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SAFETY CAUTIONS

(You must read these cautions before using the product)

In connection with the use of this product, in addition to carefully reading both this manual and the
related manuals indicated in this manual, it is also essential to pay due attention to safety and
handle the product correctly.

The satety cautions given here apply to this product in isolation. For information on the safety of
the PC system as a whole, refer to the CPU modute User’'s Manual.

These SAFETY CAUTIONS are classified into two grades: "DANGER" and "CAUTION".

DANGER Safety caution given when incorrect handling could result in hazardous
situations involving the possibility of death or serious injury.

A CAUTION Safety caution given when incorrect handling could result in hazardous
situations involving the possibility of moderate or light injury or damage to
property.

Note that, depending on the circumstances, failing to follow a A& CAUTION may also have very
serious consequences.

Both of these classes of satety caution are very important and must be observed.

Store this manual carefully in a place where it is accessible for reference whenever necessary,
and forward a copy of the manual to the end user.
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o Safety circuits should be installed external to the programmable controlier to
ensure that the system as a whole will continue to operate safely in the event
of an external power supply malfunction or a programmable controller failure.
Erroneous outputs and operation could result in an accident.

1) The following circuitry should be installed outside the programmable
controller:

Interlock circuitry for the emergency stop circuit protective circuit, and for
reciprocal operations such as forward/reverse, etc., and interlock circuitry
for upper/lower positioning limits, etc., to prevent machine damage.

2) When the programmable controller detects an abnormal condition,
processing is stopped and all outputs are switched OFF. This happens in
the following cases:

e When the power supply module’s over-current or over-voltage protection
device is activated.

e When an error (watchdog timer error, etc.) is detected at the PC CPU by
the selt-diagnosis function.

Some errors, such as input/output control errors, cannot be detected by the

PC CPU, and there may be cases when all outputs are turned ON when

such errors occur. In order to ensure that the machine operates safely in

such cases, a failsafe circuit or mechanism should be provided outside the

programmable controlier. Refer to the CPU module user’s manual for an

example of such a failsafe circuit.

3) Outputs may become stuck at ON or OFF due to an output module relay or
transistor failure. An external circuit should therefore be provided to
monitor output signals whose incorrect operation could cause serious
accidents.

s A circuit should be instalied which permits the external power supply to be
switched ON only after the programmable controller power has been switched
ON. Accidents caused by erroneous outputs and motion could result if the
external power supply is switched ON first.

¢ When a data link communication error occurs, the status shown below will be
established at the faulty station. In order to ensure that the system operates
safely at such times, an interlock circuit should be provided in the sequence
program (using the communication status information).

Erroneous outputs and operation could result in an accident.

1) The data link data which existed prior to the error will be held.

2) All outputs will be switched OFF at MELSECNET (li, /B, /10) remote I/O
stations.

3) At the MELSECNET/MINI-S3 remote I/O stations, all outputs will be
switched OFF or output statuses will be held, depending on the E.C. mode
setting.

For details on procedures for checking faulty stations, and for operation

statuses when such errors occur, refer to the appropriate data link manual.
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e Do not bundle control lines or communication wires together with main circuit
or power lines, or lay them close to these lines.
As a guide, separate the lines by a distance of at least 100 mm, otherwise
malfunctions may occur due to noise.

[Cautions on Mounting]
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¢ Use the PC in an environment that conforms to the general specifications in
the manual. :
Using the PC in environments outside the ranges stated in the general
specifications will cause electric shock, fire, malfunction, or damage
to/deterioration of the product.

¢ Make sure that the module fixing projection on the base of the module is
properly engaged in the module fixing hole in the base unit before mounting
the module.
Failure to mount the module properly will result in malfunction or failure, or in
the module falling.

¢ Extension cables should be securely connected to base unit and module
connectors. Check for loose connection after installation.
A poor connection could result in contact problems and erroneous
inputs/outputs. "

e Plug the memory cassette firmly into the memory cassette mounting
connector. Check for loose connection after installation.
A poor connection could result in erroneous operation.

o Plug the memory firmly into the memory socket. Check for loose connection
after installation. :
A poor connection could result in erroneous operation.
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e Switch off the external power supply before staring installation and wiring
work.
Failure to do so could result in electrical shocks and equipment damage.

o After installation and wiring is completed, be sure to attach the terminal cover
before switching the power ON and starting operation.
Failure to do so could result in electrical shocks.

/I\ caution

e Be sure to ground the FG and LG terminals, carrying out at least class 3
grounding work with a ground exclusive to the PC.
Otherwise there will be a danger of electric shock and malfunctions.

o Carry out wiring to the PC correctly, checking the rated voltage and terminal
arrangement of the product.
Using a power supply that does not conform to the rated volitage, or carrying
out wiring incorrectly, will cause fire or failure.

o Outputs from multiple power supply modules should not be connected in
parallel. Failure to do so could cause the power supply module to overheat,
resulting in a fire or module failure.

¢ Tighten the terminal screws to the stipulated torque.
Loose screws will cause short circuits, fire, or malfunctions.

o Make sure that no foreign matter such as chips or wiring offcuts gets inside
the module.
it will cause fire, failure or malfunction.

¢ Connectors for external connections should be crimped, pressure welded, or
soldered in the correct manner using the correct tools.
For details regarding crimping and pressure welding tools, refer to the
input/output module user’s manual.
A poor connection could cause shorts, fire, and erroneous operation.
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Do not touch terminals while the power is ON.
This will cause malfunctions.

Make sure that the battery is connected properly. Do not attempt to charge or
disassemble the battery, do not heat the battery or place it in a flame, and do
not short or solder the battery.

Incorrect handling of the battery can cause battery heat generation and
ruptures which could result in fire or injury.

Switch the power off before cleaning or re-tightening terminal screws.
Carrying out this work while the power is ON will cause failure or malfunction
of the module.

/I cauTioN

In order to ensure safe operation, read the manual carefully to acquaint
yourself with procedures for program changes, forced outputs, RUN, STOP,
and PAUSE operations, etc., while operation is in progress.

Incorrect operation could result in machine failure and injury.

Do not disassemble or modify any module.
This will cause failure, malfunction, injuries, or fire.

Switch the power OFF before mounting or removing the module.
Mounting or removing it with the power ON can cause failure or malfunction of
the module.

When replacing fuses, be sure to use the prescribed fuse. A fuse of the wrong
capacity could cause a fire.

[Cautions on Disposal]

/N caution

Dispose of this product as industrial waste.
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1. GENERAL DESCRIPTION

1. GENERAL DESCRIPTION

This manual discusses the specifications, functions, instructions, and pro-
gramming pracedures used to program the MELSEC -Q2A, QR2A-S1, Q3A,
and Q4ACPU (hereafter referred to as QnACPU) with an SFC program
using the MELSAP3 function.

“SFC” is an abbreviation for “Sequential Function Chart”, and represents a
program format in which a sequence of control operations is split into a se-
ries of steps, enabling a clear expression of the program execution se-
guence and execution conditions.

MELSAPS3 conforms to the 1EC standard for SFC. In this manual, the se-
quential function chart is referred to as “SFC” (program, diagram).

[Related ManuaIsJ

Manual Name Manual Number

QnACPU Guidebook
Aimed at people using QnACPU for the first time. Describes procedures for everything

from creating programs and writing created programs to the CPU, to debugging. 1B-66606
Also describes how tc use the QnACPU most effectively.

Q2A(S1)/Q3A/Q4ACPU User's Manual

Describes the performance, functions, and handling of the Q2ACPU(S1), Q3ACPU, and IB-66608

Q4ACPU, and the spacifications and handling of memory cards and base units.
(Purchased separately)

QnACPU Programming Manual (Common Instructions)

Describes how to use sequence instructions, basic instructions, and application instruc- 1B-66615
tions.

(Purchased separately)

QnACPU Programming Manual (Special Function)

Describes the dedicated instructions for speciai function modules available when using 1B-66616
the Q2ACPU(S1), Q3ACPU, and Q4ACPU.

(Purchased separately)

QnACPU Programming Manual (ADS57 Instructions)

Describes the dedicated instructions for controlling an AD57(S1) type CRT controller
module available whan using the Q2ZACPU(S1), Q3ACPU, or Q4ACPU.

(Purchased separately)

1B-66617

QnACPU Programming Manual (PID Control Instructions)

Describes the dedicated instructions for PID control available when using the IB-66618
Q2ACPU(S1), Q3ACPU, or Q4ACPU.

(Purchased separately)

MELSECNET/10 Network System (for QnA) Reference Manual

Describes the general concept, specitications, and part names and settings, for MEL- 1B-66620
SECNET/10.

