cascade/Ratio mode. Also, wire the WindupHOut and WindupLOut
outputs on the secondary loop into the WindupHIn and WindupLin inputs on the primary loop.
This causes the primary loop to stop increasing or decreasing, as appropriate, its value of CVEU
if the secondary loop hits a SP limit or CV limit and eliminates any windup on the primary loop if
these conditions occur.

Example 3

Ratio control is typically used to add a fluid in a set proportion to another fluid. For example,

if you want to add two reactants (say A and B) to a tank in a constant ratio, and the flow rate

of reactant A may change over time because of some upstream process upsets, you can use a
ratio controller to automatically adjust the rate of reactant B addition. In this example, reactant
Ajis often called the "uncontrolled” flow since it is not controlled by the PIDE instruction.
Reactant B is then called the "controlled” flow.

To perform ratio control with a PIDE instruction, set the AllowCasRat and UseRatio input
parameters. Wire the uncontrolled flow into the SPCascade input parameter. When in Cascade/
Ratio mode, the uncontrolled flow is multiplied by either the RatioOper (when in Operator
control) or the RatioProg (when in Program control) and the resulting value is used by the PIDE
instruction as the setpoint.

Function Block

PIDE ]
Enhanced PID
PIDE_02
ControlledFlow P CWVEU Local2:0.Ch0Data
SPProg SP
UncontrolledFlow SPCascade PYHHAlRrm
RatioProg PWVHAlarm
CWProg PWLAlarm
FF PVLLAlarm
HandFB PWVROCPosAlarm
ProgProgReq PVROCNegalarm
ProgOperReq DevHHAlarm
ProgCasRatReq DevHAlarm
ProgAutoReg DevLAlarm
ProgManualReq DevLLAlarm
ProgCOverrideReq ProgOper
ProgHandReq CasRat
Auto
Manual
Owerride
Hand

Structured Text

PIDE_01.PV := ControlledFlow;
PIDE_01.SPCascade := UncontrolledFlow;
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PIDE(PIDE_Q1);
Local:2:0.Ch0Data := PIDE_01.CVEU;
Switching Between Program Control and Operator Control
The PIDE instruction can be controlled by either a user program or an operator interface. You
can change the control mode at any time. Program and Operator control use the same ProgOper
output. When ProgOper is set, control is Program; when ProgQper is cleared, control is Operator.
The following diagram shows how the PIDE instruction changes between Program control and
Operator control.
Qp=rdperfien is set and ProgPoofen is cleasd L fe "
Progy0 perflen is set(D -
Prograrn Cortiol O petatar Control
ProgProgRed is set and ProgOperfieq is cleaed
Op=frogRen is set and Prog0 pefien and Oper perfien ae cleaed
(1) The instruction remains in Operator control mode when ProgOperReq is set.
Operating Modes
The PIDE instruction supports the following PID modes.
PID Operating Mode Description
Cascade/Ratio While in Cascade/Ratio mode the instruction computes
the change in CV. The instruction regulates CV to
maintain PV at either the SPCascade value or the
SPCascade value multiplied by the Ratio value.
SPCascade comes from either the CVEU of a primary PID
loop for cascade control or from the "uncontrolled” flow
of a ratio-controlled loop.
Select Cascade/Ratio mode using either OperCasRatReq
or ProgCasRatReq:
Set OperCasRatReq to request Cascade/Ratio mode.
Ignored when ProgQper, ProgOverrideReq, ProgHandReq,
OperAutoReq, or OperManualReq is set, or when
AllowCasRat is cleared.
Set ProgCasRatReq to request Cascade/Ratio mode.
Ignored when ProgOper or AllowCasRat is cleared or
when ProgOverrideReq, ProgHandReq, ProgAutoReq, or
ProgManualReq is set.
Auto While in Auto mode the instruction computes the change
in CV. The instruction regulates CV to maintain PV at
the SP value. If in program control, SP = SPProg; if in
Operator control, SP = SPOper.
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PID Operating Mode Description

Select Auto mode using either OperAutoReq or
ProgAutoReq:

Set OperAutoReq to request Auto mode. Ignored
when ProgOper, ProgOverrideReq, ProgHandReg, or
OperManualReq is set.

Set ProgAutoReq to request Auto mode. Ignored
when Prog0Oper is cleared or when ProgOverrideReq,
ProgHandReq, or ProgManualReq is set.

Manual While in Manual mode the instruction does not compute
the change in CV. The value of CV is determined by the
control. If in Program control, CV = CVProg; if in Operator
control, CV = CVOper.

Select Manual mode using either OperManualReq or
ProgManualReq:

Set OperManualReq to request Manual mode. Ignored
when ProgOper, ProgOverrideReq, or ProgHandReq is set.

Set ProgManualReq to request Manual mode. Ignored
when ProgOper is cleared or when ProgQverrideReq or
ProgHandReq is set.

Override While in Override mode the instruction does not
compute the change in CV.

CV = CVOverride, regardless of the control mode.
Override mode is typically used to set a "safe state" for
the PID loop.

Select Override mode using ProgOverrideReq:

Set ProgOverrideReq to request Override mode. Ignored
when ProgHandReq is cleared.

Hand While in Hand mode the PID algorithm does not compute
the change in CV.

CV = HandFB, regardless of the control mode. Hand
mode is typically used to indicate that control of

the final control element was taken over by a field
hand/auto station.

Select Hand mode using ProgHandReq:

Set ProgHandReq to request hand mode. This value is
usually read as a digital input from a hand/auto station.

The Cascade/Ratio, Auto, and Manual modes can be controlled by a user program when in
Program control or by an operator interface when in Operator control. The Override and Hand
modes have a mode request input that can only be controlled by a user program; these inputs
operate in both Program and Operator contraol.
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Selecting the Setpoint

Once the instruction determines program or operator control and the PID mode, the instruction
can obtain the proper SP value. You can select the cascade/ratio SP or the current SP.

Cascade/Ratio SP

The cascade/ratio SP is based on the UseRatio and ProgOper values.

— M= |If Ratio = RaticHLirnit, RatioHd larm
e |RatioHAlamnis set |- oo e e -
Usefiat ; :
e R R T -ap= |If Ratio < RatioLLimit, Ratiold larm
e—pe |RatiolAlammis st |-l - -
If Ratio » RatioHLim, ety _
Riatic = RatioH lamn B
RatioPog If H:atio < H:atinLLimit,
o | Select set Output Ratio = RatioLAlanm
Ratiolper
o | Select cleand
Prog0 per
L Input I 1 —
............ » g |Select —= | Inp P Ratiolper -
------------------------- = | Enable
L (1 Dutput e |Select st Output ———————f
1312 LCascackeRatio 5P
— (Select cleawd
| |7
SPCascack J_'
g
I)seRatio ;
Current SP

The current SP is based on the Cascade/Ratio mode, the PVTracking value, auto mode, and the

ProgOper value.

[CascadeRatio 5P
- | Select set Output
Select cleard
CasRat moce
-------------------------- - o= | Gelect
Py Selecterd hion-Cascade/Ration SP
SPProg : L
— = [Gelectset Ouotput | Select set Output
SPOper ;
— e |delectcleard | Selert cleated
Prog0 per ;
"2'3 |:e ______ . Select - | Salert
PuTracking and nat Ao mocks
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SP High/Low Limiting

The high-to-low alarming algorithm compares SP to the SPHLimit and SPLLimit alarm limits.
SPHLimit cannot be greater than PVEUMax and SPLLimit cannot be less than PVEUMin.

3P > SPHLirmit
- :
SPHAlarm is cleard ! 5P £ SPHLimnit PHAlamn is set
-
3P < SPLLirnit
: 1 - :
SPLAlar is ¢ learec” 5Pz SPLLimit SPLA Jarm is 52t
—tl
; ; ap
selected SF e | if SPHALARN is set » |
SPHALGFTY 5 Tttt et $+ - - B SP=3PHLimit J
= | if SPLalamn is set
SPLAlarm - - - - e e e | 3P = SPLLimit

Updating the SPOper and SPProg Values

The PIDE instruction makes SPOper = SP or SPProg = SP to obtain bumpless control switching
between Program and Operator control or when switching from Cascade/Ratio mode.

3P frorm 5P highylowe limiting

SPOper
= | |nput Output —————-

ProgQper or Cascade/Ratio mode or (PUTEcking and not auto mock)

...................... - e | Enble

3PPy

x e — =
{{not Prog pet or CascadkeyRatio mode i Dt
ot i PuTracking atd not Suto mocksl and
Progvalefeset o | b
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PV High/Low Alarming

The high-high to low-low alarming algorithm compares PV to the PV alarm limits and the PV
alarm limits plus or minus the PV alarm deadband
Py = PUHHL it

- .
PUHHA lamm is cleared” P < PUHHLimit - PuDeadband  { PYHHAlarm is set
-

PU = PuHLimit
- .
PéHAlamm is clearsd” P < P Lirnit - PYDieactband PiHAlam is set
-

Py < PyLLirnit
i : - .
PYLA larmm is claarsd Py = PyLLirrit + PuDeacband PuLAlarn is set
e |

P < PuLLLirnit
- .
PULLA larmn is clearcf” P P > PLLLimit + PiDeadband  { PYLLAlamn s set

Iy O

(1) During instruction first scan, the instruction clears all the PV alarm outputs. The instruction
also clears the PV alarm outputs and disables the alarming algorithm when PVFaulted is set.

PV Rate-of-Change Alarming

PV rate-of-change (ROC) alarming compares the change in the value of PV over the PVROCPeriod
against the PV positive and negative rate-of-change limits. The PVROCPeriod provides a type of
deadband for the rate-of-change alarm. For example, if you use a ROC alarm limit of 2°F/second
with a period of execution of 100 ms, and an analog input module with a resolution of 1°F, then
every time the input value changes, a ROC alarm is generated because the instruction sees a
rate of 10°F/second. However, by entering a PYROCPeriod of at least 1sec, the ROC alarm is only
generated if the rate truly exceeds the 2°F/second limit.

The ROC calculation is only performed when the PVROCPeriod has expired. The rate-of-change
is calculated as:

ElapsedROCPeriod = ElapsedROCPeriod + ElapsedTimeSinceLastExecution
If ElapsedROCPeriod * PVROCPeriod then:

This value: Is:

PVROC PV, - PVROC,_,
FYROCPariod

PVROCy-1 PVROCy-1= PV

ElapsedROCPeriod ElapsedROCPeriod = 0
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Once PVROC has been calculated, the PV ROC alarms are determined as follows:

PYROC = PYROCPosL it
PYROC < PYROCPos Lirnit

PVROCPas larn
is clearmd "

W PR OCPasd lam

is set

PYROC £ —PYROCHegL mit

-
APy PUROC > —PYRD ChisgLimit o Ly ieglonn
is cleared - 1§ set

(1) During instruction first scan, the instruction clears the PV ROC alarm outputs. The instruction
also clears the PVROC alarm outputs and disables the PV ROC alarming algorithm when
PVFaulted is set.

Converting the PV and SP Values to Percent

The instruction converts PV and SP to a percent and calculates the error before performing
the PID control algorithm. The error is the difference between the PV and SP values. When
ControlAction is set, the values of EPercent, E, and PVPIDPercent are negated before being used

by the PID algorithm.
PuPercent
P - EPement
Py — PVEI MR
-8 FUE i — FVEDT 1w |11 Outpust || 1 Dput |——
N-1z M2
(12 P - S| e 12
3P : l
s 3P — FVELMin SPPemeEmnt
* [ PVEUNr - PUEDRn 0 (1 -
PUPID Perent'
|1 Output | =
L [l Dutput IR
n-1z -
w7 Faj — G E
w11 Outpat -
A — = |Select set Output 12
[
1 —— = |Select cleaed Dewiation?
Contrlaction -
------------------- e | Select
The walues of EPemert, E and PUPIDPerent ae negated
Select multiplier basexd on state of ControlAction when CantiolAction is sef.

(1) PVPIDPercent and Deviation are internal parameters used by the PID control algorithm.

Deviation High/Low Alarming

Deviation is the difference in value between the process variable (PV) and setpoint (SP).

Deviation alarming alerts the operator to a discrepancy between the process variable and the
setpoint value.
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The high-high to low-low alarming algorithm compares the deviation to deviation alarm limits
and the deviation alarm limits plus or minus the deadband.

cleviation 2 DewHHLimit
|
cieviation < DewHHLirmit - Dew Deadband

DewHHA [atn
is cleardV

DevHHAlarm
is set

cieviation = DewHLimit

DewHAlarm
is cleared

DevHA lzmn

| g
cieviation < DevHLimit - Dev Deadbard P

cieviation = —DewLLirnit
-
cieviation = —DewLLimit + DevDeadband

Dewlalam
is set

DewLAlarim
is cleared -l

cieviation = —DewLLLimit
| 3
cieviation = —DewLLLimit + DewDeadband

DewLLA larmm DewlLalarrm

is set

is cleardV

b
(52 )
(5= )

(1) During instruction first scan, the instruction clears the deviation alarm outputs. The
instruction also clears the deviation alarm outputs and disables the alarming algorithm when
PVFaulted or PVSpaninv is set.

Zero Crossing Deadband Control

You can limit CV such that its value does not change when error remains within the range
specified by ZCDeadband (| E | £ ZCDeadband).

ZL0ff is cleamd, ZC0esdband =0, |E)| has cimssedd zem, and

[E;| £ ZCDeadband™ o

A DesclRardn | 204 is set, ZC0eadband » 0, and |E| £ ZCDesdband el redn
; 1 T s set
s clesredf IE,| » ZCDesrband e

o

el P |Gelectset Output|
calculated GV o
P | Select cleared Y based on state of Z00eadbardOn,
ZC0eardbandOn Sefect GV = OV,  when ZC0sadbandn is set,

W'\When ZCOff is cleared, ZCDeadband > 0, error has crossed zero for the first time, (i.e. En >=
0 and En-1< 0 or when En <= 0 and En-1> 0), and | En | <= ZCDeadband, the instruction sets
ZCDeadbandOn.

@ On the transition to Auto or Cascade/Ratio mode, the instruction sets En-1=En.

The instruction disables the zero crossing algorithm and clears ZCDeadband under these
conditions:

 during instruction first scan
» [CDeadband £0

» Auto or Cascade/Ratio is not the current mode
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» PVFaulted is set

*  PVSpanlnv is set

Feedforward Control

Compute CV by summing CV from the zero crossing algorithm with AFF. The value of AFF = FF
- FFn-1. When FFSetPrevious is set, FFn-1=FFPrevious. This lets you preset FFn-1to a specified
value before the instruction calculates the value of AFF.

L walue based on the state of ZC0eadbard0n

- (1 Output
FF M+12 CV + FF
|11 Output f——m |2 P - 3P%
FFPrevious -1z AFF
Select set Olutput [ |12
FFret
— | Selest cleasd
FF3etPevious Select fet FR,q = FFPevious when FREetPrevious is set

Selecting the Control Variable

Once the PID algorithm has been executed, select the CV based on program or operator control
and the current PID mode.

HanclFB:
Cfvenide

WPLE Select set Output

EUDLP Select cleared
-
|

Select et Qutput ——————————-
Select ¢leared Selecterd OV

Proalper - |Select Select set Output

Cale: ulsterd G from Select set Output
FeedForeard algonithin Sel —

T el o et aom o L et
Mlanual mode Select

Select ;leared Select

RE R,

Select

CV Windup Limiting

Limit the CV such that its value cannot increase when WindupHIn is set or decrease when
WindupLin is set. These inputs are typically the WindupHOut or WindupLOut outputs from a
secondary loop. The WindupHIn and WindupLIn inputs are ignored if CVInitializing, CVFault, or
CVEUSpanlnv is set.

selected OV e [ it WirdupHn and CV = CV; it wirlipakonthn:
WindupHIn == -------- "~ o ome | CY=Dn

= | if WindupLln and G0 < GV
Windupln - - - - - oo oo | CV=CV 4
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CV Percent Limiting

The following diagram illustrates how the instruction determines CV percent limiting.

Q=100
| -
{CvHAlam is cleared™) oV < 100 { CVHAlamn is set ';,
Dv<0
{ CiLtlam is clesrd™ ) oz o T ( OVLAlomis set )
-

A fiom windup algorithm if CHA o is set Cy lirnited to 0-100%
CuHAlarm Cy =100
it CwLalamm is set
CyLalarer ov=0

(1) During instruction first scan, the instruction clears the alarm outputs.

CV High/Low Limiting

The instruction always performs alarming based on CVHLimit and CVLLimit. Limit CV by
CVHLimit and CVLLimit when in auto or cascade/ratio mode. When in manual mode, limit CV by
CVHLimit and CVLLimit when CVManLimiting is set. Otherwise limit CV by 0 and 100 percent.

> CyHLimit .
CuHAlam is cleared” OV CuHLimit | C¥HAlamis set

-

LAl is olearef CVE Cllimit | CVLAlamis set

-l
.|

gt

: W < CWLLimnit

£ from 0-100% i it aloorithn o | if CUHALARN s st Cilimsecio B hichoplimits; o
CHAlarm is set and(auto or cascademtion -7 0 - - - = | CW=CVHLimit J
{manual and CululanLimiting is sef L= [ CyLalam is set
CALAlatn is set and (auo o cascads/mtioo "7 T T T e | G = OVLLimnit

{manual ard CulianLimiting is sed)

(1) During instruction first scan, the instruction clears the alarm outputs.

CV Rate-of-Change Limiting

The PIDE instruction limits the rate-of-change of CV when in Auto or Cascade/Ratio mode or
when in Manual mode and CVManLimiting is set. A value of zero disables CV rate-of-change
limiting.

The CV rate-of-change is calculated as:

CVROC = [CV, - CV,_4|

CVROCDelte = CVROULimit X DeltaT

where DeltaT is in seconds.
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Once CV rate-of-change has been calculated, the CV rate-of-change alarms are determined as

follows:

CWROC = CVROCDel=

CVROC 2 CVROCDEt
CYROCAlarm
is clearmt” Al

W CYROCHIam
15 set

i OV > OV,

[V = OV, + CVROCDekta

C output

Gy from CW highylow limit algonthn T
CvROCalamn == -~ ---- - LR R

— -

"""" -

M < OV,

OV = 4, - CVROCDela

(1) During instruction first scan, the instruction clears the alarm output. The instruction also
clears the alarm output and disables the CV rate-of-change algorithm when CVInitializing is set.

(2) When in Auto or Cascade/Ratio mode or when in Manual mode and CVManLimiting is set, the

instruction limits the change of CV.

Updating the CVOper and CVProg Values

If not in the Operator Manual mode, the PIDE instruction sets CVOper = CV. This obtains
bumpless mode switching from any control to the Operator Manual mode.

G from Cv rate-of ¢ hanoe limiting w0 per
g | Input Output ————— o=
Progy per v not Manual modke
......................... m~ | Enable
G fromm CW rate-of ¢ hanoe limiting CProg
e | nput Qutput ————————-
[Prog0per is clearsd or(not Manual modkl)
and Prooval ueReset is set
------------------------- m= | Enable

Primary Loop Control

Primary loop control is typically used by a primary PID loop to obtain bumpless switching and
anti-reset windup when using Cascade/Ratio mode. The primary loop control includes the
initialize primary loop output and the anti-reset windup outputs. The InitPrimary output is
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typically used by the CVInitReq input of a primary PID loop. The windup outputs are typically
used by the windup inputs of a primary loop to limit the windup of its CV output.

CWlnitializing is set or not CascackRatio mock
Cearnae & ] P nitP rimary
- Ciflnitializing is ¢leawed and CascadefRatio rriock is sl

InitP rmary
is cleamed

SPHAlamn is set or approprate CJ alan®
WindupHOut _ P WindupH Ot
i 5 SPHA Lz is cleated and mo O alamd® L

SPLAlamn is set or approphiate CUf alam™
WirdupLOut e induplOut

is clegmd® - SPLAlam is cleared and ro 0V alam™ is st

(1) During instruction first scan, the instruction sets InitPrimary.

(2) When CVInitializing is set or when not in Cascade/Ratio mode the instruction sets
InitPrimary.

(3) When CVInitializing is cleared and in Cascade/Ratio mode, the instruction clears InitPrimary.

(4) During instruction first scan, the instruction clears the windup outputs. The instruction also
clears the windup outputs and disables the CV windup algorithm when CVnitializing is set or if
either CVFaulted or CVEUSpaninv is set.

(5) The instruction sets WindupHOut when SPHAlarm is set, or when ControlAction is cleared and
CVHAlarm is set, or when ControlAction is set and CVLAlarm is set.

The SP and CV limits operate independently. A SP high limit does not prevent CV from increasing
in value. Likewise, a CV high or low limit does not prevent SP from increasing in value.

(6) The instruction clears WindupHOut when SPHAlarm is cleared, and not (ControlAction is
cleared and CVHAlarm is set), and not (ControlAction is set and CVLAlarm is set).

(7) The instruction sets WindupLOut when SPLAlarm is set, or when ControlAction is cleared and
CVLAlarm is set, or when ControlAction is set and CVHAlarm is set.

The SP and CV limits operate independently. A SP low limit does not prevent CV from increasing
in value. likewise a CV low or high limit does not prevent SP from increasing in value.

(8) The instruction clears WindupLOut when SPLAlarm is cleared and not (ControlAction is
cleared and CVLAlarm is set) and not (ControlAction is set and CVHAlarm is set).

Processing Faults

The following table describes how the instruction handles execution faults:

Fault Condition Action
CVFaulted is true or Instruction is not initialized, CVInitializing is cleared to
CVEUSpanlnv is true false

Compute PV and SP percent, calculate error, update
internal parameters for EPercent and PVPIDPercent

PID control algorithm is not executed
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Fault Condition

Action

Disable the Auto and Cascade/Ratio modes. If Override
or Hand is not the current mode, set to Manual mode.

Set CV to value determined by Program or Operator
control and mode (Manual, Override, or Hand).

PVFaulted is true

Disable the Auto and Cascade/Ratio modes. If Override
or Hand is not the current mode, set to Manual mode

PV high-low, PV rate-of-change, and deviation high-low
alarm outputs are cleared to false

PID control algorithm is not executed

Set CV to value by determined by Program or Operator
control and mode (Manual, Override, or Hand).

PVSpaninv is true or
SPLimitsInv is true

Disable the Auto and Cascade/Ratio modes. If Override
or Hand is not the current mode, set to Manual mode

Do not compute PV and SP percent
PID control algorithm is not executed

Set CV to value by determined by Program or Operator
control and mode (Manual, Override, or Hand).

RatioLimitslnv is true and
CasRat is true and
UseRatio is true

If not already in Hand or Override, set to Manual model
Disable the Cascade/Ratio mode

Set CV to value determined by Program or Operator
control and mode (Manual, Override, or Hand).

TimingModelnv is true or
RTSTimeStamplnv is true or
DeltaTlnv is true

If not already in Hand or Override, set to Manual mode

Position Proportional (POSP)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Position Proportional (POSP) instruction opens or closes a device by pulsing open or close
contacts at a user defined cycle time with a pulse width proportional to the difference between

the desired and actual positions.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.
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Function Block
POSP ]

Position Proportional

neadFR

Structured Text
POSP(POSP_tag)

Operands

Function Block

Operand Type Format Description
POSP tag POSITION_PROP Structure POSP structure
Structured Text

Operand Type Format Description
block tag POSITION_PROP Structure POSP structure

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

POSITION_PROP Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

SP REAL Setpoint. This is the desired value for
the position. This value must use the
same engineering units as Position.
Valid = any float

Default=0.0

Position REAL Position feedback. This analog input
comes from the position feedback
from the device.

Valid = any float
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Input Parameter

Data Type

Description

Default = 0.0

OpenedFB

BOOL

Opened feedback. This input signals
when the device is fully opened.
When true, the open output is not
allowed to turn on.

Default is false.

ClosedFB

BOOL

Closed feedback. This input signals
when the device is fully closed. When
true, the close output is not allowed
to turn on.

Default is false.

PositionEUMax

REAL

Maximum scaled value of Position
and SP.

Valid = any float

Default =100.0

PositionEUMin

REAL

Minimum scaled value of Position
and SP.

Valid = any float

Default=0.0

CycleTime

REAL

Period of the output pulse in
seconds. A value of zero clears

both OpenOut and CloseQut. If this
value is invalid, the instruction
assumes a value of zero and sets the
appropriate bit in Status.

Valid = any positive float
Default=0.0

OpenRate

REAL

Open rate of the device in
%/second. A value of zero clears
OpenOQut. If this value is invalid,
the instruction assumes a value of
zero and sets the appropriate bit in
Status.

Valid = any positive float
Default=0.0

CloseRate

REAL

Close rate of the device in
%/second. A value of zero clears
CloseOut. If this value is invalid,
the instruction assumes a value of
zero and sets the appropriate bit in
Status.

Valid = any positive float
Default=0.0

MaxOnTime

REAL

Maximum time in seconds that an
open or close pulse can be on. If
OpenTime or CloseTime is calculated
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Input Parameter Data Type Description

to be larger than this value, they are
limited to this value. If this value

is invalid, the instruction assumes
a value of CycleTime and sets the
appropriate bit in Status.

Valid = 0.0 to CycleTime

Default = CycleTime

MinOnTime REAL Minimum time in seconds that an
open or close pulse can be on. If
OpenTime or CloseTime is calculated
to be less than this value, they are
set to zero. If this value is invalid,
the instruction assumes a value of
zero and sets the appropriate bit in
Status.

Valid = 0.0 to MaxOnTime
Default=0.0

Deadtime REAL Additional pulse time in seconds

to overcome friction in the device.
Deadtime is added to the OpenTime
or CloseTime when the device
changes direction or is stopped. If
this value is invalid, the instruction
sets the appropriate bit in Status and
uses a value of Deadtime = 0.0.

Valid = 0.0 to MaxOnTime

Default=0.0

Output Parameter Data Type Description

EnableOut BOOL Indicates if instruction is enabled.
Cleared to false if PositionPercent
overflows.

OpenQut BOOL This output is pulsed to open the
device.

CloseOut BOOL This output is pulsed to close the
device.

PositionPercent REAL Position feedback is expressed as

percent of the Position span.

SPPercent REAL Setpoint is expressed as percent of
the Position span.

OpenTime REAL Pulse time in seconds of OpenQutput
for the current cycle.
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Output Parameter Data Type Description

CloseTime REAL Pulse time in seconds of CloseQutput
for the current cycle.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

CycleTimelnv (Status.1) BOOL Invalid CycleTime value. The
instruction uses zero.

OpenRatelnv (Status.2) BOOL Invalid OpenRate value. The
instruction uses zero.

CloseRatelnv (Status.3) BOOL Invalid CloseRate value. The
instruction uses zero.

MaxOnTimelnv (Status.4) BOOL Invalid MaxOnTime value. The
instruction uses the CycleTime value.

MinOnTimelnv (Status.5) BOOL Invalid MinOnTime value. The
instruction uses zero.

Deadtimelnv (Status.6) BOOL Invalid Deadtime value. The
instruction uses zero.

PositionPctInv (Status.7) BOOL The calculated PositionPercent value
is out of range.

SPPercentlnv (Status.8) BOOL The calculated SPPercent value is
out of range.

PositionSpaninv (Status.9) BOOL PositionEUMax = PositionEUMin.

Description

The POSP instruction usually receives the desired position setpoint from a PID instruction

output.

Scaling the Position and Setpoint Values

The PositionPercent and SPPercent outputs are updated each time the instruction is executed.
If either of these values is out of range (less than 0% or greater than 100%), the appropriate bit
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in Status is set, but the values are not limited. The instruction uses these formulas to calculate
whether the values are in range:

FPositionPercent =

SPPercent =

Pogition —FaositionBUMin
FosifionEUMaxr— FositionEU Min

¥ 100

SP — PosgitionE UMin
FogifionBUMax — FositionE UMin

* 100

How the POSP Instruction Uses the Internal Cycle Timer

The instruction uses CycleTime to determine how often to recalculate the duration of Open and
Close output pulses. An internal timer is maintained and updated by DeltaT. DeltaT is the elapsed
time since the instruction last executed. Whenever the internal timer equals or exceeds the
programmed CycleTime (cycle time expires) the Open and Close outputs are recalculated.

You can change the CycleTime at any time.

If CycleTime =

0, the internal timer is cleared to 0, OpenQOut is cleared to false and CloseQut is

cleared to false.

Producing Output Pulses

The following diagram shows the three primary states of the POSP instruction.

Openlime =0

Tme OpenOut pukse

Openlut = set
Close0ut = cleared

I I
‘ O penedFh = set ar irwalid input

PositionPement = 100
PositionPement = ‘

CycleTirne expird

DpenTime expies

|
\

3PPement

¥ ¥

L

Calculatz
DpenClose

pulse tirmes

CyeleTirme expired

|

Wait for mext crcle
Openlut = cleard
Closelut = ¢leared

DpenTime =0 and
CloseTirme =0

-

ClaseTime >0

) A

ClosedFB = set or itwalid input
FositionPemrent < 100

PositionPerent =
SPPerent

Tme CloseOut pukse

CloseTime expires

CycleTirne expired

4
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Calculating Open and Close Pulse Times

OpenOut is pulsed whenever SP > Position feedback. When this occurs, the instruction sets
CloseTime = 0 and the duration for which OpenQut is to be turned on is calculated as:

SPPercent — FosifionPerceni

Openfate

CDpenlime =

If OpenTimen-1< CycleTime, then add Deadtime to OpenTime.
If OpenTime > MaxOnTime, then limit to MaxOnTime.
If OpenTime < MinOnTime, then set OpenTime = 0.

If any of the following conditions exist, OpenOut is not pulsed and OpenTime = 0.
OpenFB is true or PositionPercent = 100

CycleTime=0

OpenRate =0

SPPercent is invalid

The CloseOut is pulsed whenever SP < Pasition feedback. When this occurs, the instruction sets
OpenTime = 0 and the duration for which CloseQut is to be turned on is calculated as:

FogitionFercent - SFFPorcont
CloseRais

ClogeTime =

If CloseTimen-1< CycleTime, then add Deadtime to CloseTime.
If CloseTime > MaxOnTime, then limit to MaxOnTime.
If CloseTime < MinOnTime, then set CloseTime to 0.

If any of the following conditions exist, CloseOut will not be pulsed and CloseTime will be cleared
to 0.0.

ClosedFB is true or PositionPercent = 0

CycleTime=0
CloseRate =0
SPPercent is invalid

OpenOut and CloseQut will not be pulsed if SPPercent equals PositionPercent. Both OpenTime
and CloseTime will be cleared to false.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.

Publication 1756-RMO06P-EN-P - September 2025 115


unique_24
unique_24

Chapter1  Process Control Instructions

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run N/A

Instruction first scan OpenTime and CloseTime are cleared to 0.0.
Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Examples

Example 1

In this example, the POSP instruction opens or closes a motor-operated valve based on the
CVEU output of the PIDE instruction. The actual valve position is wired into the Position input
and optional limit switches, which show if the valve is fully opened or closed, are wired into the
OpenedFB and ClosedFB inputs. The OpenOut and CloseOut outputs are wired to the open and
close contacts on the motor-operated valve.
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Function Block
FIDE j—] POSF u)

Fluw Cunliulin Fluw'fave
Ve le Fluw Lale Py CVEL 3P Op=iOul OpeFlewalveCunlec]
Fow\akcPoation Positon CloacOwt CleacFhwWaletontact
A anm Fow\akeOpenad
PyHAam FowValveClosed

Structured Text

FlowController.PV := WaterFlowRate;
PIDE(FlowController);

FlowValve.SP := FlowController.CVEU;
FlowValve.Position := FlowValvePosition;
FlowValve.OpenedFB := FlowValveOpened;
FlowValve.ClosedFB := FlowValveClosed;
POSP(FlowValve);

OpenFlowValveContact := FlowValve.OpenQOut;
CloseFlowValveContact := FlowValve.CloseOut;

Ramp/Soak (RMPS)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 contrallers.

The Ramp/Soak (RMPS) instruction provides for a number of segments of alternating ramp and
soak periods.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.
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Function Block

RMPS [
Ramp/Soak

RMPS_01

PV Out
CurrentSegProg CurrentSeqg
OutProg SoakTimelLeft
SoakTimeProg GuarRampOn
ProgProgReq GuarSoakOn
ProgOperReg ProgQOper
ProgAutoReq Auto
ProgManualReq Manual
ProgHoldReq Hold
Ramp\Value

Soakvalue

SoakTime

Structured Text

RMPS(RMPS_tag,RampValue SoakValue,SoakTime);

Operands

Function Block

Operand Type Format Description
RMPS tag RAMP_SOAK structure RMPS structure
RampValue REAL array Ramp Value array.

Enter a ramp value for
each segment (0 to
Number0fSegs-1). Ramp
values are entered as
time in minutes or as

a rate in units/minute.
The TimeRate parameter
reflects which method is
used to specify the ramp.
If a ramp value is invalid,
the instruction sets the
appropriate bit in Status
and changes to Operator
Manual or Program Hold
mode. The array must
be at least as large as
Number0fSegs.
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Operand

Type

Format

Description

Valid = 0.0 to maximum
positive float

SoakValue

REAL

array

Soak Value array.

Enter a soak value for
each segment (0 to
Number0fSegs-1). The
array must be at least as
large as Number0fSegs.
Valid = any float

SoakTime

REAL

array

Soak Time array.

Enter a soak time for
each segment (0 to
Number0fSegs-1). Soak
times are entered in
minutes. If a soak value
isinvalid, the instruction
sets the appropriate bit
in Status and changes
to Operator Manual or
Program Hold mode. The
array must be at least as
large as Number0fSegs.
Valid = 0.0 to maximum
positive float

Structured Text

Operand

Type

Format

Description

RMPS tag

RAMP_SOAK

structure

RMPS structure

RampValue

REAL

array

Ramp Value array.

Enter a ramp value for
each segment (0 to
Number0fSegs-1). Ramp
values are entered as
time in minutes or as

a rate in units/minute.
The TimeRate parameter
reflects which method is
used to specify the ramp.
If a ramp value is invalid,
the instruction sets the
appropriate bit in Status
and changes to Operator
Manual or Program Hold
mode. The array must
be at least as large as
NumberOfSegs.
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Operand Type

Format

Description

Valid = 0.0 to maximum
positive float

SoakValue REAL

array

Soak Value array.

Enter a soak value for
each segment (0 to
Number0fSegs-1). The
array must be at least as
large as Number0fSegs.
Valid = any float

SoakTime REAL

array

Soak Time array.

Enter a soak time for
each segment (0 to
Number0fSegs-1). Soak
times are entered in
minutes. If a soak value
isinvalid, the instruction
sets the appropriate bit
in Status and changes
to Operator Manual or
Program Hold mode. The
array must be at least as
large as Number0fSegs.
Valid = 0.0 to maximum

positive float

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

RMPS Structure

Specify a unique RMPS structure for each instruction.

Input Parameter Data Type Description

Enableln BOOL Enable input. If false, the instruction
does not execute and outputs are
not updated.
Default is true.

PV REAL The scaled analog temperature
signal input to the instruction.
Valid = any float
Default=0.0

PVFault BOOL Bad health indicator of PV. If true,

the input is invalid, the instruction is
placed in Program Hold or Operator
Manual mode, and the instruction
sets the appropriate bit in Status.
Default is false.
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Input Parameter

Data Type

Description

Number0fSegs

DINT

Number of segments. Specify the
number of ramp/soak segments
used by the instruction. The arrays
for RampValue, SoakValue, and
SoakTime must be at least as large
as NumberOfSegs. If this value is
invalid, the instruction is placed into
Operator Manual or Program Hold
mode and the instruction sets the
appropriate bit in Status.

Valid = 1to (minimum size of
RampValue, SoakValue, or SoakTime
arrays)

Default =1

ManHoldAftInit

BOOL

Manual/Hold after initialization. If
true, the ramp/soak is in Operator
Manual or Program Hold mode after
initialization completes. Otherwise,
the ramp/soak remains is in its
previous mode after initialization
completes.

Default is false.

CyclicSingle

BOOL

Cyclic/single execution. True for
cyclic action or false for single
action. Cyclic action continuously
repeats the ramp/soak profile. Single
action performs the ramp/ soak
profile once and then stops.

Default is false.

TimeRate

BOOL

Time/rate ramp value configuration.
True if the RampValue parameters
are entered as a time in minutes to
reach the soak temperature. False
if the RampValue parameters are
entered as a rate in units/minute.
Default is false.

GuarRamp

BOOL

Guaranteed ramp. If true and the
instruction is in Auto, ramping is
temporarily suspended if the PV
differs from the Output by more than
RampDeadband.

Default is cleared.

RampDeadband

REAL

Guaranteed ramp deadband. Specify
the amount in engineering units
that PV is allowed to differ from

the output when GuarRamp is on. If
this value is invalid, the instruction
sets RampDeadband = 0.0 and the
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Input Parameter Data Type Description

instruction sets the appropriate bit

in Status.
Valid = any float = 0.0
Default = 0.0
GuarSoak BOOL Guaranteed soak. If true and the

instruction is in auto, the soak timer
is cleared if the PV differs from the
Output by more than SoakDeadband.
Default is false.

SoakDeadband REAL Guaranteed soak deadband. Specify
the amount in engineering units
that the PV is allowed to differ from
the output when GuarSoak is on. If
this value is invalid, the instruction
sets SoakDeadband = 0.0 and the
instruction sets the appropriate bit
in Status.

Valid = any float = 0.0
Default=0.0

CurrentSegProg DINT Current segment program. The user
program writes a requested value for
the CurrentSeg into this input. This
value is used if the ramp/soak is in
Program Manual mode. If this value
isinvalid, the instruction sets the
appropriate bit in Status.

Valid = 0 to Number0fSegs-1

Default =0

OutProg REAL Output program. The user program
writes a requested value for the Out
into this input. This value is used as
the Out when the ramp/soak is in
Program Manual mode.

Valid = any float

Default=0.0

SoakTimeProg REAL Soak time program. The user
program writes a requested value
for the SoakTimeLeft into this input.
This value is used if the ramp/soak
is in Program Manual mode. If this
value is invalid, the instruction sets
the appropriate bit in Status.

Valid = 0.0 to maximum positive float
Default =0.0

CurrentSegQOper DINT Current segment operator. The
operator interface writes a
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Input Parameter

Data Type

Description

requested value for the CurrentSeg
into this input. This value is used if
the ramp/soak is in Operator Manual
mode. If this value is invalid, the
instruction sets the appropriate bit
in Status.

Valid = 0 to Number0fSegs-1

Default =0

OutOper

REAL

Output operator. The operator
interface writes a requested value
for the Out into this input. This
value is used as the Out when the
ramp/soak is in Operator Manual
mode.

Valid = any float

Default=0.0

SoakTimeOper

REAL

Soak time operator. The operator
interface writes a requested value
for the SoakTimeLeft into this input.
This value is used if the ramp/soak
is in Operator Manual mode. If this
value is invalid, the instruction sets
the appropriate bit in Status.

Valid = 0.0 to maximum positive float
Default=0.0

ProgProgReq

BOOL

Program program request. Set

to true by the user program to
request Program control. Ignored

if ProgOperReq is true. Holding this
true and ProgOperReq false locks the
instruction in Program control.
Default is false.

ProgOperReq

BOOL

Program operator request. Set to
true by the user program to request
Operator control. Holding this true
locks the instruction in Operator
control.

Default is false.

ProgAutoReq

BOOL

Program auto mode request. Set to
true by the user program to request
the ramp/soak to enter Auto mode.
Ignored if the loop is in Operator
control, if ProgManualReq is true, or
if ProgHoldReq is true.

Default is false.

ProgManualReq

BOOL

Program manual mode request.
Set to true by the user program
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Input Parameter

Data Type

Description

to request the ramp/soak to

enter Manual mode. Ignored if the
ramp/soak is in Operator control or
if ProgHoldReq is true.

Default is false.

ProgHoldReq

BOOL

Program hold mode request. Set to
true by the user program to request
to stop the ramp/ soak without
changing the Out, CurrentSeg, or
SoakTimeLeft. Also useful when a
PID loop getting its setpoint from
the ramp/soak leaves cascade. An
operator can accomplish the same
thing by placing the ramp/soak into
Operator Manual mode.

Default is false.

OperProgReq

BOOL

Operator program request. Set to
true by the operator interface to
request Program control. Ignored if
ProgOperReq is true. The instruction
clears this input to false.

Default is false.

OperOperReq

BOOL

Operator operator request. Set

to true by the operator interface

to request Operator control.

Ignored if ProgProgReq is true and
ProgOperReq is false. The instruction
clears this input to false.

Default is false.

OperAutoReq

BOOL

Operator auto mode request. Set

to true by the operator interface

to request the ramp/soak to enter
Auto mode. Ignored if the loop is in
Program control or if OperManualReq
is true. The instruction clears this
input to false.

Default is false.

OperManualReq

BOOL

Operator manual mode request. Set
to true by the operator interface

to request the ramp/soak to enter
Manual mode. Ignored if the loop is
in Program control. The instruction
clears this input to false.

Default is false.

Initialize

BOOL

Initialize program and operator
values. When true and in manual, the
instruction sets CurrentSegProg = 0,
CurrentSegOper = 0, SoakTimeProg
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Input Parameter Data Type Description

= SoakTime[0], and SoakTimeOper
= SoakTime[0]. Initialize is ignored
when in Auto or Hold mode. The
instruction clears this parameter to
false.

Default is false.

ProgValueReset BOOL Reset program control values.
When true, the instruction clears
ProgProgReq, ProgOperReq,
ProgAutoReq, ProgHoldReg, and
ProgManualReq to false.

Default is false.

Output Parameter Data Type Description

EnableQut BOOL Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out REAL The output of the ramp/soak
instruction.
CurrentSeg DINT Current segment number. Displays

the current segment number in the
ramp/soak cycle. Segments start
numbering at 0.

SoakTimeLeft REAL Soak time left. Displays the soak
time remaining for the current soak.

GuarRampOn BOOL Guaranteed ramp status. Set to true
if the Guaranteed Ramp feature is
in use and the ramp is temporarily
suspended because the PV differs
from the output by more than the
RampDeadband.

GuarSoakOn BOOL Guaranteed soak status. Set to true
if the Guaranteed Soak feature
isin use and the soak timer is
cleared because the PV differs
from the output by more than the
SoakDeadband.

ProgOper BOOL Program/Operator control indicator.
True when in Program contral. False
when in Operator control.
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Output Parameter Data Type Description

Auto BOOL Auto mode. True when the
ramp/soak is in Program Auto or
Operator Auto mode.

Manual BOOL Manual mode. True when the
ramp/soak is in Program Manual or
Operator Manual mode.

Hold BOOL Hold mode. True when the
ramp/soak is in program Hold mode.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

PVFaulted (Status.1) BOOL PVHealth is bad.

Number0fSegsinv (Status.2) BOOL The Number0fSegs value is invalid
value or is not compatible with an
array size.

RampDeadbandlnv (Status.3) BOOL Invalid RampDeadband value.

SoakDeadbandInv (Status.4) BOOL Invalid SoakDeadband value.

CurrSegProglnv (Status.5) BOOL Invalid CurrSegProg value.

SoakTimeProginv (Status.6) BOOL Invalid SoakTimeProg value.

CurrSegOperlnv (Status.7) BOOL Invalid CurrSegOper value.

SoakTimeOperlnv (Status.8) BOOL Invalid SoakTimeOper value.

RampValuelnv (Status.9) BOOL Invalid RampValue value.

SoakTimelnv (Status.10) BOOL Invalid SoakTime value

Description

The RMPS instruction is typically used to provide a temperature profile in a batch heating
process. The output of this instruction is typically the input to the setpoint of a PID loop.

Whenever the value computed for the output is invalid, NAN, or = INF, the instruction sets Out

= the invalid value and sets the math overflow status flag. The internal parameters are not

updated. In each subsequent scan, the output is computed using the internal parameters from

the last scan when the output was valid.
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Monitoring the RMPS Instruction

There is an operator faceplate available for the RMPS instruction.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page

faults.

Execution

Function Block

for operand-related

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

Clear CurrentSeq to 0.
Mode is set to operator manual mode.

SoakTimeProg and SoakTimeOper are set to
SoakTime[0] if SoakTime[ 0] is valid.

Instruction first scan

All the operator request inputs are cleared to false.

If ProgValueReset is true, all the program request inputs
are cleared to false.

The operator control mode is set to manual mode if the
current mode is hold.

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

Initial Mode Applied on Instruction First Scan

The following table shows the ending control based on the program request inputs.
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E:::::: :Z:;art ProgOperReq ProgProgReq ProgValueReset | FirstRun E:::::tl :z::d

Operator Control | false true false na Program Control
na false na na Operator Control

Program Control | true Na false false Operator Control
na Na true true Operator Control
false false false true Operator Control
false true false na Program Control
na Na true false Program Control
false false false false Program Control

The following table shows the ending control based on the Manual, Auto, and Hold mode

requests.
Control Control
Oper Oper Pro Pro Pro Man Pro
atStart [P P 9 9 9 9 First at End
f First Auto Man Auto Man Hold Hold Value .
o R R R R R Aftinit | Reset Run of irst
e e e e e ni ese
s‘:an q q q q q Scan
Operator | na na na na na false na false Operator
Control Current
mode
na na na na na na na Operator
Manual
mode
na na na na na true na na
Program | na na false false false false na false Program
Control Current
na na na na na false true false mode
na na true false false false false na Program
Auto
mode
na na na true false false false na Program
Manual
mode
na na na na true false false na Program
Hold
mode
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Control Control
Oper Oper Pro Pro Pro Man Pro

atStart | P P 9 9 9 9 First atEnd

f First Auto Man Auto Man Hold Hold Value .

orrirs . Run of First

Scan Req Req Req Req Req Aftlnit Reset Scan
na na na na na true na na

Example

In this example, the RMPS instruction drives the setpoint of a PIDE instruction. When the PIDE
instruction is in Cascade/Ratio mode, the output of the RMPS instruction is used as the setpoint.
The PV to the PIDE instruction can be optionally fed into the PV input of the RMPS instruction if

you want to use guaranteed ramping and/or guaranteed soaking.

In this example, the AutoclaveRSSoakValue, AutoclaveRSSoakTime, and AutoclaveRSRampValue
arrays are REAL arrays with 10 elements to allow up to a 10 segment RMPS profile.

Function Block

AutoclaveTemp
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AutoclaveRS
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Switching Between Program Control and Operator Control

The RMPS instruction can be controlled by either a user program or through an operator
interface. Control can be changed at any time.

~ Y user program sets ProgOperReq(l) to true . -
request takes precedence and is always granted J

operator sets OperOperReq to true
granted if ProgProgReq is false

Program Control Operator Control
user program sets ProgProgReq to true(2)

granted if ProgOperReq is false

operator sets OperProgReq to true
granted if ProgOperReq and OperOperReq are false

(1) You can lock the instruction in Operator control by leaving ProgOperReq to true.

(2) You can lock the instruction in Program control by leaving ProgProgReq to true while
ProgOperReq is false.

When transitioning from Operator control to Program control while the ProgAutoReq,
ProgManualReq, and ProgHoldReq inputs are false, the mode is determined as follows:

If the instruction was in Operator Auto mode, then the transition is to Program Auto mode.
If the instruction was in Operator Manual mode, then the transition is to Program Manual mode.

When transitioning from Program control to Operator control while the OperAutoReq and
OperManualReq inputs are false, the mode is determined as follows:

If the instruction was in Program Auto mode, then the transition is to Operator Auto mode.

If the instruction was in Program Manual or Program Hold mode, then the transition is to
Operator Manual mode.

Program Control

The following diagram shows how the RMPS instruction operates when in Program contral.

ProgManualReq is true and single execution of profile complete (2)
ProgHoldReq is false

Invalid inputs (3
Program Auto Mode nvalid Inputs (3)

[

»
ProgAutoReq is true (1),

ProgHoldReq is set to true

ProgHoldReq is false T
and ProgManualReq is
false ProgAutoRen is true (1),

FrogHoldReq is false
and FrogManualReq is

false | v ¥ ¥
ProgHoldReq is set to true N
>
Invalid inputs (3)
Program Manual Mode = Program Hold Mode
ProgManualReq is true and ProgHoldReq is false

(1) In single (non-cyclic) execution, you must toggle ProgAutoReq from false to true if one
execution of the ramp/soak profile is complete and you want another execution of the ramp/
soak profile.
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(2) When the instruction is configured for single execution, and the Auto mode Ramp-Soak
profile completes, the instruction transitions to Hold mode.

(3) The instruction is placed in Hold mode if PVFaulted is true or any of the following inputs are
invalid: Number0fSegs, CurrentSegProg, or SoakTimeProg.

The following table describes the possible Program modes.

Mode

Description

Program Auto Mode

While in Auto mode, the instruction sequentially
executes the ramp/ soak profile.

Program Manual Mode

While in Manual mode the user program directly
controls the instruction’s Out. The CurrentSegProg,
SoakTimeProg, and OutProg inputs are transferred to
the CurrentSeg, SoakTimeLeft, and Out outputs. When
the instruction is placed in auto mode, the ramp/soak
function resumes with the values last input from the
user program. CurrentSegProg and SoakTimeProg are
not transferred if they are invalid.

To facilitate a "bumpless" transition into Manual mode,
the CurrentSegProg, SoakTimeProg, and OutProg
inputs are continuously updated to the current

values of CurrentSeg, SoakTimeLeft, and Out when
ProgValueReset is set and the instruction is not in
Program Manual mode.

Program Hold Mode

While in Hold mode, the instruction’s outputs are
maintained at their current values. If in this mode when
ProgOperReq is set to change to Operator contral, the
instruction changes to Operator Manual mode.

Operator Control

The following diagram shows how the RMPS instruction operates when in Operator control.

-,

OperManualReq is set to true

i

single execution of profile complete (1)

57

Operator Auto

Mode invalid inputs (2} Mode

OperAutoReq is set to true and OperManualReq is false

Operator Manual

-—

—

(1) When the instruction is configured for Single Execution, and the Auto mode ramp/soak profile
completes, the instruction transitions to manual mode.

(2) The instruction is placed in Manual mode if PVFaulted is true or any of the following inputs
are invalid: NumberQfSegs, CurrentSegOper, or SoakTimeOper.

The following table describes the possible Operator modes.
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Mode Description

Operator Auto Mode While in Auto mode, the instruction sequentially
executes the ramp/ soak profile.

Operator Manual Mode While in Manual mode the operator directly controls the
instruction’s Out. The CurrentSegOper, SoakTimeOper,
and OutOper inputs are transferred to the CurrentSeg,
SoakTimeLeft, and Out outputs. When the instruction

is placed in Auto mode, the ramp/soak function

resumes with the values last input from the operator.
CurrentSegOper and SoakTimeOper are not transferred if
they are invalid.

To facilitate a "bumpless" transition into Manual mode,
the CurrentSegOper, SoakTimeOper, and OutOper
inputs are continuously updated to the current values
of CurrentSeg, SoakTimeLeft, and Out whenever the
instruction is not in Operator Manual mode.

Executing the Ramp/Soak Profile

The following diagram illustrates how the RMPS instruction executes the ramp/soak profile.

return from return fromm
TvTanmal or Hold TvTanmal or Hold

Chat 2 SoakWalue of CharrentSegrment Chat = SoakValue of CurrentSegnent
SoakTimeleft = 0

_ SoakTimeLeft = 02

Rarmp _ cvelic execution of profile completet™! nak

(Out = SoakValue!!!

f'y
Ot = SoakWalne of CwrentSegment single execution of profile cnmpletec'”
SoakTimeleft =0

retuwrn from
Ivlannal or Hold

(1) The Ramp is complete when Out = SoakValue. If, during ramp execution, Out > SoakValue, Out
is limited to SoakValue.

(2) Soaking is complete when Qut is held for the amount of time specified in the current
segment’s SoakTime. If the segment executed was not the last segment, CurrentSeg increments
by one.

(3) Soaking has completed for the last programmed segment and the instruction is configured
for cyclic execution. The instruction sets CurrentSeg = 0.

(4) Soaking has completed for the last programmed segment and the instruction is configured
for single execution.
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(5) When returning to Auto mode, the instruction determines if ramping or soaking resumes.
What to do next depends on the values of Out, SoakTimeLeft, and the SoakValue of the current
segment. If Out = SoakValue for the current segment, and SoakTimeLeft = 0, then the current
segment has completed and the next segment starts.

Ramping

The ramp cycle ramps Out from the previous segment’s SoakValue to the current segment's
SoakValue. The time in which the ramp is traversed is defined by the RampValue parameters.

Ramping is positive if Out < target SoakValue of the current segment. If the ramp equation
calculates a new Out which exceeds the target SoakValue, the Out is set to the target SoakValue.

Ramping is negative if Out > the target SoakValue of the current segment. If the ramp equation
calculates a new Out which is less than the target SoakValue, the Out is set to the target
SoakValue.

Each segment has a ramp value. You have the option of programming the ramp in units of time
or rate. All segments must be programmed in the same units. The following table describes the
ramping options:

Parameter Description
Time-based ramping TimeRate is set to true for time-based ramping (in
minutes)

The rate of change for the current segment is calculated
and either added or subtracted to Out until Out reaches
the current segment’s soak value. In the following
equation, DeltaT is the elapsed time in minutes since the
instruction last executed.

R OHEi(ScakVaiue mrmmse,g—RampSmrfJ -

Ra Ty Value Currentiep

Where RampStart is the value of Out at the start of the
Current Segment.

Rate-based ramping TimeRate is cleared to false for rate-based ramping (in
units/minute)

The programmed rate of change is either added

or subtracted to Out until Out reaches the current
segment’s soak value. In the following equation, DeltaT
is the elapsed time in minutes since the instruction last
executed.

Gt = Cuf X Ramplalue oy e A

Guaranteed Ramping

Set the input GuarRamp to true to enable guaranteed ramping. When enabled, the instruction
monitors the difference between Out and PV. If the difference is outside of the programmed
RampDeadband, the output is left unchanged until the difference between PV and Out are within
the deadband. The output GuarRampOn is set to true whenever Out is held due to guaranteed
ramping being in effect.
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Soaking

Soaking is the amount of time the block output is to remain unchanged until the next ramp-soak
segment is started. The soak cycle holds the output at the SoakValue for a programmed amount
of time before proceeding to the next segment. The amount of time the output is to soak is
programmed in the SoakTime parameters.

Each segment has a SoakValue and SoakTime. Soaking begins when Out is ramped to the
current segment’s SoakValue. SoakTimeLeft represents the time in minutes remaining for the
output to soak. During ramping, SoakTimeLeft is set to the current segment’s SoakTime. Once
ramping is complete, SoakTimeLeft is decreased to reflect the time in minutes remaining for
the current segment. SoakTimeLeft = 0 when SoakTime expires.

Guaranteed Soaking

Set the input GuarSoak to true to enable guaranteed soaking. When enabled, the instruction
monitors the difference between Out and PV. If the difference is outside of the SoakDeadband,
timing of the soak cycle is suspended and the internal soak timer is cleared. When the
difference between Out and PV returns to within the deadband, timing resumes. The output
GuarSoakOn is set to true when timing is held due to guaranteed soaking being in effect.

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Scale (SCL) instruction converts an unscaled input value to a floating point value in
engineering units.

Available Languages

Ladder Diagram
This instruction is not available in ladder diagram logic.
Function Block

scL [

Scale

SCL_01

m

Structured Text
SCL(SCL_tag)

Operands

Function Block

Operand Type Format Description

Publication 1756-RMO06P-EN-P - September 2025 Rockwell Automation, Inc.



Chapter1  Process Control Instructions

SCL tag SCALE Structure SCL structure
Structured Text

Operand Type Format Description

SCL tag SCALE Structure SCL structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

SCALE Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

REAL

The analog signal input.
Valid = any float
Default=0.0

InRawMax

REAL

The maximum value attainable

by the input to the instruction.

If InRawMax = InRawMin, the
instruction sets the appropriate bit
in Status and stops updating the
output.

Valid = InRawMax > InRawMin

Default = 0.0

InRawMin

REAL

The minimum value attainable by the
input to the instruction. If InRawMin
Z InRawMax, the instruction sets the
appropriate bit in Status and stops
updating the output.

Valid = InRawMin < InRawMax

Default = 0.0

InEUMax

REAL

The scaled value of the input
corresponding to InRawMax.
Valid = any real value
Default=0.0

InEUMin

REAL

The scaled value of the input
corresponding to InRawMin.
Valid = any real value

Rockwell Automation, Inc. Publication 1756-RMO06P-EN-P - September 2025

135



Chapter 1

Process Control Instructions

136

Default =0.0

Limiting

BOOL

Limiting selector. If true, Out is
limited to between InEUMin and
InEUMax.

Default is false.

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out

REAL

The output that represents scaled
value of the analog input.

Valid = any real value

Default = InEUMin

MaxAlarm

BOOL

The above maximum input alarm
indicator. This value is set to true
when In> InRawMax.

MinAlarm

BOOL

The below minimum input alarm
indicator. This value is set to true
when In < InRawMin.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

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

InRawRangelnv (Status.1)

BOOL

InRawMin Z InRawMax.

Description

Use the SCL instruction with analog input modules that do not support scaling to a full

resolution floating point value.

For example, the 1771-IFE module is a 12-bit analog input module that supports scaling only in
integer values. If you use a 1771-IFE module to read a flow of 0-100 gallons per minute (gpm), you
typically do not scale the module from 0-100 because that limits the resolution of the module.
Instead, use the SCL instruction and configure the module to return an unscaled (0-4095) value,
which the SCL instruction converts to 0-100 gpm (floating point) without a loss of resolution.
This scaled value could then be used as an input to other instructions.

The SCL instruction uses this algorithm to convert unscaled input into a scaled value:

Out = (In—InRawMin) x [
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Alarming

Once the instruction calculates Out, the MaxAlarm and MinAlarm are determined as follows:

Ty

Maxhlarm = false

Limiting

In = InRawMax

In <= InRawhiax

,-—-\-\.\'
—_— I
—_—

Maxalarm = true

Limiting is performed on Out when Limiting is set. The instruction sets Out = InEUMax when In >
InRawMax. The instruction sets Out = InEUMin when In < InRawMin.

Lirniting set
I = InFawTvlax

Ot = InE1TMax

Limiting set

Ot = [nETVIin

In = InRawhiin

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page

faults.
Execution

Function Block

for operand-related

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true

The instruction executes.

Instruction first run

N/A

Instruction first scan

N/A

Postscan

Enableln and EnableQut bits are cleared to false.
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Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

The SCL instruction is typically used with analog input modules that do not support on-board
scaling to floating point engineering units. In this example, the SCL instruction scales an analog
input from a T771-IFE module. The instruction places the result in Out, which is used by an ALM
instruction.

Function Block

scL [ ALM ]
Scale Alarm
SCL_ ALKM_01
InputdFram1771IFE n Dut n HH.Alarm
HAlar
Laslarr
LLAar
ROCPosAla
ROCNegAla

Structured Text

SCL_0%In := InputOFrom1771IFE;
scuscL-om);

ALM_01In := SCL-01.0ut;
ALM(ALM_01);

Split Range Time Proportional (SRTP)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 contrallers.

The Split Range Time Proportional (SRTP) instruction takes the 0-100% output of a PID loop
and drives heating and cooling digital output contacts with a periodic pulse. This instruction
controls applications such as barrel temperature control on extrusion machines.
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Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

SRTP 2]
Split Range Time Proportiona
SHRTP_01
n HeatOu
HeatT:
Structured Text

SRTP(SRTP_tag)

Operands

Function Block

Operand Type Format Description

SRTP tag SPLIT_RANGE Structure SRTP structure
Structured Text

Operand Type Format Description

SRTP tag SPLIT_RANGE Structure SRTP structure

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

SPLIT_RANGE Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

In REAL The analog signal input asking

for heating or cooling. This input
typically comes from the CVEU of a
PID loop.
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Input Parameter Data Type Description

Valid = any float

CycleTime REAL The period of the output pulses

in seconds. A value of zero turns

off both heat and cool outputs. If
this value is invalid, the instruction
assumes a value of zero and sets the
appropriate bit in Status.

Valid = any positive float
Default=0.0

MaxHeatIn REAL Maximum heat input. This value
specifies the percentage of the In
which will cause maximum heating.
This is typically 100% for a heat/cool
loop.

Valid = any float

Default =100.0

MinHeatIn REAL Minimum heat input. Specify the
percent of In that represents the
start of the heating range and
causes minimum heating. This is
typically 50% for a heat/cool loop.
Valid = any float

Default =50.0

MaxCoolln REAL Maximum cool input. Specify the
percent of In that causes maximum
cooling. This is typically 0% for a
heat/cool loop.

Valid = any float

Default=0.0

MinCoolln REAL Minimum cool input. Specify the
percent of In that causes minimum
cooling. This is typically 50% for a
heat/cool loop.

Valid = any float

Default = 50.0

MaxHeatTime REAL Maximum heat time in seconds.
Specify the maximum time in
seconds that a heating pulse can
be on. If the instruction calculates
HeatTime to be greater than this
value, HeatTime is limited to
MaxHeatTime. If MaxHeatTime is
invalid, the instruction assumes
a value of CycleTime and sets the
appropriate bit in Status.

Valid = 0.0 to CycleTime

Default = CycleTime
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Input Parameter Data Type Description

MinHeatTime REAL Minimum heat time in seconds.
Specify the minimum time in
seconds that a heating pulse can
be on. If the instruction calculates
HeatTime to be less than this
value, HeatTime is set to zero.

If MinHeatTime is invalid, the
instruction assumes a value of
zero and sets the appropriate bit in
Status.

Valid = 0.0 to MaxHeatTime
Default=0.0

MaxCoolTime REAL Maximum cool time in seconds.
Specify the maximum time in
seconds that a cooling pulse can

be on. If the instruction calculates
CoolTime to be larger than this value,
CoolTime is limited to MaxCoolTime.
If MaxCoolTime is invalid, the
instruction assumes a value of
CycleTime and sets the appropriate
bit in Status.

Valid = 0.0 to CycleTime

Default = CycleTime

MinCoolTime REAL Minimum cool time in seconds.
Specify the minimum time in
seconds that a cooling pulse can
be on. If the instruction calculates
CoolTime to be less than this
value, CoolTime is set to zero.

If MinCoolTime is invalid, the
instructions assumes a value of
zero and sets the appropriate bit in

Status.
Valid = 0.0 to MaxCoolTime
Default =0.0

Output Parameter Data Type Description

EnableQut BOOL Indicates if instruction is enabled.

Cleared to false if HeatTimePercent
or CoolTimePercent overflows.

HeatOut BOOL Heating output pulse. The instruction
pulses this output for the heating
contact.
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Output Parameter

Data Type

Description

CoolOut

BOOL

Cooling output pulse. The instruction
pulses this output for the cooling
contact.

HeatTimePercent

REAL

Heating output pulse time in
percent. This value is the calculated
percent of the current cycle that the
HeatingOutput will be on. This allows
you to use the instruction with an
analog output for heating if required.

CoolTimePercent

REAL

Cooling output pulse time in percent.
This value is the calculated percent
of the current cycle that the
CoolingOutput will be on. This allows
you to use the instruction with an
analog output for cooling if required.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

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

CycleTimelnv (Status.1)

BOOL

Invalid CycleTime value. The
instruction uses zero.

MaxHeatTimelnv (Status.2)

BOOL

Invalid MaxHeatTime value. The
instruction uses the CycleTime value.

MinHeatTimelnv (Status.3)

BOOL

Invalid MinHeatTime value. The
instruction uses zero.

MaxCoolTimelnv (Status.4)

BOOL

Invalid MaxCoolTime value. The
instruction uses the CycleTime value.

MinCoolTimelnv (Status.5)

BOOL

Invalid MinCoolTime value. The
instruction uses zero.

HeatSpanlnv (Status.6)

BOOL

MaxHeatln = MinHeatln.

CoolSpaninv (Status.7)

BOOL

MaxCoolln = MinCoolIn.

Description

The length of the SRTP pulse is proportional to the PID output. The instruction parameters

accommodate heating and cooling applications.
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Using the Internal Cycle Timer

The instruction maintains a free running cycle timer that cycles from zero to the programmed
CycleTime. The internal timer is updated by DeltaT. DeltaT is the elapsed time since the
instruction last executed. This timer determines if the outputs need to be turned on.

You can change CycleTime at any time. If CycleTime = 0, the internal timer is cleared and
HeatOut and CoolOut are cleared to false.

Calculating Heat and Cool Times
Heat and cool times are calculated every time the instruction is executed.

HeatTime is the amount of time within CycleTime that the heat output is to be turned on.

HeatTime = dn - MinHeatln w Cvele Time

MaxHeatin — MinHeaiin

If HeatTime < MinHeatTime, set HeatTime = 0.
If HeatTime> MaxHeatTime, limit HeatTime = MaxHeatTime.
HeatTimePercent is the percentage of CycleTime that the HeatOut pulse is true.

HeatTime Fercent = M = 100

Cyele Time

CoolTime is the amount of time within CycleTime that the cool output is to be turned on.

CoalTime = in -~ MinCoolin # Cyele Time

MaxToolin — MinCoalln

If CoolTime < MinCoolTime, set CoolTime = 0.
If CoolTime > MaxCoolTime, limit CoolTime = MaxCoolTime.

CoolTimePercent is the percentage of CycleTime that the CoolOut pulse is true.

CoalTime

x 100
Cyele Time

Clool Time Percent =

The instruction controls heat and cool outputs using these rules:
+ Set HeatOut to true if HeatTime = the internal cycle time accumulator. Clear HeatOut to
false when the internal cycle timer > HeatTime.
+  Set CoolOut to true if CoolTime = the internal cycle time accumulator. Clear CoolOut to
false if the internal cycle timer > CoolTime.

Clear HeatOut and CoolOut to false if CycleTime = 0.

Affects Math Status Flags
No
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Major/Minor Faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run N/A

Instruction first scan HeatOut and CoolOut are cleared to false.

HeatTimePercent and CoolTimePercent are cleared to

0.0.
Postscan Enableln and EnableQut bits are cleared to false.
Structured Text
Condition/State Action Taken
Prescan See Prescan in the Function Block table.
Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

In this example, a PIDE instruction executes in a slow, lower priority task because it is a slow,
temperature loop. The output of the PIDE instruction is a controller-scoped tag because it
becomes the input to an SRTP instruction. The SRTP instruction executes in a faster, higher
priority task so that the pulse outputs are more accurate
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Function Block

Place the PIDE instruction in a slow, lower priority task

BarreTemp

0.0

PIDE
Enhanced PID

BarreMempLoop
PV

SPProg
SPCascade
RatioProg
CVProg

FF

HandFB
ProgProgReq
ProgOperReg
ProgCasRatReq
ProgAutoReq
ProgManualReq
ProgOverrideReq

ProgHandReq

AutotuneTag

CVEU

SP

PWHHAlarm
PvHAlarm
PWLAlarm
VLLAlarm
PWROCPosAlarm
VROCMHegAlarm
DevHHAlRrm
DevHAlarm
Devlalarm
DevLLAlarm
ProgOper
CasRat

Auto

Manual
Override

Hand

?

Place the SRTP instruction in a faster, higher priority task.

LoopQOutput

0.1

Structured Text

Place the PIDE instruction in a slow, lower priority task.

SHTP

]

Split Range Time Proportional

SRTP_02

In

0
HeatOut )
CoolOut
0.0
HeatTimePercent
0.0

CoolTimePercent

BarrelTempLoop.PV := BarrelTemp;
PIDE(BarrelTempLoop);
LoopQutput := BarrelTempLoop.CVEU;

Place the SRTP instruction in a faster, higher priority task.

SRTP_02.In := LoopQutput;

SRTP(SRTP_02);
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Totalizer (TOT)

146

ResistiveHeater := SRTP_02.HeatOut;
CoolingSolenoid := SRTP_02.CoolOut;

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 contrallers.

The Totalizer (TOT) instruction provides a time-scaled accumulation of an analog input value.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

Structured Text
TOT(TOT_tag)

Operands

Function Block

Operand Type

Format

Description

T0T tag TOTALIZER

Structure

TOT structure

Structured Text

Operand Type

Format

Description

TOT tag TOTALIZER

Structure

TOT structure
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See Structured Text Syntax for more information on the syntax of expressions within structured

text.

TOTALIZER Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

REAL

The analog signal input to the
instruction.

Valid = any float

Default =0.0

InFault

BOOL

Bad health indicator of In. If true,

it indicates the input signal has

an error, the instruction sets the
appropriate bit in Status, the control
algorithm is not executed, and Total
is not updated.

Default is false.

TimeBase

DINT

The timebase input. The time base
of the totalization based on the In
engineering units.

0 = Seconds
1=Minutes
2 =Hours

3 =Days

For example, use TimeBase =
minutes if In has units of gal/min. If
this value is invalid, the instruction
sets the appropriate bit in Status and
does not update the Total.

For more information about

timing modes, see Function Block
Attributes.

Valid=0to 3

Default =0

Gain

REAL

The multiplier of the incremental
totalized value. The user can use
the Gain to convert the units of
totalization. For example, use the
Gain to convert gal/min to a total in
barrels.

Valid = any float

Default=1.0
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Input Parameter

Data Type

Description

ResetValue

REAL

The reset value input. The reset
value of Total when OperResetReq or
ProgResetReq transitions from false
to true.

Valid = any float

Default=0.0

Target

REAL

The target value for the totalized In.
Valid = any float
Default=0.0

TargetDevl

REAL

The large deviation pre-target
value of the Total compared to the
Target. This value is expressed as a
deviation from the Target.

Valid = any float

Default=0.0

TargetDev2

REAL

The small deviation pre-target
value of the Total compared to the
Target. This value is expressed as a
deviation from the Target.

Valid = any float

Default =0.0

LowInCutoff

REAL

The instruction low input cutoff
input. When the In is at or below
the LowInCutoff value, totalization
ceases.

Valid = any float

Default=0.0

ProgProgReq

BOOL

Program program request. Set to
true to request Program control.
Ignored if ProgOperReq is true.
Holding this true and ProgOperReq
false locks the instruction in
Program control.

Default is false.

ProgOperReq

BOOL

Program operator request. Set

to true to request Operator
control. Holding this true locks the
instruction in Operator control.
Default is false.

ProgStartReq

BOOL

The program start request input.
Set to true to request totalization to
start.

Default is false.

ProgStopReq

BOOL

The program stop request input.
Set to true to request totalization to
stop.
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Input Parameter

Data Type

Description

Default is false.

ProgResetReq

BOOL

The program reset request input. Set
to true to request the Total to reset
to the ResetValue.

Default is false.

OperProgReq

BOOL

Operator program request. Set

to true by the operator interface

to request Program control. The
instruction clears this input to false.
Default is false.

OperOperReq

BOOL

Operator operator request. Set

to true by the operator interface

to request Operator control. The
instruction clears this input to false.
Default is false.

OperStartReq

BOOL

The operator start request input.
Set to true by the operator interface
to request totalization to start. The
instruction clears this input to false.
Default is false.

OperStopReq

BOOL

The operator stop request input.
Set to true by the operator interface
to request totalization to stop. The
instruction clears this input to false.
Default is false.

OperResetReq

BOOL

The operator reset request input.
Set to true by the operator interface
to request totalization to reset. The
instruction clears this input to false.
Default is false.

ProgValueReset

BOOL

Reset program control values. When
true, clear all the program request
inputs to false at each execution of
the instruction.

Default is false.

TimingMode

DINT

Selects timing execution mode.
0 = Period mode

1= 0versample mode

2 = Real time sampling mode

For more information about
timing modes, see Function Block
Attributes.

Valid=0to2

Default =0
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Input Parameter

Data Type

Description

OversampleDT

REAL

Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default =0

RTSTime

DINT

Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp

DINT

Module time stamp value for real
time sampling mode.

Valid = 0 to 32,767ms

Default =0

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
Cleared to false if Total overflows.

Total

REAL

The totalized value if In.

OldTotal

REAL

The value of the total before a reset
occurred. You can monitor this value
to read the exact total just before
the last reset.

ProgQper

BOOL

Program/operator control indicator.
True when in Program control. False
when in Operator control.

RunStop

BOOL

The indicator of the operational
state of the totalizer. True when the
TOT instruction is running. False
when the TOT instruction is stopped.

ProgResetDone

BOOL

The indicator that the TOT
instruction has completed a program
reset request. Set to true when

the instruction resets as a result

of ProgResetReq. You can monitor
this to determine that a reset
successfully completed. Cleared to
false when ProgResetReq is false.

TargetfFlag

BOOL

The flag for Total. Set to true when

Total = Target.
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Output Parameter Data Type Description

TargetDeviFlag BOOL The flag for TargetDevl. Set to true
when Total = Target - TargetDevl.

TargetDev2Flag BOOL The flag for TargetDev2. Set to true
when Total = Target - TargetDev2.

LowInCutoffFlag BOOL The instruction low input cutoff flag
output. Set to true when
In £ LowInCutoff.

DeltaT REAL Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errars. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

InFaulted (Status.1) BOOL In value faulted.

TimeBaselnv (Status.2) BOOL Invalid TimeBase value.

TimingModelnv (Status.27) BOOL Invalid TimingMode value.

RTSMissed (Status.28) BOOL Only used in real time sampling
mode. Set to true when
ABS(DeltaT - RTSTime) >1
millisecond.

RTSTimelnv (Status.29) BOOL Invalid RTSTime value.

RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.

DeltaTlnv (Status.31) BOOL Invalid DeltaT value. This can

occur if OversampleDT is invalid in
oversample timing mode.

Description

This instruction typically totals the amount of a material added over time, based on a flow

signal.
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The TOT instruction supports:

» Time base selectable as seconds, minutes, hours, or days.

 You can specify a target value and up to two pre-target values. Pre-target values are
typically used to switch to a slower feed rate. Digital flags announce the reaching of the

target or pre-target values.

» Alow flow input cutoff that you can use to eliminate negative totalization due to slight
flow meter calibration inaccuracies when the flow is shut off.

Operator or program capability to start/stop/reset.

» Auser defined reset value.

« Trapezoidal-rule numerical integration to improve accuracy.

« The internal totalization is done with double precision math to improve accuracy.

Monitoring the TOT Instruction

There is an operator faceplate available for the TOT instruction.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page

faults.

Execution

Function Block

for operand-related

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

Total is set to ResetValue.
OldTotal is cleared to 0.0.

ProgOper is cleared to false.

Instruction first scan

All operator request inputs are cleared to false. If
ProgValueReset is true then all program request inputs
are cleared to false.

Postscan

Enableln and EnableQut bits are cleared to false.
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Structured Text

Condition/State

Action Taken

Prescan

See Prescan in the Function Block table.

Rockwell Automation, Inc.

Normal Execution See Tag.Enableln is true in the Function Block table.

Postscan See Postscan in the Function Block table.

Check for Low Input Cutoff

If (In <= LowInCutoff), the instruction sets LowInCutoffFlag to true and makes In(n-1)=0.0.
Otherwise, the instruction clears LowInCutoffFlag to false.

When the LowInCutoffFlag is true, the operation mode is determined but totalization ceases.

When LowInCutoffFlag is false, totalization continues that scan.

Operating Modes

The following diagram shows how the TOT instruction changes between Program control and
Operator control.

o Y e ™

OperOperReq is set to true when ProgProgReq is false

ProgOperReq is set to true (1)

Program Control Operator Control

ProgProgReq is set to true when ProgOperReq is false

OperProgReq is set to true when ProgOperReq is false
and OperOperfeq is false

e

[

R —

(1) The instruction remains in operator control mode when ProgOperReq is true.

The following diagram shows how the TOT instruction changes between Run and Stop modes.
o Y g N

)
ProgOper is false and OperStartReq is true(1)
ProgOper is true and ProgStartReq is true
+
Stop Run
RunStop is false ProgOper is true and ProgStopReq is true RunStop is true
o
ProgOper is false and OperStopReq is true
—
InFault is true
* -
|

(1) The stop requests take precedence over start requests

(2) The first scan in run after a stop, the totalization is not evaluated, but in ., is updated.
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During the next scan, totalization resumes.

All operator request inputs are cleared to false at the end of each scan. If ProgValueReset is
true, all program request inputs are cleared to false at the end of each scan.

Resetting the TOT Instruction
When ProgResetReq transitions to true while ProgOper is true, the following happens:
 (OldTotal = Total
+ Total = ResetValue
* ProgResetDone is set to true
If ProgResetReq is false and ProgResetDone is true then ProgResetDone is cleared to false
When OperResetReq transitions to true while ProgQper is false, the following happens:
 OldTotal = Total

» Total = ResetValue

Calculating the Totalization
When RunStop is true and LowInCutoffFlag is false, the following equation performs the
totalization calculation.

DeliaT

Total, = Total, | +Gain X =2

® (fﬂn+fnn_1j

where TimeBase is:

Value Condition

1 TimeBase = 0 (seconds)
60 TimeBase = 1(minutes)
3600 TimeBase = 2 (hours)
86400 TimeBase = 3 (days)

Determining if Target Values Have Been Reached

Once the totalization has been calculated, these rules determine whether the target or pre-
target values have been reached:

 TargetFlag is true when Total =Target
« TargetDeviFlag is true when Total = (Target - TargetDev)

« TargetDev2Flag is true when Total = (Target - TargetDev2)

154 Publication 1756-RMO0GP-EN-P - September 2025 Rockwell Automation, Inc.



Chapter1  Process Control Instructions

Coordinated Control (CC)

Rockwell Automation, Inc.

Example

In this example, the TOT instruction meters a target quantity of water into a tank and shuts off
the flow once the proper amount of water has been added. When the AddWater pushbutton is
pressed, the TOT instruction resets and starts totalizing the amount of water flowing into the
tank. Once the Target value is reached, the TOT instruction sets the TargetFlag output, which
causes the solenoid valve to close. For this example, the TOT instruction was "locked" into
Program Run by setting the ProgProgReq and ProgStartReq inputs. This is done for this example
because the operator never needs to directly control the TOT instruction.

Function Block

Addiater
TOT s RESD

TotahVaterFlow RESD_01

WaterFlowRate tal t t WaterSolenoid\Vahe

Structured Text

TotalWaterFlow.In := WaterFlowRate;
TotalWaterFlow.ProgProgReq :=1;
TotalWaterFlow.ProgStartReq := 1;
TotalWaterFlow.ProgResetReq := AddWater;
TOT(TotalWaterFlow);

RESD_01.Set := AddWater;
RESD_01.Reset := TotalWaterFlow.TargetFlag;
RESD(RESD_01);

WaterSolenoidValve := RESD_01.0ut;

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Coordinated Control (CC) instruction controls a single process variable by manipulating as
many as three different control variables. As an option, any of the three outputs can be used as
an input to create feed forward action in the controller. The CC calculates the control variables
(CV1, CV2, and CV3) in the auto mode based on the PV - SP deviation, internal models, and tuning.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.
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Function Block

cC

Coordinated Control

cc_o1

ProgCWVZAutoReq
ProgCV3AutoReq
ProgCW1ManualReq
ProgCWVZManualReq
ProgCW3ManualReq

ProgCWV10verrideReq

Structured Text
CC(CC_tag);

Operands

Structured Text
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Operands

Type

Format

Description

CCtag

COORDINATED_ CONTROL

structure

CC Structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

IMPORTANT: Whenever an APC block detects a change in Delta Time (DeltaT), a Modellnit will be performed. For this
reason the blocks should only be run in one of the TimingModes in which DeltaT will be constant.

