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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 amanner 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.

A 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.

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

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

A 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.

A ARCFLASH 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 Protedtive Equipment (PPE).

Allen-Bradley, Rockwell Software, Rockwell Automation, and TechConnect are trademarksof Rockwdl Automation, Inc.

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



Summary of changes

This manual contains new and updated information. The following table contains

the changes made to thisrevision.

Change Topic

Updated graphics and text for version 24 and Windows 7. | Throughout the manual.
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Preface

Studio 5000 environment

This manual shows how to design and program Sequential Function Charts
(SFCs) for Logix5000 controllers to execute. This manualisone of a set of related
manuals that show common procedures for programming and operating
Logix5000 controllers.

For a complete list of common procedures manuals, refer to the Logix5000

Controllers Common Procedures Programming Manual, publication
1756-PMO001.

The term Logix5000 controller refers to any controller that isbased on the
Logix5000 operating system.

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™5000softwareand will continue to be the product to
program Logix5000™ controllers for discrete, process, batch, motion, safety, and
drive-based solutions.

Rockwell Software
Studio 5000
Create Open Explore
e — : New Project Existing Project Help
From Import Sample Project Release Notes
" From Sample Project From Upload About
Recent Projects - -
%‘ PIO_Destination2L75 '%? AppFrame_Testwarel 75 l%' SampleOnEventStopC...

The Studio 5000° environment is the foundation for the future of

Rockwell Automation’®engineering design toolsand capabilities. The Studio 5000
environment is the one place for design engineers to develop all elements of their
control system.
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http://literature.rockwellautomation.com/idc/groups/literature/documents/pm/1756-pm001_-en-e.pdf

Preface

Additional resources

10

These documents contain additional information concerning related Rockwell

Automation products.

Resource

Description

Logix5000 Controllers Program Parameters Programming

Manual, publication 1756-PM021

Describes how to use program parameters when
programming Logix5000 controllers.

Logix5000 Controllers General Instructions Reference
Manual, publication 1756-RM003

Describes the available instructions for a Logix5000
controller.

Logix5000 Controllers Process and Drives Instructions
Reference Manual, publication 1756-RM006

Describes how to program a Logix5000 controller for
process or drives applications.

Logix5000 Controllers Motion Instruction Set Reference
Manual, publication MOTION-RM002

Describes how to program a Logix5000 controller for
motion applications.

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

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

You can view or download publicationsat

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

technical documentation, contact yourlocal Rockwell Automation distributor or

salcs prI'CSCIlt ative.
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Chapter1

Introduction

Design a sequential function chart

A sequential function chart (SFC) issimilar to a flowchart of your process. It

defines the steps or states through which your system progresses. It helps you do

the following:

Organize the functional specification for your system.

Program and control your system asa series of steps and transitions.

By usingan SFC to specify your process, you gain these advantages.

SinceanSFCisa graphical representation ofyour process, it iseasier to
organizeand read thana textual version.

e Add notes that clarify stepsor capture important information for use
later on.

e Print the SFC to sharethe information with other individuals.

Since Logix5000 controllers support SFCs, you do not have to enter the
specification asecond time. You are programming yoursystem asyou

specify it.

By usingan SFC to program your process, you gain these advantages.

Graphical division of processes into its major logic pieces (steps)
Faster repeated execution of individual pieces of your logic
Simpler screen display

Reduced time to design and debug your program

Faster and easier troubleshooting

Direct access to the point in thelogic where a machine faulted

Easy updatesand enhancements

Rock well Automation Publication 17 56- PMOOGF-E N-P - Oct ober 2014 11



Chapter 1 Design a sequential function chart

What is a sequential A sequential function chart (SFC) issimilar to a flowchart. It uses steps and
f . hart? transitions to perform specificoperationsor actions. Thisexample shows the
unction chart: elements ofan SFC. The SFC continues on the following page.
-
o |_| | M [ |devices_in_program_mode e
— = | corweyor_program comtrel (= 1l:
initialize fan program_corkrol = 1:
LT —
F [..[fan_on
farn state := 1:
(]

anotheu:-a[rl

AT

initialize_done

initialige IN &£ fan. Dewiceli3tate e

|
[1 [
(] _ ®|;|cnmre1,rnr_start
T =] correeyor_state (= 1
conveyar_fud _
J PO [...|comveyor_stop
cormeeyar_state = 0:
]
l-o) | part_in_place

]

part_sensor_photoeye

!

press

] = —H = |
* = | TaR0=14,00 . =
weld palletize

] — ©

_ (= M []Action_003 I

12

all_stations_done

TiE(&ssembly_Dome 0] o

A step represents a major function of your process. It contains the actions that occur at a particular time, phase,
or station.

An action is one of the functions that a step performs.

A transition is the TRUE or FALSE condition that tells the SFC when to go to the next step.

A qualifier determines when an action starts and stops.

A simultaneous branch executes more than 1 step at the same time.

©0 000 ©

JSRinstruction calls a subroutine.
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Design a sequential function chart Chapter1
&=
pallet_check
[o] | pallet_nat_ful pallet_full
count < £d count = id
|
- _|P1 [ pallet_move_raset
T I = | STR(Pallet_Mowe ,pallet_mowe_Step 001) :
paller_mowe pallet_move_stop. X = 0:
T
M |Z| pallet_maowve_procedurns
JiE(Fallet Mowe 0] :
[l
[l | Tran_ooz
pallet move_stop. X
[l
|—| Determination of whether to continue or stop e
_ K
line_status
anather_part [ | at_dore
queae = 0 queae = )
o |—| | R |:|fan_-:-n
shut_down N [less] fan_off
| fan state = 0;
N |[L..] devices_in_sperator_made
CoTweyar_program_corkral := 0
fan program_ceontrol = 0:
[}
[...] | Tran_ooo
fan. Device03tate
- ©
(1] A selection branch chooses between different execution paths.
© | Atextboxets you add descriptive text or notes to your SFC.
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Chapter 1 Design a sequential function chart

o A stop lets you stop and wait for a command to restart.

A wire connects one element to another element anywhere on the chart. This wire takes you to the
conveyor step on the first part of this SFC (previous figure).

Follow these steps to design a sequential function chart.

1. Define thetaskson page 14

2. Choose how to execute the SFC on page 15

3. Define thesteps of the process on page 16

4. Qrganizethesteps on page 20

5. Add actionsfor each step on page25

6. Describe each actionin pseudocode on page28

7. Choose a qualifier for anaction on page29

8. Define thetransition conditionson page 30

9. Transitionaftera specified time on page33

10. Turn offa device at the end ofa step on page 35

11. Keep something on from step-to-step on page 42

12. End the SFC on page45

13. Nest an SFC on page 48

14. Configurewhen to return to the OS/JSR on page 49

15. Pauseor reset an SFC on page 50

16. Execution diagramson page S0

Define the tasks The first step in the development of an SFC is to separate the configurationand
regulation of devices from the commands to those devices. Logix5000 controllers
let you divideyour project into one continuous task and multiple periodic tasks
and event tasks.

14 Rockwell Automation Publication 1756-PMO06F-EN-P - October 2014



Design a sequential function chart Chapter1

1. Organizeyour project.

These functions Go into this type of task
o (onfigure and requlate devices Periodic task
o (ommand a device to a spedific state SFCinthe continuous task

o Sequence the execution of your process

2. Forthose functionsthat go ina periodictask, group the functionsaccording
to similar updaterates. Createa periodic task for each updaterate.

For example, 2-state devices may require faster updates thanPID loops. Use

separate periodic tasks for each.

In thisexample, a project uses two periodictasksto regulate motors, valves,

and temperatureloops. An SFC controls the process.

Example

Define the Tasks:

&3 Contraller Controller_Marne
-5 Tasks

I_l

=438 Devices_Task

El Eﬁ Makars_Prograrn

u@ Maotars

El Eﬁ Valves_Program

----- Yalves

= % Temperatures_Task,
=N Eﬁ Temperatures_Program

u@ Temperatures
-8 _MainTask
=458 MainProgram

Choose how to execute the

SFC

&) 5FC

&7 Parameters and Local Tags

Pararneters and Local Tags

| Parameters and Local Tags

| Pararmeters and Local Tags

as a subroutine.

This task (periodic) uses Function Block diagrams to turn on or off motors

and open or close valves. The SFCin MainTask commands the state for
each device. The Function Block diagrams set and maintain that state.

This task (periodic) uses Function Block diagrams to configure and
regulate temperature loops. The SFCin MainTask commands the
temperatures. The Function Block diagrams set and maintain those
temperatures.

This task (continuous) executes the sequential function chart (SFC). The
SFC commands the speific state or temperature for each device or
temperature loop.

To execute an SFC, either configureit asthe main routine for a program or call it

Rock well Automation Publication 17 56- PMOOGF-E N-P - Oct ober 2014 15



Chapter 1 Design a sequential function chart

Define the steps of the
process

16

If Then

o The SFCis the only routine in the program Configure the SFC as the main routine for the program.
o The SFC alls all the other routines of the program

o The program requires other routines to execute 1. Configure another routine as the main routine for the
independent of the SFC program.
o The SFCuses Boolean actions 2. Use the main routine to call the SFC as a subroutine.

Ifthe SFC uses Boolean actions, then other logic must run independent of the
SFC and monitor statusbitsof the SFC.

A step represents a major function of your process. It contains theactions that
occur ata particular time, phase, or station.

Step Actions
A step executes continuously ﬂ —‘ Do this...
until a transition tells the SFC 4 MIX :
10 go to the next step. | --.and dothis
Transition
Y ==
U e [firue, go to the next step.

A transition endsa step. The transition defines the physical conditions that must
occur or change in order to go to the next step.

Step guidelines
Follow these guidelines.

e Start withlargestepsand refine the steps in several passes.

First pass Second pass Third pass

Transfer_In Transfer_In

P

=¥

|
iD ‘Paint_FIow‘ \ Air_Flow \ ‘Ele(_

Transfr_Out Transfr_Out
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Design a sequential function chart Chapter1

e  When youfirst openan SFC routine, it containsan initial step and
transition. Use thisstep to initialize your process.