(Purchased separately)

Type SWOIVD-GPPQ GPP Function Operating Manual (OFFLINE)
Describes the how to create programs and print out data when using SWOIVD-GPPQ,

and the offline functions of SWOIVD-GPPQ such as file maintenance. B-66623
(Supplied with the product)

Type SWOIVD-GPPQ GPP Function Operating Manual (ONLINE)

Describes the online functions ot SWOIVD-GPPQ, including the methods for monitoring 1B-66624

and debugging.
(Supplied with the product)

Type SWOIVD-GPPQ GPP Function Operating Manual (SFC)

Describes the system configuration, performance specifications, functions, system
startup procedure, SFC program editing method, monitering method, printout method, 1B-66625
and error messages, for MELSAP-3, .

(Supplied with the product)
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1.1

Machine's |
operation

.

Description of SFC Program

- MELSEC-@QnA

The SFC program splits a sequence of machine operations into individual
steps, with the detailed control which occurs at each step being repre-
sented by ladders.

Machine operation
fiowehart

START switch

Pallet confirmation,
clamp operation

Drilling operation

q

workpisce unioadin,

Unclamp operation, ]
9]

Machining completed

1 operation unit

1 operation unit

1 operation unit

1 operation unit

Process END

[SFCdiagram]

@ Initial step

Transition
condition 1

[ e

1 Transition
condition 2

mp

Transition
condition 3

e

Transition
condition 4

END step

{Operation output and transition condition diagram for each step)

Process START  Workpisce

opu;l:n d.‘;:"o" Conveyor START
e il it < Y20
Paltet detection

{ Tran }-—I

Pallet clamp

Clamp confirmation

< Y21

e

E Tran ]—-{

. Drill rotation
< v22 >
Y22
—1 { PLS Mo }—
Mo Drill DOWN
b [ seT Y23}
- X4  Drill DOWN endpoint
F -LRST v23}—
K20
< T0o >
T0 Drilt UP
—t {seET  Y2a }—

Drill UP endpoint

o

.

[ Tran }-—I

Pallet unclamp

< Y25
---- {PLs M1
M1
— [RST  v2s
X6  Unclamp confirmation Conveyor START
F < Y20
Ay

.

—

{'_)‘(7 Workpiece unloaded confirmation
- [

L Tran

]
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The SFC program performs a sequence of operations; beginning from the
“initial” step, proceeding to each subsequent step as the transition condi-
tions are satisfied, and gnding at the “END" step.

(1) When the SFC prograrh is started, the “initial” step is executed first.

(2) Execution of the initial step continues until transition condition 1 is
satisfied. When this transition condition is satisfied, execution of the
initial step is stopped, and processing proceeds to the step which follows
the initial step.

Processing of the SFC program continues from step to step in this manner
until the END step has been executed.
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1.2 SFC (MELSAP3) Features

(1) Easy to design and maintain systems
"Because control of the overall system and each station, as well as the
machines themselves, corresponds on a one-to-one basis with the
blocks and steps of the S8FC program, systems can be designed and
maintained even by those with relatively little sequence program expe-
rience. Moreover, programs designed by other programmers using this
format are much easier to decode than sequence programs.
Station 1 Station 2 Station 3
centrol unit control unit control unit
Step transition
control unit for
overal process
Transter machine
Overail system
(SFC program)
Step 1 { Statiop 1 Station 2 i
un?!piorr.::ﬁ::;l‘ :?“o::;s Mm onit eofmoor; unit 2:?:)7 gn‘n
(block 0) (block 1) (block 2) (block 3)
. Transter machine START START . START . START
~ (initial step) :’ - (initial step) H {initial step) ! {initial step)
: Station 1 START_____ 2 Paliet clamp : Paliet clamp : ("] Paliet clamp
E 3 (block 1 START) (step 1) E (stop 1) E (step 1)
| g Station 2 START. ___ Drilling , Tapping ; Workoi oadi
! §. (bl:;nz START) "} (stop 2) : (step 2) ! L] (nOOpPZl)‘ o0 unioading
o : : :
E Station 3 START___ | rn Pallet unclamp ' Paltet unclamp ' - Patlet unclamp
! (blotk 3 START) E : {step 3) ! (svep 3) ! {step 3)
beeeem B vten) o == (END step) I == (ENDstep) I == (END step)
Voodomoraecacccaaccccaeccnaccacan. n H
t emm e e mmmmem—memmmmmmememeeme—meam——m—————————— i
(2) Requires no complex interlock circuitry

Interlock circuits are used only in the operation output programs for each
step. Because interiocks between steps are not required, it is not

necessary to consider interlocks with regard.to the overall system.

Clamp
SOLt SOL2 LS-u
‘ T UP o nt
—> MTI-F -~ igamp Dow,,::o. MMTO-F
< MTi-B (mme==- | amp ndpojn MTO.8
—_— — Treseese- T
: + L8D
! :
Headstock tg:) beemy
rotation EETERS !
MT2-R moh
] N )
7 % H H Curriage
LS10
(Headstock RETRACT (anhmmg (Machining (Carriage ADVANCE
endpoint) START) ~ END) endpoint) (Carriage RETRACT endpoint)
LSo LSt 182 LS:E LS-R
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'
Carriage ADVANCE endpoint
E lsm;s ----{} < Y20 >—|
Carriage ADVANCE
x3 :
S BRaeeE R {}—n: —~( Tan 3
. . 4
X3 Clamp DOWN
Steo & ' s As shown in the SFC program at loft, the steps require
op - I : < Yai . no “operati pleted” interlock contact with the
pmous stop With a conventional sequence program,
Clamp DOWN endpeint carriage FORWARD (Y20) and clamp DOWN (Y21)
X4 interlock contacts would be required at the ladder
|—‘| 0 r T used for the headstock ADVANCE
I Il I 1 fran H
X3 X4 Headstock ADVANCE Y20 Y2t X3 x4  Headstock ADVANCE|
E ls""” ----{}——n It < vaz >+ -------- 1 }—ﬁ——-ﬂ-—u——!k———( Y22 >—{
interlock contacts
L J
-+

SFC program

(3) Block and step configurations can easily be changed for new control
applications

A total of 320 blocks can be used in an SFC program, with 512 steps in
each block. A total of 4k sequence steps can be created in each block
of the ladder diagram programs for operation outputs and transition
conditions.

Reduced tact times, as well as easier debugging and trial run operations
are possible by dividing the blocks and steps so as tg obtain the optimum
configuration for system-of-units used for machine operation.

320 blocks

Block 0 Block 1 Block 319

Operation output program

E e e

Step 2 Step 2
4k sequence steps per block for
operation outputs and transition
-1 conditions ! !
' 1

512 steps

E]'
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(4) Creation of multiple initial steps is possible

Multiple processes can easily be executed and combined. Initial steps
are linked using a “selection coupling” format.

When multiple initial steps (S0 to ‘S3) are active, the step where the
transition condition (14 to t7) immediately prior to the selected coupling
is satisfied becomes inactive, and a transition to the next step occurs.
Moreover, when the transition condition immediately prior to an active
step is satisfied, the next step is executed in accordance with the
parameter settings.

o Wait......... Transition to the next step occurs after waiting for
the next step to become inactive.

¢ Transfer...... Transition to the next step occurs even if the next
step is active.

e Pause ....... An error occurs if the next step is active.

Clse [Cdst [Tlse [T]se

He e e O

+t4 + 15 + 6 +t7

[gse

Linked steps can also be changed at each initial step.

TClse [Tlsr [Tse

-+t -+t -+ 12
E:I s3 [j sa [ ]ss
43 4 4 4+ t5
(s
46
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(5) Program design is easy due to a wealth.of step-attributes

A variety of step attributes can becassigned to each step. Used singly
-for‘a given control operation, orinicombination, these attributes greatly
simplity program design: procedures.:

« Types of HOLD steps, and their operations

a) ColtHOLD step ([SC}) -

X0 ; o When the transition condition is
|"‘”‘,_"‘“‘ vio ™ satistied, the coil output status is

. m__ maintained regardless of the
M= T ON/OFF status of the interlock

1o i - condition (X0).