« TimingMode = 0 (Periodic) while executing these function blocks in a Periodic Task

« TimingMode = 1(Oversample)

In either case, if the Periodic Task time is dynamically changed, or the OversampleDT is
dynamically changed, the block will perform a Modellnit.
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The following TimingMode setting are not recommended due to jitter in DeltaT:

« TimingMode = 0 (Periodic) while executing these function blocks in a Continuous or Event

Task

« TimingMode = 2 (RealTimeSample)

Function Block

Operands Type Format Description
CC tag COORDINATED CONTROL structure CC Structure
Structure
Input Parameters Data Type Description Valid and Default Values
Enableln BOOL Enable Input. If False, the | Default=TRUE
function block will not
execute and outputs are
not updated.
PV REAL Scaled process variable Valid = any float
input. This value is Default = 0.0
typically read from an
analog input module.
PVFault BOOL PV bad health indicator. If | FALSE = Good Health
PVisread fromananalog | poc, 1= Farse
input, then PVFault will
normally be controlled
by the analog input fault
status.
If PVFault is TRUE, it
indicates an error on the
input module, set bit in
Status.
PVEUMax REAL Maximum scaled value for | Valid = PVEUMin <
PV. The value of PV and PVEUMax < maximum
SP that corresponds to positive float
100% span of the Process | poco 1 =100.0
Variable.
If PYEUMax < PVEUMin, set
bit in Status.
PVEUMin REAL Minimum scaled value for | Valid = maximum negative
PV. The value of PV and float < PVEUMin < PVEUMax
SP that corresponds to Default = 0.0
0% span of the Process
Variable.
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Input Parameters

Data Type

Description

Valid and Default Values

If PVEUMax < PVEUMin, set
bit in Status.

SPProg

REAL

SP Program value, scaled
in PV units. SP is set to this
value when the instruction
is in Program control.

Valid = SPLLimit to
SPHLimit

Default =0.0

SPOper

REAL

SP Operator value, scaled
in PV units. SP set to this
value when in Operator
control.

If value of SPProg or
SPOper < SPLLimit or >
SPHLimit, set bit in Status
and limit value used for SP.

Valid = SPLLimit to
SPHLimit

Default=0.0

SPHLimit

REAL

SP high limit value, scaled
in PV units.

If SPHLimit < SPLLimit or
SPHLimit > PVEUMax, set
bit in Status.

Valid = SPLLimit to
PVEUMax

Default =100.0

SPLLimit

REAL

SP low limit value, scaled
in PV units.

If SPLLimit < PVEUMin,
or SPHLimit < SPLLimit,
set bit in Status and limit
SP by using the value of
SPLLimit.

Valid = PVEUMin to
SPHLimit

Default = 0.0

CV1Fault

BOOL

Control variable 1bad
health indicator. If CVIEU
controls an analog output,
then CVIFault will normally
come from the analog
output's fault status.

If CVIFault is TRUE, it
indicates an error on the
output module, set bit in
Status.

Default = FALSE
FALSE = Good Health

CV2Fault

BOOL

Control variable 2 bad
health indicator. If CV2EU
controls an analog output,
then CV2Fault will normally
come from the analog
output's fault status.

If CV2Fault is TRUE, it
indicates an error on the

Default = FALSE
FALSE = Good Health
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Input Parameters

Data Type

Description

Valid and Default Values

output module, set bit in
Status.

CV3Fault

BOOL

Control variable 3 bad
health indicator. If CV3EU
controls an analog output,
then CV3Fault will normally
come from the analog
output's fault status.

If CV3Fault is TRUE, it
indicates an error on the
output module, set bit in
Status.

Default = FALSE
FALSE = Good Health

CVlInitReq

BOOL

CV1initialization request.
While TRUE, set CVIEU to
the value of CV1InitValue.
This signal will normally
be controlled by the In
Hold status on the analog
output module controlled
by CVIEU or from the
InitPrimary output of a
secondary loop.

Default = FALSE

CV2InitReq

BOOL

CV2 initialization request.
While TRUE, set CV2EU to
the value of CV2InitValue.
This signal will normally
be controlled by the In
Hold status on the analog
output module controlled
by CV2EU or from the
InitPrimary output of a
secondary loop.

Default = FALSE

CV3InitReq

BOOL

CV3 initialization request.
While TRUE, set CV3EU to
the value of CV3InitValue.
This signal will normally
be controlled by the In
Hold status on the analog
output module controlled
by CV32EU or from the
InitPrimary output of a
secondary loop.

Default = FALSE

CVInitValue

REAL

CVIEU initialization value,
scaled in CVIEU units.
When CV1Initializing is
TRUE set CVIEU equal to

Valid = any float
Default=0.0

Rockwell Automation, Inc.
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Input Parameters Data Type

Description

Valid and Default Values

CV1InitValue and CV1to the
corresponding percentage
value. CV1InitValue will
normally come from the
feedback of the analog
output controlled by CV1IEU
or from the setpoint of a
secondary loop.

The instruction
initialization is disabled
when CVFaulted or
CVEUSpaninv are TRUE.

CV2InitValue REAL

CV2EU initialization value,
scaled in CV2EU units.
When CV2Initializing is
TRUE set CV2EU equal

to CV2InitValue and CV2
to the corresponding
percentage value.
CV2InitValue will normally
come from the feedback
of the analog output
controlled by CV2EU or
from the setpoint of a
secondary loop.

The instruction
initialization is disabled
when CVFaulted or
CVEUSpaninv are TRUE.

Valid = any float
Default=0.0

CV3InitValue REAL

CV3EU initialization value,
scaled in CV3EU units.
When CV3lnitializing is
TRUE set CV3EU equal

to CV3InitValue and CV3
to the corresponding
percentage value.
CV3InitValue will normally
come from the feedback
of the analog output
controlled by CV3EU or
from the setpoint of a
secondary loop.

The instruction
initialization is disabled
when CVFaulted or
CVEUSpaninv are TRUE.

Valid = any float
Default=0.0
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Input Parameters

Data Type

Description

Valid and Default Values

CV1Prog

REAL

CV1Program-Manual value.
CV1is set to this value
when in Program control
and Manual mode.

Valid = 0.0 through 100.0
Default=0.0

CV2Prog

REAL

CV2 Program-Manual
value. CV2 is set to this
value when in Program
control and Manual mode.

Valid = 0.0...100.0
Default =0.0

CV3Prog

REAL

CV3 Program-Manual
value. CV3 is set to this
value when in Program
control and Manual mode.

Valid = 0.0...100.0
Default =0.0

CV10per

REAL

CV1 Operator-Manual value.
CV1is set to this value
when in Operator control
and Manual mode. If not
Operator-Manual mode, set
CV10per to the value of CV1
at the end of each function
block execution.

If value of CV10per <0

or >100, or < CVILLimit

or > CVIHLimit when
CVManLimiting is TRUE, set
unique Status bit and limit
value used for CV.

Valid = 0.0...100.0
Default=0.0

CV20per

REAL

CV2 Operator-Manual
value. CV2 is set to this
value when in Operator
control and Manual mode.
If not Operator-Manual
mode, set CV20per to the
value of CV2 at the end
of each function block
execution.

If value of CV20per <0

or >100, or < CV2LLimit

or > CV2HLimit when
CVManLimiting is TRUE, set
unique Status bit and limit
value used for CV.

Valid = 0.0...100.0
Default =0.0

CV30per

REAL

CV3 Operator-Manual
value. CV3 is set to this
value when in Operator
control and Manual mode.
If not Operator-Manual

Valid = 0.0...100.0
Default =0.0

Rockwell Automation, Inc.
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Input Parameters Data Type Description Valid and Default Values

mode, set CV30per to the
value of CV3 at the end
of each function block
execution.

If value of CV30per <0

or > 100, or < CV3LLimit

or > CV3HLimit when
CVManLimiting is TRUE, set
unique Status bit and limit
value used for CV.

CV10verrideValue REAL CV1 Override value. CV1 Valid = 0.0..100.0
set to this value when in Default = 0.0
QOverride mode.

This value should
correspond to a safe state
output of the loap.

If value of
CV10OverrideValue < 0 or
>100, set unique Status bit
and limit value used for CV.

CV20verrideValue REAL CV2 Override value. CV2 Valid = 0.0...100.0
set to this value whenin | o v 200
Override mode.

This value should
correspond to a safe state
output of the loop.

If value of
CV20verrideValue <0 or
>100, set unique Status bit
and limit value used for CV.

CV30verrideValue REAL CV3 Override value. CV3 Valid = 0.0..100.0
set to this value when in Default = 0.0
Override mode.

This value should
correspond to a safe state
output of the loop.

If value of
CV30verrideValue < 0 or
>100, set unique Status bit
and limit value used for CV.

CViTrackValue REAL CV1track value. When Valid = 0.0...100.0
CVTrackReq is enabled
and the CC function
block is in Manual mode,
the CV1TrackValue will

Default=0.0
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Input Parameters Data Type

Description

Valid and Default Values

be ignored, and the CC
internal model will update
its historical data with
the CV10per or CV1Prog
value. When CVTrackReq
is enabled and the CC
function block is in Auto,
the internal model will
update its historical data
based on the value of
CViTrackValue.

The CV1in this case will be
allowed to move as if the
CC function block was still
controlling the process.
This is useful in multiloop
selection schemes where
you want the CC function
block to follow the output
of a different controlling
algorithm, where you
would connect the output
of the controlling algorithm
into the CV1TrackValue.

CV2TrackValue REAL

CV2 track value. When
CVTrackReq is enabled
and the CC function
block is in Manual mode,
the CV2TrackValue will
be ignored, and the CC
internal model will update
its historical data with
the CV20per or CV2Prog
value. When CVTrackReq
is enabled and the CC
function block is in Auto,
the internal model will
update its historical data
based on the value of
CV2TrackValue.

The CV2 in this case will be
allowed to move as if the
CC function block was still
controlling the process.
This is useful in multiloop
selection schemes where
you want the CC function
block to follow the output
of a different controlling

Valid = 0.0...100.0
Default=0.0
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Input Parameters Data Type

Description

Valid and Default Values

algorithm, where you
would connect the output
of the controlling algorithm
into the CV2TrackValue.

CV3TrackValue REAL

CV3 track value. When
CVTrackReq is enabled
and the CC function
block is in Manual mode,
the CV3TrackValue will
be ignored, and the CC
internal model will update
its historical data with
the CV30per or CV3Prog
value. When CVTrackReq
is enabled and the CC
function block is in Auto,
the internal model will
update its historical data
based on the value of
CV3TrackValue.

The CV3 in this case will be
allowed to move as if the
CC function block was still
controlling the process.
This is useful in multiloop
selection schemes where
you want the CC function
block to follow the output
of a different controlling
algorithm, where you
would connect the output
of the controlling algorithm
into the CV3TrackValue.

Valid = 0.0...100.0
Default=0.0

CVManLimiting BOOL

Limit CV(n), where (n) can
be1, 2 or 3, in Manual
mode request. If Manual
mode and CVManLimiting
is TRUE, CV will be limited
by the CV(n)HLimit and
CV(n)LLimit values.

Default = FALSE

CVIEUMax REAL

Maximum value for CVIEU.
The value of CVIEU that
corresponds to 100% CV1.
If CVIEUMax = CVIEUMin,
set bit in Status.

Valid = any float
Default =100.0

CV2EUMax REAL

Maximum value for CV2EU.
The value of CV2EU that

Valid = any float
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Input Parameters

Data Type

Description

Valid and Default Values

corresponds to 100% CV2.
If CV2EUMax = CV2EUMin,
set bit in Status.

Default =100.0

CV3EUMax

REAL

Maximum value for CV3EU.
The value of CV3EU that
corresponds to 100% CV3.
If CV3EUMax = CV3EUMin,
set bit in Status.

Valid = any float
Default =100.0

CVIEUMin

REAL

Minimum value of CVIEU.
The value of CVIEU that
corresponds to 0% CV1. If
CVIEUMax = CVIEUMin, set
bit in Status.

Valid = any float
Default =0.0

CV2EUMin

REAL

Minimum value of CV2EU.
The value of CV2EU that
corresponds to 0% CV2. If
CV2EUMax = CV2EUMin, set
bit in Status.

Valid = any float
Default=0.0

CV3EUMin

REAL

Minimum value of CV3EU.
The value of CV3EU that
corresponds to 0% CV3. If
CV3EUMax = CV3EUMin, set
bit in Status.

Valid = any float
Default=0.0

CVIHLimit

REAL

CV1 high limit value. This is
used to set the CVIHAlarm
output. It is also used

for limiting CV1when in
Auto mode or in Manual if
CVManLimiting is TRUE.

If CVIHLimit > 100, if
CVIHLimit < CVILLimit, set
bit in Status.

If CVIHLimit < CVILLimit,
limit CV1 by using the value
of CVILLimit.

Valid = CVILLimit <
CVIHLimit <100.0

Default =100.0

CV2HLimit

REAL

CV2 high limit value. This is
used to set the CV2HAlarm
output. It is also used

for limiting CV2 when in
Auto mode or in Manual if
CVManLimiting is TRUE.

If CV2HLimit > 100, if
CV2HLimit < CV2LLimit, set
bit in Status.

Valid = CV2LLimit <
CV2HLimit <100.0

Default =100.0

Rockwell Automation, Inc.
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Input Parameters

Data Type

Description

Valid and Default Values

If CV2HLimit < CV2LLimit,
limit CV2 by using the
value of CV2LLimit.

CV3HLimit

REAL

CV3 high limit value.

This is used to set the
CV3HAlarm output. It is
also used for limiting CV3
when in Auto mode or in
Manual if CVManLimiting is
TRUE.

If CV3HLimit > 100, if
CV3HLimit < CV3LLimit, set
bit in Status.

If CV3HLimit < CV3LLimit,
limit CV3 by using the
value of CV3LLimit.

Valid = CV3LLimit <
CV3HLimit <100.0

Default =100.0

CVILLimit

REAL

CV1low limit value. This is
used to set the CVILAlarm
output. It is also used for
limiting CV1 when in Auto
mode or in Manual mode if
CVManLimiting is TRUE.

If CVILLimit < 0 set bit

in Status. If CVIHLimit <
CVILLimit, limit CV by using
the value of CVILLimit.

Valid = 0.0 < CVILLimit <
CVIHLimit

Default =0.0

CV2LLimit

REAL

CV2 low limit value. This is
used to set the CV2LAlarm
output. It is also used for
limiting CV2 when in Auto
mode or in Manual mode if
CVManLimiting is TRUE.

If CV2LLimit < 0 set bit
in Status. If CV2HLimit
< CV2LLimit, limit CV
by using the value of
CV2LLimit.

Valid = 0.0 < CV2LLimit <
CVIHLimit

Default=0.0

CV3LLimit

REAL

CV3 low limit value. This is
used to set the CV3LAlarm
output. It is also used for
limiting CV3 when in Auto
mode or in Manual mode if
CVManLimiting is TRUE.

If CV3LLimit < 0 set bit
in Status. If CV3HLimit
< CV3LLimit, limit CV

Valid = 0.0 < CV3LLimit <
CVIHLimit

Default=0.0
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Input Parameters

Data Type

Description

Valid and Default Values

by using the value of
CVLLimit.

CVIROCPosLimit

REAL

CV1rate of change limit,

in percent per second.
Rate of change limiting

is only used when in Auto
mode or in Manual mode

if CYManLimiting is TRUE.
A value of zero disables
CV1ROC limiting. If value of
CVIROCLimit < 0, set bit in
Status and disable CV1ROC
limiting.

Valid = 0.0 to maximum
positive float

Default =0.0

CV2ROCPosLimit

REAL

CV2 rate of change limit,
in percent per second.
Rate of change limiting
is only used when in Auto
mode or in Manual mode
if CYManLimiting is TRUE.
A value of zero disables
CV2 ROC limiting. If value
of CV2ROCLimit < 0, set bit
in Status and disable CV2
ROC limiting.

Valid = 0.0 to maximum
positive float

Default=0.0

CV3ROCPosLimit

REAL

CV3 rate of change limit,
in percent per second.
Rate of change limiting
is only used when in Auto
mode or in Manual mode
if CYManLimiting is TRUE.
A value of zero disables
CV3 ROC limiting. If value
of CV3ROCLimit < 0, set bit
in Status and disable CV3
ROC limiting.

Valid = 0.0 to maximum
positive float

Default=0.0

CVIROCNegLimit

REAL

CV1rate of change limit,

in percent per second.
Rate of change limiting

is only used when in Auto
mode or in Manual mode

if CYManLimiting is TRUE.
A value of zero disables
CVIROC limiting. If value of
CVIROCLimit < 0, set bit in
Status and disable CV1ROC
limiting.

Valid = 0.0 to maximum
positive float

Default=0.0

Rockwell Automation, Inc.
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Input Parameters

Data Type

Description

Valid and Default Values

CV2ROCNegLimit

REAL

CV2 rate of change limit,
in percent per second.
Rate of change limiting
is only used when in Auto
mode or in Manual mode
if CYManLimiting is TRUE.
Avalue of zero disables
CV2 ROC limiting. If value
of CV2ROCLimit < 0, set bit
in Status and disable CV2
ROC limiting.

Valid = 0.0 to maximum
positive float

Default =0.0

CV3ROCNegLimit

REAL

CV3 rate of change limit,
in percent per second.
Rate of change limiting
is only used when in Auto
mode or in Manual mode
if CYManLimiting is TRUE.
A value of zero disables
CV3 ROC limiting. If value
of CV3ROCLimit < 0, set bit
in Status and disable CV3
ROC limiting.

Valid = 0.0 to maximum
positive float

Default =0.0

CViHandFB

REAL

CV1 HandFeedback value.
CV1 set to this value

when in Hand mode and
CVIHandFBFault is FALSE
(good health). This value
would typically come
from the output of a

field mounted hand/auto
station and would be used
to generate a bumpless

transfer out of Hand mode.

If value of CV1HandFB < 0
or > 100, set unique Status
bit and limit value used for
Cv1.

Valid = 0.0...100.0
Default =0.0

CV2HandFB

REAL

CV2 HandFeedback value.
CV2 set to this value
when in Hand mode and
CV2HandFBFault is FALSE
(good health). This value
would typically come
from the output of a

field mounted hand/auto
station and would be used
to generate a bumpless

transfer out of Hand mode.

Valid = 0.0...100.0
Default=0.0
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Input Parameters Data Type

Description

Valid and Default Values

If value of CV2HandFB < 0
or > 100, set unique Status
bit and limit value used for
Cv2.

CV3HandFB REAL

CV3 HandFeedback value.
CV3 set to this value
when in Hand mode and
CV3HandFBFault is FALSE
(good health). This value
would typically come
from the output of a

field mounted hand/auto
station and would be used
to generate a bumpless

transfer out of Hand mode.

If value of CV3HandFB <0
or > 100, set unique Status
bit and limit value used for
CV3.

Valid = 0.0...100.0
Default =0.0

CViHandFBFault BOOL

CV1HandFB value bad
health indicator. If the
CV1HandFB value is read
from an analog input,
then CVIHandFBFault will
normally be controlled
by the status of the
analog input channel. If
CV1HandFBFault is TRUE, it
indicates an error on the
input module, set bit in
Status.

FALSE = Good Health
Default = FALSE

CV2HandFBFault BOOL

CV2HandFB value bad
health indicator. If the
CV2HandFB value is read
from an analog input,
then CV2HandFBFault will
normally be controlled
by the status of the
analog input channel. If
CV2HandFBFault is TRUE,
itindicates an error on the
input module, set bit in
Status.

FALSE = Good Health
Default = FALSE

CV3HANDFBFault BOOL

CV3HandFB value bad
health indicator. If the
CV3HandFB value is read
from an analog input,

FALSE = Good Health
Default = FALSE
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Input Parameters

Data Type

Description

Valid and Default Values

then CV3HandFBFault will
normally be controlled

by the status of the
analog input channel. If
CV3HandFBFault is TRUE,
it indicates an error on the
input module, set bit in
Status.

CViTarget

REAL

Target value for CV1.

Valid = 0.0...100.0
Default = 0.0

CV2Target

REAL

Target value for CV2.

Valid = 0.0...100.0
Default=0.0

CV3Target

REAL

Target value for CV3.

Valid = 0.0...100.0
Default =0.0

CViWindupHin

BOOL

CViWindup high request.
When TRUE, CV1 will not
be allowed to increase
in value. This signal

will typically be the
CViWindupHQut output
from a secondary loop.

Default = FALSE

CV2WindupHIn

BOOL

CV2Windup high request.
When TRUE, CV2 will not
be allowed to increase
in value. This signal

will typically be the
CV2WindupHOut output
from a secondary loop.

Default = FALSE

CV3WindupHIn

BOOL

CV3Windup high request.
When TRUE, CV3 will not
be allowed to increase
in value. This signal

will typically be the
CV3WindupHOut output
from a secondary loop.

Default = FALSE

CViWindupLIn

BOOL

CV1 Windup low request.
When TRUE, CV1 will not
be allowed to decrease
in value. This signal

will typically be the
CVIWindupLOut output
from a secondary loop.

Default = FALSE
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Input Parameters

Data Type

Description

Valid and Default Values

CV2WindupLin

BOOL

CV2 Windup low request.
When TRUE, CV2 will not
be allowed to decrease
in value. This signal

will typically be the
CV2WindupLOut output
from a secondary loop.

Default = FALSE

CV3WindupLIn

BOOL

CV3 Windup low request.
When TRUE, CV3 will not
be allowed to decrease
in value. This signal

will typically be the
CV3WindupLOut output
from a secondary loop.

Default = FALSE

GainEUSpan

BOOL

CVxModelGain units can be
represented as EU or %

of span. Set to interpret
ModelGain as EU, reset to
interpret ModelGain as %
of Span.

Default=0

CV1ProcessGainSign

BOOL

Used only for Autotuning.
Sign of the process gain
(Delta PV/Delta CV1).

Set to indicate a negative
process gain (increase in
output causes a decrease
in PV).

Reset to indicate a positive
process gain (increase in
output causes an increase
in PV).

Default = FALSE

CV2ProcessGainSign

BOOL

Used only for Autotuning.
Sign of the process gain
(Delta PV/Delta CV2).

Set to indicate a negative
process gain (increase in
output causes a decrease
in PV).

Reset to indicate a positive
process gain (increase in
output causes an increase
in PV).

Default = FALSE

CV3ProcessGainSign

BOOL

Used only for Autotuning.
Sign of the process gain
(Delta PV/Delta CV3).

Default = FALSE

Rockwell Automation, Inc.
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Input Parameters Data Type Description Valid and Default Values
Set to indicate a negative
process gain (increase in
output causes a decrease
in PV).

Reset to indicate a positive
process gain (increase in
output causes an increase
in PV).

ProcessType DINT Process type selection Default=0
(1=Integrating,
0=non-integrating)

CVIModelGain REAL The internal model gain Valid = maximum negative
parameter for CV1. Enter a | float —> maximum positive
positive or negative gain | float
depending on process Default = 0.0
direction.

CV2ModelGain REAL The internal model gain Valid = maximum negative
parameter for CV2. Enter | float —> maximum positive
a positive or negative gain | float
depending on process Default = 0.0
direction.

CV3ModelGain REAL The internal model gain Valid = maximum negative
parameter for CV3. Enter | float —> maximum positive
a positive or negative gain | float
depending on process Default = 0.0
direction.

CVIModelTC REAL The internal model Valid = 0.0 to maximum
time constant for CV1in positive float
seconds. Default = 0.0

CV2ModelTC REAL The internal model time Valid = 0.0 to maximum
constant for CV2 in positive float
seconds. Default=0.0

CV3ModelTC REAL The internal model time Valid = 0.0 to maximum
constant for CV3 in positive float
seconds. Default = 0.0

CVIModelDT REAL The internal model Valid = 0.0 to maximum
deadtime for CV1in positive float
seconds. Default = 0.0

CV2ModelDT REAL The internal model Valid = 0.0 to maximum

deadtime for CV2in
seconds.

positive float
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Input Parameters Data Type Description Valid and Default Values
Default =0.0
CV3ModelDT REAL The internal model Valid = 0.0 to maximum
deadtime for CV3 in positive float
seconds. Default = 0.0
CViRespTC REAL The tuning parameter that | Valid = 0.0 to maximum
determines the speed of | positive float
the control variable action | v~
for CV1in seconds.
CV2RespTC REAL The tuning parameter that | Valid = 0.0 to maximum
determines the speed of | positive float
the control variable action Default = 0.0
for CV2 in seconds.
CV3RespTC REAL The tuning parameter that | Valid = 0.0 to maximum
determines the speed of | positive float
the control variable action | poc v~ 0.0
for CV3 in seconds.
ActlstCV DINT The first CV to act to Valid =1-3
compensate for PV-SP Default =1
deviation.
1=C\1, 2=CV2, 3=CV3
Act2ndCV DINT The second CV to act to Valid =1-3
compensate for PV-SP Default = 2
deviation.
1=CV1, 2=CV2, 3=CV3
Act3rdCV DINT The third CV to act to Valid =1-3
compensate for PV-SP Default = 3
deviation.
1=CV1, 2=CV2, 3=CV3
TargetlstCV DINT The CV with top priority Valid =1-3
tobe driven toiits target | o - g
value.
1=CV1, 2=CV2, 3=CV3
Target2ndCV DINT The CV with second Valid =1-3
highest priority to be Default = 2
driven to its target value.
1=CV1, 2=CV2, 3=CV3
Target3rdCV DINT The CV with third highest | Valid =1-3
priority to be driven toits | e i - 3

target value.
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Input Parameters

Data Type

Description

Valid and Default Values

1=CV1, 2=CV2, 3=CV3

PVTracking

BOOL

SP track PV request. Set
TRUE to enable SP to track
PV. Ignored when in Auto
modes. SP will only track
PV when all three outputs
are in manual. As soon as
any output returns to Auto,
PVTracking stops.

Default = FALSE

CVTrackReq

BOOL

CV Track request. Set true
to enable CV Tracking
when autotune is OFF.
Ignored in Hand and
Override mode.

Default = FALSE

ManualAfterlnit

BOOL

Manual mode after
initialization request.

When TRUE, the
appropriate CV(n), where
(n)canbe1,2, or 3, will
be placed in Manual mode
when CV(n)Initializing

is set TRUE unless the
current mode is Override
or Hand.

When ManualAfter|nit is
FALSE, the CV(n) mode will
not be changed.

Default = FALSE

ProgProgReq

BOOL

Program Program Request.

Set TRUE by the user
program to request
Program control.

Ignared if ProgOperReq

is TRUE. Holding this
TRUE and ProgOperReq
FALSE can be used to lock
the function block into
program control.

When ProgValueReset is
TRUE, the function block
resets the input to FALSE.

Default = FALSE

ProgOperReq

BOOL

Program Operator Request.

Set TRUE by the user
program to request
Operator control.

Default = FALSE
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Input Parameters

Data Type

Description

Valid and Default Values

Holding this TRUE can be
used to lock the function

block into operator contraol.

If value of HandFB < 0 or >
100, set unique Status bit

and limit value used for CV.

ProgCV1AutoReq

BOOL

Program-Auto mode
request for CV1.

Set TRUE by the user
program to request Auto
mode.

If value of CVIHandFB < 0
or > 100, set unique Status
bit and limit value used for
Cv1.

Default = FALSE

ProgCV2AutoReq

BOOL

Program-Auto mode
request for CV2.

Set TRUE by the user
program to request Auto
mode.

If value of CV2HandFB <0
or > 100, set unique Status
bit and limit value used for
Ccv2.

Default = FALSE

ProgCV3AutoReq

BOOL

Program-Auto mode
request for CV3.

Set TRUE by the user
program to request Auto
mode.

If value of CV3HandFB <0
or > 100, set unique Status
bit and limit value used for
CV3.

Default = FALSE

ProgCV1ManualReq

BOOL

Program-Manual mode
request for CV1.

Set TRUE by the user
program to request Manual
mode.

If value of CV1HandFB < 0
or > 100, set unique Status
bit and limit value used for
CV1.

Default = FALSE

Rockwell Automation, Inc.
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Input Parameters Data Type Description Valid and Default Values

ProgCV2ManualReq BOOL Program-Manual mode Default = FALSE
request for CV2.

Set TRUE by the user
program to request Manual
mode.

If value of CV2HandFB <0
or > 100, set unique Status
bit and limit value used for
Cv2.

ProgCV3ManualReq BOOL Program-Manual mode Default = FALSE
request for CV3.

Set TRUE by the user
program to request Manual
mode.

If value of CV3HandFB < 0
or > 100, set unique Status
bit and limit value used for
CV3.

ProgCV10verrideReq BOOL Program-Override mode Default = FALSE
request for CV1.

Set TRUE by the user
program to request
Override mode.

If value of CV1HandFB < 0
or > 100, set unique Status
bit and limit value used for
Cv1.

ProgCV20verrideReq BOOL Program-Override mode Default = FALSE
request for CV2.

Set TRUE by the user
program to request
Override mode.

If value of CV2HandFB <0
or > 100, set unique Status
bit and limit value used for
Ccv2.

ProgCV30verrideReq BOOL Program-Override mode Default = FALSE
request for CV3.

Set TRUE by the user
program to request
Override mode.

If value of CV3HandFB <0
or > 100, set unique Status
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Input Parameters

Data Type

Description

Valid and Default Values

bit and limit value used for
CV3.

ProgCVIHandReq

BOOL

Program-Hand mode
request for CV1.

Set TRUE by the user
program to request Hand
mode. This value will
usually be read as a digital
input from a hand/auto
station.

Default = FALSE

ProgCV2HandReq

BOOL

Program-Hand mode
request for CV2.

Set TRUE by the user
program to request Hand
mode. This value will
usually be read as a digital
input from a hand/auto
station.

Default = FALSE

ProgCV3HandReq

BOOL

Program-Hand mode
request for CV3.

Set TRUE by the user
program to request Hand
mode. This value will
usually be read as a digital
input from a hand/auto
station.

Default = FALSE

OperProgReq

BOOL

Operator Program Request.

Set TRUE by the operator
interface to request
Program control. The
function block resets this
parameter to FALSE.

Default = FALSE

OperOperReq

BOOL

Operator Operator
Request.

Set TRUE by the operator
interface to request
Operator control. The
function block will reset
this parameter to FALSE.

Default = FALSE

OperCV1AutoReq

BOOL

Operator-Auto mode
request for CV1.

Set TRUE by the operator
interface to request Auto
mode. The function block

Default = FALSE
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Input Parameters

Data Type

Description

Valid and Default Values

will reset this parameter to
FALSE.

OperCV2AutoReq

BOOL

Operator-Auto mode
request for CV2.

Set TRUE by the operator
interface to request Auto
mode. The function block
will reset this parameter to
FALSE.

Default = FALSE

OperCV3AutoReq

BOOL

Operator-Auto mode
request for CV3.

Set TRUE by the operator
interface to request Auto
mode. The function block
will reset this parameter to
FALSE.

Default = FALSE

OperCV1ManualReq

BOOL

Operator-Manual mode
request for CV1.

Set TRUE by the operator
interface to request
Manual mode. The
function block resets this
parameter to FALSE.

Default = FALSE

OperCV2ManualReq

BOOL

Operator-Manual mode
request for CV2.

Set TRUE by the operator
interface to request
Manual mode. The
function block resets this
parameter to FALSE.

Default = FALSE

OperCV3ManualReq

BOOL

Operator-Manual mode
request for CV3.

Set TRUE by the operator
interface to request
Manual mode. The
function block resets this
parameter to FALSE.

Default = FALSE

ProgValueReset

BOOL

Reset Program control
values.

When TRUE, the
Prog_xxx_Req inputs are
reset to FALSE.

Default = FALSE
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Input Parameters Data Type Description Valid and Default Values
When TRUE and Program
control, set SPProg equal
to SP and CVxProg equal to
CVx.

When ProgValueReset is
TRUE, the instruction sets
this input to FALSE.

TimingMode DINT Selects Time Base Valid =0...2
Execution mode. Default = 0
Value/Description
0 = Periodic mode
1= Oversample mode
2 = Real time sampling
mode
For more information
about timing modes, see
Function Block Attributes.

OverSampleDT REAL Execution time for Valid = 0...4194.303
Oversample made. seconds

Default =0

RTSTime DINT Module update period for | Valid =1...32,767
Real Time Sampling mode. Tcount=1ms

RTSTimeStamp DINT Module time stamp value | Valid = 0...32,767
for Real Time Sampling (wraps from 32,767...0)
mode.

Tcount=1ms

PVTuneLimit REAL PV tuning limit scaled Valid = any float
in the PV units. When Default=0
Autotune is running and
predicted PV exceeds this
limit, the tuning will be
aborted.

AtuneTimeLimit REAL Maximum time for Valid range: any float > 0.
autotune to complete Default = 60 minutes
following the CV step
change. When autotune
exceeds this time, tuning
will be aborted.

NoiseLevel DINT An estimate of the noise Range: 0...2
level expected onthe PVto | o g

compensate for it during
tuning.
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Input Parameters

Data Type

Description

Valid and Default Values

The selections are: 0=low,
T=medium, 2=high

CV1iStepSize

REAL

CV1step size in percent
for the tuning step test.
Step size is directly added
to CV1 subject to high/low
limiting.

Range: -100% ... 100%
Default=10%

CV2StepSize

REAL

CV2 step size in percent
for the tuning step test.
Step size is directly added
to CV2 subject to high/low
limiting.

Range: -100% ... 100%
Default=10%

CV3StepSize

REAL

CV3 step size in percent
for the tuning step test.
Step size is directly added
to CV3 subject to high/low
limiting.

Range: -100% ... 100%
Default=10%

CViResponseSpeed

DINT

Desired speed of closed
loop response for CV1.

Slow response:
ResponseSpeed=0

Medium response:
ResponseSpeed=1

Fast response:
ResponseSpeed=2.

If ResponseSpeed is less
than 0, Slow response is
used. If ResponseSpeed
is greater than 2, Fast
response is used.

Range: 0...2
Default=1

CV2ResponseSpeed

DINT

Desired speed of closed
loop response for CV2.

Slow response:
ResponseSpeed=0

Medium response:
ResponseSpeed=1

Fast response:
ResponseSpeed=2.

If ResponseSpeed is less
than 0, Slow response is
used. If ResponseSpeed
is greater than 2, Fast
response is used.

Range: 0...2
Default=1
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Input Parameters

Data Type

Description

Valid and Default Values

CV3ResponseSpeed

DINT

Desired speed of closed
loop response for CV3.

Slow response:
ResponseSpeed=0

Medium response:
ResponseSpeed=1

Fast response:
ResponseSpeed=2.

If ResponseSpeed is less
than 0, Slow response is
used. If ResponseSpeed
is greater than 2, Fast
response is used.

Range: 0...2
Default=1

CV1Modellnit

BOOL

Internal model
initialization switch for
CV1. Refer to topic CC
Function Block Model
Initialization in CC
Function Block Tuning.

Default = FALSE

CV2Modellnit

BOOL

Internal model
initialization switch for
CV2. Refer to topic CC
Function Block Model
Initialization in CC
Function Block Tuning.

Default = FALSE

CV3Modellnit

BOOL

Internal model
initialization switch for
CV3. Refer to topic CC
Function Block Model
Initialization in CC
Function Block Tuning.

Default = FALSE

Factor

REAL

Non-integrating model
approximation factor.
Only used for integrating
process types.

Default =100

AtuneCV1Start

BOOL

Start Autotune request for
CV1. Set True to initiate
auto tuning of the CV1
output. Ignored when CV1
is not in Manual mode. The
function block resets the
input to FALSE.

Default = FALSE

AtuneCV2Start

BOOL

Start Autotune request for
CV2. Set True to initiate

Default = FALSE
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Input Parameters

Data Type

Description

Valid and Default Values

auto tuning of the CV2
output. Ignored when CV2
is not in Manual mode. The
function block resets the
input to FALSE.

AtuneCV3Start

BOOL

Start Autotune request for
CV3. Set True to initiate
auto tuning of the CV3
output. Ignored when CV3
is not in Manual mode. The
function block resets the
input to FALSE.

Default = FALSE

AtuneCV1UseModel

BOOL

Use Autotune model
request for CV1. Set True
to replace the current
model parameters with
the calculated Autotune
model parameters. The
function block resets the
input parameter to FALSE.

Default = FALSE

AtuneCV2UseModel

BOOL

Use Autotune model
request for CV2. Set True
to replace the current
model parameters with
the calculated Autotune
model parameters. The
function block resets the
input parameter to FALSE.

Default = FALSE

AtuneCV3UseModel

BOOL

Use Autotune madel
request for CV3. Set True
to replace the current
model parameters with
the calculated Autotune
model parameters. The
function block resets the
input parameter to FALSE.

Default = FALSE

AtuneCV1Abort

BOOL

Abort Autotune request for
CV1. Set True to abort the
auto tuning of CV1 output.
The function block resets
input parameter to FALSE.

Default = FALSE

AtuneCV2Abort

BOOL

Abort Autotune request for
CV2. Set True to abort the
auto tuning of CV2 output.

Default = FALSE
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Input Parameters

Data Type

Description

Valid and Default Values

The function block resets
input parameter to FALSE.

AtuneCV3Abort

BOOL

Abort Autotune request for
CV3. Set True to abort the
auto tuning of CV3 output.
The function block resets
input parameter to FALSE.

Default = FALSE

Output Parameters

Data Type

Description

Valid and Default Values

EnableQut

BOOL

Indicates if instruction is
enabled. Cleared to false
if CVIEU, CV2EU or CV3EU
overflows.

CVIEU

REAL

Scaled control variable
output for CV1. Scaled

by using CV1IEUMax and
CVIEUMin, where CVIEUMax
corresponds to 100% and
CVIEUMin corresponds

to 0%. This output is
typically used to control an
analog output module or a
secondary loop.

CVIEU = (CV1* CVIEUSpan /
100) + CVIEUMin

CVIEU span calculation:
CVIEUSpan = (CVIEUMax -
CVIEUMin)

CV2EU

REAL

Scaled control variable
output for CV2. Scaled
by using CV2EUMax

and CV2EUMin, where
CV2EUMax corresponds
t0 100% and CV2EUMin
corresponds to 0%. This
output is typically used to
control an analog output
module or a secondary
loop.

CV2EU=(CV2*
CV2EUSpan /100) +
CV2EUMin
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Output Parameters

Data Type

Description

Valid and Default Values

CV2EU span calculation:
CV2EUSpan = (CV2EUMax -
CV2EUMin)

CV3EU

REAL

Scaled control variable
output for CV3. Scaled
by using CV3EUMax

and CV3EUMin, where
CV3EUMax corresponds
t0100% and CV3EUMin
corresponds to 0%. This
output is typically used to
control an analog output
module or a secondary
loop.

CV3EU=(CV3 *
CV3EUSpan /100) +
CV3EUMin

CV3EU span calculation:
CV3EUSpan = (CV3EUMax -
CV3EUMin)

cv1

REAL

Control variable Toutput.
This value will always be
expressed as 0...100%. C\V1
is limited by CVIHLimit and
CVILLimit when in Auto
mode or in Manual mode

if CYManLimiting is TRUE;
otherwise limited by 0 and
100%.

cv2

REAL

Control variable 2

output. This value will
always be expressed

as 0..100%. CV2 s
limited by CV2HLimit and
CV2LLimit when in Auto
mode or in Manual mode
if CYManLimiting is TRUE;
otherwise limited by 0 and
100%.

Ccv3

REAL

Control variable 3
output. This value will
always be expressed

as 0..100%. CV3 is
limited by CV3HLimit and
CV3LLimit when in Auto
mode or in Manual mode
if CVManLimiting is TRUE;
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Output Parameters

Data Type

Description

Valid and Default Values

otherwise limited by 0 and
100%.

DeltaCV1

REAL

Difference between

the Current CV1and the
previous CV1(Current CV1-
previous CV1).

DeltaCV2

REAL

Difference between the
Current CV2 and the
previous CV2 (Current CV2
- previous CV2).

DeltaCV3

REAL

Difference between the
Current CV3 and the
previous CV3 (Current CV3
- previous CV3).

CVlInitializing

BOOL

Initialization mode
indicator for CV1.

Set TRUE when CV1InitReq
or function blockFirstScan
are TRUE, or on a TRUE

to FALSE transition of
CV1Fault (bad to good).
CVlinitializing is set FALSE
after the function block
has been initialized and
CVlInitReq is no longer
TRUE.

CV2nitializing

BOOL

Initialization mode
indicator for CV2.

Set TRUE when CV2InitReq,
function blockFirstScan

or OLCFirstRun, are TRUE,
or on a TRUE to FALSE
transition of CV2Fault (bad
to good). CV2Initializing

is set FALSE after the
function block has been
initialized and CV2InitReq
is no longer TRUE.

CV3initializing

BOOL

Set TRUE when CV3InitReq,
function blockFirstScan

or OLCFirstRun, are TRUE,
or on a TRUE to FALSE
transition of CV3Fault (bad
to good). CV3Initializing

is set FALSE after the
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Output Parameters

Data Type

Description

Valid and Default Values

function block has been
initialized and CV3InitReq
is no longer TRUE.

CV1HAlarm

BOOL

CV1 high alarm indicator.
TRUE when the calculated
value for CV1>100 or
CVIHLimit.

CV12HAlarm

BOOL

CV2 high alarm indicator.
TRUE when the calculated
value for CV2 > 100 or
CV2HLimit.

CV3HAlarm

BOOL

CV3 high alarm indicator.
TRUE when the calculated
value for CV3 >100 or
CV3HLimit.

CVILAlarm

BOOL

CV1low alarm indicator.
TRUE when the calculated
value for CV1< 0 or
CVILLimit.

CV2LAlarm

BOOL

CV2 low alarm indicator.
TRUE when the calculated
value for CV2 <0 or
CV2LLimit.

CV3LAlarm

BOOL

CV3 low alarm indicator.
TRUE when the calculated
value for CV3 <0 or
CV3LLimit.

CVIROCPosAlarm

BOOL

CV1rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV1 exceeds
CVIROCPosLimit.

CV2ROCPosAlarm

BOOL

CV2 rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV2 exceeds
CV2ROCPosLimit.

CV3ROCPosAlarm

BOOL

CV3 rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV3 exceeds
CV3ROCPosLimit.
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Output Parameters

Data Type

Description

Valid and Default Values

CVIROCNegAlarm

BOOL

CV1rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV1 exceeds
CVIROCNegLimit.

CV2ROCNegAlarm

BOOL

CV2 rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV2 exceeds
CV2ROCNegLimit.

CV3ROCNegAlarm

BOOL

CV3 rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV3 exceeds
CV3ROCNegLimit.

SP

REAL

Current setpoint value.
The value of SP is used
to control CV when in the
Auto or the PV Tracking
mode, scaled in PV units.

SPPercent

REAL

The value of SP expressed
in percent of span of PV.

SPPercent =((SP -
PVEUMin ) *100) / PVSpan.

PV Span calculation:
PVSpan =
( PVEUMax - PVEUMin )

SPHAlarm

BOOL

SP high alarm indicator.
TRUE when the SP >
SPHLimit.

SPLAlarm

BOOL

SP low alarm indicator.
TRUE when the SP <
SPLLimit.

PVPercent

REAL

PV expressed in percent of
span.

PVPercent =(( PV -
PVEUMin ) *100) / PVSpan

PV Span calculation:
PVSpan =
( PVEUMax - PVEUMin )
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Output Parameters

Data Type

Description

Valid and Default Values

REAL

Process error. Difference
between SP and PV, scaled
in PV units.

EPercent

REAL

The error expressed as a
percent of span.

CVIWindupHOut

BOOL

CV1 Windup high indicator.

TRUE when either a SP
high or CV1 high/low limit
has been reached. This
signal will typically be used
by the WindupHin input to
limit the windup of the CV1
output on a primary loop.

CV2WindupHOut

BOOL

CV2 Windup high indicator.

TRUE when either a SP
high or CV2 high/low limit
has been reached. This
signal will typically be used
by the WindupHIn input to
limit the windup of the CV2
output on a primary loop.

CV3WindupHOut

BOOL

CV3 Windup high indicator.

TRUE when either a SP
high or CV3 high/low limit
has been reached. This
signal will typically be used
by the WindupHIn input to
limit the windup of the CV3
output on a primary loop.

CVIWindupLOut

BOOL

CV1Windup low indicator.

TRUE when either a SP

or CVT high/low limit has
been reached. This signal
will typically be used by
the WindupLIn input to
limit the windup of the CV1
output on a primary loop.

CV2WindupLOut

BOOL

CV2 Windup low indicator.

TRUE when either a SP

or CV2 high/low limit has
been reached. This signal
will typically be used by
the WindupLIn input to
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Output Parameters

Data Type

Description

Valid and Default Values

limit the windup of the CV2
output on a primary loop.

CV3WindupLOut

BOOL

CV3 Windup low indicator.

TRUE when either a SP

or CV3 high/low limit has
been reached. This signal
will typically be used by
the WindupLIn input to
limit the windup of the CV3
output on a primary loop.

ProgOper

BOOL

Program/Operator control
indicator. TRUE when in
Program control. FALSE
when in Operator control.

CViAuto

BOOL

Auto mode indicator for
CV1. TRUE when CV1in the
Auto mode.

CV2Auto

BOOL

Auto mode indicator for
CV2. TRUE when CV2 in the
Auto mode.

CV2Auto

BOOL

Auto mode indicator for
CV3. TRUE when CV3 in the
Auto mode.

CViManual

BOOL

Manual mode indicator
CV1. TRUE when CV1in the
Manual mode.

CV2Manual

BOOL

Manual mode indicator
CV2. TRUE when CV2 in the
Manual mode.

CV3Manual

BOOL

Manual mode indicator
CV3. TRUE when CV3 in the
Manual mode.

CV10verride

BOOL

Override mode indicator
for CV1. TRUE when CV1in
the Override mode.

CV20verride

BOOL

Override mode indicator
for CV2. TRUE when CV2 in
the Override mode.
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Output Parameters

Data Type

Description

Valid and Default Values

CV30verride

BOOL

Override mode indicator
for CV3. TRUE when CV3 in
the Override mode.

CV1Hand

BOOL

Hand mode indicator for
CV1. TRUE when CV1in the
Hand mode.

CV2Hand

BOOL

Hand mode indicator for
CV2. TRUE when CV2 in the
Hand mode.

CV3Hand

BOOL

Hand mode indicator for
CV3. TRUE when CV3 in the
Hand mode.

DeltaT

REAL

Elapsed time between
updates in seconds.

CV1StepSizeUsed

REAL

Actual CV1 step size used
for tuning.

CV2StepSizeUsed

REAL

Actual CV2 step size used
for tuning.

CV3StepSizeUsed

REAL

Actual CV3 step size used
for tuning.

CV1GainTuned

REAL

The calculated value of the
internal model gain for CV1
after tuning is completed.

CV2GainTuned

REAL

The calculated value of the
internal model gain for CV2
after tuning is completed.

CV3GainTuned

REAL

The calculated value of the
internal model gain for CV3
after tuning is completed.

CVITCTuned

REAL

The calculated value of
the internal model time
constant for CV1 after
tuning is completed.

CV2TCTuned

REAL

The calculated value of
the internal model time
constant for CV2 after
tuning is completed.

CV3TCTuned

REAL

The calculated value of
the internal model time
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Output Parameters

Data Type

Description

Valid and Default Values

constant for CV3 after
tuning is completed.

CVIDTTuned

REAL

The calculated value of the
internal model deadtime
for CV1 after tuning is
completed.

CV2DTTuned

REAL

The calculated value of the
internal model deadtime
for CV2 after tuning is
completed.

CV3DTTuned

REAL

The calculated value of the
internal model deadtime
for CV3 after tuning is
completed.

CVIRespTCTunedS

REAL

The calculated value of
the control variable time
constant in slow response
speed for CV1after tuning
is completed.

CV2RespTCTunedS

REAL

The calculated value of
the control variable time
constant in slow response
speed for CV2 after tuning
is completed.

CV3RespTCTunedS

REAL

The calculated value of
the control variable time
constant in slow response
speed for CV3 after tuning
is completed.

CVIRespTCTunedM

REAL

The calculated value

of the control variable
time constant in medium
response speed for CV1
after tuning is completed.

CV2RespTCTunedM

REAL

The calculated value

of the control variable
time constant in medium
response speed for CV2
after tuning is completed.

CV3RespTCTunedM

REAL

The calculated value
of the control variable
time constant in medium
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Output Parameters

Data Type

Description

Valid and Default Values

response speed for CV3
after tuning is completed.

CViRespTCTunedF

REAL

The calculated value of
the control variable time
constant in fast response
speed for CV1 after tuning
is completed.

CV2RespTCTunedF

REAL

The calculated value of
the control variable time
constant in fast response
speed for CV2 after tuning
is completed.

CV3RespTCTunedF

REAL

The calculated value of
the control variable time
constant in fast response
speed for CV3 after tuning
is completed.

AtuneCV10n

BOOL

Set True when auto tuning
for CV1 has been initiated.

AtuneCV20n

BOOL

Set True when auto tuning
for CV2 has been initiated.

AtuneCV30n

BOOL

Set True when auto tuning
for CV3 has been initiated.

AtuneCV1Done

BOOL

Set True when auto tuning
for CV1 has completed
successfully.

AtuneCV2Done

BOOL

Set True when auto tuning
for CV2 has completed
successfully.

AtuneCV3Done

BOOL

Set True when auto tuning
for CV3 has completed
successfully.

AtuneCV1Aborted

BOOL

Set True when auto tuning
for CV1 has been aborted
by user or due to errors
that occurred during the
auto tuning operation.

AtuneCV2Aborted

BOOL

Set True when auto tuning
for CV2 has been aborted
by user or due to errors
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Output Parameters

Data Type

Description

Valid and Default Values

that occurred during the
auto tuning operation.

AtuneCV3Aborted

BOOL

Set True when auto tuning
for CV3 has been aborted
by user or due to errors
that occurred during the
auto tuning operation.

AtuneCV1Status

DINT

Indicates the tuning status
for CV1.

AtuneCV2Status

DINT

Indicates the tuning status
for CV2.

AtuneCV3Status

DINT

Indicates the tuning status
for CV3.

AtuneCV1Fault

BOOL

CV1Autotune has
generated any of the
following faults.

AtuneCV2Fault

BOOL

CV2 Autotune has
generated any of the
following faults.

AtuneCV3Fault

BOOL

CV3 Autotune has
generated any of the
following faults.

AtuneCVIPVOutOfLimit

BOOL

Either PV or the
deadtime-step ahead
prediction of PV exceeds
PVTuneLimit during CV1
Autotuning. When True, CV1
Autotuning is aborted.

AtuneCV2PV0utOfLimit

BOOL

Either PV or the
deadtime-step ahead
prediction of PV exceeds
PVTuneLimit during CV2
Autotuning. When True,
CV2 Autotuning is aborted.

AtuneCV3PVOutOfLimit

BOOL

Either PV or the
deadtime-step ahead
prediction of PV exceeds
PVTuneLimit during CV3
Autotuning. When True,
CV3 Autotuning is aborted.
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Output Parameters Data Type Description Valid and Default Values

AtuneCV1Modelnv BOOL The CC mode was

not Manual at start of
Autotuning or the CC mode
was changed from Manual
during CV1 Autotuning.
When True, CV1 Autotuning
is not started or is aborted.

AtuneCV2Modelnv BOOL The CC mode was

not Manual at start of
Autotuning or the CC mode
was changed from Manual
during CV2 Autotuning.
When True, CV2 Autotuning
is not started or is aborted.

AtuneCV3Modelnv BOOL The CC mode was

not Manual at start of
Autotuning or the CC mode
was changed from Manual
during CV3 Autotuning.
When True, CV3 Autotuning
is not started or is aborted.

AtuneCVIWindupFault BOOL CVIWindupHIn or
CViWindupLIn is True at
start of CV1 Autotuning

or during CV1 Autotuning.
When True, CV1 Autotuning
is not started or is aborted.

AtuneCV2WindupFault BOOL CV2WindupHIn or
CV2WindupLIn is True at
start of CV1 Autotuning or
during CV2 Autotuning.
When True, CV2 Autotuning
is not started or is aborted.

AtuneCV3WindupFault BOOL CV3WindupHIn or
CV3WindupLin is True at
start of CV3 Autotuning

or during CV3 Autotuning.
When True, CV3 Autotuning
is not started or is aborted.

AtuneCV1StepSize0 BOOL CV1StepSizeUsed = 0 at
start of CV1 Autotuning.
When True, CV1 Autotuning
is not started.

AtuneCV2StepSize0 BOOL CV2StepSizeUsed = 0 at
start of CV2 Autotuning.
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Output Parameters

Data Type

Description

Valid and Default Values

When True, CV2 Autotuning
is not started.

AtuneCV3StepSize0

BOOL

CV3StepSizeUsed = 0 at
start of CV3 Autotuning.
When True, CV3 Autotuning
is not started.

AtuneCViLimitsFault

BOOL

CViLimitsinv and
CVManLimiting are True
at start of CV1 Autotuning
or during CV1 Autotuning.
When True, CV1 Autotuning

is not started or is aborted.

AtuneCV2LimitsFault

BOOL

CV2LimitsInv and
CVManLimiting are True

at start of CV2 Autotuning
or during CV2 Autotuning.
When True, CV2 Autotuning

is not started or is aborted.

AtuneCV3LimitsFault

BOOL

CV3Limitslnv and
CVManLimiting are True

at start of CV3 Autotuning
or during CV3 Autotuning.
When True, CV3 Autotuning

is not started or is aborted.

AtuneCV1InitFault

BOOL

CV1initializing is True at
start of CV1 Autotuning

or during CV1 Autotuning.
When True, CV1 Autotuning

is not started or is aborted.

AtuneCV2InitFault

BOOL

CV2Initializing is True at
start of CV2 Autotuning

or during CV2 Autotuning.
When True, CV2 Autotuning

is not started or is aborted.

AtuneCV3InitFault

BOOL

CV3Initializing is True at
start of CV3 Autotuning

or during CV3 Autotuning.
When True, CV3 Autotuning

is not started or is aborted.

AtuneCV1EUSpanChanged

BOOL

CVIEUSpan or PVEUSpan
changes during CV1
Autotuning. When True, CV1
Autotuning is aborted.
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Output Parameters Data Type

Description

Valid and Default Values

AtuneCV2EUSpanChanged | BOOL

CV2EUSpan or PVEUSpan
changes during CV2
Autotuning. When True,
CV2 Autotuning is aborted.

AtuneCV3EUSpanChanged | BOOL

CV3EUSpan or PVEUSpan
changes during CV3
Autotuning. When True,
CV3 Autotuning is aborted.

AtuneCV1Changed BOOL

CV10per is changed when
in Operation control or
CV1Prog is changed when
in Program control or
CV1becomes high/low or
ROC limited during CV1
Autotuning. When True, CV1
Autotuning is aborted.

AtuneCV2Changed BOOL

CV20per is changed when
in Operation control or
CV2Prog is changed when
in Program control or

CV2 becomes high/low or
ROC limited during CV2
Autotuning. When True,
CV2 Autotuning is aborted.

AtuneCV3Changed BOOL

CV30per is changed when
in Operation control or
CV3Prog is changed when
in Program control or

CV3 becomes high/low or
ROC limited during CV3
Autotuning. When True,
CV3 Autotuning is aborted.

AtuneCV1Timeout BOOL

Elapsed time is greater
then AtuneTimeLimit since
step test is started. When
True, CV1 Autotuning is
aborted.

AtuneCV2Timeout BOOL

Elapsed time is greater
then AtuneTimeLimit since
step test is started. When
True, CV2 Autotuning is
aborted.

AtuneCV3Timeout BOOL

Elapsed time is greater
then AtuneTimeLimit since
step test is started. When
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Output Parameters

Data Type

Description

Valid and Default Values

True, CV3 Autotuning is
aborted.

AtuneCVIPVNotSettled

BOOL

The PV is changed too
much to Autotune for CV1.
When True, CV1 Autotuning
is aborted. Wait until PV
is more stable before
autotuning CV1.

AtuneCV2PVNotSettled

BOOL

The PV is changed too
much to Autotune for CV2.
When True, CV2 Autotuning
is aborted. Wait until PV

is more stable before
autotuning CV2.

AtuneCV3PVNotSettled

BOOL

The PV is changed too
much to Autotune for CV3.
When True, CV3 Autotuning
is aborted. Wait until PV

is more stable before
autotuning CV3.

Status]

DINT

Bit mapped status of the
function block.

Status2

DINT

Additional bit mapped
status for the function
block.

Status3CV1

DINT

Additional bit mapped CV1
status for the function
block. A value of 0
indicates that no faults
have occurred.

Status3CV2

DINT

Additional bit mapped CV2
status for the function
block. A value of 0
indicates that no faults
have occurred.

Status3CV3

DINT

Additional bit mapped CV3
status for the function
block. A value of 0
indicates that no faults
have occurred.

InstructFault

BOOL

The function block
has generated a fault.
Indicates state of bits
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Output Parameters

Data Type

Description

Valid and Default Values

in Statusl, Status2, and
Status3CV(n), where (n)
canbel, 2 or3.

Avalue of 0 indicates that
no faults have occurred.
Any parameters that could
be configured with an
invalid value must have

a status parameter to
indicate their invalid
status.

PVFaulted

BOOL

Process variable PV health
bad.

PVSpaninv

BOOL

The span of PV inValid,
PVEUMax < PVEUMin.

SPProginv

BOOL

SPProg < SPLLimit or >
SPHLimit. Limit value used
for SP.

SPOperlnv

BOOL

SPOper < SPLLimit or >
SPHLimit. Limit value used
for SP.

SPLimitsInv

BOOL

Limits inValid: SPLLimit
< PVEUMin, SPHLimit >
PVEUMax, or SPHLimit <
SPLLimit. If SPHLimit <
SPLLimit, then limit value
by using SPLLimit.

SampleTimeTooSmall

BOOL

Model DeadTime / DeltaT
must be less than or equal
to 200.

Factorlnv

BOOL

Entered value for Factor <
0.

TimingModelnv

BOOL

Entered TimingMode
inValid. If the current
mode is not Override or
Hand then set to Manual
mode.

RTSMissed

BOOL

Only used when in Real
Time Sampling mode. Is
TRUE when ABS(DeltaT -
RTSTime) > 1 millisecond.
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Output Parameters

Data Type

Description

Valid and Default Values

RTSTimelnv

BOOL

Entered RTSTime inValid.

RTSTimeStamplnv

BOOL

RTSTimeStamp inValid. If
the current mode is not
Override or Hand, then set
to Manual mode.

DeltaTlnv

BOOL

DeltaT inValid. If the
current mode is not
Override or Hand then, set
to Manual mode.

CViFaulted

BOOL

Control variable CV1 health
bad.

CV2Faulted

BOOL

Control variable CV2 health
bad.

CV3Faulted

BOOL

Control variable CV3 health
bad.

CViHandFBFaulted

BOOL

CV1HandFB value health
bad.

CV2HandFBFaulted

BOOL

CV2 HandFB value health
bad.

CV3HandFBFaulted

BOOL

CV3 HandFB value health
bad.

CV1Proglnv

BOOL

CV1Prog < 0 or > 100, or <
CVILLimit or > CVIHLimit
when CVManLimiting is
TRUE. Limit value used for
CV1.

CV2Proglnv

BOOL

CV2Prog < 0 or>100, or <
CV2LLimit or > CV2HLimit
when CVManLimiting is
TRUE. Limit value used for
Cv2.

CV3Proginv

BOOL

CV3Prog < 0or>100, or <
CV3LLimit or > CV3HLimit
when CVManLimiting is
TRUE. Limit value used for
Cv3.

CVi0perinv

BOOL

CV10per <0 or>100, or <
CVILLimit or > CVIHLimit
when CVManLimiting is
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Output Parameters

Data Type

Description

Valid and Default Values

TRUE. Limit value used for
Cv1.

CV20perlnv

BOOL

CV20per <0 or>100, or <
CV2LLimit or> CV2HLimit
when CVManLimiting is
TRUE. Limit value used for
Cv2.

CV30perlnv

BOOL

CV30per <0 or>100, or <
CV3LLimit or> CV3HLimit
when CVManLimiting is
TRUE. Limit value used for
CV3.

CV10verrideValuelnv

BOOL

CV10verrideValue < 0 or >
100. Limit value used for
CV1.

CV20verrideValuelnv

BOOL

CV20verrideValue <0 or >
100. Limit value used for
Cv2.

CV30verrideValuelnv

BOOL

CV30verrideValue <0 or >
100. Limit value used for
CV3.

CV1TrackValuelnv

BOOL

Entered CV1TrackValue < 0
or >100. Limit value used
for CV1.

CV2TrackValuelnv

BOOL

Entered CV2TrackValue <0
or >100. Limit value used
for CV2.

CV3TrackValuelnv

BOOL

Entered CV3TrackValue <0
or >100. Limit value used
for CV3.

CVIEUSpaninv

BOOL

The span of CVIEU
inValid, CVIEUMax equals
CVIEUMin.

CV2EUSpaninv

BOOL

The span of CV2EU
inValid, CV2EUMax equals
CV2EUMin.

CV3EUSpaninv

BOOL

The span of CV3EU
inValid, CV3EUMax equals
CV3EUMin.
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Output Parameters

Data Type

Description

Valid and Default Values

CViLimitsinv

BOOL

CVILLimit < 0, CVIHLimit
>100, or CVIHLimit <=
CVILLimit. If CVIHLimit
<= CVILLimit, limit CV1 by
using CVILLimit.

CV2Limitsinv

BOOL

CV2LLimit < 0, CV2HLimit
>100, or CV2HLimit <=
CV2LLimit. If CV2HLimit
<= CV2LLimit, limit CV2 by
using CV2LLimit.

CV3Limitsinv

BOOL

CV3LLimit < 0, CV3HLimit
>100, or CV3HLimit <=
CV3LLimit. If CV3HLimit
<= CV3LLimit, limit CV3 by
using CV3LLimit.

CVIROCLimitInv

BOOL

CVIROCLimit < 0, disables
CV1ROC limiting.

CVZROCLimitInv

BOOL

CV2ROCLimit < 0, disables
CV2 ROC limiting.

CV3ROCLimitInv

BOOL

CV3ROCLimit < 0, disables
CV3 ROC limiting.

CV1HandFBInv

BOOL

CVIHandFB < 0 or > 100.
Limit value used for CV1.

CV2HandFBInv

BOOL

CV2HandFB < 0 or > 100.
Limit value used for CV2.

CV3HandFBInv

BOOL

CV3HandFB < 0 or > 100.
Limit value used for CV3.

CV1ModelGainlnv

BOOL

CV1ModelGain is 1.#QNAN
or -1.#IND (Not A Number),
or £ 1.8 (Infinity e ).

CV2ModelGaininv

BOOL

CV2ModelGain is 1.#QNAN
or -1.#IND (Not A Number),
or £ 1.8 (Infinity e ).

CV3ModelGaininv

BOOL

CV3ModelGain is 1.#QNAN
or -1.#IND (Not A Number),
or + 1.8 (Infinity e ).

CViModelTClInv

BOOL

CVIModelTC < 0.

CV2ModelTClnv

BOOL

CV2ModelTC <.
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CV3ModelTCInv BOOL CV3ModelTC < 0.
CVIModelDTInv BOOL CVIModelDT < 0.
CV2ModelDTInv BOOL CV2ModelDT < 0.
CV3ModelDTInv BOOL CV3ModelDT < 0.
CViRespTClnv BOOL CVIRespTC < 0.
CV2RespTCInv BOOL CV2RespTC < 0.
CV3RespTCInv BOOL CV3RespTC < 0.
CViTargetinv BOOL CV1Target < 0. or > 100.
CV2Targetinv BOOL CV2Target < 0. or > 100.
CV3Targetlnv BOOL CV3Target < 0. or >100.
Description
Coordinated Control is a flexible model-based algorithm that can be used in various
configurations, for example:
 Three control variables are used to control one process variable
 Heat-cool split range control
» Feedforward control
» Zone temperature control
*  Constraint control
The following illustration is an example of the Coordinated Control closed loop configuration.
CV1 Track CV1
rac M1
e
CV2 Target cv2
*,{ gk M2
'3
ey M3
Disturbance Estimate
In this example, CV1is in Manual mode, CV2 is driven to its target value, and CV3 is the active
control. The following table describes this example in detail.
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Name Description

cw1 Is in Manual mode

cv2 Is driven to its target value (CV2 = TargetlstCV)
cv3 Is the active control (CV3 = ActlstCV)

This example could be a heat cooled system with a feed forward where:
» CV1isfeed forward;
* CV2iscooling;
»  CV3 heating.

Since CV1is in Manual mode, CV3 target value as the lowest priority goal cannot be

accomplished. PV will be maintained at the setpoint by using CV3, and at the same time CV2 will

be driven to its target value (2nd priority goal).

If the operator changes the CV1 manual value, the control variable will take the change into
account when calculating new CV3 and CV2.

Ml CV1- PV First order lag with deadtime model

M2 CV2 - PV First order lag with deadtime model

M3 CV3 - PV First order lag with deadtime model

T Target Response

C3 Model based algorithm to control PV by using CV3
Y1, Y2, Y3 Model outputs of M1, M2, M3

Y PV prediction

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.

Execution

Function Block

Condition/State Action Taken
Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
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Condition/State

Action Taken

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run N/A.

Instruction first scan N/A

Postscan Enableln and EnableOut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

Example

Function Block

10.0

ccinputt
ccinput2

ccinput3

UL

ccinputd

AN

ccinputs

Structured Text
ccTag.PV := cclnput?;
ccTag.SPProg := cclnput2;
ccTag.CV1Prog := cclnput3;

cC

Coordinated Control

ccTag -
PV VIEU [——
SPProg CVZEU [+
CW1Prog CW3EL [—
C\W2Prog P
CW3Prog ProgQper :
ProgProgReq C\'1Auto :
ProgOperReq C\VZAuto :
ProgCV'1AutoReg C\V3Auto :
ProgCVZAutoReq cwviManual [
ProgCV3AutoReq fZManual
ProgCV1ManualFeq VaKanual

ProgCVZManualReq

ProgCV3aManualReq

ProgC hwerride
ProgC erride
ProgCVa0y
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ccTag.CV2Prog := cclnputk;
ccTag.CV3Prog := cclnputb;
CC(ccTag);

ccOutputl:= ccTag.CVIEU;
ccOutput? := ccTag.CV2EU;
ccOutput3 := ccTag.CV3EU;

Starting with the default configuration, configure the following parameters:

Parameter Description

PVEUMax Maximum scaled value for PV.

PVEUMin Minimum scaled value for PV.

SPHLimit SP high limit value, scaled in PV units.

PPLLimit SP low limit value, scaled in PV units.
CVlInitValue Aninitial value of the control variable CV1 output.
CV2InitValue An initial value of the control variable CV2 output.
CV3InitValue An initial value of the control variable CV3 output.

If you have the process models available, you can intuitively tune the CC control variable by

entering the following parameters:

Parameter

Description

ModelGains

Nonzero numbers (negative for direct acting control
variable, positive for reverse acting control variable)

ModelTimeConstants

Always positive numbers

ModelDeadtimes

Always positive numbers

ResponseTimeConstants

Always positive numbers

Active Tst, 2nd and 3rd CV

Specify the order in which CV's will be used to
compensate for PV - SP error.

Target Ist, 2nd and 3rd CV

Specify the priorities in which CV's will be driven to their
respective target values.

CVTargetValues Specify to which values should the control variable drive
the individual CV's
TargetRespTC Specify the speed of CV's to approach the target values
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The function block behaves in a defined way for any combination of CV Active and Target lists
and CV Auto-Manual modes. The function block attempts to accomplish these goals in the
following order of priorities:

1. Control PV to SP
2. Control TargetIstCV to its target value
3. Control Target2ndCV to its target value

If any CV is put in Manual mode, the CC function block gives up the goal with priority 3. If two
CV's are in Manual mode, the CC function block is reduced to an IMC, (single input, single output)
control variable controlling the PV to its setpoint.

In addition to this, however, the control variable reads the Manual CV values from the CV's that
are in Manual mode as feedforward signals. Then, the CC function block predicts the influence
of the Manual CV values on the PV by using the appropriate internal models, and calculates the
third CV that remains in Auto mode.

For integrating process types (such as level control and position control), internal nonintegrating
models are used to approximate the integrating process. The Factor parameter is used to
convert the identified integrating process models to nonintegrating internal models used for CV
calculation. This is necessary to provide for stable function block execution.

A model initialization occurs:
*  During First Scan of the block
*  When the Modellnit request parameter is set
*  When DeltaT changes

You may need to manually adjust the internal model parameters or the response time constants.
You can do so by changing the appropriate parameters and setting the appropriate Modellnit bit.
The internal states of the control variable will be initialized, and the bit will automatically reset.

For example, modify the Model Gain for CV2 - PV model. Set the Modellnit2 parameter to TRUE to
initialize the CV2 - PV internal model parameters and for the new model gain to take effect.

The function block is equipped with an internal tuner (modeler). The purpose of the tuner

is to identify the process model parameters and to use these parameters as internal model
parameters (gain, time constant, and deadtime). The tuner also calculates an optimal response
time constant. Set the tuner by configuring the following parameters for each CV - PV process.

ProcessType Integral (level, position control) or nonintegrating (flow,
pressure control)

ProcessGainSign Set to indicate a negative process gain (increase in
output causes a decrease in PV); reset to indicate a
positive process gain (increase in output causes an
increase in PV).

ResponseSpeed Slow, medium, or fast, based on control objective.

NoiseLevel An estimate of noise level on PV-low, medium, or
high-such that the tuner can distinguish which PV
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change is a random noise and which is caused by the CV
step change.

StepSize A nonzero positive or negative number defining the
magnitude of CV step change in either positive or
negative direction, respectively.

PVTuneLimit (only for integrating process type) in PV engineering
units, defines how much of PV change that is caused by
CV change to tolerate before aborting the tuning test
due to exceeding this limit.

The tuner is started by setting the appropriate AtuneStart bit (AtuneCV1Start, for example). You
can stop the tuning by setting the appropriate AtuneAbort bit.

After the tuning is completed successfully, the GainTuned, TCTuned, DTTuned, and RespTCTuned
parameters are updated with the tuning results, and the AtuneStatus code is set to indicate
complete.

You can copy these parameters to the ModelGain, ModelTC, and ResponseTC, respectively, by
setting the AtuneUseModel bit. The control variable will automatically initialize the internal
variables and continue normal operation. It will automatically reset the AtuneUseModel bit.

If an error occurs during the tuning procedure, the tuning is aborted, and an appropriate
AtuneStatus value is set. Also, a user can abort the tuning by setting the AtuneAbort parameter.

After an abort, the CV will assume its value before the step change, and the GainTuned, TCTuned,
DTTuned, and RespTCTuned parameters are not updated. The AtuneStatus parameter identifies
the reason for the abort.

Follow these steps to configure the tuner.

To configure the CC Function Block tuner
1. Put all three CV parameters into Manual mode.

2. Set the AtuneStart parameter. The tuner starts collecting PV and CV data for noise
calculation.

3. After collecting 60 samples (60*DeltaT) period, the tuner adds StepSize to the CV.

4. Set the AtuneUseModel parameter to copy the tuned parameters to the model
parameters. The function block then resets the AtuneUseModel parameter.

Q - After successfully collecting the PV data as a result of the CV step change, the CV assumes

its value before the step change and the AtuneStatus, GainTuned, TCTuned, DTTuned, and
RespTCTuned parameters are updated.

- After a successful AutoTuneDone, the Atune parameter is set to one (1). Tuning completed
successfully.

- Toidentify models and to calculate response time constants for all three CV-PV processes,
run the tuner up to three times to obtain CV1-PV, CV2-PV, and CV3-PV models and tuning,
respectively.
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Internal Model Control (IMC)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Internal Model Control (IMC) instruction controls a single process variable by manipulating
a single control-variable output. This function block performs an algorithm where the actual
error signal is compared against that of an internal first-order lag plus deadtime model of the
process. The IMC function block calculates the control variable output (CV) in the Auto mode
based on the PV - SP deviation, internal model, and tuning.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram.

Function Block

mc ]

o

(=] [=1]

=}
=]
=]
()
=]
W
= n I =]

= = B @

L] o] L] o] L] o] =] ]

Structured Text
IMC(IMC_tag);

Operands

Function Block

208

Operands:

Type:

Format

Description:

IMC tag

INTERNAL MODEL CONTROL

Structure

IMC Structure
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Structured Text
Operands: Type: Format Description:
IMC tag INTERNAL MODEL CONTROL | Structure IMC Structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

IMPORTANT: Whenever an APC block detects a change in Delta Time (DeltaT), a Modellnit will be performed. For this
reason the blocks should only be run in one of the TimingModes in which DeltaT will be constant.

«  TimingMode = 0 (Periodic) while executing these function blocks in a Periodic Task

TimingMode = 1(0Oversample)

In either case, if the Periodic Task time is dynamically changed, or the OversampleDT is dynamically changed, the
block will perform a Modellnit.

The following TimingMode setting are not recommended due to jitter in DeltaT:

«  TimingMode = 0 (Periodic) while executing these function blocks in a Continuous or Event Task

TimingMode = 2 (RealTimeSample)

Structure

Input Parameters

Data Type

Description

Valid and Default Values

Enableln

BOOL

Enable Input. If False, the
function block will not
execute and outputs are
not updated.

Default=TRUE

PV

REAL

Scaled process variable
input. This value is
typically read from an
analog input module.

Valid = any float
Default=0.0

PVFault

BOOL

PV bad health indicator. If
PVis read from an analog
input, then PVFault will
normally be controlled

by the analog input fault
status.

If PVFault is TRUE, it
indicates an error on the
input module, set bit in
Status.

Default = FALSE
FALSE = Good Health

PVUEMax

REAL

Maximum scaled value for
PV. The value of PV and
SP that corresponds to
100% span of the Process
Variable. If PVEUMax <
PVEUMin, set bit in Status.

Valid = PVEUMin <
PVEUMax < maximum
positive float

Default =100.0

Rockwell Automation, Inc.
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Input Parameters

Data Type

Description

Valid and Default Values

PVUEMin

REAL

Minimum scaled value for
PV. The value of PV and
SP that corresponds to
0% span of the Process
Variable. If PVEUMax <
PVEUMin, set bit in Status.

Valid = maximum negative
float < PVEUMin < PVEUMax

Default =0.0

SPProg

REAL

SP Program value, scaled
in PV units. SP is set to this
value when in Program
control.

If value of SPProg or
SPOper < SPLLimit or >
SPHLimit, set bit in Status
and limit value used for SP.

Valid = SPLLimit to
SPHLimit

Default=0.0

SPOper

REAL

SP Operator value, scaled
in PV units. SP set to this
value when in Operator
control.

If value of SPProg or
SPOper < SPLLimit or >
SPHLimit, set bit in Status
and limit value used for SP.

Valid = SPLLimit to
SPHLimit

Default=0.0

SPCascade

REAL

SP Cascade value,

scaled in PV units. If
CascadeRatio mode and
UseRatio is FALSE, then
SP is set to this value,
typically this will be CVEU
of a primary loop. If
CascadeRatio mode and
UseRatio is TRUE, then SP
is set to this value times
Ratio.

If value of SPCascade <
SPLLimit or > SPHLimit, set
bit in Status and limit value
used for SP.

Valid = SPLLimit to
SPHLimit

Default=0.0

SPHLimit

REAL

SP high limit value, scaled
in PV units.

If SPHLimit < SPLLimit or
SPHLimit > PVEUMax, set
bit in Status.

Valid = SPLLimit to
PVEUMax

Default =100.0

SPLLimit

REAL

SP low limit value, scaled
in PV units.

Valid = PVEUMin to
SPHLimit
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Input Parameters

Data Type

Description

Valid and Default Values

If SPLLimit < PVEUMin,
or SPHLimit < SPLLimit,
set bit in Status and limit
SP by using the value of
SPLLimit.

Default = 0.0

UseRatio

BOOL

Allow Ratio control
permissive. Set TRUE to
enable ratio control when
in CascadeRatio mode.

Default = FALSE

RatioProg

REAL

Ratio Program multiplier,
no units (for example,
scalar). Ratio and
RatioOper are set to this
value when in Program
control.

If RatioProg or RatioOper
< RatioLLimit or >
RatioHLimit, set bit in
Status and limit value used
for Ratio.

Valid = RatioLLimit to
RatioHLimit

Default=1.0

RatioOper

REAL

Ratio Operator multiplier,
no units (for example,
scalar). Ratio is set to this
value when in Operator
control.

If RatioProg or RatioOper
< RatioLLimit or >
RatioHLimit, set bit in
Status and limit value used
for Ratio.

Valid = RatioLLimit to
RatioHLimit

Default=1.0

RatioHLimit

REAL

Ratio high limit value, no
units (for example, scalar).
Limits the value of Ratio
obtained from RatioProg or
RatioOper.

If RatioLLimit < 0, set bit in
Status and limit to zero. If
RatioHLimit < RatioLLimit,
set bit in Status and limit
Ratio by using the value of
RatioLLimit.

Valid = RatioLLimit to
maximum positive float

Default=1.0

RatioLLimit

REAL

Ratio low limit value, no
units (for example, scalar).
Limits the value of Ratio

Valid = 0.0 to RatioHLimit
Default=1.0

Rockwell Automation, Inc.
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Input Parameters

Data Type

Description

Valid and Default Values

obtained from RatioProg or
RatioOper.

If RatioLLimit < 0, set bit in
Status and limit to zero. If
RatioHLimit < RatioLLimit,
set bit in Status and limit
Ratio by using the value of
RatioLLimit.

CVFault

BOOL

Control variable bad health
indicator. If CVEU controls
an analog output, then
CVFault will normally come
from the analog output's
fault status.

If CVFault is TRUE, it
indicates an error on the
output module, set bit in
Status.

Default = FALSE
FALSE = Good Health

CVinitReq

BOOL

CV initialization request.
While TRUE, set CVEU to
the value of CVInitValue.
This signal will normally
be controlled by the In
Hold status on the analog
output module controlled
by CVEU or from the
InitPrimary output of a
secondary IMC loop.

Default = FALSE

CVInitValue

REAL

CVEU initialization value,
scaled in CVEU units.
When CVinitializing is
TRUE set CVEU equal to
CVInitValue and CV to the
corresponding percentage
value. CVInitValue will
normally come from the
feedback of the analog
output controlled by CVEU
or from the setpoint of

a secondary loop. The
function block initialization
is disabled when CVFaulted
or CVEUSpanInv are TRUE
(bad).

Valid = any float
Default =0.0

CVProg

REAL

CV Program-Manual value.
CVis set to this value

Valid = 0.0 t0o 100.0
Default=0.0
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Input Parameters

Data Type

Description

Valid and Default Values

when in Program control
and Manual mode.

If value of CVProg or
CVOper < 0or>100, or <
CVLLimit or > CVHLimit
when CVManLimiting is
TRUE, set unique Status bit
and limit value used for CV.

CVOper

REAL

CV Operator-Manual value.
CV is set to this value
when in Operator control
and Manual mode. If not
Operator-Manual mode, set
CVOper to the value of CV
at the end of each function
block execution.