Initial step

Initial transition

The controller executes theinitial step in these situations.

o After a project download when the controller goes into Run mode.

e  When the controller transitions to Run modeand on power-up (if the

SFC s configured for that).

e  When the routine containing the chart ismodified onlineand a reset is
required, and the controller transitionsto or from Test mode.

e To identifyastep, look for a physical change in your system, such asnew
part thatisin position, a temperature thatisreached, a preset time that is
reached, or a recipe selection that occurs. The step is the actions that take

place before that change.

e Stoprefining thesteps when they are in meaningfulincrements. This is an

example.
This organization of steps Is
produce_solution Probably too large

set_mode, close_outlet, set_temperature, open_inlet_a, close_inlet_a, | Probably too small
set_timer, reset_temperature, open_outlet, reset_mode

preset_tank, add_ingredient_a, cook, drain Probably about right

SFC_STEP structure

Each step uses a tagto provideinformation about thestep. Access thisinformation
with either the Step Properties dialog box or the Monitor Tags tab of the Tags
window.

Rock well Automation Publication 17 56- PMOOGF-E N-P - Oct ober 2014 17



Chapter 1

Design a sequential function chart

If you want to

Then select or set this
member

Data type

Details

Determine how long a step has been active
(milliseconds)

T

DINT

When a step becomes active, the Timer (T) value resets and then starts to count up in

milliseconds. The Timer continues to count up until the step goes inactive, regardless of

the Preset (PRE) value.

Set a flag when the step has been active for
a specific length of time (milliseconds)

PRE

DINT

Enter the time in the Preset (PRE) member. When the Timer (T) reaches the Preset
value, the Done (DN) bit turns on and stays on until the step becomes active again.

As an option, select Use Expression and dick Define to enter a numeric expression
that calculates the time at runtime.

DN

BOOL

When the Timer (T) reaches the Preset (PRE) value, the Done (DN) bit turns on and
stays on until the step becomes active again.

Set a flag if a step did not execute long
enough

LimitLow

DINT

Enter the time inthe Limit Low (LimitLow) member (milliseconds).

o [f the step goes inactive before the Timer (T) reaches the LimitLow value, the
AlarmLow bit turns on.

o The AlarmLow bit stays on until you reset it.
o Touse this alarm function, turnon (select) the Alarm Enable (AlarmEn) bit.
As an option, enter a numeric expression that calculates the time at runtime.

AlarmEn

BOOL

To use the alarm bits, turn on (select) the Alarm Enable (AlarmEn) bit.

AlarmLow

BOOL

If the step goes inactive before the Timer (T) reaches the Limit Low value, the
AlarmLow bit turns on. The bit stays on until you reset it.

To use this alarm function, turnon (select) the Alarm Enable (AlarmEn) bit.

Set aflag if a step is executing too long

LimitHigh

DINT

Enter the time in the Limit High member (milliseconds).

o [f the Timer (T) reaches the LimitHigh value, the AlarmHigh bit turns on.

o The AlarmHigh bit stays on until you reset it.

o Touse this alarm function, turn on (select) the Alarm Enable (AlarmEn) bit.

As an option, enter a numeric expression that calculates the time at runtime.

AlarmEn

BOOL

To use the alarm bits, turn on (select) the Alarm Enable (AlarmEn) bit.

AlarmHigh

BOOL

If the Timer (T) reaches the Limit High value, the AlarmHigh bit turns on. The bit
stays on until you reset it.

To use this alarm function, turn on (select) the Alarm Enable (AlarmEn) bit.

Do something while the step is active
(induding first and last scan)

BOOL

The X bit is on the entire time the step is active (executing).

Typically, we recommend that you use an action with a N Non-Stored qualifier to
accomplish  this.

18
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Design a sequential function chart Chapter1

If you want to Then selectorsetthis | Data type Details
member

Do something one time when the step Fs! BOOL The FS bit is on during the first scan of the step.

becomes active Typically, we recommend that you use an action with a P1Pulse (Rising Edge) qualifier
to accomplish this.

Do something while the step is active, SA BOOL The SA bit is on when the step is active except during the first and last scan of the step.

except on the first and last scan

Do something one time on the last scan of | LS’ BOOL The LS bit is on during the last scan of the step.

the step Use this bit only if on the Controller Properties dialog box, SFC Execution tab, you
set the Last Scan of Active Step to Don’t Scan or Programmatic reset.

Typically, we recommend that you use an action with a PO Pulse (Falling Edge) qualifier

to accomplish  this.

Determine the target of an SFC Reset (SFR) | Reset BOOL An SFCReset (SFR) instruction resets the SFC to a step or stop that the instruction
instruction speifies.

The Reset bit indicates the step or stop where the SFC goes to begin executing again.

Once the SFCexecutes, the Reset bit clears.

Determine the maximum time that a step | TMax DINT Use this for diagnostic purposes. The controller clears this value only when you set

has been active during any of its executions the Restart Position to Restart atinitial step and the controller changes modes or
experiences a power cycle.

Determine if the Timer (T) value rolls over | OV BOOL Use this for diagnostic purposes.

to a negative value

Determine how many times a step has Count DINT This is not a count of scans of the step.

become active o The count inarements each time the step becomes active.

o |t increments again only after the step goes inactive and then active again.

o The count resets only if you configure the SFC to restart at the initial step. With that
configuration, it resets when the controller changes from program mode to run
mode.

Use one tag for the various status bits of Status DINT For this member Use this bit
this step

Reset 22

AlarmHigh 23

AlarmLow 24

AlarmEn 25

ov 26

DN 27

LS 28

SA 29

FS 30

X 31

(1) The FS and LS bitsare only active during a step’sexecution. Once a stepfinishes executing the code withinitsactions, the FS or the
LS or both bits are reset. If you reference either of these bitsin code outside ofthe SFC routine in a different part ofthe project, the

bits are always cleared (0).
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Chapter 1 Design a sequential function chart

This diagram shows therelationship of the X, FS, SA, and LS bits.

step_nameX |

step_name.FS

step_name.LS

m— First scan

I
Last scan —¢:|>1|

org anize the StepS Once you define the steps of your process, organize them into sequences,
simultaneousbranches, selection branches, or loops.
To Use this structure With these considerations

Execute 1 or more steps in sequence

Sequence on page 22

The SFC checks the transition at the end of the step.

o One executes repeatedly o |f TRUE the SFC goes to the next step.
o Then the next executes repeatedly o |f FALSE, the SFC repeats the step.
o (hoose hetween alternative steps or groups of steps Selection Branch on page 22 o |tis OKfor a path to have no steps and only a transition.
depending on logic conditions This lets the SFC skip the selection branch.
o Execute a step or steps or skip the step or steps o By default, the SFC checks from left to right the transitions
depending on logic conditions | that start each path. It takes the first TRUE path.
| o If notransitions are TRUE, the SFC repeats the previous
step.
o The Logix Designer application lets you change the order in
which the SFC checks the transitions.
Execute 2 or more steps at the same time. All paths must | Simultaneous Branch on page 23 e Asingle transition ends the branch.
finish before continuing the SFC o The SFC checks the ending transition after the last step in

each path has executed at least once. If the transition is
FALSE, the SFC repeats the previous step.

20 Rockwell Automation Publication 1756-PMO06F-EN-P - October 2014



Design a sequential function chart Chapter1

To Use this structure With these considerations
Loop back to a previous step Wire to a previous step on page 24 o (onnect the wire to the step or simultaneous branch to
— which you want to go.
e Do not wire into, out of, or between a simultaneous
branch.

Here are some examples of SFC structures for different situations.

Example situation Example solution

Station 45 and 46 of an assembly line work on parts simultaneously. When both Simultaneous Branch

stations are done, the parts move down 1 station.

Depending on the build code, a station either drills or polishes. Selection Branch

@

To simplify my programming, |want to separate communications and block transfers | Simultaneous Branch
from other control logic. All occur at the same time. 4'7

| Control | | Comms | | BTs |

In a heat treating area, the temperature ramps up at a specific rate, maintains that Sequence
temperature for a specific duration, and then cools at a specific rate.

Rock well Automation Publication 17 56- PMOOGF-E N-P - Oct ober 2014 21



Chapter 1 Design a sequential function chart

Example situation Example solution

At station 12, the machine drills, taps, and bolts a part. The steps occur one after the Sequence

other.
Step 12 inspects a process for the correct mix of chemicals. Wire
o If OK, then continue with the remaining steps. start of SFC Step 12

o [f not OK, go to the top of the SFCand purge the system.

—— Not 0K 0K ——

Sequence

A sequence is a group of steps that execute one after theother.

Do this...

THEN this...

THEN this. ..

Selectionbranch

A selection branch represents a choice between one path (step or group of steps) or
another path (an OR structure).

e  Only one path executes.

e By default the SFC checks the transitions from left to right.

22 Rockwell Automation Publication 1756-PMO06F-EN-P - October 2014



Design a sequential function chart Chapter1

e  The SFC takesthefirst TRUE path.

e The Logix Designer application letsyou change the order in which the
SFC checks the transitions (see chapter 2, Program a Sequential

Function Chart on page55).

Single horizontal

g line
Each path hasits own
transition — | - -
Do this... OR this. ... OR this....
This path skips the
structure (does
nothing).

Single horizontal
~g— line

Simultaneous branch

A simultaneousbranch represents paths (steps or group of steps) that occur at the
sametime (an AND structure).

e Al pathsexecute.
e All pathsmust finish before continuing with the SFC.

e The SFC checks thetransition after thelast step of each path hasexecuted
at least once.
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One transition for all paths

—g— Double horizontal
Do this. .. AND this. .. AND this. .. line

v Y Y

~a— Double horizontal
line

Wire to a previous step
You can also connect a step to a previous point in your SFC.

e Loopbackand repeat steps

e Returnto thebeginningofthe SFC and start over

v -
...goto this
step
If this condition
istrue... — | 1
Simple loop that repeats the Path of a selection branch that returns to a
entire SFC previous step
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Add actions for each step Use actions to dividea step into thedifferent functions that thestep performs,

such as commandinga motor,setting the state of a valve, or placinga group of

devices in a specific mode.

Step Actions

—{ Do this. ..

MIX

| ...and do this

How do youwant to use the action?

There are two typesofactions.

If you want to

Then

o Execute structured text directly in the SFC
o (all a subroutine

o Use the automatic reset option to reset data upon leaving a step

Use a non-Boolean action on page 25

o Only set a hit and program other logic to monitor the bit to determine
when to execute.

Use a Boolean action on page 26

Use anon-Booleanaction

A non-Booleanaction contains thelogic for theaction. It uses structured text to

execute assignments and instructionsor calla subroutine.

With non-Boolean actions, you also have the option to postscan (automatically

reset) theassignments and instructionsbeforeleaving a step.