(Transiion condition satisfied) e Transition will not occur even if
o the transition condition is satis-
Step which is active due fied aga!n‘ . ..
mg;::nmdhionb-hsj « Convenient for maintaining an

output until the block in question
is completed (hydraulic motor
output, pass confirmation signal,
etc.).

b) Operation HOLD step (no transition check) ( [SE])

X0 e Operation output processing
< 10 >‘| continues even after a step tran-
I sition occurs, and coil output

Xo (Y10) ON/OFF switching occurs

wod L1 in accordance with the interlock

condition (X0) ON/OFF status.
e Transition will not occur if the

Stop which is active dus 10 traqsntnon condition is satisfied
(:m'\s'iit':n condition being agam .
atis!

e Convenient for repeating the
same operation (cylinder ad-
vance/retract, etc.) while the
relevant block is active.
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c) Operation HOLD step (with transition check) ([ST])
o Operation output processing

X0
P——<v10 continues even after a step tran-
x sition occurs, and coil output

(Y10) ON/OFF switching occurs

4 | “l° [ rn H in accordance with the interlock
condition (X0) ON/OFF status.
._J ¢ When the transition condition is

again satisfied, the transition is

-+ executed, and the next step is
activated.

e Operation output processing is
executed at the reactivated next
step. When the transition condi-
tion is satisfied, transition oc-
curs, and the step is deactivated.

o Convenient for outputs where
there is an interlock with the next
operation, for example where
machining is started on comple-
tion of a repeated operation
(workpiece transport, etc.).

the previous transition

Step which is active due
condition being satistied

NG e

« Reset step ([R)])

e When a HOLD status becomes
unnecessary for machine con-
trol, or on selective branching to
a manual ladder occurs after an
error detection, etc., a reset re-
quest can be designated for the
HOLD step, deactivating the step
in question.

Crds <wm th rostsop s )

acdlivated, a designated
step will become inactive

——

¢ Types of biock START steps, and their operations
a) Block START step (with END check) (8 m)

” ¢ Inthe same manner as for a sub-

routine CALL-RET, a START
source block transition will not
™ accur untll the end of the START

destination block is reached.
¢ Convenient for starting the same

block several times, or to use

several blodks together, etc.
E___\ * A convenient way to return to the
START source block and pro-
ceed to the next process block
when a given process is com-
pleted in a processing line, for
example.
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b) Block START steép (Without END check) (B8 m)
m o Even if the START destination

. block is active, a START source
block transition will occur if the
n transition conditions for the block
%o { START step are satisfied.
+ H—T T H — At such times, processing of the
START destination block will be
[___l continued to the block END.
» By starting another block at a
= given step, the START destina-
tion block can be controlled inde-
pendently and asynchronously
with the START source block un-
til processing of the current block
is completed.

(6) A given function can be controlled in a variety of ways according to the
application in question

Block functions such as START, END, temporary stop, restart, and forced
activation and ending of specified steps can be controlied by SFC diagram
symbols, SFC control instructions, or by SFC information registers.

e Control by SFC diagram symbols
Convenient for control of automatic operations with easy
sequential control.

.....

» Control by SFC instructions

Enables requests from program files other than the SFC, and
is convenient for error processing, for example after
emergency stops, and interrupt control.

¢ Control by SFC information registers
Enables control of SFC peripheral devices, and is convenient
for partial operations such as debugging or trial runs.

Functions which can be controlled by these 3 methods are shown below.

\ Control Method
Function
SFC Control
. SFC Diagram Instructions SFC Information Registers
Block START _ _
{with END wait) Bm
| Block START Block START/END bit
1 {without END wait) gm SET BLm ON
Block END RST BLm Block STS?":T/END bit
N Block STOP _ PAUSE BLm Block STOPOIF:JESTART bit
IR k STOP i
) F‘“}""SE"PPP” block _ RSTART BLm Block S OOIEFESTART bit
1 |'Foiced step _ SET Sn _
actiiation SCHG Kn
Forced step END [Bln SF(‘;SJG S.gn —




1. GENERAL DESCRIPTION

= MELSEC-QnA

a) In cases where the same function can.-be executed by a number of
methods, the first control method which has been designated by
- the request output to the block or step. in question will be the effec-
" tive control method.

 b). Functions controlled by a glven control method can be canceled by

®

SR
N BT

another: control method:
Example: For block START *

_,.An active block which

svstarted by the SFC diagram
ad

“instruction (RST Bl_m) or by switching the SFC- mformatlon reg-
ister’s block START/END bit OFF.

A sophlstlcated ‘edit functnon S|mp|lfles edltlng operatlons

A same-screen SFC diagram, operation output, and transition condition

‘ladder display features a zoom function which can split the screen 4
‘ways (right/left/upper/lower) to simplify program cut-and-paste opera-

- tions. Moreover, advanced program edit functions such as the SFC

diagram or device search function, etc., make program creation and
editing operations quick and easy. '

Displays with commer

Comments can be entered at each step and transition condition item.
Up to 32 characters can be entered. (Display size is 8 characters x 3
lines = 24 characters).

&

1 818 Ready, w

2+%te aiting £

3 r starty

4 Mix B

: |

? n‘z‘ Vait ateSD4 vait ate :
Ld - Wrt <Ins > Step 2 Mix A 1
e I, T T T T T T T T T e >

e b e SNTORM IR Dol L ezm >

An automatlc scrolling functions enables dﬁick identification of mechani-
cal system trouble spots

Active (execution) blocks and steps, as well as the execution of opera-
tion output/transition condition ladders can be monitored by a peripheral
device (with automatic scrolling function).

" This monitor function enables even those with little knowledge of se-
quence programs to easily identify trouble spots. '

1-10




(10) Convement trace functlon sart peEi ol

' Blocks can be synchromzed and traced ‘enabling the user to check the
. operation timing of multiple blocks. ;
" Moreover, the trace results drsplay screen can be switched to display
the trace result- detarls for. each block. . .

» ”» 3 8. .
#1515 15228 L IERTR AT Active step Nos.
el 4G e T e e e . are dispalyed (from
i " A smallest No.) for
~each block

Block No. where trace
occurred

Active step No.
dlsplay

() Program edmng is possible usmg the QGPU programming unit

Operatron output and transition condmons programs can easily be re-

- vised using the Q6PU.
' The SFC diagram can be shown using either a list or ladder format. The
Q6PU unit uses a list format program for program creation/modification

___uoperatlons ety s e i

=11
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2. SYSTEM CONFIGURATION

(1) Applicable CPU models

MELSAP3 (SFC program) can be run by the folowing CPU modals.

e Q2ACPU
e Q2ACPU-S1
e Q3ACPU
e Q4ACPU

(2) Peripheral devices for the SFC program

SFC program creation, editing, and monitoring operations are conducted
at the following peripheral devices.

Peripheral Device Software

Model Name Package Name Remarks

For details regarding the system

R centiguration and environment settings,
IBM PC/AT SWoIVD-GPPQ etc., refer to the “GPPQ Operating
Manual® (QFFLINE).

(3) Memory card

The memory card shown below is required for SFC trace operations.

QIMEN— {315

Memory type
Memory size

For details regarding the memory card, refer to the QnACPU Users
Manual.
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3. SPECIFICATIONS

The performance specifications for SFC programs are described in this section.
3.1 Performance Specificatians Related to SFC Programs

Performance specifications related to SFC programs are shown in table 3.1 below.
Table 3.1 Performance Specifications Related To SFC Programs

ltem Q2ACPU Q2ACPU-S1 Q3ACPU Q4ACPU
c . Max. 28k Max. 60k Max. 92k Max. 124k
apacity steps steps steps steps

SFC program

Number of files

1 tile {(number of scannable files) *'

Number of blocks

Max. of 320 blocks (0 to 319)

Number of SFC steps

Max. of 8192 steps for ali blocks
(512 steps per block)

Number of branches

Max. of 32

Number of concurrently active
steps

Max. of 1280 steps for all blocks

(256 steps per block) (including HOLD steps)

Number of operation output
sequence steps

Max. of 4k steps per block;
no per step restrictions

Number of transition conditions
sequence steps

Max. of 4k steps per block;
no per transition condition restrictions

All-blocks break

Batch break setting for all blocks

Designated block break

Max. of 64 block designations

Designated step break

Max. of 64 step designations

Number of cycles

1 to 255 times

Designated biock continue

1 block designation

~

Designated step continue

1 point designation at specified step

Continue from designated step

1 point designation at specitied step

Break
STEP-RUN )
tunction Continue

Forced

execution

Forced block execution

1 block designation

Forced 1 step execution for
designated block

1 point designation at specified step

Forced block end

1 block designation

Forced step end

1 point designation at specitied step

Step trace function
{memory card required)

Trace memaory capacity

Max. of 48k bytes for all blocks;
1 to 48k bytes per block (1k byte units)

Trace memory capacity after trigger

From 128 bytes to capacity setting of block

Block designation

Max, of 12 blocks

Trigger step

1 step per block

Execution conditions

Per scan or per designated time

Step transition watchdog timer function

Equipped with 10 timers

*1 Creation of 1 separate "SFC program for program execution/management” is possible (see

Section 5.1.3).
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The relationship between the CPU memory's program capacity and the number of files is shown

below.