If value of CVProg or
CVOper <Qor>100, or <
CVLLimit or > CVHLimit
when CVManLimiting is
TRUE, set unique Status bit
and limit value used for CV.

Valid = 0.0 t0 100.0
Default =0.0

CVOverrideValue

REAL

CV Override value. CV
set to this value when in
Override mode.

This value should
correspond to a safe state
output of the IMC loop. If
value of CVOverrideValue
<0 or>100, set unique
Status bit and limit value
used for CV.

Valid = 0.0 t0 100.0
Default=0.0

CVTrackValue

REAL

CV track value. When
CVTrackReq is enabled and
the IMC function block is in
Manual, the CVTrackValue
will be ignored, and the
IMC internal model will
update its historical data
with the CVOper or CVProg
value. When CVTrackReq
is enabled and the IMC
function block is in Auto,
the internal model will
update its historical data
based on the value of
CVTrackValue. The CV in

Valid = 0.0 t0 100.0
Default =0.0

Rockwell Automation, Inc.
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Input Parameters

Data Type

Description

Valid and Default Values

this case will be allowed
to move as if the IMC
function block was still
controlling the process.
This is useful in multiloop
selection schemes where
you want the IMC function
block to follow the output
of a different controlling
algorithm, where you
would connect the output
of the controlling algorithm
into the CVTrackValue.

CVManLimiting

BOOL

Limit CV in Manual mode
request. If Manual mode
and CVManLimiting is
TRUE, CV will be limited by
the CVHLimit and CVLLimit
values.

Default = FALSE

CVEUMax

REAL

Maximum value for CVEU.
The value of CVEU that
corresponds to 100% CV.
If CVEUMax = CVEUMin, set
bit in Status.

Valid = any float
Default =100.0

CVEUMin

REAL

Minimum value of CVEU.
The value of CVEU that
corresponds to 0% CV. If
CVEUMax = CVEUMin, set
bit in Status.

Valid = any float
Default=0.0

CVHLimit

REAL

CV high limit value. This is
used to set the CVHAlarm
output. It is also used

for limiting CV when in
Auto or CascadeRatio
modes or Manual mode if
CVManLimiting is TRUE.

If CVLLimit < 0, if CVHLimit
>100, if CVHLimit <
CVLLimit, set bit in Status.
If CVHLimit < CVLLimit,
limit CV by using the value
of CVLLimit.

Valid = CVLLimit <
CVHLimit <100.0

Default =100.0

CVLLimit

REAL

CV low limit value. This is
used to set the CVLAlarm
output. It is also used
for limiting CV when in

Valid = 0.0 < CVLLimit <
CVHLimit

Default=0.0
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Input Parameters Data Type Description Valid and Default Values

Auto or CascadeRatio
modes or Manual mode if
CVManLimiting is TRUE.

If CVLLimit < 0, if CVHLimit
>100, if CVHLimit <
CVLLimit, set bit in Status.

If CVHLimit < CVLLimit,
limit CV by using the value
of CVLLimit.
CVROCPosLimit REAL CV increasing rate of Valid = 0.0 to maximum
change limit, in percent positive float
per second. Default = 0.0

Rate of change limiting
is only used when in
Auto or CascadeRatio
modes or Manual mode if
CVManLimiting is TRUE.

A value of zero disables CV
ROC limiting.

If value of CVROCPOSLimit
<0, set bit in Status and
disable CV ROC limiting.

CVROCNegLimit REAL CV decreasing rate of Valid = 0.0 to maximum
change limit, in percent positive float
per second. Default = 0.0

Rate of change limiting
is only used when in
Auto or CascadeRatio
modes or Manual mode if
CVManLimiting is TRUE.

A value of zero disables CV
ROC limiting.

If value of CVROCNegLimit
<0, set bit in Status and
disable CV ROC limiting.

HandFB REAL CV HandFeedback value. | Valid = 0.0...100.0
CV set to this value Default = 0.0
when in Hand mode and
HandFBFault is FALSE
(good health). This value
would typically come
from the output of a

field mounted hand/auto
station and would be used
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Input Parameters

Data Type

Description

Valid and Default Values

to generate a bumpless
transfer out of Hand mode.

If value of HandFB < 0 or >
100, set unique Status bit
and limit value used for CV.

HandFBFault

BOOL

HandFB value bad health
indicator. If the HandFB
value is read from

an analog input, then
HandFBFault will normally
be controlled by the
status of the analog input
channel.

If HandFBFault is TRUE, it
indicates an error on the
input module, set bit in
Status.

Default = FALSE
FALSE = Good Health

WindupHin

BOOL

Windup high request.
When TRUE, CV will not

be allowed to increase

in value. This signal

will typically be the
WindupHOut output from a
secondary loop.

Default = FALSE

Winduplin

BOOL

Windup low request.
When TRUE, CV will not

be allowed to decrease

in value. This signal

will typically be the
WindupLOut output from a
secondary loop.

Default = FALSE

GainEUSpan

BOOL

ModelGain units in EU or as
% of span.

CV ModelGain units in EU or
% of span. Set to interpret
ModelGain as EU, reset to
interpret ModelGain as %
of Span.

Default = FALSE
TRUE = Gainin EU
FALSE = Gain in % of span

ProcessGainSign

BOOL

Used only for Autotuning.
Sign of the process gain
(Delta PV/Delta CV).

Set to indicate a negative
process gain (increase in
output causes a decrease
in PV).

Default = FALSE
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Input Parameters Data Type Description Valid and Default Values
Reset to indicate a positive
process gain (increase in
output causes an increase
in PV).

ProcessType DINT Process type selection Default=0
(1=Integrating,
0=non-integrating)

ModelGain REAL The internal model gain Valid = maximum negative
parameter. Enter a positive | float —> maximum positive
or negative gain depending | float
on process direction. Default = 0.0

ModelTC REAL The internal model time Valid = 0.0 to maximum
constant in seconds. positive float

Default=0.0

ModelDT REAL The internal model Valid = 0.0 to maximum

deadtime in seconds. positive float
Default=0.0

RespTC REAL The tuning parameter that | Valid = 0.0 to maximum
determines the speed of | positive float
the control variable action Default = 0.0
in seconds.

PVTracking BOOL SP track PV request. Set Default = FALSE
TRUE to enable SP to
track PV. Ignored when
in CascadeRatio or Auto
modes.

CVTrackReq BOOL CV Track request. Set true | Default = FALSE
to enable CV Tracking
when autotune is OFF.

Ignored in Hand and
Override mode.

AllowCasRat BOOL Allow CascadeRatio mode | Default = FALSE
permissive. Set TRUE to
allow CascadeRatio mode
to be selected by using
either ProgCasRatReq or
OperCasRatReq.

ManualAfterinit BOOL Manual mode after Default = FALSE

initialization request.

When TRUE, the function
block will be placed in
the Manual mode when
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Input Parameters

Data Type

Description

Valid and Default Values

CVinitializing is set TRUE
unless the current mode is
Override or Hand.

When ManualAfter|nit is
FALSE, the function block's
mode will not be changed.

ProgProgReq

BOOL

Program Program Request.

Set TRUE by the user
program to request
Program control. Ignored
if ProgOperReq is TRUE.
Holding this TRUE and
ProgOperReq FALSE can be
used to lock the function

block into program control.

When ProgValueReset is
TRUE, the function block
resets the input to FALSE.

Default = FALSE

ProgOperReq

BOOL

Program Operator Request.

Set TRUE by the user
program to request
Operator control. Holding
this TRUE can be used to
lock the function block
into operator control.
When ProgValueReset is
TRUE, the function block
resets the input to FALSE.

Default = FALSE

ProgCasRatReq

BOOL

Program-Cascade/Ratio
mode request. Set

TRUE by the user
program to request
Cascasde/Ratio mode.
When ProgValueReset is
TRUE, the function block
resets the input to FALSE.

Default = FALSE

ProgAutoReq

BOOL

Program-Auto mode
request. Set TRUE by

the user program to
request Auto mode. When
ProgValueReset is TRUE,
the function block resets
the input to FALSE.

Default = FALSE

ProgManualReq

BOOL

Program-Manual mode
request. Set TRUE by the

Default = FALSE
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Input Parameters

Data Type

Description

Valid and Default Values

user program to request
Manual mode. When
ProgValueReset is TRUE,
the function block resets
the input to FALSE.

ProgOverrideReq

BOOL

Program-Override mode
request. Set TRUE by the
user program to request
Override mode. When
ProgValueReset is TRUE,
the function block resets
the input to FALSE.

Default = FALSE

ProgHandReq

BOOL

Program-Hand mode
request. Set TRUE by the
user program to request
Hand mode. This value
will usually be read as

a digital input from a
hand/auto station. When
ProgValueReset is TRUE,
the function block resets
the input to FALSE.

Default = FALSE

OperProgReq

BOOL

Operator Program Request.

Set TRUE by the operator
interface to request
Program control. The
function block resets this
parameter to FALSE.

Default = FALSE

OperOperReq

Operator Operator
Request. Set TRUE by
the operator interface to
request Operator control.
The function block will
reset this parameter to
FALSE.

Default = FALSE

OperCasRatReq

BOOL

Operator-CascadeRatio
mode request. Set TRUE

by the operator interface
to request CascadeRatio
mode. The function block
will reset this parameter to
FALSE.

Default = FALSE

OperAutoReq

BOOL

Operator-Auto mode
request. Set TRUE by the
operator interface to
request Auto mode. The

Default = FALSE

Rockwell Automation, Inc.
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Input Parameters

Data Type

Description

Valid and Default Values

function block will reset
this parameter to FALSE.

OperManualReq

BOOL

Operator-Manual mode
request. Set TRUE by the
operator interface to
request Manual mode. The
function block will reset
this parameter to FALSE.

Default = FALSE

ProgValueReset

BOOL

Reset Program control
values. When TRUE, the
Prog_xxx_Req inputs are
reset to FALSE.

When TRUE and Program

control, set SPProg equal

to SP and CVProg equal to
CVv.

When ProgValueReset is
TRUE, the function block
resets this parameter to
FALSE.

Default = FALSE

TimingMode

DINT

Selects Time Base
Execution mode.

Value/Description
0 = Periodic mode
1= 0versample mode

2 = Real time sampling
mode

For more information
about timing modes, see
Function Block Attributes.

Valid=0...2
Default =0

OverSampleDT

REAL

Execution time for
Oversample mode.

Valid = 0 to max.
TON_Timer elapsed time
(4194.303 seconds)

Default=0

RTSTime

DINT

Module update period for
Real Time Sampling mode.

Valid =1to 32,767

Tcount=1Tms

RTSTimeStamp

DINT

Module time stamp value
for Real Time Sampling
mode.

Valid = 0 to 32,767
(wraps from 32,767 to 0)

Tcount=Tms

PVTuneLimit

REAL

PV tuning limit scaled
in the PV units. When

Range: any float
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Input Parameters

Data Type

Description

Valid and Default Values

Autotune is running and
predicted PV exceeds this
limit, the tuning will be
aborted.

Default=0

AtuneTimeLimit

REAL

Maximum time for
autotune to complete
following the CV step
change. When autotune
exceeds this time, tuning
will be aborted.

Valid range: any float > 0.

Default = 60 minutes

NoiseLevel

DINT

An estimate of the noise
level expected on the PV to
compensate for it during
tuning.

The selections are: 0=low,
1=medium, 2=high

Range: 0 to 2
Default=1

CVStepSize

REAL

CV step size in percent
for the tuning step test.
Step size is directly added
to CV subject to high/low
limiting.

Range: -100% ... 100%
Default=10%

ResponseSpeed

DINT

Desired speed of closed
loop response.

Slow response:
ResponseSpeed=0

Medium response:
ResponseSpeed=1

Fast response:
ResponseSpeed=2.

If ResponseSpeed is less
than 0, Slow response is
used. If ResponseSpeed
is greater than 2, Fast
response is used.

Range: 0 to 2
Default=1

Modellnit

BOOL

Internal model
initialization switch.

Default = FALSE

Factor

REAL

Non-integrating model
approximation factor.
Only used for integrating
process types.

Default =100

AtuneStart

BOOL

Start Autotune request.
Set True to initiate auto
tuning of the function

Default = FALSE
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Input Parameters

Data Type

Description

Valid and Default Values

block. Ignored when IMC is
not in Manual mode. The
function block will reset
this parameter to FALSE.

AtuneUseModel

BOOL

Use Autotune model
request. Set True to
replace the current
model parameters with
the calculated Autotune
model parameters. The
function block sets the
input parameter to FALSE.

Default = FALSE

AtuneAbort

BOOL

Abort Autotune request.
Set True to abort the auto
tuning of the IMC function
block. The function block
sets input parameter to
FALSE.

Default = FALSE

Output Parameters

Data Type

Description

Valid and Default Values

EnableOut

BOOL

Indicates if instruction is
enabled. Cleared to false if
CVEU overflows.

CVEU

REAL

Scaled control variable
output. Scaled by

using CVEUMax and
CVEUMin, where CVEUMax
corresponds to 100% and
CVEUMin corresponds

to 0%. This output is
typically used to control an
analog output module or a
secondary loop.

CVEU =(CV * CVEUSpan /
100) + CVEUMin

CVEU span calculation:
CVEUSpan =( CVEUMax -
CVEUMin )

cv

REAL

Control variable output.
This value will always be
expressed as 0...100%.
CV is limited by CVHLimit
and CVLLimit when in
Auto or CascadeRatio
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Output Parameters Data Type

Description

Valid and Default Values

mode or Manual mode if
CVManLimiting is TRUE;
otherwise limited by 0 and
100%.

DeltaCV REAL

Difference between

the Current CV and the
previous CV (Current CV -
previous CV).

CVInitializing BOOL

Initialization mode
indicator. Set TRUE when
CVInitReq or function block
FirstScan are TRUE, or on
a TRUE to FALSE transition
of CVFault (bad to good).
CVinitializing is set FALSE
after the function block
has been initialized and
CVInitReq is no longer
TRUE.

CVHAlarm BOOL

CV high alarm indicator.
TRUE when the calculated
value for CV >100 or
CVHLimit.

CVLAlarm BOOL

CV low alarm indicator.
TRUE when the calculated
value for CV <0 or
CVLLimit.

CVROCPosAlarm BOOL

CV rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV exceeds
CVROCPosLimit.

CVROCNegAlarm REAL

CV rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV exceeds
CVROCNegLimit.

SP REAL

Current setpoint value.
The value of SP is used
to control CV when in the
Auto, the CascadeRatio,
or the PV Tracking mode,
scaled in PV units.
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Output Parameters

Data Type

Description

Valid and Default Values

SPPercent

REAL

The value of SP expressed
in percent of span of PV.

SPPercent =((SP -
PVEUMin ) *100) / PVSpan

where

PVSpan = PVEUMax -
PVEUMin

SPHAlarm

BOOL

SP high alarm indicator.
TRUE when the SP >
SPHLimit.

SPLAlarm

BOOL

SP low alarm indicator.
TRUE when the SP <
SPLLimit.

PVPercent

REAL

PV expressed in percent of
span.

PVPercent =(( PV -
PVEUMin ) *100) / PVSpan

PV Span calculation:
PVSpan =
( PVEUMax - PVEUMin )

REAL

Process error. Difference
between SP and PV, scaled
in PV units.

EPercent

REAL

The error expressed as a
percent of span.

InitPrimary

BOOL

Initialize primary loop
command. TRUE when not
in CasRat mode or when
CVinitializing is TRUE. This
signal normally would be
used by the CVInitReq
input of a primary loop.

WindupHQOut

BOOL

Windup high indicator.
TRUE when either a SP
high or CV high/low limit
has been reached. This
signal will typically be used
by the WindupHin input to
limit the windup of the CV
output on a primary loop.

WindupLOut

BOOL

Windup low indicator.
TRUE when either a SP
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Output Parameters

Data Type

Description

Valid and Default Values

or CV high/low limit has
been reached. This signal
will typically be used by
the WindupLIn input to
limit the windup of the CV
output on a primary loop.

Ratio

REAL

Current ratio multiplier, no
units.

RatioHAlarm

BOOL

Ratio high alarm indicator.
TRUE when Ratio >
RatioHLimit.

RatioLAlarm

BOOL

Ratio low alarm indicator.
TRUE when Ratio <
RatioLLimit.

ProgOper

BOOL

Program/Operator control
indicator. TRUE when in
Program control. FALSE
when in Operator control.

CasRat

BOOL

CascadeRatio mode
indicator. TRUE when in
the CascadeRatio mode.

Auto

BOOL

Auto mode indicator. TRUE
when in the Auto mode.

Manual

BOOL

Manual mode indicator.
TRUE when in the Manual
mode.

Override

BOOL

Override mode indicator.
TRUE when in the Override
mode.

Hand

BOOL

Hand mode indicator. TRUE
when in the Hand mode.

DeltaT

REAL

Elapsed time between
updates in seconds.

StepSizeUsed

REAL

Actual CV step size used
for tuning.

GainTuned

REAL

The calculated value of the
internal model gain after
tuning is completed.
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Output Parameters

Data Type

Description

Valid and Default Values

TCTuned

REAL

The calculated value of
the internal model time
constant after tuning is
completed.

DTTuned

REAL

The calculated value of the
internal model deadtime
after tuning is completed.

RespTCTunedS

REAL

The calculated value of
the control variable time
constant in slow response
speed after tuning is
completed.

RespTCTunedM

REAL

The calculated value

of the control variable
time constant in medium
response speed after
tuning is completed.

RespTCTunedF

REAL

The calculated value of
the control variable time
constant in fast response
speed after tuning is
completed.

AtuneOn

BOOL

Set True when auto tuning
has been initiated.

AtuneDone

BOOL

Set True when auto
tuning has completed
successfully.

AtuneAborted

BOOL

Set True when auto tuning
has been aborted by

user or due to errors that
occurred during the auto

tuning operation.

AtuneStatus

DINT

Indicates the block tuning
status.

AtuneFault

BOOL

Autotune has generated
any of the following faults.

Bit 0 of AtuneStatus

AtunePV0OutOfLimit

BOOL

Either PV or the
deadtime-step ahead
prediction of PV exceeds
PVTuneLimit during

Bit 1of AtuneStatus
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Output Parameters

Data Type

Description

Valid and Default Values

Autotuning. When True,
Autotuning is aborted.

AtuneModelnv

BOOL

The IMC mode was

not Manual at start of
Autotuning or the IMC
mode was changed from
Manual during Autotuning.
When True, Autotuning is
not started or is aborted.

Bit 2 of AtuneStatus

AtuneCVWindupFault

BOOL

WindupHIn or WindupLIn is
True at start of Autotuning
or during Autotuning. When
True, Autotuning is not
started or is aborted.

Bit 3 of AtuneStatus

AtuneStepSize0

BOOL

StepSizeUsed = 0 at start
of Autotuning. When True,
Autotuning is not started.

Bit &4 of AtuneStatus

AtuneCVLimitsFault

BOOL

CVLimitslnv and
CVManLimiting are True
at start of Autotuning or
during Autotuning. When
True, Autotuning is not
started or is aborted.

Bit 5 of AtuneStatus

AtuneCVInitFault

BOOL

CVinitializing is True at
start of Autotuning or
during Autotuning. When
True, Autotuning is not
started or is aborted.

Bit 6 of AtuneStatus

AtuneEUSpanChanged

BOOL

CVEUSpan or PVEUSpan
changes during
Autotuning. When True,
Autotuning is aborted.

Bit 7 of AtuneStatus

AtuneCVChanged

BOOL

CVOper is changed when
in Operatior control or
CVProg is changed when
in Program control or CV
becomes high/low or ROC
limited during Autotuning.
When True, Autotuning is

aborted.

Bit 8 of AtuneStatus

AtuneTimeout

BOOL

Elapsed time is greater
then AtuneTimeLimit
since step test is started.

Bit 9 of AtuneStatus
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Output Parameters

Data Type

Description

Valid and Default Values

When True, Autotuning is
aborted.

AtunePVNotSettled

BOOL

The PV is changed too
much to Autotune. When
True, Autotuning is
aborted. Wait until PV

is more stable before
autotuning.

Bit 10 of AtuneStatus

Statusl

DINT

Bit mapped status of the
function block.

Status2

DINT

Additional bit mapped
status for the function
block.

InstructFault

BOOL

Function block has
generated a fault.
Indicates state of bits in
Statusl and status2.

A value of 0 indicates that
no faults have occurred.
Any parameters that could
be configured with an
invalid value must have

a status parameter to
indicate their invalid
status.

Bit 0 of Statusl

PVFaulted

BOOL

Process variable PV health
bad.

Bit 1of Statusl

CVFaulted

BOOL

Control variable CV faulted

Bit 2 of Statusl

HandFBFaulted

BOOL

HandFB value health bad

Bit 3 of Statusl

PVSpaninv

BOOL

The span of PV invalid,
PVEUMax < PVEUMin.

Bit 4 of Status]

SPProglnv

BOOL

SPProg < SPLLimit or >
SPHLimit. Limit value used
for SP.

Bit 5 of Statusl

SPQperlnv

BOOL

SPOper < SPLLimit or >
SPHLimit. Limit value used
for SP.

Bit 6 of Statusl

SPCascadelnv

BOOL

SPCascade < SPLLimit or >
SPHLimit. Limit value used
for SP.

Bit 7 of Status]
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Output Parameters

Data Type

Description

Valid and Default Values

SPLimitsInv

BOOL

Limits invalid: SPLLimit
< PVEUMin, SPHLimit >
PVEUMax, or SPHLimit <
SPLLimit. If SPHLimit <
SPLLimit, then limit value
using SPLLimit.

Bit 8 of Statusl

RatioLimitsInv

BOOL

Ratio high-low limits
invalid, low limit < 0 or
high limit < low limit.

Bit 9 of Statusl

RatioProglnv

BOOL

RatioProg < RatioLLimit or
> RatioHLimit. Limit value
used for Ratio.

Bit 10 of Statusl

RatioOperlnv

BOOL

RatioOper < RatioLLimit or
> RatioHLimit. Limit value
used for Ratio.

Bit T of Statusl

CVProglnv

BOOL

CVProg < 0 or >100, or <
CVLLimit or > CVHLimit
when CVManLimiting is
TRUE. Limit value used for
Cv.

Bit 12 of Status]

CVQOperlnv

BOOL

CVOper <0 or>100, or <
CVLLimit or > CVHLimit
when CVManLimiting is
TRUE. Limit value used for
CV.

Bit 13 of Statusl

CVOverrideValuelnv

BOOL

CVOverrideValue < 0 or >
100. Limit value used for
Cv.

Bit 14 of Statusl

CVTrackValuelnv

BOOL

CVTrackValue < 0 or >100.

Limit value used for CV.

Bit 15 of Status]

CVEUSpaninv

BOOL

The span of CVEU invalid,
CVEUMax equals CVEUMin.

Bit 16 of Statusl

CVLimitsInv

BOOL

CVLLimit < 0, CVHLimit
>100, or CVHLimit <=
CVLLimit. If CVHLimit <=
CVLLimit, limit CV by using
CVLLimit.

Bit 17 of Statusl

CVROCLimitlnv

BOOL

CVROCLimit < 0, disables
ROC limiting.

Bit 18 of Statusl

Publication 1756-RMO06P-EN-P - September 2025

229



Chapter 1

Process Control Instructions

230

Output Parameters Data Type Description Valid and Default Values
HandFBInv BOOL HandFB < 0 or >100. Limit | Bit 19 of Status]
value used for CV.
SampleTimeTooSmall BOOL Model DeadTime / DeltaT | Bit 20 of Status]
must be less than or equal
to 200.
Factorlnv BOOL Factor < 0. Bit 21 of Statusl
ModuleGainlnv BOOL ModelGain is 1.#QNAN or Bit 22 of Statusl
-1.#IND (Not A Number), or
+1.8( Infinity )
ModelTCInv BOOL ModelTC < 0. Bit 23 of Statusl
ModelDTInv BOOL ModelDT < 0. Bit 24 of Status]
RespTCInv BOOL RespTC < 0. Bit 25 of Statusl
TimingModellnv BOOL TimingMode invalid. If Bit 27 of Status2
the current mode is not
Override or Hand then set
to Manual mode.
RTSMissed BOOL Only used when in Real Bit 28 of Status2.
Time Sampling mode. Is
TRUE when ABS(DeltaT -
RTSTime) > 1 millisecond.
RTSTimelnv BOOL RTSTime invalid. Bit 29 of Status2.
RTSTimeStamplinv BOOL RTSTimeStamp invalid. If | Bit 30 of Status2.
the current mode is not
Override or Hand then set
to Manual mode.
DeltaTInv BOOL DeltaT invalid. If the Bit 31 of Status2.

current mode is not
Override or Hand then set
to Manual mode.
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Description
The following illustration shows the IMC function block configuration.

Process

P Disturbance

The IMC Function Block

‘ 1st Ordar Inverseof Cv Frocess
: qp—‘ Filter '| Madel ; =

1st Order
: Model :
:. Disturbance Process Prediction
: Estimate _ :
z O

At each execution, the IMC function block compares the actual PV measurement with PV
prediction. The result is called disturbance estimate, which is the effect of unmeasured process
disturbances combined with the modeling imprecision. The disturbance estimate is used as a
bias for the setpoint of the control variable. In the ideal case of no disturbances and perfect
modeling, the disturbance estimate (the feedback signal) becomes equal to zero.

First Order Model M = K/(T*s+1)*exp(-D*s)
Inverse of Model Inv = (T*s+1)/K
First Order Filter F=1/(e*s+1)

PV prediction = exp(-D*s)/(e*s+1) * (SP - Dist. estimate)

K... Model gain

T. Model time constant
D... Model deadtime

e... Response time constant
S... Laplace variable

The function block then calculates the CV value (CVHLimit, CVLLimit, and rate of change limits
are imposed) and the PV prediction.

The IMC function block can be used in place of a PID function block with the advantage over the
PID control variable when controlling processes with large deadtimes.

For an integrating process type (such as level control and position control), an internal
nonintegrating model is used to approximate the integrating process. The Factor parameter is
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used to convert the identified integrating-process model to a nonintegrating internal model that
is used for CV calculation. This is necessary to provide for stable IMC execution.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and .EnableQut bits are set to true.

The instruction executes.

Instruction first run N/A

Instruction first scan N/A

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
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Examples

Function Block

MC ol
Internal Model Control
imcTag
imcinput1 PV CVEU [—— imcOutput1
o SPProg sP
imcinput2 — SPCascade ProgOper :
00 RatioProg CasHat :
imcinput3 - CWProg Auto :
HandFB KManual :
ProgProgReq erride :
ProgOperReq Hand N
ProgCazHatReq
ProgAutoReq
ProgManualReg
ProgOverrideReq
ProgHandReq
Structured Text
imcTag.PV :=imcinput];
imcTag.SPProg := imcInput2;
imcTag.CVProg := imclnput3;
IMC(imcTag);
imcOutputl := imcTag.CVEU;
IMC Function Block Configuration
Follow these steps to create a basic IMC configuration.
1. Starting with the default configuration, configure the following parameters.
Parameter Description
PVEUMax Maximum scaled value for PV.
PVEUMin Minimum scaled value for PV.
SPHLimit SP high limit value, scaled in PV units.
SPLLimit SP low limit value, scaled in PV units.
CVinitValue An initial value of the control variable output.

2. If you have the process model available, you can intuitively tune the IMC control variable
by entering the following four parameters.
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IMC Function Block Initialize

Parameter Description

Model Gain A nonzero number (negative for direct acting
control variable. positive for reverse acting control
variable).

Model Time Constant Always a positive number.

Model Deadtime Always a positive number.

Response Time Constant Always a positive number - used to tune the
response of the IMC control variable. A smaller
number gives a faster response.

At this point, you have completed the basic configuration. You did not configure the built-
in tuner. The control variable is ready to be put online in either Auto or Manual mode. For
tuning, use the default settings. Refer to IMC Function Block Tuning on page 235.

If you do not know the process model, you need to identify the model and tune the control
variable by using the built-in tuner (modeler) for the control variable to operate correctly
in the Auto mode.

The control variable uses a first order lag with deadtime internal process model and a
first order filter (total of four tuning parameters) to calculate the CV. The CV is calculated
such that the process variable (PV) follows a first order lag trajectory when approaching
the setpoint value.

Speed of response depends on the value of the response time constant. The smaller
that the response time constant is, the faster the control variable response will be.

The response time constant should be set such that the PV reaches the setpoint in a
reasonable time based on the process dynamics. The larger that the response time
constant is, the slower the control variable response will be, but the control variable also
becomes more robust. Refer to IMC Function Block Tuning.

In the Manual mode, the CV is set equal to the operator-entered or program-generated
CVOper or CVProg parameter.

For the Manual to Auto mode bumpless transfer and for safe operation of the control
variable, the CV rate of change limiter is implemented such that the CV cannot change
from its current state any faster than the rate of change limit parameter specified.

Set the CVROCPosLimit and CYROCNegLimit to limit the CV rate of change.

Rate limiting is not imposed when the control variable is in Manual mode unless
CVManLimiting is set.

A Model Initialization occurs:

234

during First Scan of the block
when the Modellnit request parameter is set

when DeltaT changes
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IMC Function Block Tuning

IMC Function Block Tuning Errors

Rockwell Automation, Inc.

You may need to manually adjust the internal model parameters or the response time constants.
You can do so by changing the appropriate parameters and setting the appropriate Modellnit bit.
The internal states of the function block will be initialized, and the bit will automatically reset.

For example, if you modify the IMC function block Model Gain for CV - PV, set the Modellnit
parameter to TRUE to initialize the CV - PV internal model parameters and for the new model

gain to take effect.

The function block is equipped with an internal tuner (modeler). The purpose of the tuner
is to identify the process model parameters and to use these parameters as internal model
parameters (gain, time constant, and deadtime). The tuner also calculates an optimal response-

time constant.

Set the tuner by configuring the following parameters.

ProcessType

Integral (level, position control) or nonintegrating (flow,
pressure control)

ProcessGainSign

Set to indicate a negative process gain (increase in
output causes a decrease in PV); reset to indicate a
positive process gain (increase in output causes an
increase in PV).

ResponseSpeed

Slow, medium, or fast, based on control variable.

NoiseLevel

An estimate of noise level on PV-low, medium, or high
such that the tuner can distinguish which PV change

is a random noise and which is caused by the CV step
change.

StepSize

A nonzero positive or negative number defining the
magnitude of CV step change in either positive or
negative direction, respectively.

PVTuneLimit

(Only for integrating process type) in PV engineering
units, defines how much of PV change that is caused by
CV change to tolerate before aborting the tuning test
due to exceeding this limit.

The tuner is started by setting the AtuneStart bit. You can stop the tuning by setting the
AtuneAbort bit. After the tuning is completed successfully, the GainTuned, TCTuned, DTTuned,
and RespTCTuned parameters are updated with the tuning results, and the AtuneStatus code is

set to indicate complete.

You can copy these parameters to the ModelGain, ModelTC, and ResponseTC, respectively,
by setting the AtuneUseModel bit. The function block will automatically initialize the internal
variables and continue normal operation. It will automatically reset the AtuneUseModel bit.

If an error occurs during the tuning procedure, the tuning is aborted, and the AtuneStatus bit is
set. You can abort the tuning by setting the AtuneAbort bit.

Publication 1756-RMO06P-EN-P - September 2025

235



Chapter1  Process Control Instructions

After an abort, the CV will assume its value before the step change, and the GainTuned, TCTuned,
DTTuned, and RespTCTuned parameters are not updated. The AtuneStatus parameter identifies
the reason for the abort.

IMC Function Block Tuning Procedure

Follow these steps to configure the tuner.
1. Put the CV into Manual mode.
2. Set the AtuneStart parameter.
The tuner starts collecting PV and CV data for noise calculation.
3. After collecting 60 samples (60*DeltaT) period, the tuner adds StepSize to the CV.

After successfully collecting the PV data as a result of the CV step change, the CV
assumes its value before the step change and the AtuneStatus, GainTuned, TCTuned,
DTTuned, and RespTCTuned parameters are updated.

4. Set the AtuneUseModel parameter to copy the tuned parameters to the model
parameters.

The function block then resets the AtuneUseModel parameter.

After a successful AutoTuneDone, the Atune parameter is set to one (1). Tuning completed
successfully.

Modular Multivariable Control (MMC)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Modular Multivariable Control (MMC) instruction controls two process variables to their
setpoints using up to three control variables. The MMC instruction calculates the control
variables (CV1, CV2, and CV3) in the auto mode based on the PV1-SP1, PV2 - SP2 deviation,
internal model, and tuning.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.
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Function Block

MMC

Modular Multivariable Control

MMC_01

PV

P2

SP1Prog
SPZ2Prog
CWV1Prog
C\V2Prog
CV3Prog
ProgProgReq
ProgOperReq
ProgC\W1AutoReq

ProgCWZAutoReq

LR

= -

Ld pd =

m m m

c
(=T =T =
= R = T =

[=]
[}

[=]
[

(=]

ProgQOper

[=]

—

CW1Auto

(=]

CW2Auto

[=]

~y

CW3Auto

(=]

CW1Manual

[=]

CWZManual

(=]

ProgC\W3AutoReq CWV3IManual i
ProgCW1ManualReq CV10verride :
ProgCWVZ2ManualReq C\V20verride :
ProgCWv3ManualReq CV30verride :
ProgCW10verrideReq
ProgCWvZ20verrideReq
ProgCWV30verrideReq
Structured Text
MMC(MMC_tag);
Operands
Function Block
Operands: Type Format Description
MMC tag MODULAR MULTIVARIABLE | structure MMC Structure
CONTROL
Structured Text
Operands: Type Format Description
MMC tag MODULAR MULTIVARIABLE | structure MMC Structure
CONTROL
Structure

The following table describes the input parameters in the MMC function block.
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Input Parameters

Data Type

Description

Values

Enableln

BOOL

Enable Input. If False, the
function block will not
execute and outputs are
not updated.

Default=TRUE

PV1

REAL

Scaled process variable
input 1. This value is
typically read from an
analog input module.

Valid = any float
Default=0.0

PV2

REAL

Scaled process variable
input 2. This value is
typically read from an
analog input module.

Valid = any float
Default=0.0

PViFault

BOOL

PV1 bad health indicator. If
PV1is read from an analog
input, then PV1Fault will
normally be controlled

by the analog input fault
status. If PVFault is TRUE,
it indicates an error on
the input module, set bit
in Status.FALSE = Good
Health

Default = FALSE

PV2Fault

BOOL

PV2 bad health indicator. If
PV2 is read from an analog
input, then PV2Fault will
normally be controlled

by the analog input fault
status. If PVFault is TRUE,
it indicates an error on
the input module, set bit

in Status.FALSE = Good
Health

Default = FALSE

PVIEUMax

REAL

Maximum scaled value for
PV1. The value of PV1and
SP1that corresponds to
100% span of the Process
Variable. If PVIEUMax <
PVIEUMin, set bit in Status.

Valid = PVIEUMin <
PVIEUMax <= maximum
positive float

Default =100.0

PV2EUMax

REAL

Maximum scaled value for
PV2. The value of PV2 and
SP2 that corresponds to
100% span of the Process
Variable. If PV2EUMax <
PV2EUMin, set bit in Status.

Valid = PV2EUMin <
PV2EUMax <= maximum
positive float

Default =100.0
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Input Parameters Data Type Description Values

PVIUEMin REAL Minimum scaled value for | Valid = maximum negative
PV1. The value of PV1and | float <= PVIEUMin <
SP1that corresponds to PVIEUMax
0% span of the Process | e =00
Variable. If PVIEUMax <
PVIEUMin, set bit in Status.

PV2UEMin REAL Minimum scaled value for | Valid = maximum negative
PV2. The value of PV2and | float <= PV2EUMin <
SP2 that corresponds to PV2EUMax
0% span of the Process | poc =00
Variable. If PVIEUMax <
PVIEUMin, set bit in Status.

SP1Prog REAL SP1Program value, scaled | Valid = SP1LLimit to
in PV units. SP1is set to SP1HLimit
this value when Program | o 00
contral.

SP2Prog REAL SP2 Program value, scaled | Valid = SP2LLimit to
in PV units. SP2 is set to SP2HLimit
this value when Program | o = 00
control.

SP10per REAL SP1Operator value, scaled | Valid = SP1LLimit to
in PV units. SP1set to SP1HLimit
this value when Operator | o - 00
control.
If value of SP1Prog or
SP10per < SP1LLimit or >
SP1HLimit, set bit in Status
and limit value used for SP.

SP20per REAL SP2 Operator value, scaled | Valid = SP2LLimit to
in PV units. SP2 set to SP2HLimit
this value when Operator | o - 00
control.
If value of SP2Prog or
SP20per < SP2LLimit or >
SP2HLimit, set bit in Status
and limit value used for SP.

SPTHLimit REAL SP1 high limit value, scaled | Valid = SPILLimit to

in PV units.

« If SPILLimit <
PVIEUMin, or
SPTHLimit >
PVIEUMax, set bit in
Status.

PVIEUMax
Default =100.0
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Input Parameters

Data Type

Description

Values

* If SPIHLimit <
SPILLimit, set bit in
Status and limit SP
by using the value of
STPLLimit.

SP2HLimit

REAL

SP2 high limit value, scaled
in PV units.

e If SP2LLimit <
PV2EUMin, or
SP2HLimit >
PV2EUMax, set bit in
Status.

e If SP2HLimit <
SP2LLimit, set bit in
Status and limit SP
by using the value of
SPLLimit.

Valid = SP2LLimit to
PV2EUMax

Default =100.0

SPILLimit

REAL

SP1low limit value, scaled
in PV units.

e If SPILLimit <
PVIEUMin, or
SP1HLimit >
PVIEUMax, set bit in
Status.

+ If SPIHLimit <
SPILLimit, set bit in
Status and limit SP
by using the value of
SPLLimit.

Valid = PVIEUMin to
SPTHLimit

Default =0.0

SP2LLimit

REAL

SP2 low limit value, scaled
in PV units.

o If SP2LLimit <
PV2EUMin, or
SP2HLimit >
PV2EUMax, set bit in
Status.

e If SP2HLimit <
SP2LLimit, set bit in
Status and limit SP
by using the value of
SPLLimit.

Valid = PV2EUMin to
SP2HLimit

Default = 0.0

CViFault

BOOL

Control variable 1bad
health indicator. If CVIEU
controls an analog output,
then CV1Fault will normally

Default = FALSE
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Input Parameters Data Type Description Values

come from the analog
output's fault status.

If CVIFault is TRUE, it
indicates an error on the
output module, set bit

in Status.FALSE = Good
Health

CV2Fault BOOL Control variable 2 bad Default = FALSE
health indicator. If CV2EU
controls an analog output,
then CV2Fault will normally
come from the analog
output's fault status.

If CV2Fault is TRUE, it
indicates an error on the
output module, set bit

in Status.FALSE = Good
Health

CV3Fault BOOL Control variable 3 bad Default = FALSE
health indicator. If CV3EU
controls an analog output,
then CV3Fault will normally
come from the analog
output's fault status.

If CV3Fault is TRUE, it
indicates an error on the
output module, set bit

in Status.FALSE = Good
Health

CVlInitReq BOOL CV1initialization request. | Default = FALSE
While TRUE, set CVIEU to
the value of CV1InitValue.
This signal will normally
be controlled by the In
Hold status on the analog
output module controlled
by CVIEU or from the
InitPrimary output of a
secondary loop.

The instruction
initialization is disabled
when CV1Faulted or
CVIEUSpanInv are TRUE.

CV2InitReq BOOL CV2 initialization request. | Default = FALSE
While TRUE, set CV2EU to
the value of CV2InitValue.
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Description

Values

This signal will normally
be controlled by the In
Hold status on the analog
output module controlled
by CV2EU or from the
InitPrimary output of a
secondary loop.

The instruction
initialization is disabled
when CV2Faulted or
CV2EUSpaninv are TRUE.

CV3InitReq BOOL

CV3 initialization request.
While TRUE, set CV3EU to
the value of CV3InitValue.
This signal will normally
be controlled by the In
Hold status on the analog
output module controlled
by CV3EU or from the
InitPrimary output of a
secondary loop.

The instruction
initialization is disabled
when CV3Faulted or
CV3EUSpaninv are TRUE.

Default = FALSE

CViinitValue REAL

CVIEU initialization value,
scaled in CVIEU units.
When CV1Initializing is
TRUE set CVIEU equal to
CV1InitValue and CV1to the
corresponding percentage
value. CVInitValue will
normally come from the
feedback of the analog
output controlled by CV1EU
or from the setpoint of a
secondary loop.

The instruction
initialization is disabled
when CV1Faulted or
CVIEUSpanInv are TRUE.

Valid = any float
Default =0.0

CV2InitValue REAL

CV2EU initialization value,
scaled in CV2EU units.
When CV2Initializing is
TRUE set CV2EU equal

to CV2InitValue and CV2
to the corresponding

Valid = any float
Default =0.0
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Input Parameters

Data Type

Description

Values

percentage value.
CV2InitValue will normally
come from the feedback
of the analog output
controlled by CV2EU or
from the setpoint of a
secondary loop.

The instruction
initialization is disabled
when CV2Faulted or
CV2EUSpaninv are TRUE.

CV3InitValue

REAL

CV3EU initialization value,
scaled in CV3EU units.
When CV3lnitializing is
TRUE set CV3EU equal

to CV3InitValue and CV3
to the corresponding
percentage value.
CV3InitValue will normally
come from the feedback
of the analog output
controlled by CV3EU or
from the setpoint of a
secondary loop.

The instruction
initialization is disabled
when CV3Faulted or
CV3EUSpaninv are TRUE.

Valid = any float
Default =0.0

CV1Prog

REAL

CV1Program-Manual value.

CV1is set to this value
when in Program control
and Manual mode.

Valid = 0.0 through 100.0
Default=0.0

CV2Prog

REAL

CV2 Program-Manual
value. CV2 is set to this
value when in Program
control and Manual mode.

Valid = 0.0 through 100.0
Default=0.0

CV3Prog

REAL

CV3 Program-Manual
value. CV3 is set to this
value when in Program
control and Manual mode.

Valid = 0.0 through 100.0
Default =0.0

CV10per

REAL

CV1 Operator-Manual value.

e CVlis set to this
value when in
Operator control and
Manual mode. If not

Valid = 0.0 through 100.0
Default=0.0
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Operator-Manual
mode, set CV10per to
the value of CV1at the
end of each function
block execution.

If value of CV1Prog
or CV10per < 0 or >
100, or < CVILLimit
or > CVIHLimit when
CVManLimiting is
TRUE, set unique
Status bit and limit
value used for CV1.

CV20per REAL

CV2 Operator-Manual
value.

CV2 is set to this
value when in
Operator control and
Manual mode. If not
Operator-Manual
mode, set CV20per to
the value of CV2 at the
end of each function
block execution.

If value of CV2Prog
or CV20per<Qor >
100, or < CV2LLimit
or > CV2HLimit when
CVManLimiting is
TRUE, set unique
Status bit and limit
value used for CV2.

Valid = 0.0 through 100.0
Default=0.0

CV30per REAL

CV3 Operator-Manual
value.

CV3 is set to this
value when in
Operator control and
Manual mode. If not
Operator-Manual
mode, set CV30per to
the value of CV3 at the
end of each function
block execution.

If value of CV3Prog
or CV30per<0or>
100, or < CV3LLimit
or > CV3HLimit when

Valid = 0.0 through 100.0
Default =0.0
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CVManLimiting is
TRUE, set unique
Status bit and limit
value used for CV3.
CV10verrideValue REAL CV1 Qverride value. Valid = 0.0 through 100.0
e CVisettothisvalue | Default=20.0
when in Override
mode. This value
should correspond to
a safe state output of
the loop.
+ Ifvalue of
CV10verrideValue <
0 or >100, set unique
Status bit and limit
value used for CV1.
CV20verrideValue REAL CV2 Qverride value. Valid = 0.0 through 100.0
» CV2settothisvalue | Default=0.0
when in Override
mode. This value
should correspond to
a safe state output of
the loop.
e |Ifvalue of
CV20verrideValue <
0 or >100, set unique
Status bit and limit
value used for CV2.
CV30verrideValue REAL CV3 Override value. CV3 Valid = 0.0 through 100.0
set to this value whenin | poco v 00
Override mode.
This value should
correspond to a safe state
output of the loop.
If value of
CV30verrideValue < 0 or
>100, set unique Status bit
and limit value used for
CV3.
CVManLimiting BOOL Limit CV(n), where (n) can | Default = FALSE

be1, 2 or 3, in Manual
mode. If Manual mode
and CVManLimiting is
TRUE, CV(n) will be limited

Rockwell Automation, Inc.
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Input Parameters

Data Type

Description

Values

by the CV(n)HLimit and
CV(n)LLimit values.

CVIEUMax

REAL

Maximum value for CVIEU.
The value of CVIEU that
corresponds to 100% CV1.

If CVEUMax = CVEUMin, set
bit in Status.

Valid = any float
Default =100.0

CV2EUMax

REAL

Maximum value for CV2EU.
The value of CV2EU that
corresponds to 100% CV2.

If CVEUMax = CVEUMin, set
bit in Status.

Valid = any float
Default =100.0

CV3EUMax

REAL

Maximum value for CV3EU.
The value of CV3EU that
corresponds to 100% CV3.

If CVEUMax = CVEUMin, set
bit in Status.

Valid = any float
Default =100.0

CVIEUMin

REAL

Minimum value of CVIEU.
The value of CVIEU that
corresponds to 0% CV1.

If CVEUMax = CVEUMin, set
bit in Status.

Valid = any float
Default =0.0

CV2EUMin

REAL

Minimum value of CV2EU.
The value of CV2EU that
corresponds to 0% CV2.

If CVEUMax = CVEUMin, set
bit in Status.

Valid = any float
Default=0.0

CV3EUMin

REAL

Minimum value of CV3EU.
The value of CV3EU that
corresponds to 0% CV3.

If CVEUMax = CVEUMin, set
bit in Status.

Valid = any float
Default=0.0

CVIHLimit

REAL

CV1 high limit value. This is
used to set the CV1HAlarm
output. It is also used

for limiting CV1when in
Auto mode or in Manual if
CVManLimiting is TRUE.

« If CVILLimit <O, if
CVIHLimit > 100, if
CVIHLimit < CVILLimit,
set bit in Status.

Valid = CVILLimit <
CVIHLimit <100.0

Default =100.0
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Description

Values

e If CVIHLimit <
CVILLimit, limit CV1
by using the value of
CVILLimit.

CV2HLimit REAL

CV2 high limit value. This is
used to set the CV2HAlarm
output. It is also used

for limiting CV2 when in
Auto mode or in Manual if
CVManLimiting is TRUE.

o IfCV2LLimit <0, if
CV2HLimit > 100,
if CV2HLimit <
CV2LLimit, set bit in
Status.

o If CV2HLimit <
CV2LLimit, limit CV2
by using the value of
CV2LLimit.

Valid = CV2LLimit <
CV2HLimit <100.0

Default =100.0

CV3HLimit REAL

CV3 high limit value.

This is used to set the
CV3HAlarm output. It is
also used for limiting CV3
when in Auto mode or in
Manual if CYManLimiting is
TRUE.

e If CV3LLimit <0, if
CV3HLimit > 100,
if CV3HLimit <
CV3LLimit, set bit in
Status.

 If CV3HLimit <
CV3LLimit, limit CV3
by using the value of
CV3LLimit.

Valid = CV3LLimit <
CV3HLimit <100.0

Default =100.0

CVILLimit REAL

CV1low limit value. This is
used to set the CVILAlarm
output. It is also used for
limiting CV1 when in Auto
mode or in Manual mode if
CVManLimiting is TRUE.

e If CVILLimit <0, if
CVIHLimit > 100, if
CVIHLimit < CVILLimit,
set bit in Status.

Valid = 0.0 < CVILLimit <
CVIHLimit

Default = 0.0
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Input Parameters Data Type

Description

Values

e If CVIHLimit <
CVILLimit, limit CV1
by using the value of
CVILLimit.

CV2LLimit REAL

CV2 low limit value. This is
used to set the CV2LAlarm
output. It is also used for
limiting CV2 when in Auto
mode or in Manual mode if
CVManLimiting is TRUE.

o IfCV2LLimit <0, if
CV2HLimit > 100,
if CV2HLimit <
CV2LLimit, set bit in
Status.

o If CV2HLimit <
CV2LLimit, limit CV2
by using the value of
CV2LLimit.

Valid = 0.0 < CV2LLimit <
CVIHLimit

Default=0.0

CV3LLimit REAL

CV3 low limit value. This is
used to set the CV3LAlarm
output. It is also used for
limiting CV3 when in Auto
mode or in Manual mode if
CVManLimiting is TRUE.

o If CV3LLimit <0, if
CV3HLimit > 100,
if CV3HLimit <
CV3LLimit, set bit in
Status.

o If CV3HLimit <
CV3LLimit, limit CV
by using the value of
CV3LLimit.

Valid = 0.0 < CV3LLimit <
CVIHLimit

Default=0.0

CVIROCPosLimit REAL

CV1rate of change limit,
in percent per second.
Rate of change limiting

is only used when in Auto
mode or in Manual mode if
CVManLimiting is TRUE. A
value of zero disables CV1
ROC limiting.

If value of CVIROCLimit
<0, set bit in Status and
disable CV1ROC limiting.

Valid = 0.0 to maximum
positive float

Default=0.0
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Input Parameters

Data Type

Description

Values

CV2ROCPosLimit

REAL

CV2 rate of change limit,
in percent per second.
Rate of change limiting

is only used when in Auto
mode or in Manual mode if
CVManLimiting is TRUE. A
value of zero disables CV2
ROC limiting.

If value of CV2ROCLimit
<0, set bit in Status and
disable CV2 ROC limiting.

Valid = 0.0 to maximum
positive float

Default =0.0

CV3ROCPosLimit

REAL

CV3 rate of change limit,
in percent per second.
Rate of change limiting

is only used when in Auto
mode or in Manual mode if
CVManLimiting is TRUE. A
value of zero disables CV3
ROC limiting.

If value of CV3ROCLimit
<0, set bit in Status and
disable CV3 ROC limiting.

Valid = 0.0 to maximum
positive float

Default=0.0

CVIROCNegLimit

REAL

CV1rate of change limit,
in percent per second.
Rate of change limiting

is only used when in Auto
mode or in Manual mode if
CVManLimiting is TRUE. A
value of zero disables CV1
ROC limiting.

If value of CVIROCLimit
<0, set bit in Status and
disable CV1ROC limiting.

Valid = 0.0 to maximum
positive float

Default = 0.0

CV2ROCNegLimit

REAL

CV2 rate of change limit,
in percent per second.
Rate of change limiting

is only used when in Auto
mode or in Manual mode if
CVManLimiting is TRUE. A
value of zero disables CV2
ROC limiting.

If value of CV2ROCLimit
<0, set bit in Status and
disable CV2 ROC limiting.

Valid = 0.0 to maximum
positive float

Default=0.0

CV3ROCNegLimit

REAL

CV3 rate of change limit,
in percent per second.

Valid = 0.0 to maximum
positive float

Rockwell Automation, Inc.
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Input Parameters Data Type

Description
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Rate of change limiting

is only used when in Auto
mode or in Manual mode if
CVManLimiting is TRUE. A
value of zero disables CV3
ROC limiting.

If value of CV3ROCLimit
<0, set bit in Status and
disable CV3 ROC limiting.

Default = 0.0

CViHandFB REAL

CV1 HandFeedback value.
CV1 set to this value

when in Hand mode and
CV1HandFBFault is FALSE
(good health). This value
would typically come
from the output of a

field mounted hand/auto
station and would be used
to generate a bumpless

transfer out of Hand mode.

If value of CV1HandFB < 0
or > 100, set unique Status
bit and limit value used for
Cv1.

Valid = 0.0 through 100.0
Default =0.0

CV2HandFB REAL

CV2 HandFeedback value.
CV2 set to this value
when in Hand mode and
CV2HandFBFault is FALSE
(good health). This value
would typically come
from the output of a

field mounted hand/auto
station and would be used
to generate a bumpless

transfer out of Hand mode.

If value of CV2HandFB <0
or > 100, set unique Status
bit and limit value used for
Cv2.

Valid = 0.0 through 100.0
Default =0.0

CV3HandFB REAL

CV3 HandFeedback value.
CV3 set to this value
when in Hand mode and
CV3HandFBFault is FALSE
(good health). This value
would typically come
from the output of a

field mounted hand/auto

Valid = 0.0 through 100.0
Default =0.0
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Data Type

Description

Values

station and would be used
to generate a bumpless
transfer out of Hand mode.

If value of CV3HandFB <0
or > 100, set unique Status
bit and limit value used for
CV3.

CV1iHandFBFault

BOOL

CV1HandFB value bad
health indicator. If the
CVIHandFB value is read
from an analog input,
then CVIHandFBFault will
normally be controlled by
the status of the analog
input channel.

If CV1HandFBFault is TRUE,
it indicates an error on the
input module, set bit in
Status.

FALSE = Good Health

Default = FALSE

CV2HandFBFault

BOOL

CV2HandFB value bad
health indicator. If the
CV2HandFB value is read
from an analog input,
then CV2HandFBFault will
normally be controlled by
the status of the analog
input channel.

If CV2HandFBFault is TRUE,
it indicates an error on the
input module, set bit in
Status.

FALSE = Good Health

Default = FALSE

CV3HANDFBFault

BOOL

CV3HandFB value bad
health indicator. If the
CV3HandFB value is read
from an analog input,
then CV3HandFBFault will
normally be controlled by
the status of the analog
input channel.

If CV3HandFBFault is TRUE,
it indicates an error on the
input module, set bit in
Status.

Default = FALSE
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FALSE = Good Health

CViTarget

REAL

Target value for control
variable output 1.

Valid = 0.0 through 100.0
Default=0.0

CV2Target

REAL

Target value for control
variable output 2.

Valid = 0.0 through 100.0
Default=0.0

CV3Target

REAL

Target value for control
variable output 3.

Valid = 0.0 through 100.0
Default =0.0

CViWindupHIn

BOOL

CViWindup high request.
When TRUE, CV1 will not
be allowed to increase
in value. This signal

will typically be the
CVIWindupHOQut output
from a secondary loop.

Default = FALSE

CV2WindupHIn

BOOL

CV2Windup high request.

When TRUE, CV2 will not
be allowed to increase
in value. This signal

will typically be the
CV2WindupHOut output
from a secondary loop.

Default = FALSE

CV3WindupHIn

BOOL

CV3Windup high request.

When TRUE, CV3 will not
be allowed to increase
in value. This signal

will typically be the
CV3WindupHOut output
from a secondary loop.

Default = FALSE

CViWindupLIn

BOOL

CV1 Windup low request.
When TRUE, CV1 will not
be allowed to decrease
in value. This signal

will typically be the
CVIWindupLOut output
from a secondary loop.

Default = FALSE

CV2WindupLin

BOOL

CV2 Windup low request.
When TRUE, CV2 will not
be allowed to decrease
in value. This signal

will typically be the
CV2WindupLOut output
from a secondary loop.

Default = FALSE
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CV3WindupLin BOOL CV3 Windup low request. | Default = FALSE
When TRUE, CV3 will not
be allowed to decrease
in value. This signal
will typically be the
CV3WindupLOut output
from a secondary loop.
GainEUSpan BOOL ModelGain units in EU or as | Default = FALSE
% of span. FALSE = Gain in % of span
CVIPV1ProcessGainSign BOOL Used only for Autotuning. | Default = FALSE
Sign of the process gain
(Delta PV1/Delta CV1).
» Settoindicate a
negative process gain
(increase in output
causes a decrease in
PVI).
* Reset to indicate a
positive process gain
(increase in output
causes an increase in
PIV).
CV2PV1ProcessGainSign BOOL Used only for Autotuning. | Default = FALSE
Sign of the process gain
(Delta PV1/Delta CV2).
» Settoindicate a
negative process gain
(increase in output
causes a decrease in
PVI).
* Reset to indicate a
positive process gain
(increase in output
causes an increase in
PV1).
CV3PViProcessGainSign BOOL Used only for Autotuning. | Default = FALSE

Sign of the process gain
(Delta PV1/Delta CV3).

e Settoindicatea
negative process gain
(increase in output
causes a decrease in
PV1).
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* Reset to indicate a
positive process gain
(increase in output
causes an increase in
PVI).

CVIPV2ProcessGainSign

BOOL

Used only for Autotuning.
Sign of the process gain
(Delta PV2/Delta CV1).

e Settoindicatea
negative process gain
(increase in output
causes a decrease in
PV2).

* Reset toindicate a
positive process gain
(increase in output
causes an increase in
PV2).

Default = FALSE

CVIPV2ProcessGainSign

BOOL

Used only for Autotuning.
Sign of the process gain
(Delta PV2/Delta CV2).

e Settoindicatea
negative process gain
(increase in output
causes a decrease in
PV2).

* Reset toindicate a
positive process gain
(increase in output
causes an increase in
PV2).

Default = FALSE

CVIPV2PracessGainSign

BOOL

Used only for Autotuning.
Sign of the process gain
(Delta PV2/Delta CV3).

e Settoindicate a
negative process gain
(increase in output
causes a decrease in
PV2).

* Reset to indicate a
positive process gain
(increase in output
causes an increase in
PV2).

Default = FALSE
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ProcessType DINT Process type selection Default=0
for both PV1and
PV2 (1=Integrating,
0=non-integrating)

CVIPVIModelGain REAL The internal model gain Valid = maximum negative
parameter for CV1- float -> maximum positive
PV1. Enter a positive or float
negative gain depending Default = 0.0
on process direction.
If CVIPVIModelGain = INF or
NAN, set bit in Status.

CV2PV1ModelGain REAL The internal model gain Valid = maximum negative
parameter for CV2 - float -> maximum positive
PV1. Enter a positive or float
negative gain depending Default = 0.0
on process direction.
If CV2PV1ModelGain = INF
or NAN, set bit in Status.

CV3PV1IModelGain REAL The internal model gain Valid = maximum negative
parameter for CV3 - float -> maximum positive
PV1. Enter a positive or float
negative gain depending Default = 0.0
on process direction.
If CV3PVIModelGain = INF
or NAN, set bit in Status.

CVIPV2ModelGain REAL The internal model gain Valid = maximum negative
parameter for CV1- float —> maximum positive
PV2. Enter a positive or float
negative gain depending Default = 0.0
on process direction.
If CVIPV2ModelGain = INF
or NAN, set bit in Status.

CV2PV2ModelGain REAL The internal model gain Valid = maximum negative
parameter for CV2 - float —> maximum positive
PV2. Enter a positive or float
negative gain depending Default = 0.0
on process direction.
If CV2PV2ModelGain = INF
or NAN, set bit in Status.

CV3PV2ModelGain REAL The internal model gain Valid = maximum negative

parameter for CV3 -
PV2. Enter a positive or
negative gain depending
on process direction.

float -> maximum positive
float

Default=0.0
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If CV3PV2ModelGain = INF

or NAN, set bit in Status.
CVIPVIModelTC REAL The internal model time Valid = 0.0 to maximum

constant for CV1-PV1in positive float

seconds. Default=0.0
CV2PVIModelTC REAL The internal model time Valid = 0.0 to maximum

constant for CV2-PV1in | positive float

seconds. Default = 0.0
CV3PVIModelTC REAL The internal model time Valid = 0.0 to maximum

constant for CV3 - PV1in | positive float

seconds. Default = 0.0
CVIPV2ModelTC REAL The internal model time Valid = 0.0 to maximum

constant for CV1-PV2in | positive float

seconds. Default = 0.0
CV2PV2ModelTC REAL The internal model time Valid = 0.0 to maximum

constant for CV2-PV2in | positive float

seconds. Default=0.0
CV3PV2ModelTC REAL The internal model time Valid = 0.0 to maximum

constant for CV3-PV2in | positive float

seconds. Default=0.0
CVIPVIModelDT REAL The internal model Valid = 0.0 to maximum

deadtime for CV1-PV1in | positive float

seconds. Default = 0.0
CV2PVIModelDT REAL The internal model Valid = 0.0 to maximum

deadtime for CV2- PV1in | positive float

seconds. Default = 0.0
CV3PVIModelDT REAL The internal model Valid = 0.0 to maximum

deadtime for CV3 - PV1in | positive float

seconds. Default=0.0
CVIPV2ModelDT REAL The internal model Valid = 0.0 to maximum

deadtime for CV1-PV2in | positive float

seconds. Default = 0.0
CV2PV2ModelDT REAL The internal model Valid = 0.0 to maximum

deadtime for CV2 - PV2in
seconds.

positive float

Default = 0.0
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CV3PV2ModelDT REAL The internal model Valid = 0.0 to maximum
deadtime for CV3 - PV2in | positive float
seconds. Default=0.0
CVIPVIRespTC REAL The tuning parameter that | Valid = 0.0 to maximum

determines the speed of | positive float
the control variable action Default = 0.0
for CV1-PV1in seconds.

CV2PViRespTC REAL The tuning parameter that | Valid = 0.0 to maximum
determines the speed of | positive float
the control variable action Default = 0.0
for CV2 - PV1in seconds.

CV3PViRespTC REAL The tuning parameter that | Valid = 0.0 to maximum
determines the speed of | positive float
the control variable action | .. 00
for CV3 - PV1in seconds.

CVIPV2RespTC REAL The tuning parameter that | Valid = 0.0 to maximum

determines the speed of | positive float
the control variable action | .. v~ 0
for CV1-PV2 in seconds.

CV2PV2RespTC REAL The tuning parameter that | Valid = 0.0 to maximum
determines the speed of | positive float
the control variable action | v~ 0
for CV2 - PV2 in seconds.

CV3PV2RespTC REAL The tuning parameter that | Valid = 0.0 to maximum
determines the speed of | positive float
the control variable action | v~ 0
for CV3 - PV2 in seconds.

PV1ActistCV DINT The first CV to act to Valid =1-3
compensate for PVI-SPT | o — g
deviation.

1=CV1, 2=CV2, 3=CV3

PV1Act2ndCV DINT The second CV to act to Valid =1-3
compensate for PVI-SPT [ e =9
deviation.

1=CV1, 2=CV2, 3=CV3

PV1Act3rdCV DINT The third CV to act to Valid =1-3
compensate for PVI-SPT 1 -3
deviation.

1=CV1, 2=CV2, 3=CV3
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PV2ActlstCV

DINT

The first CV to act to
compensate for PV2-SP2
deviation.

1=CV1, 2=CV2, 3=CV3

Valid =1-3
Default =1

PV2Act2ndCV

DINT

The second CV to act to
compensate for PV2-SP2
deviation.

1=CV1, 2=CV2, 3=CV3

Valid =1-3
Default =2

PV2Act3rdCV

DINT

The third CV to act to
compensate for PV2-SP2
deviation.

1=CV1, 2=CV2, 3=CV3

Valid =1-3
Default=3

TargetCV

DINT

The CV to be driven to its
target value.

1=CV1, 2=CV2, 3=CV3

Valid=1-3

Default =3

TargetRespTC

REAL

Determines the speed

with which the control
variables approach the
target values.

Valid = 0.0 to maximum
positive float

Default=0.0

PVTracking

BOOL

SP track PV request.

Set TRUE to enable SP to
track PV. Ignored when in
Auto modes. SP will only
track PV when all three
outputs are in manual. As
soon as any output returns
to Auto, PVTracking stops.

Default = FALSE

ManualAfterlnit

BOOL

Manual mode after
initialization request.

*  When TRUE, the
appropriate CV(n),
where (n)canbe 1,2,
or 3, will be placed in
Manual mode when
CV(n)Initializing is
set TRUE unless
the current mode is
Override or Hand.

»  When ManualAfterlnit
is FALSE, the CV(n)
mode will not be
changed.

Default = FALSE
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Description

Values

Program Program Request.

»  Set TRUE by the
user program to
request Program
control. Ignored if
ProgOperReq is TRUE.
Holding this TRUE and
ProgOperReq FALSE
can be used to lock
the function block
into program control.

» When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.

Default = FALSE

Program Operator Request.

e Set TRUE by the user
program to request
Operator control.
Holding this TRUE can
be used to lock the
function block into
operator control.

*  When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.

Default = FALSE

Input Parameters Data Type
ProgProgReq BOOL
ProgOperReq BOOL
ProgCV1AutoReq BOOL

Program-Auto mode
request for CV1.

e Set TRUE by the user
program to request
Auto mode.

*  When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.

Default = FALSE
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Input Parameters Data Type Description Values
ProgCV2AutoReq BOOL Program-Auto mode Default = FALSE
request for CV2.
+  Set TRUE by the user
program to request
Auto mode.
*  When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.
ProgCV3AutoReq BOOL Program-Auto mode Default = FALSE
request for CV3.
+  Set TRUE by the user
program to request
Auto mode.
*  When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.
ProgCVIManualReq BOOL Program-Manual mode Default = FALSE
request for CV1.
e Set TRUE by the user
program to request
Manual mode.
«  When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.
ProgCV2ManualReq BOOL Program-Manual mode Default = FALSE

request for CV2.

»  Set TRUE by the user
program to request
Manual mode.

*  When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.
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Input Parameters Data Type Description Values
ProgCV3ManualReq BOOL Program-Manual mode Default = FALSE
request for CV3.
+  Set TRUE by the user
program to request
Manual mode.
*  When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.
ProgCV10verrideReq BOOL Program-Override mode Default = FALSE
request for CV1.
+  Set TRUE by the user
program to request
Override mode.
*  When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.
ProgCV20verrideReq BOOL Program-Override mode Default = FALSE
request for CV2.
e Set TRUE by the user
program to request
Override mode.
«  When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.
ProgCV30verrideReq BOOL Program-Override mode Default = FALSE
request for CV3.
»  Set TRUE by the user
program to request
Override mode.
*  When ProgValueReset
is TRUE, the function
block resets the input
to FALSE.
ProgCVIHandReq BOOL Program-Hand mode Default = FALSE

request for CV1.

e Set TRUE by the user
program to request
Hand mode. This value
will usually be read as

Rockwell Automation, Inc.
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Input Parameters

Data Type

Description

Values

a digital input from a
hand/auto station.

When ProgValueReset
is TRUE, the function

block resets the input
to FALSE.

ProgCV2HandReq

BOOL

Program-Hand mode
request for CV2.

Set TRUE by the user
program to request
Hand mode. This value
will usually be read as
a digital input from a
hand/auto station.

When ProgValueReset
is TRUE, the function

block resets the input
to FALSE.

Default = FALSE

ProgCV3HandReq

BOOL

Program-Hand mode
request for CV3.

Set TRUE by the user
program to request
Hand mode. This value
will usually be read as
a digital input from a
hand/auto station.

When ProgValueReset
is TRUE, the function

block resets the input
to FALSE.

Default = FALSE

OperProgReq

BOOL

Operator Program Request.

Set TRUE by the
operator interface
to request Program
control. The function
block resets this
parameter to FALSE.

Default = FALSE

OperOperReq

BOOL

Operator Operator
Request.

Set TRUE by the
operator interface
to request Operator

Default = FALSE
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Input Parameters

Data Type

Description

Values

control. The function
block resets this
parameter to FALSE.

OperCV1AutoReq

BOOL

Operator-Auto mode
request for CV1.

Set TRUE by the operator
interface to request Auto
mode. The function block
resets this parameter to

FALSE.

Default = FALSE

OperCV2AutoReq

BOOL

Operator-Auto mode
request for CV2.

Set TRUE by the operator
interface to request Auto
mode. The function block
resets this parameter to

FALSE.

Default = FALSE

OperCV3AutoReq

BOOL

Operator-Auto mode
request for CV3.

Set TRUE by the operator
interface to request Auto
mode. The function block
resets this parameter to

FALSE.

Default = FALSE

OperCVIManualReq

BOOL

Operator-Manual mode
request for CV1.

Set TRUE by the operator
interface to request
Manual mode. The function
block sets this parameter
to FALSE.

Default = FALSE

OperCV2ManualReq

BOOL

Operator-Manual mode
request for CV2.

Set TRUE by the operator
interface to request
Manual mode. The function
block sets this parameter
to FALSE.

Default = FALSE

OperCV3ManualReq

BOOL

Operator-Manual mode
request for CV3.

Set TRUE by the operator
interface to request
Manual mode. The function

Default = FALSE
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Input Parameters Data Type Description Values
block sets this parameter
to FALSE.
ProgValueReset BOOL Reset Program control Default = FALSE
values.
When TRUE, the
Prog_xxx_Req inputs are
reset to FALSE. When TRUE
and Program control, set
SP(x)Prog = SP(x) and
CV(y)Prog = CV(y), where x
=12andy=123
TimingMode DINT Selects Time Base Valid = 0 through 2
Execution mode. Default = 0
Value/Description
0 = Periodic mode
1= 0Oversample mode
2 = Real time sampling
mode
For more information
about timing modes, see
Function Block Attributes.
OverSampleDT REAL Execution time for Valid = 0 to max.
Oversample mode. TON_Timer elapsed time
(4194.303 seconds)
Default =0
RTSTime DINT Module update period for | Valid = 0 through 32,767
Real Time Sampling mode. |4 0+~ 1 s
RTSTimeStamp DINT Module time stamp value | Valid = 0 through 32,767
for Real Time Sampling f  2¢ from 32.767...0)
mode.
Tcount=Tms
PVITuneLimit REAL PV1 tuning limit scaled Valid = any float
in the PV1 units. When Default=0
Autotune is running and
predicted PV1 exceeds this
limit, the tuning will be
aborted.
PV2TuneLimit REAL PV2 tuning limit scaled Valid = any float
in the PV2 units. When Default=0
Autotune is running and
predicted PV2 exceeds
264 Publication 1756-RMO0GP-EN-P - September 2025 Rockwell Automation, Inc.



Chapter1  Process Control Instructions

Input Parameters

Data Type

Description

Values

this limit, the tuning will be
aborted.

PV1AtuneTimeLimit

REAL

Maximum time in minutes
for PV1 autotune to
complete following the
CV1step change. When
PV1autotune exceeds
this time, tuning will be
aborted.

Valid range: any float > 0.

Default = 60 minutes

PV2AtuneTimeLimit

REAL

Maximum time in minutes
for PV2 autotune to
complete following the
CV2 step change. When
PV2 autotune exceeds
this time, tuning will be
aborted.

Valid range: any float > 0.

Default = 60 minutes

PViNoiseLevel

DINT

An estimate of the noise
level expected on the
PV1to compensate for it
during tuning.

The selections are: O=low,
1=medium, 2=high

Range: 0 through 2

Default=1

PV2NoiseLevel

DINT

An estimate of the noise
level expected on the
PV2 to compensate for it
during tuning.

The selections are: 0=low,
1=medium, 2=high

Range: 0 through 2
Default=1

CV1StepSize

REAL

CV1step size in percent
for the tuning step test.
Step size is directly added
to CV1 subject to high/low
limiting.

Range: -100% ... 100%
Default=10%

CV2StepSize

REAL

CV2 step size in percent
for the tuning step test.
Step size is directly added
to CV2 subject to high/low
limiting.

Range: -100% ... 100%
Default=10%

CV3StepSize

REAL

CV3 step size in percent
for the tuning step test.
Step size is directly added
to CV3 subject to high/low
limiting.

Range: -100% ... 100%
Default=10%

Rockwell Automation, Inc.
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Input Parameters

Data Type

Description

Values

CVIPVIResponseSpeed

DINT

Desired speed of closed
loop response for CV1 -
PVI.

»  Slow response:
ResponseSpeed=0

¢ Medium response:
ResponseSpeed=1

« Fast response:
ResponseSpeed=2

If ResponseSpeed is less
than 0, Slow response is
used. If ResponseSpeed
is greater than 2, Fast
response is used.

Range: 0...2
Default=1

CV2PVIResponseSpeed

DINT

Desired speed of closed

loop response for CV2 PV1.

¢ Slow response:
ResponseSpeed=0

e Medium response:
ResponseSpeed=1

»  Fast response:
ResponseSpeed=2

If ResponseSpeed is less
than 0, Slow response is
used. If ResponseSpeed
is greater than 2, Fast
response is used.

Range: 0...2
Default=1

CV3PViResponseSpeed

DINT

Desired speed of closed

loop response for CV3 PVI.

«  Slow response:
ResponseSpeed=0

*  Medium response:
ResponseSpeed=1

» Fastresponse:
ResponseSpeed=2

If ResponseSpeed is less
than 0, Slow response is
used. If ResponseSpeed
is greater than 2, Fast
response is used.

Range: 0 through 2
Default=1
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Input Parameters

Data Type

Description

Values

CVIPV2ResponseSpeed

DINT

Desired speed of closed
loop response for CV1 PV2.

Slow response:
ResponseSpeed=0

*  Medium response:
ResponseSpeed=1

« Fast response:
ResponseSpeed=2

If ResponseSpeed is less
than 0, Slow response is
used. If ResponseSpeed
is greater than 2, Fast
response is used.

Range: 0 through 2
Default=1

CV2PV2ResponseSpeed

DINT

Desired speed of closed
loop response for CV2 PV2.

«  Slow response:
ResponseSpeed=0

¢ Medium response:
ResponseSpeed=1

«  Fast response:
ResponseSpeed=2

If ResponseSpeed is less
than 0, Slow response is
used. If ResponseSpeed
is greater than 2, Fast
response is used.

Range: 0 through 2

Default=1

CV3PV2ResponseSpeed

DINT

Desired speed of closed
loop response for CV3 PV2.

«  Slow response:
ResponseSpeed=0

*  Medium response:
ResponseSpeed=1

» Fast response:
ResponseSpeed=2

If ResponseSpeed is less
than 0, Slow response is
used. If ResponseSpeed
is greater than 2, Fast
response is used.

Range: 0 through 2
Default=1

CVIPVIModellnit

BOOL

Internal model
initialization switch for CV1
- PV1. Refer to Function
Block Attributes.

Default = FALSE

Rockwell Automation, Inc. Publication 1756-RMO06P-EN-P - September 2025

267



Chapter 1

Process Control Instructions

268

Input Parameters

Data Type

Description

Values

CV2PVIModellnit

BOOL

Internal model
initialization switch

for CV2 - PV1. Refer to
Function Block Attributes.

Default = FALSE

CV3PViModellnit

BOOL

Internal model
initialization switch

for CV3 - PV1. Refer to
Function Block Attributes.

Default = FALSE

CVIPV2Modellnit

BOOL

Internal model
initialization switch for CV1
- PV2. Refer to Function
Block Attributes.

Default = FALSE

CV2PV2Modellnit

BOOL

Internal model
initialization switch

for CV2 - PV2. Refer to
Function Block Attributes.

Default = FALSE

CV3PV2Modellnit

BOOL

Internal model
initialization switch

for CV3 - PV2. Refer to
Function Block Attributes.

Default = FALSE

PViFactor

REAL

Non-integrating model
approximation factor

for PV1. Only used for
integrating process types.

Default =100

PV2Factor

Non-integrating model
approximation factor

for PV2. Only used for
integrating process types.

Default =100

AtuneCV1Start

BOOL

Start Autotune request for
CV1. Set True to initiate
auto tuning of the CV1
output for both PV1and
PV2. Ignored when CV1is
not in Manual mode. The
function block resets the
input to FALSE.

Default = FALSE

AtuneCV2Start

BOOL

Start Autotune request for
CV2. Set True to initiate
auto tuning of the CV2
output for both PV1and
PV2. Ignored when CV2 is
not in Manual mode. The

Default = FALSE
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Input Parameters Data Type Description Values

function block resets the
input to FALSE.

AtuneCV3Start BOOL Start Autotune request for | Default = FALSE
CV3. Set True to initiate
auto tuning of the CV3
output for both PV1and
PV2. Ignored when CV3 is
not in Manual mode. The
function block resets the
input to FALSE.

AtuneCVIPV1UseModel BOOL Use Autotune model Default = FALSE
request for CV1- PV1. Set
True to replace the current
model parameters with
the calculated Autotune
model parameters. The
function block resets the
input parameter to FALSE.

AtuneCV2PV1UseModel BOOL Use Autotune madel Default = FALSE
request for CV2 - PV1. Set
True to replace the current
model parameters with

the calculated Autotune
model parameters. The
function block resets the
input parameter to FALSE.

AtuneCV3PViUseModel BOOL Use Autotune model Default = FALSE
request for CV3 - PV1. Set
True to replace the current
model parameters with

the calculated Autotune
model parameters. The
function block resets the
input parameter to FALSE.

AtuneCV1PV2UseModel BOOL Use Autotune model Default = FALSE
request for CV1- PV2. Set
True to replace the current
model parameters with

the calculated Autotune
model parameters. The
function block resets the
input parameter to FALSE.

AtuneCV2PV2UseModel BOOL Use Autotune model Default = FALSE
request for CV2 - PV2. Set
True to replace the current
model parameters with
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Input Parameters Data Type Description Values

the calculated Autotune
model parameters. The
function block resets the
input parameter to FALSE.

AtuneCV3PV2UseModel BOOL Use Autotune model Default = FALSE
request for CV3 - PV2. Set
True to replace the current
model parameters with

the calculated Autotune
model parameters. The
function block resets the
input parameter to FALSE.

AtuneCV1Abort BOOL Abort Autotune request for | Default = FALSE
CV1. Set True to abort the
auto tuning of CV1 output
for both PV1and PV2. The
function block resets input
parameter to FALSE.

AtuneCV2Abort BOOL Abort Autotune request for | Default = FALSE
CV2. Set True to abort the
auto tuning of CV2 output
or both PV1and PV2. The
function block resets input
parameter to FALSE.

AtuneCV3Abort BOOL Abort Autotune request for | Default = FALSE
CV3. Set True to abort the
auto tuning of CV3 output
or both PV1and PV2. The
function block resets input
parameter to FALSE.

The following table describes the output parameters in the MMC function block.

Output Parameters Data Type Description Values

EnableQut BOOL Indicates if instruction is
enabled. Cleared to false if
any one of CVIEU, CV2EU or
CV3EU overflows.

CVIEU REAL Scaled control variable
output for CV1. Scaled

by using CVIEUMax and
CVIEUMin, where CVIEUMax
corresponds to 100% and
CVIEUMin corresponds

to 0%. This output is
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Output Parameters Data Type

Description

Values

typically used to control an
analog output module or a
secondary loop.

CVIEU =(CV1* CVIEUSpan /
100) + CVIEUMin

CVIEU span calculation:
CVIEUSpan = (CVIEUMax -
CVIEUMin)

CV2EU

REAL

Scaled control variable
output for CV2. Scaled
by using CV2EUMax

and CV2EUMin, where
CV2EUMax corresponds
t0 100% and CV2EUMin
corresponds to 0%. This
output is typically used to
control an analog output
module or a secondary
loop.

CV2EU =(CV2*
CV2EUSpan /100) +
CV2EUMin

CV2EU span calculation:
CV2EUSpan = (CV2EUMax -
CV2EUMin)

CV3EU

REAL

Scaled control variable
output for CV3. Scaled
by using CV3EUMax

and CV3EUMin, where
CV3EUMax corresponds
to 100% and CV3EUMin
corresponds to 0%. This
output is typically used to
control an analog output
module or a secondary
loop.