. During postscan the controller executes the assignments and instructionsas

ifall conditionsare FALSE.

e The controller postscans both embedded structured text and any subroutine

that theaction calls.

To automatically reset assignmentsand instructions, see Turn offa device at the

end of a step on page 35.
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To program a non-Boolean action, you have these options.

If you want to

Execute your logic without additional routines

Use structured text assignments, constructs, and
instructions

Then
Embed structured text.
ﬁ —
N N ..l S_0O Outlet
=) - [...] 5_Open_Outle

Outlet ProgCommatd: =1;

5_Complete_the_Batch

)
When the S_Complete_the_Batch step is active, the S_Open_Outlet action executes. The action sets the
Outlet.ProgCommand tag equal to 1, which opens the outlet valve.

Re-use logic in multiple steps

Use another language to program the action, such as
ladder logic

Nest an SFC

(all a subroutine.

3

i N [.] 5.0 Cutlet
|_| - [..] 5_Open_Outle

JER(Open_ Outlet);

5_Complete_the_Batch
]

When the S_Complete_the_Batch step is active, the S_Open_Outlet action executes. The action calls the
Open_Outlet routine.

Open_Qutlet Routine

Qutlet. ProgCormmand

oo
- A

When the Open_Outlet routine executes, the OTE instruction sets the Outlet.Progommand tag equal to 1, which
opens the outlet valve.

26

You cannot reuse a non-Boolean action within the same SFC except to reset a
stored action. Only one instance of a specific non-Boolean action is permitted per

SEC.

Use aBooleanaction

A Booleanaction contains no logic for theaction. It simply setsa bitinitstag
(SFC_ACTION structure). To do theaction, other logic must monitor thebit

and execute when the bitison.

WithBoolean actions, you have to manually reset the assignmentsand
instructionsthat areassociated with theaction. Since thereisno link between the
actionand thelogicthat performstheaction, theautomaticreset option doesnot
affect Boolean actions.
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Example

3]

5_Complete_the_Batch

_J B N [.)S_Open_oOutlet

|

When the S_Complete_the_Batch step is active, the S_Open_Outlet action executes. When the action is active, its Q bit turns on.

‘ S_Opern_Outlet.(
I

J5R

‘ J O

Jump To Subroutine
Routing Mame  Open_Outlet

A ladder Logic routine monitors the Q bit (S_Open_Outlet.Q ). When the Q bit is on, the JSRinstruction executes and opens the outlet valve.

You can reuse a Boolean action multiple times within the same SFC.

SFC_ACTION structure

Eachaction (non-Boolean and Boolean) uses a tag to provideinformationabout
the action. Access thisinformation via either the Action Properties dialogbox or
the Monitor Tags tab of the Tags window.

If you want to

Then select or set this Data type Details
member

Determine when the action is active

Q BOOL The status of the Q bit depends on whether the action is a Boolean action or
non-Boolean action.

If the action is Then the Q bitis

Boolean On (1) the entire time the action is active, induding the
last scan of the action

Non-Boolean On (1) while the action is active but
0ff (0) at the last scan of the action

To use a bit to determine when an action is active, use the Q bit.

A BOOL The A bit is on the entire time the action is active.

Determine how long an action has been
active (milliseconds)

T DINT When an action becomes active, the Timer (T) value resets and then starts to count up
in milliseconds. The timer continues to count up until the action goes inactive,
regardless of the Preset (PRE) value.

Use one of these time-based qualifiers: L,
SL, D, DS, SD

PRE DINT Enter the time limit or delay in the Preset (PRE) member. The action starts or stops
when the Timer (T) reaches the Preset value.

As an option, enter a numeric expression that calculates the time at runtime.
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If you want to Then selectorsetthis | Data type Details
member
Determine how many times an action has | Count DINT This is not a count of scans of the action.
become active o The count increments each time the action becomes active.

o [tincrements again only after the action goes inactive and then active again.

o The count resets only if you configure the SFC to restart at the initial step. With that
configuration, it resets when the controller changes from program mode to run
mode.

Use one tag for the various status bits of Status DINT For this member Use this bit
this action

Q 30

A 31

Describe each action in
pseudocode

28

To organize thelogicfor an action, first you describe theactionin pseudocode.

e Uscaseries of short statements that describe what should happen.
e Use termsor symbols, such as: if, then, otherwise, until, and, or, =, >, <.
e Sequence thestatementsin the order that they should execute.

e Ifnecessary, namethe conditionsto check first (the "when toact"first) and
then theaction to takesecond (the "what to do"second).

Enter the pseudocode into thebody of theaction.

e Refine the pseudocode so it executes asstructured text.

e  Use the pseudocode to design your logicand leave the pseudocode as
comments. Since all structured text commentsdownload to the controller,
your pseudocode isalwaysavailableasdocumentation for theaction.

To convert the pseudocode to structured text comments, add these comment

symbols.

Fora comment Use one of these formats

Onasingle line /lcomment

That spans more than one line (*start of comment . . . end of
comment®)
/*start of comment . . . end of
comment*/
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Choose a qualifier foran
action

Each action (non-Boolean and Boolean) uses a qualifier to determine whenit

startsand stops.

The default qualifier isN Non-Stored. Theaction startswhen thestep is activated

and stops when the step is deactivated.

To changewhen anactionstartsor stops, assign a different qualifier.

If you want the action to And Then assign this Which means
qualifier
Start when the step is activated Stop when the step is deactivated N Non-Stored
Execute only once P1 Pulse (Rising
Edge)
Stop before the step is deactivated or when the step is deactivated L Time Limited
Stay active until a Reset action turns off this action S Stored
Stay active until a Reset action turns off this action SL Stored and Time
Or a specific time expires, even if the step is deactivated Limited
Start a spedific time after the step is activated and the Stop when the step is deactivated D Time Delayed
step s still active
Stay active until a Reset action turns off this action DS Delayed and
Stored
Start a specific time after the step is activated, even if Stay active until a Reset action turns off this action SD Stored and Time
the step is deactivated before this time Delayed
Execute once when the step is activated Execute once when the step is deactivated P Pulse
Start when the step is deactivated Execute only once PO Pulse (Falling
Edge)
Turn off (reset) astoredaction | e > R Reset

e SStored

o SL Stored and Time Limited
o DS Delayed and Stored

o SD Stored and Time Delayed
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The transition isthe physical conditions that must occur or changein order to go
to the next step.

Define the transition

conditions
The transition tells the SFC when to go to the next step.

If true, go to the next step.

Transition
If false, repeat the step above.

Transitionsoccur in these structures.

For this structure Make sure that
Sequence A transition is between each step.
Steps
/ Transitions
Selection branch Transitions are inside the horizontal lines.
/ Transitions
|
Simultaneous branch Transitions are outside the horizontal lines.

Transitions

T~
+‘/
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Example

You want to complete these steps.
1. Turn on 2 compressors. When a compressor is on, the DevicelState bit is on.

2. When both compressors are on, go to the next step.

Init
| Init_Done compressor_1.Device15tate =on (1)
and
compressor_2.Device15tate =on (1)
Example

You want to complete these steps.
1. Package the product. When the product is in the package, the package_done bit turns on.

2. Pack the product either 8 per carton or 16 per carton.

:

package_done = on (1) and
carton_size =8

Package

arton_8 _|

Pack_8

_ 1 carton_16
Pack_16 —‘

package_done =on (1) and
carton_size =16

Transitiontag

Each transition usesa BOOL tagto represent the TRUE or FALSE state of the

transition.

If the transition is

The value is

And

True

1

The SFC goes to the next step.

False

The SFC continues to execute the current step.

How do youwant to program the transition?

To program the transition, you have the following options.
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—— beool tag a

If you want to

Then

Enter the conditions as an expression in structured text.

Use a BOOL expression on page 32

Enter the conditions as instructions in another routine.

(all a subroutine on page 68

Use the same logic for multiple transitions.

Use a BOOL expression

The simplest way to program the transition isto enter the conditionsasa BOOL
expression in structured text. A BOOL expression uses BOOL tags, relational
operators, and logical operatorsto comparevaluesor check if conditionsare

TRUE or FALSE. For example, tag1>65.

—— bool tag a &
bool tag b

Call a subroutine ina transition

—— dint _tag a > 8

To use a subroutineto controla transition, includean End Of Transition (EOT)
instruction in the subroutine. The EOT instruction returnsthestate of the

conditionsto thetransition, asshown below.

7°JSR4P

condition_1 condition_2  condition_3 BOOL_tag
1 1 E 1 -y
‘E" 1L 1 1L o
BOOL tag
o %
-or-

If condition_1 =«
condition 3 then

BOOL_tag :

Elze

BOOL_tag :
End_if:
EOT (BEOOL_tad) ;

o

1:

0:

condition £ &
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(all a subroutine.

Check for the required conditions. When those conditions are TRUE, turn on a BOOL tag.

I

is on (TRUE), the transition is TRUE.

Use an EQT instruction to set the state of the transition equal to the value of the BOOL tag. When the BOOL tag

Transition after a specified Each step of the SFC includes a millisecond timer that runswhenever thestep is

active. Use the timer to for these situations.

time
o Signalwhen thestep has run for the required time and the SFC should go
to the next step.

e Signalwhen thestep has run too longand the SFC should go to an error
step.

The following shows theaction ofa timer and associated bitsofa step.

| |
[
: i
step_nameX — I : | i :
I I I I I I
| | [ |
I I I I I
| step_name.PRE I I
I I I I I
I [ | I |
| | | I I
step_name.T : : : | : :
I I I I I I
[ 1 |
[ | |
step_name.DN + I I
| | | | | |
| | | | | |
Description

€@  Stepbecomes active.
Xbit turns on.
Timer (T) begins to increment.

€@  Timerreaches the Preset (PRE) value of the step.
DN bit turns on.
Timer continues to increment.

©  Stepbecomes inactive.
Xbit turns off.
Timer retains its value.
DN remains on.
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step_name.AlarmEn

step_name.X

step_name.T

step_name.AlarmHigh

step_name.AlarmLow

34

Description

Step becomes active.

Xbit turns on.

Timer clears and then begins to increment.
DN bit turns off.

The following shows theaction of the low and high alarmsfor a step.

_—

| I

I I

I I

I I

name LimitLow
I
I

|

step_name.LimitHigh

00 © O 00

Description

AlarmEniis on. To use the low and high alarms turn this bit on. Turn the bit on via the properties dialog box or
the tag for the step.