. MELSEC-QnA

- —

Initial program

<:J Multiple program files possibie
(no SFC programs)

[ ittt |

Multiple program files possible
(1 SFC program only)
| it Rl e et 1.

Scan program

WAIT program

L e e e e m e ———— J L emm e memmmemmmm—mmm———— - J
P K @! Multiple program files
1 1 possible (multiple SFC
: J X programs OK)

i i

I

] ;

]

: :(:1 Muitiple program files possible

: Low-speed ! {no SFC programs)

' program '

| |

1 ]

1 i

Lmr e ccmcmcmmm—m—m———— e 4

(‘

\

o Max. total of 124 programs possible.
(Registration is by parameter setting)

¢ The program capacity varies according to the CPU
type as shown below.

e Q2ACPU.......... Max. of 28k steps.
s Q2ACPU-S1....... Max. of 60k steps.
e Q3ACPU.......... Max. of 92k steps.
e Q4ACPU.......... Max. of 124k steps.

* The SFC program can execute only 1 file. To exegute an SFC program which.is in the wait
status, switch the SFC program being scanned to the wait status, then scan the program In

quaestion.
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3.2 Device List

Devices which can be used for the SFC pregram's transition conditions
and operation outputs are shown in table 3.2 below.

Table 3.2 Device List

User
Classitication Device Type Expression Assign- Remarks
ment
Argument input Bit FX0 to FX15 .
Argument ¢ Sub-routine with argument
output Bit FYO to FY15
Internal -
Argument Fixed ¢ Sub-routine with argument
system register Word FDO to FD4 {1 point, 4 words)
Special relay 8it SMO to SM2047
Special
ragister Word SDO to SD2047
\nput relay X0 to X1FFF o Direct processing at DX
Output relay YO to Y1FFF » Direct processing at DY
Internal relay MO to M8192
Latch relay Bit LO to L8192
Annunciator FO to F2047
Edge triggered
relay VO to V2047
Link relay BO to B1FFF Variabie
Data register DO to 12287 within a
Internal user g Word total of
Link register WO to W1FFF 28.75 K
words eTandSTb
. y parameter
Normal timer Bit, word TO to T2047 setting.
Retentive timer STO to ST2047 e Contact and coil by bit.
Counter Bit, word | CO to C1023 e Contact and coil by bit.
Special link
relay SBO to SBIFF
Special link
register Bit SWO to SWI1FF
S0 to S511/1 block
Step relay (8192 points for all ¢ Exclusively tor SFC program
blocks)
Link input JOAXO0 to JONX1FFF
Link output Bit JO\YO to JINYIFFF
Link direct Link relay JONBO to JO\BIFFF
Fixed ¢ Present at each link unit
(NET/10) Link speclal JONSBO to JO\SBIFF
relay .
Link register JO\WO to JO\W1FFF
Link special Word
register JO\SWO to JO\SWIFF
Special unit ; ¢ Present at each installed
direct Butfer register Word UL\GO to UENG16383 | Fixed special unit
Index register | Index regtsfer Word Z0 to Z15
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User
Classitication Device Type Expression Assign- Remarks
. ment
When block switching is
7 L]
File register File ragister worg | RO R3276 Fixed used
ZRO to ZR1042431 oFor serial Nos.
‘SFC block BLO to BL319
Bit sExclusively for SFC program
SFC transition
Other device TRO 1o TRS11 Fixed
Network No. _ J1 to J239
170 No. U0 to UFF
Decimal
constant K-2147483648 to K2147483647
Hexadecimal
HO to HFFFFFFFF
Constants constant -
Real number
constant E£1.17549-38 10 E+3.40282+38
Character . -
string constant ABC123", etc.
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3.3 Processing Time for SFC Program
The time required to process the SFC program is discussed below.
(1) Method for calculating the SFC program processing time

The processing time for the SFC program comprises the processing time
for operation outputs and transition condition instructions, and the sys-
tem processing time.

SFC program  _ (Operation output/transition condition + system processing
processing time ~ |instructions processing time time

(a) Processing time for operation output & transition condition instruc-

tions
Operation output/transition Processing time Processing time
condition instructions = (for operation output | X2 + {for transition condition
processing time instructions instructions

(Only when transition
condition is satisfied)

¢ Processing time for operation output instructions
........................ Total processing time for
instructions used for operation
outputs at all active steps.

* Processing time for transition condition instructions
........................ Total processing time for
instructions used for transition
conditions at all active steps.

For details regarding the processing times for operation outputs
and transition condition instructions, refer to the QnA Program-
ming Manual (Common Instructions).

(b) Method for calculating the system processing time

System processing time =
[SFC END processing time] + [active block processing time] x
[number of active blocks] + [processing time for inactive blocks] x
[number of inactive blocks] + [processing time for nonexistent
blocks] x [number of nonexistent blocks] + [active step processing
time] x [number of active steps] + [processing time for active step
transition conditions] x [number of active step transition conditions]
+ [processing time for steps where transition conditions are
satisfied] x [number of steps where transition conditions are
satisfied]

o Number of active blocks. ... Total number of active blocks.
o Number of inactive blocks .. Total number of inactive blocks.

+« Number of nonexistent blocks
........................ Total number of parameter-
designated blocks which have no
programs.
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e Number of active steps .... Total number of active steps in all
blocks.

o Number of active step transition conditions
........................ Total number of transition conditions
for all active steps in all blocks.

o Number of steps where transition conditions are satisfied
........................ Number of steps (in all blocks) where
the transition conditions have been
satisfied, resulting in an operation
output OFF.

(2) CPU models and corresponding system processing times

item Q4ACPU Q3ACPU Q2ACPU
Active block processing 20.3 uS 40.5 uS 54.0 uS
Inactive block processing 4.0 uS 7.9 uS 10.5 uS
Nonexistent biock processing 2.1 u8 4.1 uS 5.5uS
Active step processing 3.2 uS 6.3 uS 8.4 uS
Processing of active step transition conditions 7.4 uS 14.7 uS 19.6 uS
Processing of steps | Withouta HOLD 7.8 uS 15.6 uS 20.8 uS
where transition step designation
conditions are :
SN With a HOLD step 4

satisfied designation 2.1 p8 .28 5.6 us

At initial START 14.3 us 28.5 uS 38.0 puS
SFC END processing

At resumptive START 97.5 uS 195.0 uS 260.0 uS

* "HOLD steps” include both coil HOLD steps and operation HOLD steps (with or without
transition checks).

* Example of SFC system processing time calculation

Using the Q4ACPU as an example, the processing time for the SFC
system is calculated as shown below, given the following conditions.

e Designated at initial START

+ Number of active blocks: 30
(active blocks at SFC program)

o Number of inactive blocks: 70
(inactive blocks at SFC program)

+ Number of nonexistent blocks: 50
(number of blocks between 0 and the max. created block No. which

have no SFC program)

o Number of active steps: 60
(active steps within active blocks)

o Active step transition conditions: 60
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» Steps with satistied transition conditions: 10
(active steps (no HOLD steps) with satistied transition conditions)

'SFC system process time:= 14.3 +(20.3 x 30) + (4.0 x 70) + (2.1 x 50) +

+(3.2x60) + (7.4 x 60) + (7.8x 10) =
=1722.3uS =~ 1.72 ms

In this case, calculation using the equation shown above results in an
SFC system processing time of 1.72 ms. With the Q3ACPU, given the
same conditions, the processing time would be 3.41 ms, and with the
Q2ACPU, it would be 4.56 ms.

The scan time is the total of the following times: SFC system processing
time, main sequence program processing time, SFC active step transi-
tion condition ladder processing time, and CPU END processing time.

The number of active steps, the number of transition conditions, and the
number of steps with satisfied transition conditions varies according to
the conditions shown below.