CV3EU =(CV3 *
CV3EUSpan /100) +
CV3EUMin

CV3EU span calculation:
CV3EUSpan = (CV3EUMax -
CV3EUMin)

v

REAL

Control variable output for
CV1. This value will always
be expressed as 0...100%.
CV1is limited by CVIHLimit
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Output Parameters Data Type Description Values

and CVILLimit when in
Auto mode or in Manual
mode if CVManLimiting is
TRUE; otherwise limited by
0 and 100%.

cv2 REAL Control variable output
for CV2. This value will
always be expressed

as 0..100%. CV2 s
limited by CV2HLimit and
CV2LLimit when in Auto
mode or in Manual mode
if CYManLimiting is TRUE;
otherwise limited by 0 and
100%.

Cv3 REAL Control variable output
for CV3. This value will
always be expressed

as 0..100%. CV3 is
limited by CV3HLimit and
CV3LLimit when in Auto
mode or in Manual mode
if CYManLimiting is TRUE;
otherwise limited by 0 and
100%.

CVlInitializing BOOL Initialization mode
indicator for CV1. Set
TRUE when CVlInitReq,
function blockFirstScan
or OLCFirstRun, are TRUE,
or on a TRUE to FALSE
transition of CV1Fault (bad
to good). CVInitializing

is set FALSE after the
function block has been
initialized and CV1InitReq
is no longer TRUE.

CV2nitializing BOOL Initialization mode
indicator for CV2. Set
TRUE when CV2InitReq,
function blockFirstScan
or OLCFirstRun, are TRUE,
or on a TRUE to FALSE
transition of CV2Fault (bad
to good). CV2Initializing

is set FALSE after the
function block has been
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Output Parameters

Data Type

Description

Values

initialized and CV2InitReq
is no longer TRUE.

CV3nitializing

BOOL

Initialization mode
indicator for CV3. Set
TRUE when CV3InitReq,
function blockFirstScan
or OLCFirstRun, are TRUE,
oron a TRUE to FALSE
transition of CV3Fault (bad
to good). CV3lnitializing
is set FALSE after the
function block has been
initialized and CV3InitReq
is no longer TRUE.

CV1HAlarm

BOOL

CV1high alarm indicator.
TRUE when the calculated
value for CV1>100 or
CVIHLimit.

CV2HAlarm

BOOL

CV2 high alarm indicator.
TRUE when the calculated
value for CV2 > 100 or
CV2HLimit.

CV3HAlarm

BOOL

CV3 high alarm indicator.
TRUE when the calculated
value for CV3 >100 or
CV3HLimit.

CV1LAlarm

BOOL

CV1low alarm indicator.
TRUE when the calculated
value for CV1< 0 or
CVILLimit.

CV2LAlarm

BOOL

CV2 low alarm indicator.
TRUE when the calculated
value for CV2 <0 or
CV2LLimit.

CV3LAlarm

BOOL

CV3 low alarm indicator.
TRUE when the calculated
value for CV3 <0 or
CV3LLimit.

CVIROCPosAlarm

BOOL

CV1rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV1 exceeds
CVIROCPosLimit.
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Output Parameters

Data Type

Description

Values

CV2ROCPosAlarm

BOOL

CV2 rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV2 exceeds
CV2ROCPosLimit.

CV3ROCPosAlarm

BOOL

CV3 rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV3 exceeds
CV3ROCPosLimit.

CVIROCNegAlarm

BOOL

CV1rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV1 exceeds
CVIROCNegLimit.

CV2ROCNegAlarm

BOOL

CV2 rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV2 exceeds
CV2ROCNegLimit.

CV3ROCNegAlarm

BOOL

CV3 rate of change alarm
indicator. TRUE when
the calculated rate of
change for CV3 exceeds
CV3ROCNegLimit.

SP1

REAL

Current setpoint 1value.
The value of SP1is used
to control CV when in the
Auto or the PV1 Tracking
mode, scaled in PV1 units.

SP2

REAL

Current setpoint 2 value.
The value of SP2 is used
to control CV when in the
Auto or the PV2 Tracking
mode, scaled in PV2 units.

SP1Percent

REAL

The value of SP1 expressed
in percent of span of PV1.

SP1Percent =((SP1-
PVIEUMin ) *100) /
PViSpan

where PVISpan =
PVIEUMax - PVIEUMin
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Output Parameters

Data Type

Description

Values

SP2Percent

The value of SP2
expressed in percent of
span of PV2.

SP2Percent =((SP2
- PV2EUMin ) *100) /
PV2Span

where PV2Span =
PV2EUMax - PVIEUMin

SP1HAlarm

BOOL

SPT high alarm indicator.
TRUE when the SP1>=
SP1HLimit.

SP2HAlarm

BOOL

SP2 high alarm indicator.
TRUE when the SP2 >=
SP2HLimit.

SP1LAlarm

BOOL

SP1low alarm indicator.
TRUE when the SP1<=
SPILLimit.

SP2LAlarm

BOOL

SP2 low alarm indicator.
TRUE when the SP2 <=
SP2LLimit.

PViPercent

REAL

PV1expressed in percent
of span.

PViPercent =(( PV1
- PVIEUMin ) *100) /
PViSpan

PV1 Span calculation:
PViSpan =
( PVIEUMax - PVIEUMin )

PV2Percent

REAL

PV2 expressed in percent
of span.

PV2Percent = (( PV2
- PV2EUMin ) *100) /
PV2Span

PV2 Span calculation:
PV2Span =
( PV2EUMax - PV2EUMin )

£l

REAL

Processl error. Difference
between SP1and PV1,
scaled in PV1 units.

£2

REAL

Process? error. Difference
between SP2 and PV2,
scaled in PV2 units.

Rockwell Automation, Inc.

Publication 1756-RMO06P-EN-P - September 2025

275



Chapter 1

Process Control Instructions

276

Output Parameters

Data Type

Description

Values

ElPercent

REAL

The error expressed as
a percent of span for
process 1.

E2Percent

REAL

The error expressed as
a percent of span for
process 2.

CVIWindupHOut

BOOL

CV1Windup high indicator.

CViWindupHOut is set to
true when

o SP1HAlarm or
SP2HAlarm is true or

*  ModelGain is positive
and CVIHAlarm is true
or

* ModelGain is negative
and CVILAlarm is true.

This signal will typically
be used by the WindupHin
input to limit the windup
of the CV1output on a
primary loop.

CV2WindupHOut

BOOL

CV2 Windup high indicator.

CV2WindupHOut is set to
true when

¢ SP1HAlarm or
SP2HAlarm is true or

«  ModelGain is positive
and CV2HAlarm is true
or

* ModelGain is negative

and CV2LAlarm is true.

This signal will typically
be used by the WindupHIn
input to limit the windup
of the CV2 output on a
primary loop.

CV3WindupHOut

BOOL

CV3 Windup high indicator.
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Output Parameters Data Type

Description

Values

CV3WindupHOut is set to
true when

¢ SP1HAlarm or
SP2HAlarm is true or

«  ModelGain is positive
and CV3HAlarm is true
or

»  ModelGain is negative

and CV3LAlarm is true.

This signal will typically
be used by the WindupHIn
input to limit the windup
of the CV3 output ona
primary loop.

CVIWindupLOut BOOL

CV1 Windup low indicator.

CVIWindupLOut is set to
true when

e SPILAlarm or
SP2LAlarm is true or

«  ModelGain is positive
and CVILAlarm is true
or

* ModelGain is negative
and CV1HAlarm is true.

This signal will typically
be used by the WindupLIn
input to limit the windup
of the CV1output on a
primary loop.

CV2WindupLOut BOOL

CV2 Windup low indicator.

CV2WindupLOut is set to
true when

e SPILAlarm or
SP2LAlarm is true or

»  ModelGain is positive
and CV2LAlarm is true
or

»  ModelGain is negative
and CV2HAlarm is
true.

This signal will typically
be used by the WindupLIn
input to limit the windup
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Output Parameters

Data Type

Description

Values

of the CV2 output on a
primary loop.

CV3WindupLOut

BOOL

CV3 Windup low indicator.

CV3WindupLOut is set to
true when

e SPILAlarm or
SP2LAlarm is true or

»  ModelGain is positive
and CV3LAlarm is true
or

* ModelGain is negative
and CV3HAlarm is
true.

This signal will typically
be used by the WindupLIn
input to limit the windup
of the CV3 output ona
primary loop.

ProgOper

BOOL

Program/Qperator control
indicator. TRUE when in
Program control. FALSE
when in Operator control.

CViAuto

BOOL

Auto mode indicator for
CV1. TRUE when CV1in the
Auto mode.

CV2Auto

BOOL

Auto mode indicator for
CV2. TRUE when CV2 in the
Auto mode.

CV2Auto

BOOL

Auto mode indicator for
CV3. TRUE when CV3 in the
Auto mode.

CViManual

BOOL

Manual mode indicator for
CV1. TRUE when CV1in the
Manual mode.

CV2Manual

BOOL

Manual mode indicator for
CV2. TRUE when CV2 in the
Manual mode.

CV3Manual

BOOL

Manual mode indicator for
CV3. TRUE when CV3 in the
Manual mode.
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Data Type

Description

Values

CV10verride

BOOL

Override mode indicator
for CV1. TRUE when CV1in
the Override mode.

CV20verride

BOOL

Override mode indicator
for CV2. TRUE when CV2 in
the Override mode.

CV30verride

BOOL

Override mode indicator
for CV3. TRUE when CV3 in
the Override mode.

CV1Hand

BOOL

Hand mode indicator for
CV1. TRUE when CV1in the
Hand mode.

CV2Hand

BOOL

Hand mode indicator for
CV2. TRUE when CV2 in the
Hand mode.

CV3Hand

BOOL

Hand mode indicator for
CV3. TRUE when CV3 in the
Hand mode.

DeltaT

REAL

Elapsed time between
updates in seconds.

CV1iStepSizeUsed

REAL

Actual CV1 step size used
for tuning.

CV2StepSizeUsed

REAL

Actual CV2 step size used
for tuning.

CV3StepSizeUsed

REAL

Actual CV3 step size used
for tuning.

CV1PV1GainTuned

REAL

The calculated value of
the internal model gain for
CV1- PV1 after tuning is
completed.

CV2PV1GainTuned

REAL

The calculated value of
the internal model gain for
CV2 - PV1 after tuning is
completed.

CV3PV1GainTuned

REAL

The calculated value of
the internal model gain for
CV3 - PV1 after tuning is
completed.
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Output Parameters

Data Type

Description

Values

CVIPV2GainTuned

REA:

The calculated value of
the internal model gain for
CV1- PV2 after tuning is
completed.

CV2PV2GainTuned

REAL

The calculated value of
the internal model gain for
CV2 - PV2 after tuning is
completed.

CV3PV2GainTuned

REA:

The calculated value of
the internal model gain for
CV3 - PV2 after tuning is
completed.

CVIPVITCTuned

REAL

The calculated value of
the internal model time
constant for CV1- PV1 after
tuning is completed.

CV2PVITCTuned

REAL

The calculated value of
the internal model time
constant for CV2 - PV1
after tuning is completed.

CV3PVITCTuned

REAL

The calculated value of
the internal model time
constant for CV3 - PV1
after tuning is completed.

CVIPV2TCTuned

REAL

The calculated value of
the internal model time
constant for CV1- PV2
after tuning is completed.

CV2PV2TCTuned

REAL

The calculated value of
the internal model time
constant for CV2 - PV2
after tuning is completed.

CV3PV2TCTuned

REAL

The calculated value of
the internal model time
constant for CV3 - PV2
after tuning is completed.

CVIPVIDTTuned

REAL

The calculated value of the
internal model deadtime
for CV1- PV1 after tuning is
completed.

CV2PVIDTTuned

REAL

The calculated value of the
internal model deadtime
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Data Type

Description

Values

for CV2 - PV1 after tuning
is completed.

CV3PVIDTTuned

REAL

The calculated value of the
internal model deadtime
for CV3 - PV1 after tuning
is completed.

CVIPV2DTTuned

REAL

The calculated value of the
internal model deadtime
for CV1- PV2 after tuning
is completed.

CV2PV2DTTuned

REAL

The calculated value of the
internal model deadtime
for CV2 - PV2 after tuning
is completed.

CV3PV2DTTuned

REAL

The calculated value of the
internal model deadtime
for CV3 - PV2 after tuning
is completed.

CVIPVIRespTCTunedS

REAL

The calculated value of
the control variable time
constant in slow response
speed for CV1- PV1 after
tuning is completed.

CV2PVIRespTCTunedS

REAL

The calculated value of
the control variable time
constant in slow response
speed for CV2 - PV1 after
tuning is completed.

CV3PVIRespTCTunedS

REAL

The calculated value of
the control variable time
constant in slow response
speed for CV3 - PV1 after
tuning is completed.

CVIPV2RespTCTunedS

REAL

The calculated value of
the control variable time
constant in slow response
speed for CV1- PV2 after
tuning is completed.

CV2PV2RespTCTunedS

REAL

The calculated value of
the control variable time
constant in slow response
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Output Parameters

Data Type

Description

Values

speed for CV2 - PV2 after
tuning is completed.

CV3PV2RespTCTunedS

REAL

The calculated value of
the control variable time
constant in slow response
speed for CV3 - PV2 after
tuning is completed.

CVIPVIRespTCTunedM

REAL

The calculated value

of the control variable
time constant in medium
response speed for CV1
- PV1 after tuning is
completed.

CV2PV1RespTCTunedM

REAL

The calculated value

of the control variable
time constant in medium
response speed for CV2
- PV1 after tuning is
completed.

CV3PVIRespTCTunedM

REAL

The calculated value

of the control variable
time constant in medium
response speed for CV3
- PV1 after tuning is
completed.

CVIPV2RespTCTunedM

REAL

The calculated value

of the control variable
time constant in medium
response speed for CV1
- PV2 after tuning is
completed.

CV2PV2RespTCTunedM

REAL

The calculated value

of the control variable
time constant in medium
response speed for CV2
- PV2 after tuning is
completed.

CV3PV2RespTCTunedM

REAL

The calculated value

of the control variable
time constant in medium
response speed for CV3
- PV2 after tuning is
completed.
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Output Parameters

Data Type

Description

Values

CVIPVIRespTCTunedF

REAL

The calculated value of
the control variable time
constant in fast response
speed for CV1- PV1 after
tuning is completed.

CV2PVIRespTCTunedF

REAL

The calculated value of
the control variable time
constant in fast response
speed for CV2 - PV1 after
tuning is completed.

CV3PVIRespTCTunedF

REAL

The calculated value of
the control variable time
constant in fast response
speed for CV3 - PV1 after
tuning is completed.

CVIPV2RespTCTunedF

REAL

The calculated value of
the control variable time
constant in fast response
speed for CV1- PV2 after
tuning is completed.

CV2PV2RespTCTunedF

REAL

The calculated value of
the control variable time
constant in fast response
speed for CV2 - PV2 after
tuning is completed.

CV3PV2RespTCTunedF

REAL

The calculated value of
the control variable time
constant in fast response
speed for CV3 - PV2 after
tuning is completed.

AtuneCVIPV10n

BOOL

Set True when auto tuning
for CV1- PVThas been
initiated.

AtuneCV2PV10n

BOOL

Set True when auto tuning
for CV2 - PV1 has been
initiated.

AtuneCV3PV10n

BOOL

Set True when auto tuning
for CV3 - PV1 has been
initiated.

AtuneCV1PV1Done

BOOL

Set True when auto
tuning for CV1- PV1 has
completed successfully.
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Output Parameters

Data Type

Description

Values

AtuneCV2PV1Done

BOOL

Set True when auto
tuning for CV2 - PV1 has
completed successfully.

AtuneCV3PV1Done

BOOL

Set True when auto
tuning for CV3 - PV has
completed successfully.

AtuneCV1PV1Aborted

BOOL

Set True when auto tuning
for CV1- PVThas been
aborted by user or due

to errors that occurred
during the auto tuning
operation.

AtuneCV2PV1Aborted

BOOL

Set True when auto tuning
for CV2 - PV1 has been
aborted by user or due

to errors that occurred
during the auto tuning
operation.

AtuneCV3PV1Aborted

BOOL

Set True when auto tuning
for CV3 PV1has been
aborted by user or due

to errors that occurred
during the auto tuning
operation.

AtuneCVIPV20n

BOOL

Set True with auto tuning
for CV1- PV2 has be
initiated.

AtuneCV2PV20n

BOOL

Set True with auto tuning
for CV2 - PV2 has be
initiated.

AtuneCV3PV20n

BOOL

Set True with auto tuning
for CV3 - PV2 has be
initiated.

AtuneCV1PV2Done

BOOL

Set True when auto
tuning for CV1- PV2 has
completed successfully.

AtuneCV2PV2Done

BOOL

Set True when auto
tuning for CV2 - PV2 has
completed successfully.
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Output Parameters

Data Type

Description

Values

AtuneCV3PV2Done

BOOL

Set True when auto
tuning for CV3 - PV2 has
completed successfully.

ATuneCV1PV2Aborted

BOOL

Set True when auto tuning
for CV1-PV2 has been
aborted by user or due

to errors that occurred
during the auto tuning
operation.

ATuneCV2PV2Aborted

BOOL

Set True when auto tuning
for CV2-PV2 has been
aborted by user or due

to errors that occurred
during the auto tuning
operation.

ATuneCV3PV2Aborted

BOOL

Set True when auto tuning
for CV3-PV2 has been
aborted by user or due

to errors that occurred
during the auto tuning
operation.

AtuneCV1PV1Status

DINT

Bit mapped status for
CV1-PV1. Avalue of 0
indicates that no faults
have occurred.

AtuneCV2PV1Status

DINT

Bit mapped status for
CV2 - PV1. Avalue of 0
indicates that no faults
have occurred.

AtuneCV3PViStatus

DINT

Bit mapped status for CV3
-PVI.

A value of 0 indicates that
no faults have occurred.

AtuneCV1PV2Status

DINT

Bit mapped status for
CV1-PV2. Avalue of 0
indicates that no faults
have occurred.

AtuneCV2PV2Status

DINT

Bit mapped status for
CV2 - PV2. Avalue of 0
indicates that no faults
have occurred.

AtuneCV3PV2Status

DINT

Bit mapped status for
CV3 - PV2. A value of 0
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Data Type

Description

Values

indicates that no faults
have occurred.

AtuneCVIPVIFault

BOOL

CV1- PV1 Autotune has
generated any of the
following faults.

Bit 0 of AtuneCV1PV1iStatus

AtuneCV2PV1Fault

BOOL

CV2 - PV1 Autotune has
generated any of the
following faults.

Bit 0 of AtuneCV2PV1Status

AtuneCV3PVIFault

BOOL

CV3 - PV1 Autotune has
generated any of the
following faults.

Bit 0 of AtuneCV3PViStatus

AtuneCVIPV10utOfLimit

BOOL

Either PV1or the
deadtime-step ahead
prediction of PV1 exceeds
PV1TuneLimit during CV1
- PV1 Autotuning. When
True, CV1- PV Autotuning
is aborted.

Bit 1of AtuneCV1PV1iStatus

AtuneCV2PV10utOfLimit

BOOL

Either PV1or the
deadtime-step ahead
prediction of PV1 exceeds
PVITuneLimit during CV2 -
PV1 Autotuning. When True,
CV2 - PV1 Autotuning is
aborted.

Bit 1of AtuneCV2PV1Status

AtuneCV3PV10utOfLimit

BOOL

Either PV1or the
deadtime-step ahead
prediction of PV1 exceeds
PVITuneLimit during CV3 -
PV1 Autotuning. When True,
CV3 - PV1 Autotuning is
aborted.

Bit 1of AtuneCV3PV1Status

AtuneCVIPVIModelnv

BOOL

The MMC mode was

not Manual at start of
Autotuning or the MMC
mode was changed from
Manual during CV1- PV1
Autotuning. When True,
CV1- PV1 Autotuning is not
started or is aborted.

Bit 2 of AtuneCV1PV1Status

AtuneCV2PViModelnv

BOOL

The MMC mode was

not Manual at start of
Autotuning or the MMC
mode was changed from

Bit 2 of AtuneCV2PV1Status
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Data Type

Description

Values

Manual during CV2 - PV1
Autotuning. When True,
CV2 - PV1 Autotuning is not
started or is aborted.

AtuneCV3PViModelnv

BOOL

The MMC mode was

not Manual at start of
Autotuning or the MMC
mode was changed from
Manual during CV3 - PV1
Autotuning. When True,
CV3 - PV1 Autotuning is not
started or is aborted.

Bit 2 of AtuneCV3PV1Status

AtuneCVIPVIWindupFault

BOOL

CViWindupHIn or
CViWindupLIn is True

at start of CV1- PV
Autotuning or during CV1-
PV1 Autotuning. When True,
CV1- PV1 Autotuning is not
started or is aborted.

Bit 3 of AtuneCV1PV1Status

AtuneCV2PVIWindupFault

BOOL

CV2WindupHin or
CV2WindupLIn is True

at start of CV2 - PV1
Autotuning or during CV2 -
PV1 Autotuning. When True,
CV2 - PV1 Autotuning is not
started or is aborted.

Bit 3 of AtuneCV2PV1Status

AtuneCV3PVIWindupFault

BOOL

CV3WindupHIn or
CV3WindupLin is True

at start of CV3 - PV1
Autotuning or during CV3 -
PV1 Autotuning. When True,
CV3 - PV1 Autotuning is not
started or is aborted.

Bit 3 of AtuneCV3PV1Status

AtuneCV1PV1StepSize0

BOOL

CV1StepSizeUsed =0

at start of CV1-PV1
Autotuning. When True,
CV1- PV1 Autotuning is not
started.

Bit 4 of AtuneCV1PV1Status

AtuneCV2PV1StepSize0

BOOL

CV2StepSizeUsed = 0

at start of CV2 - PV1
Autotuning. When True,
CV2 - PV1 Autotuning is not
started.

Bit 4 of AtuneCV2PV1Status

AtuneCV3PV1StepSize0

BOOL

CV3StepSizeUsed =0
at start of CV3 - PV1

Bit 4 of AtuneCV3PV1Status
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Autotuning. When True,
CV3 - PV1 Autotuning is not
started.

AtuneCV1PViLimitsFault

BOOL

CViLimitsinv and
CVManLimiting are True

at start of CV1- PVl
Autotuning or during CV1-
PV1 Autotuning. When True,
CV1- PV1 Autotuning is not
started or is aborted.

Bit 5 of AtuneCV1PV1Status

AtuneCV2PViLimitsFault

BOOL

CV2LimitsInv and
CVManLimiting are True

at start of CV2 - PV1
Autotuning or during CV2 -
PV1 Autotuning. When True,
CV2 _PV1 Autotuning is not
started or is aborted.

Bit 5 of AtuneCV2PV1Status

AtuneCV3PViLimitsFault

BOOL

CV3Limitsinv and
CVManLimiting are True

at start of CV3 - PV1
Autotuning or during CV3 -
PV1 Autotuning. When True,
CV3 - PV1 Autotuning is not
started or is aborted.

Bit 5 of AtuneCV3PV1Status

AtuneCVIPV1InitFault

BOOL

CVlinitializing is True

at start of CV1- PV1
Autotuning or during CV1-
PV1 Autotuning. When True,
CV1- PV1 Autotuning is not
started or is aborted.

Bit 6 of AtuneCV1PV1Status

AtuneCV2PVlInitFault

BOOL

CV2Initializing is True

at start of CV2 - PV1
Autotuning or during CV2 -
PV1 Autotuning. When True,
CV2 - PV1 Autotuning is not
started or is aborted.

Bit 6 of AtuneCV2PV1Status

AtuneCV3PVlInitFault

BOOL

CV3lnitializing is True

at start of CV3 - PV1
Autotuning or during CV3 -
PV1 Autotuning. When True,
CV3 - PV1 Autotuning is not
started or is aborted.

Bit 6 of AtuneCV3PV1Status

AtuneCVIPVIEUSpanChan
ged

BOOL

CVIEUSpan or PVIEUSpan
changes during CV1- PV1
Autotuning. When True,

Bit 7 of AtuneCV1PV1Status
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Output Parameters

Data Type

Description

Values

CV1- PV1 Autotuning is
aborted.

AtuneCV2PVIEUSpanChan
ged

BOOL

CV2EUSpan or PVIEUSpan
changes during CV2 - PV1
Autotuning. When True,
CV2 - PV1 Autotuning is
aborted.

Bit 7 of AtuneCV2PV1Status

AtuneCV3PVIEUSpanChan
ged

BOOL

CV3EUSpan or PVIEUSpan
changes during CV3 - PV1
Autotuning. When True,
CV3 - PV1 Autotuning is
aborted.

Bit 7 of AtuneCV3PV1Status

AtuneCV1PV1Changed

BOOL

CV10per is changed when
in Operator control or
CV1Prog is changed when
in Program control or CV1
becomes high/low or ROC
limited during CV1- PV1
Autotuning. When True,
CV1- PV1 Autotuning is
aborted.

Bit 8 of AtuneCVIPV1Status

AtuneCV2PV1Changed

BOOL

CV20per is changed when
in Operator control or
CV2Prog is changed when
in Program control or CV2
becomes high/low or ROC
limited during CV2 - PV1
Autotuning. When True,
CV2 - PV1 Autotuning is
aborted.

Bit 8 of AtuneCV2PV1Status

AtuneCV3PViChanged

BOOL

CV30per is changed when
in Operator control or
CV3Prog is changed when
in Program control or CV3
becomes high/low or ROC
limited during CV3 - PV1
Autotuning. When True,
CV3 - PV1 Autotuning is
aborted.

Bit 8 of AtuneCV3PV1Status

AtuneCVIPV1Timeout

BOOL

Elapsed time is greater
then PV1AtuneTimeLimit
since step test is started.
When True, CV1-PV1
Autotuning is aborted.

Bit 9 of AtuneCV1PV1Status
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Data Type

Description

Values

AtuneCV2PV1Timeout

BOOL

Elapsed time is greater
then PV1AtuneTimeLimit
since step test is started.
When True, CV2 - PV1
Autotuning is aborted.

Bit 9 of AtuneCV2PV1Status

AtuneCV3PV1Timeout

BOOL

Elapsed time is greater
then PV1AtuneTimeLimit
since step test is started.
When True, CV3 - PV1
Autotuning is aborted.

Bit 9 of AtuneCV3PV1Status

AtuneCVIPVINotSettled

BOOL

The PV1is changed too
much to Autotune for CV1

- PV1. When True, CV1- PV1
Autotuning is aborted. Wait
until PV1is more stable
before autotuning CV1-
PVI.

Bit 10 of AtuneCV1PV1Status

AtuneCV2PViNotSettled

BOOL

The PV1is changed too
much to Autotune for CV2
- PV1. When True, CV2 - PV1
Autotuning is aborted. Wait
until PV1is more stable
before autotuning CV2 -
PVI.

Bit 10 of
AtuneCV2PV1Status

AtuneCV3PViNotSettled

BOOL

The PV1is changed too
much to Autotune for CV3
- PV1. When True, CV3 - PV
Autotuning is aborted. Wait
until PV1is more stable
before autotuning CV3 -
PVI.

Bit 10 of
AtuneCV3PViStatus

AtuneCVIPV2Fault

BOOL

CV1- PV2 Autotune has
generated any of the
following faults.

Bit 0 of AtuneCV1PV2Status

AtuneCV2PV2Faul

BOOL

CV2 - PV2 Autotune has
generated any of the
following faults.

Bit 0 of AtuneCV2PV2Status

AtuneCV3PV2Fault

BOOL

CV3 - PV2 Autotune has
generated any of the
following faults.

Bit 0 of AtuneCV3PV2Status

AtuneCVIPV20utOfLimit

BOOL

Either PV2 or the
deadtime-step ahead
prediction of PV2 exceeds
PV2TuneLimit during CV1

Bit 1of AtuneCV1PV2Status
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- PV2 Autotuning. When
True, CV1- PV2 Autotuning
is aborted.

AtuneCV2PV20utOfLimit

BOOL

Either PV2 or the
deadtime-step ahead
prediction of PV2 exceeds
PV2TuneLimit during CV2
- PV2 Autotuning. When
True, CV2 - PV2 Autotuning
is aborted.

Bit 1of AtuneCV2PV2Status

AtuneCV3PV20utOfLimit

BOOL

Either PV2 or the
deadtime-step ahead
prediction of PV2 exceeds
PV2TuneLimit during CV3
- PV2 Autotuning. When
True, CV3 - PV2 Autotuning
is aborted.

Bit 1of AtuneCV3PV2Status

AtuneCV1PV2Modelnv

BOOL

The MMC mode was

not Manual at start of
Autotuning or the MMC
mode was changed from
Manual during CV1-PV2
Autotuning. When True,
CV1-PV2 Autotuning is not
started or is aborted.

Bit 2 of AtuneCV1PV2Status

AtuneCV2PV2Modelnv

BOOL

The MMC mode was

not Manual at start of
Autotuning or the MMC
mode was changed from
Manual during CV2-PV2
Autotuning. When True,
CV2-PV2 Autotuning is not
started or is aborted.

Bit 2 of AtuneCV2PV2Status

AtuneCV3PV2Modelnv

BOOL

The MMC mode was

not Manual at start of
Autotuning or the MMC
mode was changed from
Manual during CV3-PV2
Autotuning. When True,
CV3-PV2 Autotuning is not
started or is aborted.

Bit 2 of AtuneCV3PV2Status

AtuneCVIPV2WindupFault

BOOL

CVIWindupHIn or
CVIWindupLIn is True

at start of CV1- PV2
Autotuning or during CV1
- PV2 Autotuning. When

Bit 3 of AtuneCVIPV2Status
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True, CV1- PV2 Autotuning
is not started or is aborted.

AtuneCV2PV2WindupFault | BOOL CV2WindupHIn or Bit 3 of AtuneCV2PV2Status
CV2WindupLIn is True

at start of CV2 - PV2
Autotuning or during CV2

- PV2 Autotuning. When
True, CV2 - PV2 Autotuning
is not started or is aborted.

AtuneCV3PV2WindupFault | BOOL CV3WindupHIn or Bit 3 of AtuneCV3PV2Status
CV3WindupLin is True

at start of CV3 - PV2
Autotuning or during CV3

- PV2 Autotuning. When
True, CV3 - PV2 Autotuning
is not started or is aborted.

AtuneCV1PV2StepSize0 BOOL CV1StepSizeUsed =0 Bit 4 of AtuneCV1PV2Status
at start of CV1- PV2
Autotuning. When True,
CV1- PV2 Autotuning is not
started.

AtuneCV2PV2StepSize0 BOOL CV2StepSizeUsed =0 Bit 4 of AtuneCV2PV2Status
at start of CV2 - PV2
Autotuning. When True,
CV2 - PV2 Autotuning is not
started.

AtuneCV3PV2StepSize0 BOOL CV3StepSizeUsed =0 Bit 4 of AtuneC3PV2Status
at start of CV3 - PV2
Autotuning. When True,
CV3 - PV2 Autotuning is not
started.

AtuneCV1IPV2LimitsFault BOOL CViLimitsinv and Bit 5 of AtuneCV1PV2Status
CVManLimiting are True

at start of CV1- PV2
Autotuning or during CV1

- PV2 Autotuning. When
True, CV1- PV2 Autotuning
is not started or is aborted.

AtuneCV2PV2LimitsFault BOOL CV2Limitslnv and Bit 5 of AtuneCV2PV2Status
CVManLimiting are True
at start of CV2 - PV2
Autotuning or during CV2
- PV2 Autotuning. When
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Data Type

Description

Values

True, CV2 - PV2 Autotuning

is not started or is aborted.

AtuneCV3PV2LimitsFault

BOOL

CV3Limitslnv and
CVManLimiting are True

at start of CV3 - PV2
Autotuning or during CV3
- PV2 Autotuning. When
True, CV3 - PV2 Autotuning

is not started or is aborted.

Bit 5 of AtuneCV3PV2Status

AtuneCVIPV2InitFault

BOOL

CV1initializing is True

at start of CV1-PV2
Autotuning or during CV1
- PV2 Autotuning. When
True, CV1- PV2 Autotuning

is not started or is aborted.

Bit 6 of AtuneCV1PV2Status

AtuneCV2PV2InitFault

BOOL

CV2Initializing is True

at start of CV2 - PV2
Autotuning or during CV2
- PV2 Autotuning. When
True, CV2 - PV2 Autotuning

is not started or is aborted.

Bit 6 of AtuneCV2PV2Status

AtuneCV3PV2InitFault

BOOL

CV3lInitializing is True

at start of CV3 - PV2
Autotuning or during CV3
- PV2 Autotuning. When
True, CV3 - PV2 Autotuning

is not started or is aborted.

Bit 6 of AtuneCV3PV2Status

AtuneCV1PV2EUSpanChan
ged

BOOL

CVIEUSpan or PV2EUSpan
changes during CV1- PV2
Autotuning. When True,
CV1- PV2 Autotuning is
aborted.

Bit 7 of AtuneCV1PV2Status

AtuneCV2PV2EUSpanChan
ged

BOOL

CV2EUSpan or PV2EUSpan
changes during CV2 - PV2
Autotuning. When True,
CV2 - PV2 Autotuning is
aborted.

Bit 7 of AtuneCV2PV2Status

AtuneCV3PV2EUSpanChan
ged

BOOL

CV3EUSpan or PV2EUSpan
changes during CV2 - PV3
Autotuning. When True,
CV3 - PV2 Autotuning is
aborted.

Bit 7 of AtuneCV3PV2Status

AtuneCV1PV2Changed

BOOL

CV10per is changed when
in Operator control or

Bit 8 of AtuneCV1PV2Status
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Output Parameters

Data Type

Description

Values

CV1Prog is changed when
in Program control or CV1
becomes high/low or ROC
limited during CV1- PV2
Autotuning. When True,
CV1- PV2 Autotuning is
aborted.

AtuneCV2PV2Changed

BOOL

CV20per is changed when
in Operator control or
CV2Prog is changed when
in Program control or CV2
becomes high/low or ROC
limited during CV2 - PV2
Autotuning. When True,
CV2 - PV2 Autotuning is
aborted.

Bit 8 of AtuneCV2PV2Status

AtuneCV3PV2Changed

BOOL

CV30per is changed when
in Operator control or
CV3Prog is changed when
in Program control or CV3
becomes high/low or ROC
limited during CV3 - PV2
Autotuning. When True,
CV3 - PV2 Autotuning is
aborted.

Bit 8 of AtuneCV3PV2Status

AtuneCVIPV2Timeout

BOOL

Elapsed time is greater
then PV2AtuneTimeLimit
since step test is started.
When True, CV1- PV2
Autotuning is aborted.

Bit 9 of AtuneCVIPV2Status

AtuneCV2PV2Timeout

BOOL

Elapsed time is greater
then PV2AtuneTimeLimit
since step test is started.
When True, CV2 - PV2
Autotuning is aborted.

Bit 9 of AtuneCV2PV2Status

AtuneCV3PV2Timeout

BOOL

Elapsed time is greater
then PV2AtuneTimeLimit
since step test is started.
When True, CV3 - PV2
Autotuning is aborted.

Bit 9 of AtuneCV3PV2Status

AtuneCV1PV2NotSettled

BOOL

The PV2 is changed too
much to Autotune for
CV1-PV2. When True,
CV1-PV2 Autotuning is
aborted. Wait until PV2

Bit 10 of
AtuneCV1PV2Status
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Output Parameters

Data Type

Description

Values

is more stable before
autotuning CV1-PV2.

AtuneCV2PV2NotSettled

BOOL

The PV2 is changed too
much to Autotune for
CV2-PV2. When True,
CV2-PV2 Autotuning is
aborted. Wait until PV2
is more stable before
autotuning CV2-PV2.

Bit 10 of
AtuneCV2PV2Status

AtuneCV3PV2NotSettled

BOOL

The PV2 is changed too
much to Autotune for
CV3-PV2. When True,
CV3-PV2 Autotuning is
aborted. Wait until PV2
is more stable before
autotuning CV3-PV2.

Bit 10 of
AtuneCV3PV2Status

Status]

DINT

Bit mapped status of the
function block. A value

of O indicates that no
faults have occurred. Any
parameter that could be
configured with an invalid
value must have a status
parameter bit to indicate
its invalid status.

Status2

DINT

Additional bit mapped
status for the function
block. A value of 0
indicates that no faults
have occurred. Any
parameter that could be
configured with an invalid
value must have a status
parameter bit to indicate
its invalid status.

Status3CV1

DINT

Additional bit mapped CV1
status for the function
block. A value of 0
indicates that no faults
have occurred.

Status3CV2

DINT

Additional bit mapped CV2
status for the function
block. A value of 0
indicates that no faults
have occurred.
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Output Parameters

Data Type

Description

Values

Status3CV3

DINT

Additional bit mapped CV3
status for the function
block. A value of 0
indicates that no faults
have occurred.

InstructFault

BOOL

The function block

has generated a fault.
Indicates state of bits
in Status], Status2, and
Status3CV(n), where (n)
canbel 2, 0r3.

Bit 0 of Statusl

PViFaulted

BOOL

Process variable PV1 health
bad.

Bit 1 of Statusl

PV2Faulted

BOOL

Process variable PV2
health bad.

Bit 2 of Statusl

PViSpaninv

BOOL

The span of PVTinValid,
PVIEUMax < PVIEUMin.

Bit 3 of Statusl

PV2Spaninv

BOOL

The span of PV2 inValid,
PV2EUMax < PV2EUMin.

Bit 4 of Statusl

SP1Proglnv

BOOL

SP1Prog < SP1LLimit or >
SPTHLimit. Limit value used
for SP1.

Bit 5 of Statusl

SP2Proglnv

BOOL

SP2Prog < SP2LLimit or
> SP2HLimit. Limit value
used for SP2.

Bit 6 of Status]

SP10perinv

BOOL

SP10per < SP1LLimit or >
SPTHLimit. Limit value used
for SP1.

Bit 7 of Status]

SP20perlnv

BOOL

SP20per < SP2LLimit or
> SP2HLimit. Limit value
used for SP2.

Bit 8 of Status]

SPILimitsinv

BOOL

Limits inValid: SP1LLimit
< PVIEUMin, SPTHLimit >
PVIEUMax, or SPTHLimit <
SPILLimit. If SPTHLimit <
SPILLimit, then limit value
by using SP1LLimit.

Bit 9 of Status]

SP2LimitsInv

BOOL

Limits inValid: SP2LLimit
< PV2EUMin, SP2HLimit >
PV2EUMax, or SP2HLimit <
SP2LLimit. If SP2HLimit <

Bit 10 of Statusl
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Output Parameters

Data Type

Description

Values

SP2LLimit, then limit value
by using SP2LLimit.

SampleTimeTooSmall

BOOL

Model DeadTime / DeltaT
must be less than or equal
to 200.

Bit T of Statusl

PViFactorinv

BOOL

Entered value for Factorl
<0.

Bit 12 of Status]

PV2Factorinv

BOOL

Entered value for Factor2
<0.

Bit 13 of Statusl

TimingModelnv

BOOL

Entered TimingMode
inValid. If the current
mode is not Override or
Hand then set to Manual
mode.

Bit 27 of Status2

RTSMissed

BOOL

Only used when in Real
Time Sampling mode. Is
TRUE when ABS(DeltaT -
RTSTime) > 1 millisecond.

Bit 28 of Status2.

RTSTimelnv

BOOL

Entered RTSTime inValid.

Bit 29 of Status2.

RTSTimeStamplinv

BOOL

RTSTimeStamp inValid. If
the current mode is not
Override or Hand, then set
to Manual mode.

Bit 30 of Status?2.

DeltaTinv

BOOL

DeltaT inValid. If the
current mode is not
Override or Hand then set
to Manual mode.

Bit 31 of Status2.

CViFaulted

BOOL

Control variable CV1 health
bad.

Bit 0 of Status3CV1

CV2Faulted

BOOL

Control variable CV2 health
bad.

Bit 0 of Status3CV2

CV3Faulted

BOOL

Control variable CV3 health
bad.

Bit 0 of Status3CV3

CViHandFBFaulted

BOOL

CV1HandFB value health
bad.

Bit 1of Status3CV1

CV2HandFBFaulted

BOOL

CV2 HandFB value health
bad.

Bit 1 of Status3CV2
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Output Parameters

Data Type

Description

Values

CV3HandFBFaulted

BOOL

CV3 HandFB value health
bad.

Bit 1of Status3CV3

CV1Proglnv

BOOL

CV1Prog < 0 or >100, or <
CVILLimit or > CVIHLimit
when CVManLimiting is
TRUE. Limit value used for
Ccv1.

Bit 2 of Status3CV1

CV2Proglnv

BOOL

CV2Prog <0 or>100, or <
CV2LLimit or > CV2HLimit
when CVManLimiting is
TRUE. Limit value used for
Cv2.

Bit 2 of Status3CV2

CV3Proglnv

BOOL

CV3Prog < 0or>100, or <
CV3LLimit or > CV3HLimit
when CVManLimiting is
TRUE. Limit value used for
CV3.

Bit 2 of Status3CV3

CV10perlnv

BOOL

CV10per <0 or>100, or <
CVILLimit or > CVIHLimit
when CVManLimiting is
TRUE. Limit value used for
Ccv1.

Bit 3 of Status3CV1

CV20perlnv

BOOL

CV20per <0 or>100, or <
CV2LLimit or > CV2HLimit
when CVManLimiting is
TRUE. Limit value used for
Cv2.

Bit 3 of Status3CV2

CV30perlnv

BOOL

CV30per <0or>100, or <
CV3LLimit or > CV3HLimit
when CVManLimiting is
TRUE. Limit value used for
CV3.

Bit 3 of Status3CV3

CV10verrideValuelnv

BOOL

CV10verrideValue < 0 or >
100. Limit value used for
CV1.

Bit 4 of Status3CV1

CV20verrideValuelnv

BOOL

CV20verrideValue <0 or >
100. Limit value used for
Cv2.

Bit 4 of Status3CV2

CV30verrideValuelnv

BOOL

CV30verrideValue <0 or >
100. Limit value used for
CV3.

Bit 4 of Status3CV3
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Output Parameters

Data Type

Description

Values

CVIEUSpaninv

BOOL

The span of CVIEU
invalid, CVIEUMax equals
CVIEUMin.

Bit 5 of Status3CV1

CV2EUSpaninv

BOOL

The span of CV2EU
invalid, CV2EUMax equals
CV2EUMin.

Bit 5 of Status3CV2

CV3EUSpaninv

BOOL

The span of CV3EU
invalid, CV3EUMax equals
CV3EUMin.

Bit 5 of Status3CV3

CViLimitsinv

BOOL

CVILLimit < 0, CVIHLimit
>100, or CV1IHLimit <=
CVILLimit. If CVIHLimit
<= CVILLimit, limit CV1 by
using CVILLimit.

Bit 6 of Status3CV1

CV2Limitsinv

BOOL

CV2LLimit < 0, CV2HLimit
>100, or CV2HLimit <=
CV2LLimit. If CV2HLimit
<= CV2LLimit, limit CV2 by
using CV2LLimit.

Bit 6 of Status3CV2

CV3Limitsinv

BOOL

CV3LLimit < 0, CV3HLimit
>100, or CV3HLimit <=
CV3LLimit. If CV3HLimit
<= CV3LLimit, limit CV3 by
using CV3LLimit.

Bit 6 of Status3CV3

CVIROCLimitInv

BOOL

Entered value for
CVIROCLimit < 0, disables
CV1ROC limiting.

Bit 7 of Status3CV1

CV2ROCLimitInv

BOOL

Entered value for
CV2ROCLimit < 0, disables
CV2 ROC limiting.

Bit 7 of Status3CV2

CV3ROCLimitinv

BOOL

Entered value for
CV3ROCLimit < 0, disables
CV3 ROC limiting.

Bit 7 of Status3CV3

CV1HandFBInv

BOOL

CV1HandFB < 0 or >100.
Limit value used for CV1.

Bit 8 of Status3CV1

CV2HandFBInv

BOOL

CV2 HandFB < 0 or > 100.
Limit value used for CV2.

Bit 8 of Status3CV2

CV3HandFBInv

BOOL

CV3 HandFB < 0 or > 100.
Limit value used for CV3.

Bit 8 of Status3CV3
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Output Parameters

Data Type

Description

Values

CV1PVIModelGaininv

BOOL

CVIPVIModelGain is
1.#ONAN or -1.#IND. (Not A
Number), or + 1.5 ( Infinity

00 ),

Bit 9 of Status3CV1

CV2PViModelGaininv

BOOL

Entered value for CV2 - PV1
Model Gain is 1.#QNAN or
-1.#IND. (Not A Number), or
+1.8( Infinity o

Bit 9 of Status3CV2

CV3PV1ModelGainlnv

BOOL

Entered value for CV3 - PV1
Model Gain is 1.#QNAN or
-1.#IND. (Not A Number), or
+1$

(Infinity o).

Bit 9 of Status3CV3

CV1PV2ModelGainlnv

BOOL

CVIPV2ModelGain is
1.HONAN or -1.#IND. (Not A
Number), or + 1.5 ( Infinity

),

Bit 10 of Status3CV1

CV2PV2ModelGaininv

BOOL

Entered value for CV2 -
PV2 Model Gain is 1.#QNAN
or -1.#IND. (Not A Number),
or £1.8( Infinity o ).

Bit 10 of Status3CV2

CV3PV2ModelGaininv

BOOL

Entered value for CV3 -
PV2 Model Gain is 1.#Q0NAN
or -1.#IND. (Not A Number),
or+1$

(Infinity co).

Bit 10 of Status3CV3

CVIPVIModelTCInv

BOOL

Entered value for CV1-PV1
Model Time Constant < 0.

Bit 11 of Status3CV1

CV2PVIModelTCInv

BOOL

Entered value for CV2 - PV1
Model Time Constant < 0.

Bit 11 of Status3CV2

CV3PVIModelTClnv

BOOL

Entered value for CV3 - PV1
Model Time Constant < 0.

Bit 11 of Status3CV3

CVIPV2ModelTClnv

BOOL

Entered value for CV1- PV2
Model Time Constant < 0.

Bit 12 of Status3CV1

CV2PV2ModelTClnv

BOOL

Entered value for CV2 -
PV2 Model Time Constant
<0.

Bit 12 of Status3CV2

CV3PV2ModelTClnv

BOOL

Entered value for CV3 -
PV2 Model Time Constant
<0.

Bit 12 of Status3CV3
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Output Parameters Data Type Description Values

CVIPVIModelDTInv BOOL Entered value for CV1-PV1 | Bit 13 of Status3CV1
Model Deadtime < 0.

CV2PVIModelDTInv BOOL Entered value for CV2-PV1 | Bit 13 of Status3CV2
Model Deadtime < 0.

CV3PVIModelDTInv BOOL Entered value for CV3 - PV1 | Bit 13 of Status3CV3
Model Deadtime < 0.

CVIPV2ModelDTInv BOOL Entered value for CV1-PV2 | Bit 14 of Status3CV1
Model Deadtime < 0.

CV2PV2ModelDTInv BOOL Entered value for CV2-PV2 | Bit 14 of Status3CV2
Model Deadtime < 0.

CV3PV2ModelDTInv BOOL Entered value for CV3 - Bit 14 of Status3CV3
PV2 Model Deadtime < 0.

CVIPVIRespTClnv BOOL Entered value for CV1-PV1 | Bit 15 of Status3CV1
Response Time Constant <
0.

CV2PVIRespTCInv BOOL Entered value for CV2-PV1 | Bit 15 of Status3CV2
Response Time Constant <
0.

CV3PViRespTCInv BOOL Entered value for CV3 - PV1 | Bit 15 of Status3CV3
Response Time Constant <
0.

CVIPV2RespTCInv BOOL Entered value for CV1-PV2 | Bit 16 of Status3CV1
Response Time Constant <
0.

CV2PV2RespTClnv BOOL Entered value for CV2-PV2 | Bit 16 of Status3CV2
Response Time Constant <
0.

CV3PV2RespTClnv BOOL Entered value for CV3 Bit 16 of Status3CV3
- PV2 Response Time
Constant < 0.

CViTargetinv BOOL Entered value for CV1 Bit 17 of Status3CV1
Target < 0. or >100.

CV2Targetlnv BOOL Entered value for CV2 Bit 17 of Status3CV2
Target < 0. or >100.

CV3Targetlnv BOOL Entered value for CV3 Bit 17 of Status3CV3

Target < 0. or > 100.
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Description

The MMC is a flexible model-based algorithm that can be used in two basic configuration modes:
 Three control variables used to control two interacting process variables
 Two control variables used to control two interacting process variables

Following is an MMC function block splitter example configuration.

CV3 Target I cvs | i Y31
i _1
V1
eV Y21
M21 —t(l =
Coordinated Controller - CC1 TH
W Y11
SP1 + o1 :lmﬂ_‘, a1 2

Ly MI1Z

Coordinated Controller - CC2

_’:(i)_. C22 oL YY)

aF2

CeTanet [ oy
Item Description
MM Internal model CV1- PV1
M21 Internal model CV2 - PV1
M3l Internal model CV3 - PV1
M12 Internal model CV1- PV2
M22 Internal model CV2 - PV2
M32 Internal model CV3 - PV2
T Target response
cn, €22 Model-predictive function blocks (IMC) currently
controlling PV1and PV2 to SP1and SP2, respectively
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Y1, Y21, Y31, Y12, Y22, Y32 Model outputs of M11, M21, M31, M12, M22, M32

Y1 PV1 prediction

Y2 PV2 prediction

CV1(Reflux ratio) Controls PV1(Top composition) in Coordinated Control
(cc).

CV2 (Stream Flow) Controls PV2 (Bottom composition) in Coordinated
Control (CC2)

CvV3 Drives the Target value through a target response.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays on page
Faults.

for Array-Indexing

Execution

Note that in Structured Text, Enableln is always true during a normal scan. Therefore, if the
instruction is in the control path activated by the logic, it will execute.

Refer to Function Block Attributes for more details including definitions and general behavior
for all Function Block instructions.

All conditions below the shaded area can only occur during Normal Scan mode.

Condition/State Action Taken
Prescan .Enableln and .EnableOut bits are cleared to false.
Postscan .Enableln and .EnableOut bits are cleared to false.

Enableln is false

.Enableln and .EnableOut bits are cleared to false.

Instruction first run

No state specific action taken.

Primary algorithm not executed, however will validate
input parameters.

Instruction first scan

No state specific action taken.

Primary algorithm not executed, however will validate
input parameters.

Enableln is true

.Enableln and .EnableOut bits are set to true.

The instruction's main algorithm will be executed and
outputs will be updated.
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Native Implementation

Platform Intrinsics/Main Function
ABRisc / ARM ABRisc assembly code

void FB_ModularMultivariableControl(UINT32 *pulArgQPtr)
RCA MMC(instance)

void FB_ModularMultivariableControl(UINT32 *pulArgQPtr)
SoftLogix (X86) void rtsSMMC(UINT32 *pFbdBlock)
Example

Function Block

mmcinput1
mmcinput?
mmclnput3
mmcinputd
mmclnputs
mmcinputs

mmeinput?

Structured Text
mmcTag.PV1:= mmclnputl;
mmcTag.PV2 := mmcinput2;

mmcTag.SP1Prog := mmclinput3;

mmcTag.SP2Prog := mmclnputs;

mmcTag.CV1Prog := mmcinputb;

mmcTag.CV2Prog := mmcinput6;

mmcTag.CV3Prog := mmclnput7;

MMC(mmcTag);
mmcOutputl := mmcTag.CV1EU;

Publication 1756-RMO06P-EN-P -

MMC [amr]
Modular Multivariable Control

mmcTag

P CV1EU
PV2 CV2ZEL
SP1Prog CW3EU
SP2Prog SP1
CV1Prog SP2
CW2Prog ProgOper
CW3Prog CW1Auto
ProgProgReq CWZ2Auto

ProgOperReq
ProgCV1AutoReq \V1Manual
ProgCV2AutoReq VZManual
ProgCV3AutoReq
ProgCV1ManualReg

ProgCV2ManualReq

[C NI

ProgCVan

ProgC
ProgCV

ProgCV30verrideReqg
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mmcOutput1
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mmcOutput? := mmcTag.CV2EU;
mmcOutput3 := mmcTag.CV3EU;

Starting with the default configuration, configure the following parameters.

Parameter Description

PVIEUMax Maximum scaled value for PV1.

PVIEUMin Minimum scaled value for PV1.

PV2EUMax Maximum scaled value for PV2.

PV2EUMin Minimum scaled value for PV2.

SPTHLimit SP1 high limit value, scaled in PV units.

SPILLimit SP1low limit value, scaled in PV units.

SP2HLimit SP2 high limit value, scaled in PV units.
SP2LLimit SP2 low limit value, scaled in PV units.
CVlInitValue An initial value of the control variable CV1 output.
CV2InitValue Aninitial value of the control variable CV2 output.
CV3InitValue Aninitial value of the control variable CV3 output.

If you have the process models available, you can intuitively tune the MMC function block by
entering the following parameters. At this point, you have completed the basic configuration.
You did not configure the built-in tuner. The function block variables are ready to be put on-line
in either auto or Manual mode. For tuning, the default settings will be used.

If you do not know the process models, you need to identify the models and tune the function
block by using the built-in tuner (modeler) for the function block to operate correctly in the Auto

mode.
Parameter Description
ModelGains Nonzero numbers (negative for direct acting control

variable, positive for reverse acting control variable)

ModelTimeConstants

Always positive numbers

ModelDeadtimes

Always positive numbers

RespTimeConstants

Always positive numbers

Active 1st, 2nd and 3rd CV for PV1and PV2

Specify the order in which CV's will be used to
compensate for PV - SP error.
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TargetCV Specify which CV will be driven to its target value.

CVTargetValues Specify to which values should the control variable drive
the individual CV's if selected as the TargetCV.

TargetRespTC Specify the speed of CV's to approach the target values.

For integrating process types (such as level control and position control), internal nonintegrating
models are used to approximate the integrating process. The Factor parameters are used to
convert the identified integrating process models to nonintegrating internal models used for CV
calculation. This is necessary to provide for stable MMC execution. The MMC function block can
handle any combinations of PV1and PV2 that are integrating or nonintegrating process types.

The function block uses first order lag with deadtime internal process models and first order
filters (total of up to 24 tuning parameters-6 models, 4 parameters each) to calculate the CV's.
Each CV is calculated such that each process variable (PV) follows a first order lag trajectory
when approaching the setpoint value.

Speed of response depends on the value of the response time constants. The smaller the
response time constants, the faster the control variable response will be. The response time
constants should be set such that the PV's reach the setpoints in reasonable time based on the
process dynamics. The larger that the response time constants, the slower the control variable
response will be, but the control variable also becomes more robust.

In the Manual mode, the control variables (CV) are set equal to the operator-entered Manual
CV parameters. For the Manual to Auto mode bumpless transfer and for safe operation of the
control variable, the CV rate of change limiters are implemented such that CV's cannot move
from current states by more than specified CV units at each scan.

Set the CVROCPosLimit and CYROCNegLimit to limit the CV rate of change. Rate limiting is not
imposed when control variable is in Manual mode unless CVManLimiting is set.

MMC Function Block Model Initialization
A model initialization occurs:
*  During First Scan of the block
*  When the Modellnit request parameter is set
»  When DeltaT changes

You may need to manually adjust the internal model parameters or the response time constants.
You can do so by changing the appropriate parameters and setting the appropriate Modellnit bit.
The internal states of the function block will be initialized, and the bit will automatically reset.

For example, if you modify the model for CV2 - PV1 model, set the CV2PVIModellnit parameter to
TRUE to initialize the CV2 - PV1internal model parameters and for the new model to take effect.

MMC Function Block Tuning

The MMC function block is equipped with an internal tuner (modeler). The purpose of the tuner
is to identify the process model parameters and to use these parameters as internal model
parameters (gain, time constant, and deadtime). The tuner also calculates an optimal response
time constant.

Set the tuner by configuring the following parameters for each CV - PV process.
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ProcessType

Integrating (level, position control) or nonintegrating
(flow, pressure control)

ProcessGainSign

Set to indicate a negative process gain (increase in
output causes a decrease in PV); reset to indicate a
positive process gain (increase in output causes an
increase in PV).

ResponseSpeed

Slow, medium, or fast, based on control objective

NoiseLevel

An estimate of noise level on PV-low, medium, or
high-such that the tuner can distinguish which PV
change is a random noise and which is caused by the CV
step change

StepSize

A nonzero positive or negative number defining the
magnitude of CV step change in either positive or
negative direction, respectively

PVTuneLimit

(only for integrating process type) in PV engineering
units, defines how much of PV change that is caused by
CV change to tolerate before aborting the tuning test
due to exceeding this limit

The tuner is started by setting the AtuneStart bit (AtuneCV1Start, for example). You can stop the

tuning by setting the appropriate AtuneAbort bit.

After the tuning is completed successfully, the appropriate GainTuned, TCTuned, DTTuned, and
RespTCTuned parameters are updated with the tuning results, and the AtuneStatus code is set

to indicate complete.

You can copy these parameters to the ModelGain, ModelTC, ModelDT, and RespTC, respectively,
by setting the AtuneUseModel bit. The MMC function block automatically initializes the internal
variables and continue normal operation. It automatically resets the AtuneUseModel bit.

Use MMC Function Block for Splitter Control

Rockwell Automation, Inc.

The following example describes using an MMC function block to control a splitter. Refer to the
MMC Function Block Splitter Example Configuration in Module Multivariable Control ( MMC).

Item Description

PV1 Top composition (more important)
PV2 Bottom composition (less important)
Active 1st CV for PV1 CV1(reflux ratio)

Active 2nd CV for PV1 CV3 (pressure setpaint)

Active 3rd CV for PV1 CV2 (steam (flow)

Active 1st CV for PV2 Ccv2
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MMC Function Block Tuning Errors

Active 2nd CV for PV2 Ccv3

Active 3rd CV for PV2 cW

TargetCV CV3 (pressure should be held constant if possible)
CV3Target 60% (of pressure range)

The MMC calculates CV1, CV2, and CV3 so that the control goals are accomplished in the
following order of importance:

1. Control PV1to SP1(PV1is always considered more important than PV2)
2. Control PV2 to SP2
3. Control CV3 to its target value

CV1is selected as the most active control for PV1and CV2 as the most active for PV2. If either
CV1or CV2 saturates or is put in Manual mode, the control variable will use CV3 to maintain PV1
and PV2 at the setpoints.

If an error occurs during the tuning procedure, the tuning is aborted, and an appropriate
AtuneStatus bit is set. Also, a user can abort the tuning by setting the AtuneAbort parameter.

After an abort, the CV assumes its value before the step change, and the GainTuned, TCTuned,
DTTuned, and RespTCTuned parameters are not updated. The AtuneStatus parameter identifies
the reason for the abort.

MMC Function Block Tuning Procedure

308

Follow these steps to configure the tuner.

To configure the tuner
1. Put all three CV parameters into Manual mode.
2. Set the appropriate AtuneStart parameter.
The tuner starts collecting PV and CV data for noise calculation.
3. After collecting 60 samples (60*DeltaT) period, the tuner adds StepSize to the CV.

After successfully collecting the PV data as a result of the CV step change, the CV
assumes its value before the step change and the AtuneStatus, GainTuned, TCTuned,
DTTuned, and RespTCTuned parameters are updated.

4. Set the appropriate AtuneUseModel parameter to copy the tuned parameters to the model
parameters

The function block then resets the AtuneUseModel parameter.

After a successful AutoTuneDone, the Atune parameter is set to one (1). Tuning completed
successfully.

To identify models and to calculate response time constants for all six CV - PV processes, run
the tuner up to three times to obtain CV1- PV2, CV2 - PV2, and CV3 - PV2 models and tuning,
respectively. After each run, two process models are identified: CV - PV1and CV - PV2 (two
process variables respond as a result of one CV step change).
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Current SP

The current SP is based on the Cascade/Ratio mode, the PVTracking value, auto mode, and the

ProgOper value.
CascadeRatio SP

| Select set Output

CasRat mode

............... - | Select

Select cleared

Selected Non-Cascade/Ratio 5P

SPProg
SPOper
ProgOper

Use CC Function Block to Control temperature

Rockwell Automation, Inc.

— | Selectset ULIIDLII<I LbSeIentset Output

» Select r - gl Soloct

Selected SP

Select cleared Select cleared

CC MMC Selected SP

This is an example of how you could use the Coordinated Control function block to control the
temperature in a process.

Name Description

PV Temperature

ActlstCV CV3 (high pressure steam)

Act2ndCV CV2 (cooling)

Act3rdCV CV1(low pressure steam)

TargetlstCV cv2

Target2ndCV Cv3

Target3rdCV V1

CViTarget 0%
This value is irrelevant since in the target list setup, CV1
has the lowest priority, and will assume the steady state
load to maintain PV at the setpoint.

CV2Target 0%

CV3Target 10%
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Convert PV and SP to Percent

310

Temperature Example Explanation

Manipulating the PV at the setpoint is the top priority. The high pressure steam and cooling are
selected as the most active actuators. At steady state, the same two controls should assume
their target values: CV3 at 10% and CV2 at 0%. CV1 will assume any value needed to maintain PV
at the setpoint; therefore, its target value is irrelevant since manipulating the PV at the setpoint
is a higher priority control objective. Target CV priorities and target CV values can be changed
on-line.

The CC function block calculates CV1, CV2 and CV3 such that the control goals are accomplished
in the following order of importance:

1. Control PV to SP
2. Control CV2 to its target value
3. Control CV3 to its target value

At this point, you have completed the basic configuration. You did not configure the built-in
tuner. The control variable is ready to be put on-line in either auto or Manual mode. For tuning,
the default settings will be used. Refer to CC Function Block Tuning.

If you do not know the process models, you need to identify the models and tune the function
block by using the built-in tuner (modeler) for the function block to operate correctly in the Auto
mode.

The function block uses first order lag with deadtime internal process models and first order
filters (total of up to twelve tuning parameters) to calculate the CV's. Each CV is calculated such
that the process variable (PV) follows a first order lag trajectory when approaching the setpoint
value.

Speed of response depends on the value of the response time constants. The smaller the
response time constants, the faster the control variable response will be. The response time
constants should be set such that the PV reaches the setpoint in reasonable time based on the
process dynamics. The larger the response time constants are, the slower the control variable
response will be, but the control variable also becomes more robust. See the tuning section for
more details.

In the Manual mode, the control variables (CV) are set equal to the operator-entered or program-
generated CVnOper or CVnProg parameters. For the Manual to Auto mode bumpless transfer and
for safe operation of the control variable, the CV rate of change limiters are implemented such
that CV's cannot move from current states by more than specified CV units at each scan.

To limit the CV rate of change:
» Set the CVnROCPosLimit and CYnROCNegLimit

Rate limiting is not imposed when control variable is in Manual mode unless CYManLimiting is
set.

The instruction converts PV and SP to a percent and calculates the error before performing
the PID control algorithm. The error is the difference between the PV and SP values. When
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ControlAction is set, the values of EPercent, E, and PVPIDPercent are negated before being used

by the PID algorithm.
PW¥Parcant
P .
PV = PVEUMin EPercent
- 2 = 100 g1 Output e 11 Output
PV R -2 %12
12 PV —SP% | e 12
&P SP— PUEL
S Jin SPParcant
™ BV EUmaximum — 100 4 = '1;'“
. Tupit | PY¥ADPercent:
] Output Nzl
2 PY-SP E
(| 1 Output }F——————————— -
-1 ——=| Select set Output Nxiz
L | £ 3
1 — | Seloct claared Deviation!!
ControlAction -
------------------ o | Salect
The values of EFercent, E, and PYPIDParcent ars negatad
Select multiplier based on state of Contral&ction when Control Action is set.

{15 PWPIDPercant ard Dewiation ars internal parametars used by the PID contral algerithm.

Execution

Math status flags are set for the CV output.

Condition Function Block Action Structured Text Action
Prescan InstructionFirstScan is set InstructionFirstScan is set
Instruction First Scan If CVFault and CVEUSpaninv are set, see Processing Faults. If CVFault and

CVEUSpaninv are cleared:
1. CVinitializing is set.

2. If PVFault is set, PVSpaninv and SPLimitslnv are cleared. See
Processing Faults.

3. The PID control algorithm is not executed.

4. The instruction sets CVEU = CVInitValue and CV = corresponding
percentage.

CVInitValue is not limited by CYEUmaximum or CVEUMin. When the
instruction calculates CV as the corresponding percentage, it is limited
to 0-100.

CFEL = CFinitFalue

ETT TR
CV,_; = CV = CVEU - CVEUMin © 100

" CVEUMax— CVEUMin

CVOper = CV

5. When CVInitializing and ManualAfterlnit are set, the instruction disables
auto and cascade/ratio modes. If the current mode is not Override or
Hand mode, the instruction changes to Manual mode. If ManualAfter|nit
is cleared the mode is not changed.
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Switch Program Control to Operator

Operating Modes

312

Condition Function Block Action Structured Text Action

6.  All the operator request inputs are cleared.
1. If ProgValueReset set, all the program request inputs are cleared

8. All the PV high-low, PV rate-of-change, and deviation high-low alarm
outputs are cleared.

9. If CVInitReq is cleared, CVInitializing is cleared.

Instruction first run ProgOper is cleared. ProgOper is cleared.
The instruction changes to manual | The instruction changes to manual
mode. mode.
Enableln is cleared EnableOut is cleared, the instruction | N/A
does nothing, and the outputs are
not updated.
Enableln is set The instruction executes. Enableln is always set.
EnableQut is set. The instruction executes.
Postscan No action taken. No action taken.

The PIDE instruction can be controlled by either a user program or an operator interface. You
can change the control mode at any time. Program and

Operator control use the same ProgOper output. When ProgOper is set, control is Program; when
ProgOper is cleared, control is Operator.

The following diagram shows how the PIDE instruction changes between Program control and
Operator control.

OperOperReq is set and ProgProgReq is cleared

Y

ProgOperReq is set (!

\J

Program Control Operator Control

ProgProgReq is set and ProgUperReq is clearad

OperProgReq is set and ProgOperReq and OperOparReq are clearad

A

{1} The instruction remains in Operator control mode when ProgOperReq is set.

For more information on program and operator control, refer to Program/Operator Control.

The Cascade/Ratio, Auto, and Manual modes can be controlled by a user program when in
Program control or by an operator interface when in Operator control. The Override and Hand
modes have a mode request input that can only be controlled by a user program; these inputs
operate in both Program and Operator contraol.

Operating Mode Description
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Rockwell Automation, Inc.

Cascade/Ratio

While in Cascade/Ratio mode the instruction computes
the change in CV. The instruction regulates CV to
maintain PV at either the SPCascade value or the
SPCascade value multiplied by the Ratio value.
SPCascade comes from either the CVEU of a primary PID
loop for cascade control or from the “uncontrolled” flow
of a ratio-controlled loop.

Select Cascade/Ratio mode using either OperCasRatReq
or ProgCasRatReq:

Set OperCasRatReq to request Cascade/Ratio mode.
Ignored when ProgQper, ProgOverrideReq, ProgHandReq,
OperAutoReq, or OperManualReq is set, or when
AllowCasRat is cleared.

Set ProgCasRatReq to request Cascade/Ratio mode.
Ignored when ProgOper or AllowCasRat is cleared or
when ProgOverrideReq, ProgHandReq, ProgAutoReq, or
ProgManualReq is set.

Auto

While in Auto mode the instruction computes the change
in CV. The instruction regulates CV to maintain PV at

the SP value. If in program control, SP = SPProg; if in
Operator control, SP = SPOper.

Select Auto mode using either OperAutoReq or
ProgAutoReq:

Set OperAutoReq to request Auto mode. Ignored
when ProgOper, ProgOverrideReq, ProgHandReg, or
OperManualReq is set.

Set ProgAutoReq to request Auto mode. Ignored
when ProgOper is cleared or when ProgQOverrideReq,
ProgHandReq, or ProgManualReq is set.

Manual

While in Manual mode the instruction does not compute
the change in CV. The value of CV is determined by the
control. If in Program control, CV = CVProg; if in Operator
control, CV = CVOper.

Select Manual mode using either OperManualReq or
ProgManualReq:

Set OperManualReq to request Manual mode. Ignored
when ProgOper, ProgOverrideReq, or ProgHandReq is set.

Set ProgManualReq to request Manual mode. Ignored
when ProgOper is cleared or when ProgQOverrideReq or
ProgHandReq is set.

Override

While in Override mode the instruction does not
compute the change in CV. CV = CVOverride, regardless
of the control mode. Override mode is typically used to
set a “safe state” for the PID loop.

Select Override mode using ProgOverrideReq:
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Primary Loop Control

314

Set ProgOverrideReq to request Override mode. Ignored
when ProgHandReq is cleared.

Hand

While in Hand mode the PID algorithm does not compute
the change in CV. CV = HandFB, regardless of the control
mode. Hand mode is typically used to indicate that
control of the final control element was taken over by a
field hand/auto station.

Select Hand mode using ProgHandReq:

Set ProgHandReq to request hand mode. This value is
usually read as a digital input from a hand/auto station.

Primary loop control is typically used by a primary PID loop to obtain bumpless switching and
anti-reset windup when using Cascade/Ratio mode. The primary loop control includes the
initialize primary loop output and the anti-reset windup outputs. The InitPrimary output is
typically used by the CVInitReq input of a primary PID loop. The windup outputs are typically
used by the windup inputs of a primary loop to limit the windup of its CV output.

(@ T
(@ %
(@ %

>

e6 00Q

ool

Item

Description

InitPrimary is cleared

WindupHOut is cleared(4)

WindupLOut is cleared(*)

InitPrimary is set(!

WindupHOut is set

© 0 0 00

WindupLOut is set
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Processing Faults

Rockwell Automation, Inc.

Item

Description

CVinitializing is set or not Cascade/Ratio mode(2)

CVinitializing is cleared and Cascade/Ration model3)

SHPAlarm is set or appropriate Cv alarm(®)

SHPAlarm is cleared and no CV alarm(®)

SPAlarm is set or appropriate CV alarm(?)

® 06 0 0

SPAlarm is cleared and no CV alarm(8)

During first scan, the instruction sets InitPrimary.

When CVlnitializing is set or when not in Cascade/Ratio mode, the instruction sets
[nitPrimary.

When CVinitializing is cleared and in Cascasde/Ratio mode, the instruction clears
[nitPrimary.

During instruction first scan, the instruction clears the windup outputs. The instruction
also clears the windup outputs and disables the CV windup algorithm when CVInitializing
is set or if either CVFaulted or CVEUSpaninv is set.

The instruction sets WindupHOut when SPHalarm is set, or when ControlAction is cleared
and CVHAlarm is set, or when ControlAction is set and CVLAarm is set.

The SP and CV limits operate independently. A SP high limit does not prevent CV from
increasing in value. Likewise, a CV high or low limit does not prevent SP from increasing
in value.

The instruction clears WindupHOut when SPHalarm is cleared, and not (ControlAction is
cleared and CVHAlarm is set), and not (ControlAction is set and CVLAlarm is set).

The instruction sets WinindupLOut when SPLAlarm is set, or when ControlAction is
cleared and CVLAlarm is set or when ControlAction is set and CVHAlarm is set.

The SP and CV limits operate independently. A SP low limit does not prevent CV from
increasing in value likewise a CV low or high limit does not prevent SP from increasing in
value.

The instruction clears WindupLOut when SPLAlarm is cleared and not (ControlAction is
cleared and CVLAlarm is set) and not (ControlAction is set and CVHAlarm is set).

The following table describes how the instruction handles execution faults:
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Fault Condition

Action

CVFaulted
or
CVEUSpaninv

is set

* Instruction is not initialized, CVInitializing is
cleared.

» Compute PV and SP percent, calculate error, update
internal parameters for EPercent and PVPIDPercent

»  PID control algorithm is not executed.

« Disable the Auto and Cascade/Ratio modes. If
Override or Hand is not the current mode, set to
Manual mode.

»  Set CV to value determined by Program or Operator
control and mode (Manual, Override, or Hand).

CVinitRequest

Refer to Execution.

PV Health Bad

< Disable the Auto and CasRat modes. If Override or
Hand is not the current mode then set to the Manual
mode.

«  Set PV high-low, PV rate-of-change, and deviation
high-low alarm outputs FALSE

»  PID control algorithm is not executed.

»  Set CV to value by determined by Program or
Operator control and mode (Manual, Override or
Hand).

PVFaulted is set

 Disable the Auto and Cascade/Ratio modes. If
Override or Hand is not the current mode, set to
Manual mode.

« PV high-low, PV rate-of-change, and deviation
high-low alarm outputs are cleared

»  PID control algorithm is not executed.

»  Set CV to value by determined by Program or
Operator control and mode (Manual, Override, or
Hand).

PVSpaninv is set or SPLimitsInv is set

 Disable the Auto and Cascade/Ratio modes. If
Override or Hand is not the current mode, set to
Manual mode.

« Do not compute PV and SP percent.
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Fault Condition Action

«  PID control algorithm is not executed.

»  Set CV to value by determined by Program or
Operator control and mode (Manual, Override, or
Hand).

RatioLimitsinv is set and CasRat is set and UseRatio is » If not already in Hand or Override, set to Manual
set mode.

« Disable the Cascade/Ratio mode.

»  Set CV to value determined by Program or Operator
control and mode (Manual, Override, or Hand).

TimingMadelnv is set or RTSTimeStamplnv is set or * If not already in Hand or Override, set to Manual
DeltaTlnv is set mode.

Select the Control Variable

Once the PID algorithm has been executed, select the CV based on program or operator control
and the current PID mode.
HandFB
CyOverride
CVProg

Select set Output

CVOper Select cleared | Select set Output —————

Selected CV

ProgOper

Calculated CV from Select set  Output (| Select cleared Select

FeedForward algorithm

— | Select cleared | SElECE
CV used for cascade/ration or auta mode -

Manual mode Select '

Select - Select set Output —gm- Select cleared
-]
1
1

Update the CVOper and CVProg Values

If not in the Operator Manual mode, the PIDE instruction sets CV0Oper = CV. This obtains
bumpless mode switching from any control to the Operator Manual mode.

CV from CV rate-of-change limiting CVOper
= | Input Output ———————— -
ProgOper or not Manual mode
________________________ = | Enable
CV from CV rate-of-change limiting CvProg
- | Input Output -
(PronOper is cleared or (not Manual mode])
and ProgvalueResetisget - | Enable
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Select the Setpoint

Once the instruction determines program or operator control and the PID mode, the instruction
can obtain the proper SP value.

» Enhanced PID on page 66

*  Current SP on page 309

»  SP High/Low Limiting on page 318

SP High/Low Limiting

The high-to-low alarming algorithm compares SP to the SPHLimit and SPLLimit alarm limits.
SPHLimit cannot be greater than PVEUmaximum and SPLLimit cannot be less than PVEUMin.

SP > SPHLimit —
_.-'/ .y . . o
| SPHAlarm is cleared™| SP<SPHLimit !. SPHAlarm is set ]

! . !
Y, - \__. /

—  SP< SPLLimit
N e

-~

SPLAlarm is cleared!! SP= SPLLimit | SPLAlarm is set .']
-._‘\h.-- P b * '\‘.-- _..--/f
SP
salectad SP : | if SPHALARM is set » -
SPHAlarm == - -=------~ - - | 5P =5PHLimit J
if SPLAlarm is set
SPLAlarm - - - - oo | SP=5PLLimit

{1} During instruction first szan, the instruction clears the SP alamn outputs. The instruction also clears the 5P
alarm limits and disables the alarming algorithm when PYSpaniny is set.
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Integrator (INTG)

Rockwell Automation, Inc.

Drives Instructions

The Drives instructions include the following information.

Available Instructions

Ladder Diagram

HMIBC on page 370

Function Block and Structured Text

INTG on page | Plon page

PMUL on page | SCRV on page | SOC on page

UPDN on page

HMIBC on page

319 326 338 346 355 366 310
If you want to Use this instruction
Execute an integral operation. INTG

Execute a Pl algorithm. Pl

Provide an interface from a position input module, such | PMUL

as a resolver or encoder feedback module, to the digital

system by computing the change in input from one scan

to the next.

Perform a ramp function with an added jerk rate SCRV

Use a gain term, a first order lag, and a second order sac

lead.

Add and subtract two inputs into an accumulated value. | UPDN

Enable operators to initiate machine control operations, | HMIBC

such as jogging a motor or enabling a valve, with a high
degree of accuracy and determinism.

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, CompactLogix 5380, ControlLogix 5580, and ControlLogix 5530

controllers.

The INTG instruction implements an integral operation. This instruction is designed to execute

in a task where the scan rate remains constant.
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Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block
INTG [.]

rator

[I=]

INTG_01

Structured Text
INTG(INTG_tag);

Operands

Function Block

Operand Type

Format

Description

INTG tag INTEGRATOR

Structure

INTG structure

INTEGRATOR Structure

Input Parameter Data Type

Description

Enableln BOOL

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

Default is set.

In REAL

The analog signal input to the
instruction.

Valid = any float
Default=0.0

Initialize BOOL

Request to initialize control
algorithm. Qutput = InitialValue as
long as Initialize is set.

Valid = any float

Default=0.0

InitialValue REAL

The initial value for instruction.
Output = InitialValue as long as
Initialize is set.

Valid = any float

Default=0.0

|Gain REAL

The integral gain multiplier. If IGain
< 0; the instruction sets IGain = 0.0,
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Input Parameter

Data Type

Description

sets the appropriate bit in Status,
and leaves the Output unchanged.
Valid = 0.0 to maximum positive float
Default=0.0

HighLimit

REAL

The high limit value for Out.

If HighLimit = LowLimit, the
instruction sets HighAlarm and
LowAlarm, sets the appropriate bit in
Status, and sets Out = LowLimit.
Valid = any float

Default = maximum positive float

LowLimit

REAL

The low limit value for Out. If
HighLimit = LowLimit, the
instruction sets HighAlarm and
LowAlarm, sets the appropriate bit in
Status, and sets Out = LowLimit.
Valid = any float

Default = maximum negative float

HoldHigh

BOOL

Hold output high request. When set,
Out is not allowed to increase in
value.

Default is cleared.

HoldLow

BOOL

Hold output low request. When set,
Out is not allowed to decrease in
value.

Default is cleared.

TimingMode

DINT

Selects timing execution mode.
0 = Periodic mode
1=0versample mode

2 = Real time sampling mode

For more information about
timing modes, see Function Block
Attributes.

Valid=0to2

Default=0

OversampleDT

REAL

Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default=0

RTSTime

DINT

Module update period for real time
sampling mode
Valid =1t0 32,767ms
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Input Parameter

Data Type

Description

Default =1

RTSTimeStamp

DINT

Module time stamp value for real
time sampling mode.

Valid = 0 to 32,767ms

Default =0

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out

REAL

The calculated output of the
algorithm.

HighAlarm

BOOL

High limit alarm indicator. When Out
= HighLimit, HighAlarm is set and
the output is limited to the value of

HighLimit.

LowAlarm

BOOL

Low limit alarm indicator. When Out
= LowLimit, LowAlarm is set and
the output is limited to the value of

LowLimit.

DeltaT

REAL

Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

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

|GainInv (Status.1)

BOOL

[Gain > maximum or IGain <
minimum.

HighLowLimslnv (Status.2)

BOOL

HighLimit = LowLimit.

TimingModelnv (Status.27)

BOOL

Invalid TimingMode value.

For more information about
timing modes, see Function Block
Attributes.

Publication 1756-RMO06P-EN-P - September 2025

Rockwell Automation, Inc.