Step becomes active.
Xbit turns on.
Timer (T) begins to increment.

Step becomes inactive.

Xbit turns off.

Timer retains its value.

Since Timer is less than LimitLow, AlarmLow bit turns on.

Step becomes active.

Xbit turns on.

Timer clears and then begins to increment.

AlarmLow stays on. (You have to manually turn it off.)

Timer reaches the LimitHigh value of the step.
AlarmHigh bit turns on.
Timer continues to increment.
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Turn off a device at the end
of astep

Description

@ | Stepbecomes inactive.

X bit turns off.

Timer retains its value.

AlarmHigh stays on. (You have to manually turn it off.)

Example

Here is an example of the use of the Preset time of a step. The functional specification has these requirements.
1. Cook the ingredients in the tank for 20 seconds.

2. Empty the tank.

Cook —  (ook.PRE = 20000 ms
—1— (ook_Done —— (ookDN=on(1)
Empty_Tank
|
Example

Here is an example of the use of the high alarm of a step. The functional specification has these requirements.
1. Home 8 devices.

2. If all 8 devices are not home within 20 seconds, then shutdown the system.

Init Init.LimitHigh = 20000 ms
|
Init OK | —1 Init_Not_OK —— Init.AlarmHigh

Step_1 Shutdown
| |

When the SFC leaves a step, you have several optionson how to turn off devices
that thestep turned on.
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Programmatic reset Automatic reset

€@ | Use logic to dear data

@ | Let the controller automatically dear data

Each optionrequiresyou to make these decisions.

e Choosealast scan option.

e Based onthe last scan option, develop your logicso that thelast scan returns
data to the correct values.

Choose alast scan option

On thelast scan of each step, you have these options. The option that you choose
appliesto all the steps inall the SFCs in thiscontroller.

If you want to And on the last scan of a step Then see

Control which data to clear Execute only P and PO actions and use them to dlear the Use the don't scan option on page 38
required data.

Execute all actions and use either of these options to clear the ~ Use the programmatic reset option on page 38
required data.

o Status bits of the step or action to condition logic

o Pand PO actions

Let the controller deardata ~ = - > Use the automatic reset option on page 40
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@ Execute cument active steps only
Execute until FALSE transition

Restart Postion:
@ Restart at most recently executed step
Restart at initial step

Last Scan of Active Steps:
Automatic reset
Programmatic reset

@ Dont scan

@ Controller Properties - Controller_Name = @

| Project I Redundancy I MNonvolatile Memary I Memory I Security | Alam Log |

| General I Major Faults I Minor Faults I Date/Time I Advanced | SFC Execution
Execution Control:

The following table compares the different options for handling thelast scan ofa

step.

Characteristic

During the lastscan of a step, this option does

Don’t scan Programmatic reset

Automatic reset

Execution actions

Only P and PO actions execute. They execute
according to their logic.

All actions execute according to their logic.

o Pand PO actions execute according to
their logic.

o All other actions execute in Postscan
mode.

o Onthe next scan of the routine, the Pand
PO actions execute in Postscan mode.

Retention of data values

All data keeps its current values. All data keeps its current values.

o Data reverts to its values for postscan.

o Tags to the left of [:=] assignments clear
to zero.

Method for dearing data

Use Pand PO actions. Use either of these.

o Status bits of the step or action to
condition logic

e Pand PO actions

Use either of these.

o [:=] assignment (non-retentive
assignment)

o Instructions that clear their data during
postscan

Reset of a nested SFC

A nested SFCs remains at its current step. A nested SFCs remains at its current step.

For the Restart Position property, if you
choose the Restartatinitial step option,
then these occur.

o Anested SFCresets to its initial step

o The X bit of a stop element in a nested SFC
dlears to zero
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Use the Don’t Scan option

The default option for handling thelast scan ofa step is Don’t scan. With this
option, alldata keepsitscurrent values when the SFC leaves a step. This requires
you to use additional assignmentsor instructions to clear any data that you want
to turnoffat theend of a step.

Follow these steps to turn offa device at theend of a step.

1. Makesure that the Last Scan of Active Steps property isset to the Don’t
scan option (default).

2. UseaPO Pulse (Falling Edge) action to clear the required data. Make sure
that the PO action or actionsarelast in the order of actionsfor the step.

Duringthelast scan of the step, the Don’t scan option executesonly P and PO
actions. The assignmentsand instructions of the actions execute according to their
logicconditions.

e The controller does not execute a postscan of assignments or instructions.

e  When the SFCleaves the step, all data keepsitscurrent values.

This example uses anaction to turnona conveyor at thestart ofa step. A different
action turnsoff the conveyor at theend of thestep.

“
) — | N [...] conveyor_start
conveyor_state = 1;
conveyor_fad __
PO [...] conveyaor_stop
T conveyor_state := 0;

(1] This action turns on the conveyor. When conveyor_state turns on, the conveyor turns on.

e Before the SFC leaves the step, the PO action turns off the conveyor. On the last scan of the step,
conveyor_state turns off. This turns off the conveyor.

Use the programmaticreset option

An optional method to programmatically turn off (clear) devices at theend of a
step isto execute all actionson thelast scan of the step. Thislets you execute your
normallogicaswell as turn off (clear) devices at theend of a step.

1. IntheLast Scan of Active Steps property, select the Programmatic reset

option.
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2. Clear the required data usingany of these methods.

e To your normallogic, add logic that clears the required data. Use the LS

bit of the step or the Q bit of the action to condition the execution of
the logic.

e  UseaPOPulse (Falling Edge) action to clear therequired data. Make
sure that the PO action or actionsarelast in the order of actionsfor the
step.

During thelast scan of the step, the Programmatic reset option executes all

assignmentsand instructionsaccording to logic conditions.

e The controller does not postscan the assignments or instructions.
e  When the SFCleaves the step, all data keepsitscurrent value.
This example uses a single action to turn onand offa conveyor (see Use the

programmatic reset option on page 38) and the LS Bit. The LS bit of the step
conditions the execution of thelogic. See SEC_STEP structureon page 17.

Example
I:I M I:I conveyor_start
~ £ MNOT {conveyor fwd LE) then
conveyor_fued conveyor _state:=l;
l=ze
conveyor_state:=0; e
nd if;

o When the step s not onits last scan (conveyor_fwd.LS = 0), this statement turns on conveyor_state. When
conveyor_state turns on, the conveyor turns on.

e On the last scan of the step (conveyor_fwd.LS =1), this statement turns off conveyor_state. When
conveyor_state turns off, the conveyor turns off.

Foran action that uses one of the stored qualifiers, use the Q bit of theactionto
conditionyour logic (see Use the programmatic reset option on page 38).

Example
IJ-I [—
I:I 5 |_| conweyar_start
T oI conveyor_start (Q then
canveyar _fwd Conveyor state:=1l;
lze
conweyor _state:=0; e
nd if;
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(1] When the action is not on its last scan (conveyor_start.Q =1), this statement turns on conveyor_state. When
conveyor_state turns on, the conveyor turns on.

(2] On the last scan of the action (conveyor_start.Q =0), this statement turns off conveyor_state. When
conveyor_state turns off, the conveyor turns off.

You can also use a PO Pulse (Falling Edge) action to clear data (see Use the
programmatic reset option on page 38). Thisexample uses anactionto turnona

conveyor at thestart of a step. A different action turnsoff the conveyor at theend

of the step.

Example

=
= N |[.] conweyor _start

conweyor state = 1:

convesyar_fad

PO ] conweyor _stop

conweyor state = 0:

This action turns on the conveyor. When conveyor_state turns on, the conveyor turns on.

o

Before the SFC leaves the step, the PO action turns off the conveyor. On the last scan of the step,
conveyor_state turns off. This turns off the conveyor.

Use the automaticresetoption

Automaticreset providesa system-defined cleanup of actions (known as postscan)
when they are shut down when any of the following occur.

e transitionout of theassociated step
e reset ofa stored action

e reset ofan SFC routine

Postscanis similar to prescanin that most instructionsare executed asif they are
FALSE. Someinstructions have specific postscan behavior.
e InRLL,OTE instructionsareturned offand non-retentive timersare reset.

e Instructured text, thedestination ofa non-retentive assignment "[:=]"is
cleared.

e AJSRinstructioninvokesitssubroutinebut parametersare not passed and
the logicin the subroutineisexecuted in postscan mode.

¢ An Add-On Instruction executes itslogic routinein postscan modeand
then executes its postscan logicin normalmode (ifa postscan routineis

configured).

e Any nested SFC (SFC thatanaction callsas a subroutine) isreset.
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Important: The postscan of an action actually occurs when the action goes from active to inactive. Depending on
the qualifier of the action, the postscan could occur before or after the last scan of the step.

As a general rule, the postscan executes instructionsasifall conditionsare FALSE.
For example, the Output Energize (OTE) instruction clearsitsdata during
postscan.

Follow these steps to automatically turn off (clear) devices at theend of a step.

1. IntheLast Scan of Active Steps property, select the Automatic reset

option.

2. To turnoffadevice at theend of thestep, control the state of the device
with an assignment or instruction.
e [:=]assignment (non-retentiveassignment)
e Output Energize (OTE) instructionina subroutine
Someinstructionsdo not follow the general rule during postscan. Fora

description of how a specific instruction executes during postscan, see these
publications.

e Logix5000 Controllers General Instructions Reference Manual, publication
1756-RM003

e Logix5000 Controllers Processand Drives Instructions Reference Manual,

publication 1756-PMO006

e Logix5000 Controllers Motion Instruction Set Reference Manual,

publication MOTTION-RM002

Here is an example that uses a non-retentiveassignment to controla conveyor. It
turnson a conveyor at thestart of a step and automatically turns off the conveyor
when the step isdone.

Example

Automatically Clear Data

IJ.I
E] - M E] conveyar_start
conweyor_state [1=] 1;

conveyar_fwid

LI.I

o This action turns on the conveyor. When conveyor_state turns on, the conveyor turns on.

o When the SFCleaves the step, conveyor_state turns off. This turns off the conveyor.
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Keep something onfrom
step-to-step

How do you want to control the device?

To providebumpless control of a device during more than one time or phase
(step), do one of the following options.

Option Example
Use a simultaneous branch on page 42 [
Make a separate step that controls the device. Transfer In

Fan

Transfr_Out

Store and reset an action on page 43

Note the step that turns onthe device and the step that turns off the device.
Later, define a Stored and Reset Action pair to control the device.