¢ When transition condition is unsatisfied

¢ When transition condition is satisfied (without continuous transition)
¢ When transition condition is satisfied (with continuous transition)
The method for determining the number of the above items is illustrated

in the SFC diagram below.
| I Step 1

~+- Transition condition 1

Step 2 Step 6

Transition —. Transition
condition 2 condition §

Step 3 E:I Step 7

Transition — Transition
condition 3 condition 6
Step 4 :] Step 8

|_ Transition | Transition
condition4 | condition 7

] Step § l I Step 9

I~ Tra_nsltion condition 8

l ] Step 10

l[_]lr—‘l
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a) When transition condition is not satisfied
If steps 2 and 6 are both active, but transition conditions 2 and 5
are. not satisfied:

Number of active steps ... .. 2 (steps 2 & 6)

Transition conditions . . ... .. 2 (transition conditions 2 & 5)

Number of steps with satisfied transition conditions
........................ 0

b) When transition conditions are satisfied

o |f steps 2 and 6 are active, transition conditions 2 and 5 are
satisfied, and transition conditions 3 and 6 are not satisfied:
(With continuous transition)

Number of active steps .... 2 (steps 2 & 6)

Number of transition conditions
........................ 2 (transition conditions 2 & 5)

Number of steps with satisfied transition conditions
(with continuous transition)
........................ 2 (steps 2 & 6)

Number of active steps .... 4 (steps 2, 3, 6, 7)

Number of transition conditions
........................ 4 (transition conditions 2, 3, 5, 6)

Number of steps with satisfied transition conditions
........................ 2 (steps 2 & 6)

o |f steps 2 and 6 are active, and transition conditions 2,3,6,7 are
all satisfied (without continuous transition):

Number of active steps .... 2 (steps 2 & 6)

Number of transition conditions
........................ 2 (transition conditions 2 & 5)

Number of steps with satisfied transition conditions
(with continuous transition)
........................ 2 (steps 2 & 6)

Number of active steps .... 6 (steps 2t0 4 & 6 to 8)

Number of transition conditions
........................ 6 (transition conditions 210 4 & 5 to7)

Number of steps with satisfied transition conditions
........................ 4 (steps 2,3,6,7)
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34 Calculating the SFC Program Capacity

SFC program

Capacity of blocks = 2 + (expressed by SFC dedicated instructions

1.
T

b
I

In order to express the SFC diagram using instructions, the memory
capacity shown below is required. The method for calculating the SFC
program capacity and the number of steps when the SFC diagram is
expressed by SFC dedicated instructions is described in this section.

(1) Method for calculating the SFC program capacity

Wy max. creatsd) (block 0 capachy) + (block 1 capacity) +..+ (block n_capacity)
capacity = 2 + (8 Xblock No.+ 1 ) * Number of blocks being used

: SFC fite header capacity
— SFC progrém START (SFCP) and END (SFCPEND) instructions
number of steps where SFC diagram s )

+ (operation output total for all steps) +
+ (total number of transition conditions)

* As shown below

~————— Biock START (BLOCK BLm) and END (BEND) instructions

* Number of steps where SFC diagram is expressed by SFC dedi-
cated instructions

preee > e Step (0, B8)
; 3 sequence steps (+) for step START (STEP! . Sn) and END (SEND) instruc-
i tions.

¢ Transition conditions (+)

Ceeeeen » a) For serial transition or selective branching coupling
4 sequence steps for transition START instruction (TRAN{ ; TRn) and tran-
sition destination instruction (TSET Sn).

booooe- *+ b) For parallel branching
Total number of steps for the transition START instruction (TRAN. 3 TRn),
and transition destination instructions (TSET Sn) for the number of parallel
branches in question.

-----<-+ ¢} For parallel coupling

I Total number of steps for the transition START instruction (TRAN{ J TRn), and
the transition destination instructions (TSET Sn) and coupling check instruc-

i tions (TAND Sn) for the (number of parallel branchings in question) — 1.

bomooes >« Jump (L), block end (L)
Calculated as step 0 because it is included in the previous transition condition.
¢ Operation outputs for each step: The capacity per step is as follows
+ Total number of sequence steps for ail instructions.
(For details regarding the number of sequence steps for each instruction,
refer to the QnA Programming Manual (Common Instructions)
+ Transition conditions: The capacity per transition condition is as follows
o Total number of sequence steps for all instructions.
{For detalls regarding the number of sequence steps for each instruction,
refer to the QnA Programming Manual {Common Instructions)
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(2) Number of steps required for expressing the SFC diagram as SFC

dedicated instructions

The following table shows the number of steps required for expressing

the SFC diagram as SFC dedicated instructions.

Name Ladder Expr‘ulon Description Required Number of Steps
ﬁzgscﬁlﬁm ISFCNF::]mber of steps = 1 ) Isn_'c'iiAc;:_es the SFC program 1 per program
SO | TSR] o pa | B ™ O T purprogram
alsﬁtcst;‘r,ﬁRT [BLONCuﬁE::TEf steps = 1| ° Indicates the block START 1 per block
ﬁ':ﬁﬁc%g,? [BE%?,]mber of steps = 1 ¢ Indicates the block END 1 per block
atse(‘:usc;li-g: T [STEijéSie]r of steps = 2 ' }n‘d-‘lcavt:zetzea:zsd's’;rgAgT 1 per step

the step attribute)

Transition START
instruction

[TRAN. 5 TRj]
Number of steps = 2

¢ Indicates the transition
START
{“. 2" varies according to
the step attribute)

1 per transition condition

Coupling check
instruction

[TAND Si)
Number of steps = 2

¢ “Coupling completed” check
occurs at parallel coupling

*[Number of parallel couplings] - [1]"
per parallel coupling

Transition

For serial transitions and selection
transitions, 1 per transition condition;

: : TSET Si] » Designates the transition . .
designation [ A for parallel branching transitions, the
instruction Number of steps = 2 destination step number of steps is the same as the

number of paralle! couplings
Step END [SEND] o Indicates the step &
instruction Number of steps = 1 1 per step

transition END

3-10
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4. SFC PROGRAM CONFIGURATION

The SFC program symbols, control instructions, and information régisters
which comprise an SFC program are discussed in this section.

(1) As shown below, an SFC program consists of an initial step, transition
conditions, mtermedlate steps, and an END step The data _beginning
from the initial step and ending at the END stép is referred to as a block.

l: e— Initial step

Transition —— «——— Transition

condition 1 condition

Step 1 «—— Step

Transition ——«——— Transition ™ Block
condition 2 condition

Step 2 F— Step

l
t
‘
=|=<—— END step

J

(2) SFC program operation begins at the initial step, and proceeds to each
of the successive steps as each transition condition is satisfied. This
operation sequence ends when the END step is reached.

(a)

(b)

(c)

When the SFC program is started, the initial step is executed first.
During initial step processing, the next transition condition (“transi-
tion condition 1” in the above illustration) is checked to determine

whether or not it is satisfied.

Initial step processing continues until transition condition 1 is
satisfied. When transition condition 1 is satisfied, initial step
processing stops, and processing of the next step (“step 1" in the
above illustration) begins.

During step 1 processing, the next transition condition (“transition
condition 2" in the above illustration) is checked to determine
whether or not it is satisfied.

When transition condition 2 is satisfied, step 1 processing stops,
and processing of the next step (“step 2” in the above illustration)
begins.

Processing of the SFC program continues in this manner, executing the steps
in order until the END step is reached.
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4.1 List of SFC Diagram Symbols

transition check) initial step

Operation HOLD step {with
transition check) initial step

Reset initial step

Class Name Snglz’l‘;%rlam Quantity

Initial step Qo

Dummy initial step o

Coil HOLD initial step W 0

en step

Operation HOLD step (without No. is "0" @ 0 * 1 of these steps per block

transition check) initial step

Operation HOLD step (with

transition check) initial step ©

Reset initial step E 0 Sn

Initial step 0j

Dummy initial step R j

Coil HOLD initial step When Injtial j

; : step No. is o Max. of 31 steps per block

Step Operation HOLD step (without other than 0" E j

Step

Dummy step

Coil HOLD step

Operation HOLD step (without
transition check)

Operation HOLD step (with
transition check)

Reset step

Block START step (with END
check)

Block START step (without
END check)

Steps other
than “initial®
step

[(R]i sn

Bi Btm

Bli BLm

o Max. of 512 steps per block,
including initial step
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Class Name SFC Diagram Symbol Quantity
Serial transition + e
| i |
] ]
Selective branching - ﬁ___r" -
N a b _+ n
r="
' )
M
Selective branching — parallel branching | T2 ‘[ b
e - = ™ =
S T S N
[ afasia | ~="
1 1 ] ]
[ -4 (™S -
Selection coupling Ta__} b
- =
1 ]
| SR |
N I
| S [Ep
Selecti i lief branchi %aﬂ,mj ®
election coupling — paraliel branching
- L - [aimiin]
Led I
~ ="
1 )
- -
Paraliel branching %
Transition Y [
bed L-oa
r== ="
] 1 3 ]
[ - - ot
Parallel coupling a
~ ]
1 1
| SRpp——— )
r=" r==
Lod b I':
Parallel coupling — parallel branchin 1T
pling — p g | s
Y ey |
I
~== [auiin]
L 1 S L T 3
Parallel coupling — selective branching _J a b
o0 .
[ S| e d
rea rr=- r="
Lid Lod Lga
Paralle! coupling — selective coupling + a
[l |
] 1
SR |
[ulhadis}
t [}
- -t ]
Jump -{j a l‘j:Tj
Can be used more
Btock END | Biock END I than once per block
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42 Steps

Steps are the basic units which comprise a block, and they represent the units
in which the SFC program is executed.