Chapter2  Drives Instructions

Output Parameter Data Type Description

RTSMissed (Status.28) BOOL Only used in real time sampling
mode. Set when
ABS | DeltaT - RTSTime | > 1(.001

second).
RTSTimelnv (Status.29) BOOL Invalid RTSTime value.
RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.
DeltaTInv (Status.31) BOOL Invalid DeltaT value.
Structured Text
Operand Type Format Description
INTG tag INTEGRATOR Structure INTG structure

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

Description
The INTG instruction is designed to execute in a task where the scan rate remains constant.
The INTG instruction executes this control algorithm when Initialize is cleared and DeltaT > 0.

fn+in
(gt = Iain ® 5

-1
L * DeltaT+Out,
Whenever the value computed for the output is invalid, NAN, or % INF, the instruction sets Qut =
the invalid value. The internal parameters are not updated. In each subsequent scan, the output

is computed using the internal parameters from the last scan when the output was valid.

Limiting
The INTG instruction performs windup limiting to stop Out from changing based on the state of

the HoldHigh and HoldLow inputs. If HoldHigh is set and Out > Out,,;, then Out = Out,, . If HoldLow
is set and Out < Out,,y, then Out = Out,,.,.

The INTG instruction also performs output limiting using HighLimit and LowLimit. If Out >
HighLimit, the Out = HighLimit and HighAlarm is set. If Out < LowLimit, then Out = LowLimit and
LowAlarm is set.

Affects Math Status Flags
No
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Major/Minor Faults

Table 6.

Minor fault occurs when Fault type Fault code
Feature is enabled and overflow is 4 4
detected.

See Common Attributes on page for operand-related faults.

Execution

NOTE: In Structured Text, Enableln is always true during normal scan. Therefore, if the instruction is in the
control path activated by the logic, it will execute. For more details including definitions and general behavior
for all Function Block instructions, refer to Publication 1756-RM006G-EN-P, Advanced Process Control and Drives
Instructions.

Condition/State Action Taken
Prescan No action taken.
Postscan No action taken.

Conditions that occur only during Normal Scan mode

Condition/State Action Taken

Instruction first run The internal parameters and Out are set to 0. The
primary algorithm is not executed but will validate input
parameters.

Instruction first scan The internal parameters and Out are set to 0. The
primary algorithm is not executed but will validate input
parameters.

Enableln is false .EnableQut bit is cleared to false.

Enableln is true .EnableQut bit is set to true.

The instruction’s main algorithm will be executed and
outputs will be updated.

Examples

In many applications an integral gain component is included in the closed loop regulator
design in order to eliminate or minimize error in the system being requlated. A straight
proportional-only regulator will not tend to drive error in the system to zero. A requlator that
uses proportional and integral gain, however, tends to drive the error signal to zero over a
period of time. The INTG instruction uses the following equation to calculate its output.

fm+in

Cut = [Gain = Tn_l # DeltaT+ Out,
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In the chart below, the input to the block moves from 0 to +200 units. During this period, the
output of the block integrates to 2800 units. As In changes from +200 units to 0 units, Out

maintains at 2800 units. When In transitions from 0 to -300 units, Out slowly integrates down to

-1400 units until In transitions back to 0. Finally, as In moves from 0 to +100, Out integrates ba
to 0 where In is set to 0 coincidentally with Out reaching 0.

ck

This characteristic of the integrator - continually driving in a specific direction while any input
to the function is present or holding at any level during the point where the input is at zero - is

what causes a regulator using integral gain to drive toward zero error over a period of time.

In

The following example shows how the INTG instruction can be used. In many instances, the
HighLimit and LowLimit inputs limit the total percentage of control that the integral gain
element might have as a function of the requlator’s total output. The HoldHigh and HoldLow
inputs, on the other hand, can be used to prevent the output from moving further in either the
positive or negative direction. The HoldHigh and HoldLow inputs prevent the INTG instruction
from "winding-up” in a direction which is already beyond the limits of the controlled variable.
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Function Block

This example is the minimal legal programming of the INTG function block and is only used to
show the neutral text and generated code for this instruction. This is for internal purposes only
and is not a testable case.

Input_“alue

INTG el
0 Integrator
Initialize_flag
INTG_02
Int_Init_al - n Out [—— Output_Walue
o nitialize
|_Gain - nitiaMalue

Int_Saturate_high HighLimit

Int_saturate_low HeldHigh
HAlarm_Status

LAlarm_Status

Structured Text

INTG_01.In := Input_Value;
INTG_O1.Initialize := Initialize_flag;
INTG_O1.InitialValue := Int_Init_Val;
INTG_01.IGain := |_Gain;
INTG_01.HighLimit := Int_saturate_high;
INTG_01.LowLimit := Int_saturate_low;
INTG_01.HoldHigh :=HAlarm_Status;
INTG_01.HoldLow := LAlarm_Status;
INTG(INTG_O1);

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, CompactLogix 5380, ControlLogix 5580, and ControlLogix 5590
controllers.

The Pl instruction provides two methods of operation. The first method follows the conventional
Pl algorithm in that the proportional and integral gains remain constant over the range of the
input signal (error). The second method uses a non-linear algorithm where the proportional and
integral gains vary over the range of the input signal. The input signal is the deviation between
the setpoint and feedback of the process.
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Available Languages

Ladder Diagram

This instruction is not available in ladder diagram.

Function Block

Pl ]

FL 01
Structured Text
PI(PI_tag);
Operands

Function Block

Operand Type Format Description
Pl tag PROP_INT structure Pl structure
Structured Text

Operand Type Format Description
Pltag PROP_INT structure Pl structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

PROP_INT Structure

Input Parameter Data Type

Description

Enableln BOOL

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

Default is set.

In REAL

The process error signal input. This
is the difference between setpoint
and feedback.

Valid = any float

Default=0.0

Initialize BOOL

The instruction initialization
command. When set, Out and
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Input Parameter Data Type Description

internal integrator are set equal to
the value of InitialValue.
Default is cleared.

InitialValue REAL The initial value input. When
Initialize is set, Out and integrator
are set to the value of InitialValue.
The value of InitialValue is limited
using HighLimit and LowLimit.
Valid = any float

Default =0

Kp REAL The proportional gain. This affects
the calculated value for both the
proportional and integral control
algorithms. If invalid, the instruction
clamps Kp at the limits and sets the
appropriate bit in Status.

Valid = any float > 0.0

Default = minimum positive float

wid REAL The lead frequency in
radians/second. This affects the
calculated value of the integral
control algorithm. If invalid, the
instruction clamps WId at the limits
and sets the appropriate bit in
Status.

Valid = see the Description section
below for valid ranges

Default=0.0

HighLimit REAL The high limit value. This is the
maximum value for Out. If HighLimit
= LowLimit, the instruction sets
HighAlarm and LowAlarm, sets the
appropriate bit in Status, and sets
Out = LowLimit.

Valid = LowLimit < HighLimit =
maximum positive float

Default = maximum positive float

LowLimit REAL The low limit value. This is the
minimum value for Out. If HighLimit
= LowLimit, the instruction sets
HighAlarm and LowAlarm, sets the
appropriate bit in Status, and sets

Qut = LowLimit.
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Input Parameter

Data Type

Description

Valid = maximum negative float =
LowLimit < HighLimit

Default = maximum negative float

HoldHigh

BOOL

The hold high command. When set,
the value of the internal integrator is
not allowed to increase in value.
Default is cleared.

HoldLow

BOOL

The hold low command. When set,
the value of the internal integrator is
not allowed to decrease in value.
Default is cleared.

ShapeKpPlus

REAL

The positive Kp shaping gain
multiplier. Used when Inis 20.

If invalid, the instruction clamps
ShapeKpPlus at the limits and
sets the appropriate bit in Status.
Not used when NonLinearMode is
cleared.

Valid =0.1to 10.0

Default=1.0

ShapeKpMinus

REAL

The negative Kp shaping gain
multiplier. Used when Inis < 0.

If invalid, the instruction clamps
ShapeKpMinus at the limits and
sets the appropriate bit in Status.
Not used when NonLinearMode is
cleared.

Valid=0.1t010.0

Default=1.0

KpInRange

REAL

The proportional gain shaping
range. Defines the range of In
(error) over which the proportional
gain increases or decreases as

a function of the ratio of | In |/
KpInRange. When | In| > KpInRange,
the instruction calculates the
change in proportional error using
entered the Kp shaping gain x (In -
KpInRange). If invalid, the instruction
clamps KpInRange at the limits and
sets the appropriate bit in Status.
Not used when NonLinearMode is
cleared.

Valid = any float > 0.0

Default = maximum positive float

Publication 1756-RMO06P-EN-P - September 2025

329



Chapter2  Drives Instructions

Input Parameter Data Type Description

ShapeWldPlus REAL The positive WId shaping gain
multiplier. Used when Inis = 0.

If invalid, the instruction clamps
ShapeWIdPlus at the limits and
sets the appropriate bit in Status.
Not used when NonLinearMode is
cleared.

Valid=0.0t010.0

Default=1.0

ShapeWldMinus REAL The negative WId shaping gain
multiplier. Used when Inis < 0.

If invalid, the instruction clamps
ShapeWIdMinus at the limits and
sets the appropriate bit in Status.
Not used when NonLinearMode is
cleared.

Valid =0.0to 10.0

Default=1.0

WidInRange REAL The integral gain shaping range.
Defines the range of In (error) over
which integral gain increases or
decreases as a function of the ratio
of [ In|/ WidInRange. When

[Inf > WidInRange, the instruction
limits In to WidInRange when
calculating integral error. If invalid,
the instruction clamps WidIinRange
at the limits and sets the appropriate
bit in Status. Not used when
NonLinearMode is cleared.

Valid = any float > 0.0

Default = maximum positive float

NonLinearMode BOOL Enable the non-linear gain mode.
When set, the instruction uses the
non-linear gain mode selected by
ParabolicLinear to compute the
actual proportional and integral
gains. When cleared, the instruction
disables the non-linear gain mode
and uses the Kp and Wid values as
the proportional and integral gains.
Default is cleared.

ParabolicLinear BOOL Selects the non-linear gain mode.
The modes are linear or parabolic.
When set, the instruction uses the
parabolic gain method of y=a * x2 +
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Input Parameter Data Type Description

b to calculate the actual proportional
and integral gains. If cleared, the
instruction uses the linear gain
method of y=a *x + b.

Default is cleared.

TimingMode DINT Selects timing execution mode.
0 = Periodic mode

1= 0Oversample mode

2 = Real time sampling mode

For more information about
timing modes, see Function Block
Attributes.

Valid=0to2

Default=0

OversampleDT REAL Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default=0

RTSTime DINT Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp DINT Module time stamp value for real
time sampling mode.
Valid = 0 to 32,767ms

Default=0

Output Parameter Data Type Description

EnableQut BOOL Indicates the execution status of the
instruction.

Out REAL The calculated output of the PI

algorithm. Math status flags are set
for this output.

HighAlarm BOOL The maximum limit alarm indicator.
Set when the calculated value for
Out Z HighLimit and the output and

integrator are clamped at HighLimit.

LowAlarm BOOL The minimum limit alarm indicator.

Set when the calculated value for
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Output Parameter

Data Type

Description

Out = LowLimit and output and

integrator are clamped at LowLimit.

DeltaT

REAL

Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

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

Kplnv (Status.1)

BOOL

Kp < minimum or Kp > maximum.

WidInv (Status.2)

BOOL

WId < minimum or Wid > maximum.

HighLowLimsInv (Status.3)

BOOL

HighLimit = LowLimit.

ShapeKpPlusInv (Status.4)

BOOL

ShapeKpPlus < minimum or
ShapeKpPlus > maximum.

ShapeKpMinuslnv (Status.5)

BOOL

ShapeKpMinus < minimum or
ShapeKpMinus > maximum.

KpInRangelnv (Status.6)

BOOL

KpInRange < minimum or KpInRange
> maximum.

ShapeWIdPlusInv (Status.7)

BOOL

ShapeWIdPlus < minimum or
ShapeWIdPlus > maximum.

ShapeWIdMinusInv (Status.8)

BOOL

ShapeWIdMinus < minimum or
ShapeWIdMinus > maximum.

WidInRangelnv (Status.9)

BOOL

WidInRange < minimum or
WidInRange > maximum.

TimingModelnv (Status.27)

BOOL

Invalid TimingMode.

For more information about
timing modes, see Function Block
Attributes.

RTSMissed (Status.28)

BOOL

Only used in real time sampling
mode. Set when

ABS | DeltaT - RTSTime | > 1(.001
second).

RTSTimelnv (Status.29)

BOOL

Invalid RTSTime value.
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Output Parameter Data Type Description
RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.
DeltaT (Status.31) BOOL Invalid DeltaT value.
Description

The Pl instruction uses the position form of the Pl algorithm. This means the gain terms
are applied directly to the input signal, rather than to the change in the input signal. The PI
instruction is designed to execute in a task where the scan rate remains constant.

In the non-linear algorithm, the proportional and integral gains vary as the magnitude of

the input signal changes. The Pl instruction supports two non-linear gain modes: linear and
parabolic. In the linear algorithm, the gains vary linearly as the magnitude of input changes. In
the parabolic algorithm, the gains vary according to a parabolic curve as the magnitude of input
changes.

The Pl instruction calculates Out using this equation:

s+ Wid
X—

=

Ep

Whenever the value computed for the output is invalid, NAN, or % INF, the instruction sets Out
= the invalid value and sets the math overflow status flag. The internal parameters are not
updated. In each subsequent scan, the output is computed using the internal parameters from

the last scan when the output was valid.

Operating in Linear Mode

In linear mode, the non-linear gain mode is disabled. The Kp and Wid values are the proportional
and integral gains used by the instruction. The instruction calculates the value for Out using
these equations:

Value Equation

ITerm Widmput + WidInput, _
pr Td = P > put, _q

= DelfaT+ ITerm,

where DeltaT is in seconds

PTerm Kp x In

Out [Term + PTerm

with these limits on Wid:
+ Low Limit>0.0
* High Limit = 0.7p/DeltaT
*  Widinput=1In
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Operating in Non-Linear Mode

In non-linear mode, the instruction uses the non-linear gain mode selected by ParabolicLinear
to compute the actual proportional and integral gains.

The gains specified by Kp and WId are multiplied by 1.0 when In = 0. Separate proportional and
integral algorithms increase or decrease the proportional or integral gain as the magnitude of
error changes. These algorithms use the input range and shaping gain parameters to compute
the actual proportional and integral gains. Input range defines the range of In (i.e. error) over
which the gain is shaped. Input ranges are set by the two KpInRange and WldInRange. Shaping
gain defines the gain multiplier for the quadrant controlled by the shaping gain parameter.
Shaping gains are set by ShapeKpPlus, ShapeKpMinus, ShapeWldPlus and ShapeWldMinus.

The ParabolicLinear input selects the non-linear gain mode. If ParabolicLinear is cleared, linear
mode is selected. If ParabolicLinear is set, parabolic mode is selected.

To configure a particular shaping gain curve, enter a shaping gain 0.0-10.0 for integral shaping,
a shaping gain 0.1-10.0 for proportional shaping, and the input range over which shaping is to
be applied. Kp and Wid are multiplied by the calculated ShapeMultiplier to obtain the actual
proportional and integral gains. Entering a shaping gain of 1.0 disables the non-linear algorithm
that calculates the proportional or integral gain for the quadrant.

When the magnitude of In (error) is greater then InRange then the ShapeMultiplier equals the
value computed when | In | was equal to InRange.

The following diagram illustrates the maximum and minimum gain curves that represent the
parabolic and linear gain equations.

Shap=Bain
Shapeiinus & ShapsPlus

‘/Shapel'.ﬂultiplier Shapehultiplisr i

livear

InpitRance InpitRance
= —1 =1

The instruction calculates the value for Out using these equations:
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Value Equation
Kp shaping gain multiplier IfIn >0 then:
Eplhape Gain = Shape KpPlus
EpRange = EpInRange
Else;

EpfShapeGain = ShapeEp Minus
EpRange = -EpmRange

Kp input ratio

If I < KplnRangze:
1

EpInputRafio = |In|= TpTnRange

Else:
EpInputRatio

]
—_

Kp ratio

If niot parabolic mode:
EpRafic = EplnpuiRafio= 05
If parabolic mode:

EpRafio = KpInpufRafz’og x 0333

Kps shaping gain

Eps = Ep» (((EpShape Gain-1)1x EpRafie) +1)

Rockwell Automation, Inc.

Proportional output

If It £ EplnFatge:
PTarm = Eps=In

Else, litrdt gain:
PTerm = Eps» EpRange+ (In - Kp Range) » KpShape

Wid shaping gain IfIn = 0then:
WldShape Gain = Shape WIdPlus
Elsge:
WildShape Gain = Shape Wid Minus
Wid input IfIn = WidRange then:

Wldhput = WidInRange
Else if In < W ldInFange then:
Wldinpuf = —WldInRange
Elsge:

Wldinpuf = In

WId input ratio

If Iry < WldInRange:

_ 1
Widnput Range = |In| = WidmRange
Else:
WldputRange = 1
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Value Equation
Wid ratio If not paraholic mode:
WldRafie = WidInpuiRatio
If parabiolic mode:

WidRafio = WldinpuiRa tio*

Wids shaping gain Wlds = Wid = (((W1dShape Gain - 1)« WidRatio) + 1)
Wids limits LowLimif >0
' e | N5 |
HighLimit Felia T

Integral output (WdInput+ WldInpat, )

ITerm = Eps = Wids= 7

= DeltaT+ [Term, _,

Output Chuf = PTarm+ [Tarm

Limiting

The instruction stops the ITerm windup based on the state of the hold inputs.

Condition Action

If HoldHigh is setand Term = Termp,
[Term = ITerm,_

IfHoldLow is set and [Term = ITerm,
[Term = ITermy,4

The instruction also stops integrator windup based on the HighLimit and LowLimit values.

Condition Action
Integrator > HighLimit Integrator = HighLimit
Integrator > LowLimit Integrator = LowLimit

The instructions limits the value of Out based on the HighLimit and LowLimit values.

Condition Action

HighLimit = LowLimit Out = LowLimit

[Term = LowLimit
HighLowLimsInv is set
HighAlarm is set
LowAlarm is set
WidInput =0
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Condition Action

Out Z HighLimit Out = HighLimit
[Term = ITerm
HighAlarm is set

[Term > HighLimit [Term = HighLimit

Out = LowLimit

Out = LowLimit
[Term = Term

LowAlarm is set

ITerm < LowLimit

[Term = LowLimit

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes for operand-related faults.

Execution

Function Block

Condition

Action Taken

Prescan

Enableln and EnableQut are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bit is set to true.

The instruction executes.

Instruction first run

Outn-1=0
The algorithm used to calculate Out will not be executed.

Instruction first scan

Outn-1=0
The algorithm used to calculate Out will not be executed.

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.
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Condition/State Action Taken
Postscan See Postscan in the Function Block table.
Example

The Plinstruction is a requlating instruction with proportional and integral gain components.
The integral gain component is set by the user in radians/sec; this sets the basic frequency
response of the Pl requlator. The proportional gain sets the overall gain of the block, including
the proportional AND integral gain of the block.

Excluding initialization and holding/clamping functionality, the following diagram shows the Pl
block's basic requlating loop while in the linear mode.

Pl Instruction: Linear Mode

_ cwmw;wmw._.n - S T
A +
[o ]
T
£,| Hp = o,

The following example shows the Pl instruction used as a velocity regulator. In this example,
velocity error is created by subtracting the velocity feedback signal (see the PMUL instruction
example) from the system’s velocity reference (through the SCRV instruction). Velocity error is
driven directly into the Pl instruction, which acts on this signal according to the function shown
in the diagram above.

Function Block

SSUM ] SCRV ]
Selected Summer S-Curve
SSUM_01 SCRV_01 5lE L)
0.0 0.0 0.0 | Subtract
Master_Machine_Ref ] In1 Dut n Out Welocity_Error
Master_Machine_Select 7] Select! SUB_01 -
Select? SourceA  De ~
Jog_Select SourceB
accel_rate -
PMUL ]
Pulse Muttiplier Pl (]
PMUL_01 Proportional+Integral
Resolver_Feedback I Dut [—— Speed_Feedback P02
ﬂﬂﬂﬂﬂ - " To rque_Reference
100000 [ — Enable_Regulator - — nitialize
Velocity_Proportiocnal_Gain : Kp
Velocity_Integral_Gain -

Reference_Select.In1:= Master_Machine_Ref;
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Reference_Select.Select1 := Master_Machine_Select;
Reference_Select.In2 := Section_Jog;
Reference_Select.Select? := Jog_Select;
SSUM(Reference_Select);

S_Curve.In := Reference_Select.Out;
S_Curve.AccelRate := accel_rate;
S_Curve.DecelRate := accel_rate;
SCRV(S_Curve);

PMUL_O1.In := Resolver_Feedback;
PMUL_01.WordSize :=12;
PMUL_O1.Multiplier :=100000;
PMUL(PMUL_0T1);

Speed_Feedback := PMUL_01.0ut;
Velocity_Error := S_Curve.Out - Speed_Feedback;

PI_01.In := Velocity_Error;
PI_Ol.Initialize := Enable_Regulator;
PI_01.Kp := Velocity_Proportional_Gain;
PI_01.WId := Velocity_Integral_Gain;
PI(P1_01);

Torque_Reference := PI_01.0ut;

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, CompactLogix 5380, ControlLogix 5580, and ControlLogix 5530
controllers.

The PMUL instruction provides an interface from a position input module, such as a resolver
or encoder feedback module, to the digital system by computing the change in input from
one scan to the next. By selecting a specific word size, you configure the PMUL instruction to
differentiate through the rollover boundary in a continuous and linear fashion.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram.

Function Block
PMUL ]

Pulze Multiplier

PMUL_01

Structured Text
PMUL(PMUL _tag);
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Operands

Function Block

Operand Type Format Description

PMUL tag PULSE_MULTIPLIER Structure PMUL structure
Structured Text

Operand Type Format Description

PMUL tag PULSE_MULTIPLIER Structure PMUL structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

PULSE_MULTIPLIER Structure

Input Parameter

Data Type

Description

Enableln

BOOL

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

Default is set.

DINT

The analog input signal to the
instruction.

Valid = any DINT

Default=0

Initialize

BOOL

The initialize input. When set, Out

is held at 0.0 and all the internal
registers are set to 0. On a set to
cleared transition of initialize, In,-
= InitialValue (not valid for Absolute
mode). When cleared, the instruction
executes normally.

InitialValue

DINT

The initial value input. On a set to
cleared transition of initialize, Inp-1=
InitialValue

Valid=any DINT
Default = 0.

Mode

BOOL

The mode input. Set to enable
Relative made. Clear to enable
Absolute mode.

Default is set.

WordSize

DINT

The word size in bits. Specify
the number of bits to use when
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Input Parameter

Data Type

Description

computing (Inp-In,-7) in Relative
mode.

WordSize is not used in Absolute
mode.

When the change in In is greater
than 1/2 * 2Wordsize-1) gyt changes
sign.

When WordSize is invalid,Out is
held and the instruction sets the
appropriate bit in Status.

Valid =2 to 32
Default =14

Multiplier

DINT

The multiplier. Divide this value by
100,000 to control the ratio of In to
Out. If invalid, the instruction limits
the value and sets the appropriate
bit in Status.

Valid =-1,000,000 to 1,000,000
Default =100,000

Output Parameter

Data Type

Description

EnableQut

BOOL

Enable output.

Out

REAL

The instruction’s Out. If the Out
calculation overflows, Out is forced
to */- @3 and the appropriate bit in
Status is set. Math status flags are

set for this output.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

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

WordSizelnv (Status.1)

BOOL

Invalid WordSize value.

OutOverflow (Status.2)

BOOL

The internal output calculation
overflowed.

LostPrecision (Status.3)

BOOL

Out < -224 gr Out > 224 When the
instruction converts Out from an
integer to a real value, data is lost

Rockwell Automation, Inc. Publication 1756-RMO06P-EN-P - September 2025

341



Chapter 2

Drives Instructions

342

Output Parameter Data Type Description

if the result is greater than [224]
because the REAL data type is
limited to 224,

Multiplierinv (Status.4) BOOL Invalid Multiplier value.

Description
The PMUL instruction operates in Relative or Absolute mode.

In Relative mode, the instruction’s output is the differentiation of the input from scan to scan,
multiplied by the (Multiplier/100,000). In Relative mode, the instruction saves any remainder
after the divide operation in a scan and adds it back in during the next scan. In this manner,
position information is not lost over the course of the operation.

Iritialize is cleated differerees = Ir - I
sigh extend difference
using Word3ize

ditference =0
rermaitcer=0

|I“||.._1=D

Iy =Iny

Initialize 15 set

4

In the Absolute mode, the instruction can scale an input, such as position, without losing any
information from one scan to the next.

Initialize is cleared

e

difference = T | differee = It

tetnaincker = 0

Initialize is st

4

Calculating the Output and Remainder

The PMUL instruction uses these equations to calculate Out in either relative or absolute mode:
Ans = ((DiffInput x Multiplier) + INT_Remainder)

INT_Out = Ans /100,000

INT_Remainder= Ans - (INT_Out * 100,000)

Out = INT_Out

Affects Math Status Flags
No
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Fault conditions

Table 7.

Minor fault occurs when

Fault type

Fault code

Feature is enabled and overflow is
detected.

4

4

See Common Attributes on page

Execution

Function Block

for operand-related faults.

Condition

Function Block Action

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

N/A

Instruction first scan

Ing-1= In. Out,-1 =0. Reminder = 0.

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

Examples

Example 1

The most common use of the PMUL instruction is in the relative mode of operation. In this mode,
the PMUL instruction serves several purposes. First, in the relative mode, the PMUL instruction

differentiates the information that it receives at its input from scan to scan. As data is received,
the instruction outputs the difference of the input from one scan to the next. This means that if

non

In =500 at scan "n", and then In = 600 at scan "n+1", Out =100 at scan "n+1."

Secondly, while in this mode of operation, the PMUL instruction also compensates for "rollover"

values of binary data originating from a feedback module. For example, a resolver feedback
module may have 12 bits of resolution, represented as a binary value, with sign, ranging from
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-2048 to 204]7. In terms of raw data coming from the feedback module, the rotation of the
feedback device might be represented as shown below:

L

2047

-2048

In this example, as the value of the feedback data moves from 2047 to -2048, the effective
change in position is equivalent to a jump of 4095 counts in position. In reality, however, this
change in position is only 1 part in 4096 in terms of the rotation of the resolver feedback device.
By understanding the true word size of the data that is being input from the feedback module,
the PMUL instruction views the data in a rotary fashion as shown in the following diagram:

204 -2048

By knowing the word size of the data that is input to this block, the PMUL instruction
differentiates an output of 1count as the input to the block moves from 2047 to -2048, instead
of the mathematically calculated 4095.

O When applying this block, it is important to note that the feedback data should not change by mare than
one-half of the word size from one scan to the next, if rotational direction is to be properly differentiated.

In the example above, if the feedback device is moving in a clockwise direction such that

at scan 'A'it reads 0 and then scan 'B' it reads -2000, actual change in position is equivalent
to +2096 counts in the clockwise direction. However, since these two values are more than
one half the words size, (or more than one half the rotation of the physical device,) the PMUL
instruction calculates that the feedback device rotated in the opposite direction and returns a
value of -2000 instead of +2096.

The third attribute of the pulse multiplier block is that it retains the fractional components

from one scan to the next of any remainders that exist as a result of the Multiplier/100,000
scaling factor. As each execution of the block is completed, the remainder from the previous
scan is added back into the total of the current value so that all counts or "pulses” are ultimately
accounted for and no data is lost in the system. The output of the block, Out always yields a
whole number in a floating point data type.
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Function Block

Initialize_Position

UPDN [l
PMUL ([ Up/Down Accumulator
Pulze Multiplier UPDN_01
o PMUL_D2 o nitialize Out [—— Total Position
Position_feedback . n Out [—— nPlus

12
25000
25000 Multiplier

Assuming Initial_Position = 0 and Multiplier = 2500 => (25,000/100,000)

Scan Position_Feedback PMUL_02.0ut Total_Position
n 0 0 0

n+1 1 0 0

n+2 2 0 0

n+3 3 0 0

n+b 4 1 1

n+5 5 0 1
Structured Text

MUL_02.In := Position_feedback;
PMUL_02.Initalize := Initialize_Position;
PMUL_02.WordSize :=12;
PMUL_02.Multiplier := 25000;
PMUL(PMUL_02);

UPDN_02.Initialize := Initialize_Position;
UPDN_02.InPlus := PMUL_02.0ut;
UPDN(UPDN_02);

Total_Position := UPDN_02.0ut;

Example 2

In this electronic line shaft application, motor A's feedback acts as a master reference which
motor B needs to follow. Motor A's feedback is aliased to "Position_feedback.” Motor B's feedback
is aliased to "Follower_Position." Due to the multipliers of both instructions being a ratio of

1/4, motor B needs to rotate once for every four revolutions of Motor A in order to maintain an
accumulated value of zero in the UPDN accumulator. Any value other than zero on the output of
the UPDN instruction is viewed as Position_error and can be requlated and driven back out to
motor B in order to maintain a phase-lock between the two motors.
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Function Block

Initialize_Position

PHUL L]
Pulzse Multiplier
PMUL_03 Ukl CJ
Up/Down Accumulator
-E.] —e | Position_feedback Dut
nitiglize UPDN_02
12 0.0
12 [— WordSize nitialize Out Position_error
U
25000 Multiplier nPlus
PMUL ]
Pulze Multiplier
PMUL_04

—l.] — Follower_Position

12 e WordSize
100000

Structured Text

PMUL_02.In := Position_feedback;
PMUL_02.Initalize := Initialize_Position;
PMUL_02.WordSize :=12;
PMUL_02.Multiplier := 25000;
PMUL(PMUL_02);

PMUL_03.In := Follower_Position;
PMUL_03.Initalize := Initialize_Position;
PMUL_03.WordSize :=12;
PMUL_03.Multiplier := 100000;
PMUL(PMUL_03);

UPDN_02.Initialize := Initialize_Position;
UPDN_02.InPlus := PMUL_02.0ut;
UPDN_02.InMinus := PMUL_03.0ut;
UPDN(UPDN_02);

Position_error := UPDN_02.0ut;

S-Curve (SCRV)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, CompactLogix 5380, ControlLogix 5580, and ControlLogix 5530
controllers.

The SCRV instruction performs a ramp function with an added jerk rate. The jerk rate is the
maximum rate of change of the rate used to ramp output to input.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram.
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Function Block

SCRY [..]

S—LUMYE

SCRV_04

Structured Text
SCRV(SCRV_tag);

Operands

Function Block

Operand Type Format Description
SCRV tag S_CURVE Structure SCRV structure
Structured Text

Operand Type Format Description
SCRV tag S_CURVE Structure SCRV structure

See Structured Text Syntax for more information of the syntax of expressions within structured

text.

S_CURVE Structure

Input Parameter

Data Type

Description

Enableln

BOOL

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

Default is set.

REAL

The analog signal input to the
instruction.

Valid = any float

Default=0.0

Initialize

BOOL

The Initialize input to the instruction.
When set, the instruction holds Out =
InitialValue

Default is cleared.

InitialValue

REAL

Initial value of S-Curve. When
Initialize is set, Out = InitialValue.
Valid = any float

Default=0.0
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Input Parameter

Data Type

Description

AbsAlgRamp

BOOL

Ramp type. If set, the instruction
functions as an absolute value ramp.
If cleared, the instruction functions
as an algebraic ramp.

Default is set

AccelRate

REAL

Acceleration rate in input units per
second?. A value of zero prevents
Out form accelerating. When
AccelRate < 0, the instruction
assumes AccelRate = 0 and sets the
appropriate bit in Status.

Valid = 0.0 to maximum positive float

Default = 0.0

DecelRate

REAL

Deceleration rate in input units per
second?. A value of zero prevents
Out form decelerating. When the
DecelRate < 0, the instruction
assumes DecelRate = 0 and sets the
appropriate bit in Status.

Valid = 0.0 to maximum positive float

Default = 0.0

JerkRate

REAL

Jerk rate in input units per second?.
Specifies the maximum rate of
change in the acceleration and
deceleration rates when ramping
output to input. When (JerkRate *
DeltaT) S AccelRate or DecelRate, the
acceleration and deceleration rates
are not bounded. In this situation,
the instruction behaves as a ramp
function. When JerkRate < 0, the
instruction assumes JerkRate =

0 and sets the appropriate bit in
Status.

Valid = 0.0 to maximum positive float

Default =0.0

HoldMode

BOOL

S-Curve hold mode parameter.
This parameter is used with the
HoldEnable parameter. If HoldMode
is set when HoldEnable is set and
Rate = 0, the instruction holds

Out constant. In this situation, the
instruction holds Out as soon as
HoldEnable is set, the JerkRate
isignored, and Out produces a
"corner"in its profile. If HoldMode

348 Publication 1756-RMO0GP-EN-P - September 2025

Rockwell Automation, Inc.



Chapter2  Drives Instructions

Input Parameter Data Type Description

is cleared when HoldEnable is set,
the instruction uses the JerkRate to
bring Out to a constant value. Out is
held when Rate = 0. Do not change
HoldMode once HoldEnable is set
because the instruction will ignore
the change.

Default is cleared.

HoldEnable BOOL S-Curve hold enable parameter.
When set, Out is held. When cleared,
Out moves from its current value
until it equals In.

Default is cleared.

TimingMode DINT Selects timing execution mode.
0 = periodic mode

1= oversample mode

2 = real time sampling mode

For more information about
timing modes, see Function Block
Attributes.

Valid=0to2

Default=0

OversampleDT REAL Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default =0

RTSTime DINT Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp DINT Module time stamp value for real
time sampling mode.
Valid = 0 to 32,767ms

Default=0

Output Parameter Data Type Description

EnableOut BOOL Enable output.

S_Mode BOOL S_Mode Output. When (Jerk * DeltaT)
= Rate and

Rate < Accel or Decel, S_Mode is set.

Otherwise, S_Mode is cleared.
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Output Parameter Data Type Description

Out REAL The output of the S-Curve
instruction. Math status flags are set
for this output.

Rate REAL Internal change in the Out in units
per second.
DeltaT REAL Elapsed time between updates. This

is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

AcceRatelnv (Status.1) BOOL AccelRate is negative.
DecelRatelnv (Status.2) BOOL DecelRate is negative.
JerkRatelnv (Status.3) BOOL JerkRate is negative.
TimingModelnv (Status.27) BOOL Invalid timing mode.

For more information about
timing modes, see Function Block
Attributes.

RTSMissed (Status.28) BOOL Only used in real time sampling
mode. Set when
ABS | DeltaT - RTSTime | >1(.001

second).
RTSTimelnv (Status.29) BOOL Invalid RTSTime value.
RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.
DeltaT (Status.31) BOOL Invalid DeltaT value.

Description

The primary requirement of the SCRV instruction is to ensure that the rate never changes by
more than the specified jerk rate.

You can configure the SCRV instruction to produce an S-Curve profile or a Ramp profile for a
step input.
S-Curve Profile

To produce an S-Curve profile, set JerkRate such that (JerkRate * DeltaT) < AccelRate and/or
DecelRate.
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In S-Curve profile mode, the SCRV instruction ensures that the rate never changes more than
the specified JerkRate. The algorithm used to produce the S-Curve profile is designed to
produce a smooth, symmetric S-Curve for a step input. A trapezoidal integration of Out is
incorporated to facilitate this. As a result, changes in Rate will be less than JerkRate during
portions of the profile.

When a step change occurs on the input, rate is increased to the programmed AccelRate or
DecelRate. The AccelRate or DecelRate is maintained until a point at which rate must begin
decreasing in order for the output to reach input when rate reaches zero.

In some cases, depending on the values of acceleration, deceleration, and jerk, the acceleration
rate or deceleration rate might not be reached before the rate must begin decreasing by jerk
rate.

For very small step changes, the SCRV instruction will not attempt to produce an 'S' profile. In
this mode the entire step will be output and Rate will reflect the change in output. This behavior
will occur if Out = In and the next step change to In can be output with a rate less than or equal
to the programmed JerkRate.

The SCRV instruction supports an algebraic ramp and an absolute value ramp. For an algebraic
ramp, the acceleration condition is defined by an input that is becoming more positive, and the
deceleration condition is defined by an input that is becoming more negative. For an absolute
value ramp, the acceleration condition is defined by an input moving away from zero, and the
deceleration condition is defined by an input moving towards zero.

Ramp Profile

To produce a Ramp profile, set JerkRate such that (JerkRate * DeltaT) = AccelRate and/or

DecelRate.

In Ramp Profile mode, the SCRV instruction always produces a rate of change equal to the
programmed AccelRate or DecelRate until the difference between Qut and In requires less then
AccelRate or DecelRate to reach endpoint.

HoldMode = 0 operates the same as HoldMode = 1. When HoldEnable is set, Out is immediately
held and Rate becomes zero.

The following diagram illustrates how the instruction modifies Out.

Initialize is cleawd and Hold is set Initialize is set

af
Initialize is set \ Initialize and Hold are ¢ lesed
L initialize instruction™

]

Y Initialize and Hold ate cleaed o
bl Ot Initialize is cleared and Hold is set o calculate Out and Rate

-l
-

W \When Initialize is set, the instruction sets the following:
Outn = InitialValue
Outn-1=0utn
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Raten=0
Raten-1=0

@ \When HoldMode is cleared, Out is moving toward In, and HoldEnable is set, the rate begins
decreasing towards zero at the jerk rate. Due to the JerkRate, Out is held at whatever value
it had when the rate reached zero. When the QOut is finally held constant, it has a value that is
different from the value it had the instant that HoldEnable was set.

When HoldMode is set, Out is moving toward In, and HoldEnable is set, the rate is immediately
set to zero. Qut is held at whatever value it had when HoldEnable was set.

Reducing the JerkRate during a transition might cause Out to overshoot the In. If overshoot
occurs, it is the result of enforcing the entered JerkRate. You can avoid an overshoot by
decreasing JerkRate in small steps while tuning or by changing JerkRate while Out = In (not
during a transition).

The time that is required for Out to equal a change in the input is a function of AccelRate,
JerkRate, and the difference between In and Out.

Calculating Output and Rate Values

In transition from an initial value to final value, Out goes through three regions. In region 1and
region 3, the rate of change of Out is based on JerkRate. In region 2, the rate of change of Out is
based on AccelRate or DecelRate.

F system maches AccelRate
Courts Ot = In
Out
...... Riate
Initial output
-
tEgian 1 tegion 2 tegion 3
=ull | -
| -
total time

The Out is calculated for each region as follows:

FinalOutput — Initicl Cutput 5K AccelRate

TotalTime = AreaiRate JerkRate

with these equations for each region:
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Region Equation
region 1 Time, = fecelRate
L TerkRafe
g s send
F(Time) = Imf:a.!’G‘ufpuf+%UerkRate)>< Time
region 2 Time . = JerkRate x (FinalOutput — Inifial Output) —AccelRate’
2 JoriRate » AccelRate
2
; o : AccelRafe
¥(h = Inifial Cufput + IRafe » Ti —ee
(Time) nifia puf + (AccelRafe = Time) T JeriRats
. _ AccelRate
region 3 Times = s
F(Time) = FinelOutput - UerkRate) x [Tme—%%:;“mﬂf—ﬁiﬁf:f
When:

|{nitialCutpui — FinalOutpui| <

ﬂcceiﬂa.ﬁeg
Jerkfaie

the SCRV block does not reach the AccelRate or DecelRate. The Out does the following:

F
Lot Dut = In
system rever
eaches AccelRate |
L)
Dt
...... st
Initial output
region 1 tEgion 3 o
- tatal titne -
where:
. Wraifice! Ouiput — FinalOutpuil
Total Time = 2% J £ i
JerkRate
Affects Math Status Flags
No
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Fault conditions

Table 8.

Minor fault occurs when Fault type Fault code
Feature is enabled and overflow is 4 4
detected.

See Common Attributes on page for operand-related faults.

Execution

Function Block

Condition Function Block Action

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bit bits are set to true

The instruction executes.

Instruction first run N/A

Instruction first scan Clear previous scan data.

Postscan Enableln and EnableQut bits are cleared to false
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

In most coordinated drive applications, a master reference commands line speed for an entire
group of drives. As various references are selected, the drives cannot be presented with "step"
changes in speed reference because differences in load inertia, motor torque, and tuning would
not allow the individual drive sections to react in a coordinated manner. The SCRV instruction
is designed to ramp and shape the reference signal to the drive sections so that acceleration,
deceleration, and jerk, (derivative of acceleration,) are controlled. This instruction provides a
mechanism to allow the reference to the drives to reach the designated reference setpoint in

a manner that eliminates excessive forces and excessive impact on connected machinery and
equipment.
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Function Block
S55UM =

Selected Summer

Master_reference
SSUM_01

master_select - n1

Jog_reference n2

jog_selgct oo -

jerk_rate

Accel/decel rate = 50,000 units/sec?
Jerk rate = 3,000 units/sec?

Step change from
0 to 70000 units

Structured Text

SSUM_01.In1 := Master_reference;
SSUM_01.Select1 := master_select;
SSUM_01.In2 := Jog_reference;
SSUM_01.Select? := jog_select;
SSUM(SSUM_01);

select_out := SSUM_01.0ut;

SCRV_01.In := select_out;
SCRV_01.AccelRate := accel;
SCRV_01.DecelRate := accel;
SCRV_01.JerkRate := jerk_rate;
SCRV(SCRV_01);

scurve_out := SCRV_01.0ut

select out

SCRY

S-Curve

SCRV_02

Accelidecel rate = 50,000 unit/ sec?
Jerk rate = 30,00 units/sec?

scurve_out

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, CompactLogix 5380, ControlLogix 5580, and ControlLogix 5530

controllers.

The SOC instruction is designed for use in closed loop control systems in a similar manner to
the Pl instruction. The SOC instruction provides a gain term, a first order lag, and a second order

lead.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram.
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Function Block
s0C ]

Second-Order Controller

50C_01

Structured Text
S0C(SOC_tag);

Operands

Function Block

Operand Type Format

Description

SOC tag SEC_ORDER_CONTROLLER | Structure

SOC structure

SEC_ORDER_CONTROLLER Structure

Input Parameter Data Type

Description

Enableln BOOL

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

Default is set.

In REAL

The analog signal input to the
instruction.

Valid = any float
Default=0.0

Initialize BOOL

The instruction initialization
command. When set, Out and
internal integrator are set equal to
the value of InitialValue.

Default is cleared.

InitialValue REAL

The initial value input. When
Initialize is set, Out and integrator
are set to the value of InitialValue.
The value of InitialValue is limited
using HighLimit and LowLimit.
Valid = any float

Default=0.0

Gain REAL

The proportional gain for the
instruction. If the value is out of
range, the instruction limits the
value and sets the appropriate bit in
Status.

Valid = any float > 0.0
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Input Parameter

Data Type

Description

Default = minimum positive float

WLag

REAL

First order lag corner frequency in
radians/second. If the value is out
of range, the instruction limits the
value and sets the appropriate bit in
Status.

Valid = see the Description section
below for valid ranges

Default=0.0

WLead

REAL

Second order lead corner frequency
in radians/second. If the value is out
of range, the instruction limits the
value and sets the appropriate bit in
Status.

Valid = see the Description section
below for valid ranges

Default =0.0

Zetalead

REAL

Second order lead damping factor.
If the value is out of range, the
instruction limits the value and sets
the appropriate bit in Status.

Valid =0.0to 10.0

Default=0.0

HighLimit

REAL

The high limit value. This is

the maximum value for Out. If
HighLimit = LowLimit, the instruction
sets HighAlarm and LowAlarm, sets
the appropriate bit in Status, and
sets Out = LowLimit.

Valid = LowLimit < HighLimit =
maximum positive float

Default = maximum positive float

LowLimit

REAL

The low limit value. This is the
minimum value for Out. If HighLimit
= LowLimit, the instruction sets
HighAlarm and LowAlarm, sets the
appropriate bit in Status, and sets
Out = LowLimit.

Valid = maximum negative float =
LowLimit < HighLimit

Default = maximum negative float
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Input Parameter

Data Type

Description

HoldHigh

BOOL

The hold high command. When set,
the value of the internal integrator is
not allowed to increase in value.
Default is cleared.

HoldLow

BOOL

The hold low command. When set,
the value of the internal integrator is
not allowed to decrease in value.
Default is cleared.

TimingMode

DINT

Selects timing execution mode.
0 = Periodic mode

1= 0Oversample mode

2 = Real time sampling mode

For more information about
timing modes, see Function Block
Attributes.

Valid=0to2

Default=0

OversampleDT

REAL

Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default=0

RTSTime

DINT

Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp

DINT

Module time stamp value for real
time sampling mode.

Valid = 0 to 32,767ms
Default=0

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out

REAL

The calculated output of the
algorithm.

HighAlarm

BOOL

The maximum limit alarm indicator.
Set when the calculated value for
Out =HighLimit and the output is
clamped at HighLimit.
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Output Parameter Data Type Description

LowAlarm BOOL The minimum limit alarm indicator.
Set when the calculated value for
Out = LowLimit and the output is
clamped at LowLimit.

DeltaT REAL Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

Gainlnv (Status.1) BOOL Gain < minimum positive float.

WLaglnv (Status.2) BOOL WLag > maximum or WLag <
minimum.

WLeadlnv (Status.3) BOOL WLead > maximum or WLead <
minimum.

Zetal eadInv (Status.4) BOOL Zetalead > maximum or Zetalead <
minimum.

HighLowLimslnv (Status.5) BOOL HighLimit = LowLimit.

TimingModelnv (Status.27) BOOL Invalid timing mode.

For more information about
timing modes, see Function Block
Attributes.

RTSMissed (Status.28) BOOL Only used in real time sampling
mode. Set when ABS | DeltaT -
RTSTime | >1(.001 second).

RTSTimelnv (Satus.29) BOOL Invalid RTSTime value.

RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.

DeltaT (Status.31) BOOL Invalid DeltaT value.
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Structured Text
Operand Type Format Description
SOC tag SEC_ORDER_CONTROLLER | structure SOC structure

See Structured Text Syntax for more information of the syntax of expressions within structured
text.

Description

The SOC instruction provides a gain term, a first order lag, and a second order lead. The
frequency of the lag is adjustable and the frequency and damping of the lead is adjustable. The
zero pair for the second order lead can be complex (damping is less than unity) or real (damping
= to unity). The SOC instruction is designed to execute in a task where the scan rate remains

constant.

The SOC instruction uses the following Laplace Transfer equation.

¥ & +2><Eiead><‘5‘

o)
W and Lead
.S‘[ : +1]
mLag

Parameter Limitations

The following SOC parameters have these limits on valid values.

+1

Parameter Limit

Wlead 0.00001

DeltaT

LowLimif =

aee . 007w
HighLimi¥ = FefiaT

where DeltaT is in seconds

Wlag 00000001
Lowlimit = ————
aw Lim TeltaT
3 L 007n
HighLimif =
RS T A aT
where DeltaT is in seconds
Zetalead LowLimit=10.0

HighLimit =10.0
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Whenever the value computed for the output is invalid or NAN, the instruction sets Out = the
invalid value. The internal parameters are not updated. In each subsequent scan, the output is
computed using the internal parameters from the last scan when the output was valid.

Limiting

The instruction stops wind-up based on state of the Hold inputs.

If:

Then:

HoldHigh is set and Integrator > Integrator

Integrator = Integratory

HoldLow is set and Integrator < Integrator,

Integrator = Integratorp

The instruction also stops integrator windup based on the HighLimit and LowLimit values.

If:

Then:

Integrator > IntegratorHighLimit

Integrator = IntegratorHighLimit

Integrator < IntegratorLowLimit

Integrator = IntegratorLowLimit

where:

IntegratorHighlimit = HighLimit

Integratorlowlimit = Lowlimii =

Fain X Wiag
Wﬁgadz

Fain x Wiag
Wiead

The instruction also limits the value of Out based on the HighLimit and LowLimit values.

If:

Then:

HighLimit = LowLimit

Out = LowLimit

Integrator = IntegratorLowLimit
HighLowLimsInv is set
HighAlarm is set

LowAlarm is set

Out = HighLimit

Out = HighLimit
IntegratorLowLimit,
HighAlarm is set

Out = LowLimit

Out = LowLimit
Integrator = Integratory,
LowAlarm is set

Affects Math Status Flags

No
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Major/Minor Faults

Table 9.

Minor fault occurs when Fault type Fault code
Feature is enabled and overflow is 4 4
detected.

See Common Attributes on page for operand-related faults.

Execution

NOTE: In Structured Text, Enableln is always true during normal scan. Therefore, if the instruction is in the
control path activated by the logic, it will execute. For more details including definitions and general behavior
for all Function Block instructions, refer to Publication 1756-RM006G-EN-P, Advanced Process Control and Drives
Instructions.

Condition/State Action Taken
Prescan No action taken.
Postscan No action taken.

Conditions that occur only during Normal Scan mode

Condition/State Action Taken

Instruction first run The internal parameters and Out are set to 0. Force
recalculation of equation coefficients. The primary
algorithm is not executed but will validate input
parameters.

Instruction first scan The internal parameters and Out are set to 0. Force
recalculation of equation coefficients. The primary
algorithm is not executed but will validate input

parameters.
Enableln is false .EnableQut bit is cleared to false.
Enableln is true .EnableQut bit is set to true.

The instruction’s main algorithm will be executed and
outputs will be updated.

Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
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Condition/State Action Taken
Postscan See Postscan in the Function Block table.
Example

The SOC instruction is a specialized function block that is used in applications where energy

is transferred between two sections through a spring-mass system. Typically in these types of
applications, the frequency response of the process itself can be characterized as shown in the
bode diagram A below:

Diagram A: Process characteristics
LR

|

|

|

|

|
systern natural

frequency

The SOC instruction implements a first order lag filter followed by a PID controller to implement
a transfer function with an integration, a second order zero, (lead,) and a first order pole (lag.)
With this instruction, PID tuning is simplified because the requlating terms are arranged so that
you have WLead and ZLead as inputs to the SOC instruction, rather than Kp, Ki, and Kd values.
The transfer function for the SOC instruction is:

2 2% X g
& + El.ead +1

Wiaad
.5'[ cl +l]
Wiag

Its corresponding bode diagram is shown in Diagram B below.
Diagram B: Second order coniroller

‘\ iy

T— second order lead
(Wi eaq) tnoves gain from
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The SOC instruction can be used in a torque or tension requlating application where a load cell
or force transducer is used as feedback and the output of the regulating scheme operates
directly on the torque (current) minor loop of the drive. In many such applications, the controlled
system may be mechanically under-damped and have a natural frequency which is difficult to
stabilize as it becomes reflected through the feedback device itself.

load

motor o AN~

¥

-
—]

FB

T

REF

Using the SOC instruction, PID tuning is simplified because the regulating terms can be arranged
so that you have WLead and ZLead as inputs to the SOC instruction, rather than Kp, Ki, and Kd
values. In this manner, the corner frequencies of the controller/requlator are easier to adjust
and setup against the real world process. During startup, the natural frequency of the system
and the damping factor can be measured empirically or on-site. Afterward, the parameters of
the requlator can be adjusted to match the characteristics of the process, allowing more gain
and more stable control of the final process.

second order controller Process
P
Wi |
1 + | -
sapond arder 12ad (Wl SSIEM natur l—vl
maves gain from -1 1o 21 frequency
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In the system above, if Wlead is set equal to the system natural frequency, and if Wlag is set
substantially above the desired crossover frequency, (> 5 times crossover), the resulting system

response would look like the following:

W yag

In an actual application, the steps in using and setting up this instruction include:

ilg

Recognize the type of process that is being controlled. If the system's response to a step
function results in a high degree of ringing or can be characterized by the process curve shown

above, this block may provide the requlating characteristics required for stable control.

Determine the natural frequency of the system/process. This can may be arrived at empirically
- or it might be measured on-site. Adjust WLead so that it corresponds with, or is slightly ahead

of, the natural frequency of the process itself.

Tune damping factor, Zlead, so that it cancels out any of the overshoot in the system.

Move WLag out far enough past the system crossover frequency (>5 times) and begin increasing

overall Gain to achieve

Function Block

Process_Error
Regulater_Enable_MNot
Gain
| Lag_Radians_per_sec
Lead_Radians_per_sec -
Damping_Factor
Max_Out

Min_Out

Structured Text

SOC_01.In := Process_Errar;
SOC_O1.Initialize := Requlator_Enable_Not;
S0C_01.Gain := Gain;

S0C_01.WLag := Lag_Radians_per_sec;
SOC_01.WLead := Lead_radians_per_sec;
S0C_01.ZetaLead := Damping_Factor;

Publication 1756-RMO06P-EN-P - September 2025
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SOC_01.HighLimit := Max_Out;
SO0C_01.LowLimit := Min_Out;

soc(soc_on),
S0C_0Out := SOC_01.0ut;

Up/Down Accumulator (UPDN)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, CompactLogix 5380, ControlLogix 5580, and ControlLogix 5590

controllers.

The UPDN instruction adds and subtracts two inputs into an accumulated value.

Available Languages

Ladder Diagram

This instruction is not available for ladder diagram diagram.

Function Block

UPDN )

Structured Text
UPDN(UPDN_tag)

Operands

Function Block

Operand Type Format Description
UPDN tag UP_DOWN_ACCUM Structure UPDN structure
UPDN Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the
instruction does not execute and
outputs are not updated.

Default is set.

Initialize BOOL The initialize input request for the
instruction. When Initialize is set, the
instruction sets Out and the internal
accumulator to InitialValue.
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Input Parameter Data Type Description
Default is cleared.
InitialValue REAL The initialize value of the instruction.
Valid = any float
Default=0.0
InPlus REAL The input added to the accumulator.
Valid = any float
Default=0.0
InMinus REAL The input subtracted from the
accumulator.
Valid = any float
Default=0.0
Hold BOOL The hold input request for the
instruction. When Hold is set and
Initialize is cleared, Out is held.
Default is cleared.
Output Parameter Data Type Description
EnableQut BOOL Indicates if instruction is enabled.
Cleared to false if Out overflows.
Out REAL The output of the instruction.
Structured Text
Operand Type Format Description
UPDN tag UP_DOWN_ACCUM Structure UPDN structure

See Structured Text Syntax for more information of the syntax of expressions within structured

text.

Description

The UPDN instruction follows these algorithms.

Condition

Action

Hold is cleared and
Initialize is cleared

AccumValue , = AccumValue - +InPlus - InMinus

Out = AccumValue |,

Hold is set and
Initialize is cleared

AccumValue , = AccumValue

Out = AccumValue |,

Initialize is set

AccumValue, = InitialValue
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Condition

Action

Out = AccumValue,,

Affects Math Status Flags

No
Fault Conditions
Table 10.
Minor fault occurs when Fault type Fault code
Feature is enabled and overflow is | 4 4

detected.

See Common Attributes on page

Execution

Function Block

for operand-related faults.

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

Internal accumulator is set to zero.

Instruction first scan

N/A

Postscan

Enableln and EnableQut bits are cleared to false.

Structured Text

Condition/State

Action Taken

Prescan

See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

Example

The UPDN instruction integrates counts from one scan to the next. This instruction can be used
for simple positioning applications or for other types of applications where simple integration
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is required to create an accumulated value from a process’s differentiated feedback signal.
In the example below, Initial_Position is set to zero, while Differential_Position_Plus and
Differential_Position_Minus take varying values over a period of time. With this instruction,
InPlus and InMinus could also accept negative values.

Position_Integrated
&

—.{ one task scan
+20

Ditferential _Position_Plus =1
Differential_Position_Minus =0

\

-

T

Initialize_Position

Function Block

Difterential_Position_Plus =1
Differential_Position_Minus =3

|
i

[nitialize_Position

The derivative instruction calculates the amount of change of a signal over time in per-second
units. This instruction is often used in closed loop control to create a feed forward path in the
requlator to compensate for processes that have a high degree of inertia.

Initialize_Position

Initial_Position

Differential_Position_Plus

Differential_Position_Minus

Structured Text

UPDN_O1.Initialize := Initialize_Position;
UPDN_O1.InitialValue := Initial_Position;

UPDN o

Up/Down Accumulator

LUPDN_02

Initialize Ot Position_Integrated
Inttiah/alue

InPlus

InMinus

Hold

UPDN_01.InPlus := Differential_Position_Plus;
UPDN_01.InMinus := Differential_Position_Minus;

UPDN(UPDN_01);
Position_Integrated := UPDN_01.0ut;
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HMI Button Control (HMIBC)

370

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

Use the HMI Button Control (HMIBC) instruction with a PanelView 5500 Human Machine Interface
(HMI) to enable operators to initiate machine control operations, such as jogging a motor or
enabling a valve, with a high degree of accuracy and determinism. The HMIBC instruction also
provides built-in communications diagnostics that permit the instruction to automatically reset
if the communications from the controlling HMI become unavailable.

Each Logix controller supports up to 256 HMIBC tags and up to 32 PanelView 5500 HMI's to
simultaneously communicate and control the instruction.The HMIBC instruction goes active
and enables its output when a PanelView 5500 HMI device initiates a button control operation
associated with the instance tag of the instruction.

IMPORTANT: A PanelView 5000 module must be in the project |0 tree to use the HMIBC instruction.

To function, the Logix controller I/0 configuration must include all of the PanelView 5500 HMIs
that need to interact with the HMIBC instruction. Additionally, the application created for each
PanelView 5500 HMI must include button actions configured to reference each tag associated
with the HMIBC instructions.

f} ATTENTION: Execute this instruction at least once per scan, and do not jump over.

The HMIBC data type:

s available at Controller and Program scope.

 Is not available within Add-On Instruction scope.
 IsusedinaJump to Subroutine (JSR).

 Cannot be used with input and output program parameters
 Is not available within a safety program.

» Must have an external access value of Read/Write. You are not given the option to choose
other external access values.

The HMIBC tag has import and export formats for .L5K, .L5X, and .CSV.

Available Language

Ladder Diagram

HHIBC
HKI Button Control

HMIBC ? [
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Function Block
HMIBC )

HKI Button Control

HWMIBC_01

For the HMIBC tag, use only the Out parameter, and optionally, the ProgFB parameter in Function Block

diagrams.
Structured Text
HMIBC (HMIBC tag)
Operands
These operands are located on the instruction.
Operand Type Format Description
HMIBC tag HMIBC tag Goes active when the data
bit is set
HMIBC Structure
Input parameter Data Type Description
Enableln BOOL Enable input. If false, the instruction

does not execute.

Prog FB BOOL Program Feedback. This value is
not processed by the instruction,
but transmitted to all registered HMI
devices. The purpose or meaning

of this value is user defined. For
example, use this to determine

if the expected action actually
executes when pressing the button
and displays that status on the HMI

device.
Output parameter Data Type Description
EnableOut BOOL Indicates if instruction is enabled.
Button State BOOL Cleared to false when no registered

HMI device buttons are pressed.

Set to true when at least one
registered HMI button is pressed.
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Output parameter Data Type Description
Default value is false.
Out BOOL When Enableln is true:

Cleared to false when none of the
registered HMI devices buttons are
pressed.

Set to true when at least one
registered HMI button is pressed.

When Enableln is false :
Cleared to false

Default value is false.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index through arrays on page 600 for array-indexing

faults.
Execution

Ladder Diagram

Condition

Action Taken

Prescan

The rung-condition-out is set to false.

Rung-condition-in is false

The rung-condition-out is set to false.

Rung-condition-in is true

The rung-condition-out is set to true if any HM
device buttons control operation associated with
the instruction instance tag are pressed. Otherwise,
rung-condition-out is set to false.

Postscan

The rung-condition-out is set to false.

Function Block

Condition/State

Action Taken

Prescan

N/A

Tag.Enableln is false

The instruction does not execute.

Tag.Enableln is true

The instruction does not execute.

Instruction first scan

N/A
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Condition/State Action Taken
Instruction first run N/A

Postscan N/A
Structured Text

Condition/State Action Taken
Prescan

The instruction executes.

Normal Execution

The instruction executes.

Postscan The instruction executes.
Examples
Ladder Diagram
Auto Run_Conv Conv_Fault Conv_Motor
Auto HKMIBC
HMI Button Control

myHMIBC [..]

» An HMIBC instruction is an input instruction and cannot be placed on a rung by itself.

» An HMIBC instruction is highlighted when active.

Function Block

The following example shows the HMIBC instruction as it appears in a function block diagram.

BAND ()
Boolean And
Run_Conv . BAND_01 .
ni Dut [F—
N n2
Auto .
BNOT [..] BAND [.]
HMIBC () Boolean Not Boolean And
HWI Button Control
HHen o BNOT_01 BAND_02
HMIBC_02 . out il Ind out
Dut [F— n2
Conv_Fault E
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Boolean Cr

BOR_01
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n2
BAND [..]
Boolean And
BAND_03

: n1 Dut [F— Conv_Motor
n2

BNOT [

Boolean Mot

BNOT_02
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Structured Text

HMIBC (HMIBC_Conv);

IF(((Auto AND Run_Conv) Or (NOT Auto AND HMIBC_Conv.Out)) AND NOT Conv_Fault)
THEN Conv_Motor: =1;

ELSE Conv_Motor : = 0;

END_IF;
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Filter Instructions

The Filter instructions include these instructions:

Available Instructions

Ladder Diagram

This instruction is not available in Ladder Diagram

Function Block and Structured Text

DERV on page 375 HPF on page 380 LDL2 on page 397 LPF on page 385 NTCH on page 391
Use this

If you want to . .
instruction

Calculate the amount of change of a signal over time in per-second DERV

units.

Filter input frequencies that are below the cutoff frequency. HPF

Filter with a pole pair and a zero pair. LDL2

Filter input frequencies that are above the cutoff frequency. LPF

Filter input frequencies that are at the notch frequency. NTCH

Related information
Drives Instructions on page 319

Logical and Move Instructions on page 455

Process Control Instructions on page 14
Select/Limit Instructions on page 405
Statistical Instructions on page 436

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The DERV instruction calculates the amount of change of a signal over time in per-second units.

Available Languages

Ladder Diagram

This instruction is not available for ladder diagram.
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Function Block

DERW

Derivative

DERV_01

=1

=]
=]
]

(t]

Structured Text
DERV(DERV_tag);

Operands

Function Block

Operand

Type

Format

Description

DERV tag

DERIVATIVE

structure

DERV structure

DERIVATIVE Structure

Input Parameter Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

REAL

The analog signal input to the
instruction.

Valid = any float

Default=0.0

Gain

REAL

Derivative multiplier
Valid = any float
Default=1.0

ByPass

BOOL

Request to bypass the algorithm.
When ByPass is true, the instruction
sets Out = In.

Default is false.

TimingMode DINT

Selects timing execution mode.
0 = periodic mode

1= oversampling mode

2 = Real time sampling mode

For more information about timing
modes, see Function Block Attributes
Valid=0to 2

Default =0
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Input Parameter

Data Type

Description

OversampleDT

REAL

Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default =0

RTSTime

DINT

Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp

DINT

Module time stamp value for real
time sampling mode.

Valid = 0 to 32,767ms

Default =0

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out

REAL

The calculated output of the
algorithm.

DeltaT

REAL

Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

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

TimingModelnv (Status.27)

BOOL

Invalid TimingMode value.

For more information about
timing modes, see Function Block
Attributes.

RTSMissed (Status.28)

BOOL

Only used in real time sampling
mode. Set to true when

ABS (DeltaT - RTSTime) > 1
millisecond.

RTSTimelnv (Status.29)

BOOL

Invalid RTSTime value.

RTSTimeStamplnv (Status.30)

BOOL

Invalid RTSTimeStamp value.

DeltaTlnv (Status.31)

BOOL

Invalid DeltaT value.
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Structured Text
Operand Type Format Description
DERV tag DERIVATIVE structure DERV structure

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

Description

The DERV instruction supports a bypass input that lets you stop calculating the derivative and
pass the signal directly to the output.

When Bypass is The instruction uses this equation
Cleared and DeltaT > 0 In,—In
Out = Gain—2__—®2-1
DeltaT
In, =1,

where DeltaT is in seconds

Set Jut = In,

In,_,=m,

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes for operand-related faults.
Execution

Function Block

Condition/State Action Taken
Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.

Structured Text: NA

Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run N/A

Instruction first scan Recalculate coefficients.
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Condition/State Action Taken

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

Examples

This example is the minimal legal programming of the DERV function block and is only used to
show the neutral text and generated code for this instruction. This is for internal purposes only

and is not a testable case.

Function Block

DERV

Derivative

DERV_02

[=1]
[

Speed_Reference n

Gain

[=1]
[

Feedforward_Gain

Structured Text

DERV_01In := Speed_Reference;
DERV_01.Gain := Feedforward_Gain;
DERV(DERV_01);

PI_01.In := Speed_Reference - Speed_feedback:
PI_01.Kp := Proportional_Gain;

PI_01.WId := Integral_Gain;

PI(PI_O1);

requlator_out := DERV_01.0ut + PI_01.0ut;
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High Pass Filter (HPF)

380

Related information

Function Block Attributes on page 546

Common Attributes on page

Structured Text Syntax on page 563

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 contraollers.

The HPF instruction provides a filter to attenuate input frequencies that are below the cutoff

frequency.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

HPF ]

High-Pass Filter

HPF_01
Structured Text

HPF(HPF_tag);

Operands

Function Block

Operand Type

Format

Description

HPF tag FILTER_HIGH_PASS

structure

HPF structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

REAL

The analog signal input to the
instruction.

Valid = any float
Default=0.0
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Input Parameter

Data Type

Description

Initialize

BOOL

Request to initialize filter control
algorithm. When true, the instruction
sets Out = In.

Default is false.

WLead

REAL

The lead frequency in
radians/second. If WLead <
minimum or WLead > maximum, the
instruction sets the appropriate bit
in Status and limits WLead.

Valid = see Description section below
for valid ranges.

Default=0.0

Order

REAL

Order of the filter. Order controls
the sharpness of the cutoff. If Order
is invalid, the instruction sets the
appropriate bit in Status and uses
Order=1.

Valid=1to 3

Default =1

OversampleDT

REAL

Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default=0

RTSTime

DINT

Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp

DINT

Module time stamp value for real
time sampling mode.

Valid = 0 to 32,767ms

Default =0

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out

REAL

The calculated output of the
algorithm.

DeltaT

REAL

Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status

DINT

Status of the function block.
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Output Parameter Data Type Description

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

WLeadInv (Status.1) BOOL WLead < minimum value or WLead >
maximum value.

Orderlnv (Status.2) BOOL Invalid Order value.

TimingModelnv (Status.27) BOOL Invalid TimingMode value.

For more information about
timing modes, see Function Block
Attributes.

RTSMissed (Status.28) BOOL Only used in real time sampling
mode. Set to true when
ABS (DeltaT - RTSTime) > 1

millisecond.
RTSTimelnv (Status.29) BOOL Invalid RTSTime value.
RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.
DeltaTlnv (Status.31) BOOL Invalid DeltaT value.
Structured Text
Operand Type Format Description
HPF tag FILTER_HIGH_PASS Structure HPF structure

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

Description

The HPF instruction uses the Order parameter to control the sharpness of the cutoff. The HPF
instruction is designed to execute in a task where the scan rate remains constant.

The HPF instruction uses these equations:

When: The instruction uses this transfer function:
Order =1 5
s+
Order=2 2
&
.52 + ﬁ “axomt c;:n2
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When:

The instruction uses this transfer function:

Order=3

3
&

53+Qx52xmj+2xsx 0+

3

with these parameter limits (where DeltaT is in seconds):

Parameter Limitations
WLead first order 0.0000001
LowLimit LeltaT
WLead second order {] ':] ':]':]D 1
LowLimit 1.
DeltaT
WLead third order 0001
LowLimit DeltaT
HighLimit 0.7n
DeltaT

Whenever the value computed for the output is invalid, NAN, or % INF, the instruction sets Out

= the invalid value. When the value computed for the output becomes valid, the instruction

initializes the internal parameters and sets Out = In.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes for operand-related faults.

Execution

Function Block

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut are set to true.

The instruction executes.

Instruction first run

N/A
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Condition/State Action Taken

Instruction first scan Recalculate coefficients.

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

The HPF instruction attenuates signals that occur below the configured cutoff frequency. This
instruction is typically used to filter low frequency "noise" or disturbances that originate from
either electrical or mechanical sources. You can select a specific order of the filter to achieve
various degrees of attenuation. Note that higher orders increase the execution time for the filter
instruction.

The following graphs illustrate the effect of the various orders of the filter for a given cutoff
frequency. For each graph, ideal asymptotic approximations are given with gain and frequency
in logarithmic scales. The actual response of the filter approaches these curves but does not
exactly match these curves.

This example is the minimal legal programming of the HPF function block and is only used to
show the neutral text and generated code for this instruction. This is for internal purposes only
and is not a testable case.

Filter Graph
1st order filter (Gain
101+—-—- L
i : Frequency:
| rad/sec, log scale
I
I
I
Vg
2nd order filter Gain
SH T SRR »
I
w2 A Frequency:
: rad/sec, log scale
I
I
Wi
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Low Pass Filter (LPF)
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Filter Graph
3rd order filter Gain
104—-——-- >
|
+3] Frequency:
: rad/sec, log scale
I
|
wLEH
Function Block
HPF ]
High-Pazs Filter
HPF_02
Velocity Feedback e n Out [—— fitered_welocity_output

Structured Text

HPF_01.In := Velocity_Feedback;
HPF_01.WLead := Cutoff_frequency;
HPF_01.0rder := 2;

HPF(HPF_01);
filtered_velocity_output := HPF_01.0ut

Related information
Common Attributes on page
Structured Text Syntax on page 563

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The LPF instruction provides a filter to attenuate input frequencies that are above the cutoff

frequency.
Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.
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Function Block

LPF [
Low-Pass Fitter

LPF_01

Structured Text
LPF(LPF_tag);

Operands

Function Block

Operand

Type

Format

Description

LPF tag

FILTER_LOW_PASS

Structure

LPF structure

FILTER_LOW_PASS Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

REAL

The analog signal input to the
instruction.

Valid = any float
Default=0.0

Initialize

BOOL

Request to initialize filter control
algorithm. When true, the instruction
sets Qut = In.

Default is false.

WLag

REAL

The lag frequency in radians/second.
If WLag < minimum or WLag >
maximum, the instruction sets the
appropriate bit in Status and limits
WLag.

Valid = see Description section below
for valid ranges

Default=0.0

Order

REAL

Order of the filter. Order controls
the sharpness of the cutoff. If Order
isinvalid, the instruction sets the
appropriate bit in Status and uses
Order=1.

Valid=1t0 3
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Input Parameter Data Type Description
Default =1
TimingMode DINT Selects timing execution mode.

0 = Period mode
1= 0Oversample mode
2 = Real-time sampling mode

For more information about
timing modes, see Function Block
Attributes.

Valid=0to2

Default=0

OversampleDT REAL Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default=0

RTSTime DINT Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp DINT Module time stamp value for real
time sampling mode.
Valid = 0 to 32,767ms

Default=0
Output Parameter Data Type Description
EnableQut BOOL Indicates if instruction is enabled

Cleared to false if Out overflows.

Out REAL The calculated output of the
algorithm.
DeltaT REAL Elapsed time between updates. This

is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

WLaglnv (Status.1) BOOL WLag < minimum value or WLag >
maximum value.
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Output Parameter Data Type Description
Orderlnv (Status.2) BOOL Invalid Order value.
TimingModelnv (Status.27) BOOL Invalid TimingMode value.
RTSMissed (Status.28) BOOL Only used in real time sampling
mode. Set to true when
ABS(DeltaT - RTSTime)>1
millisecond.
RTSTimelnv (Status.29) BOOL Invalid RTSTime value.
RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.
DeltaTInv (Status.31) BOOL Invalid DeltaT value.
Structured Text
Operand Type Format Description
LPF tag FILTER_LOW_PASS structure LPF structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

The LPF instruction uses the Order parameter to control the sharpness of the cutoff. The LPF
instruction is designed to execute in a task where the scan rate remains constant.

The LPF instruction uses

these equations:

When: The instruction uses this Laplace transfer function:
Order=1 o
s+
Order=2 2
£
.::2 + J‘Z_ ®axm+ mz
Order=3 I:'33

53+(2><52><mj+(2x sx mgjx m3

with these parameters limits (where DeltaT is in seconds):

Parameter Limitations
WLag first order 00000001
LowLimit DaltaT
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Parameter Limitations
WLag second order {] ':] UUD 1
LowLimit T o1e T
DeltaT
WLag third order 0.001
LowLimit Daltal
HighLimit 0.7n
DalfaT

Whenever the value computed for the output is invalid, NAN, or % INF, the instruction sets Qut

= the invalid value. When the value computed for the output becomes valid, the instruction

initializes the internal parameters and sets Out = In.

Affects Math Status Flags

Controllers Affects Math Status Flags
ControlLogix 5580 No
CompactLogix 5370, ControlLogix 5570 Yes for the output

Major/Minor Faults

None specific to this instruction. See Common Attributes for operand-related faults.

Execution

Function Block

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

N/A

Instruction first scan

Recalculate coefficients.

Postscan

Enableln and EnableQut bits are cleared to false.
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Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

The LPF instruction attenuates signals that occur above the configured cutoff frequency. This
instruction is typically used to filter out high frequency "noise" or disturbances that originate
from either electrical or mechanical sources. You can select a specific order of the filter to
achieve various degrees of attenuation. Note that higher orders increase the execution time for
the instruction.

The following graphs illustrate the effect of the various orders of the filter for a given cutoff
frequency. For each graph, ideal asymptotic approximations are given with gain and frequency
in logarithmic scales. The actual response of the filter approaches these curves but does not
exactly match these curves.

This example is the minimal legal programming of the LPF function block and is only used to
show the neutral text and generated code for this instruction. This is for internal purposes only
and is not a testable case.

Filter Graph
1st order filter Crairy I
10 ' >
| = |
! \1 Frequency:
: T radisec, log scale
I
|
Uiy
2nd order filter (3ain W
10 : &
I 2 Frequency:
: radfzec, log scale
[
:LJL‘-II
3rd order filter (Fain [
1.0 -
: . Frequency:
| radfsec, 10g1 scale
|
I
LL'LH
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Function Block

LPF ]
Low-Pass Filter
LPF_02
Velocity Feedback - n Out [—— fitered_welocity_output

'...'_ﬁg

[
[=1]

Cutoff_frequency

Structured Text

LPF_01In := Velocity_Feedback;
LPF_01.WLag := Cutoff_frequency;

LPF(LPF_01);
filtered_velocity_output := LPF_01.0ut;
Related information

Function Block Attributes on page 546

Common Attributes on page
Structured Text Syntax on page 563

Notch Filter (NTCH)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The NTCH instruction provides a filter to attenuate input frequencies that are at the notch
frequency.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

NTCH [.]
MNotch Fitter

NTCH_01

Structured Text
NTCH(NTCH_tag);
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Operands

Function Block

Operand

Type

Format

Description

NTCH tag

FILTER_NOTCH

Structure

NTCH structure

FILTER-NOTCH Structure

Input Parameter

Data Type

Description

Enableln

BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

REAL

The analog signal input to the
instruction.

Valid = any float
Default=0.0

Initialize

BOOL

Request to initialize filter control
algorithm. When true, the instruction
sets Out = In.

Default is false.

WNotch

REAL

The filter center frequency in
radians/second. If WNotch <
minimum or WNotch > maximum, the
instruction sets the appropriate bit
in status and limits WNotch.

Valid = see Description section below
for valid ranges

Default = maximum positive float

QFactor

REAL

Controls the width and depth ratio.
Set QFactor =1/ (2*desired damping
factor). If QFactor < minimum or
QFactor > maximum value, the
instruction sets the appropriate bit
in Status and limits QFactor.

Valid = 0.5 t0 100.0

Default=0.5

Order

REAL

Order of the filter. Order controls
the sharpness of the cutoff. If Order
isinvalid, the instruction sets the
appropriate bit in Status and uses
Order=2.

Valid=2or4

Default =2

TimingMode

DINT

Selects timing execution mode.
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Input Parameter Data Type Description

0 = Periodic mode
1=0versample mode
2 = Real time sampling mode2

For more information about
timing modes, see Function Block
Attributes.

Valid=0to2

Default=0

OversampleDT REAL Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default=0

RTSTime DINT Module update period for real time
sampling mode

Valid =1to 32,767Tms

Default =1

RTSTimeStamp DINT Module time stamp value for real
time sampling mode.
Valid = 0 to 32,767ms

Default=0
Output Parameter Data Type Description
EnableQut BOOL Indicates if instruction is enabled.

Cleared to false if Out overflows.

Out REAL The calculated output of the
algorithm.
DeltaT REAL Elapsed time between updates. This

is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

WNotchinv (Status.1) BOOL WNotch < minimum or WNotch >
maximum

QOFactorlnv (Status.2) BOOL QFactor < minimum or QFactor >
maximum
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Output Parameter Data Type Description
Orderlnv (Status.3) BOOL Invalid Order value.
TimingModelnv (Status.27) BOOL Invalid TimingMode value.
For more information about
timing modes, see Function Block
Attributes.
RTSMissed (Status.28) BOOL Only used in real time sampling
mode. Set to true when
ABS (DeltaT - RTSTime) > 1
millisecond.
RTSTimelnv (Status.29) BOOL Invalid RTSTime value.
RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.
DeltaTInv (Status.31) BOOL Invalid DeltaT value.
Structured Text
Operand Type Format Description
NTCH tag FILTER_NOTCH structure NTCH structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

The NTCH instruction uses the Order parameter to control the sharpness of the cutoff. The
QFactor parameter controls the width and the depth ratio of the notch. The NTCH instruction is
designed to execute in a task where the scan rate remains constant.

The NTCH instruction uses this equation:

;
(.5'2 +m2j

;
[32+s><°i+m2]
c

where i is the Order operator with these parameters limits (where DeltaT is in seconds):

Parameter Limitations
WNotch second order 0.000o0o1
LowLimit DaltaT
WNotch fourth order .o
LowLimit DaltaT
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Parameter Limitations

HighLimit 0.7
DalfaT

QFactor LowLimit=0.5

HighLimit =100.0

Whenever the value computed for the output is invalid, NAN, or = INF, the instruction sets Out

= the invalid value. When the value computed for the output becomes valid, the instruction

initializes the internal parameters and sets Out = In.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes for operand-related faults.

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

N/A

Instruction first scan

Recalculate coefficients.

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.
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Example

The NTCH instruction attenuates a specific resonance frequency. Typically, these resonance
frequencies are directly in the range of response being regulated by the closed loop control
system. Often, they are generated by loose mechanical linkages that cause backlash and
vibration in the system. Although the best solution is to correct the mechanical compliance in
the machinery, the notch filter can be used to soften the effects of these signals in the closed
loop requlating scheme.

The following diagram shows the ideal gain curve over a frequency range for a specific center
frequency and ( factor. As increases, the notch becomes wider and shallower. As decreases; the
notch becomes deeper and narrower. The instruction may be set for an order of 2 or an order of
4. Higher orders take more execution time.

This example is the minimal legal programming of the NTCH function block and is only used to
show the neutral text and generated code for this instruction. This is for internal purposes only
and is not a testable case.