Transfer_In Turn on the fan
Paint

Turn off the fan

Use one large step on page 44

. Transfer, paint, clean
i i i ice i Paint e .
Use one large step that contains all the actions that occur while the device is on. transfer, control the fan

42

Use a simultaneousbranch

A simple way to controla device or devices during one or moresteps isto create a
separatestep for thedevices. Then use a simultaneousbranch to execute thestep
during therest of the process.

Rockwell Automation Publication 1756-PMO06F-EN-P - October 2014



Design a sequential function chart Chapter1

Example

A paint operation completes these actions.
1. Transfers the product into the paint shop.

2. Paints the product using 3 separate paint guns.
3. Cleans the guns.
4. Transfers the product to the paint ovens.

During the entire process, the system must control the shop fans.
[

I
Transfer_In

I |
Paint_Flow Air_Flow Elec_Charg Fan

Clean

Transfr_QOut
|

Store andreset anaction

Typically, anaction turns off (stops executing) when the SFC goes to the next
step. To keep a device on from step to step without a bump, store theaction that

controlsthe device.

1. Inthestep that turnsonthedevice, assign a stored qualifier to theaction
that controls the device.

2. Inthestep that turnsoffthedevice, use a Reset action.

The following figure shows theuse ofa stored action.

L — Store the action name that you
] _ @';' Action_Hame
= —H want to execute for more than
Step that starts ) one step
the action Step_003
LI.I
o (more steps)
L]
N R .
— eset the same action name as
o _ F RJ[...] Action_Hame .
Step that stops = B — the stored action
the action Step_014
LI.I
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44

When the SFC leaves the step that storestheaction, the Logix Designer
application continues to show thestored action asactive. By default, a green

border displaysaround theaction. Thislets you know that the SFC is executing

the logicofthat action.

To use a stored action, follow these guidelines.

The Reset action only turns off the stored action. It does not automatically
turn off the devices of theaction. To turn off the device, follow the Reset
actionwith another action that turns off the device. Or use the Automatic
reset option described in Use the automatic reset option on page 40.

Before the SFC reaches a stop element, reset any stored actions that youdo
not want to execute at thestop. An active stored action remainsactive even

if the SFC reaches a stop.

Use caution when you jump in between a step that storesanactionanda
step that resets the action. Onceyou reset an action, it only startswhenyou

execute the step that storestheaction.

In thisexample, step_1 - step_4 requirea fan to be on. At theend of

step_4, the fan s reset (turned off). When the SFC jumps back to step_3,

the fan remains off.

Turn on the fan
step_| (stored)
step_2
=
step_3
step_ 4 Turn off the fan

(reset)

To turn the fanback on, the SFC hasto jump back to step_1.

Use one large step

Ifyou use one largesstep for multiple functions, then use additionallogicto
sequence the functions. One optionisto nest an SFC within thelarge step.
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End the SFC

In thisexample, a step turnson a fan and then calls another SFC. The nested SFC
sequences the remaining functionsof the step. The fan stayson throughout the
steps of the nested SFC.

Example

Use a Large Step

|:| o M |:| fan_on
fan.ProgProgReqg = 1:
Step 003 fan.ProgCommand

M [..] Mested_SFC e

JARIBFC 2,00

]
—
.

(1] This action turns ona fan.
o fan.ProgProgReq lets the SFC command the state of the fan.

o fan.ProgCommand turns on the fan.

€@ | This action alls another SFC. The SFC
sequences the remaining functions of
the step.

Once an SFC completes itslast step, it does not automatically restartat the first
step. You must tell the SFC what to do when it finishes the last step.

To Do this

Automatically loop back to an earlier step | Wire the last transition to the top of the step to which you want to go.

Stop and wait for a command to restart Use a stop element on page 45.

Use astop element

The stop element lets you stop the execution ofan entire SFC or of a path ofa
simultaneousbranch and wait to restart.

l_J last_tranistion

process_done

stop

When an SFC reaches a stop element, the followingactionsoccur.
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e The X bit of thestop element turns on. This signals that the SFCisat the

stop element.

e Storedactionsremainactive.

e Executionstops for part or allof the SFC.

If the stop element is at the end of a Then

o Sequence

o Selection branch

The entire SFC stops

o Path within a simultaneous branch Only that path stops while the rest of the SFC continues to

execute.

Example

Use a stop element on page 45

=)

last_step

LJ last_tranistion

process_done

stop

When the SFC reaches last_step and process_done is TRUE, the execution of the
SFC stops.

Restart (reset)the SFC

Once at the stop element, you have several optionsto restart the SFC.

If the SFC is And the Last Scan of the Active Steps
option is

Then

Nested (i.e., another SFC calls this SFCasa | ® Automatic reset
subroutine)

At the end of the step that calls the nested SFC, the nested SFC automatically resets.
o The nested SFCresets to the initial step.

o The X bit of the stop element in the nested SFC dlears to zero.

o Programmatic reset

e Don't san

1. Use an SFCReset (SFR) instruction to restart the SFC at the required step.
2. Use logic to clear the X bit of the stop element.

Not nested (i.e., no SFC calls this SFCas a >
subroutine)

1. Use an SFC Reset (SFR) instruction to restart the SFC at the required step.
2. Use logic to clear the X bit of the stop element.
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Example

This exampleshows theuse of the SFC Reset (SFR) instruction to restart the SFC
and clear the X bit of the stop element (see Restart (reset) the SEFC on page46).

If SFC_a_stop.X = on (SFC_a s at the stop) and SFC_a_reset = on (time to reset the SFC) then for one scan (ons[ 0] = on):
Reset SFC_atoSFC_a_Step_1

SFC_a_stop.X=0

SFC_a_stop  SFC_a_reset ang0] SFR SFC_a_stop.s
1 F 7 E [ONS ] SFC Reset dlik
SFC Routine Mame SFC_a
Step Hame SFC_a_step_1

SFC_STOP structure

Each stop uses a tagto provide information about the stop element.

If you want to Then check orsetthis | Data type Details
member
Determine when the SFCis at the stop X BOOL o When the SFCreaches the stop, the X bit turns on.

o The X bit dears if you configure the SFCs to restart at the initial step and the
controller changes from program to run mode.

o In anested SFC, the X bit also clears if you configure the SFCs for automatic reset
and the SFCleaves the step that calls the nested SFC.

Determine the target of an SFC Reset (SFR) | Reset BOOL An SFCReset (SFR) instruction resets the SFC to a step or stop that the instruction
instruction specifies.

o The Reset bit indicates to which step or stop the SFC will go to begin executing
again.

o Once the SFC executes, the Reset bit dears.

Determine how many times a stop has Count DINT This is not a count of scans of the stop.
become active o The count increments each time the stop becomes active.

o [t increments again only after the stop goes inactive and then active again.

o The count resets only if you configure the SFC to restart at the initial step. With that
configuration, it resets when the controller changes from program mode to run
mode.

Use one tag for the various status bits of | Status DINT For this member Use this bit
this stop

Reset 22

X 31
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Nest an SFC One method for organizing your project isto create one SFC that providesa
high-level view of your process. Each step of that SFC calls another SFC that
performs the detailed procedures of thestep (nested SFC).

This figure shows one way to nest an SFC. In thismethod, thelast scan option of
the SFC s configured for either Programmaticreset or Don’t Scan. If you
configure the SFC for Automaticreset, thenstep 1inis unnecessary.

SFC_a
rl p—
= 5 P1|[.-) Action_000 o
sfr(SFC b, SFC_ b Step 1):
SFC_EL_JSWF'_X SFC_b_stop.x := 0; SFC_b
= - 1
N [L..] Action_001 e — [N ] Action_002
JSR(SEC b, 0) i | () =, -
= |[5FC b Step 1
]
[..] |Tran_o02
SFC_b_stop.x o Tran_003

(5| N [..] Action_003
P

€@ | Reset the nested SFC.

o The SFR instruction restarts SFC_b at SFC_h_Step_1. Each time SFC_a leaves this step and then returns,
you have to reset SFC_b.

o The action also clears the X bit of the stop element.

Call SFC_b.

Stop SFC_b. This sets the X bit of the stop element.

000

Use the X bit of the stop element to signal that SFC_b is done and it is time to go to the next step.
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Pass parameters

To pass parametersto or from an SFC, placea Subroutine/Return element in the

SEC.

SBR/RET Properties =5
Input Parameters Betum Parameters
1 | 1 1
| = |
S i -y e e
S ——— [JsBR
Subroutine
RET
Retum
o
= | N [..] Action_o02
o
SFC_b Step 1
[...] | Tran_o03
7

conﬁgure when to return to By default, an SFC executes a step or group of simultaneous steps and then returns

the 05/JSR

to theoperating system (OS) or thecalling routine (JSR).

@ Controller Properties - Controller_MName = @

| Project I Redundancy I MNonvolatile Memory I Memory I Security | Alam Log |

| General I Major Faults I Minor Faults I Date/Time I Advanced | SFC Execution
Execution Cortral:

@ Execute cument active steps only
() Execute until FALSE transition

You have the option ofletting the SFC execute untilit reaches a false transition. If
several transitionsare TRUE at the same time, thisoption reduces the time to get
to thecorrect step.

Rock well Automation Publication 17 56- PMOOGF-E N-P - Oct ober 2014 49



Chapter 1 Design a sequential function chart

Select the Execute until FALSE transition option only when either of these are
true:

® Youdo not haveto updateJSR parametersbefore each step. Parameters
update only when the SFC returns to theJSR.

e AFALSE transition occurs within the watchdog timer for the task. If the
timethat it takesto return to a JSR and complete therest of the task is
greater than the watchdog timer, a major fault occurs.

Pause orreset an SFC Two optionalinstructionsareavailable that give you further control over the
execution of your SFC.
If you want to Then use this instruction
Pause an SFC Pause SFC (SFP)
Reset an SFC to a specific step or stop Reset SFC (SFR)

Bothinstructionsareavailablein theladder logicand structured text
programming languages.

Execution dlag rams The following diagrams show the execution of an SFC with different

organizationsof steps or different selections of execution options.

e Executionofa sequence

e Executionofasimultaneousbranch

e Executionofaselection branch

e  When parametersenter and exit an SFC

° OptiOHS fOI‘ execution COHtI‘Ol
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This...

step_1

— tran_]1

(7]

—— tran_2

...executes like this

step_1

‘7

false | retumto
0S/JSR

true

return to
0S/1SR

step_1

step_2

—

false | retumto
0S/JSR

true

return to
0S/1SR

step_2
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The following diagram shows the execution of a simultaneousbranch.