(1) Each step consists of operation outputs. A maximum of 512 steps per
block can be designated (total of 8192 steps for all blocks).

(2) Step numbers are assigned to the steps (either automatically or by user
designation) when the SFC program is created.
The step numbers are used for monitoring step processing, and for
designating a forced START or END by SFC control instruction.

4.2.1 Step O (without step attribute)

During processing of steps without attributes, the next transition condition is
constantly monitored, with transition to the next step occurring when the
condition is satisfied.

(1) The operation output status of each step (n) varies after a transition to
the next step (n + 1), depending on the instruction used.

e When the OUT instruction is used (excluding OUT C{J):
After a transition to the next step (n + 1), step “n” becomes
inactive, resulting in an automatic output OFF in accordance with
the OUT instruction.
The same processing occurs for timers, with the present value be-
ing cleared and the contact switched OFF.

When transition condition “m” be-
comes satisfied at the step “n”

Example. -

X1 . A

stepn’|  |.___. . I operation output where Y0 is ON
Transition [:I H @ (in accordance with the OUT in-
condition *m"* T struction), YO is automatically

Step -n+1'[ ] switched OFF.

¢ When a SET, Basic, or Application instruction is used:
Even though step “n” becomes inactive after a transition to the next
step (n + 1), the ON status or present value is held.
If switched OFF, an RST instruction, etc., will be required to exe-
cute another step.

Example: When transition condition “m” be-
X2 comes satisfied at the step “n”

Step*n*| |- H operation output where Y0 is ON
Transition | ' (by SET instruction), the YO ON

condition *m” status will be maintained even af-

Step 'n+1'| I ter the transition to step “n + 1”.
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% When the OUT C{linstruction is used:
If the execution conditions for the counter at step “n” are already
ON when {ransition condition.'m” is satistied, the counter's count
will increase by 1 when step “n” becomes active.

It X10 is already ON at step “n”

Example: while step “n-1" is active, the
Step "n-1" counter's (C0) count will increase
Transition by 1 when the transition to step
conditlon *m" X10 K1o - "p" occurs after transition condi-

stepn*{ |----- H tion *m” is satistied.

If a transition to the next step occurs before the counter is reset; the
counter's present value and the contact ON status (if ON) will be
maintained even after step “n® becomes inactive.

In order to reset the counter at another step, an RST instruction, etc.,
will be required.

When the counter (C0) is reset at
Example: X10 K10 step “n+1” (or subsequent step),

stepn*|  |----- H the present value m be ck_aared,

T ] and the contact will be switched
ransition | OFF.

condition “m" SM400

stap nat-[_J----- i

(2) When a PLS or (P instruction is used at a step’s operation output, the
instruction wili be executed when the step's status changes from inactive
to active, even though the execution condition contact is always ON.

i The ladder shown above is actu-
ally executed as shown below.

Example: Always ON Because the step conditions con-
Step°n” | |----- HE—Pts YoH {(actis ON when the step is active

L and OFF when the step is inac-

tive, the PLS or (P instruction

Step “n+1° will be executed when the step

becomes active, even though the
execution condition contact is al-

1 ways ON.
L Step conditions When active: ON
contact When inactive: OFF
Atways ON

—{rLs voH

| REMARKVI

Leading edge (-#t~) and trailing edge (-~} PLS instructions are executed in the same manner
as the PLS, ¢ JP instructions described above.
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4.2.2 Initial step o

The initial step represents the beginning of a block. Up to 32 initial steps per
block can be designated. Initial step processing occurs in the same manner
as other steps.

(1) When multiple initial steps are used, the step statuses (active/inactive)
are determined by the block START request as shown below.

START Method o Start by block START B
step B. eWhen an initial step is
At SFC Program START designated by a step
(SET SM321) o taEy BLmy. | START instruction (SET
BLm\Sn)
e Start by block START
Block No. » END bit.
Block 0 All steps active All steps active Ont!y designated step is
active

Other than block 0 —————e

(2) Processing of initial steps with attributes occurs in the same manner as
for other steps.

« Refer to section 4.3.5 for details regarding transition processing when multiple initial steps
are used.

4.2.3 Dummystep =

A dummy step is a waiting step, etc., which contains no operation output
program.

(1) The next transition condition is constantly checked during execution of
a dummy step, and the operation proceeds to the next step when the
condition is satisfied.

(2) “O"is displayed if a ladder is created at a dummy step.

4-6
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4.2.4 Coil HOLD step @

. P B .

A coil HOLD step is.a step where the cail output status is maintained in the
transition to the next step. (The coil output is switched ON by the OUT
instruction when the transition condition is satistied.)

(1) During normal SFC program operation, the coil ON status (switched ON
by OUT instruction when transition condition is satisfied) is automatically
switched OFF before proceeding to the next step.

By designating an operation output step as a “coil HOLD step”, the coil
ON status will remain in effect when proceeding to the next step.

When designated as a coil HOLD step When not designated as a coil HOLD step

-

E,]

H——'(ON) Y10 .——-l [::] }——I———'(ON) Y10 H

(Transmon condltlon sausfled) -+ {Transition conditlon satisﬂed)
Y10 Yio |

B A— | i ) S A— J
(ON) (OFF)

e At a designated coil HOLD step, e At steps not designated as coil
“¥10” (switched ON by OUT instruc- HOLD steps, “Y10” (switched
tion) will remain ON even when the ON by OU instruction) is auto-
transition condition is satisfied. matically switched OFF when

the transition condition is satis-
fied.

(2) No ladder processing occurs following a transition” to the next step.
Therefore, the coil output status will remain unchanged even if the input
conditions are changed.

(8) When a coil ON status (at coil HOLD step) has been maintained to the
next step, the coil will be switched OFF at any of the following times:

When the END step of the block in question is executed.

When an SFC control instruction (RST, BLm) designates a forced
END at the block in question.

When an SFGC control instruction (RST, BLm\Sn, RSTSn) desig-
nates a reset at the block in question.

When a reset occurs at the device designated as the SFC informa-
tion register's block START/END device.

When a reset step for resetting the step in question becomes active.
When the SFC START/STOP command (SM321) is switched OFF.
When the coil in question is reset by the program.
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(4) Precautions when designating coil HOLD steps

(a) PLS instruction

When the transition condition is satisfied at the same scan where a
PLS output condition is satisfied (resulting in a PLS output), the PLS
contact will remain ON until the OFF condition described at item 3)
above is satisfied.

(b) PLF instruction

The PLF output occurs when the OFF condition described at item 3)
above is satisfied.

(¢) Counter

If the counter coil is ON when the transition condition becomes
satisfied, counting will not occur even if input condition ON/OFF
switching is executed after the transition to the next step.

(d) Timer

it the timer coil is ON when the transition condition becomes satis-
fied, the timer will continue to run (until the designated “time-up”
setting is reached) even if a step transition occurs.

(e) Block STOP processing

If a block STOP request is designated by the SFC information
register's STOP/RESTART bit or by an SFC block STOP instruction,
the step in question will become inactive, with processing occurring
as follows:

o Step becomes inactive after the block STOP request occurs,
and processing returns to the beginning of the block.

¢ All coil outputs except those which were switched ON by the
SET instruction will switch OFF.
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4.2.5 Operation HOLD step (without trangition check) [ SE |

An operation HOLD step (without transition check) is a step where operation
autput.ladder prooassing continues even after a transition to the next step.
However, transition processing will- not be executed when the transition
condition is satisfied again.

(1

During normal SFC program operation, the coil ON status (switched ON
by OUT instruction when transition condition is satisfied) is automatically
switched OFF before proceeading to the next step.

By designating an operation output step as an “operation HOLD step”
(without transition check), that step will remain active even after a
transition to the next step occurs, and processing of its operation output
ladder will continue. _

Therefore, the coil status will -be:changed it the input conditions are
changed.

As no transition condition check occurs when the next step becomes
active, no step transition will occur when the transition conditions for the

" step in question are again satistied.