2 ==t smaller

Gan 10T

2 =et larger g
’ T Fré—c:uenc',-'
Ly Bokh
Function Block
WNTCH ]
Motch Fitter
frequency_input - MTCH_02 -
o n Out [—— Notch_output
center_frequency — Whotch
QFacto

Motch_width_depth

Structured Text

NTCH_O01.In := frequency_input;
NTCH_01.WNotch := center_frequency;
NTCH_O01.0Factor := Notch_width_depth;
NTCH(NTCH_O1);

Notch_output := NTCH_01.0ut;
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Related information
Common Attributes on page
Structured Text Syntax on page

563

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The LDL2 instruction provides a filter with a pole pair and a zero pair. The frequency and
damping of the pole and zero pairs are adjustable. The pole or zero pairs can be either complex
(damping less than unity) or real (damping greater than or equal to unity).

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

LOL2 ]
Second-Order Lead-Lag
LDLZ 01
Structured Text
LDL2(LDL2_tag);
Operands
Function Block
Operand Type Format Description
LDL2 tag LEAD_LAG_SEC_ORDER Structure LDL2 structure
LEAD_LAG_SEC_ORDER Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If false, the instruction
does not execute and outputs are
not updated.
Default is true.
In REAL The analog signal input to the

instruction.
Valid = any float
Default=0.0
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Input Parameter

Data Type

Description

Initialize

BOOL

Request to initialize filter control
algorithm. When true, the instruction
sets Out = In.

Default is cleared.

WLead

REAL

The lead corner frequency in
radians/second. If WLead <
minimum or WLead > maximum,
the instruction sets the appropriate
bit to true in Status and limits
WLead. If the WLag:WLead ratio >
maximum ratio, the instruction sets
the appropriate bit in Status to true
and limits WLag

Valid = see Description section below
for valid ranges.

Default=0.0

WLag

REAL

The lag corner frequency in
radians/second. If WLag < minimum
or WLag > maximum, the instruction
sets the appropriate bit to true

in Status and limits WLag. If the
WLag:WLead ratio > maximum ratio,
the instruction sets the appropriate
bit to true in Status and limits WLag.
Valid = see Description section below
for valid ranges

Default =0.0

Zetalead

REAL

Second order lead damping factor.
Only used when Order = 2. If
Zetalead < minimum or ZetalLead >
maximum, the instruction sets the
appropriate bit to true in Status and
limits Zetalead.

Valid = 0.0 to 4.0

Default=0.0

Letalag

REAL

Second order lag-damping factor.
Only used when Order = 2. If Zetalag
< minimum or ZetaLag > maximum,
the instruction sets the appropriate
bit to true in Status and limits
Zetalag.

Valid = 0.05 to 4.0

Default = 0.05

Order

REAL

Order of the filter. Selects the first
or second order filter algorithm.

If invalid, the instruction sets the
appropriate bit to true in Status and
uses Order = 2.

398 Publication 1756-RMO0GP-EN-P - September 2025

Rockwell Automation, Inc.



Chapter 3  Filter Instructions

Input Parameter Data Type Description
Valid=1to2
Default=2
TimingMode DINT Selects timing execution mode.

0 = Periodic mode
1= 0versample mode
2 = Real time sampling mode

Valid=0to 2
Default=0

RTSTimeStamp DINT Module time stamp value for real
time sampling mode.
Valid = 0 to 32,767ms

Default=0
Output Parameter Data Type Description
EnableQut BOOL Indicates if instruction is enabled.

Cleared to false if Out overflows.

Out REAL The calculated output of the
algorithm.
DeltaT REAL Elapsed time between updates. This

is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

WLeadInv (Status.1) BOOL WLead < minimum value or WLead >
maximum value.

WLaglnv (Status.2) BOOL WLag < minimum value or WLag >
maximum value.

Zetal eadInv (Status.3) BOOL Lead damping factor < minimum
value or lead damping factor >
maximum value.

Zetalaglnv (Status.4) BOOL Lag damping factor < minimum
value or lag damping factor >
maximum value.
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Output Parameter Data Type Description
Orderlnv (Status.5) BOOL Invalid Order value.
WLagRatiolnv (Status.6) BOOL WLag:WLead ratio greater than
maximum value.
TimingModelnv (Status.27) BOOL Invalid TimingMode value.
For more information about
timing modes, see Function Block
Attributes.
RTSMissed (Status.28) BOOL Only used in real time sampling
mode. Set when
ABS (DeltaT - RTSTime) > 1
millisecond.
RTSTimelnv (Status.29) BOOL Invalid RTSTime value.
RTSTimeStamplnv (Status.30) BOOL Invalid RTSTimeStamp value.
DeltaTlnv (Status.31) BOOL Invalid DeltaT value.
Structured Text
Operand Type Format Description
LDL2 tag LEAD_LAG_SEC_ORDER structure LDL2 structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

The LDL2 instruction filter is used in reference forcing and feedback forcing control
methodologies. The LDL2 instruction is designed to execute in a task where the scan rate

remains constant.

The LDL2 instruction uses these equations:

When: The instruction uses this Laplace transfer function:
Order=1 54
m
His) = Lead
o4
':':'Eag
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When: The instruction uses this Laplace transfer function:
Order=2
rder ;2 +2x‘§zma‘x5+1
]
m Lead
Hiz = 5*‘;‘5
= $ 2 CrgX sy
W7ag iag

Mormalize the filter such that ayp 0= 1

]
S tdmE st

His =
il 427 Lag*s +1
miﬂg W iag
with these parameter limits (where DeltaT is in seconds):
Parameter Limitations
WLead first order 0.0000001
LowLimit DeltaT
WLead second order 0.00001
LowLimit [ ——
DeltaT
HighLimit 0.7n
DeltaT
WLead:WLag ratio If WLead > WLag, no limitations
If WLag > WLead:

»  No minimum limitation for WLag:WLead

«  First order maximum for WLag:WLead = 40:1 and
the instruction limits WLag to enforce this ratio

»  Second order maximum for WLag:WLead = 10:1 and
the instruction limits WLag to enforce this ratio

Zetalead second order only LowLimit=10.0
HighLimit = 4.0

Zetalag second order only LowLimit = 0.05
HighLimit = 4.0

Whenever the value computed for the output is invalid, NAN, or = INF, the instruction sets Out
= the invalid value. When the value computed for the output becomes valid, the instruction

initializes the internal parameters and sets Out = In.
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Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Common Attributes for operand-related faults.

Execution

Function Block

Condition/State

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

The instruction executes.

Enableln and EnableQut bits are set to true.

Instruction first run

Instruction first scan

Recalculate coefficients.

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State

Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

Example

The LDL2 instruction can attenuate between two frequencies or can amplify between two
frequencies, depending on how you configure the instruction. Since the Lead and Lag
frequencies can be set to values that are larger or smaller than each other, this instruction
may behave as a Lead-Lag block, or, as a Lag-Lead block, depending on which frequency is
configured first. Note that higher orders increase the execution time for the filter instruction.

This example is the minimal legal programming of the LDL2 function block and is only used to
show the neutral text and generated code for this instruction. This is for internal purposes only

and is not a testable case.
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Filter

Graph

Ist order lead-lag

(wLead < wlLag)

l Frequency:
rad/sec, log scale

Gain I
10

2nd order lead-lag

(wLead < wLag)

Gain

—————— —-

] i Frequency:
Ol i rad/sec, log scale
1st order lead-lag Gain
(wlag<wlead) | Ll -
-1 Frequancy:

rad/sec, log scale

2nd order lead-lag

(wlLag < wlLead)

Frequency:
rad/sec, log scale

SRR AT ]

g wl_m
Function Block

LDL2 [

Second-Order Lead-Lag
frequency_input - LOL2_02 o

i In Out [—— Lead_lag_output
Lead_frequency _— Wlead
/Lag

Lag_freguency

Structured Text

LDL2_01.In := frequency_input;
LDL2_01.WLead :=
Lead_frequency;

LDL2_01.WLag := Lag_frequency:
LDL2(LDL2_01);

Lead_lag_output := LDL2_01.0ut;
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Related information
Function Block Attributes on page 546
Common Attributes on page
Structured Text Syntax on page 563
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Select/Limit Instructions
The Select/Limit instructions include these instructions:
Available Instructions

Ladder Diagram

This instruction is not available in Ladder Diagram.

Function Block and Structured Text

ESEL on page |HLLonpage |MUXonpage |RLIMonpage |SELonpage |SNEGonpage | SSUM on page

405 413 418 421 425 428 430
If you want to Use this instruction

Select one of as many as six inputs. ESEL

Limit an analog input between two values. HLL

Select one of eight inputs. MUX

Limit the amount of change of a signal over time. RLIM

Select one of two inputs. SEL

Select between the input value and the negative of the | SNEG

input value.

Select real inputs to be summed. SSUM

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Enhanced Select (ESEL) instruction lets you select one of as many as six inputs. Selection
options include:

 Manual select (by operator or by program)
» High select

» Low select

» Median select

« Average (mean) select
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Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

ESEL

Enhanced Select

ESEL_04

Structured Text
ESEL(ESEL_tag);

Operands

Function Block

Operand Type Format Description
ESEL tag SELECT_ENHANCED Structure ESEL structure
SELECT_ENHANCED Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If false, the instruction
does not execute and outputs are
not updated.
Default is true.
In REAL The first analog signal input to the
instruction.
Valid = any float
Default=0.0
In2 REAL The second analog signal input to
the instruction.
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Valid = any float
Default =0.0

In3

REAL

The third analog signal input to the
instruction.

Valid = any float

Default =0.0

In4

REAL

The fourth analog signal input to the
instruction.

Valid = any float

Default =0.0

Inb

REAL

The fifth analog signal input to the
instruction.

Valid = any float

Default=0.0

In6

REAL

The sixth analog signal input to the
instruction.

Valid = any float

Default=0.0

InTFault

BOOL

Bad health indicator for In1. If In1

is read from an analog input, then
InTFault is normally controlled by the
fault status on the analog input. If

all the InnFault inputs are true, the
instruction sets the appropriate bit
in Status, the control algorithm is not
executed, and Out is not updated.
Default = false

In2Fault

BOOL

Bad health indicator for In2. If In2

is read from an analog input, then
In2Fault is normally controlled by the
fault status on the analog input. If

all the InnFault inputs are true, the
instruction sets the appropriate bit
in Status, the control algorithm is not
executed, and Out is not updated.
Default = false

In3Fault

BOOL

Bad health indicator for In3. If In3

is read from an analog input, then
In3Fault is normally controlled by the
fault status on the analog input. If

all the InnFault inputs are true, the
instruction sets the appropriate bit
in Status, the control algorithm is not
executed, and Out is not updated.
Default = false

In4Fault

BOOL

Bad health indicator for In&. If In4
is read from an analog input, then
In4Fault is normally controlled by the

Publication 1756-RMO06P-EN-P - September 2025

407



Chapter &  Select/Limit Instructions

fault status on the analog input. If

all the InnFault inputs are true, the
instruction sets the appropriate bit
in Status, the control algorithm is not
executed, and Out is not updated.
Default = false

In5Fault

BOOL

Bad health indicator for In5. If Inb

is read from an analog input, then
In5Fault is normally controlled by the
fault status on the analog input. If

all the InnFault inputs are true, the
instruction sets the appropriate bit
in Status, the control algorithm is not
executed, and Out is not updated.
Default = false

In6Fault

BOOL

Bad health indicator for In6. If In6

is read from an analog input, then
In6Fault is normally controlled by the
fault status on the analog input. If

all the InnFault inputs are true, the
instruction sets the appropriate bit
in Status, the control algorithm is not
executed, and Out is not updated.
Default = false

InsUsed

DINT

Number of inputs used. This defines
the number of inputs the instruction
uses. The instruction considers

only In1 through Injhgysed in high
select, low select, median select,
and average select modes. If this
value is invalid, the instruction

sets the appropriate bit in status.
The instruction does not update

Out if InsUsed is invalid and if the
instruction is not in manual select
mode and if Override is cleared.
Valid =1to 6

Default =1

Selector Mode

DINT

Selector mode input. This value
determines the action of the
instruction.

0 = manual select
1=High select
2=Low select
3 =Median select

4 = Average select
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If this value is invalid, the instruction
sets the appropriate bit in Status and
does not update Out.

Valid=0to &4

Default =0

ProgSelector DINT

Program selector input. When the
selector mode is manual select and
the instruction is in Program control,
ProgSelector determines which
input (In1-In6) to move into Out. If
ProgSelector = 0, the instruction
does not update Out. If ProgSelector
isinvalid, the instruction sets the
appropriate bit in Status. If invalid
and the instruction is in Program
control, and the selector mode is
manual select or Override is set, the
instruction does not update. Out.
Valid=0to 6

Default =0

OperSelector DINT

Operator selector input. When the
selector mode is manual select and
the instruction is in Operator control,
OperSelector determines which
input (In1-In6) to move into Out. If
OperSelector = 0, the instruction
does not update Out. If OperSelector
is invalid, the instruction sets the
appropriate bit in Status. If invalid
and the instruction is in Operator
control, and the selector mode is
manual select or Override is set, the
instruction does not update Out.
Valid=0to 6

Default=0

ProgProgReq BOOL

Program program request. Set

to true by the user program to
request Program control. Ignored

if ProgOperReq is true. Holding this
true and ProgOperReq false locks the
instruction into Program control.
Default is false.

ProgOperReq BOOL

Program operator request. Set to
true by the user program to request
Operator control. Holding this true
locks the instruction into Operator
control.

Default is false.

ProgOverrideReq BOOL

Program override request. Set to
true by the user program to request
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the device to enter Override mode.
In Override mode, the instruction will
act as a manual select.

Default is false.

OperProgReq

BOOL

Operator program request. Set

to true by the operator interface

to request Program control. The
instruction clears this input to false.
Default is false.

OperOperReq

BOOL

Operator operator request. Set

to true by the operator interface

to request Operator control. The
instruction clears this input to false.
Default is false.

ProgValueReset

BOOL

Reset program control values.
When true, all the program request
inputs are cleared to false on each
execution of the instruction.
Default is false.

Output Parameter

Data Type

Description

EnableOut

BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out

REAL

The calculated output of the
algorithm.

SelectedIn

DINT

Number of input selected. The
instruction uses this value to display
the number of the input currently
being placed into the output. If the
selector mode is average select, the
instruction sets SelectedIn = 0.

ProgQper

BOOL

Program/Operator control indicator.
Set to true when in Program
control. Cleared to false when in
Operatorcontrol.

Override

BOOL

Override mode. Set to true when the
instruction is in Override mode.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.
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InsFaulted (Status.1) BOOL InnFault inputs for all the used Inn
inputs are true.

InsUsedInv (Status.2) BOOL Invalid InsUsed value.

SelectorModelnv (Status.3) BOOL Invalid SelectorMode value.

ProgSelectorlnv (Status.4) BOOL Invalid ProgSelector value.

OperSelectorlnv (Status.5) BOOL Invalid OperSelector value.

Structured Text

Operand Type Format Description

ESEL tag SELECT_ENHANCED structure ESEL structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

The ESEL instruction operates as follows

Condition

Action

SelectorMode = 0 (manual select) or
Override is true, ProgOper is false and OperSelector is
not equal to 0

Out = In[ OperSelector]
SelectedIn = OperSelector

SelectorMode = 0 (manual select) or
Override is true, ProgOper is true and ProgSelector is not
equalto 0

Out = In[ProgSelector]
SelectedIn = ProgSelector

SelectorMode =1(high select) and
Override is false

Out = maximum of In[InsUsed]
SelectedIn = index to the maximum input value

SelectorMode = 2 (low select) and
Override is false

Out = minimum of In[InsUsed]
SelectedIn = index to the minimum input value

SelectorMode = 3 (median select) and
Override is false

Out = median of In[InsUsed]
SelectedIn = index to the median input value

SelectorMode = 4 (average select) and
Override is false

Out = average of In[InsUsed]
Selectedin =0

For SelectorMode 1through 4, a bad health indication for any of the inputs causes that bad input
to be disregarded in the selection. For example, if SelectorMode = 1(high select) and if In6 had
the highest value but had bad health, then the next highest input with good health is moved into

the output.

For high or low select mode, if two inputs are equal and are high or low, the instruction outputs
the first found input. For median select mode, the median value always represents a value
selected from the available inputs. If more than one value could be the median, the instruction

outputs the first found input.
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Switch Between Program Control and Operator Control

The following diagram shows how the ESEL instruction changes between Program control and

Operator control.

S

Uszer program sets ngOperR.eq.m
Bequest takes precedence and is always granted.

O

Operator sets OperOperBed.
Bequest 15 granted if ProgProgRed is cleared.

¥

Prograr Contral

1

User program sets ProgProgReg 2!
Feguest is granted if ProgOperBe is cleared.

Y

Operator Contral

F

Operator sets OperProgRed.
Bequest is granted if ProgOperBed is cleared.

O

(1) You can lock the instruction in Operator control mode by leaving ProgOperReq true.

(2) You can lock the instruction in Program control mode by leaving ProgProgReq true while

ProgOperReq is false.

Affects Math Status Flags
No

Major/Minor Faults

A minor fault will occur if the feature is enabled and overflow is detected (Fault Type: 4, Fault

Code: 4).
Execution

Function Block

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes

Instruction first run

The instruction is set to Operator control.

Instruction first scan

N/A

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.
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Postscan See Postscan in the Function Block table.

Example

This ESEL instruction selects In1, In2, or In3, based on the SelectorMode. In this example,
SelectorMode =1, which means high select. The instruction determines which input value is the
greatest and sets Qut = greatest In.

Function Block

ESEL ]
Enhanced Select
ESEL_02
10.0 20.0
analog_input1 =0 ni COut . output
analog_input? — nz2 1
U
analog_input3 n3

] [ ]
[=1] [=1] [=1]

select

[=1] [=1] [=1] [=1]

Structured Text

ESEL_01.In1:= analog_inputl;
ESEL_01.In2 := analog_input2;
ESEL_01.In3 := analog_input3;
ESEL_01.SelectorMode :=1;
ESEL(ESEL_01);

selected_value := ESEL_01.0ut;

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The High/Low Limit (HLL) instruction limits an analog input between two values. You can select
high/low, high, or low limits.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.
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Function Block

HLL ]

High/Lowe Limit

HLL_04

Structured Text
HLL(HLL _tag);

Operands

Function Block

Operand Type Format Description

HLL tag HL_LIMIT structure HLL structure

HL_LIMIT Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

In REAL The analog signal input to the
instruction.
Valid = any float
Default =0.0

HighLimit REAL The high limit for the Input. If

SelectLimit = 0 and HighLimit =
LowLimit, the instruction sets the
appropriate bit in Status and sets
Out = LowLimit.

Valid = HighLimit > LowLimit
Default=0.0

LowLimit REAL The low limit for the Input. If
SelectLimit = 0 and LowLimit =
HighLimit, the instruction sets the
appropriate bit in Status and sets

Qut = LowLimit.
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Valid = LowLimit < HighLimit
Default=0.0

SelectLimit

DINT

Select limit input. This input has
three settings:

0 = Use both limits

1= Use high limit

2 =Use low limit

If SelectLimit is invalid, the
instruction assumes SelectLimit =
0 and sets the appropriate bit in
Status.

Valid=0to2
Default=0

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out

REAL

The calculated output of the
algorithm.

HighAlarm

BOOL

The high alarm indicator. Set to true
when In 2 HighLimit. The HighAlarm
is disabled when SelectLimit is set to
2.

LowAlarm

BOOL

The low alarm indicator. Set to true
when In = LowLimit. The LowAlarm
is disabled when SelectLimit is set to

1.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

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

LimitsInv (Status.1)

BOOL

HighLimit = LowLimit.

SelectLimitlnv (Status.2)

BOOL

The value of SelectLimitis nota0, 1,
or2.
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Structured Text
Operand Type Format Description
HLL tag HL_LIMIT structure HLL structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

The HLL instruction determines the value of the Out using these rules:

Selection Condition Action
SelectLimit=0 In < HighLimit and Out=In
(use high and low limits) In> LowLimit
In  HighLimit Out = HighLimit
In £ LowLimit Out = LowLimit
HighLimit = LowLimit Out = LowLimit
SelectLimit=1 In < HighLimit Out=1In
(use high limit only)
InZHighLimit Out = HighLimit
SelectLimit=2 In > LowLimit Out=1In
(use low limit only)
In = LowLimit Out = LowLimit

Affects Math Status Flags

No

Major/Minor Faults

A minor fault will occur if the feature is enabled and overflow is detected (Fault Type: 4, Fault

Code: 4).
Execution

Function Block

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.
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The instruction executes.
Instruction first run N/A
Instruction first scan N/A
Postscan Enableln and EnableQut bits are cleared to false.
Structured Text
Condition/State Action Taken
Prescan See Prescan in the Function Block table.
Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

This HLL instruction limits In between two values and sets HighAlarm or LowAlarm, if needed
when In is outside the limits. The instruction sets Out = limited value of In.

Function Block

HLL )
High/Lows Limit
200
value HLL_02 05 limit_value
0.0 [
high_lirmit HighL HighAla - high_alarm
o LowL LowAla -
low_limit - low_alarm

Structured Text

HLL_01.In := value;
HLL_01.HighLimit := high_limit;
HLL_O1.LowLimit := low_limit;
HLL(HLL_O1);

limited_value := HLL_01.0ut;
high_alarm := HLL_01.HighAlarm;

low_alarm := HLL_01.LowAlarm;
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Multiplexer (MUX)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,

GuardLogix 5580, and ControlLogix 5590 controllers.

The Multiplexer (MUX) instruction selects one of eight inputs based on the selector input.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram.

Function Block

MUX )

Multiplexer

MUX_01

[y
T
m
el
Q

Structured Text

This instruction is not available in ladder diagram.

Operands

Function Block

Operand Type Format Description
Block tag MULTIPLEXER Structure MUX structure
MUX Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the

instruction does not execute and
outputs are not updated.
Default is set.
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In

REAL

The first analog signal input to the
instruction.

Valid = any float

Default=0.0

In2

REAL

The second analog signal input to
the instruction.

Valid = any float

Default=0.0

In3

REAL

The third analog signal input to the
instruction.

Valid = any float

Default=0.0

In&

REAL

The fourth analog signal input to the
instruction.

Valid = any float

Default=0.0

In5

REAL

The fifth analog signal input to the
instruction.

Valid = any float

Default=0.0

In6

REAL

The sixth analog signal input to the
instruction.

Valid = any float

Default=0.0

In7

REAL

The seventh analog signal input to
the instruction.

Valid = any float

Default =0.0

In8

REAL

The eighth analog signal input to the
instruction.

Valid = any float

Default =0.0

Selector

DINT

The selector input to the instruction.
This input determines which of the
inputs (1-8) is moved into Out. If this
value is invalid (which includes 0),
the instruction sets the appropriate
bit in Status and holds Out at its
current value.

Valid=1to 8

Default =0

Output Parameter

Data Type

Description

EnableOut

BOOL

Indicates if the instruction is
enabled. Cleared on overflow.
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Out REAL The selected output of the algorithm.
Math status flags are set for this
output.

Status DINT Status of the function block.

InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.

Selectorlnv (Status.1) BOOL Invalid Selector value.

Description

Based on the Selector value, the MUX instruction sets Out equal to one of eight inputs.

Affects Math Status Flags
No

Major/Minor Faults

A minor fault will occur if the feature is enabled and overflow is detected (Fault Type: 4, Fault

Code: 4).
Execution

Function Block

Condition

Action

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

N/A

Instruction first scan

Set internal value of Out to zero.

Postscan

Enableln and EnableQut bits are cleared to false.
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Rate Limiter (RLIM)
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Example

Function Block

analog_inputi
analog_input2

analog_input3

select value

o] o] o]

o] o] o]

o] o] o] o] o]

o] o] o] o] o]

Mux [ L)
Multiplexer
MUX_02 function_block_C

0
=]

This MUX instruction selects In1, In2, or In3, In4, In5, InB, In7, or In8 based on the Selector.
The instruction sets Out = In,, which becomes an input parameter for function_block_C. For
example, if select_value = 2, the instruction sets Out = analog_input2.

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Rate Limiter (RLIM) instruction limits the amount of change of a signal over time.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

RLIM =

Rate Limiter

RLIM_01

o

yPas

o

[

Structured Text
RLIM(RLIM_tag);
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Operands

Function Block

Operand Type Format Description

RLIM tag RATE_LIMITER structure RLIM structure

RATE_LIMITER Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

In REAL The analog signal input to the
instruction.

Valid = any float
Default=0.0

IncRate REAL Maximum output increment rate

in per-second units. If invalid, the
instruction sets IncRate = 0.0 and
sets the appropriate bit in Status.

Valid = any float = 0.0
Default =0.0

DecRate REAL Maximum output decrement rate

in per-second units. If invalid, the
instruction sets DecRate = 0.0 and
sets the appropriate bit in Status.

Valid = any float = 0.0
Default=0.0

ByPass BOOL Request to bypass the algorithm.
When true, Out = In.
Default is false.

TimingMode DINT Selects timing execution mode.
0 = Period mode

1= oversample mode

2 = real time sampling mode

Valid=0to 2
Default=0

OversampleDT REAL Execution time for oversample
mode.

Valid = 0 to 4194.303 seconds
Default =0
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RTSTime

DINT

Module update period for real time
sampling mode

Valid =1to 32,767ms

Default =1

RTSTimeStamp

DINT

Module time stamp value for real
time sampling mode.

Valid = 0 to 32,767ms
Default=0

Output Parameter

Data Type

Description

EnableQut

BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out

REAL

The calculated output of the
algorithm.

DeltaT

REAL

Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

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

IncRatelnv (Status.1)

BOOL

IncRate < 0. The instruction uses 0.

DecRatelnv (Status.2)

BOOL

DecRate < 0. The instruction uses 0.

TimingModelnv (Status.27)

BOOL

Invalid TimingMode value.

For more information about
timing modes, see Function Block
Attributes.

RTSMissed (Status.28)

BOOL

Only used in real time sampling
mode. Set to true when
ABS(DeltaT - RTSTime) > 1
millisecond.

RTSTimelnv (Status.29)

BOOL

Invalid RTSTime value.

RTSTimeStamplnv (Status.30)

BOOL

Invalid RTSTimeStamp value.

DeltaTlnv (Status.31)

BOOL

Set to true in oversample mode
if either DeltaT <=0 or DeltaT >
4194.303.
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Structured Text
Operand Type Format Description
RLIM tag RATE_LIMITER structure RLIM structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

The RLIM instruction provides separate increment and decrement rates in per-second units. The
ByPass input lets you stop rate limiting and pass the signal directly to the output.

Condition Action
ByPass is true Outy =Iny
Outp1=1Inp
ByPass is false and
DeltaT > 0 Siope = 10" Op-1
¢ OPe S —hemar

If Slape £ —DecRate then ¥Slope = -DecRate
[f—DecRate £ Slope £ IncRate then YSlope = Slope
IfIncRate £ Slope then ¥Slope = IncRate

Out, = Outyy + DeltaT x¥Slope

Qut,.q = Out,

where DeltaT is in seconds

Affects Math Status Flags
No

Major/Minor Faults

A minor fault will occur if the feature is enabled and overflow is detected (Fault Type: 4, Fault

Code: 4).
Execution

Function Block

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true

The instruction executes.

Instruction first run

N/A

Instruction first scan

Initialize Out with the value of In.
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Select (SEL)
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Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

Function Block

The RLIM instruction limits In by IncRate. If analog_inputl changes at a rate greater than the
IncRate value, the instruction limits In. The instruction sets Out = rate limited value of In.

Structured Text

RLIM_01.In := analog_input1;
RLIM_O%.IncRate := value;
RLIM(RLIM_O1);

rate_limited := RLIM_01.0ut;

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Select (SEL) instruction uses a digital input to select one of two inputs.
Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

SEL ]

Select

SEL_01

]
i
m
0
(=]
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Structured Text

This instruction is not available in structured text.

Operands

Function Block

Operand Type Format Description

SEL tag SELECT structure SEL structure
SELECT Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the

instruction does not execute and
outputs are not updated.
Default is set.

In REAL The first analog signal input to the
instruction.

Valid = any float

Default =0.0

In2 REAL The second analog signal input to
the instruction.

Valid = any float

Default=0.0

Selectorln BOOL The input that selects between In1
and In2.
Default is cleared.

Output Parameter Data Type Description

EnableQut BOOL Indicates if instruction is enabled.
Cleared on overflow.

Out REAL The calculated output of the
algorithm.

Description

The SEL instruction operates as follows:

Condition Action

Selectorln is set Out=1In2

Selectorln is cleared Out=1n1
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Affects Math Status Flags
No

Major/Minor Faults

A minor fault will occur if the feature is enabled and overflow is detected (Fault Type: 4, Fault

Code: 4).
Execution

Function Block

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

N/A

Instruction first scan

Qut n-Tis set to 0.

Postscan

.Enableln and .EnableOut bits are cleared to false.

Example

The SEL instruction selects In1 or In2 based on Selectorln. If Selectorin is set, the instruction
sets Out = In2. If Selectorln is cleared, the instruction sets Out = In1. Out becomes an input

parameter for function_block_C.

Function Block

SEL L] L]
Select
analog_input1 - SEL_02 function_block_C

analog_input2 n

(]

]
1)

function_block_»A
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Selected Negate (SNEG)
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This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,

GuardLogix 5580, and ControlLogix 5590 controllers.

The Selected Negate (SNEG) instruction uses a digital input to select between the input value

and the negative of the input value.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

SNEG ol

Selectable Negate

SNEG_01

NegateEnable

[F=)

Structured Text
SNEG(SNEG_tag);

Operands

Function Block

Operand Type Format Description
SNEG tag SELECTABLE_NEGATE Structure SNEG structure
SNEG Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If false, the instruction
does not execute and outputs are
not updated.
Default is true.
Structured Text:
No effect. The instruction executes.
In REAL The analog signal input to the
instruction.
Valid = any float
Default=0.0
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NegateEnable BOOL Negate enable. When NegateEnable
is true, the instruction sets Out to
the negative value of In.

Default is true.

Output Parameter Data Type Description

EnableQut BOOL Indicates if instruction is enabled.
Cleared to false if Out overflows.

Structured Text
Operand Type Format Description
SNEG tag SELECTABLE_NEGATE Structure SNEG structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

The SNEG instruction operates as follows:

Condition Action
NegateEnable is true Out=-1In
NegateEnable is false Out=In

Affects Math Status Flags
No

Major/Minor faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.

Execution

Function Block

Condition/State Action Taken
Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.
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Instruction first run N/A

Instruction first scan N/A

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

The negate_enable input determines whether to negate In or not. The instruction sets Out = In if
NegateEnable is false. The instruction sets Out = -In if NegateEnable is true.

Function Block

SNEG L]
Selectable Negate
SNEG_02
25.0 -25.0
analog_input1 n Cut output_walue
MegateEnable

negate_enable

Structured Text

SNEG_01.In := analog_inputT;
SNEG_01.NegateEnable := negate_enable;
SNEG(SNEG_01);

output_value := SNEG_01.0ut;

Selected Summer (SSUM)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Selected Summer (SSUM) instruction uses Boolean inputs to select real inputs to be
algebraically summed.
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Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

SSUM )

Selected Summer

S5UK_MM

ni Jut

] [¥]
(%] T
m

0

=

[y]
i
i
0
.

[y]
in
i
0

=]

[y]
i
i
0

Structured Text
SSUM(SSUM_tag);

Operands

Function Block

Operand Type

Format

Description

SSUM tag SELECTED_SUMMER

Structure

SSUM structure

SELECTABLE_SUMMER Structure

Input Parameter Data Type

Description

Enableln BOOL

Enable input. If false, the instruction
does not execute and outputs are
not updated.

Default is true.

In1 REAL

The first input to be summed.
Valid = any float
Default =0.0

Gainl REAL

Gain for the first input.
Valid = any float
Default =1.0

Selectl BOOL

Selector signal for the first input.
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Default is false.

In2

REAL

The second input to be summed.
Valid = any float
Default=0.0

Gain2

REAL

Gain for the second input.
Valid = any float
Default=1.0

Select2

BOOL

Selector signal for the second input.
Default is false.

In3

REAL

The third input to be summed.
Valid = any float
Default =0.0

Gaind

REAL

Gain for the third input.
Valid = any float
Default=1.0

Select3

BOOL

Selector signal for the third input.
Default is false.

Ink

REAL

The fourth input to be summed.
Valid = any float
Default=0.0

Gaink

REAL

Gain for the fourth input.
Valid = any float
Default=1.0

Selecth

BOOL

Selector signal for the fourth input.
Default is false.

In5

REAL

The fifth input to be summed.
Valid = any float
Default =0.0

Gainb

REAL

Gain for the fifth input.
Valid = any float
Default=1.0

Selectb

BOOL

Selector signal for the fifth input.
Default is false.

In6

REAL

The sixth input to be summed.
Valid = any float
Default=0.0

Gainb

REAL

Gain for the sixth input.
Valid = any float
Default=1.0

Selectb

BOOL

Selector signal for the sixth input.
Default is false.

In7

REAL

The seventh input to be summed.
Valid = any float
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Default=0.0
Gain7 REAL Gain for the seventh input.
Valid = any float
Default=1.0
Select7 BOOL Selector signal for the seventh input.

Default is false.

In8 REAL The eighth input to be summed.
Valid = any float
Default =0.0

Gain8 REAL Gain for the eighth input.
Valid = any float
Default=1.0

Select8 BOOL Selector signal for the eighth input.
Default is false.

Bias REAL Bias signal input. The instruction
adds the Bias to the sum of the
inputs.

Valid = any float

Default=0.0

Output Parameter Data Type Description

EnableQut BOOL Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out REAL The calculated output of the
algorithm.

Structured Text

Operand Type Format Description

SSUM tag SELECTED_SUMMER Structure SSUM structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

The SSUM instruction operates as follows:

Condition Action

No In is selected Out = Bias

One or more In are selected For all n where Selectn is true
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Out = ) (In, x Gainy) + Bias

Affects Math Status Flags
No

Major/Minor Faults

A minor fault will occur if the feature is enabled and overflow is detected (Fault Type: 4, Fault
Code: 4).

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run N/A

Instruction first scan N/A

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

The values of select] and select 2 determine whether to select analog_inputl and analog_input2,
respectively. The instruction then adds the selected inputs and places the result in Out.
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Function Block

SSUM =
Selected Summer
analog_input1 100 S5UM_02 -
- In1 Out [-—— selected_add
select! - Select!
] In2
20
analog_input2 —%| Select2
T n3
select? 1 ) Selecta
h': In4
" 7] Select
Structured Text

SSUM_01.In1 := analog_inputl;
SSUM_01.Selectl := select;
SSUM_01.In2 := analog_input2;
SSUM_01.Select? := select2;
SSUM(SSUM_01);

selected_add := SSUM_01.0ut;
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The Statistical instructions include these instructions:

Available Instructions
Ladder Diagram

Not available

Function Block and Structured Text

MAVE on page 436 MAXC on page 443

MINC on page 446

MSTD on page 449

If you want to

Use this instruction

Calculate a time average value. MAVE
Find the maximum signal in time. MAXC
Find the minimum signal in time. MINC
Calculate a moving standard deviation. MSTD

Moving Average (MAVE)

This information applies to the CompactLogix 5370, ControlLogix 5570, CompactGuardLogix
5370, GuardLogix 5570, CompactGuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Moving Average (MAVE) instruction calculates a time average value for the In signal. This
instruction optionally supports user-specified weights.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

MANE ]
Moving Average
MANE_01

StorageArray storage
WeightArray weight
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Structured Text
MAVE(MAVE _tag,storage,weight);

Operands

Function Block

Operand Type Format Description
MAVE tag MOVING_AVERAGE structure MAVE structure
storage REAL array Holds the moving average

samples. This array must
be at least as large as
NumberOfSamples.

weight REAL array (optional)

Used for weighted
averages. This array

must be at least as large
as NumberOfSamples.
Element [0]is used for the
newest sample; element
[n]is used for the oldest

sample.
MOVING_AVERAGE Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the

instruction does not execute and
outputs are not updated.
Default is set.

In REAL The analog signal input to the
instruction.

Valid = any float
Default=0.0

InFault BOOL Bad health indicator for the input. If
In is read from an analog input, then
InFault is normally controlled by fault
status on the analog input. When
set, InFault indicates the input signal
has an error, the instruction sets the
appropriate bit in Status, and the
instruction holds Out at its current
value. When InFault transitions

from set to cleared, the instruction
initializes the averaging algorithm
and continues executing.

Default is cleared.
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Initialize

BOOL

Initialize input to the instruction.
When set, the instruction holds Out
=In, except when InFault is set, in
which case, the instruction holds Out
at its current value. When Initialize
transitions from set to cleared, the
instruction initializes the averaging
algorithm and continues executing.
Default is cleared.

SampleEnable

BOOL

Enable for taking a sample of In.
When set, the instruction enters the
value of In into the storage array
and calculates a new Out value.
When SampleEnable is cleared and
Initialize is cleared, the instruction
holds Out at its current value.
Default is set.

NumberOfSamples

DINT

The number of samples to be used
in the calculation. If this value is
invalid, the instruction sets the
appropriate bit in Status and holds
Out at its current value. When
NumberOfSamples becomes valid
again, the instruction initializes the
averaging algorithm and continues
executing.

Valid = 1to (minimum size of
StorageArray or WeightArray, if used)
Default =1

UseWeights

BOOL

Averaging scheme input to the
instruction. When set, the instruction
uses the weighted method to
calculate the Out. When cleared, the
instruction uses the uniform method
to calculate Out.

Default is cleared.

Output Parameter

Data Type

Description

EnableOut

BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out

REAL

The calculated output of the
algorithm.

Status

DINT

Status of the function block.

InstructFault (Status.0)

BOOL

The instruction detected one of the
following execution errars. This is
not a minor or major controller error.

438 Publication 1756-RMO0GP-EN-P - September 2025

Rockwell Automation, Inc.



Chapter5  Statistical Instructions

Check the remaining status bits to
determine what occurred.

InFaulted (Status.1) BOOL In health is bad (InFault is set).

NumberOfSamplnv (Status.2) BOOL NumberOfSamples invalid or not
compatible with array size.

Structured Text

Operand Type Format Description

MAVE tag MOVING_AVERAGE structure MAVE structure

storage REAL array Holds the moving average
samples. This array must
be at least as large as
NumberQOfSamples.

weight REAL array (optional)

Used for weighted
averages. This array

must be at least as large
as NumberOfSamples.
Element [0]is used for the
newest sample; element
[n]is used for the oldest

sample.
MOVING_AVERAGE Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the

instruction does not execute and
outputs are not updated.
Default is set.

In REAL The analog signal input to the
instruction.

Valid = any float

Default =0.0

InFault BOOL Bad health indicator for the input. If
Inis read from an analog input, then
InFault is normally controlled by fault
status on the analog input. When

set, InFault indicates the input signal
has an error, the instruction sets the
appropriate bit in Status, and the
instruction holds Out at its current
value. When InFault transitions

from set to cleared, the instruction
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initializes the averaging algorithm
and continues executing.
Default is cleared.

Initialize

BOOL

Initialize input to the instruction.
When set, the instruction holds Out
=In, except when InFault is set, in
which case, the instruction holds Out
at its current value. When Initialize
transitions from set to cleared, the
instruction initializes the averaging
algorithm and continues executing.
Default is cleared.

SampleEnable

BOOL

Enable for taking a sample of In.
When set, the instruction enters the
value of In into the storage array
and calculates a new Qut value.
When SampleEnable is cleared and
Initialize is cleared, the instruction
holds Out at its current value.
Default is set.

NumberOfSamples

DINT

The number of samples to be used
in the calculation. If this value is
invalid, the instruction sets the
appropriate bit in Status and holds
Out at its current value. When
NumberOfSamples becomes valid
again, the instruction initializes the
averaging algorithm and continues
executing.

Valid = 1to (minimum size of
StorageArray or WeightArray, if used)
Default =1

UseWeights

BOOL

Averaging scheme input to the
instruction. When set, the instruction
uses the weighted method to
calculate the Out. When cleared, the
instruction uses the uniform method
to calculate Out.

Default is cleared.

Output Parameter

Data Type

Description

EnableOut

BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows.

Out

REAL

The calculated output of the
algorithm.

Status

DINT

Status of the function block.
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InstructFault (Status.0) BOOL The instruction detected one of the
following execution errars. This is
not a minor or major controller error.
Check the remaining status bits to

determine what occurred.

InFaulted (Status.1) BOOL In health is bad (InFault is set).

NumberOfSamplnv (Status.2) BOOL Number0fSamples invalid or not

compatible with array size.

See Structured Text Syntax on page
within structured text.

for more information on the syntax of expressions

Description

The MAVE instruction calculates a weighted or non-weighted moving average of the input
signal. The NumberQOfSamples specifies the length of the moving average span. At every scan
of the block when Sample Enable is set, the instruction moves the value of In into the storage
array and discards the oldest value. Each In, has a user-configured Weight,, which is used if
UseWeights is set.

Condition Action
Weighted averaging method NumberQfSamples
UseWeights is set. Ous = 5 H@:’ghfx 3 f?!,e
n=1

Uniform averaging method Number0fSamples
UseWeights is cleared.

sum = Z iny,

n=1
Sum
Out = NumberQfSamples

The instruction will not place an invalid In value (NAN or + INF) into the storage array. When
In is invalid, the instruction sets Out = In and logs an overflow minor fault, if this reporting
is enabled. When In becomes valid, the instruction initializes the averaging algorithm and
continues executing.

You can make runtime changes to the NumberOfSamples parameter. If you increase the
number, the instruction incrementally averages new data from the current sample size to the
new sample size. If you decrease the number, the instruction recalculates the average from the
beginning of the sample array to the new NumberOfSamples value.

Initializing the Averaging Algorithm

Certain conditions, such as instruction first scan and instruction first run, require the
instruction to initialize the moving average algorithm. When this occurs, the instruction
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considers the sample StorageArray empty and incrementally averages samples from 1to the
NumberQOfSamples value. For example:

MumberOfSamples = 3, UseWeights is set
Scan 1: Ot = In, *Weizht
Scan 2: Cut = {In *Weight )+ (In, *Weight.)
Scan 3 Cut = (Iny*Weizht )+ (Tny,  ¥Weights) +(In, -*Weizhty)

MurmberOfSamples = 3, UseMieights 15 cleared
Sean 1: Out = In /1

Sean 2: Cut = (In, +In, 3/2
Span 5 Ot = ﬂnn+1ﬂn_1+1ﬂn_2}menbeerSamples

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page 591 for operand-related
faults.

Execution

Function Block

Condition/State Action Taken
Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.

Request re-initialization of Storage array the next time
the instruction executes.

Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run N/A

Instruction first scan Initialize Out to zero.

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

In Structured Text, Enableln is always True during a normal scan. If the instruction is in the
control path activated by the logic, it executes.

Condition/State Action Taken

Prescan See Prescan in the Function Block table.
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Normal Execution See Tag.Enableln is true in the Function Block table.

Postscan See Postscan in the Function Block table.

Example

Each scan, the instruction places input_value in array storage. The instruction calculates the
average of the values in array storage, optionally using the weight values in array weight, and
places the result in Out.

Function Block

WAWE ]
Moving Average
KMAVE_01
input_wvalue . n Out [—— output_wvalue
StorageArra storage
WeightArray weight

Structured Text

MAVE_O1.In := input_value;
MAVE(MAVE_01,storage, weight);
output_value := MAVE_01.0ut;

This information applies to the CompactLogix 5370, ControlLogix 5570, CompactGuardLogix
5370, GuardLogix 5570, CompactGuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Maximum Capture (MAXC) instruction retains the maximum value of the input over time and
allows the user to re-establish a maximum as needed.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.
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Function Block
MAXC ]
Maximum Capture
MAXC_01
Structured Text
MAXC(MAXC_tag);
Operands
Function Block
Operand Type Format Description
MAXC tag MAXIMUM_CAPTURE Structure MAXC structure
MAXIMUM_CAPTURE Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the
instruction does not execute and
outputs are not updated.
Default is set.
In REAL The analog signal input to the
instruction.
Valid = any float
Default=0.0
Reset BOOL Request to reset control algorithm.
The instruction sets Out =
ResetValue as long as Reset is set.
Default is cleared.
ResetValue REAL The reset value for the instruction.
The instruction sets Out =
ResetValue as long as Reset is set.
Valid = any float
Default=0.0
Output Parameter Data Type Description
EnableOut BOOL Enable output.
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Out REAL The calculated output of the
algorithm.
Structured Text
Operand Type Format Description
MAXC tag MAXIMUM_CAPTURE Structure MAXC structure

See Structured Text Syntax on page for more information on the syntax of expressions

within structured text.

Description

The MAXC instruction executes this algorithm:

Condition

Action

Reset is set

LastMaximum = Reset value

Qut = LastMaximum

Reset is cleared

If In > LastMaximum then update LastMaximum.
Out = LastMaximum.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page 591 for operand-related

faults.
Execution

Function Block

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

N/A

Instruction first scan

Set request to initialize the Maximum value with the

current input.

Postscan

Enableln and EnableQut bits are cleared to false.
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Minimum Capture (MINC)

448

Structured Text

In Structured Text, Enableln is always True during a normal scan. If the instruction is in the

control path activated by the logic, it executes.

Condition/State

Action Taken

Prescan

See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

Examples

If Reset is set, the instruction sets Out=ResetValue. If Reset is cleared, the instruction sets
Out=In when In> LastMaximum. Otherwise, the instruction sets Out= LastMaximum.

Function Block

ADD )
arch ! ADD_01
srcB - SourceB
reset_input -
reset_value bl
Structured Text

MAXCTag.In := input_value;
MAXCTag.Reset := reset_input;
MAXCTag.ResetValue := reset_value;
MAXC(MAXCTag);

result := MAXCTag.Out;

WMaXC ]

Waximum Capture

MAXC 01

n Jut MAXCTag.Out

This information applies to the CompactLogix 5370, ControlLogix 5570, CompactGuardLogix
5370, GuardLogix 5570, CompactGuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The Minimum Capture (MINC) instruction retains the minimum value of the input over time and
allows the user to re-establish a minimum as needed.
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Available Languages

Ladder Diagram

This instruction is not available in ladder diagram.

Function Block

WINC ]
Minimum Capture
MINC_01

Fe=ze

Structured Text
MINC(MINC_tag);

Operands

Function Block

Operand Type

Format

Description

MINC tag

MINIMUM_CAPTURE

structure

MINC structure

MINIMUM_CAPTURE Structure

Input Parameter

Data Type

Description

Enableln

BOOL

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

Default is set.

REAL

The analog signal input to the
instruction.

Valid = any float

Default =0.0

Reset

BOOL

Request to reset contral algorithm.

The instruction sets Qut =

ResetValue as long as Reset is set.

Default is cleared.

ResetValue

REAL

The reset value for the instruction.

The instruction sets Out =

ResetValue as long as Reset is set.

Valid = any float
Default=0.0
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Output Parameter Data Type Description

EnableQut BOOL Enable output.

Out REAL The calculated output of the
algorithm.

Structured Text

Operand Type Format Description

MINC tag MINIMUM _CAPTURE structure MINC structure

See Structured Text Syntax on page for more information on the syntax of expressions
within structured text.

Description

The MINC instruction executes this algorithm:

Condition Action

Reset is set LastMinimum = ResetValue

QOut = ResetValue

Reset is cleared If In < LastMinimum then update LastMinimum.
Out = LastMinimum.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page 591 for operand-related
faults.

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run N/A
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Instruction first scan

Set request to initialize the Minimum value with the
current input.

Postscan

Enableln and EnableQut bits are cleared to false.

Structured Text

In Structured Text, Enableln is always True during a normal scan. If the instruction is in the

control path activated by the logic, it executes.

Condition/State

Action Taken

Prescan

See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

Examples

If Reset is set, the instruction set Out=ResetValue. If Reset is cleared, the instruction set Qut=In
when In < LastMinimum. Otherwise, the instruction sets Out= LastMinimum.

Function Block

ADD
ADD_01
Srod or SourceA
srcB oo e
reset_input
reset_value
Structured Text

MINCTag.In := input_value;
MINCTag.Reset := reset_input;

MINCTag.ResetValue := reset_value;

MINC(MINCTag);
result := MINCTag.Out;

Moving Standard Deviation (MSTD)

This information applies to the CompactLogix 5370, ControlLogix 5570, CompactGuardLogix

MINC ]

Minimum Capture

MIMC_01

n Out MINCTag.Out

5370, GuardLogix 5570, CompactGuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

Rockwell Automation, Inc.
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The Moving Standard Deviation (MSTD) instruction calculates a moving standard deviation and

average for the In signal.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

MSTD [

Moving Standard Deviation

MSTD_01

SampleEnabile

StorageArra storage
Structured Text

MSTD(MSTD_tag, StorageArray);

Operands

Function Block

Operand Type Format Description
block tag MOVING_STD_DEV structure MSTD structure
StorageArray REAL array Holds the In samples.

This array must be
at least as large as

NumberOfSamples.
MOVING_STD_DEV Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the
instruction does not execute and
outputs are not updated.
Default is set.
In REAL The analog signal input to the
instruction.
Valid = any float
Default=0.0
InFault BOOL Bad health indicator for the input. If
In is read from an analog input, then
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InFault is normally controlled by fault
status on the analog input. When
set, InFault indicates the input signal
has an error, the instruction sets the
appropriate bit in Status, and the
instruction holds Out and Average at
their current values. When InFault
transitions from set to cleared, the
instruction initializes the averaging
algorithm and continues executing.
Default is cleared.

Initialize BOOL

Initialize input to the instruction.
When set, the instruction sets Out
=0.0 and Average = In, except
when InFault is set, in which case,
the instruction holds both Out and
Average at their current values.
When Initialize transitions from set
to cleared, the instruction initializes
the standard deviation algorithm and
continues executing.

Default is cleared.

SampleEnable BOOL

Enable for taking a sample of In.
When set, the instruction enters the
value of In into the storage array and
calculates a new Out and Average
value. When SampleEnable is
cleared and Initialize is cleared, the
instruction holds Out and Average at
their current values.

Default is cleared.

NumberOfSamples DINT

The number of samples to be used
in the calculation. If this value is
invalid, the instruction sets the
appropriate bit in Status and the
instruction holds Out and Average
at their current values. When
NumberOfSamples becomes valid
again, the instruction initializes the
standard deviation algorithm and
continues executing.

Valid =1to size of the storage array
Default =1

Output Parameter Data Type

Description

EnableQut BOOL

Indicates if instruction is enabled.
Cleared to false if Out overflows
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Out REAL The calculated output of the
algorithm.
Average REAL The calculated average of the
algorithm.
Status DINT Status of the function block.
InstructFault (Status.0) BOOL The instruction detected one of the
following execution errors. This is
not a minor or major controller error.
Check the remaining status bits to
determine what occurred.
InFaulted (Status.1) BOOL In health is bad. InFault is set.
Number0fSamplnv (Status.2) BOOL NumberQfSamples invalid or not
compatible with array size.
Structured Text
Operand Type Format Description
block tag MOVING_STD_DEV structure MSTD structure
StorageArray REAL array Holds the In samples.
This array must be
at least as large as
NumberOfSamples.
See Structured Text Syntax on page for more information on the syntax of expressions
within structured text.
Description
The MSTD instruction supports any input queue length. Each scan, if SampleEnable is set, the
instruction enters the value of In into a storage array. When the storage array is full, each new
value of In causes the oldest entry to be deleted.
The MSTD instructions uses these equations for the outputs:
Condition Action
Average ” Zifimléerﬂlﬁamyksjnn
verage =
£ MNumberQfiamples
Out
F] I 2
e F:iml AR j(.rn;,d —Average)
MNumber Qfiamples
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The instruction will not place an invalid In value (NAN or + INF) into the storage array. When In
is invalid, the instruction sets Out = In, sets Average = In, and logs an overflow minor fault, if this
reporting is enabled. When In becomes valid, the instruction initializes the standard deviation

algorithm and continues executing.

You can make runtime changes to the NumberOfSamples parameter. If you increase the
number, the instruction incrementally processes new data from the current sample size to
the new sample size. If you decrease the number, the instruction re-calculates the standard
deviation from the beginning of the sample array to the new NumberQOfSamples value.

Initializing the Standard Deviation Algorithm

Certain conditions, such as instruction first scan and instruction first run, require the
instruction to initialize the standard deviation algorithm. When this occurs, the instruction
considers the StorageArray empty and incrementally processes samples from 1to the
NumberQOfSamples value. For example:

MumberCOfSamples = 3
Sean 1 Awerage = Iny 1

Ot = Sguare raot (((Inn-ﬂveragejzjh)
Scan 2 Awemaze = (In,+In, 5/2
Out = Squate root ({(Tn,-Averags)+ (I, -Aversgs))/2)
Sean 3: Average = (Iny+Iny  +Iny 0/ Nurmbe 1O famples
Cut = Square root (((Inn-Average)2+('Inn_l-Average)2+|\"[nn_z-Averzge)2’),n"NumberOszmples)

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page 591 for operand-related
faults.

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run Initialize the previous Output and Average.

Instruction first scan Initialize Out to zero.

Initialize Average to Input
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Initialize the instruction algorithm.

Postscan

Enableln and EnableQut bits are cleared to false.

Structured Text

In Structured Text, Enableln is always True during a normal scan. If the instruction is in the

control path activated by the logic, it executes.

Condition/State

Action Taken

Prescan

See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.

Example

Each scan that SampleEnable is set, the instruction places the value of In into array storage,
calculates the standard deviation of the values in array storage, and places the result in Out. Out
becomes an input parameter for function_block_C.

Function Block
ADD =l
STCA o ADD_01 o
srch oo Sourced

enable_sample

Structured Text

MSTD_O01In := input_value;
MSTD_01.SampleEnable := enable_sample;
MSTD(MSTD_01,storage);

deviation := MSTD_01.0ut;
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Logical and Move Instructions
These instructions are used to perform logical operations on and move output data.
Available Instructions

Ladder Diagram and Structured Text

DFF on page 455 JKFF on page 458 RESD on page 461 SETD on page 463

Function Block

Not available
Structured Text
DFF on page 455 JKFF on page 458 RESD on page 461 SETD on page 463

D Flip-Flop (DFF)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The DFF instruction sets the 0 output to the state of the D input on a cleared to set transition of
the Clock input. The ONot output is set to the opposite state of the ( output.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

= =

R
i
=1}
E
(=]

)

Structured Text
DFF(DFF_tag);
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Operands

Function Block

Operand Type Format Description
DFF tag FLIP_FLOP_D structure DFF structure
FLIP_FLOP_D Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the
instruction does not execute and
outputs are not updated.
Default is set.
D BOOL The input to the instruction.
Default is cleared.
Clear BOOL Clear input to the instruction. If set,
the instruction clears ( and sets
ONot.
Clock BOOL Clock input to the instruction.
Default is cleared.
Output Parameter Data Type Description
EnableQut BOOL Indicates if instruction is enabled.
0 BOOL The output of the instruction.
ONot BOOL The complement of the ( output.
Structured Text
Operand Type Format Description
DFF tag FLIP_FLOP_D structure DFF structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

When Clear is set, the instructions clears ( and sets QNot. Otherwise, if Clock is set and Clockn-1

is cleared, the instruction sets 0=D and sets ONot = NOT (D).

The instruction sets Clockn-1= Clock state every scan.
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Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run Clockn-Tis setto 1.
On-1is cleared to 0.

Instruction first scan Previous input Clock state is set True.

Previous output ( state is set False.

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

When Clock goes from cleared to set, the DFF instruction sets = D. When Clear is set, ( is
cleared. The DFF instruction sets QNot to the opposite state of (.
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Function Block

DFF L]
D' Flip Flop
DFF_02
d_input : D Q : q_output
clear_input : Clear QMot [F:— ghot_output
clock_input - Clock
Structured Text

DFF_03.D := d_input;
DFF_03.Clear := clear_input;
DFF_03.Clock := clock_input;
DFF(DFF_03);

g-output := DFF_03.0;
gNot_output := DFF_03.0Not;

JK Flip-Flop (JKFF)

This information applies to the CompactLogix 5370, ControlLogix 5570, Compact GuardLogix
5370, GuardLogix 5570, Compact GuardLogix 5380, CompactLogix 5380, ControlLogix 5580,
GuardLogix 5580, and ControlLogix 5590 controllers.

The JKFF instruction complements the § and QNot outputs when the Clock input transitions
from cleared to set.

Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.
Function Block

JKFF L]
JK Flip Flop

JKFF_01

=]
| 3

[=1] (=]
L= L=

Ll L)
[y]
=
[=

Structured Text
JKFF(JKFF_tag);
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Operands

Function Block

Operand Type Format Description
JKFF tag FLIP_FLOP_JK Structure JKFF structure
FLIP_FLOP_JK Structure
Input Parameter Data Type Description
Enableln BOOL Enable input. If cleared, the
instruction does not execute and
outputs are not updated.
Default is set.
Clear BOOL Clear input to the instruction. If set,
the instruction
clears ( and sets QNot.
Clock BOOL Clock input to the instruction.
Default is cleared.
Output Parameter Data Type Description
EnableOut BOOL Indicates if instruction is enabled.
0 BOOL The output of the instruction.
ONot BOOL The complement of the ( output.
Structured Text
Operand Type Format Description
JKFF tag FLIP_FLOP_JK Structure JKFF structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

When Clear is set, the instructions clears ( and sets QNot. Otherwise, if Clock is set and Clockn-1
is cleared, the instruction toggles ( and ONot.

The instruction sets Clockn-1= Clock state every scan.

Affects Math Status Flags

No
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Major/Minor Faults

None specific to this instruction. See Common Attributes on page for operand-related
faults.

Execution

Function Block

Condition/State Action Taken

Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run Clockn-Tis set to 1.
On-1is cleared to 0.

Instruction first scan Previous input Clock states is set to True.

Previous output 0 state is False.

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Examples

When Clock goes from cleared to set, the JKFF instruction toggles 0. If Clear is set, 0 is always
cleared. The JKFF instruction sets QNot to the opposite state of 0.

Function Block

JKFF L]

JK Flip Flop

JKFF_02
clear_input : Clear Q : q_output
clock_input - Clock QMNot [— qMot_output
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Structured Text

JKFF_01.Clear := clear_input;
JKFF_01.Clock := clock_input;

JKFF(JKFF_01);

g-output := JKFF_01.0;

gNot_output := JKFF_01.0Not;

This information applies to the Compact GuardLogix 5370, ControlLogix 5570, Compact
GuardLogix 5370, GuardLogix 5570, Compact GuardLogix 5380, ControlLogix 5580, and
ControlLogix 5590 controllers.

The RESD instruction uses Set and Reset inputs to control latched outputs. The Reset input has
precedence over the Set input.

Available Languages

Ladder Diagram

This instruction is not available for ladder diagram.

Function Block

RESD )

Reset Dominant

o] [

Structured Text
RESD(RESD_tag);

Operands

Function Block

L= [

Operand Type Format Description

RESD tag DOMINANT_RESET structure RESD structure
DOMINANT_RESET Structure

Input Parameter Data Type Description

Enableln BOOL Enable input. If cleared, the

instruction does not execute and
outputs are not updated.
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Default is set.

Set BOOL Set input to the instruction.
Default is cleared.

Reset BOOL Reset input to the instruction.
Default is cleared.

Output Parameter Data Type Description

EnableQut BOOL Indicates if instruction is enabled.

Out BOOL The output of the instruction.

OutNot BOOL The inverted output of the
instruction.

Structured text

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

Description

The Reset Dominant instruction uses the Set and Reset input parameters to control latched
output parameters Out and OutNot. The Reset input has precedence over the Set input.

Out will be latched true whenever the Set input parameter is set true. Setting the Reset
parameter to true will override the current state of Out, setting Out to false.

When Reset returns to false, Out will be latched to the current state of the Set input parameter.
OutNot will be set to the opposite state of Out.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page for fault related
attributes.

Execution

Function Block

Condition/State Action Taken
Prescan Enableln and EnableQut bits are cleared to false.
Tag.Enableln is false Enableln and EnableQut bits are cleared to false.
Tag.Enableln is true Enableln and EnableQut bits are set to true.

The instruction executes.
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Instruction first run Out bit is set to false. OutNot is set to true.
Instruction first scan N/A

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution See Tag.Enableln is true in the Function Block table.
Postscan See Postscan in the Function Block table.
Example

When Set is true and Reset is false, Out is set true. When Reset is true, Out is cleared. The Reset
input has precedence over the Set input. The RESD instruction sets OutNot to the opposite state
of Qut.

Function Block

RESD [
Reset Dominant
RESD_02
zet_input : Set COut : out_output
rezet_input - Reset Duthlot [F— outhot_output

Structured Text

RESD_01.Set := set_input;
RESD_O1.Reset := reset_input;
RESD(RESD_01);

out_output := RESD_01.0ut;
outNot_output := RESD_01.0utNot;

Set Dominant (SETD)

This instruction applies to the CompactLogix 5370, ControlLogix 5570, ControlLogix 5580, and
ControlLogix 5590 controllers.

The SETD instruction uses Set and Reset inputs to control latched outputs. The Set input has
precedence over the Reset input.
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Available Languages

Ladder Diagram

This instruction is not available in ladder diagram logic.

Function Block

Structured Text
SETD(SETD_tag);

Operands

Function Block

Operand Type Format Description
SETD tag DOMINANT_SET structure SETD structure
Structured text

Operand Type Format Description
SETD tag DOMINANT_SET structure SETD structure

See Structured Text Syntax for more information on the syntax of expressions within structured

text.

DOMINANT_SET Structure

Input Parameter

Data Type

Description

Enableln

BOOL

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

Default is set.

Set

BOOL

Set input to the instruction.
Default is cleared.

Reset

BOOL

Reset input to the instruction.
Default is cleared.
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Output Parameter Data Type Description

EnableQut BOOL Indicates if instruction is enabled.

Out BOOL The output of the instruction.

OutNot BOOL The inverted output of the
instruction.

Description

The Set Dominant instruction uses the Set and Reset input parameters to control latched output
parameters Out and OutNot. The Set input has precedence over the Reset input.

Out will be latched true whenever the Set input parameter is set true. Setting the Reset
parameter to true will set Out to false only if the Set input is false. OutNot will be set to the

opposite state of Out.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Common Attributes on page

faults.

Execution

for operand-related

Condition/State

Action Taken

Prescan

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is false

Enableln and EnableQut bits are cleared to false.

Tag.Enableln is true

Enableln and EnableQut bits are set to true.

The instruction executes.

Instruction first run

QOut bit is set to true. OutNot is cleared to false.

Instruction first scan

N/A

Postscan Enableln and EnableQut bits are cleared to false.
Structured Text

Condition/State Action Taken

Prescan See Prescan in the Function Block table.

Normal Execution

See Tag.Enableln is true in the Function Block table.

Postscan

See Postscan in the Function Block table.
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Example

When Set is true, Out is set true. When Set is false and Reset is true, Out is cleared. The Set input
has precedence over the Reset input. The SETD instruction sets OutNot to the opposite state of
Out.

Function Block

SETD ]
Set Dominant
SETD_02
set_input : Set Chut : out_output
reset_input - Reset Outhot - outNot_output
Structured Text

SETD_01.Set := set_input;
SETD_01.Reset := reset_input;
SETD(SETD_O1);

out_output := SETD_01.0ut;
outNot_output := SETD_01.0utNot;
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Equipment Phase Instructions

The Equipment Phase instructions include:

Available Instructions

Ladder Diagram and Structured Text

PSCon | PCMD POVR PFLon | PCLF PXR0Q PRNP PPDon | PATT PDET
page onpage |onpage |page onpage |onpage |onpage |page on page |onpage
514 471 506 498 475 484 503 510 467 473
Function Block
These instructions are not available in function block.
If want to: Use this instruction:
Signal an equipment phase that the state routine is PSC
complete to indicate that it should go to the next state
Change the state or substate of an equipment phase PCMD
Give a Hold, Stop, or Abort command to an equipment POVR
phase, regardless of ownership
Signal a failure for an equipment phase PFL
Clear the failure code of an equipment phase PCLF
Initiate communication with FactoryTalk Batch software. | PXR0
Clear the NewInputParameters bit of an equipment PRNP
phase
Set up breakpoints within the logic of an equipment PPD
phase
Take ownership of an equipment phase to either: PATT
» Prevent another program or FactoryTalk
Batch software from commanding an equipment
phase
»  Make sure another program or FactoryTalk
Batch software does not already own an equipment
phase
Relinquish ownership of an equipment phase PDET
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This instruction applies to the Compact GuardLogix 5370, Compact GuardLogix 5380,
CompactLogix 5370, CompactLogix 5380, GuardLogix 5570, GuardLogix 5580, ControlLogix 5570,
ControlLogix 5580, and ControlLogix 5530 controllers.

Q When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and phase program are not
scheduled in the highest priority task.

Use the PATT instruction to take ownership of an equipment phase to either:
Prevent another program or FactoryTalk Batch software from commanding an
equipment phase.

» Make sure another program or FactoryTalk Batch software does not already own an
equipment phase.

The PATT instruction lets a program take ownership of an equipment phase.

« Ownership is optional. As long as an equipment phase has no owners, any sequencer
(program in the controller, FactoryTalk Batch software) can command an equipment
phase.

 FactoryTalk Batch software always takes ownership of an equipment phase.

« Once a sequencer owns an equipment phase, no other sequencer can command the
equipment phase.

This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true
each time the instruction should execute.

» InaStructured Text routine, insert a condition for the instruction to cause it to execute
only on a transition.

Available Languages

Ladder Diagram
PATT
Attach to Equipment Phase
Phaze Mame ?
Result ?

Function Block

This instruction is not available in function block.

Structured Text
PATT(Phase_Name,Result);
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Operands
Ladder Diagram
Operand Type Format Description
Phase Name PHASE Name of the equipment Equipment phase to own.
phase
Result DINT immediate To let the instruction
tag return a code for its
success or failure, enter a
DINT tag in which to store
the result code. Otherwise,
enter 0.
Structured Text

The operands are the same as those for the Ladder Diagram PATT instruction.

Guidelines for using the PATT Instruction

Guideline

Details

Consider ownership if have multiple
sequencers that use a common
equipment phase.

Ownership makes sure that a program can command all the equipment

phases it needs and locks out any other sequencers.

If using:

Then:

FactoryTalk Batch software to also
run sequences within this controller

Before executing the sequence
(process), take ownership of all the
equipment phases that the sequence
uses.

Multiple programs to command the
same equipment phase

None of the above

No need to own the equipment
phases.

Remember that Logix Designer
overrides the controller.

Regardless of whether a program or FactoryTalk Batch software owns
an equipment phase, the option exists to use Logix Designer to override
ownership and command the equipment phase to a different state.

This:

Overrides this:

Logix Designer

Controller (internal sequencer),
FactoryTalk Batch software (external
sequencer)

Controller (internal sequencer)

None
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Guideline Details

FactoryTalk Batch software (external | None
sequencer)

Use the Result operand to validate Use the Result operand to get a code that shows the success or failure of
ownership. the PATT instruction. To interpret the result code, see the PATT Result Codes
section below.

Avoid or plan for a result code = On each execution, the PATT instruction tries to take ownership of the
24582. equipment phase. Once a program owns an equipment phase, another
execution of the PATT instruction produces a result code = 24582. When
using a PATT instruction, either:

Limit its execution to a single scan to avoid the 24582 result code.

* Include a result code = 24582 in conditions for ownership.

When the sequence is done, To relinquish ownership, use a Detach from Equipment Phase (PDET)
relinquish ownership. instruction.
PATT Result Codes

If assigning a tag to store the result of a PATT instruction, the instruction returns one of these
codes when it executes:

Code (Dec) Description
0 The command was successful.
24579 Logix Designer or HMI already owns equipment phase.

The caller is attached to the equipment phase, but it is
not the current commanding owner.

+  This program now also owns the equipment phase.

+ Since the Logix Designer or HMI is higher priority
than a program, the program cannot command the
equipment phase.

«  High priority HMI ownership is specific only
to CompactLogix 5370 and ControlLogix 5570

controllers.
24582 The program already owns the equipment phase.
24593 One of these already owns the equipment phase:

«  External sequencer ( FactoryTalk Batch software)

«  Another program in the controller

24594 The equipment phase is unscheduled, inhibited, or in a
task that is inhibited.
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Affects Math Status Flags
No

Major/Minor Faults

None. See Index Through Arrays for operand-related faults.

Execution

For Structured Text, Enableln is always true during normal scan. Therefore, if the instruction is
in the control path activated by the logic, it will execute. All Conditions below the thick solid line

can only occur during Normal Scan mode.

Condition/State Action Taken
Prescan No action taken.
Postscan No action taken.

Enableln is false

No action taken.

Enableln is true

The instruction executes as described above.

Example

Ladder Diagram
If Step.1=1(first step in the sequence) then

Each PATT instruction tries to take ownership of an equipment phase.

If the Result of a PATT instruction = 0 or 24582 (the program owns the equipment phase), then

A bit within the Ownership tag = 1. (In the Ownership tag, each equipment phase is assigned a

bit.)

If Ownership = 3 (The program owns both equipment phases as shown by bits 0 and 1), then
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Step.1 PATT
Attach to Equipment Phase
Phase Name Add_Water
Result PATT_Rezult[0]

BATT

Attach to Equipment Phase
Phase Name Add_ingredient
Reszult PATT_Result[1]

EQU

Equal

Source & Ownership
kL

Source B 3

Structured Text

o
N

N Action_008

)] )

Done = 1.(This signals the sequence to go to the next step.)

EQU
Equal

Source A PATT_Result[0]

Source B

EQU
Equal

245824
0

Source A PATT_Result[0]

Source B

EQU
Equal

24552 4
24582

Source A PATT_Result[1]

Source B

EQU
Equal

245824
0

Source A PATT_Result[1]

Source B

24537 4
24582

PATT (Add_Water, PATT_Resulz[0]);

Take_Ownership

N Action_009
If (PATT_Result([0]

Ownership.0 := 1;

END_IF;
If (PATT_Result[1]

Cwnership.l = 1;

END_IF; \
(i) | Tran_oos (2)

Ownership = 3

AN
©

(8]

Step_001
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= 0) or (PATT_Result[0] = 24582) then
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Number Description

o At the first step in the sequence, the Take_Ownership
action tries to take ownership of two equipment phases
that the sequence uses.

9 Action_009 checks that the program owns the

equipment phases. If the Result of each PATT instruction
=0 or 24282 (the program owns the equipment phase),
then a bit within the Ownership tag = 1. (In the Ownership
tag, each equipment phase is assigned a bit.)

e If the Ownership = 3 (The program owns both equipment
phases as shown by bits 0 and 1.), then the SFC goes to
the next step.

This instruction applies to the Compact GuardLogix 5370, Compact GuardLogix 5380,
CompactLogix 5370, CompactLogix 5380, GuardLogix 5570, GuardLogix 5580, ControlLogix 5570,
ControlLogix 5580, and ControlLogix 5530 controllers.

When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and phase program are not
scheduled in the highest priority task.

Use the PDET instruction to relinquish ownership of an equipment phase.

After a program executes a PDET instruction, the program no longer owns the equipment
phase. This frees the equipment phase for ownership by another program or by FactoryTalk
Batch software. Use the PDET instruction only if the program previously took ownership of an
equipment phase via an Attach to Equipment Phase (PATT) instruction.

This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true
each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute
only on a transition.

Available Languages

Ladder Diagram
FDET
Detach from Eguipment Phase
Phase Name ?

Function Block

This instruction is not available in function block.
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Structured Text
PDET( Phase_Nane) ;

Operands

Ladder Diagram

Operand Type Format Description

Phase Name PHASE Name of the equipment Equipment phase no longer
phase to own.

Structured Text

The operands are the same as those for the Ladder Diagram PDET instruction.

Affects Math Status Flags
No

Major/Minor Faults

None. See Index Through Arrays for operand-related faults.

Execution

For Structured Text, Enableln is always true during normal scan. Therefore, if the instruction is
in the control path activated by the logic, it will execute.

Condition/State Action Taken
Prescan No action taken.
Postscan No action taken.
Enableln is false No action taken.
Enableln is true The instruction executes.
Example
Ladder Diagram

If Step.6 =1(step 6 in the sequence) then
Each PDET instruction relinquishes ownership of the phases that the sequence owned.

Each Ownership bit = 0. (In the Ownership tag, each equipment phase is assigned a bit.)
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Done =1.(This signals the sequence to go to the next step.)

Step.6 PDET Ownership.0
Detach from Equipment Phase
Phase Name Add_Water

PDET Orwnership.1
Detach from Equipment Phase
Phase Name Add_Ingredient

PDET Ownership.2
Detach from Equipment Phase
Phase Name Agitate
PDET Ownership.3
Detach from Equipment Phase
Phaze Name Drain_Tank
Step_Done
Structured Text
= o P1 Relinguish_Ownership )
PDET (Add Water); Ownership.0 = 0;
Complete PDET (4dd_TIngredient); Ownership_1 := 0;
EDET (Agitate); Ownership.Z = 0;

PDET (Drain Tank); Ownership.3 = 0;

When the sequence executes, the Relinquish_Ownership action:
* Relinquishes ownership of the equipment phase.

«  Clears the ownership flags (bits that the SFC set when it took ownership of the equipment
phases).

Using an action Qualifier of type P1limits the action execution to the first scan of that step.

This instruction applies to the Compact GuardLogix 5370, Compact GuardLogix 5380,
CompactLogix 5370, CompactLogix 5380, GuardLogix 5570, GuardLogix 5580, ControlLogix 5570,
ControlLogix 5580, and ControlLogix 5530 controllers.

Use the PCLF instruction to clear the failure code of an equipment phase.

The PCLF instruction clears the failure code for an equipment phase.
» Use only a PCLF instruction to clear the failure code of an equipment phase.

« ACLRinstruction, MOV instruction, or assignment (:=) does not change the failure code of
an equipment phase.

Make sure the equipment phase does not have other owners when using the PCLF instruction.
The PCLF instruction will not clear the failure code if Logix Designer, HMI, FactoryTalk Batch
software, or another program owns the equipment phase.

* High priority HMI ownership is specific only to the CompactLogix 5370 and ControlLogix
5570 controllers.
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When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and phase program are not
scheduled in the highest priority task.

This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true
each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute
only on a transition.

Available Languages

Ladder Diagram
PCLF
Egquipment Phase Clear Failure
Phase Hame ?

Function Block

This instruction is not available in function block.

Structured Text
PCLF(Phase_Name):

Operands

Ladder Diagram

Operand Type Format Description

Phase Name PHASE Name of the equipment Equipment phase whose
phase failure code to clear.

Structured Text

The operands are the same as those for the Ladder Diagram PCLF instruction.

Affects Math Status Flags
No

Major/Minor Faults

None. See Index Through Arrays below for operand-related faults.

Execution

For Structured Text, Enableln is always true during normal scan. Therefore, if the instruction is
in the control path activated by the logic, it executes.
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Condition/State Action Taken
Prescan No action taken.
Postscan No action taken.

Enableln is false

No action taken.

Enableln is true

The instruction executes as described above.

Example

Ladder Diagram

If Drain_Tank_Restart =1(restart the Drain_Tank equipment phase) then

Clear the failure code of the Drain_Tank equipment phase

Change the state of the Drain_Tank equipment phase to restarting via the restart command.

Drain_Tank_Restart = 0;

Drain_Tank_Restart

Structured Text

(*If Drain_Tank_Restart = on, then

Equipment Phase Clear Failure

PCMD Drain_Tank_Restart
Eguipment Phase Command
Ph Name  Drain_Tank
Restart
Result ReturnResult

Clear the failure code for the Drain_Tank equipment phase.

Restart the Drain_Tank equipment phase.
Turn off Drain_Tank_Restart.*)

If Drain_Tank_Restart Then

PCLF(Drain_Tank);

PCMD(Drain_Tank,Restart,0);

Drain_Tank_Restart := 0;

End_If;

This instruction applies to the Compact GuardLogix 5370, Compact GuardLogix 5380,
CompactLogix 5370, CompactLogix 5380, GuardLogix 5570, GuardLogix 5580, ControlLogix 5570,
ControlLogix 5580, and ControlLogix 55930 controllers.

When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and phase program are not
scheduled in the highest priority task.

The PCMD instruction transitions an equipment phase to the next state or sub-state.
Use the PCMD instruction to change the state or sub-state of an equipment phase.
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In the running state routine, use the PSC instructions to transition the equipment phase to the
complete state. For more information about Paused functionality, please see the PPD phase
instruction.

+ Thisis a transitional instruction. Follow these steps when using it:

- Inladder logic, insert an instruction to toggle the rung-condition-in from false to
true each time the instruction should execute.

- InaStructured Text routine, insert a condition for the instruction to cause it to
execute only on a transition.

O The PPD instruction is necessary for using pause functionality.

T Start ﬂ Hald ﬂ
Idla_}—) Running *—» Holding

j =

Resatting" Restarting

A A
Stop Abort
Res b A l Ahart i 9
eset —a ay Abort N
Cornpleta] Stopping" —» Aborting
Reset SlnppsdJ | Aborted
( Paused ] T ;
N
Number Description

o Command

Some states need a command to go to the next state.
If the equipment phase is in the idle state, a start
command transitions the equipment phase to the
running state. Once in the running state, the equipment
phase executes its running state routine.

9 Other states use a Phase State Complete (PSC)

instruction to go to the next state. If the equipment
phase is in the holding state, a PSC instruction
transitions the equipment phase to the held state. Once
in the held state, the equipment phase needs a restart
command to go to the restarting state.

e Sub-state

Use Auto Pause, Pause, and Resume to test and debug

a state routine. The sub-states require the Equipment
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Number

Description

Phase Paused (PPD) instruction to create breakpoints in
the logic.

Use the auto pause, pause, and resume commands to
step through the breakpoints.

Available Languages

Ladder Diagram
PCKMD
Eguipment Phase Command
Phase Mame ?
Command ?
Result ?

Function Block

This instruction is not available in function block.

Structured Text
PCMD (PhaseName,Command,Result);

Operands
Ladder Diagram
Operand Type Format Description
Phase Name PHASE Name of the equipment Equipment phase to
phase change to a different state.
Command command Command enumeration Command to send to
value the equipment phase
to change its state. For
available commands, refer
to the illustration above.
Result DINT immediate To let the instruction
tag return a code for its
success or failure, enter a
DINT tag in which to store
the result code. Otherwise,
enter 0.
Structured Text

The operands are the same as those for the Ladder Diagram PCMD instruction.
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Guidelines for using the PCMD Instruction

Guideline Details
Limit execution of a PCMD Limit the execution of the PCMD instruction to a single scan. Each command
instruction to a single scan. applies to only a specific state or states. Once the equipment phase

changes state, the command is no longer valid. To limit execution, use
methods such as:

«  Execute the PCMD instruction within a P1Pulse (Rising Edge) or PO
Pulse (Falling Edge) action.

« Place a one shot instruction before the PCMD instruction.

« Execute the PCMD instruction and then advance to the next step.

Determine if need ownership of the | As an option, a program can own an equipment phase. This prevents
equipment phase. another program or FactoryTalk Batch software from also commanding the
equipment phase.

If using: Then:

FactoryTalk Batch software to also | Also run procedures (recipes) within
run procedures (recipes) within this | this controller. Before using a
controller PCMD instruction, use an Attach to
Equipment Phase (PATT) instruction
to take ownership of the equipment
phase.