This...

step_1

—+— tran_1

step_2 step_3

-— tran_2

...executes like this

step_1 +—

return to

0S/JSR

@ false —

true

return fo
0S/JSR

step_1
[
step_2

|
step_3

@ false —

return to
0S/JSR

true

step_2 <

step_3

@ false —

return to
0S/JSR

true

return to
0S/JSR

step_2

step_3
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The following diagram shows the execution of a selection branch.

This... ...executes like this
tran_1 —{— —— tran_2
‘ step_2 ‘ ‘ step_3 ‘ @ false
tran_3 —— —— tran_4 true
| e | retumto
‘ 0S/JSR
return to
0S/J5R ng
return to
05/ISR
|
step_1 step_1 Last scan
step_2  |4— step_3 |«
bl | TEum1o e | retumto
0S/ISR 0S/ISR
true true
| |
return to return to
05/JSR 0S/JSR
step_2 step_3 Last scan
The following diagram shows when parametersenter and exit an SFC
: > _
-1
return to
t 1 — fal
e e
true
return parameters returnto
05/JSR
sep_ astsan
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The following diagram showsoptionsfor execution control.

This SFC...

step_1

— tran_]1

(7]

—— tran_2

step_1

false | retumto
0S/1SR

true

‘7

return to
0S/1SR

step_1

step_2

—

false | retumto
0S/1SR

true

step_2

Execute current active steps only

Last scan

Last scan

...executes like this

step_1

@ false —

true

Execute until FALSE transition

‘7

retumn to
0S/JSR

return to
0S/1SR

step_1

step_2

@ false —|

true

+——

retumn to
0S/JSR

step_2
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Introduction

Program a sequential function chart

To add SFC elements, use the SFC toolbar.

Step and Start of selection  Start of
transition branch  simultaneous branch
Step Stop  Subroutine/retumn
Transition New path lrxt box
i ¥ O+ == IF 5= o2 & g oT= )b
< v\ SFC

Add and manually connect elements

1. On theSFC toolbar, click thebutton for theitem that you want toadd.

2. Dragtheelement to therequired location on the SFC.

3. To wire(connect) two elements together, click a pin on one of the elements
and then click the pinon the other element 0. green dot showsa

valid connection point.
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Important: Use caution when copying and pasting components between different versions of the Logix Designer
application. The application only supports pasting to the same version or newer. Pasting to a prior
version of the application is not supported. When pasting to a prior version, the paste action may
succeed but the results may not be as intended.

Add and automatically connect elements
1. Click the element to which you want to connect a new element.

2. Withtheelement still selected, click the toolbar button for the next
element.

Drag elements

From the SFC toolbar, drag thebutton for the required element to the correct
connection point onthe SFC. A green dot shows a valid connection point.

{ P O + B=E = F 55 o @ g I= )

i b
<« v\ SFC /

Create a simultaneous
branch Start a simultaneous branch

1. On theSEC toolbar, dick the 'Z= button. Dragthe new branch to the
correct location.
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2. Toaddapathtothebranch, click the first step of the path thatisto theleft
of where you want to add the new path. Click =2 |

L
=

Step 002 Step 003 Step 004
[H] I ]

3. To wirethesimultaneousbranch to the preceding transition, click the
bottom pin of the transition @ .ndthen dlick the horizontalline of the

branch ©. A green dot shows a valid connection point.

End a simultaneousbranch

1. Select the last step of each pathin the branch. To select thesteps, do either
of these actions.

e Dragthepointer around thesteps that you want to select.

o  Click the first step. Hold down Shift while clicking therest of the steps

that you want to select.

| | |
] ] ]

= = =

Step 005 Step 006 Step 007
IT 1T IT

2. On theSFC toolbar, click
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3. Add thetransition that follows the simultaneousbranch.

N N N

= = =

Step 005 Step 006 Step 007

T [ T

4. To wirethesimultaneousbranch to the transition, click the top pinofthe

transition 0 and then click the horizontalline of the branch 9 A
green dot shows a valid connection point.

Create a selection branch  Startaselectionbranch

58

1. On theSFC toolbar, click the ++ button. Then dragthe new branch

to the correct location.

2. Toaddapathtothebranch, click the first transition of the path that isto

the left of where you want to add the new path. Click 2|
[l 1
[.] | Tran_noq [...] | Tran_ooz
? ?
0 O

3. To wiretheselection branch to the preceding step, click thebottom pin of

the step @ .nd then dick the horizontalline of the branch®. A green

dot shows a valid connection point.
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End a selection branch

1.

Set the priorities ofa

Select the last transition of each path in thebranch. To select the
transitions, do either of these actions.
e Dragthepointer around the transitions that you want to select.

o  Click the first transition. Hold down Shift while clicking the rest of the
transitions that you want toselect.

[-] | Tran_o04 [.] | Tran_no8

On the SFC toolbar, click I.%i

Add thestep that follows the selection branch.

b

[:=] | Tran_oos
7

b

[i] | Tran_oos
vl

u] (m]

To wire theselection branch to thestep, click the top pinof thestep 0
and then click the horizontalline of the branch 0 A green dot shows a

valid connection point.

By default, the SFC checks the transitionsthat starta selection branch from left to
right. If youwant to check a different transition first, assign a priority to each path

selection branch of the selection branch. For example, it isa good practice to check for error

conditions first. Then check for normalconditions.

1.

Right-click the horizontalline that starts thebranch and then click Set
Sequence Priorities.

Rock well Automation Publication 17 56- PMOOGF-E N-P - Oct ober 2014 59



Chapter 2 Program a sequential function chart

2. Clear the Use default priorities check box and select a transition.

Set Sequence Priorities &J
[T Use default priorties (eft to right on routine)
FrinrftylSequence |D&acription
1 Tran_001
2 Tran_002
3 Tan_003
Mowve
| ok || Caced | | Hep |

Use the Move buttonsto raise or lower the priority of the transition.

3. When all thetransitionshave the correct priority, click OK.

When you clear the Use default priorities check box, numbers show the priority
of each transition.

-
=]
Step_0M
]
i 1 3
i
[.] | Tran_ood [.] | Tran_ooz [..] | Tran_o03
r F '

Connect a wire to the step You may haveto reposition a wireafter you connect it to a step. This example
shows how to go to Step_001 from Tran_003.
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oO——— A h
— i ] J J
[ [ .
| Sep|o0i
Step_001 | T
: i
I Ll | Tran_om
I o
[ m
1 8
| =l
[ I Skp|om
Step_002 'l !

Click the lower pin of the transition that signals the jump.

©0

Then dlick the top pin of the step to which you want to go. A green dot shows a valid connection point.
Typically, the resulting connection orients itself along the center of the flowchart and is hard to see.

e To make the jump easier to read, drag its horizontal bar above the step to which the jump goes. You may also
have to reposition some of the SFC elements.

Hide a wire
dea Ifa wiregets in the way of other partsof your SFC, hide the wire to make the SFC
casier to read. To hidea wire, right-click thewireand then click Hide Wire.

To see the SFC element to which the wiregoes, click the grid location on thewire.
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© Locationtowhich thewiregoes

Configure a step Assign the preset time fora step

1. Clickthe Ll button of the step.

s

| | ‘ Presst: 0 = ms lUse Expression | Define | ‘ |

2. In theStep Properties dialogbox, on the General tab, in the Preset box,
enter the time for the step, in milliseconds.

3. Click OK.

When the step is active for the preset time (Timer = Preset), the DN bit of the
step turnson.

To calculate the preset time fora step at runtime, see Use an expression to

calculate a time on page 63.

Configure alarms fora step

Follow these steps to turnonanalarm ifa step executes too longor not long
enough.

1. Clickthe Ll button of the step.

2. In theStep Properties dialogbox, on the General tab, select the Alarm
Enable check box.

Alamming

Alam Enable g ﬁ:ﬁ E;?:
Limit High: O =ms lUse Expression | Diefine
Limit Low: © S ms lUse Expression | Define

3. Enter the timefor thehighalarm (Limit High) and low alarm (Limit
Low), in milliseconds.

4. Click OK.
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Use an expression to calaulatea time

To calculatea timebased on tagsinyour project, enter thetimeasa numeric
expression. You canuse an expression to calculate these values.

o Preset
° LimitHigh

e LimitLow
Follow these steps to enter a timeasan expression.

1. Clickthe =l buttonofthestep.

2. IntheStep Properties dialogbox, on the General tab, select the Use

Expression check box.

 pone) ||

‘ ‘ ‘ Preset:

3. Click Define and enter an expression.

3 Define Step Expression - step_name.PRE [-‘-:hJ

- A

54 B

. B (le

‘ SN
oK | | Concel |

Browse for a tag
Choose a function
Choose an operator

(reate a tag

oX X -X>)

4. Enter a numericexpression that defines the time. Use the buttonson the
right side of the dialogbox to help you complete the expression.

5. Click OK.

6. To close the Step Properties dialogbox, click OK.
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Program a transition Entera BOOL expression

The simplest way to program the transition isto enter the conditionsasa BOOL
expression instructured text.

1. Double-click the text area of thetransition.

2. Type the BOOL expression that determineswhen the transitionis TRUE
or FALSE.

3. To close the text entry window, press Ctrl+Enter.

[...] | transition_name

BOOL expression

This exampleshows three transitions that usea BOOL expression (see Entera
BOOL expression on page 64).

Example
n ! !
= = =
Step_001 Step 002 Step_003

() | Tran_oo -] | Tran_o02 (=] [ Tran_o03 o

bool _tag a & dint tag a > B e
bool_tag b

bool _tag & &

Tag name of the transition.

o e

BOOL expression that controls when the transition is TRUE or FALSE
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Add an action

Configure an action

(Call a subroutine when programming a transition
1. IntheSFC, right-click thetransitionand thenclick Set JSR.

2. IntheRoutine box, click thedown arrow and then click the routine that

youwant to call.

Routine:  EIEES -

Input Parameters: Retum Parameters:
—1 ]

L5

3. Click OK.

Step_ 001

[..] [ Tran_oo1

JS5R {New_routine);

To add anaction to a step, right-click the step in which the action executes and
then click Add Action.