POINT

The difference between an “operation HOLD step (without transition
check)” and a “coil HOLD step” is that processing continues even after
the step transition with the former, and does not with the latter.

X0 .
No subsequent H l :Y1°>_{

transition

X0
Y10 —
[ Step activated by ]
n

previous transitio
condition being
satisfied

3)

An operation HOLD step (without transition check) becomes inactive
when any of the following occur:
o When the END step of the block in question is executed.

« When an SFC control instruction (RST BLm) designates a torced
END at the block in question.

e When an SFC control instruction (RST BLm\Sn, RSTSn) designates
a reset at the block in question.

¢ When a reset occurs at the device designated as the SFC informa-
tion register’s block START/END device.

e When a reset step for resetting the step in question becomes active.
e When the SFC START/STOP command (SM321) is switched OFF.
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(4) Block STOP processing

It a block STOP request is designated by the SFC information register’s
STOP/RESTART bit or by an SFC block STOP instruction, processing
will occur as follows:

e STOP status timing
A STOP status is established after the block STOP request output
occurs, and processing returns 1o the beginning of the block in
question.

o Coil output
A coil output OFF or HOLD status will be established, depending
on the output mode setting (see Section 4.7.3) at the time of the
block STOP designated in the SFC operation mode.
However, an ON status will be maintained for coil outputs which
were switched ON by the SET instruction.

| POINTSI

(1) When the transition condition immediately prior to a given step is
satisfied, or if the step has been reactivated by a JUMP instruction,
the step transition will occur again when the transition condition is
satisfied.

(2) Double STARTSs do not apply to reactivated steps.
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4.2.6 Operation HOLD step (with transition check) { ST |

An operation HOLD step (with transition check) is a step where operation
output ladder processing continues even after a transition to the next step,
with the next step being reactivated when the transition condition is again
satisfied.

(1) During normal SFC program operation, the coil ON status (switched ON

by OUT instruction when transition condition is satisfied) is automatically
switched OFF before proceeding to the next step.
By designating an operation output step as an “operation HOLD step”
(with transition'check), that step will remain active even after a transition
to the next step occurs, processing of its operation output ladder will
continue, and a transition condition check will be executed. If the
transition condition is satisfied again, a transition to the next step will
occur with that step being activated, while the current step remains
active (repeated operation).

POINTS |

(1) A pulse (PLS) format should be used for the transition condition.
If a pulse format is not used, scan transition processing will occur
each time a condition is satisfied.

(2) if a double START occurs due to the transition destination step
being active when the transition condition is satisfied, processing
will be according to the parameter setting.

g Refer to Section 4.7.6 for details regarding parameter settings and

‘ the processing for each setting.

1 (3) The difterence between operation HOLD steps with and without
transition checks is as follows:

At operation HOLD steps with transition checks, the next step is
activated when the transition condition is again satistied.

At operation HOLD steps without transition checks, the next step is
not activated when the transition condition is again satisfied.

Y10
LS MO

(Transition executed again)

Step activated by
previous transition
condition being
satistiod
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(2) An operation HOLD step (with transition check) becomes inactive when
any of the following occur:

» When the END step of the block in question is executed.

e When an SFC control instruction (RST BLm) designates a forced
END at the block in question.

e When an SFC control instruction (RST BLm\Sn, RST Sn) desig-
nates a reset at the block in question.

e When a reset occurs at the device designated as the SFC informa-
tion register's block START/END device.

e When a reset step for resetting the step in question becomes active.
e When the SFC START/STOP command (SM321) is switched OFF.

(3) Block STOP processing

If a block STOP request is designated by the SFC information register's
STOP/RESTART bit or by an SFC block STOP instruction, processing
will occur as follows:

e STOP status timing
A STOP status is established after the block STOP request output
occurs, and processing returns to the beginning of the block in
question.

o Coil output
A coil output OFF or HOLD status will be established, depending
on the output mode setting (see Section 4.7.3) at the time of the
block STOP designated in the SFC operation mode.
However, an ON status will be maintained for coil outputs which
were switched ON by the SET instruction.

4.2.7 Resetstep [ R |

A reset step is a step which designates a forced deactivation of another
specified step (operation output).

(1) When the reset step is activated, a specified step within that block will
be reset (deactivated). If “999” is designated as the step to be reset, all
coil HOLD, operation HOLD (without transition check), and operation
HOLD (with transition check) steps within that block will be reset.

(2) In additionto designating the step to be reset (1 step, or all HOLD steps),
a reset step possesses the same functions as a normal step (no step
attributes).

2l

n step is deactivated

When a reset ster is
activated, a specified
(reset).
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POINT| _
Only HOLD steps can be reset (deactivated) by a reset step.

Resets are impossible for active HOLD steps where a HOLD status is
not in effect, and for steps not designated as HOLD steps.
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4.2.8 Block START step (with END check) 8

A block START step (with END check) is the step to which processing
proceeds when a specified block is started (activated), and the START
destination block is deactivated.

(1) Muttiple blocks can be started simultaneously by using a parallel transi-
tion format (see Section 4.3.3) at the block START request.
Steps in the simultansously started blocks will be processed in parallel.

(2) Theblock START request source.is stopped at the “block START request”
step until execution of the START destination block is completed.
The block START request source will then proceed to the next step.

(3) If a ladder exists at the transition condition which follows a block START
step, the step transition will occur according to the ladder’'s AND condition
following the completion of the START request destination block operation.

(4) A maximum of 1280 steps (total for all blocks) can be executed simultaneously.
A maximum of 256 steps (including HOLD steps) can be executed
simultaneously in each block.

POINTS I

(1) A simultaneous START at a single block, or at a block which has
- already been started is impossible.
If attempted, a “BLOCK EXE.ERROR” error will occur and the
programmable controller CPU will be stopped.

(2) The execution status of each block can be checked at another block
by usmg the block START/END bit (see Section 4.5.1) or the block
execution status check instruction (SFC control instruction) (see
Section 4.4.3).

(3) The use of a block START/END bit or block execution status check
" instruction interlock is recommended in the transition condition
which precedes a block START request in order to verify that the
block to be started is not currently belﬂg executed.
Example:
M1

BL1
- [~
conanien T [ —LCH /(= —TriH

Block 1 START

request - ,
When the block 1 Block 1 status
BLOCK/START end bit is M1 (active/lnactlva)
is checked
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4.2.9 Bilock START step (without END check) B

A block START step (without END check) is the step to which processing
proceeds when a specified block is started (activated), without waiting for the
START destination block to be deactivated.

(1) Transition from the block START request source to the next step occurs
when the transition condition which folows the block START step is
satistied. This transition occurs without waiting for the START destina-
tion block execution to be completed.

Processing of the START destination sub-block continues without inter-
ruption.

(2) Multiple blocks can be started simultaneously by using a parallel transi-
tion format (see Section 4.3.3) at the block START request.
Steps in the simultaneously started blocks will be processed in parallel.

(3) A maximum of 1280 steps (total for alt blocks) can be executed simulta-
neously.
A maximum of 256 steps (including HOLD steps) can be executed
simultaneously in each block.

POINTSl

(1) A simultaneous START at a single sub-block, or at a sub-block
which has already been started is impossible.
If attempted, a “BLOCK EXE.ERROR” error will occur and the
programmable controller CPU will be stopped.

(2) The execution status of each block can be checked at another block
by using the block START/END bit (see Section 4.5.1) or the block
execution status check instruction (SFC control instruction) (see
Section 4.4.3).

(3) The use of a block START/END bit ar block execution status check
instruction interlock is recommended. in the transition condition
which precedes a block START request in order to verify that the
block to be started is not currently being executed.

o RPN ) S A, W H«r——cmnH
condition

Block 1 START

request
When the block 1 Block 1 status
BLOCK/START end bitis M1 (active/inactive)
is checked
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4.2.10 Block END

(1) A “block END” indicates the end of the processing sequence for a given
block.

(2) After a block END execution is completed, operation is restarted by the
methods shown below.

Biock No. Restart Method

xr;iegnnzltz%kaos iz':oné.f.:%d.:}ggis o Processing automatically returns to the initial step and

at-the SFC parameter setting. operation is repeated.

At block 0
When block 0 START condition is e A restart is executed when any of the following accurs:
designated as “auto START OFF" (1) When another START request is received from another
at the SFC parameter setting. block(block START step is activated).
(2) When the block START instruction (SFC contro! instruction)
is executed.
At all other blocks (other than block 0) (3) When the block information register's block START/END bit
is forced ON.
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4.3 Transition Condition

Ay

A "trangition condition” is the condition which must be satisfied in order for

processing to proceed to the next step. -

4.3.1 Serial transition

“Serial transition” is the transition format in which processing proceeds to the
step. immediately below the current step when the transition condition is

satisfied.