Multiple programs to command the | Use an Attach to Equipment Phase
same equipment phase (PATT) instruction to take ownership
of the equipment phase.

None of the above There is no need to own the
equipment phase.

-

Using a POVR instruction instead of a Giving the hold, stop, or abort command?

PCMD instruction. - No - Use the PCMD instruction.
- Yes-Gotostep2.

2. Must the command work even if the equipment phase is under manual
control via Logix Designer?

- Yes - Use the POVR instruction instead.
- No-Gotostep3.

3. Must the command work even if FactoryTalk Batch software or another
program owns the equipment phase?

- Yes - Use the POVR instruction instead.
- No - Use the PCMD instruction.

For example, suppose the equipment checks for jammed material. And if
there is a jam, the equipment should always abort. In that case, use the
POVR instruction. This way, the equipment aborts even if under manual
control via Logix Designer.
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Guideline Details

Determine if need a return code. Use the Result operand to get a code that shows the success or failure of

the PCMD instruction.

Then in the Result operand, enter a:

Anticipate ownership conflicts or DINT tag, in which to store a code

conflicts or other possible errors

other possible errors for the result of the execution of the
instruction.
Do not anticipate ownership 0

Want to interpret the result code,
refer to the Result Codes table below.

PCMD Result Codes

If assigning a tag to store the result of a PCMD instruction, the instruction returns one of these

codes when it executes:

Code (Dec) Description

0 Successful command.

24577 Valid command.

24578 Invalid command for the current state of the equipment
phase. For example, if the equipment phase is in the
running state, then a start command is not valid.

24579 Cannot command the equipment phase. One of these
already owns the equipment phase.

»  Logix Designer
« HMI
« external sequencer (for example, FactoryTalk Batch
software)
« another program in the controller
24594 Unscheduled or inhibited equipment phase or in an

inhibited task.

Q High priority HMI ownership is specific only to CompactLogix 5370 and ControlLogix 5570 controllers.

Affects Math Status Flags
No
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Major/Minor Faults

None. See Index Through Arrays for operand-related faults.

Execution

For Structured Text, Enableln is always true during normal scan. Therefore, if the instruction is
in the control path activated by the logic, it will execute. All conditions below the think solid line
can only occur during Normal Scan mode.

Condition/State

Action Taken

Prescan

No action taken.

Postscan

No action taken.

Enableln is false

No action taken.

Enableln is true

The instruction executes as described above.

Example 1

Ladder Diagram

irce A ProcedureB_Stepindex
204
Source B 20

Ny ONS_0 PCMD

Add_Water
C | Start
Result ReturnPCHD

Add_Water Completa PCMD
Equif Phase Command
Add_Water

Command Reset
Resul ReturnPCMD

Source 30

23t Procedureb_Stepindex
20

EQU
: urce & ProcedureB_Stepindex
204
SOUNCe o 20
Number

Description

If ProcedureB_Stepindex = 20 (the routine is at step 20)

And this is the transition to step 20 (the ONS instruction
signals that the EQU instruction went from false to true.)

Then
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Number

Description

Change the state of the Add_Water equipment phase to
running via the start command.

(2

If ProcedureB_Stepindex = 20 (the routine is at step 20)

And the Add_Water equipment phase is complete
(Add_Water.Complete =1)

Then

Change the state of the Add_Water equipment phase to
resetting via the reset command. Advance to step 30.

Structured Text
— — P1  Action_000
= o) -
PCMD (Rdd Water, Start, ReturnPCMD); o
Add Water_Step
PO Action_004

<

PCMD (Rdd Water, HReset, ReturnResult); 9

[..] | Tran_ood
kdd Water.Complete

Number

Description

When the SFC enters Add_Water_Step, change ADD_Water
equipment phase to running via the start command, The
P1 qualifier limits this to the first scan of the step.

(2

Before the SFC leaves Add_Water_Step
(Add_Water_Complete =1), change Add_Water equipment
phase to resetting via the reset command. The PO
qualifier limits this to the last scan of the step.

Example 2

Ladder Diagram

EQU MyONS_1

Source A ProcedureB_Stepindex
0=

30

Rockwell Automation, Inc.
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Q If ProcedureB_Stepindex = 30 (the routine is at step 30)

And this is the transition to step 30 (the ONS instruction signals that the EQU instruction went from false

to true.)

Then

Change the state of the Add_Water equipment phase to running via the start command.

Verify that the command was successful and store the result code in PCMD_Result{1][DINT Tag].

Structured Text

|:| = P1  Action_001

i BCHD{2dd Ingredient,
Add_Ingredient_Step -
PO | Action_005

PCHMD (ARdd_ Ingredient,

(] | Tran_oo2
4dd Ingredient.Complete

Start,

Reset,

PCMD Result[Z]);

BCMD Result[2]);

O When the SFC enters Add_Ingredient_Step

»  Change Add_Ingredient equipment phase to running via the start commend.

- Verify that the command was successful and store the result code in PCOM_Result[2] (DINT tag).

The P1 qualifier limits this to the first scan of the step.

Phase External Request (PXR()

This instruction applies to the Compact GuardLogix 5370, Compact GuardLogix 5380,
CompactLogix 5370, CompactLogix 5380, GuardLogix 5570, GuardLogix 5580, ControlLogix 5570,

ControlLogix 5580, and ControlLogix 5590 controllers.

O When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and phase program are not

scheduled in the highest priority task.

Use the PXRQ instruction to initiate communication with FactoryTalk® Batch software.

IMPORTANT: When the PXR0 instruction is used in an Equipment Sequence, only the Download All (1000) request
and the Upload All (2000) request are supported. All other PXRQ instruction requests are ignored.

The PXRQ instruction sends a request to FactoryTalk Batch software.

This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true

each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute

only on a transition.
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Available Languages

Ladder Diagram
PR
Egquipment Phase External Reguest EM
Phase Instruction ? ER
External Regues ? IP
Data Value ? PC

Function Block

This instruction is not available in function block.

Structured Text

PXR0 (Phase_Instruction, External_Request, Data_Value);

Operands

Ladder Diagram

Operand Type Format Description

Phase Instruction PHASE_INSTRUCTION tag Tag that controls the
operation.

External Request request enumeration value Type of request.

Data Value DINT array tag Parameters of the request.

Structured Text

The operands are the same as those for the Ladder Diagram PXRQ instruction.

PHASE_INSTRUCTION Data Type

Then check or set
If want to: . Data type Notes
this member:
Determine if a EN BOOL Refer to the timing diagram below.
false-to-true
transition caused
the instruction to
execute
Determine if the ER BOOL Refer to the timing diagram below.
request failed To diagnose the error, refer to the ERR and
EXERR values.
Determine if the PC BOOL Refer to the timing diagram below.
FactoryTalk Batch
software completed
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Then check or set

If want to: . Data type Notes

this member:

its processing of the

request

Determine if IP BOOL Refer to the timing diagram below.

the FactoryTalk

Batch software

is processing the

request

Determine if the WA BOOL Refer to the timing diagram below.

instruction sent WA also = 0 if:

the request but

FactoryTalk Batch The connection times out

software has not yet » Anetwork error occurs

acknowledged it

* ABORT=1
Cancel the request | ABORT BOOL To abort (cancel) the request, set the ABORT
bit =1. When the controller aborts the
instruction:
 ER=1
»  ERR shows the result of the abort
 Diagnose the ERR INT If ER =1, the error code gives diagnostic
cause of an information. To interpret the error code, see
error PXRQ Error Codes.

« Write logic to EXERR INT If ER =1, the extended error code gives
respond to additional diagnostic information for some
specific errors errors. To interpret the extended error code,

see PXRQ Error Codes.

Use one member for | STATUS DINT For this member: Use this bit:

the various status

bits of the tag EN 3

ER 28
PC 21
IP 26
WA 25
ABORT 24
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Timing Diagram
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Guidelines for using the PXR0 Instruction

Guideline

Details

Make sure to use an array for the Data Values operand.

The Data Values operand requires a DINT array, even if
the array contains only 1element (that is, the data type
is DINT[1]).

In Ladder Diagram, condition the instruction to execute
on a transition.

This is a transitional instruction. Each time the
instruction executes, toggle the Enableln from false to
true

In Structured Text, use a construct to condition the
execution of the instruction.

When programming a PXRQ instruction in structured
text, consider:

< Instructured text, instructions execute each time
they are scanned.

« The PXR0 instruction updates its status bits only
when it is scanned.

» To keep the instruction from repeatedly executing
but ensure that the status bits update, enclose the
instruction in a construct that:

- Initiates the execution of the instruction only
on a transition (change in conditions).

- Remains true until either PC=1or ER=1

Configure the PXR0Q Instruction

Then configure the PXRQ
If you want to: ) .

instruction as follows:

External request Data Value Array Element | Value
Download all input Download Input DINT[O] 0
parameters Parameters
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Then configure the PXRQ
If you want to: . .
instruction as follows:

Download a single input Download Input DINT[O] parameter ID

parameter Parameters

Download a range of input | Download Input DINT[O] parameter ID of the first

parameters Parameters parameter

DINT[1] Number of parameters to

download

Download the input Download Input DINT[0] start =1

parameters configured for | Parameters Subset transfer of control = 2

automatic download on

start or transfer of control

Download all output Download Output DINT[O] 0

parameters Parameter Limits

Download a single output | Download Output DINT[O] parameter 1D

parameter Parameter Limits

Upload all reports Upload Output Parameters | DINT[O] 0

Upload a single report Upload Output Parameters | DINT[0] report ID

Upload a range of reports | Upload Output Parameters | DINT[0] report ID of the first report

DINT[1] Number of reports to

download

Upload the output Upload Output Parameters | DINT[0] terminal =1

parameters configured Subset transfer of control = 2

for automatic upload on

terminal state or transfer

of control

Send a message to an Send Message to Operator | DINT[O] message D

operator

Clear a message froman | Clear Message to Operator | DINT[0] 0

operator

Acquire a resource Acquire Resources DINT[0] equipment ID

Upload the output Upload Output Parameters | DINT[0] terminal =1

parameters configured Subset transfer of control = 2

for automatic upload on

terminal state or transfer

of control

Send a message to an Send Message to Operator | DINT[O] message |D

operator
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Then configure the PXRQ
If you want to: . .
instruction as follows:
Clear a message froman | Clear Message to Operator | DINT[O] 0
operator
Acquire a resource Acquire Resources DINT[O] equipment ID
Acquire multiple resources | Acquire Resources DINT[O] equipment 1D
DINT[1] equipment ID
Release a single resource | Release Resources DINT[0] equipment ID
Release multiple resources | Release Resources DINT[O] equipment 1D
DINT[T] equipment ID
Release all resources Release Resources DINT[O] 0
Send a message (and Send Message to Linked DINT[O] message D
optional data) to another | Phase
phase
DINT[1] Number of phases to
receive message
DINT[2] Message Value
DINT[3] Message Value
Send a message (and Send Message to Linked DINT[O] message |D
optional data) to another | Phase and Wait
phase and wait for the
phase to receive the
message
DINT[1] Number of phases to
receive message
DINT[2] Message Value
DINT[3] Message Value
Wait to receive a message | Receive Message From DINT[O] message D

from another phase

Linked Phase
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Then configure the PXRQ
If you want to: . .
instruction as follows:
DINT[T] Message Value
DINT[2] Message Value
Cancel a message to Cancel Message to Linked | DINT[0] message D
another phase Phase
Cancel all messages to Cancel Message to Linked | DINT[0] 0
another phase Phase
Download customer's Download Batch Data DINT[O] 1
batch ID
DINT[1] parameter ID in which to
store the value
Download unique batch ID | Download Batch Data DINT[O] 2
DINT[1] parameter ID in which to
store the value
Download phase ID Download Batch Data DINT[O] 3
DINT[1] parameter ID in which to
store the value
Download recipe control Download Batch Data DINT[O] 4
versus manual phase
control
DINT[1] parameter ID in which to
store the value
Download current mode of | Download Batch Data DINT[O] 5
the phase
DINT[T] parameter ID in which to
store the value
Download the low limit of | Download Batch Data DINT[O] 6
an input parameter The input parameter tag
stores the low limit.
Download the high limit of | Download Batch Data DINT[0] 7
an input parameter The input parameter tag
stores the high limit.
Download the high limit of | Download Batch Data DINT[O] 7

an input parameter
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If you want to:

Then configure the PXRQ
instruction as follows:

The input parameter tag
stores the high limit.

Download data about the | Download Material Manager | DINT[0] 1
container currently in use | Data Container In Use
DINT[T] Attribute ID (specify the
single attribute)
DINT[2] Phase parameter ID
(specify the parameter tag
to download the value to)
Download data about the Download Material Manager | DINT[0] 2
current material inside the | Data Container In Use
container currently in use
DINT[1] Attribute ID (specify the
single attribute)
DINT[2] Phase parameter ID
(specify the parameter tag
to which to download the
value)
Download data about Download Material Manager | DINT[0] 3
the current lot inside the Data Container In Use
container currently in use
DINT[1] Attribute ID (specify the
single attribute)
DINT[2] Phase parameter ID
(specify the parameter tag
to which to download the
value)
Upload data about the Upload Material Manager | DINT[0] 1
container currently in use | Data Container In Use
DINT[1] Attribute ID (specify the
single attribute)
DINT[2] Phase parameter ID
(specify the parameter tag
from which to upload the
value)
Upload data about the Upload Material Manager | DINT[0] 2

current material inside the
container currently in use

Data Container In Use

Rockwell Automation, Inc.
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Then configure the PXRQ
If you want to: . .
instruction as follows:
DINT[T] Attribute ID (specify the
single attribute)
DINT[2] Phase parameter ID
(specify the parameter tag
from which to upload the
value)
Upload data about the Upload Material Manager | DINT[O] 3
current lot inside the Data Container In Use
container currently in use
DINT[T] Attribute ID (specify the
single attribute)
DINT[2] Phase parameter ID
(specify the parameter)
Download the current Download Container DINT[O] parameter ID in which to
binding's container priority | Binding Priority store the value
Upload a new container Upload Container Binding | DINT[O] parameter ID that has
priority for the current Priority value
binding
Download information Download Sufficient DINT[0] parameter 1D in which to
regarding the availability of | Material store the value
sufficient material In the result value:
* 0=insufficient
material
« 1=sufficient material
Generate a signature Generate E Signature DINT[O] ID of the signature
template
DINT[1]
Download material Download Material Manager | DINT[0] 0
attribute Database Data
DINT[T] Phase parameter ID
(specify the parameter tag
to which to download the
value)
DINT[2] Material controller ID
DINT[3] Attribute ID (specify the

single attribute)
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Then configure the PXRQ
If you want to: . .
instruction as follows:
Download lot attribute Download Material Manager | DINT[0] 1
Database Data
DINT[1] Phase parameter ID
(specify the parameter tag
to which to download the
value)
DINT[2] Material controller ID
DINT[3] Attribute ID (specify the
single attribute)
Download container Download Material Manager | DINT[0] 3
attribute Database Data
DINT[1] Phase parameter ID
(specify the parameter tag
to which to download the
value)
DINT[2] Material controller ID
DINT[3] Attribute ID (specify the
single attribute)
Download container Download Material Manager | DINT[0] 4
priority assignment Database Data
DINT[T] Phase parameter ID
(specify the parameter tag
to which to download the
value)
DINT[2] Material controller ID
DINT[3] Attribute ID (specify the
single attribute)
DINT[4]
Upload material attribute | Upload Material Manager | DINT[0] 5
Database Data
DINT[1] Phase report ID (specify
the phase report tag from
which to upload)
DINT[2] Material controller ID
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Then configure the PXRQ
If you want to: . .
instruction as follows:
DINT[3] Attribute ID (specify the
single attribute)
Upload lot attribute Upload Material Manager | DINT[0] 6
Database Data
DINT[1] Phase report ID (specify
the phase report tag from
which to upload)
DINT[2] Material controller ID
DINT[3] Attribute ID (specify the
single attribute)
Upload container attribute | Upload Material Manager | DINT[0] 8
Database Data
DINT[T] Phase report ID (specify
the phase report tag from
which to upload)
DINT[2] Material controller ID
DINT[3] Attribute ID (specify the
single attribute)
Download container Download Material Manager | DINT[0] 9
priority assignment Database Data
DINT[1] Phase parameter ID
(specify the parameter tag
to which to download the
value)
DINT[2] Material controller ID
DINT[3] Attribute ID (specify the
single attribute)
DINT[4]
PXROQ Error Codes
ERR (hex) EXERR (hex) Description Recommended Action
00 0000 The PXROQ instruction was | None

aborted before it sent the
request to FactoryTalk
Batch software.
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ERR (hex)

EXERR (hex)

Description

Recommended Action

The PXR0 instruction sent
to Sequence was aborted
for one of these reasons:

1. Power cycle.

2. Controller mode
change from Run/Test
to Program mode.

01

0000

The PXR0 instruction was
aborted after it sent the
request to FactoryTalk
Batch software.

The PXR0 instruction sent
to Sequence was aborted
because the abort set
before PXR0Q completed.

None

02

0000

Two or more PXR)
instructions executed at
the same time using the
same request type.

Limit execution to one
PXRQ instruction at a time.

03

010

Communication error.

The request was not
delivered because there is
no subscriber to the phase.

Check that FactoryTalk
Batch software is
connected and running.

0210

Communication error.

The request was not
delivered because there is
no connection to the Notify
object.

0410

Communication error.
Delivery failed.

1020

FactoryTalk Batch
software is not attached to
the phase.

2020

Communication error.
This indicates that the
subscription is delete
pending.

04

0002

The FactoryTalk Batch
software encountered an
error while processing the
request.

Check the connection
and communication path
to FactoryTalk Batch
software.
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ERR (hex) EXERR (hex)

Description

Recommended Action

0003

The PXR0 instruction
contains an invalid value.

0004

FactoryTalk Batch
software is not in the
proper state to process the
request.

0005

Two or more PXR)
instructions executed
at the same time using
different request types.

0006

Error storing to parameter
tags at end of request
processing.

05 0000

FactoryTalk Batch
software received the
request but passed back
an invalid cookie.

Check the connection
and communication path
to FactoryTalk Batch
software.

06 0001

PXR0 sent an invalid
request type/parameter
to External Sequencer:
Acquire Resources passed
too many data values
(>=100).

002

PXR0 sent an invalid
request type/parameter
to External Sequencer:
Download Batch Data
needs two parameters
data values.

0003

PXRO sent an invalid
request type/parameter
to External Sequencer:
Download Batch Data,
Download Material Track
Data Container In Use:
Batch Parameter out of
range (0< <8).

0004

PXRQ sent an invalid
request type/parameter
to External Sequencer:
Parameter Id out of range
(0<=<=99).
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ERR (hex)

EXERR (hex)

Description

Recommended Action

0005

PXRO sent an invalid
request type/parameter
to External Sequencer:
Request type is not
supported.

07

0000

Communication lost

while PXRQ is waiting for
response from the external
sequencer.

Check the connection
and communication path
to FactoryTalk Batch
software.

08

0000

The Execution State of
the Equipment Phase
associated Sequence Step
is not Connected.

09

0000

Un-supported request type
send to Sequence.

0A

0000

Equipment Phase has
no sequencing Input
parameters defined.

0B

0000

Equipment Phase has
no sequencing Output
parameters defined.

0c

0000

Equipment Phase is
overridden.

0D

0000

Sequence is not attached
to Equipment Phase.

0E

0000

At least one of Sequence
Step Input tag value is
invalid.

Affects Math Status Flags

No

Major/Minor Faults

None. See Index Through Arrays for operand-related faults.

Execution
Condition/State Action Taken
Prescan No action taken.
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Condition/State Action Taken

Postscan No action taken.

Enableln is false No action taken.

Enableln is true The instruction executes.

Example

Ladder Diagram

| PXROTestRunning PXRQ
Equipment Phase External Request EN
Phase Instruction PXRQ_Test_Phase ER
External Reguest Acquire Resources P
Data Value Pxrg_Data_Array PC

FXR1_Test_Phase.PC PXROQ_Acqguire_Done

FXR_Test_Phaze.ER

Structured Text
o o N Action 001 ]
S Betup the resources to ke acguired
Step_000 ¥/ These are the Batch Egquipment Ids of the resources

Fxrg_ Data_Array[0]:=1;
Pxrg Data Array[l]:=2Z;
Pxrg Data Arrayl[2]:=3;

N Action_000 [

S/ Pericrm the Externzl Eeguest to the Batch Server

if (Step_000.FS5) OR (NOT PR Test_FPhase.PC) then
DERQIDKRD Test Phase, ReoguireBescurces, Pxrg Data Rrray);

end iIf;

[.] | Tran_oo0

DERQ Test Phase.BC

&=

Step_001

Phase Failure (PFL)

This instruction applies to the Compact GuardLogix 5370, Compact GuardLogix 5380,
CompactLogix 5370, CompactLogix 5380, GuardLogix 5570, GuardLogix 5580, ControlLogix 5570,
ControlLogix 5580, and ControlLogix 5530 controllers.
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When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and phase program are not
scheduled in the highest priority task.

Use the PFL instruction as an optional method to signal a failure for an equipment phase.
The PFL instruction sets the value of the failure code for an equipment phase. Use the
instruction to signal a specific failure for an equipment phase, such as a specific device has

faulted. The PFL instruction sets the failure code only to a value greater than its current value.

This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true

each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute

only on a transition.

Drain_Valve. Faultilarm

Available Languages

Ladder Diagram
100

Function Block

This instruction is not available in function block.

Structured Text
PFL (Failure_Code);

102

Publication 1756-RMO06P-EN-P - September 2025
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4 Drain_Tank

Drain_Tank.Aborted

Dran_Tank.Aborting
Drain_Tank.AbortingRequest
Drain_Tank.AcquireResources
Drain_Tank.AutoPaussEnabled

Drain_Tank CancelMeszageT elinkedPhase
Drain_Tank.ClearhMessageToQperator
Drain_Tank.Complete
Drain_Tank.DownloadBatchData
Drain_Tank.Download ContainerBindingPricrity
Drain_Tank.DownloadinputParameters
Drain_Tank.DownloadinputParam etersSubset
Drain_Tank.DownloadMaterialTrackDatabaseData
Dirain_Tank.DownloadiateriaTrackDataContainerdnlise
Drain_Tank.Download QutputParameterLimits

Drain_Tank.DownloadSufficienthaterial

—® Drain_TankFailure

Drain_Tank.GenerateESignature

[FE - Value

© conoterTags 5 octeconwoner

Scope:  [liSA_DocRet = Show: M Tage

o o o000 0 0000000000l

102
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Operands
Ladder Diagram
Operand Type Format Description
Failure_Code DINT immediate Value to set the failure
tag code for the equipment
phase.
If a negative failure code
given, it evaluates as 0.
Structured Text

The operands are the same as those for the Ladder Diagram PFL instruction.

Guidelines for using the PFL Instruction

Guideline Details

Put the PFL instruction in the equipment phase. The PFL instruction sets the failure code for the
equipment phase in which the instruction is put. There
is no operand to identify a specific equipment phase.

Typically, put the PFL instruction in a prestate routine
for the equipment phase.

The controller always scans the prestate routine,
even when an equipment phase is in the idle state.

«  The controller scans the prestate routine before
each scan of a state.

Number Description

o Prestate routine
9 Current state routine

Use the progress routine to continuously monitor the
health of an equipment phase as it progresses through
its states.
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Guideline

Details

Prioritize failure codes.

The PFL instruction sets the failure code only to a value

greater than

its current value.

 Forexample, if a PFL instruction sets the failure
code =102, another PFL instruction can only set the
failure code > 102.

» Make sure to assign higher values to exceptions
that require higher priority in their handling.
Otherwise, a lower priority exception may overwrite
a more critical exception.

To take action when a failure occurs, monitor the Failure
member of the PHASE tag.

The PFL instruction writes its value to the Failure
member of the PHASE tag for the equipment phase.

o
o

oA Comtrofter Tagn « EqapmertPhae eusmpie conrclier

Sope. WEuormeing = Sow M Tags

Nare ™ *| Data Tee

¥ Own_Tork S 12t [DINT
Cran_Tark Rurriy
Orary_ Tark Hobrng
Dran_Tork Fesiaing
Dvan_Tock Sipoeny

 Dven Tark Rocrirg |
Oren_Tovk Fosetey |
Dvan_Tark ke

" Dvan,_Tork Hat
Oron_Tork Coriote |
Dran_Tark Siasoet
Oran, Tark Abcriod

+ Oran_Tork Submn
Oran_Tark Pausng
Ovan_Tark Pused |
Oran_ Tork AdoPone |

+ Oran_Tork Saphder 2 [T

+ Dvwn_Tark Faluw

LR

2
=

8

g
E

(INEEEEEEEEEEEEEEEELN

+ Oren_ Tork Uit

2
K

|7 Oron Toric Toee) PrAsE

-

(4]

Number

Description

When creating an
equipment phase,

the Logix Designer
application creates a
tag for the status of the
equipment phase.

controller scope

Name = phase_name

PHASE data type

® 0 0| ©

The PFL instruction
writes its value to the
failure member for the
equipment phase.
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Guideline

Details

To clear the failure code, use a PCLF instruction.

Use a PCLF instruction to clear the failure code of an
equipment phase. Instructions such as a CLR or MOV will
not change the failure code.

Affects Math Status Flags

No.

Major/Minor Faults

A major fault will occur if: Fault type Fault code
Instruction is called from outside an | 4 9

Equipment Phase program.

See Index Through Arrays below for array-index faults.

Execution

For Structured Text, Enableln is always true during normal scan. Therefore, if the instruction is
in the control path activated by the logic, it will execute. All conditions below the thick solid line
can only occur during Normal Scan mode.

Condition/State

Action Taken

Prescan

No action taken.

Postscan

No action taken.

Enableln is false

No action taken.

Enableln is true

The instruction executes as described above.

Example

Ladder Diagram

In the prestate routine of an equipment phase...

If the Drain_Valve.FaultAlarm =1(The valve did not go to the commander state.) then

Failure code for the equipment phase = 102.

Drain_Valve Faultalarm

102

If Drain_Tank.Running = 1(The Drain_Tank equipment phase is in the running state.)

And Drain_Tank.Failure =102 (failure code for the equipment phase)

Then
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Change the state of the Orain_Tank equipment phase to holding via the hold command.

Drain_Tank.Running EQU PCMD
Equal Equipment Phase Command
Source A Drain_Tank. Failure Phase Mame  Drain_Tank
102 4= Command Hold
Source B 102 Result Return‘fal
Structured Text

In the prestate routine of an equipment phase...

{*If the drain walwe does not go to the commanded state, then set the

failure code of this eguipment phase = 102.*)
If Drain Valwve.FaulthAlarxr Then
BEFL {102}z
End If;
{(*If the Drain Tank egquipment phase = running and itz fajilure code = 102,

issue the hold command and send the equipment phase to the holding state.*)
If Drain Tank Running And (Drain Tank Failure = 10Z) Then

PCMLC (Drain Tank, hold,0);
End TF;

This instruction applies to the Compact GuardLogix 5370, Compact GuardLogix 5380,
CompactLogix 5370, CompactLogix 5380, GuardLogix 5570, GuardLogix 5580, ControlLogix 5570,
ControlLogix 5580, and ControlLogix 5590 controllers.

O When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and phase program are not
scheduled in the highest priority task.

Use the PRNP instruction to clear the NewInputParameters bit of an equipment phase.
The PRNP instruction clears the NewlnputParameters it of the equipment phase.

This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true

each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute

only on a transition.

Publication 1756-RMO06P-EN-P - September 2025 503



Chapter 7

Equipment Phase Instructions

504

R r——

Scope:  [ElISA DocRef ~  Show: Ml Tage

Hame

e

-

Add_Water.CleariessageToOperator
Add_Water.Complete

Add_ Water.DownloadBatchData
.ﬁ.dd_'.l'u'at:r.qun.1wdl:|:|ntain:rEindingPricritf
Add_Water. DownloadinputFarameters
Add_Water.DownboadinputParamet ersSubset
Add_Water.DownloadhMatenalTrackDatabaseData
Add_Water.DownloadhatenalTrackDataContainednlise
Add_Water. DownloadOutputPararm eterLimits
Add_Water. DownloadSufficienthlatensl
Add_Water.Failure
fdd_Water.GenerateESignature

Add Water.Held

Add_Water.Holding

Add_Waterldle

Add_Water NewdnputParameters

E5 « Value * Data Type

0 BOOL
0 BOOL
0 BOOL
0 BOOL
0 BOOL
0 BOOL
0 BOOL
0 BOOL
0 BOOL
0 BOOL
0 DINT
0 BOOL
0 BOOL
0 BOOL
0 BOOL
1 BOOL

O When FactoryTalk Batch software has new parameters for an equipment phase, it sets the
NewlnputParameters bit for the phase.After downloading the parameters, use the PRNP instruction to

clear the bit.

Available Languages

Ladder Diagram

Function Block

This instruction is not available in function block

Structured Text
PRNP( );

Operands

Ladder Diagram

None

Structured Text

None

Enter the parentheses ( ) after the instruction mnemonic, even though there are no operands.

Affects Math Status Flags

No
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Major/Minor Faults

None. See Index Through Arrays for operand-related faults.

Execution

Condition/State Action Taken
Prescan No action taken.
Postscan No action taken.

Enableln is false No action taken.

Enableln is true The instruction executes.

Example
Ladder Diagram
PRNPTe=st NewlinputParameters Mo
Move
Source 2

Ce=t DataValues[0]

04
PXRQ
Equipment Phase External Request EM
Phasze Instruction RQ_Control[0] ER
External Reguest Download Input Parameters Subset IP

Data Value DataValues PC

RC_Control[0].PC

Structured Text

) o N Action_000 [
ff Bet up a stored action to check
Step_000 S for New input Parameters
if (PENETest HewInputParameters) then
if{Enable PHRQ) OR (NOT R{ Control[0].PC) then
DataValuel[0] == Z;
DERQ (RO Control[0], DeownlecadInputParametersSubset, DataValues);
Enzble PHRD == 0;
end if;
if (RQ Control[0] .BPC) then
DENE () ;
end if;
else
Enable PXRQ == 1;
end if;

If PRNPTest.NewlnputParameters = 1( FactoryTalk Batch software has new input parameter for
the equipment phase), then

If Enable_PXRQ = 1(Let the PXRQ instruction execute.)

Or RO_Control[0].PC = 0 (The PXRQ instruction is in process.), then

Datavalues[0] = this set the PXRQ instruction for transfer of contral.
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Send the Download Input Parameters Subset request to FactoryTalk Batch software.
Send DataValues[0] = 2, the instruction is set for transfer of control.

Enable_PXRQ = 0 (Do no let the PXROQ instruction restart after the request completes)
If RQ_Control[0].PC = 1(The request is complete.), then
ThisPhase.NewlInputParameters = 0 via the PRNP instruction

Otherwise

Enable_PXR0 =1(Let the PXRQ instruction execute the next time new input parameters are
available.)

Phase Override Command (POVR)

506

This instruction applies to the Compact GuardLogix 5370, Compact GuardLogix 5380,
CompactLogix 5370, CompactLogix 5380, GuardLogix 5570, GuardLogix 5580, ControlLogix 5570,
ControlLogix 5580, and ControlLogix 5530 controllers.

Use the POVR instruction to give a Hold, Stop, or Abort command to an equipment phase,
regardless of ownership.

The POVR instruction:
*  Gives the Hold, Stop, or Abort command to an equipment phase.

 Overrides all owners of the equipment phase. The command works even if Logix Designer
software, HMI, FactoryTalk Batch software, or another program already owns the
equipment phase. This instruction does not change the ownership of the equipment
phase.

*  High priority HMI ownership is specific only to CompactLogix 5370 and ControlLogix 5570
controllers.

When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and phase program are not
scheduled in the highest priority task.

This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true
each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute
only on a transition.

Available Languages

Ladder Diagram
POVR
Equipment Phase Override Command
Phase Name ?
Command ?
Result ?
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Function Block

This instruction is not available in function block.

Structured Text
POVR (PhaseName, Command, Result);

Operands
Ladder Diagram
Operand Type Format Description
Phase Name phase Name of the equipment Equipment phase to
phase change to a different state
Command command Name of the command One of these commands
for the equipment phase:
e Hold
« Stop
e Abort
Result DINT immediate To let the instruction
tag return a code for its
success or failure, enter a
DINT tag in which to store
the result code. Otherwise,
enter 0.
Structured Text

The operands are the same as those for the Ladder Diagram POVR instruction.

Guidelines for using the POVR Instruction

Guideline Details

If want to override other owners. Want the equipment to hold, stop, or abort even if
have manual control of the equipment phase via Logix
Designer software?

* Yes - Use the POVR instruction
* No - Use the PCMD instruction

This also applies to HMI, FactoryTalk Batch software
or other programs. Use the POVR only to hold, stop, or
abort, regardless of ownership.

For example, suppose the equipment checks for jammed
material. If there is a jam, always abort the equipment.
In that case, use the POVR instruction. This way, the
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Guideline

Details

equipment aborts even under manual control via Logix
Designer software.

Limit execution of a POVR instruction to a single scan.

Limit the execution of the POVR instruction to a single
scan. Each command applies to only a specific state
or states. Once the equipment phase changes state,
the command is no longer valid. To limit execution, use
methods such as:

e Execute the POVR instruction within a P1Pulse
(Rising Edge) or PO Pulse (Falling Edge) action.

» Place a one shot instruction before the POVR
instruction.

» Execute the POVR instruction and then advance to
the next step.

POVR Result Codes

If assigning a tag to store the result of a POVR instruction, the instruction returns one of these

codes when it executes:

Code (Dec) Description

0 Successful command.

24577 Invalid command.

24578 Invalid command for the current state of the equipment
phase. For example, if the equipment phase is in the
stopping state, then a hold command is not valid.

24594

Unscheduled or inhibited equipment phase or in an
inhibited task.

Affects Math Status Flags
No

Major/Minor Faults

None. See Index Through Arrays for operand-related faults.

Execution

Condition/State Action Taken
Prescan No action taken.
Postscan No action taken.

Enableln is false

No action taken.
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Condition/State

Action Taken

Enableln is true

The instruction executes.

Example

¥ [77 Controler Shesr_One
=63 Tasks
-3 Evert_Fased
+-4F Shear_tne_Phass

=% shear_ne_Equpmert_Frogram . o

% Program Tsgs t
MainRoutine e
B rtheck_For_Fauts -
Clear_Falt=

Conveymr _Control
Cisable_Az=

Erhle_&zis

Home_Reference

-3 woncroler shear_ore
==l Tasks
—]-tu@ Ewent_Fased
=1+ %§ Shesr_Cine_Phase 9

[ Phace Tags =
B Prestate_Rodire
B3 abeeting
B3 Holding
B3 resetting
B3 rectarting
B3 rurring
B stoppig

Number

Description

The equipment program watches for the these faults:
» Faulted axis

» Jammed material

If there is a fault, then

Lacal_Interface.Equipment_Faults_Cleared = 0. This tag is
an alias for the controller-scoped tag Shear_1.

The prestate routine of the equipment phase watches
for the equipment program to signal a fault.

o f
Interface_To_Equipment.Equipment_Faults_Cleare
d=0 then there is a fault.

»  Both Interface_To_Equipment and Local_Interface as
aliases for Shear_1, so they have the same values.

If there is a fault, then

Give the Shear_One_Phase equipment phase the abort
command. The POVR instruction makes sure the
command works, even if someone has manual control of
the equipment phase through Logix Designer software.
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Number Description

The PFL instruction sets the failure code for
Shear_One_Phase = 333.

The Fault_Strobe keeps these actions to a single scan.

Ladder Diagram
| Equipment_Faults_Cleared Fault_Strobe POVR
Equipment Phase Override Command
POVRTest
Abort
0
333
Example 2
Equipment_Faults_Cleared  Fault_Strobe POVR
Ovwerride Command
POVRTest
Abort
result
333
Structured Text

If NOT Equipment_Faults_Cleared And NOT Fault_Strobe then
POVR(POVRTest,Abort, 0);

PFL(333);

end_if;

Fault_Strobe := NOT Equipment_Faults_Cleared;

Phase Paused (PPD)

This instruction applies to the Compact GuardLogix 5370, Compact GuardLogix 5380,
CompactLogix 5370, CompactLogix 5380, GuardLogix 5570, GuardLogix 5580, ControlLogix 5570,
ControlLogix 5580, and ControlLogix 5590 controllers.

O When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and phase program are not
scheduled in the highest priority task.

Use the PPD instruction to set up breakpoints within the logic of an equipment phase.

Pausing an equipment phase requires configuring break points by coding a PPD instruction in a
phase's state routine logic. The phase state routine pauses when the PPD instruction executes
and the phase receives a command to pause at its next opportunity.
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This is a transitional instruction. Follow these steps when using it:

In ladder logic, insert an instruction to toggle the rung-condition-in from false to true

each time the instruction should execute.

In a Structured Text routine, insert a condition for the instruction to cause it to execute

only on a transition.

Resume Command

esume C

[ - .

INITIAL STATE

Paus ed with
Select Paus e Enabled sFD Paus & Enabled - Paus ed
Pause Ingrudon Pause
Pauss Bits Button — ™ Pause Bits Fhas) Pause B ™ Bution — ] Passe Bits
. PauseEnabled =0 | Onkiacs ) PauseEnabled = 1 . PaussEnabled = 1 (Cansl) PauseEnabled = 0
. AutoPauseEnabled =0 | AutoPauseEnabled = 0 FautoPaugsEnabled =0 AutoPauseEnabled = 0
1 Paused =0 . Paused =0 Paused =1 Paused =1
e E P Enabiod Pause GCommands et Pouce. £
Autop Enattea [+ vt — (I bt P e v | Ao Enabied
] (Canced) = i nabied niiabe)
Resume; Disabled | Resume: Disabled Resume: Engbied Resume: Enabled
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Salect Selact Select Select
Aty PBusE AUty Pauss Aafin Pause Auts Pause
Button Button Button Bustton
fntinte i [Canc) (inkiste) (Cancel)
Pais ed with
SECERHEER e AutoPause Enabled
. Instruchion
Pause Bits Phase) B
PauseEnabled = 1 = Eause G — Sect
Seect MutoPauseEnabled = 1 G sERRDecC futn Pause
Aarto Pause - AutoPauseEnabled =1 Bution
Bumon # Paused =0 Paused = 1 i
(Inkige) Raiiis (ki)
[ commund ™| —
Baume Commands
Pu' ”p' g;:;:: Pavuss: Disabled
R . Disatiod AutoF: Enabled
SR Resume: Enabled
= LS o

Three operator commands relate to the pause functionality:

Pause: The Pause command enables or disables pausing execution of the phase when

the next PPD instruction executes. The Pause command toggles the PauseEnabled bit ON

(1) or OFF (0).

AutoPause: The AutoPause command enables or disables automatically enabling
pausing the phase after processing a Resume command. The AutoPause command
toggles the AutoPauseEnabled bit ON (1) or OFF (0).

Resume: The Resume command directs the firmware to resume executing the phase
state routine logic. Resume sets the PauseEnabled and Paused bits OFF (0).

The Pause substate uses these three bits:

PauseEnabled: The PauseEnabled bit maintains the status of processing a Pause
command. This is bit 0 of the Pause substate.

When Paused is ON (1), execution of a PPD instruction pauses execution of the
state routine's logic. This bit updates when it receives a Pause command (toggling
the bit's value). Additionally, a Resume command sets PauseEnabled OFF (0), if the
AutoPauseEnabled bit is ON (1).

AutoPauseEnabled: The AutoPauseEnabled bit maintains the status of automatically
enabling pausing immediately after a Resume command. This is bit 2 of the Pause
substate.
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This bit updates when it receives an AutoPause command (toggling the bit's value).
When AutoPauseEnabled is ON (1) and the phase is Paused, the Resume command leaves
PauseEnabled ON (1).

« Paused: The Paused bit maintains the pause-state of the phase, Paused (1) or not-
Paused (0). This is bit 1 of the Pause substate. The Paused bit also disables the rest of the
rung (RLL), it does not terminate or suspend the execution of the routine.

This bit is only set by the phase's firmware. When the PauseEnabled bit is ON, execution
of a PPD instruction causes the Paused bit to be set to Paused (1) and firmware pauses
execution of the phase state routine suspends. A Resume command sets the Paused bit
to not-Paused (0) and the phase executes its logic.

Available Languages

Ladder Diagram

Function Block

This instruction is not available in function block.

Structured Text
PPD( );

Operands

Ladder Diagram

None

Structured Text
None

Enter the parentheses ( ) after the instruction mnemonic, even though there are no operands.

Guidelines for using the PPD Instruction

Guideline Details

Organize logic as a series of steps. | PPD instructions (breakpoints) are easiest to use if the logic moves through
defined steps, such as a state machine or SFC.

» Abreakpoint only signals that specific conditions are met. It does not
stop the execution of the equipment phase.

 To have logic actually break (pause) at a breakpoint, organize the logic
so that it stays at the step at which the breakpoint occurred until it
receives the resume command.
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Guideline

Details

Do not use a PPD instruction as a
temporary end of the routine.

Even when an equipment phase pauses, it continues to execute all its logic.

When a PPD instruction executes, it only sets the Paused bit for the
equipment phase.

If programing the PPD instruction in RLL, it disables only the rest of the
logic on its rung. It does not terminate or suspend the execution of the
routine.

Think of the PPD instruction as a condition that applies or is ignored
based on the auto pause and pause commands.

Use PPD instruction to pause at the

same breakpoint over several scans.

When the PauseEnabled bit is TRUE, an equipment phase goes to Paused at
the first PPD instruction whose conditions are true. If the PPD instruction
executes over several scans, the equipment phase may continually pause at
the same breakpoint.

Make sure only 1PPD instruction at a
time is true.

A PPD instruction does not have a control tag to remember whether it
executed.

Anytime its conditions are true (and the equipment phase is in a
substate with PauseEnabled True), the PPD instruction acts as a
breakpoint (and pauses the phase by disabling the rest of the logic on
the rung).

Limiting logic to one possible breakpoint at a time ensures a pause at
the required breakpoint.

Choose the substate to use.

PPD instructions (breakpoints) work only when the equipment phase
PauseEnabled bit is True.

To pause at: Give this command:
Each true breakpoint Auto Pause
First true breakpoint Pause

Affects Math Status Flags

No

Major/Minor Faults

A major fault occurs if: Fault type Fault code
Instruction is called from outside an | 4 91

Equipment Phase program.

If an Add-On Instruction uses a PPD instruction, and a non-equipment phase program calls
the Add-On Instruction, Logix Designer gives a warning. Check the Add-On Instruction for this
instruction to disallow it. See Index Through Arrays for operand-related faults.
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Execution

Condition/State Action Taken
Prescan No action taken.
Postscan No action taken.

Enableln is false

No action taken.

Enableln is true

The instruction executes.

Example
Ladder Diagram
| PPDTest.Running EQu
Equal
Source A SrcA
204
Source B srcB
204

Phase State Complete (PSC)

514

TON

imer On Delay EN
mer FillTimer

reset 10000 4— DN
Accum (4=

FillTimer. DN K

04

o ™

2 SrcA_mov
50 =

Dest Dest_mov

0=

This instruction applies to the Compact GuardLogix 5370, Compact GuardLogix 5380,
CompactLogix 5370, CompactLogix 5380, GuardLogix 5570, GuardLogix 5580, ControlLogix 5570,
ControlLogix 5580, and ControlLogix 5530 controllers.

O When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and phase program are not

scheduled in the highest priority task.

Use the PSC instruction to signal an equipment phase that the state routine is complete to

indicate that it should go to the next state.
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The PSC instruction signals the completion of a phase state routine.

— * Start

- Hold
[ ide —> Rumngdt——> Hodng ——>  Hek

| T Held
Restart
Resetting Restarting €———————
\_ A A
l Stop lwm
Resat ’ e Abort
" Comglete Stopping ————»  Aborting

!

In the running state routine, use the PSC instruction to transition the equipment phase to the
complete state.

 This s a transitional instruction. Follow these steps when using it:

- Inladder logic, insert an instruction to toggle the rung-condition-in from false to
true each time the instruction should execute.

- InaStructured Text routine, insert a condition for the instruction to cause it to
execute only on a transition.

Available Languages

Ladder Diagram

Function Block

This instruction is not available in function block.

Structured Text
PSC( );

Operands

Ladder Diagram

None

Structured Text
None

Enter the parentheses ( ) after the instruction mnemonic, even though there are no operands.
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Guidelines for using the PSC Instruction

Guideline

Details

Use the PSC instruction in each phase state routine that
is added to an equipment phase.

Without a PSC instruction, the equipment phase remains
in the state and does not go to the next state.

« Place the PSC instruction as the last step in the
phase state routine.

«  When the state is done (complete), execute the PSC
instruction.

e —» Running®—————3/  Holdngl——»(  Hed

t B

In the holding state routine, use the PSC instruction to
let the equipment phase go to the Held state

Remember that the PSC instruction does not stop the
current scan of a routine.

When the PSC instruction executes, the controller
scans the rest of the routine and then transitions the
equipment phase to the next state. The PSC instruction
does not terminate the execution of the routine.

Do not use a PSC instruction in a prestate routine.

Use the PSC instruction only to signal the transition from
one state to another.

Affects Math Status Flags

No

Major/Minor Faults

A major fault will occur if: Fault type Fault code
Instruction is called from outside an | 4 91

equipment phase program.

If an Add-On Instruction used a PSC instruction and a non-equipment phase program calls
the Add-On Instruction, Logix Designer gives a warning. Check the Add-On Instruction for this
instruction and disallow it. See Index Through Arrays for operand-related faults.

Execution

In structured text, instructions execute each time they are scanned. To limit the scan of an
instruction, use a qualifier of an SFC action, a structured text construct, or both.

Condition/State

Action Taken

Prescan

No action taken.
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Condition/State

Action Taken

Postscan

No action taken.

Enableln is false

No action taken.

Enableln is true

Rockwell Automation, Inc.

The instruction executes.

Examples
Ladder Diagram
EQU
Equal
Source & PSCTest3. Stepindex
04
Source B 0
EQU
Equal
Source & PSCTest3. Stepindex
04
Source B 10
EQU
Equal
Source & PSCTest3. Stepindex
04
Source B 20
EQU
Equal
Source & PSCTest3. Stepindex
04
Source B 30
EQU
Equal
Source & PSCTest3. Stepindex
04
Source B 40
Structured Text
If TagEnableRunning
And PSCTest.Running Then
PSC():
End_if;

TWMR_RUNNING.DN
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KMo
KMove
Source 10

Dest PSCTest3.Stepindex

0=
Mo
KMove
Source 20

Dest PSCTest3.Stepindex

0=
Mo
KMove
Source 30

Dest PS5CTest3. Stepindex

0=
Mo
KMove
Source 40

Dest PSCTest3.Stepindex
04
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The table lists the command instructions for Equipment Sequences. The instructions are
available for routines that use the Ladder Diagram and the Structured Text programming
languages. They are not available for use in routines that use the Function Block and the
Sequential Function Chart programming languages.

Instruction

Description

Structured Text format

Attach to Equipment Sequence
(SATT)

Request that the parent program of
the user routine be the owner of the
Equipment Sequence.

SequenceName, Result

Detach from Equipment Sequence
(SDET)

Release ownership of an Equipment
Sequence.

SequenceName

Equipment Sequence Command
(SCMD)

Send a command to the Equipment
Sequence.

SequenceName, Command, Result

Equipment Sequence Clear Failure
(SCLF)

Clear the failure code of an
Equipment Sequence.

SequenceName

Equipment Sequence Override (SOVR)

Send a HOLD, STOP, or ABORT
command to an Equipment
Sequence, regardless of ownership.

SequenceName, Command, Result

Equipment Sequence Assign
Sequence Identifier (SASI)

Assign an D string to the Equipment
Sequence.

SequenceName, Sequence ID, Result

Attach to Equipment Sequence (SATT)

518

This instruction applies to the Logix Designer 5580P controllers and to ControlLogix 5590P
controllers. Logix Designer 5580P controllers and ControlLogix 5530P controllers also support

controller redundancy.

O When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and sequence program are not
scheduled in the highest priority task.

WARNING:
When using redundancy with an Equipment Sequence, sequence execution may not be as expected

after switchover if the phase and sequence are not scheduled on the same task.

Use the Attach to Equipment Sequence (SATT) instruction to take ownership of an Equipment
Sequence. An Equipment Sequence may be commanded by a program if the program either
owns the Equipment Sequence or the Equipment Sequence has no owners. A tag must be
assigned to store the result code of an SATT instruction.

The SATT instruction returns one of five result codes. Result code 0 indicates that the SATT
instruction ran successfully. The other four codes indicate that the instruction did not run
successfully and provide additional information about the reason for the instruction failure.
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This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true
each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute
only on a transition.

Available Languages

Ladder Diagram
SATT
Seguence Mame ?
:Q:Eu 7

Function Block Diagram

This instruction is not available in function block.

Structured Text:
SATT(Sequence Name, Result)

Operands

Ladder Diagram

Operand Data Type Format Description

Sequence Name SEQUENCE name of the Equipment Equipment Sequence that

Sequence

you want to change to own
(attach) to command.

Result

DINT

Tag

For the instruction to

return a success or failure
code, enter a DINT tag
where the result code is to
be stored. Otherwise, enter
0.

Structured Text

The operands are the same as for the Ladder Diagram.

Guidelines for using the SATT Instruction

Guideline Details

Remember that the Logix Designer application overrides | Regardless of whether a program or FactoryTalk Batch
ownership of the Equipment Sequence. software owns an Equipment Sequence, the option
exists to use Logix Designer to override ownership and
command the Equipment Sequence.
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Guideline

Details

The Equipment Sequence must be either owned by
the program to command it or have no owners for the
program to command it.

The ownership instructions are Attach (SATT) and
Detach (SDET).

Internal Sequencers (programs), external sequencers
( FactoryTalk Batch), and operators use an Attach
command to command an Equipment Sequence.

When the Equipment Sequence is done, relinquish
ownership.

To relinquish ownership, use a Detach from Equipment
Sequence (SDET) instruction.

Avoid making unnecessary command requests if the
Equipment Sequence is generating sequence events.

Unnecessary command requests can flood the event
processing buffers and cause you to miss significant
events.

Use the Result code to verify ownership, and include
steps that should take place if the attachment fails
because the Equipment Sequence is owned by another
program or operator.

Use the Result operand to get a code that shows the
success or failure of the SATT instruction.

On each execution, the SATT instruction tries to take
ownership of the Equipment Sequence. When a program
or operator owns an Equipment Sequence, another
execution of the SATT instruction fails and produces
result code 24582. When you use the SATT instruction,
either:
« Limit its execution to a single scan to avoid the
24582 result code
- Include this in your conditions for ownership:
result code = 24582

SATT Result Codes
Code (Dec) Description
0 The command was successful.
24579 The Equipment Sequence cannot be commended.
Logix Designer already owns the Equipment Sequence.
The caller attached to the Equipment Sequence, but it is
not the current commanding owner.
This program now also owns the Equipment
Sequence.
- Since the Logix Designer is a higher priority,
the program cannot command the Equipment
Sequence.
24582 The program already owns the Equipment Sequence.
24593 One of these already owns the Equipment Sequence.

« Anexternal Sequencer such as FactoryTalk Batch
software.
- Another program in the controller.
- An HMI operator
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Code (Dec)

Description

24594

The Equipment Sequence is unscheduled, inhibited, or in
a task that is inhibited.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays[1] for operand related faults.

Execution

At instruction execution, the SATT instruction attempts to take ownership of the Equipment
Sequence.

Ladder Diagram

Condition Action Taken

Prescan No action taken

Rung-condition-in is false

No action taken

Rung-condition-in is true

« Theinstruction executes

The rung-condition-out is set to true

Postscan No action taken
Structured Text

Condition Action Taken
Prescan No action taken

Rung-condition-in is false

No action taken

Rung-condition-in is true

The instruction executes

Postscan No action taken
Example
AftachControl SATT AttachControl
5 e Make_Product_101
Result
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Guidelines for SATT instructions

Result codes for SATT instructions

522

Structured Text
if (AttachControl) then
SATT(Make_Product_101, Result);

end_if

Keep these guidelines in mind when using the Attach to Equipment Sequence (SATT) instruction.

Guideline

Details

Remember that the Logix Designer application overrides
ownership of the Equipment Sequence.

Ownership makes sure that a program can command
the Equipment Sequence, and it locks out any other
sequencers.

The Equipment Sequence must be owned by the
program to command it.

Both Equipment Sequences and Equipment Phases must
be owned to be commanded. The ownership commands
are Attach (SATT) and Detach (SDET).

Internal sequencers (programs), external sequencers
( FactoryTalk Batch), and operators use an Attach
instruction to command an Equipment Sequence.

When the sequence is done, relinquish ownership.

To relinguish ownership, use a Detach from Equipment
Sequence (SDET) instruction.

Avoid making unnecessary command requests if the
equipment sequence is generating sequence events.

Unnecessary command requests can flood the event
processing buffers and cause you to miss significant
events.

Use the Result code to verify ownership, and include
steps that should take place if the attachment fails
because the Equipment Sequence is owned by another
program or by the operator.

Use the Result operand to get a code that shows the
success or failure of the SATT instruction.

On each execution, the SATT instruction tries to take
ownership of the Equipment Sequence. When a program
or operator owns an Equipment Sequence, another
execution of the SATT instruction fails and produces
result code 24582. When you use the SATT instruction,
either:

+ Limit its execution to a single scan to avoid the
24582 result code.

 Include the following in your conditions for
ownership: result code = 24582.

When a tag is assigned to store the result of an Attach to Equipment Sequence (SATT)
instruction, the instruction returns one of these codes when it runs.

Code (Dec)

Description
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0 The command was successful.

24579 The Equipment Sequence cannot be commanded for
these reason:

 The program successfully attached to the
Equipment Sequence, but it cannot command the
sequence because Logix Designer, a higher priority
application, has overridden ownership.

24582 The program already owns the Equipment Sequence.

24593 One of these already owns the equipment phase.

« Anexternal sequencer such as FactoryTalk Batch
software.

» Another program in the controller.

24594 The Equipment Sequence is unscheduled, inhibited, or in
a task that is inhibited.

Use the Result operand to get a code that shows the success or failure of the SATT instruction.
The Result operand should contain either 0 or a DINT tag, depending on whether ownership
conflicts or other errors are likely to occur.

* If ownership conflicts or other errors are not likely, enter 0 in the Result operand.

« If ownership conflicts or other errors are likely, enter a DINT tag in the Result operand.
The DINT tag stores a code for the result of the execution of the instruction.

SATT instruction examples

The examples show the SATT instruction as it appears in a Ladder Diagram and in Structured

Text.
Ladder Diagram
AttachControl SATT AttachControl
Attach to Sequence
ce Mame Make_Product_101
Resuft Result
Structured Text
if (AttachControl) then
SATT (Make_Product_101, Result);
end_if;

Detach from Equipment Sequence (SDET)

This instruction applies to the Logix Designer 5580P controllers and to ControlLogix 5590P
controllers. Logix Designer 5580P controllers and ControlLogix 5590P controllers also support
controller redundancy.
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When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and sequence program are not
scheduled in the highest priority task.

WARNING:
When using redundancy with an Equipment Sequence, sequence execution may not be as expected

after switchover if the phase and sequence are not scheduled on the same task.

Use the Detach from Equipment Sequence (SDET) instruction to relinquish ownership of an
Equipment Sequence. After a program executes an SDET instruction, the program no longer
owns the Equipment Sequence. The Equipment Sequence is then available for ownership

by another program or by FactoryTalk Batch software. Use the SDET instruction only if the
program previously took ownership of an Equipment Sequence through an Attach to Equipment
Sequence (SATT) instruction.

This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true
each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute
only on a transition.

Available Languages
The SDET instruction is available in these languages.

 Ladder diagram

SDET
Detach from Seguence -
Seguence Name Make_Product_101

«  Structured text: SDET(SequenceName)

Supported Operands
The SDET instruction uses this operand.
Operand Type Format Description
Sequence Name Sequence name of the Equipment Equipment Sequence
Sequence for which you want to
relinquish ownership.

Arithmetic status flags and fault conditions

Arithmetic status flags are not affected by the SDET instruction. The SDET instruction cannot
trigger a fault, so there are no fault conditions for this instruction.

Instruction execution

The table describes the execution steps for SDET instructions.
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Condition Ladder Diagram Action Structured Text Action
Prescan The rung-condition-out is set to No action taken.
false.
Rung-condition-in is false The rung-condition-out is set to N/A
false.
Rung-condition-in is true  Theinstruction executes. N/A

»  The rung-condition-out is set to

true.
Scan of structured text N/A In structured text, instructions
execute each time they are scanned.
To limit the scan of an instruction,
use a qualifier of an SFC action or
a structured text construct that
includes a condition, such as if, then,
or else.
Instruction execution The instruction relinquishes The instruction relinquishes
ownership of the specified ownership of the specified
Equipment Sequence. Equipment Sequence.
Postscan The rung-condition-out is set to No action taken.
false.

SDET instruction examples

The following examples show the SDET instruction as it appears in a ladder diagram and in
structured text.

Ladder Diagram
DetachControl SDET DetachControl

Detach from Seguence
Seguence Name Make_Product 101

Structured Text

if (DetachControl) then

SDET (Make_Product_101);

end_if;

Equipment Sequence Assign Sequence Identifier (SASI)

This instruction applies to the Logix Designer 5580P controllers and to ControlLogix 5590P
controllers. Logix Designer 5580P controllers and ControlLogix 5590P controllers also support
controller redundancy.
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When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and sequence program are not
scheduled in the highest priority task.

WARNING:
When using redundancy with an Equipment Sequence, sequence execution may not be as expected

after switchover if the phase and sequence are not scheduled on the same task.

Use the Assign Sequence Identifier (SASI) instruction to assign a sequence ID to the Equipment
Sequence. You can only set the sequence ID when these prerequisites are met:

 The controller is online.
» The Equipment Sequence is in the IDLE state.

 You have taken ownership of the Equipment Sequence, or there is no other owner of the
Equipment Sequence.

The sequence ID can be up to 82 characters in length, using these printable ASCII characters:
a-z, A-Z, 0-9, "#S% &+ -/ :<=>?@[\] "_{[}~ and space
This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true
each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute
only on a transition.

When a tag is assigned to store the result of an SASI instruction, the instruction returns a result
code when it runs. Result code 0 indicates that the SASI instruction ran successfully. The other

codes indicate that the instruction did not run successfully and provide additional information
about the reason for the instruction failure.

Available Languages
Ladder Diagram
s.ASI

Fi'd

Function Block Diagram

This instruction is not available in Function Block.

Structured Text

SASI(Sequence Name, Sequence Id, Result)
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Operands
Ladder Diagram
Operand Data Type Format Description
Sequence Name SEQUENCE name of the Equipment Equipment Sequence to
Sequence which you want to assign
an identifier.

Sequence Id STRING Tag Enter a STRING tag in
which the identifier
is stored, or a quoted
string containing up to 82
characters.

Result DINT Tag For an instruction to return
a success or failure code,
enter a DINT tag where the
result code is to be stored.
Otherwise, enter 0.

Structured Text

The operands are the same as for the Ladder Diagram.

SASI Result Codes
Code (Dec) Description
0 the Sequence Id was successfully assigned.
24578 The Sequence state is not IDLE or there presently is a
Sequence failure.
24579 Sequence is attached by another owner.

Affects Math Status Flags

No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays[1] for operand related faults.

Execution

At instruction execution, the SASI instruction attempts to assign a string identifier to the
specified Equipment Sequence.
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Ladder Diagram

Condition

Action Taken

Prescan

No action taken

Rung-condition-in is false

No action taken

Rung-condition-in is true

The instruction executes

Postscan

No action taken

Structured Text

Condition

Action Taken

Prescan

No action taken

Rung-condition-in is false

No action taken

Rung-condition-in is true

The instruction executes

Postscan

No action taken

Example

Ladder Diagram

SasiControl

SASI SasiControl
= Make_Product_101
IdString
‘MySequenceld &
Result

The Sequence ID parameter can be a STRING tag in which the identifier is stored, or a quoted string

containing up to 82 characters.

Structured Text
if (SasiControl) then

SASI(Make_Product_101, IdString, Result);

end_if

SASI instruction examples

The examples show the SASI instruction as it appears in a ladder diagram and in structured text.
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Ladder Diagram Example

SeqlDControl SASI SeqlDControl
Sequence Assign Sequence id
5 e Make_Product_101
L controller_string
"SILC Rocks'
Result Resuft

The Sequence ID parameter can be a STRING tag in which the identifier is stored, or a quoted string
containing up to 82 characters.

Structured Text Example
if (IdControl) then
SASI (Make_Product_101, Newld, Results);

end_if;

Equipment Sequence Diagram instructions

The table describes the Equipment Sequence Diagram instructions.

Icon Icon Name Description

¥ Add Step and Transition Pair Use Add Step and Transition Pair
¥ to add a step and transition
pair. Although added as a pair, you
can select and edit each element

separately.

| Add Disconnected Step Use the Add Disconnected Step
L to add a step without adding a

transition.

+

Add Disconnected Transition Use Add Disconnected Transition
+ to add a transition without

adding a step.

ol

Add Simultaneous Divergence Use Add Simultaneous Divergence
== to create a branch where all

linked steps execute simultaneously.

L Add Selective Divergence Use Add Selective Divergence
*# tocreatea divergence for

a selective branch. In a selective
divergence, only one of multiple
paths is executed--the path
containing the transition that first

evaluates as TRUE.
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L Add Simultaneous Convergence Use Add Simultaneous
Convergence = to merge
simultaneous execution paths back

together.

A Add Selective Convergence Use Add Selective Convergence
-~ to merge selective divergent
paths back into one execution path

in the selective branch.

Equipment Sequence Clear Failure (SCLF)

This instruction applies to the Logix Designer 5580P controllers and to ControlLogix 5590P
controllers. Logix Designer 5580P controllers and ControlLogix 5590P controllers also support
controller redundancy.

When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and sequence program are not
scheduled in the highest priority task.

WARNING:
When using redundancy with an Equipment Sequence, sequence execution may not be as expected

after switchover if the phase and sequence are not scheduled on the same task.

Use the Equipment Sequence Clear Failure (SCLF) instruction to clear the failure code of an
Equipment Sequence. Keep this in mind when using the SCLF instruction.

» ACLR instruction, MOV instruction, or assignment does not change the failure code of an
Equipment Sequence.

» The Equipment Sequence cannot have other owners when you use the SCLF instruction.
The SCLF instruction does not clear the failure code if the Logix Designer application,
FactoryTalk Batch software, or another program owns the Equipment Sequence.

* An Equipment Sequence refuses a RESUME command until it is cleared of failures.
This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true
each time the instruction should execute.

» |na Structured Text routine, insert a condition for the instruction to cause it to execute
only on a transition.
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Available Languages

The SCLF instruction is available in these languages.

 Ladder diagram

SCLF

Rezult

- Seguence Clear Failure
Seguence Hame Make_Product 1041

Result

« Structured text: SCLF(SequenceName)

Supported Operands
The SCLF instruction uses these operands.
Operand Type Format Description
Sequence Name Sequence name of the Equipment Equipment Sequence for
Sequence which you want to clear a
failure code.
Result DINT Immediate tag For an instruction to return

a success or failure code,
enter a DINT tag where
the result code is stored.
Otherwise, enter 0.

Arithmetic status flags and fault conditions

Arithmetic status flags are not affected by the SCLF instruction. The SCLF instruction cannot
trigger a fault, so there are no fault conditions for this instruction.

Instruction execution

The table describes the execution steps for SCLF instructions.

Condition

Ladder Diagram Action

Structured Text Action

Prescan

The rung-condition-out is set to
false.

No action taken.

Rung-condition-in is false The rung-condition-out is set to N/A
false.
Rung-condition-in is true » The instruction executes. N/A

» The rung-condition-out is set to
true.

Scan of structured text

N/A

In structured text, instructions
execute each time they are scanned.
To limit the scan of an instruction,
use a qualifier of an SFC action or
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a structured text construct that
includes a condition, such as if, then,
or else.

The instruction clears the value of
the failure code for the specified
Equipment Sequence.

The instruction clears the value of
the failure code for the specified
Equipment Sequence.

Instruction execution

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

false.

Equipment Sequence command (SCMD)

532

This instruction applies to the Logix Designer 5580P controllers and to ControlLogix 5590P
controllers. Logix Designer 5580P controllers and ControlLogix 5590P controllers also support
controller redundancy.

Q When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and sequence program are not
scheduled in the highest priority task.

WARNING:
When using redundancy with an Equipment Sequence, sequence execution may not be as expected

after switchover if the phase and sequence are not scheduled on the same task.

Use the Equipment Sequence command (SCMD) instruction to change the state of an Equipment
Sequence. The SCMD instruction can send these commands to an Equipment Sequence: START,
RESTART, HOLD, STOP, ABORT, RESET, PAUSE, RESUME, and AUTOPAUSE. The calling program

must either be attached as owner to the Equipment Sequence or there is no owner of the
Equipment Sequence before the SCMD instruction can run. Use the SATT instruction to attach to
an Equipment Sequence. In addition, the Equipment Sequence must be in the correct state (see
chart below) for the command to execute successfully.

Like the SCMD instruction, the Equipment Sequence Override instruction (SOVR) also changes
the state of an Equipment Sequence, but it changes the state regardless of ownership. If the
SCMD instruction must execute regardless of ownership, use an SOVR instruction instead of an
SCMD instruction.

IMPORTANT: The SOVR instruction is intended for emergencies only. Control Engineers should use caution when
deciding to use it.

When a tag is assigned to store the result of an SCMD instruction, the instruction returns
one of five result codes when it runs. Result code 0 indicates that the SCMD instruction ran
successfully. The other four codes indicate that the instruction did not run successfully and
provide additional information about the reason for the instruction failure.
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This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true
each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute
only on a transition.

Valid command states for the SCMD instruction

The SCMD instruction command transitions an Equipment Sequence to another state. SCMD
instruction commands may only be processed in certain states, with the exceptions of PAUSE,
RESUME, and AUTOPAUSE, which are valid in all states. The table lists the states in which
commands are valid.

Command Valid in these states

START Valid in the IDLE state.

RESTART Valid in the HELD state.

HOLD Valid in the RUNNING and RESTARTING states.

STOP Valid in the RUNNING, HOLDING, RESTARTING, and HELD
states.

ABORT Valid in the RUNNING, HOLDING, RESTARTING, STOPPING,
and HELD states.

RESET Valid in the ABORTED, STOPPED, and COMPLETE states.

Available Languages

Ladder Diagram

SCMD

Function Block

This instruction is not available in function block.

Structured Text

SCMD(Sequence Name, Sequence Command, Result)

Publication 1756-RMO06P-EN-P - September 2025 533



Chapter8  Equipment Sequence instructions

Operands
Ladder Diagram
Operand Data Type Format Description
Sequence Name SEQUENCE Name of the Equipment Equipment Sequence to
Sequence perform the command.
Command Command Enum Enumeration of the Command to send to the
command Equipment Sequence. Send
one of these commands:
START, RESTART, HOLD,
STOP, ABORT, RESET,
PAUSE, RESUME, or
AUTOPAUSE.

Result DINT Tag For an instruction to return
a success or failure code,
enter a DINT tag where
the result code is stored.
Otherwise, enter 0.

Structured Text

The operands are the same as for the Ladder Diagram.

Guidelines for using the SCMD Instruction

Guideline

Details

Limit execution of the SCMD instruction to a single scan.

Limit the execution of the SCMD instruction to a single
scan. Each command applies to only a specific state or
states. Once the Equipment Sequence changes state,
the command is no longer valid. To limit execution, use
methods such as:

Run the SCMD instruction within a P1Pulse (Rising Edge)
or PO Pulse (Falling Edge) action.

Place a one-shot instruction before the SCMD
instruction.

Run the SCMD instruction and then advance to the next
step.

The Equipment Sequence must be either owned by
the program to command it or have no owners for the
program to command it.

The ownership instructions are Attach (SATT) and Detach
(SDET).
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SCMD Result Codes

Code (Desc) Description

0 The command was successful.

24578 The command is not valid for the current state of the
Sequence.

24579 The caller is attached to this Sequence, but it is not
the current Owner of it. A higher priority application is
currently the Owner of this sequence.

24580 The caller is not attached to the Sequence.

24594 The Equipment Sequence is unscheduled, inhibited, or in
a task that is inhibited.

24604 An equal or higher priority command is being processed.

24631 Too many sequence parameter or step tags are defined

per step, so events cannot be handled and the START
command failed.

Arithmetic Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays for operand related faults.

Execution

At instruction execution, the SCMD instruction commands the specified Equipment Sequence.

Ladder Diagram
Condition Action Taken
Prescan No action taken

Rung-condition-in is false

No action taken

Rung-condition-in is true

The instruction executes.

Postscan No action taken
Structured Text

Condition Action Taken
Prescan No action taken
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Condition Action Taken

Rung-condition-in is false No action taken

Rung-condition-in is true The instruction executes.

Postscan No action taken

Example

Ladder Diagram

ComemandContral SCMD CommandControl
Bjue me Make_Product_101

Start
Result

Structured Text

if (CommandControl) then
SCMD(Make_Product_101, Start, Result);

end_if

Equipment Sequence Override (SOVR)

This instruction applies to the Logix Designer 5580P controllers and to ControlLogix 5590P
controllers. Logix Designer 5580P controllers and ControlLogix 5590P controllers also support
controller redundancy.

O When using this instruction with ControlLogix redundancy system, outputs controlled by this instruction
may not be bumpless during redundancy switchover, if the instruction and sequence program are not
scheduled in the highest priority task.

WARNING:
When using redundancy with an Equipment Sequence, sequence execution may not be as expected

after switchover if the phase and sequence are not scheduled on the same task.

Use the Equipment Sequence Override (SOVR) instruction to send a HOLD, STOP, or ABORT
command to an Equipment Sequence, regardless of ownership.

IMPORTANT: The SOVR instruction is intended for emergencies only. Control Engineers should use caution when
deciding to use it.

When a tag is assigned to store the result of an SOVR instruction, the instruction returns
one of five result codes when it runs. Result code 0 indicates that the SOVR instruction ran
successfully. The other four codes indicate that the instruction did not run successfully and
provide additional information about the reason for the instruction failure.
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This is a transitional instruction. Follow these steps when using it:

* Inladder logic, insert an instruction to toggle the rung-condition-in from false to true
each time the instruction should execute.

* InaStructured Text routine, insert a condition for the instruction to cause it to execute
only on a transition.

Available Languages

Ladder Diagram

Function Block

This instruction is not available in function block.

Structured Text

SOVR(SequenceName, Sequence Command, Result)

Operands

Ladder Diagram

Operand Data Type Format Description

Sequence Name SEQUENCE Name of the Equipment Equipment Sequence to

Sequence perform the command.

Command Command Enum Name of the command Command to send to the
Equipment Sequence. Send
one of these commands:
HOLD, STOP, or ABORT

Result DINT Tag For an instruction to return
a success or failure code,
enter a DINT tag where the
result code is to be stored.
Otherwise, enter 0.

Structured Text

The operands are the same as the Ladder Diagram.
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Guidelines for using the SOVR Instruction

Guideline

Details

Make sure you want to override other owners.

Under most circumstances, use the SCMD instruction to
programmatically command an Equipment Sequence.
However, use the SOVR instruction to command an
Equipment Sequenceunder these conditions:

»  When you are giving the HOLD, STOP, or ABORT
command, and the command must always execute
under all ownership circumstances.

* If the HOLD, STOP, or ABORT command must
execute even when you have manual control of the
Equipment Sequence through the Logix Designer
application or when another program, such as the
FactoryTalk Batch software, owns the Equipment
Sequence.

Limit execution of the SOVR instruction to a single scan.

Limit the execution of the SOVR instruction to a single
scan. Each command applies to only a specific state or
states. Once the Equipment Sequence changes state,
the command is no longer valid. To limit execution, use
methods such as:

Run the SOVR instruction within a P1Pulse (Rising
Edge) or PO Pulse (Falling Edge) action.

« Place a one-shot instruction before the SOVR
instruction.

« Run the SOVR instruction and then advance to the
next step.

Avoid making unnecessary command requests if the
Equipment Sequence is generating sequence events.

Unnecessary command requests can flood the event
processing buffers and cause you to miss significant
events.

SOVR Result Codes

Code (Desc) Description

0 The command was successful.

24579 The caller is attached to this Sequence, but it is not
the current Owner of it. A higher priority application is
currently the Owner of this sequence.

24582 The caller already has override ownership of this
Sequence.

24583 This sequence’s attachment table is full.
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Code (Desc)

Description

24606

The caller has already established an external
attachment or override as a different owner type.

Affects Math Status Flags
No

Major/Minor Faults

None specific to this instruction. See Index Through Arrays[1] for operand related faults.

Execution

At instruction execution, the SOVR instruction attempts to command the specified Equipment
Sequence.

Ladder Diagram

Condition Action Taken

Prescan No action taken

Rung-condition-in is false

No action taken

Rung-condition-in is true

The instruction executes.

Postscan No action taken
Structured Text

Condition Action Taken
Prescan No action taken

Rung-condition-in is false

No action taken

Rung-condition-in is true

The instruction executes

Postscan

No action taken

Example

Ladder Diagram

OverrideConitrol

Structured Text

if (OverrideControl) then
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SOVR(Make_Product_101, Abort, Result);

end_if

Guidelines for SCMD instructions

Keep these guidelines in mind when using the Equipment Sequence Command (SCMD)
instruction. The SCMD instruction can send these commands: START, RESTART, HOLD, STOP,
ABORT, and RESET.

Guideline Details

Limit execution of the SCMD instruction to a single scan. | Limit the execution of the SCMD instruction to a single
scan. Each command applies to only a specific state or
states. Once the Equipment Sequence changes state,
the command is no longer valid. To limit execution, use
methods such as:

«  Run the SCMD instruction within a P1 Pulse (Rising
Edge) or PO Pulse (Falling Edge) action.

» Place a one-shot instruction before the SCMD
instruction.

*  Runthe SCMD instruction and then advance to the

next step.
The Equipment Sequence must be owned by the Both Equipment Sequences and Equipment Phases must
program to command it. be owned to be commanded. The ownership commands

are Attach (SATT) and Detach (SDET).

Internal sequencers (programs), external sequencers
( FactoryTalk Batch), and operators use an Attach
instruction to command an Equipment Sequence.

Guidelines for SOVR instructions

Use the Equipment Sequence Override (SOVR) instruction to send a HOLD, STOP, or ABORT
command to an Equipment Sequence, regardless of ownership.

IMPORTANT: The SOVR instruction is intended for emergencies only. Control Engineers should use caution when
deciding to use it.

Keep these guidelines in mind when using the Equipment Sequence Override (SOVR) instruction.

Guideline Details
Make sure you want to override other owners. Under most circumstances, use the SCMD instruction to
programmatically command an Equipment Sequence.
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However, use the SOVR instruction to command an
Equipment Sequence under these conditions:

»  When you are giving the HOLD, STOP, or ABORT
command, and the command must always execute
under all ownership circumstances.

* |f the HOLD, STOP, or ABORT command must
execute even when you have manual control of the
Equipment Sequence through the Logix Designer
application or when another program, such as the
FactoryTalk Batch software, owns the Equipment
Sequence.

Limit execution of the SOVR instruction to a single scan.

Limit the execution of the SOVR instruction to a single
scan. Each command applies to only a specific state or
states. Once the Equipment Sequence changes state,
the command is no longer valid. To limit execution, use
methods such as:

= Run the SOVR instruction within a P1Pulse (Rising
Edge) or PO Pulse (Falling Edge) action.

« Place a one-shot instruction before the SOVR
instruction.

« Run the SOVR instruction and then advance to the
next step.

Avoid making unnecessary command requests if the
Equipment Sequence is generating sequence events.

Unnecessary command requests can flood the event
processing buffers and cause you to miss significant
events.

Result codes for SCLF instructions

When a tag is assigned to store the result of an Equipment Sequence Clear Failure (SCLF)
instruction, the instruction returns one of these codes when it executes.

Code (Dec) Description
0 The command was successful.
48 The command was not executed because it was not

possible at the time to generate an event to record the
command.

¢ |f the command was an ABORT command, the
ABORT command is still executed even if the event
could not be generated.

« This code only occurs if event generation has been
enabled in the Equipment Sequence Properties -
Configuration tab.
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24578 The command is not valid for the current state of the
Equipment Sequence. For example, if the Equipment
Sequence is stopped, then a stop command is not valid.

24594 The Equipment Sequence is unscheduled, inhibited, or in
a task that is inhibited.

Use the Result operand to get a code that shows the success or failure of the SCLF instruction.
The Result operand should contain either 0 or a DINT tag, depending on whether ownership
conflicts or other errors are likely to occur.

« If ownership conflicts or ather errors are not likely, enter 0 in the Result operand.

« If ownership conflicts or other errors are likely, enter a DINT tag in the Result operand.
The DINT tag stores a code for the result of the execution of the instruction.

Result codes for SCMD instructions

When a tag is assigned to store the result of an Equipment Sequence command (SCMD)
instruction, the instruction returns one of these codes when it runs.

Code (Dec) Description

0 The command was successful.

48 The command was not executed because it was not
possible at the time to generate an event to record the
command.

« If the command was an ABORT command, the
ABORT command is still executed even if the event
could not be generated.

This code only occurs if event generation has been
enabled in the Equipment Sequence Properties -

Configuration tab.
24577 The command is not valid.
24578 The command is not valid for the current state of the

Equipment Sequence. For example, if the Equipment
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Sequence is in the running state, then a start command
is not valid.

24579 »  The Equipment Sequence cannot be commanded
for these reason:

- The program successfully attached to the
Equipment Sequence, but it cannot command
the sequence because Logix Designer, a higher
priority application, has overridden ownership.

24582 Attachment to the Equipment Sequence failed
because the sequence was previously attached to
one of these users:

- Anexternal sequencer, such as FactoryTalk
Batch software, has ownership.

- Another program in the controller (an internal
sequencer) has ownership.

- Anoperator using the Sequence Manager
ActiveX Controls has ownership.

24580 The caller of the instruction is attached, but is not the
current owner of the Equipment Sequence. A higher
priority owner, such as Logix Designer, is commanding
the Equipment Sequence.

24594 The Equipment Sequence is unscheduled, inhibited, or in
a task that is inhibited.

24604 An equal or higher priority command is being processed.

24631 Too many sequence parameter or step tags are defined
per step, so events cannot be handled and the START
command failed.

Use the Result operand to get a code that shows the success or failure of the SCMD instruction.
The Result operand should contain either 0 or a DINT tag, depending on whether ownership
conflicts or other errors are likely to occur.

« If ownership conflicts or other errors are not likely, enter 0 in the Result operand.

« If ownership conflicts or other errors are likely, enter a DINT tag in the Result operand.
The DINT tag stores a code for the result of the execution of the instruction.

Result codes for SOVR instructions

When a tag is assigned to store the result of an Equipment Sequence Override (SOVR)
instruction, the instruction returns one of these codes when it executes.

Code (Dec) Description

0 The command was successful.
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48 The command was not executed because it was not
possible at the time to generate an event to record the
command.

e |f the command was an ABORT command, the
ABORT command is still executed even if the event
could not be generated.