I_I —

= = N [...| action_name
o

step_name
|

Change the qualifierofanaction

A qualifier determineswhen anaction startsand stops. The default qualifier is
N Non-Stored. Theaction startswhen the step isactivated and stopswhen the

step isdeactivated.

1. Clickthe L buttonintheaction.
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2. In theAction Properties dialogbox, on the General tab, select the qualifier
for the action.

General |.P~c:tion Crder | Tag | r
Qualifier: o Man-Stored - [ Boolean
Preset: 0 “Ims [ | Use Expression |Define. .
Timer: 0 2lms ) Active 1
Count: 0 = 2a J

- gl

Ifyou chose a timed qualifier, type the timelimit or delay for theaction, in

milliseconds. These are the timed qualifiers.

¢ L TimeLimited

e SL Storedand Time Limited
e D TimeDelayed

¢ DSDelayedand Stored

e SD Stored and Time Delayed

3. ClickOK.

Calculate a preset timeat runtime

To calculatea preset value based on tagsin your project, enter thevalue asa
numericexpression.

1. Clickthe &l buttonoftheaction.

2. Check the Use Expression check box.

Preset: 0 “ms [¥] Use Expression |

3. Click Define and enter an expression.

3 Define Step Expression - step_name.PRE -

A A

L4 B

A C

4 ¥ ﬁ .l_]‘
oK | | Cancel |
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Browse for a tag

Choose a function

Choose an operator

(reate a tag

0®0e

4. Enter a numericexpression that defines the preset time. Use thebuttonson
the right side of the dialog box to help you complete the expression.

5. Click OK.

6. To close the Action Properties dialog box, click OK.

Mark anactionasa BOOLeanaction

Use a Boolean action to only set a bit when the action executes.

1. Click the |_| buttonintheaction.

2. In theAction Properties dialogbox, select the Boolean check box.

Ga’ueral]hclinn Ellderl Tag I

Qualifier: Y Mon-Stored [T Boolean
3. Click OK.
Program an action You can use structured text or a subroutine to programan action.
Enterstructured text

The easiest way to program anactionisto write thelogicasstructured text within
the body of theaction. When the action turnson, the controller executes the
structured text.
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1. Double-click the text area of theaction.

O
= 5| N (] Action_001
d
Step_001 A
I

2. Type therequired structured text.

3. To dose the text entry window, press Ctrl+Enter.

a
= N [..] action_name

ff comment ;

step_name
|

tatement ;

Call a subroutine inanaction

Use a Jump to Subroutine (JSR) instruction to executea subroutine when the
actionisactive.

1. IntheSFC, right-click theactionand then click Set JSR.

2. IntheRoutine box, click thedown arrow and then click the routine that
youwant to call.

Routine: B -

Input Parameters: Retum Parameters:
— ]

2 |

3. To passa parameter to theroutine, click an empty Input Parameters box.
Click the down arrow and then click the tag that contains the parameter.

4. To receive a parameter from theroutine, click an empty Return
Parameters box. Click the down arrow and then click the tagin which to
store the parameter from theroutine.
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5. Click OK.
[
= o N [...] action_name
TSR routine name);
step_name —
Ll

ASSign the execution order Actions execute in the order in which they appear.

of actions l _
=) o M .| Action_000
i

Step 003

ML Action_001

a

M [...] Action 002
?

When Step_003 isactive, itsactionsexecutein thisorder.
1. Action_000
2. Action 001
3. Action_002

To change the order in which anaction executes, dragtheaction to the correct
locationin thesequence. A green bar showsa valid placement location. The
following shows dragging Action_002 from after Action_001 to before

Action_001.
I_I —
&= | M |[...] Action_000
2
Step_003 —
M. | Action_001
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Document an SFC You can document these SFC components.
To document this And you want to Do this
General information about the SFC > Add a text box on page 72
Step > Add a text box on page 72

_or_
Add a tag description on page 72

Transition e Download the documentation  to the controller Add structured text comments on page 71

o Have the option of showing or hiding the documentation Add a text box on page 72
o Position the documentation anywhere in the SFC -or-
Add a taq description on page 72

Action Download the documentation to the controller Add structured text comments on page 71
Stop > Add a text box on page 72

_or_
Other element (such as a selection branch) >

Add a tag description on page 72

Language switching

With version 17 and later of the application, you have the option to display
project documentation, such as tag descriptionsand rung comments for any
supported localized language. You can store project documentation for multiple
languagesin a single project file rather than in language-specific project files. You
define all the localized languages that the project supportsand set the current,
default, and optional custom localized language. The default languageisused if the
current language's content is blank for a particular component of the project.
However, you can use a custom language to tailor documentation to a specific type
of project file user. Enter thelocalized descriptionsin your project, either when
programming in that language or by using theimport/exportautility to translate
the documentation off-lineand then import it back into the project. Onceyou
enable language switching, you can dynamically switch between languagesas you
use the software.

Project documentation thatsupports multiple translations within a project
includes these logicelements.

e Component descriptionsin tags, routines, programs, user-defined data
types, and Add-On Instructions

e Equipment phases
e Trends

e Controllers
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e Alarm Messages (in ALARM_ANALOG and ALARM_DIGITAL
configuration)

e Tasks

e Propertydescriptions for modulesin the Controller Organizer

e Rungcomments, SFC text boxes, and FBD text boxes

For moreinformation on enablinga project to support multiple translations of
project documentation, see the online help.

Add structured text comments

Commentsembedded in the structured text section of an action are downloaded
into controller memory and areavailable for upload.

1. Double-click the text area of theaction.

-
= 5| N [.] Action_o01
>
Step_001 A
LT

2. Type thecomments.

To add a comment Use one of these formats
Onasingle line /lcomment
*, %
At the end of a line of structured text (*comment®)
[*comment*/
Within a line of structured text (¥*comment*)
[*comment*/
That spans more than one line (*start of omment . ... end of comment*)

[*start of comment . . . end of omment*/

3. To close the text entry window, press Ctrl+Enter.
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Add a tag description
1. Clickthe & buttonoftheelement.

2. Intheelement Properties dialogbox, click the Tag tab and type the
description for the element.

| General | Action Drderl Tag |

Mame: . ction_000)

Dezcription: -

3. Click OK.

4. Dragthedescriptionbox to the correct location on the SFC.

Add a text box

A text box lets you add notes that clarify the function of an SFC element (step,
transition, or stop. Text boxesare only stored in the offline, ACD project file.
Text boxesare not downloaded into controller memory.

Oryou can use a text box to captureinformation thatyou can uselater on.

a

=)

transfer
|

Lrnon he fan

1. Click D

A text box appears.

-

2. Dragthetext boxtoalocation near the element to which it applies.
3. Double-click the text box and type the note. Then press Ctrl+Enter.
4. Asyoumovethe element on the SFC, what do you want the text box to do?
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If you the text box to Then
Stay in the same spot Stop. You are done.
Move with the element to which it applies Go to step 5.

5. Click the pinsymbolin the text box and then click the SFC element to
which you want to attach the text box. A green dot shows a valid connection
point.

Show or hide text boxes ortag descriptions

You have the option of showing or hiding both text boxesand tag descriptions. If
you select to show descriptions, the SFC window only shows the descriptions for

steps, transitions, and stops (not actions).
1. From the Tools menu, select Options.

2. Under SFC Editor, sclect the Display category.

LCategories:
- Application Change the appearance of the Sequential Function Chart Editor
- Display .
| Show Sheet Bound
- Tag Editor / D ata Monitor eI S
- Ladder E ditor Show Crozs Reference Grid
Dizplay | Show Text Boxes
. Fant/Colar o
=~ SFC Editar Justification: Left -
. Element M aming Wiord Wrap
isplay
""" Fant/Calar Language Element Display
=I- FBD Editor .
L Font/Calar | Show Description Boxes
_ Stiychured Text Editor | Use 'Tag Description Dizplay Width' setting from the Application Display category
- Fant/Calor | Showe Tag Alias Infarmation
- Trends

3. Select the check boxes for the featuresyou want to appear on SFC windows.

Hide anindividual tag description

Follow these steps to hide thedescription of a specific element while showing
other descriptions.

1. Clickthe Z buttonoftheelement whose descriptionyou want to hide.
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2. Select the Never display description in routine check box.

JiMever display descrphion in routine

3. Click OK.

Co nfigure the execution of The SFC Execution tab of the controller propertieslets you configure these

decisions.
the SFC
e  What todowhen atransitionis TRUE.

e  Where to start after a transition to the Run mode or recovery from a power
loss.

e Whattodoonthelast scan ofa step.

1. On theOnline toolbar, click the controller propertiesbutton.

Dffline 1. M RUN e
Mo Forces | [ oK qP
- ™ Energy Storage
Mo Edits —
10 —
Redundancy i}

2. Select the SFC Execution tab.

3. Choose one of the following.
e  Whether or not to return to the OS/JSRifa transitionis TRUE
(Execution Control).
e  Where to restart the SFC (Restart Position).

The restart position applies when the controller loses power or leaves

the Run or Remote Run mode.

If you want to restart at the Select
Last step that was running Restart at mostrecently executed step
Initial step Restart at initial step

The restart position does not apply for major faults. After you clear a major

fault, the SFC always restartsat theinitial step.

e  What todo onthelast scan ofa step (Last Scan of Active Steps).

4. Click OK.
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Verify the routine As you program your routine, periodically verify your work.

1. Inthetop-most toolbar of theapplication window, click EF .
2. Follow these steps ifany errorsarelisted in the Output window.
a. To goto thefirst error or warning, press F4.

b. Correct theerror according to thedescription in the in the Output

window on the Search Results tab.

c¢. Gotostep 1.

3. To close the Results window, press Alt+1.
To check your SFC, you can use either of these options.

e Force transitions

e Step through the SFC

See the chapter on Force steps on page77.

Edit an SFC online Firmwarerevision 13 added support for editing SFCs online. When you
transition the controller to test or un-test edits, the controller resets the SFC and

startsexecutionat theinitial step. Keep these guidelines in mind ifyou edit an
SEC online.

e Timewhen you test or un-test edits to coincide with the SFC execution of
the initial step.

o  Place structured text logicin subroutines to minimize theimpact of online
edits.

e Uscan SFR instruction to programmatically shift SFC execution to the
correct step.