« This code only occurs if event generation has been
enabled in the Equipment Sequence Properties -

Configuration tab.
24577 The command is not valid.
24578 The command is not valid for the current state of the

Equipment Sequence. For example, if the Equipment
Sequence is stopped, then a stop command is not valid.

24594 The Equipment Sequence is unscheduled, inhibited, or in
a task that is inhibited.

Use the Result operand to get a code that shows the success or failure of the SOVR instruction.
The Result operand should contain either 0 or a DINT tag, depending on whether ownership
conflicts or other errors are likely to occur.

« If ownership conflicts or other errors are not likely, enter 0 in the Result operand.

« If ownership conflicts or other errors are likely, enter a DINT tag in the Result operand.
The DINT tag stores a code for the result of the execution of the instruction.

SCLF instruction examples

The examples show the SCLF instruction as it appears in a ladder diagram and in structured
text.

Ladder Diagram Example

ClearFailureControl SCLF ClearFailureControl
Sequence Clear Failure
Sequence Mame Make_Product_101
Result Result

Structured Text Example
if (ClearFailureControl) then
SCLF (Make_Product_101);

end_if;

SCMD instruction examples

The examples show the Equipment Sequence command (SCMD) instruction as it appears in a
Ladder Diagram and in Structured Text.
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SOVR instruction examples

Ladder Diagram
HoldControl SCHMD HoldControl

Seguence Command
Seguence Name Make_Product_101
Command Hold
Result Result

Structured Text

if (HoldControl) then

SCMD (Make_Product_101), Hold, Result);

end_if;

The examples show the SOVR instruction as it appears in a Ladder Diagram and in Structured
Text.

Ladder Diagram
StopControl SOVR StopControl
Sequence Override Command
nce Name Make_ Product 101
Stop
Result
Structured Text
if (StopControl) then
SOVR (Make_Product_101, Stop, Results);
end_if;

When should | use an SOVR instruction instead of an SCMD instruction?

Rockwell Automation, Inc.

 Under most circumstances, use the SCMD instruction to programmatically command
an Equipment Sequence. However, use the SOVR instruction to command an Equipment
Sequence under these conditions:

- When you are giving the HOLD, STOP, or ABORT command, and the command must
always execute under all ownership circumstances.

- If the HOLD, STOP, or ABORT command must execute even when you have manual
control of the Equipment Sequence through the Logix Designer application or when
another program, such as the FactoryTalk Batch software, owns the Equipment
Sequence.

For example, suppose your equipment checks for jammed material. If there is a jam, you always
want the equipment to abort. In that case, use the SOVR instruction. This way, the equipment
aborts even if you have manual control through the Logix Designer application.
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Click a topic below for more information on issues that are unigue to function block
programming. Review this information to make sure you understand how your function block

routines will operate.

Choose the Function Block Elements on page 546

Latching Data on page 547

Order of Execution on page 549

Function Block Responses to Overflow Conditions on page 548

Timing Modes on page 552

Program/Operator Control on page 556

Choose the Function Block Elements

546

To control a device, use these elements:

input reference (IRER function block output reference (ORER
!
-] [ ¥
L
et I L
DJ j_|_'=( p output wire
connector
{(OCOM)
(P
input wire 41
connector =
[ICON)
L ol
]

Use the following table to help you choose your function block elements:

If you want to supply a value from an input device or
tag

Then use an input reference (IREF)

Send a value to an output device or tag

Output reference (OREF)

Perform an operation on an input value or values and
produce an output value or values.

Function block

Transfer data between function blocks when they are:
» Far apart on the same sheet

«  Ondifferent sheets within the same routine

Output wire connector (OCON) and an input wire
connector (ICON)

Disperse data to several points in the routine

Single output wire connector (OCON) and multiple input
wire connectors (ICON)
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Latching Data
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The function block moves the input references into the block structure. If necessary, the
function block converts those input references to REAL values. The function block executes and
moves the results into the output references. Again, if necessary, the function block converts
those result values from REAL to the data types for the output references.

If you use an IREF to specify input data for a function block instruction, the data in that IREF is
latched for the scan of the function block routine. The IREF latches data from program-scoped
and controller-scoped tags. The controller updates all IREF data at the beginning of each scan.

=

REF  —= [ e 8
(s

In this example, the value of tagA is stored at the beginning of the routine’s execution. The
stored value is used when Block_01 executes. The same stored value is also used when
Blcock_02 executes. If the value of tagA changes during execution of the routine, the stored
value of tagA in the IREF does not change until the next execution of the routine.

Block_01

=
[agh wa—— ]

Block_02

This example is the same as the one above. The value of tagA is stored only once at the
beginning of the routine’s execution. The routine uses this stored value throughout the routine.

Block_01

=

Block_02

Publication 1756-RMO0GP-EN-P - September 2025 547



Chapter 9

Function Block Attributes

You can use the same tag in multiple IREFs and an OREF in the same routine. Because the values
of tags in IREFs are latched every scan through the routine, all IREFs will use the same value,
even if an OREF obtains a different tag value during execution of the routine.

In this example, if tagA has a value of 25.4 when the routine starts executing this scan, and
Block_01 changes the value of tagA to 50.9, the second IREF wired into Block_02 will still use a
value of 25.4 when Block_02 executes this scan. The new tagA value of 50.9 will not be used by
any IREFs in this routine until the start of the next scan.

Blod_01

Blog 02

:

Function Block Responses to Overflow Conditions

548

In general, the function block instructions that maintain history do not update history with +
NAN, or £INF values when an overflow occurs. Each instruction has one of these responses to

an overflow condition.

Response Instruction

Response 1 ALM NTCH
Blocks execute their algorithm and check the result for | DEDT PMUL
=NAN or £INF. If £NAN or Z£INF, the block outputs DERV POSP
ESEL RLIM
FGEN RMPS
HPF SCRV
LDL2 SEL
LDLG SNEG
LPF SRTP
MAVE SSUM
MAXC TOT

ENAN or ZINF.
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Order of Execution
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MINC UPDN
MSTD
MUX
Response 2 HLL, INTG, PI, PIDE, SCL, SOC
Blocks with output limiting execute their algorithm
and check the result for 2=NAN or ZINF. The output
limits are defined by the HighLimit and LowLimit input
parameters. If ZINF, the block outputs a limited result.
If £NAN, the output limits are not used and the block
outputs ZNAN.
Response 3 BAND, BNOT, BOR, BXOR, CUTD, D2SD, D3SD, DFF, JKFF,
The overflow condition does not apply. These OSF1, OSRI, RESD, RTOR, SETD, TOFR, TONR
instructions typically have a boolean output.

The Logix Designer programming application automatically determines the order of execution
for the function blocks in a routine when you:

« verify a function block routine
« verify a project that contains a function block routine
 download a project that contains a function block routine

You define execution order by wiring function blocks together and indicating the data flow of
any feedback wires, if necessary.

If function blocks are not wired together, it does not matter which block executes first. There is
no data flow between the blocks

] =1 =

If you wire the blocks sequentially, the execution order moves from input to output. The inputs

of a block require data to be available before the controller can execute that block. For example,

block 2 has to execute before block 3 because the outputs of block 2 feed the inputs of block 3.
1 2 3

] = ]
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Execution order is only relative to the blocks that are wired together. The following example is
fine because the two groups of blocks are not wired together. The blocks within a specific group
execute in the appropriate order in relation to the blocks in that group.

1 3 5

=] (s =l

D—CD—CD—CD—G

Resolve a Loop

To create a feedback loop around a block, wire an output pin of the block to an input pin of the
same block. The following example is OK. The loop contains only a single block, so execution
order does not matter.

B
This input pin uses an output that o o
the block produced on the = —
previols scan, ——ne [ |
S ]  —"  — - |

If a group of blocks are in a loop, the controller cannot determine which block to execute first.
In other words, it cannot resolve the loop.

? ? ?
S = S = b [ ]

D_rc': — o—0 3—-._.;(:|

To identify which block to execute first, mark the input wire that creates the loop (the feedback
wire) with the Assume Data Available indicator. In the following example, block 1uses the output
from block 3 that was produced in the previous execution of the routine.

1 2 3
|' _|| =
= —_]

The Assume Data Available indicator defines the data flow within the loop. The arrow indicates
that the data serves as input to the first block in the loop.

—

lncalizad feedbadcwie — g )
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Do not mark all the wires of a loop with the Assume Data Available indicator.

This is DK This is NOT DK
1 2 ? ?
Ll Ll i Ll = Ll
d P j—‘ [x 3—@ j—‘
[=| ﬁ =

Azsume Data Available
indicator

The Assume Datz Ausilzfle indicator defines the data flow within
the loop.

The controller cannot resolve the loop because all the wiresuse the
Assume Dtz Availzhle indicator,

Resolve Data Flow Between Two Blocks

If you use two or more wires to connect two blocks, use the same data flow indicators for all of

the wires between the two blocks.

This is DK This is NOT 0K
2 1 . ] 2 Ll *. Ll
= B— —g =} [I= — — =]
= p— g p—]
[m q

Meither wire uses the Assume Data Auailable indicatar,

Bezume Data Awailable
indicatar

Both wires use the Assume Dtz Avzsilzble indicator.

Onewire usesthe Assume Datz Auzifzbieindicator while the other
wire does not.

Create a One Scan Delay

To produce a one scan delay between blocks, use the Assume Data Available indicator. In the
following example, block 1executes first. It uses the output from block 2 that was produced in

the previous scan of the routine.

2 1

__i )

: 763 g

Azsume Data Bvailable indicator
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Summary

In summary, a function block routine executes in this order:

1. The controller latches all data values in IREFs.

2. The controller executes the other function blocks in the order determined by how they

are wired.

3. The controller writes outputs in OREFs.

Timing Modes

These process control and drives instructions support different timing modes.

o DEDT « LDLG e RLIM
o DERV « LPF » SCRV
« HPF « NTCH « S0C
* INTG o Pl o TOT
« LDL2 » PIDE

There are three different timing modes.

Timing Mode

Description

Periodic

Periodic mode is the default mode and is suitable for most control
applications. We recommend that you place the instructions that use this
mode in a routine that executes in a periodic task. The delta time (DeltaT)
for the instruction is determined as follows:

If the instruction executesina Then DeltaT equals

Periodic task Period of the task

Event or continuous task Elapsed time since the previous
execution

The controller truncates the elapsed
time to whole milliseconds (ms). For
example, if the elapsed time =10.5
ms, the controller sets DeltaT =10
ms.

The update of the process input needs to be synchronized with the
execution of the task or sampled 5-10 times faster than the task executes in
order to minimize the sampling error between the input and the instruction.

Oversample

In oversample mode, the delta time (DeltaT) used by the instruction is the
value written into the OversampleDT parameter of the instruction. If the
process input has a time stamp value, use the real time sampling mode
instead.
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Add logic to your program to control when the instruction executes. For
example, you can use a timer set to the OversampleDeltaT value to control
the execution by using the Enableln input of the instruction.

The process input needs to be sampled 5-10 times faster than the
instruction is executed in order to minimize the sampling error between the
input and the instruction.

Real time sampling

In the real time sampling mode, the delta time (DeltaT) used by the
instruction is the difference between two time stamp values that
correspond to the updates of the process input. Use this mode when the
process input has a time stamp associated with its updates and you need
precise coordination.

The time stamp value is read from the tag name entered for the
RTSTimeStamp parameter of the instruction. Normally this tag name is a
parameter on the input module associated with the process input.

The instruction compares the configured RTSTime value (expected update
period) against the calculated DeltaT to determine if every update of the
process input is being read by the instruction. If DeltaT is not within 1
millisecond of the configuration time, the instruction sets the RTSMissed
status bit to indicate that a problem exists reading updates for the input on
the module.

Time-based instructions require a constant value for DeltaT in order for the control algorithm
to properly calculate the process output. If DeltaT varies, a discontinuity occurs in the process
output. The severity of the discontinuity depends on the instruction and range over which

DeltaT varies.

A discontinuity occurs if the following happens:

* Instruction is not executed during a scan.

* Instruction is executed multiple times during a task.

 Task is running and the task scan rate or the sample time of the process input changes.

+ User changes the time-base mode while the task is running.

Order parameter is changed on a filter block while the task is running.

» Changing the Order parameter selects a different control algorithm within the instruction.

Common Instruction Parameters for Timing Modes

The instructions that support time-base modes have these input and output parameters.

Input Parameters
Input Parameter Data Type Description
TimingMode DINT Selects timing execution mode.

Value: Description:

0 Periodic mode

10versample mode
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2 Real time sampling mode
Valid=0to2
Default =0

When TimingMode = 0 and task is
periodic, periodic timing is enabled
and DeltaT is set to the task scan
rate. When TimingMode = 0 and task
is event or continuous, periodic
timing is enabled and DeltaT is set
equal to the elapsed time span since
the last time the instruction was
executed.

When TimingMode =1, oversample
timing is enabled and DeltaT is set
to the value of the OversampleDT
parameter. When TimingMode =

2, real time sampling timing is
enabled and DeltaT is the difference
between the current and previous
time stamp values read from the
module associated with the input.

If TimingMode invalid, the instruction
sets the appropriate bit in Status.

OversampleDT REAL

Execution time for oversample
timing. The value used for DeltaT is
in seconds. If TimingMode =1, then
OversampleDT = 0.0 disables the
execution of the control algorithm.
If invalid, the instruction sets DeltaT
=0.0 and sets the appropriate bit in
Status.

Valid = 0 to 4194.303 seconds
Default =0.0

RTSTime DINT

Module update period for real

time sampling timing. The
expected DeltaT update period is
in milliseconds. The update period
is normally the value that was used
to configure the module’s update
time. If invalid, the instruction sets
the appropriate bit in Status and
disables RTSMissed checking.

Valid =1...32,767ms
Default =1

RTSTimeStamp DINT

Module time stamp value for real
time sampling timing. The time
stamp value that corresponds to the
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last update of the input signal. This
value is used to calculate DeltaT.

If invalid, the instruction sets the
appropriate bit in Status, disables
execution of the control algorithm,
and disables RTSMissed checking.

Valid =0...32,767ms (wraps from
32767 to 0)

1count = Tmillisecond

Default =0

Output Parameters

Output Parameter

Data Type

Description

DeltaT

REAL

Elapsed time between updates. This
is the elapsed time in seconds used
by the control algorithm to calculate
the process output.

Periodic: DeltaT = task scan rate

if task is Periodic task, DeltaT

= elapsed time since previous
instruction execution if task is Event
or Continuous task

Oversample: DeltaT = OversampleDT

Real Time Sampling: DeltaT
=(RTSTimeStampn -
RTSTimeStampn-1)

Status

DINT

Status of the function block.

TimingModelnv (Status.27)

BOOL

Invalid TimingMode value.

RTSMissed (Status.28)

BOOL

Only used in real time sampling
mode. Set when ABS | DeltaT -
RTSTime | > 1(.001 second).

RTSTimelnv (Status.29)

BOOL

Invalid RTSTime value.

RTSTimeStamplnv (Status.30)

BOOL

Invalid RTSTimeStamp value.

DeltaTlnv (Status.31)

BOOL

Invalid DeltaT value.
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Overview of Timing Modes

The following diagram shows how an instruction determines the appropriate timing mode.

Determineﬁme-base Mode )
~
TimingMode =0 TimingMode =1
( Periodic Timing ) |r Oversample Timing ‘\]
_ N\ S/

e -
~ TimingMode =2
~
.
.
~
B Y
:’( Real Time Timing \l
b A

Deltal = OversampleDT
If Deltal < 0 or Deltal > 4194.303 s the
instruction sets DeltaT = 0.0 and sets the

Deltal = RTSTimeStamp,, - RTSTimeStamp,
If Deltal = 0, the instruction executes.
If |RTSTIME - DeltaT| > 1, the instruction sets RTSMissed bitin

appropriate bitin Status. Status.
It DeltaT = 0, the instruction executes.

Y

Determine Task Type

L T

r aoa \ g .
( Periodic Task } |/ Event or Continuous Task \|
vy

Deltal = Task scan time
If DeltaT = 0, the instruction executes.

DeltaT =Elapsed time since last execution
If Deltal = 0, the instruction executes.

The following instructions support the concept of Program/QOperator contraol.
*  Enhanced Select (ESEL)
« Totalizer (TOT)
«  Enhanced PID (PIDE)
Ramp/Soak (RMPS)
« Discrete 2-State Device (D2SD)
» Discrete 3-State Device (D3SD)

Program/QOperator control lets you control these instructions simultaneously from both your
user program and from an operator interface device. When in Program control, the instruction is
controlled by the Program inputs to the instruction; when in Operator control, the instruction is
controlled by the Operator inputs to the instruction.

Program or Operator control is determined by using these inputs.

Input Description

.ProgProgReq A program request to go to Program control.
.ProgOperReq A program request to go to Operator control.
.OperProgReq An operator request to go to Program control.
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.OperOperReq An operator request to go to Operator control.

To determine whether an instruction is in Program or Operator control, examine the ProgOper
output. If ProgOper is set, the instruction is in Program control; if ProgOper is cleared, the
instruction is in Operator control.

Operator control takes precedence over Program control if both input request bits are set. For
example, if ProgProgReq and ProgOperReq are both set, the instruction goes to Operator control.

The Program request inputs take precedence over the Operator request inputs. This provides
the capability to use the ProgProgReq and ProgOperReq inputs to ‘lock’ an instructionin a
desired control.

For example, let's assume that a Totalizer instruction will always be used in Operator control,
and your user program will never control the running or stopping of the Totalizer. In this case,
you could wire a literal value of 1into the ProgOperReq. This would prevent the operator from
ever putting the Totalizer into Program control by setting the OperProgReq from an operator
interface device.

Bicause he ProgOpirfieq nput b dbways

ToT =
L) Tatalizar : pamMalmProgram, TOT S, [tping P “Progeam’” bution o the
e m:ﬂm wwmu = o Taaeplate [which s e Operbrgieg
TOT_01 nput] hizs neeliect. Normally setng
! O Total O galons | Dparatsr . OperFroghieq pets the 10Tin Frogram
Loeat1:LChODats input SOE7 gefwin |Rn AT
- - ; Targt an
F il o -Owr2 Lo )
1 4| ProgOperfie glipe -Dev l Dpseraitir |
tartRe t St I
; _sw |
Wiring a '1” into ProgOperfteg Fenst
means the rogr e _]
ve user program always o
£
wants the TOT to be in Operator Detad I
control
Fabyr: Ok

Likewise, constantly setting the ProgProgReq can ‘lock’ the instruction into Program control.
This is useful for automatic startup sequences when you want the program to control the
action of the instruction without worrying about an operator inadvertently taking control of the
instruction.

In this example, you have the program set the ProgProgReq input during the startup, and then
clear the ProgProgReq input once the startup was complete. Once the ProgProgReq input is
cleared, the instruction remains in Program control until it receives a request to change. For
example, the operator could set the OperOperReq input from a faceplate to take over control of
that instruction.
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The following example shows how to lock an instruction into Program control.

PIDE )

Enhanced PID

FuelFlow Controller

Local:1:1.ChDData CVE Local:2:0.ChOData

StartupCV

1= =]

StartupSequencedctive
|

= I « N = B = B = |
o o] 5 < 5

When StartupSequencelctive
is set, the PIDE Instruction is
placed in Program control and
Manual mode. The StartupCV
value is used as the loop
output. Ovwerride

asRat

Operator request inputs to an instruction are always cleared by the instruction when it
executes. This allows operator interfaces to work with these instructions by merely setting the
desired mode request bit. You don't have to program the operator interface to reset the request
bits. For example, if an operator interface sets the OperAutoReq input to a PIDE instruction,
when the PIDE instruction executes, it determines what the appropriate response should be and
clears the OperAutoReq.

Program request inputs are not normally cleared by the instruction because these are normally
wired as inputs into the instruction. If the instruction clears these inputs, the input would just
get set again by the wired input. There might be situations where you want to use other logic to
set the Program requests in such a manner that you want the Program requests to be cleared
by the instruction. In this case, you can set the ProgValueReset input and the instruction will
always clear the Program mode request inputs when it executes.

In this example, a rung of ladder logic in another routine is used to one-shot latch a
ProgAutoReq to a PIDE instruction when a push button is pushed.

When the TIC101AutoReq push button is pressed, one-shot latch ProgAutoReq for the PIDE
instruction TIC101. TIC101 has been configured with the ProgValueReset input set. ProgAutoReq
get reset because ProgValuieReset is always set.

TIC101AutoRegPB  TIC101AutoRegPBOneShot TIC101.ProgAutoReq

Function Block States

Logix-based controllers evaluate function block instructions based on the state of different
conditions:
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Condition

Description

prescan

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

instruction first scan

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

instruction first run

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

Every function block instruction also included Enableln and EnableQut parameters:

Function block instructions execute normally when Enableln is set.

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

EnableQut mirrors Enableln. However, if Function Block detects an overflow condition,
EnableQut is also cleared.

Function Block resumes from where it left off when Enableln toggles from cleared to set.
However, there are some function block instructions that specify special functionality
(for example, re-initialization) when Enableln toggles from cleared to set. For function
block instructions with time base parameters, whenever the timing mode is Oversample,
the instruction always resumes from where it left off when Enableln toggles from cleared
to set.

If the Enableln parameter is not wired, the instruction always executes as normal and Enableln
remains set. If you clear Enableln, it changes to set the next time the instruction executes.

Function Block Faceplate Controls

The Logix Designer programming application includes faceplate controls for some function
block instructions. Faceplates are Active-X controls used in applications that acts as an Active-
X container. The faceplates communicate with the controller via the RSLinx Classic OPC Server
or the FactoryTalk Linx Gateway.

IMPORTANT: The Logix Designer programming application is not a valid Active-X container. An Active-X container
is required to use the faceplates.

These instructions have faceplates:

Rockwell Automation, Inc.

Process Discrete Input (PDI)
Process Discrete Output (PDO)
Process Analog Input (PAI)
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Faceplate Control - General

Faceplate Control - Display

560

« Process Analog Output (PAO)
Alarm (ALM)
* Enhanced Select (ESEL)
« Totalizer (TOT)
Ramp/Soak (RMPS)
» Discrete 2-State Device (D2SD)
« Discrete 3-State Device (D3SD)
«  Enhanced PID (PIDE)
Configure the faceplates through property pages that open through container applications.

All faceplates have these property pages in common:

+ General
» Display
» Font

* Locale

Use this tab to define/modify how the control operates.

Parameters

Communication

Select RSLinx Classic OPC Server or FactoryTalk Linx. If you select RSLinx Classic OPC Server,
you must also specify:
» whether to launch remotely

+ the access path to the remote machine

If you select FactoryTalk Linx, you must also specify the FactoryTalk Area.

Tag

Enter the name of a specific function block instruction to connect with this control.

Update Rate

Enter the Update Rate of the control in seconds. You can click the arrows to increment this
value in 0.25 second increments. The default value is 1.00 second.

Use this tab to define how the faceplate control will appear on your screen.
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Faceplate Control - Font
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Parameters

Background Color

This button indicates the color of the faceplate’s background. Select the button to change this
color. The default color is light gray.

Show Frame

Select or clear this box, depending on whether you want to display a three-dimensional frame
around this control. Use this option to separate the control from other items that might appear
on your display. This option is selected by default.

0K

Select this button to accept edits and close the Faceplate Control Properties dialog.

Cancel

Select this button to cancel edits and close the Faceplate Control Properties dialog.

Apply
Select this button to apply edits and continue editing in the Faceplate Control Properties
dialog.

Use this tab to define the fonts that appear on the faceplates. From here, you can configure a
ControlFont to be used in the main part of the faceplate, and a MinorFont to be used in scales
and other minor portions of the faceplate.

Parameters

Property Name

Choose the font you want to configure from the pull-down menu. Choose from ControlFont or
MinorFont; the default is ControlFont.

Font

Choose the font you wish to use for the control from the list of available fonts. The default font
is Arial.

Style

Choose the style you wish to use for the control from the pull-down menu. The default style is
Regular.

Size

Enter the point size you wish to use for this font. The default size of the ControlFont is 10.5
points; the default size of the MinorFont is 8.25 points.
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562

Strikeout

Check this box if you want to use the strikeout effect, which draws a line through the font. This
option is unchecked, by default.

Underline

Check this box if you want to use the underline effect, which draws a line below the font. This
option is unchecked, by default.

0K

Click this button to accept your edits and close the Faceplate Control Properties dialog.

Cancel

Click this button to cancel your edits and close the Faceplate Control Properties dialog.

Apply
Click this button to apply your edits and continue editing in the Faceplate Control Properties
dialog.

Use this tab to define the language requirements for the faceplates.
Parameters

Locale

Choose the language you want to use from the pull-down menu. Choose from:
* English
- Portuguese
- French
- ltalian
- German
- Spanish

0K

Click this button to accept your edits and close the Faceplate Control Properties dialog.

Cancel

Click this button to cancel your edits and close the Faceplate Control Properties dialog.

Apply
Click this button to apply your edits and continue editing in the Faceplate Control Properties
dialog.
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Structured Text Programming

These are the issues that are unique with structured text programming. Review the following
topics to make sure you understand how your structured text programming executes.

Structured Text Syntax on page 563

Structured Text Components: Comments on page 565

Structured Text Components: Assignments on page 566

Structured Text Components: Expressions on page 568

Structured Text Components: Instructions on page 574

Structured Text Components: Constructs on page 575Structured Text Components: Constructs
CASE_OF on page 577

FOR_DO on page 579

[F_THEN on page 582

REPEAT_UNTIL on page 585
WHILE_DO on page 588

Structured text is a textual programming language that uses statements to define what to
execute.

» Structured text is not case sensitive.

« Use tabs and carriage returns (separate lines) to make your structured text easier to
read. They have no effect on the execution of the structured text.

Structured text is not case sensitive. Structured text can contain these components.

Term Definition Examples

Assignment Use an assignment statement
to assign values to tags. The :=
operator is the assignment operator.

tag := expression;

Terminate the assignment with a
semi colon ;.

Expression An expression is part of a complete
assignment or construct statement.
An expression evaluates to a number
(numerical expression), a String
(string expression), or to a true or
false state (BOOL expression)

Tag Expression A named area of the memory where | valuel
data is stored (BOOL, SINT, INT, DINT,
REAL, String).
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Immediate Expression

A constant value

Operators Expression

A symbol or mnemonic that specifies
an operation within an expression.

tagl + tag2

tagl >= valuel

Function Expression

When executed, a function yields
one value. Use parentheses to
contain the operand of a function.

Even though their syntax is similar,
functions differ from instructions in
that functions can be used only in
expressions. Instructions cannot be
used in expressions.

function(tagl)

Instruction

An instruction is a standalone
statement.

An instruction uses parentheses to
contain its operands.

Depending on the instruction,
there can be zero, one, or multiple
operands.

When executed, an instruction yields
one or more values that are part

of a data structure. Terminate the
instruction with a semi colon(;).

Even though their syntax is similar,

instructions differ from functions in
that instructions cannot be used in

expressions. Functions can be used
only in expressions.

instruction();
instruction(o

instruction(o

perand);

perand],

operand2,operand3);

Construct

A conditional statement used to
trigger structured text code (that is,
other statements). Terminate the
construct with a semi colon (;).

[F...THEN CASE FOR...DO WHILE...DO
REPEAT...UNTIL

EXIT

Comment

Text that explains or clarifies what a
section of structured text does.

Use comments to make it easier to
interpret the structured text.

Comments do not affect the
execution of the structured text.

Comments can appear anywhere in
structured text.

//comment

(*start of comment . .. end of

comment*)

[*start of comment . .. end of

comment*/
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Structured Text Components: Comments

To make your structured text easier to interpret, add comments to it.

» Comments let you use plain language to describe how your structured text works.

» Comments do not affect the execution of the structured text.

To add comments to your structured text:

To add a comment

Use one of these formats

on a single line /Icomment
- (*comment*)
at the end of a line of structured text
[*comment*/
within a line of structured text (*comment*)
/*comment*/

that spans more than one line

(*start of comment. . .end of comment*)

[*start of comment. . .end of comment*/

For example:

Format

Example

//comment

At the beginning of a line

/1Check conveyor belt direction

IF conveyor_direction THEN...

At the end of a line

ELSE //If conveyor isn't moving, set alarm light
light:=1;

END_IF;

(*comment*)

Sugar.Inlet[:=]1:(*open the inlet*)

IF Sugar.Low (*low level LS*)& Sugar.High (*high level
LS*)THEN...

(*Controls the speed of the recirculation pump. The
speed depends on the temperature in the tank.*)

IF tank.temp > 200 THEN...

[*comment*/

Sugar.Inlet:=0;/*close the inlet*/
IF bar_code=65 /*A*/ THEN...

[*Gets the number of elements in the Inventory array
and stores the value in the Inventory_ltems tag*/

SIZE(Inventory,0.Inventory_ltems);
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Structured Text Components: Assignments

Use an assignment to change the value stored within a tag. An assignment has this syntax:

tag := expression;

where:

Component

Description

Tag

Represents the tag that is getting the new value; the tag must be a BOOL,

SINT, INT, DINT, STRING, or REAL.

Q The STRING tag is only applicable to CompactLogix 5380,
ControlLogix 5580, Compact GuardLogix 5380, GuardLogix 5580,
and ControlLogix 5590 controllers.

Is the assignment symbol

Expression

Represents the new value to assign to the tag

If tag is this data type Use this type of expression

BOOL BOOL

SINT Numeric

INT

DINT

REAL

STRING String type, including string tag and

(CompactLogix 5380, ControlLogix
5580, Compact GuardLogix 5380,
GuardLogix 5580, and ControlLogix
5590 controllers only.)

string literal

(CompactLogix 5380, ControlLogix
5580, Compact GuardLogix 5380,
GuardLogix 5580, and ControlLogix
5590 controllers only.)

Ends the assignment

The tag retains the assigned value until another assignment changes the value.

The expression can be simple, such as an immediate value or another tag name, or the
expression can be complex and include several operators and functions, or both. Refer to
Expressions for more information.

1/0 module data updates asynchronously to the execution of logic. If you reference an input multiple
times in your logic, the input could change state between separate references. If you need the input to
have the same state for each reference, buffer the input value and reference that buffer tag. For more
information, see Logix 5000 Controllers Common Procedures, publication 1756-PM001.You can also use
Input and Output program parameters which automatically buffer the data during the Logix Designer
application execution. See LOGIX 5000 Controllers Program Parameters Programming Manual, publication

1756-PM021.
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Assign an ASCII character to a string data member

Use the assignment operator to assign an ASCII character to an element of the DATA member of
a string tag. To assign a character, specify the value of the character or specify the tag name,
DATA member, and element of the character. For example:

This is 0K This is not 0K
stringl.DATA[ 0] := 65; stringl.DATA[0] := A;
stringl.DATA[ 0]:= string2.DATA[ 0 ; stringl := string2;

O This assigns all content of string2 to stringl
instead of just one character.

To add or insert a string of characters to a string tag, use either of these ASCII string
instructions:

To Use this instruction
Add characters to the end of a string CONCAT
Insert characters into a string INSERT

Specify a non-retentive assignment
The non-retentive assignment is different from the reqular assignment described above in that
the tag in a non-retentive assignment is reset to zero each time the controller:

» Enters the Run mode

» Leaves the step of an SFC if you configure the SFC for Automatic reset. This applies
only if you embed the assignment in the action of the step or use the action to call a
structured text routine by using a JSR instruction.

A non-retentive assignment has this syntax:

tag [:=] expression ;

where:

Component Description

tag Represents the tag that is getting the new value; the tag must be a BOOL,

SINT, INT, DINT, STRING, or REAL.
Q The STRING tag is only applicable to CompactLogix 5380,

ControlLogix 5580, Compact GuardLogix 5380, GuardLogix 5580,
and ControlLogix 5590 controllers.

[=] Is the non-retentive assignment symbol.

expression Represents the new value to assign to the tag.
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If tag is this data type Use this type of expression

BOOL BOOL

SINT Numeric

INT

DINT

REAL

STRING String type, including string tag and

(CompactLogix 5380, ControlLogix string literal

5580, Compact GuardLogix 5380, (CompactLogix 5380, ControlLogix

GuardLogix 5580, and ControlLogix 5580, Compact GuardLogix 5380

5590 controllers only.) GuardLogix 5580, and ControlLogix
5590 controllers only.)

Structured Text Components: Expressions

An expression is a tag name, equation, or comparison. To write an expression, use any of the
following:

« Tag name that stores the value (variable)
Number that you enter directly into the expression (immediate value)

«  String literal that you enter directly into the expression (
CompactLogix 5380, ControlLogix 5580, Compact GuardLogix 5380, and GuardLogix 5580
controllers

only)
» Functions, such as: ABS, TRUNC

 Operators, such as: +, -, <, >, And, Or
Follow these guidelines for writing expressions:

» Use any combination of upper-case and lower-case letter. For example, these variations
of "AND" are acceptable: AND, And, and.

 For more complex requirements, use parentheses to group expressions within
expressions. This makes the whole expression easier to read, and ensures that the
expression executes in the desired sequence.

Use these expressions for structured text:
BOOL expression: An expression that produces the BOOL value of 1(true) or 0 (false).

» Abool expression uses bool tags, relational operators, and logical operators to compare
values or check if conditions are true or false. For example, tag1>65.

« Asimple bool expression can be a single BOOL tag.

 Typically, use bool expressions to condition the execution of other logic.
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Numeric expression: An expression that calculates an integer or floating-point value.

» A numeric expression uses arithmetic operators, arithmetic functions, and bitwise
operators. For example, tagl+b.

«  Nest a numeric expression within a BOOL expression. For example, (tag1+5)>65.
String expression: An expression that represents a string
» Asimple expression can be a string literal or a string tag

Use this table to select the operators for expressions.

If Use

Calculating an arithmetic value Arithmetic operators and functions
Comparing two values or strings Relational operators

Verifying if conditions are true or false Logical operators

Comparing the bits within values Bitwise operators

Use arithmetic operators and functions

Rockwell Automation, Inc.

Combine multiple operators and functions in arithmetic expressions.

Operators calculate new values.

To Use this operator Optimal data type
Add + DINT, REAL
Subtract/negate - DINT, REAL
Multiply * DINT, REAL
Exponent (x to the power of y) * DINT, REAL
Divide / DINT, REAL
Modulo-divide MOD DINT, REAL

Functions perform math operations. Specify a constant, a non-Boolean tag, or an expression for

the function.

For Use this function Optimal data type
Absolute value ABS (numeric_expression) DINT, REAL

Arc cosine ACOS (numeric_expression) REAL

Arc sine ASIN (numeric_expression) REAL

Arc tangent ATAN (numeric_expression) REAL
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Use bitwise operators
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Cosine COS (numeric_expression) REAL
Radians to degrees DEG (numeric_expression) DINT, REAL
Natural log LN (numeric_expression) REAL
Log base 10 LOG (numeric_expression) REAL
Degrees to radians RAD (numeric_expression) DINT, REAL
Sine SIN (numeric_expression) REAL
Square root SORT (numeric_expression) DINT, REAL
Tangent TAN (numeric_expression) REAL
Truncate TRUNC (numeric_expression) DINT, REAL

The table provides examples for

using arithmetic operators and functions.

Use this format

Example

For this situation

Write

valuel operator value2 If gain_4 and gain_4_adj are DINT gain_4_adj := gain_4+15;
tags and your specification says:
‘Add 15 to gain_4 and store the result
in gain_4_adj"

operator valuel If alarm and high_alarm are DINT alarm:= -high_alarm;

tags and your specification says:

‘Negate high_alarm and store the
result in alarm.’

function(numeric_expression)

If overtravel and overtravel_POS are
DINT tags and your specification
says: ‘Calculate the absolute value
of overtravel and store the result in
overtravel_P0S.'

overtravel_P0S := ABS(overtravel);

valuel operator
(function((value2+value3)/2)

If adjustment and position are DINT
tags and sensor1 and sensor2 are
REAL tags and your specification
says: 'Find the absolute value of the
average of sensor] and sensor2, add
the adjustment, and store the result
in position.’

position := adjustment +
ABS((sensor1 +

sensor2)/2);

Bitwise operators manipulate the bits within a value based on two values.

The following provides an overview of the bitwise operators.
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For Use this operator Optimal data type
bitwise AND &, AND DINT
bitwise OR OR DINT
bitwise exclusive OR XOR DINT
bitwise complement NOT DINT
This is an example.
Use this format Example
For this situation Use

valuel operator value2

If inputl, input2, and result] are
DINT tags and your specification
says: "Calculate the bitwise result of
inputl and input2. Store the result in
resultl.”

result]:= inputl AND input2;

Use logical operators

Use logical operators to verify if multiple conditions are true or false. The result of a logical

operation is a BOOL value.

If the comparison is The result is
true 1
false 0

Use these logical operators.

For this comparison

Use this operator

Optimal data type

logical AND & AND BOOL
logical OR OR BOOL
logical exclusive OR XOR BOOL
logical complement NOT BOOL
The table provides examples of using logical operators.
Use this format Example
For this situation Use

Rockwell Automation, Inc.
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BOOLtag If photoeye is a BOOL tag and your | IF photoeye THEN...
specification says: "If photoeye_1is
on then..."

NOT BOOLtag If photoeye is a BOOL tag and your | IF NOT photoeye THEN...

specification says: "I photoeye is off
then..."

expressionl & expression2

If photoeye is a BOOL tag, temp is
a DINT tag, and your specification
says: "If photoeye is on and temp is
less than 100 then..."

IF photoeye & (temp<100) THEN...

expression1 OR expression2

If photoeye is a BOOL tag, temp is
a DINT tag, and your specification
says: "If photoeye is on or temp is
less than 100 then...".

IF photoeye OR (temp<100) THEN...

expression] XOR expression2

If photoeyel and photoeye? are BOOL
tags and your specification says: "If:

photoeyel is on while photoeye? is
off or

photoeyel is off while photoeye? is
on

then..."

IF photoeyel XOR photoeye2 THEN...

BOOLtag := expressionl &
expression2

If photoeyel and photoeye? are BOOL
tags, open is a BOOL tag, and your
specification says: "If photoeyel and
photoeye? are both on, set open to
true”

open := photoeyel & photoeye2;

Use relational operators

Relational operators compare two values or strings to provide a true or false result. The result of
a relational operation is a BOOL value.

If the comparison is The result is
True 1
False 0

Use these relational operators.

For this comparison

Use this operator

Optimal data type

Equal

DINT, REAL, String type

Less than

DINT, REAL, String type

572
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Less than or equal <= DINT, REAL, String type
Greater than > DINT, REAL, String type
Greater than or equal >= DINT, REAL, String type
Not equal <> DINT, REAL, String type

The table provides examples of using relational operators

Use this format Example
For this situation Write
valuel operator value2 If temp is a DINT tag and your IF temp<100 THEN...

specification says: If temp is less
than 100- then...

stringtag1 operator stringtag2 If bar_code and dest are string IF bar_code=dest THEN...
tags and your specification says: 'If
bar_code equals dest then...

stringtagl operator ‘character string | If bar_code is a string tag and your | IF bar_code=Test PASSED’ THEN...
literal specification says: If bar_code
equals Test PASSED' then...

charl operator char2 If bar_code is a string tag and IF bar_code.DATA[0]=65 THEN...
your specification says: 'If

To enter an ASCII character directly
bar_code.DATA[0] equals A’ then...

into the expression, enter the
decimal value of the character.

bool_tag := bool_expressions If count and length are DINT tags, Done :=(count >= length);
done is a BOOL tag, and your
specification says: ‘If count is
greater than or equal to length, you
are done counting.’

How strings are evaluated

The hexadecimal values of the ASCII characters determine if one string is less than or greater
than another string.

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

Rockwell Automation, Inc. Publication 1756-RMO06P-EN-P - September 2025



Chapter 10

Structured Text Programming

ASCIH Characters Hex Codes

1ab 531561862
N R 331482
= r
. . L) 31
F: a AR $a14542 — AB =B
e t [
r = E $42 —|

r a $E1 — a:=h
14
ab $61562

 Strings are equal if their characters match.

« Characters are case sensitive. Upper case "A" ($41) is not equal to lower case "a" ($61).

Structured Text Components: Instructions

574

Structured text statements can also be instructions. A structured text instruction executes

each time it is scanned. A structured text instruction within a construct executes every time the
conditions of the construct are true. If the conditions of the construct are false, the statements

within the construct are not scanned. There is no rung-condition or state transition that triggers
execution.

This differs from function block instructions that use Enableln to trigger execution. Structured
text instructions execute as if Enableln is always set.

This also differs from ladder diagram instructions that use rung-condition-in to trigger
execution. Some ladder diagram instructions only execute when rung- condition-in toggles from
false to true. These are transitional ladder diagram instructions. In structured text, instructions
execute when they are scanned unless pre-conditioning the execution of the structured text
instruction.

For example, the ABL instruction is a transitional instruction in ladder diagram. In this example,
the ABL instruction only executes on a scan when tag_xic transitions from cleared to set. The
ABL instruction does not execute when tag_xic stays set or when tag_xic clears.

tag_xic ABL
ASCI Test For Buffer Line EN
Channe 0 DN
SerialPort Control serial_control ER
Character Count 0

In structured text, if writting this example as:
IF tag_xic THEN ABL(O,serial_control);
END_IF;

The ABL instruction will execute every scan that tag_xic is set, not just when tag_xic transitions
from cleared to set.

If you want the ABL instruction to execute only when tag_xic transitions from cleared to set, you
have to condition the structured text instruction. Use a one-shot to trigger execution.

osri_l.InputBit := tag_xic;
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0SRI(osri_1);

IF (osri_1.0utputBit) THEN
ABL(0,serial_contral};
END_IF;

Structured Text Components: Constructs

Character string literals

Rockwell Automation, Inc.

Program constructs alone or nest within other constructs.

If Use this construct
Doing something if or when specific conditions occur IF... THEN
Selecting what to do based on a numerical value CASE...OF

Doing something a specific number of times before FOR...DO

doing anything else

Continuing doing something when certain conditions are | WHILE. .. DO
true

Continuing doing something until a condition is true REPEAT. .. UNTIL

Some Key Words are Reserved
These constructs are not available:

« GOTO

*  REPEAT

Logix Designer application will not let you use them as tag names or constructs.

Character string literals include single byte or double byte encoded characters. A single-byte
string literal is a sequence of zero or more characters that are prefixed and terminated by the
single quote character (). In single byte character strings, the three-character combination

of the dollar sign ($) followed by two hexadecimal digits is interpreted as the hexadecimal
representation of the eight-bit character code as shown in the following table.

O Character string literals are only applicable to the CompactLogix 5380, ControlLogix 5580, Compact
GuardLogix 5380, GuardLogix 5580, and ControlLogix 5590 controllers. Studio 5000 only supports single
byte characters.

Character string literals

No. Description Example

Ta Empty string (length zero)
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b String of length one or character N
CHAR containing a single character
Tc String of length one or character
CHAR containing the “space”
character
1d String of length one or character $
CHAR containing the “single quote”
character
e String of length one or character
CHAR containing the “double quote”
character
1f Support of two character 'SRSL'
combinations
1g Support of a character 'SOA
representation with ‘S’ and two
hexadecimal characters
Two-character combinations in character strings
No. Description Example
1 Dollar sign $$
2 Single quote $
3 Line feed SLor$l
4 Newline SNor $n
5 Form feed (page) SPor$p
) Carriage return SR or $r
7 Tabulator STor St

Q The newline character provides an implementation-independent means of defining the end of a line of
data for both physical and file 1/0; for printing, the effect is that of ending a line of data and resuming
printing at the beginning of the next line.The $' combination is only valid inside single quoted string

literals.

Integer literal suffixes

This table lists suffixes you can add to integer literals in Structured Text, and the corresponding

range for each suffix.
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Suffix Literal data type Range

None DINT -2,147,483,648 to 2,147,483,648

L LINT -9,223,372,036,854,775,808 to
9,223,372,036,854,775,808

U UDINT 0 to 4,294,967,295

UL ULINT 0 to 18,446,744,073,709,551,615

Use CASE_OF to select what to do based on a numerical value.

Operands
CASE numeric_expression OF
selector: statement;

selectorN: statement; ELSE

Structured Text

Operand Type Format Enter

Numeric_ SINT INT DINT REAL Tag expression Tag or expression that

expression evaluates to a number
(numeric expression)

Selector SINT INT DINT REAL Immediate Same type as
numeric_expression

IMPORTANT: If using REAL values, use a range of values for a selector because a REAL value is more likely to be

within a range of values than an exact match of one, specific value.
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Description

The syntax is described in the table.

CASE numeric expression OF

Specify as many alternative
selector values (paths) as you
need.

optional

selectorl: <statement>; -9

selector?: <statement>; 4+—@

selector3: <statement>; -+—— @

ELSE

<statement>; ..._o

END_CASE;

These are the syntax for entering the selector values.

When selector is

Enter

One value

value: statement

Multiple, distinct values

valuel, value2, valueN : <statement>

Use a comma (,) to separate each value.

Arange of values

valuel..valueN : <statement>

Use two periods (..) to identify the range.

Distinct values plus a range of values valuea, valueb, valuel..valueN : <statement>

The CASE construct is similar to a switch statement in the C or C++ programming languages.
With the CASE construct, the controller executes only the statements that associated with the
first matching selector value. Execution always breaks after the statements of that selector and
goes to the END_CASE statement.

Affects Math Status Flags

No

Major/Minor Faults

None

Example

If you want this

Enter this structured text
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FOR-DO

Rockwell Automation, Inc.

If recipe number = 1then Ingredient A outlet 1= open (1)
Ingredient B outlet 4 = open (1)

CASE recipe_number OF

1
Ingredient_A.Outlet_1:=1; Ingredient_B.Outlet_4 :=1;

If recipe number =2 or 3 then

Ingredient A outlet 4 = open (1)

Ingredient B outlet 2 = open (1)

2,3:

Ingredient_A.Outlet_4 :=1; Ingredient_B.Outlet_2 :=T;

If recipe number =4, 5, 6, or 7 then Ingredient A outlet 4
=open (1) Ingredient B outlet 2 = open (1)

4.7 Ingredient_A.Outlet_& :=1; Ingredient_B.Outlet_2 :=T;

If recipe number =8, 11,12, or 13 then Ingredient A outlet
1= open (1) Ingredient B outlet 4 = open (1)

8,11.13
Ingredient_A.Outlet_1:=1; Ingredient_B.Outlet_& :=1;

Otherwise all outlets = closed (0)

ELSE

Ingredient_A.Outlet_1[:=]0; Ingredient_A.Outlet_4 [:=]0;
Ingredient_B.Outlet_2 [:=]0; Ingredient_B.Outlet_4 [:=]0;

END_CASE;

The [:=] tells the controller to also clear the outlet tags whenever the controller does the

following:
Enters the RUN mode.

Leaves the step of an SFC if configuring the SFC for Automatic reset. This applies only
embedding the assignment in the action of the step or using the action to call a structured text

routine via a JSR instruction.

Use the FOR_DO loop to perform an action a number of times before doing anything else.

When enabled, the FOR instruction repeatedly executes the Routine until the Index value
exceeds the Terminal value. The step value can be positive or negative. If it is negative, the loop
ends when the index is less than the terminal value.. If it is positive, the loop ends when the

index is greater than the terminal value.

Each time the FOR instruction executes the routine, it adds the Step size to the Index.

Do not loop too many times in a single scan. An excessive number of repetitions causes the
controller watchdog to timeout and causes a major fault.

Operands

FOR count:= initial_value TO
final_value BY increment DO
<statement>;

END_FOR;
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Operand Type Format Description

count SINT INT DINT Tag Tag to store count position
as the FOR_DO executes

initial_ value SINT INT DINT Tag expression Immediate | Must evaluate to a number

Specifies initial value for
count

final_ value SINT INT DINT Tag expression Immediate | Specifies final value for
count, which determines
when to exit the loop

increment SINT INT DINT Tag expression Immediate | (Optional) amount to
increment count each time
through the loop

If you don't specify an
increment, the count
increments by 1.

IMPORTANT:
» Do not iterate within the loop too many times in a single scan.

» The controller does not execute other statements in the routine until it completes the loop.
»  Amajor fault occurs when completing the loop takes longer than the watchdog timer for the task.

»  Consider using a different construct, such as [F_THEN.

Description

The syntax is described in the table.
FOR count := ipnitial walue
TO final wvalue

optonal | BY increment If you don't specity an merement, the loap
incramants by 1

oo
catatement ;
IF bool expression THEN
EXIT; - i there ane condrores when you want 1o
et & bocp early, use pthar statements,
END IF; such a5 an k.. THEN gonstruct, to
tonditian an EXIT statemertt

gpronal

END PR ;

This diagrams illustrates how a FOR_DO loop executes, and how an EXIT statement leaves the
loop early.

580 Publication 1756-RMO0GP-EN-P - September 2025 Rockwell Automation, Inc.



Chapter10  Structured Text Programming

Rockwell Automation, Inc.

Done x Number Of Y
/* Times? [

Mo

Statement 1
Statement2
Statement 3
Statement 4

Ay M
B Rest 0f The Routine

Donex Mumber Of Yes
{,* Times? [

Na

Statement 1
Statement2
Statement 3
Statement 4

Ay M
B Rest 0f The Routine

The FOR_DO loop executes a specific number of times.

To stop the loop before the count reaches the last value,
use an EXIT statement.

Affects Math Status Flags

No

Major/Minor Faults

A major fault will occur if Fault type Fault code
The construct loops too long. 6 1
Example 1

If performing the following,

Enter this structured text

Clear bits 0...31in an array of BOOLs:

Initialize the subscript tag to 0.

Clear i . For example, when subscript =5, clear array[5].
Add 1to subscript.

If subscript is < to 31, repeat 2 and 3.

Otherwise, stop.

For subscript:=0 to 31 by 1do

array[ subscript] := 0;

End_for;

Example 2

If performing the following,

Enter this structured text

A user-defined data type (structure) stores the following
information about an item in your inventory:

« Barcode ID of the item (String data type)

*  Quantity in stock of the item (DINT data type)

SIZE(Inventory,0,Inventory_ltems);

For position:=0 to Inventory_ltems - 1do

If Barcode = Inventory[ position].ID then

An array of the above structure contains an element for
each different item in your inventory. You want to search

Quantity := Inventory[ position].0ty;
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the array for a specific product (use its bar code) and Exit;
determine the quantity that is in stock.

1. Get the size (number of items) of the Inventory End.if;

array and store the result in
End_for;
2. Inventory_ltems (DINT tag).
Initialize the position tag to 0.

1. If Barcode matches the ID of an item in the array,
then:

Set the Quantity tag = Inventory[ position].0ty. This
produces the quantity in stock of the item.

Stop.

Barcode is a string tag that stores the bar code of the
item for which you are searching. For example, when

position = 5, compare Barcode to Inventory[5].ID.
1. Add 1to position.

2. If position is < to (Inventory_ltems -1), repeat 3
and 4. Since element numbers start at 0, the last
element is 1less than the number of elements in the
array.

Otherwise, stop.

IF_THEN

Use IF_THEN to complete an action when specific conditions occur.

Operands

IF bool_expression THEN

<statement>;

Operand Type Format Enter

Bool_ BOOL Tag expression BOOL tag or expression

expression that evaluates to a BOOL
value
(BOOL expression)
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Description

The syntax is described in the table.

F bool expressionl THEMN

<statement >;

-

-4 Statements to execute when

bool_expression s true

Statements to execute when
bool_expression2 is true

Statements to execute when both
expressions are false

optional [ ELSIF bool expressionZ THEN
[ <statement>;
optional | ELSE
| <statement>;
END IF;

To use ELSIF or ELSE, follow these guidelines.

To select from several possible groups of statements, add one or more ELSIF statements.

Each ELSIF represents an alternative path.

Specify as many ELSIF paths as you need.
The controller executes the first true IF or ELSIF and skips the rest of the ELSIFs and the ELSE.

To do something when all of the IF or ELSIF conditions are false, add an ELSE statement.
The table summarizes different combinations of IF, THEN, ELSIF, and ELSE.

If And Use this construct
Doing something if or when Do nothing if conditions are false [F_THEN
conditions are true
Do something else if conditions are | IF_-THEN_ELSE
false
Selecting alternative statements or | Do nothing if conditions are false [F_THEN_ELSIF

groups of statements based on input
conditions

Assign default statements if all
conditions are false

[F_THEN_ELSIF_ELSE

Affects Math Status Flags

No

Major/Minor Faults

None.
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Examples

Example 1
IF...THEN

If performing this

Enter this structured text

IF rejects > 3 then IF rejects > 3 THEN
conveyor = off (0) conveyor := 0;
alarm =on (1) alarm:=1;

END_IF;
Example 2
IF_THEN_ELSE

If performiing this

Enter this structured text

If conveyor direction contact = forward (1) then

IF conveyor_direction THEN

light = off light :=0;
Otherwise light = on ELSE
light [:=]T;
END_IF;

The [:=] tells the controller to clear light whenever the controller does the following :

Enters the RUN mode.

Leaves the step of an SFC if you configure the SFC for Automatic reset. (This applies only if
you embed the assignment in the action of the step or use the action to call a structured text

routine via a JSR instruction.)

Example 3
IF...THEN...ELSIF

If performing this

Enter this structured text

If sugar low limit switch = low (on) and sugar high limit

switch = not high

(on) then

IF Sugar.Low & Sugar.High THEN

inlet valve = open (on)

Sugar.Inlet [:=]7;

Until sugar high limit switch = high (off )

ELSIF NOT(Sugar.High) THEN
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REPEAT_UNTIL
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Sugar.Inlet := 0;

END_IF;

The [:=] tells the controller to clear Sugar.Inlet whenever the controller does the following :
Enters the RUN mode.

Leaves the step of an SFC if you configure the SFC for Automatic reset. (This applies only if
you embed the assignment in the action of the step or use the action to call a structured text
routine via a JSR instruction.)

Example 4
F...THEN...ELSIF...ELSE
If performing this Enter this structured text
If tank temperature > 100 IF tank.temp > 200 THEN
then pump = slow pump.fast :=1; pump.slow :=0; pump.off :=0;
If tank temperature > 200 ELSIF tank.temp > 100 THEN
then pump = fast pump.fast :=0; pump.slow :=1; pump.off :=0;
Otherwise pump = off ELSE
pump.fast :=0; pump.slow :=0; pump.off :=T;
END_IF;

Use the REPEAT_UNTIL loop to continue performing an action until conditions are true.

Operands

REPEAT

<statement>;

Structured Text

Operand Type Format Enter

bool_ BOOL Tag expression BOOL tag or expression

expression that evaluates to a BOOL
value
(BOOL expression)
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IMPORTANT:
» Do not iterate within the loop too many times in a single scan.

»  The controller does not execute other statements in the routine until it completes the loop.
«  Amajor fault occurs when completing the loop takes longer than the watchdog timer for the task.

»  Consider using a different construct, such as IF_THEN.

o 2o
Description
The syntax is:
REPEAT
cgtatement f— Statements to exatita while
hool_exprassion] (5 talse
IF boocl axpressionz THEN
EXIT; - i tharg ane condrbors when you want 1o
et the boon earhy, use other statements,
END LF;

such &5 an IF. THEN construct, to
conditian an EXIT statermertt

paitional

UHTIL bocl expressionl

END EEPEAT;

The following diagrams show how a REPEAT_UNTIL loop executes and how an EXIT statement
leaves the loop early.

While the bool_expression is false, the controller executes only the statements within the
REPEAT_UNTIL loop.

I/Jr Statement 1
Statement 2

Statement 3
Statement 4
BOOL expression frue
i /i False
Rest Of The Routine

To stop the loop before the conditions are false, use an EXIT statement.

/,y Statement 1

Statement 2
Statement 3
statement 4

Bit? fes

No

v
BOOL expression L

\J‘ False

Rest Of The Routine
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Affects Math Status Flags

No

Fault Conditions

A major fault will occur if Fault type Fault code
The construct loops too long 6 1

Example 1

If performing the following,

Enter this structured text

The REPEAT_UNTIL loop executes the statements in the
construct and then determines if the conditions are
true before executing the statements again. This differs
from the WHILE_DO loop because the WHILE_DO The
WHILE_DO loop evaluates its conditions first.

If the conditions are true, the controller then executes
the statements within the loop. The statementsin a
REPEAT_UNTIL loop are always executed at least once.
The statements in a WHILE_DO loop might never be
executed.

pos :=-1;
REPEAT
pos := pos +2;

UNTIL ((pos =101) OR (structarray[ pos].value =
targetvalue))

end_repeat;

Example 2

If performing the following,

Enter this structured text

Move ASCII characters from a SINT array into a string
tag. (In a SINT array, each element holds one character.)
Stop when you reach the carriage return.

Initialize Element_number to 0.

Count the number of elements in SINT_array (array that
contains the ASCII characters) and store the result in
SINT_array_size (DINT tag).

Set String_tag[ element_number] = the character at
SINT_array[ element_number].

Add 1to element_number. This lets the controller check
the next character in
SINT_array.

Set the Length member of String_tag = element_number.

(This records the number of characters in String_tag so
far.)

If element_number = SINT_array_size, then stop. (You
are at the end of the array and it does not contain a
carriage return.)

element_number := 0;

SIZE(SINT_array, 0, SINT_array_size);

Repeat

String_tag.DATAelement_number] :=
SINT_array[ element_numberJ;

element_number := element_number +1;

String_tag.LEN := element_number;

If element_number = SINT_array_size then

exit;

end_if;

Until SINT_array[ element_number] =13

end_repeat;
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If the character at SINT_array[ element_number] =13
(decimal value of the carriage return), then stop.

WHILE_DO

Use the WHILE_DO loop to continue performing an action while certain conditions are true.

Operands
WHILE bool_expression DO

<statement>;

Structured Text

Operand Type Format Description
bool_expression BOOL tag BOOL tag or expression
expression that evaluates to a BOOL
value
IMPORTANT:

» Do not iterate within the loop too many times in a single scan.
»  The controller does not execute any other statements in the routine until it completes the loop.
«  Amajor fault occurs when completing the loop takes longer than the watchdog timer for the task.

»  Consider using a different construct, such as [F_THEN.

Description

The syntax is:
WHILE bocl expressionl DO

catatement=; — Statgments o emacta whils
hool_expraszioa ] 15 rue

IF bool axpression? THEN

EXIT; - i tharé are condireores whén you want o
eational emt the koop early, wse othar statements,
END_1F; such s anIF. THEN comstruct, to
conditian an EXIT staberment

END WHILE;

The following diagrams illustrate how a WHILE_DO loop executes, and how an EXIT statement
leaves the loop early.
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ﬂ BOOL expression

True

Statement 1
Statement 2
Statement 3
Statement 4

False

L J
Rest Of The Routine

BOOL expression
,/”' p

True

Exit ?

Statement 1
Statement 2
Statement 3
Statement 4

False

Yfes

L 4
Rest Of The Routine

While the bool_expression is true, the controller

executes only the statements within the WHILE_DO loop.

To stop the loop before the conditions are true, use an

EXIT statement.

Affects Math Status Flags

No

Fault Conditions

A major fault will occur if Fault type Fault code
the construct loops too long 6 1

Example 1

If performing the following,

Enter this structured text

The WHILE_DO loop evaluates its
conditions first. If the conditions are
true, the controller then executes the
statements within the loop.

This differs from the REPEAT_UNTIL
loop because the REPEAT_UNTIL
loop executes the statements in

the construct and then determines
if the conditions are true before
executing the statements again. The
statements in a REPEAT_UNTIL loop
are always executed at least once.
The statements in a WHILE_DO loop
might never be executed.

pos:=0;

While ((pos <=100) & structarray[ pos].value <> targetvalue)) do

pos := pos + 2;

String_tag.DATA[ pos] :=
SINT_array[ pos];

end_while;

Example 2

If performing the following,

Enter this structured text
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Move ASCII characters from a SINT array into a string
tag. (In a SINT array, each element holds one character.)
Stop when you reach the carriage return.

Initialize Element_number to 0.

Count the number of elements in SINT_array (array that
contains the ASCII characters) and store the result in
SINT_array_size (DINT tag).

If the character at SINT_array[ element_number] =13
(decimal value of the carriage return), then stop.

Set String_tag[ element_number] = the character at
SINT_array[ element_number].

Add 1to element_number. This lets the controller check
the next character in SINT_array.

Set the Length member of String_tag = element_number.
(This records the number of characters in String_tag so
far.)

If element_number = SINT_array_size, then stop. (You
are at the end of the array and it does not contain a
carriage return.)

element_number := 0;

SIZE(SINT_array, 0, SINT_array_size);

While SINT_array[ element_number] <> 13 do

String_tag.DATA[element_number] :=
SINT_array[ element_number];

element_number := element_number +1;

String_tag.LEN := element_number;

If element_number = SINT_array_size then

exit;

end_if;

end_while;

Publication 1756-RMO06P-EN-P - September 2025

Rockwell Automation, Inc.



Chapter 11

Common Attributes

Math status flags

Rockwell Automation, Inc.

Common Attributes for Advanced Process
Control and Drives Instructions

Follow the guidelines in this chapter for the common attributes for the Advanced Process
Control and Drives Instructions.

For more information on attributes that are common to the Logix 5000™ instructions, see:

Math status flags on page 591

Immediate values on page 593

Index through arrays on page 600

Data conversions on page 593

Elementary data types on page 596

Floating Point Values on page 599

Bit Addressing on page 601

Follow these guidelines for Math Status Flags.

Description

A set of Math Status Flags for accessing directly with instructions. These flags are only updated
in ladder diagram routines, and are not tags, and flag aliases are not applicable.

Status Flags

This table describes that specific status flags.

Status Flag Description

S:FS The first scan flag is set by the controller:

First scan flag « Thefirst time a program is scanned after the

controller goes to Run mode

The first time a program is scanned after the
program is uninhibited

»  When aroutine is called from an SFC Action and the
step that owns that Action is first scanned.

Use the first scan flag to initialize data for use in later
scans. It is also referred to as the first pass bit.

SN

Negative flag

The controller sets the negative flag when the result of
a math or logical operation is a negative value. Use this
flag as a quick test for a negative value.

Publication 1756-RMO06P-EN-P - September 2025 591



Chapter 11  Common Attributes for Advanced Process Control and Drives Instructions

Status Flag

Description

S:Z
Zero flag

The zero flag is set by the controller when the result of a
math or logical operation is zero. Use this flag as a quick
test for a zero value.

The zero flag clears at the start of executing an
instruction capable of setting this flag.

SV

Overflow flag

The controller sets the overflow flag when:

« The result of a math operation results in an
overflow.
For example, adding 1to a SINT generates an
overflow when the value goes from 127 through
-128.

« The destination tag is too small to hold the value.
For example, if you try to store the value 123456 to a
SINT or INT tag.

Use the overflow flag to verify the result of an operation
is still in range.

If the data being stored is a string type, S:V is set if the
string is too large to fit into the destination tag.

If applicable, set S:V with an OTE or OTL instruction.

Select Controller Properties > Advanced tab > Report
Overflow Faults to enable or disable reporting overflow
faults.

If an overflow occurs while evaluating an array
subscript, a minor fault is generated and a major fault is
generated to indicate the index is out of range.

S:C
Carry flag

The controller sets the carry flag when the result of a
math operation resulted in the generation of a carry out
of the most significant bit.

Only the ADD and SUB instructions, and not the + and -
operators, with integer values affect this flag.

S:MINOR

Minor fault flag

The controller sets the minor fault flag when there is at
least one minor program fault.

Use the minor fault tag to test if a minor fault occurred.
This bit only triggers by programming faults, such as
overflow. It is not triggered by a battery fault. The bit
clears at the beginning of every scan.

If applicable, explicitly set S:MINOR with an OTE or OTL
instruction.

IMPORTANT: The math status flags are set based on the stored value. Instructions that normally do not affect
math status flags might appear to affect math status flags if type conversion occurs from mixed data types for the
instruction parameters. The type conversion process sets the math status flags.
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Expressions in Array Subscripts

Expressions do not set status flags based on the results of math operations. If expressions

overflow:

* Aminor fault generates if the controller is configured to generate minor faults.

Amajor fault (type 4, code 20) generates because the resulting value is out of range.

Q If an array subscript is too large (out of range), a major fault (type 4, code 20) generates.

When you enter an immediate value (constant) in decimal format (for example, -2, 3) the
controller stores the value by using 32 bits. If you enter a value in a radix other than decimal,
such as binary or hexadecimal, and do not specify all 32 bits, the controller places a zero in the

bits that you do not specify (zero-fill).

IMPORTANT: Zero-fill of immediate binary, octal or hexadecimal values less than 32 bits.

If you enter

The controller stores

-1

16#£fff ffff (-1)

16#fff (-1)

1640000 ffff (65535)

811234 (668)

1640000 029c (668)

2#1010(10)

1640000 000a (10)

Integer Inmediate Values

If you enter The controller stores
Without any suffix DINT

U UDINT

L LINT

UL ULINT

Floating Point Inmediate Values

If you enter The controller stores
Without any suffix REAL
L LREAL

Data conversions occur when mixing data types in programming. When programming ladder
diagram, mix data types for the parameters within one instruction or expression.
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Instructions execute faster and require less memory if all the operands of the instruction use:
» The same data type.
* Anintermediate data type:

- If mixing data types or use tags that are not the optimal data type, the controller
converts the data according to these rules:

- Operands are converted according to the ranking of data types from SINT,
USINT, INT, UINT, DINT, UDINT, LINT, ULINT, REAL, and LREAL with ranking from 1
(the lowest) to 10 (the highest).

O To reduce the time and memory for converting data, use the same data type for all
the operands of an instruction.

Convert SINT or INT to DINT or DINT to LINT

ASINT or INT input source tag gets promoted to a DINT value by a sign-extension for Source
Tag. Instructions that convert SINT or INT values to DINT values use one of the following
conversion methods.

This conversion method Converts data by placing

Sign-extension The value of the leftmost bit (the sign of the value) into
each bit position to the left of the existing bits until
there are 32 or 64 bits.

Zero-fill Zeros to the left of the existing bits until there are 32 or
64 bits.

Logical instructions use zero fill. All other instructions use sign-extension

The following example shows the results of converting a value using sign- extension and zero-
fill.

This value 2#1Mm_nm_nm-_m (-1)

Converts to this value by 2#mamamamamamamanm | (1)
sign-extension

Converts to this value by zero-fill 2#0000-0000-0000_0000_11M_1111_ | (65535)
.

If you use a SINT or INT tag and an immediate value in an instruction that converts data by sign-
extension, use one of these methods to handle immediate values.

Specify any immediate value in the decimal radix.

If you enter the value in a radix other than decimal, specify all 32 bits of the immediate value. To
do so, enter the value of the leftmost bit into each bit position to its left until there are 32 bits.

Create a tag for each operand and use the same data type throughout the instruction. To assign
a constant value, either:

Enter it into one of the tags.
Add a MOV instruction that moves the value into one of the tags.

Use a MEQ instruction to check only the required bits.
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The following examples show two ways to mix an immediate value with an INT tag. Both
examples check the bits of a 1771 1/0 module to determine if all the bits are on. Since the input
data word of a 1771 1/0 module is an INT tag, it is easiest to use a 16-bit constant value.

IMPORTANT:

When mixing an INT tag with an immediate value, since remote_rack_1:l.Data[ 0] is an INT tag, the value
to check it against is also entered as an INT tag. When mixing an INT tag with an immediate value, since
remote_rack_1:.Data[ 0] is an INT tag, the value to check it against is also entered as an INT tag.

«  When mixing an INT tag with an immediate value, since remote_rack_1:.Data[ 0] is an INT tag, the value to
check it against first moves into int_0, also an INT tag. The EQU instruction then compares both tags.

Convert Integer to REAL

The controller stores REAL values in IEEE single-precision, floating-point number format. It uses
one bit for the sign of the value, 23 bits for the base value, and eight bits for the exponent (32
bits total). If you mix an integer tag (SINT, INT, or DINT) and a REAL tag as inputs in the same
instruction, the controller converts the integer value to a REAL value before the instruction
executes.

» A SINT or INT value always converts to the same REAL value.

A DINT value may not convert to the same REAL value:

« AREAL value uses up to 24 bits for the base value (23 stored bits plus a ‘hidden’ bit).
 ADINT value uses up to 32 bits for the value (one for the sign and 31 for the value).

If the DINT value requires more than 24 significant bits, it might not convert to the same REAL
value. If it will not, the controller stores the uppermost 24 bits rounded to the nearest even
value.

NOTE: The Logix Designer application interprets numbers differently depending on whether the controller model is
a 5x80 controller or a 5x70 controller. For example:
«  For a5x70 controller, Logix Designer interprets literal 2 as a REAL.

»  For a5x80 controller, Logix Designer interprets literal 2 as a DINT.

Convert DINT to SINT or INT

To convert a DINT value to a SINT or INT value, the controller truncates the upper portion of the
DINT and stores the lower bits that fit in the data type. If the value is too large the conversion
generates an overflow.

Convert a DINT to an INT and a SINT

This DINT value Converts to this smaller value
164#0001_0081(65,665) INT 16#0081(129)
SINT 16#81(-127)

Convert REAL to SINT, INT, or DINT

To convert a REAL value to an integer value, the controller rounds any fractional part and stores
the bits that fit in the result data type. If the value is too large the conversion generates an
overflow.

Numbers round as in the following examples.
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Fractions < 0.5 round down to the nearest whole number.

Fractions > 0.5 round up to the nearest whole number.

Fractions = 0.5 round up or down to the nearest even number.

Conversion of REAL values to DINT values

This REAL value Converts to this DINT value
-25 -2
-35 -4
-1.6 2
-15 2
-4 1
14 1
15 2
16 2
25 2
35 4

The controller supports the elementary data types defined in IEC 1131-3 defined data types. The

elementary data types are:

Data type Description Range
BOOL 1-bit boolean 0 = cleared
1=set
SINT 1-byte integer -128 t0 127
INT 2-byte integer -32,768 to 32,767
DINT 4-byte integer -2147,483,648 to 2,147,483,647
REAL 4-byte floating-point number -3.402823E38 to -1.1754944E 38
(negative values)
and
0
and
1.1754944E38 0 3.402823E38
(positive values)
LINT 8-byte integer 0 to 32,535,129,599,999,999
USINT T-byte unsigned integer 0to 255
UINT 2-byte unsigned integer 0 to 65,535
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Data type Description Range

UDINT 4-byte unsigned integer 0 to 4,294,967,295

ULINT 8-byte unsigned integer 0 to 18,446,744,073,709,551,615

REAL 4-byte floating-point number -3.4028235E38 to -1.1754944E-38
(negative values)
and
0.0
and
1.1754944E-38 to 3.4028235E38
(positive values)

LREAL 8-byte floating-point number -1.7976931348623157E308 to

-2.2250738585072014E-308
(negative values)

and
0.0
and

2.2250738585072014E-308 to
1.7976931348623157E308
(positive values)

The controller handles all immediate values as DINT data types.

Data type conversions

Conversion

Result

Larger integer to smaller
integer

The controller truncates the upper portion of the larger integer and generates an

overflow.

For example:

Decimal Binary

DINT 65,665 0000-0000-0000-0001-00
00-0000-1000-0001

INT 129 0000-0000-1000_0001

SINT -127 1000_0001

SINT or INT to REAL

No data precision is lost

DINT to REAL

Data precision could be lost. Both data types store data in 32 bits, but the REAL type
uses some of its 32 bits to store the exponent value. If precision is lost, the controller
takes it from the least-significant portion of the DINT.

LREAL to LREAL

No data precision is lost.

Rockwell Automation, Inc.
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LREAL TO REAL Data precision could be lost.
LREAL/REAL to unsigned Data precision could be lost. If the source value is too big to fit into destination the
integer controller stores what it can and may produce an overflow.
Signed Integer/Unsigned | If the integer value has more significant bits than can be stored in the destination, the
Integer to LREAL/REAL lower bits will be truncated.
Signed integer to unsigned | If the source value is too big to fit into destination, the controller stores what it can
integer and may produce an overflow.
Unsigned integer to signed | If the source value is too big to fit into destination, the controller stores what it can
integer and may produce an overflow.
REAL to integer The controller rounds the fractional part and truncates the upper portion of the
non-fractional part. If data is lost, the controller sets the overflow status flag.
Rounding is to the nearest whole number:
less than 0.5, round down; equal to 0.5, round to nearest even integer; greater than
0.5, round up
For example:
REAL (source) DINT (result)
16 2
-1.6 -2
15 2
-15 -2
14 1
14 -1
25 2
-2.5 -2
Do not convert data to or from the BOOL data type.
IMPORTANT: The math status flags are set based on the value being stored. Instructions that normally do not
affect math status keywords might appear to do so if type conversion occurs because of mixed data types for the
instruction parameters. The type conversion process sets the math status keywords.
Safety Data Types
The Logix Designer application prevents the modification of a User Defined or Add-On Defined
type that would cause an invalid data type for User Defined or Add-On Defined types that are
referenced directly or indirectly by a Safety tag. (This includes nested structures.)
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Safety tags can be composed of the following data types:
» Al elementary data types.
 Predefined types that are used for safety application instructions.

» User-defined data types or arrays that are composed of the previous two types.

Online edits of user-defined data type member names in safety tags

Online editing is allowed for member names of user-defined data types on CompactLogix
5380, Compact GuardLogix 5380, ControlLogix 5580, GuardLogix 5580, and ControlLogix 5590
controllers. However, online editing is disabled when a user-defined data type is used on a
safety tag and the controller is in the Safety Secured state.

Related information
Math status flags on page 591

Logix controllers handle floating point values according to the IEEE 754 standard for floating-

point arithmetic. This standard defines how floating point numbers are stored and calculated.
The IEEE 754 standard for floating point math was designed to provide speed and the ability to
handle very large numbers in a reasonable amount of storage space.

A REAL tag stores a single-precision, normalized floating-point number.
An LREAL tag stores a double-precision, normalized floating-point number.
The controllers support these elementary data types:
* REAL
» LREAL
Denormalized numbers and -0.0 are treated as 0.0

If a computation results in a NAN value, the sign bit could be positive or negative. In this
situation, the software displays 1#.NAN with no sign.

Not all decimal values can be exactly represented in this standard format, which results in a loss
of precision. For example, if you subtract 10 from 10.1, you expect the result to be 0.1. In a Logix
controller, the result could very well be 0.10000038. In this example, the difference between 0.1
and 0.10000038 is .000038%, or practically zero. For most operations, this small inaccuracy

is insignificant. To put things in perspective, if you were sending a floating point value to an
analog output module, there would be no difference in the output voltage for a value being sent
to the module that differs by .000038%.

Guidelines for Floating-point Math Operations
Follow these guidelines:

When performing certain floating-point math operations, there may be a loss of precision due
to rounding error. Floating-point processors have their own internal precision that can impact
resultant values.

Do not use floating point math for money values or for totalizer functions. Use INT or DINT
values, scale the values up, and keep track of the decimal place (or use one INT or DINT value
for dollars, and a second INT or DINT value for cents).
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Do not compare floating-point numbers. Instead, check for values within a range. The LIMIT
instruction is provided specifically for this purpose.

Totalizer Examples

The precision of the REAL data type affects totalization applications such that errors occur
when adding very small numbers to very large numbers.

For example, add 1to a number over a period of time. At some point the add will no longer
affect the result because the running sum is much greater than 1, and there are not enough
bits to store the entire result. The add stores as many upper bits as possible and discards the
remaining lower bits.

To work around this, do math on small numbers until the results get large. Then, transfer them
to another location for additional large-number math. For example:

» xisthe small incremented variable.
 yisthe large incremented variable.

 zisthe total current count that can be used anywhere.

o X=x+;

« ifx=100,000;
- |

+ y=y+100,000;
e x=0;

<}

° ZEYHX

Or another example:

e X=X+ some_tiny_number;

« if(x>=100)
< |
o« z=7z+100;

» x=x-100; // there might be a tiny remainder

-}

Index through arrays

To dynamically change the array element that your logic references, use tag or expression as
the subscript to point to the element. This is similar to indirect addressing in PLC-5 logic. Use
these operators in an expression to specify an array subscript:

Operator Description

+ add

- subtract/negate
* multiply
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Bit Addressing

Rockwell Automation, Inc.

Operator Description

/ divide

AND AND

FRD BCD to integer

NOT complement

OR OR

T0D integer to BCD

SOR square root

XOR exclusive OR

For example:

Definitions Example Description
my_list defined as DINT[10] my_list[5] This example references element 5

in the array. The reference is static
because the subscript value remains
constant.

my_list defined as DINT[10]
position defined as DINT

MOV the value 5 into position This example references element
5inthe array. The reference is
dynamic because the logic can
change the subscript by changing

the value of position.

my_list[ position]

my_list defined as DINT[10]
position defined as DINT
offset defined as DINT

MOV the value 2 into position
MOV the value 5 into offset

This example references element
7(2+5)in the array. The reference
is dynamic because the logic can
change the subscript by changing
the value of position or offset.

my_list[ position+offset]

Make sure any array subscript you enter is within the boundaries of the specified array.
Instructions that view arrays as a collection of elements generate a major fault (type 4, code 20)
if a subscript exceeds its corresponding dimension.

Bit addressing is used access a particular bit within a larger container. Larger containers
include any integer, structure or BOOL array. For example:

Definition Example Description

Variable0 variable0.42 This example references the bit 42
defined as LINT of variableQ.

has 64 bits

variablel variable1.2 This example references the bit 2 of
defined as DINT variablel.
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Definition Example Description

has 32 bits

variable2 variable2.15 This example references the bit 15 of
defined as INT variable2.

has 16 bits

variable3 variable3.[4] This example references bit 4 of
defined as SINT variabled.

holds 8 bits

variable4 variable4.DN This example references the DN bit
defined as COUNTER structure of variable4.

has b status bits

MyVariable defined as BOOL[100] MyVariable[(Mylndex AND NOT 7) / This example references a bit within
Mylndex defined as SINT 81[MyIndex AND 7] a BOOL array.

MyArray defined as BOOL[20] MyArray[3] This example references the bit 3 of

MyArray.

variable variable5.53 This example references the bit 53
defined as ULINT of variables.

holds 64 bits

Use Bit Addressing anywhere a BOOL typed tag is allowed.
Related information

Index through arrays on page 600
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Rockwell Automation Support

Use these resources to access support information.

Technical Support Center Find help with how-to videos, FAQs, chat, user forums, and product notification rok.auto/support
updates.

Local Technical Support Phone Numbers | Locate the telephone number for your country. rok.auto/phonesupport

Technical Documentation Center Quickly access and download technical specifications, installation instructions, rok.auto/techdocs

and user manuals.

Literature Library Find installation instructions, manuals, brochures, and technical data publications. | rok.auto/literature

Product Compatibility and Download Get help determining how products interact, check features and capabilities, and | rok.auto/pcdc
Center (PCDC) find associated firmware.

Documentation Feedback

Your comments help us serve your documentation needs better. If you have any suggestions on how to improve our content, complete the
form at rok.auto/docfeedback.

Waste Electrical and Electronic Equipment (WEEE)

At the end of life, this equipment should be collected separately from any unsorted municipal waste.

Rockwell Automation maintains current product environmental information on its website at rok.auto/pec.

Allen-Bradley, expanding human possibility, and Rockwell Automation are trademarks of Rockwell Automation, Inc.

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