Maintainactive SFCstep

As of firmwarerevision 18, the following online edits to an SFC no longer reset
the SEC to theinitial step.

e Modify structured text inactionsand transitions

e  Physically movesteps, actions, and transitionson SFC sheets without
changing the wiring

e Add, delete, or modify text and description boxes
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e Modifyindicator tags
e Add, delete or modifyan SBR/RET

e Add, delete or modify any step or action expression
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Force steps

Introduction Use a force to override data that yourlogiceither uses or produces.

e Test and debug your logic.

e Temporarily keep your process functioning when an input device has failed.

Use forces only asa temporary measure. They are not intended to bea permanent

part of your application.

Precautions Make sure you understand the following before using forces.

ATTENTION Forcing can cause unexpected machine motion that could injure personnel. Before you use a force,
determine how the force will affect your machine or process and keep personnel away from the
machine area.

o Enabling SFC forces causes your machine or process to go to a different state or phase.
o Removing forces may still leave forces in the enabled state.

o [f forces are enabled and you install a force, the new force immediately takes effect.

Enable forces Fora force to takeeffect, you enable forces. You can only enable and disable forces

at the controller level.

®  Youcan enable I/O forces and SFC forces separately or at the sametime.

®  Youcannot enable or disable forces for a specific module, tag collection, or
tag element.
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Important: If you download a project that has forces enabled, the programming software prompts you to enable
or disable forces after the download completes.

When forces arein effect (enabled),a B appearsnext to theforced element.

a
=
Step 001
)
1
[..] | Trar_o10
FTRUE | kool tag 1
(|

Disable or remove a force To stop theeffect ofa force and let your project execute as programmed, disable or

remove the force.

e  Youcan disableor removeI/O and SFC forces at thesametimeor
separately.

e Removingaforceon analiastagalso removesthe force on the base tag,

ATTENTION Changes to forces can cause unexpected machine motion that could injure personnel. Before you
disable or remove forces, determine how the change will affect your machine or process and keep
personnel away from the machine area.

Check force status Before you use a force, determine the status of forces for the controller.
To determine the status of Use any of the following
1/0 forces e Online toolbar
o FORCELED

oGSV instruction

SFC forces Online Toolbar

The Online toolbar shows the status of forces. It shows the statusof I/O forces
and SFC forces separately.
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Dffline .| 140 Forces:
FOrces tab ——-—o— S Disabled o
orces ta Forces B M ore Lostall
Mo Edits 2 | 5FC Forces:
Enabled M1
Redundancy Installed ‘E ‘l/
Forces tab status Means
Enabled o |f the project contains any forces of this type, they are overriding your logic.
o If youadd a force of this type, the new force immediately takes effect
Disabled Forces of this type are inactive. If the project contains any forces of this type, they are
not overriding your logic.
Installed At least one force of this type exists in the project.

None Installed

No forces of this type exist in the project.

Force LED
Ifyour controller hasa FORCE LED, use the LED to determine thestatusofany
I/0 forces.

Important: The FORCE LED shows only the status of I/0 forces. It does not show that status of SFC forces.

If the FORCE LED is

Then

0Off o No tags contain force values.
o 1/0 forces are inactive (disabled).
Flashing o At least one tag contains a force value.
o 1/0 forces are inactive (disabled).
Solid o /0 forces are active (enabled).
o Force values may or may not exist.
GSV instruction

This example shows how to use a GSV instruction to get thestatus of forces.
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Important: The ForceStatus attribute shows only the status of I/0 forces. It does not show the status of SFC
forces.
35
Get Spstem YWalue
Clazz Mame Module
Instance Mame
Aftribute Mame  ForceStatus
Dest Force_Status
0&
Farce_Status.0 Farces_|nstalled
1€ oy
J I - A
Force_Status Forces_Enabled
1E P
_| |_ -
where:
Force_Statusisa DINT tag,
To determine if Examine this bit For this value
forces are installed 0 1
no forces are installed 0 0
forces are enabled 1 1
forces are disabled 1 0

Step through a transition or To overridea false transition one timeand go from anactive step to the next step,

use the Step Through option.
a force of a path P s

e  Youdonothaveto add, enable, disable, or remove forces.

o The next timethe SFC reaches the transition, it executesaccordingto the
conditionsof the transition.

This optionalso lets you override one time the false force of a simultaneous path.
When you step through the force, the SFC executes thesteps of the path. Follow
these steps to step through the transition ofanactive step or a forceof a
simultaneous path.

1. Open theSFC routine.

2. Right-click thetransition or the path thatisforced and then click Step
Through.
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When to use an SFC force To override thelogic of an SFC, you have these options.

If you want to Then

Override the conditions of a transition each time the SFC | Force a transition.
reaches the transition

Prevent the execution of one or more paths of a Force a simultaneous path.
simultaneous branch

Force a transition

To override the conditionsofa transition through repeated executions of an SFC,
force the transition. The force remainsuntil you remove it or disable forces.

If you want to Then
Prevent the SFC from going to the next step Force the transition FALSE.
Cause the SFC go to the next step regardless of transition conditions Force the transition FALSE.

Ifyou force a transition within a simultaneous branch to be FALSE, the SFC stays
in the simultaneousbranch aslong as the force is active (installed and enabled).

e To leave a simultaneousbranch, thelast step of each path must execute at
least one timeand the transition below the branch must be TRUE.

e Forcinga transition FALSE prevents the SFC from reaching the last step of
apath.

e  When you removeor disable the force, the SFC can execute therest of the
steps in the path.
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Step 001 Step 003
1 I
m} (]
[..] | Tran 010 [..] | Tran_on For example, to exit this branch, the SFC
— — must be able to complete these actions.
bool rag 1 » FALSE | boel rtag 2 o Execute Step_011 at least once

|T| I o (et past Tran_011 and execute
Step_012 at least once

[oe] [...] o Determine that Tran_012 is TRUE

[oo] | Tram o2
bool tag =

Force asimultaneous path

To prevent the execution ofa path ofa simultaneousbranch, force the path
FALSE. When the SFC reaches the branch, it executes only the un-forced paths.
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This path executes. This path does not
execute.

v FALSE

Sep_ 00 Step 003
LT T
1 (]
[ | Tran_D10 (o] | Tran_om
bool tag 1 bool _tag Z

! i

= =

Sep 011 Step M2

T T

Ifyou force a path ofa simultaneousbranch to be FALSE, the SFC staysin the

simultaneousbranch aslong as the force is active (installed and enabled).

e To leave asimultaneousbranch, thelast step of each path must execute at
least one timeand the transition below the branch must be TRUE.

e Forcinga path FALSE prevents the SFC from enteringa path and executing
itssteps.

e  When you removeor disable the force, the SFC can execute thesteps inthe
path.

Add an SFC force To override thelogicof an SFC, use an SFC force.

ATTENTION Forcing can cause unexpected machine motion that could injure personnel. Before you use a force,

determine how the force will affect your machine or process and keep personnel away from the
machine area.

o Enabling SFCforces causes your machine or process to go to a different state or phase.

o [f forces are enabled and you install a force, the new force immediately takes effect.

1. Whatisthestateof the SFC Forces indicator?

Offline: .| = 1/0 Forces: E
Disbled qp

Foices Mome Installed

Mo Edits = ™ SFC Forces:

Enabled T
Fiedundancy Installed \EI Ill
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If Then
Off No SFC forces currently exist.
Flashing No SFCforces are active. But at least one force already exists in your project. When you enable

SFC forces, all existing SFC forces will also take effect.

Solid SFC forces are enabled (active). When you install (add) a force, it immediately takes effect.

2. Open the SFC routine.

3. Right-click thetransition or start ofa simultaneous path thatyou want to
force, and then click either Force TRUE (only for a transition) or
Force FALSE.

4. Are SFC forces enabled (Seestep 1.)?

If Then
No From the Logic menu, choose SFCForcing > Enable All SFC Forces. Then choose Yes to confirm.
Yes Stop.

Remove or disable forces Make sure you understand the following before using forces.

ATTENTION  Changes to forces can cause unexpected machine motion that could injure personnel. Before you

disable or remove forces, determine how the change will affect your machine or process and keep
personnel away from the machine area.

Disable all SFCforces

From the Logic menu, click SFC Forcing and then click Disable All SFC Forces.
Then click Yes to confirm.

Remove all SFCforces

From the Logic menu, click SFC Forcing and then click
Remove All SFC Forces. Then click Yes to confirm.
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Rockwell Automation support

Rockwell Automation provides technical information on the web toassist youin using its products. At

htep://www.rockwellautomation.com/support you can find technical and application notes, sample code, and links to software service packs. You

can also visit our Support Center at https://rockwellautomation.custhelp.com for software updates, support chats and forums, technical
information, FAQs, and to sign up for product notification updates.

In addition, we offer multiple support programs for installation, configuration, and troubleshooting. For more information, contact your local
distributor or Rockwell Automation representative, or visit http://www.rockwellautomation.com/services/online-ph one.

Installation assistance

Ifyou experience a problem within the first 24 hours of installation, review the information that is contained in this manual. You can contact
Customer Support for initial help in getting your product up and running.

United States or Canada 1.440.646.3434

Outside United States or Canada Use the Worldwide Locator available at http://www.rockwellautomation.com/locations, or contact your local Rockwell
Automation representative.

New product satisfactionreturn

Rockwell Automation tests all ofits products to ensure that they are fully operational when shipped from the manufacturing facility. However, if
your product is not functioning and needs to be returned, follow these procedures.

United States Contact your distributor. You must provide a Customer Support case number (call the phone number above to obtain one) to
your distributor to complete the return process.

Outside United States Please contact your local Rockwell Automation representative for the return procedure.

Documentation feedback

Your comments will help us serve your documentation needs better. If you have any suggestions on how to improve this document, complete the

feedback form, publication RA-DU002.

Rockwell Otomasyon Ticaret A.S., Kar Plaza Is Merkezi E Blok Kat:6 34752 I¢erenkéy, Istanbul, Tel: +90 (216) 5698400

www.rockwellautomation.com

Power, Control and Information Solutions Headquarters
Americas: Rockwell Automation, 1201 South Second Street, Milwaukee, W1 53204-2496 USA, Tel: (1) 414.382.2000, Fax: (1) 414.382.4444

Europe/Middle East/Africa: Rockwell Automation NV, Pegasus Park, De Kleetlaan 12a, 1831 Diegem, Belgium, Tel: (32) 2 663 0600, Fax: (32) 2 663 0640
Asia Pacific: Rockwell Automation, Level 14, Core F, Cyberport 3, 100 Cyberport Road, Hong Kong, Tel: (852) 2887 4788, Fax: (852) 2508 1846
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