-

T Transition condition "b"

I lStep *n+1" {(operation output [B])

Step “n” (operation output [A])

e When transition condition "b” becomaes satisfied at step
“n" (operation output [A]) execution, operation output
[A] will be deactivated, and prooessing wiil proceed to
step "n+1" (operation output [BY). -

(1) A maximum of 512 serial transition steps (& O L ) per block are
possible, representing 512 serial transitions (+).
However, the number of lines is restricted according to the SFC display
column setting, as shown below.

When SFC display column
setting is "1 or "2"

-r 4
Max. of Max. of E]
1536 lines | 512 serial 4
transitions
Number
1 of lines
" "
-y i
-y L

° Examples of the permissible number of lines
corresponding to a few SFC display column
setting values are shown below. The SFC dis-
r|ay column setting value can be designated

reely within a 1 to 32 range.

When SFC display
column setting is *n”

I

0 PO

—

k

Number of columns (max. of 32)

N

1
"

'——————— Number of lines <

d

Approx. 3000

SFC display column setting value (n)

SFC Display Col-
umn setting

1/2

22

28

32

Number of Lines
Possible

1536

384

192

138

108

96
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(2) Serial transition operation flowchart

{:] Initial step C Operatigf status )

ransition condition "a” [ Initial step operation output executed._}——

]
I
—

Step 1

NO

— Transition condition *b" Transition condition “a” satisfled

Step 2 o1

Initial stép operation output
-1 Transition condition "¢” deactivated.

Step 3 | step 1 operation output executed. |———————

:I: Transition condition *d”
= END step

NO

JTransition condition *b" satisfied?

«

Step 1 operation output deactivated.

l

[ Step 2 operation output executed. J—ﬁ

NO

Transition condition “c" satisfied2

1
f Step 2 operation output deac!ivated.J

| Step 3 operation autput executed. [————————

NO

JTransition condition "d" satisfied

'1
[ Step 3 operation output deactivated. J

END step executed, operation
’ completed.

*1 For steps with attribute designations, processing occurs in accordance with the attributes.
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4.3.2 Selection transition

NEL-OEC ' -

A “selection transition” is the transition format in which several steps are
coupledina paralleimanner -with processing occurring only at the step where
the transition condition is satisfied first.

-

Step *n”
(operation autput [A)])

o From step °n", processing will proceed to
either step “n+1” or "n+2°, depending on
which transition condition (*b" or *¢") is
satisfied first.

Step "n+2"

(operatlon output {C])

= Transition condition “b™ -1 Transition condition “¢* o if both transition conditions are satisfied
Branch Step *n+1" :l Step "n+2" sl_multaneous!y, the condition to the left
{operation output [B}) {operation output [C)) will take precadence.
B 1 Step "n” will then be deactivated.

e Subsequent processing will proceed from
step to step in the selected column until
another parallel coupling selection occurs.

tjsua i A [:lj Step'niﬂ' out (8
(<] erat on output operation output
(op PUtAl) 1 (ope putB)) e When the transition condition (“b" or “c”)
Transition condition *b” -1 Transition condition “¢” at the executed branch is satisfied, the
Coupling executed step ([A] or [B]) will be

deactivated, and processing will proceed
to step “n+2".

(1) Up to 32 steps can be available for selection in the selection transition
format.

Step “n”
+ T I
Cse COse E] e L% — C%%
+ . -+
. J

-
Max. of 32 steps

(2) When two or more selection step transition conditions are satisfied
simultaneously, the left-most condition will take precedence.

| l Step “n”

If transition conditions
“c” and “d” are satis-

Example:

-+

| Transition

condition *b*"

Step
n+1"

| Transition
condition “c
Step
“‘n+2"

Transition

. -1 Transition
» %,ondmon “d” Tj;ondiﬂon ‘9"
Ste
E ‘n+3" E 'n+g'

fied simultaneously,
the step “n+2" opera-
tion output will be exe-

Step cuted.
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(3) The following method of coupling can be omitted when the selection

tra

[]

N P Y I

nsition format is used.

—— n+3

] Step "n

| Transition J. Transition

condition “b" condition “¢”

Step Step
n+1" E ‘n+4"

L 4
Step Step
*n+2° "n+5"

5 Step =
‘n+3”

| Transition

condition *d"
e n

When transition condition *b” is sa-
tisfied at the step “n” operation out-
put, processing will proceed in
order through steps “n+1”, "n+2"
and “n+3". When transition condi-
tion “d” is satisfied, processing will
jump to step “n”. (For details on
“jump transitions”, see Section
43.4)
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(4) Selection transition operation flowchart

@ Initial step ’ ( Opou!i]n status )

] Transition
condition s ’ Initial step operation output
E] executed.
Step 1
L. Transition L. Transition | Transition
oondition “b* T - condition e condition *h*
N o
E:] g *® YES o
Transition Transition " -
T e ae B s e Initial step operation output
condition “¢ T condition *f deaciivated.
TJows [ e 7
™ Transition -
—} Transition -1 Transition 1 condition *i* Step 1 operation output
condition *d” Fcondiﬁon ‘9" — sxecuted.
Step 7 YES
Transition condition
Transition b° satisfied?

condition *j*

Transition condition

Zo" satistied? o o

Step 1 operation output Step 1 operation output
deactivated. deactivated.

! !

Step 4 operation output Step 2 operation output
executed. executed.

Transition condition
*h* satistied?

Step 1 operation output
deactivated.

|

ransition condition
“c" satisfied?

Transition condition
°f* satisfied?

Step 6 operation output ot YES ot
executed.
Step 4 operation output Step 2 operation output
deactivated. deactivated.

! i

Step 5 operation output Step 3 operation output
executed. executed.

Transition condition
*i* satisfied?

Step 6 operation output
deactivated. Transition condition

*d" satisfied?

Transition condition
9" satisfied?

*

Step 5 operation output Step 3 operation output
deactivated. deactivated.

| J

Step 7 operation output
executed,

Transition condition
*i" satistied?

ot

Step 7 operation output
deactivated.

I

END step sxecuted,
operation completed.

*1 For steps with attribute designations, processing occurs in accordance with the attributes.
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4,3.3 Paraiilel transition

“Paraliel transition” ig the transition format in which several steps linked in
parallel are processed simuitaneously when the relevant transition condi-
tion is satisfied.

Step *n”
(operation output [A})

I~ Transition condition “b" e From step "n", processing will proceed
3 simultaneously to steps “n+1" and "n+3"
I whaen transition condition *b" is satistied.

Branch Step “n+1” Step “n+3" e Processing will proceed 1o step “n+4" when
(operation (operation transition condition "¢ is satisfied, and to
output [B)) output [D)) step “n+4" when transition condition "d" is

- Transition condition *c* —1— Transition condition “d" satisfied.
Step "n+2° Step "n+4"
(operation (operation
I output [C]) l output [E])
[
Step *n* - | Step “n+1” . e e s
(operation (operation * When transition conditions *b and "c” are
output [A]) output [B]) satisfied at step “n" and step “n+1
. . " . execution, steps "n” and *n+1" will be
—1 Transition condition *b" -1~ Transition condition “c deactivated, and processing will proceed to
the waiting steps.
) Waiting step Waiting step o Waiting steps are used to synchronize
Coupling parallel processing operations. Parallel

]

processing steps always proceed to a
waiting step. When condition *d" is satistied
—T— Transition condition *d” at the waiting steps, processing will proceed
to step “n+2".

(Sgegr;’:ﬁ; e Waiting steps are dummy steps which
ouF:put )] require no operation output ladder.

(1) Up to 32 steps can processed simhltaneously with the parallel transi-

tion format.
|
Step "n”
T .
| [ 1 |
St S S Ste
el A S A2 o ne32"
4 4 . B T
[ I T |
—+
|
u J

Y

Up to 32 steps

4-22
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(2) If another block is started by the parallel processing operation, the
START source block and START destination block will be executed si-
multaneously.. (In the example below, processing from step “n+1” will
be executed simuitaneously with-block 1.)

Block 0

[ stoper

| Transition
|__condition *b” __

Step
el % Block 1 START
Transition Transition et o T
l condition condition When condition “b” is satisfied at

step “n” execution, processing will
proceed to step “n+1” and block 1

I:J] will be started. Blocks "0” and “1”
will then be processed simultane-
ously.

(3) Upto 1280 steps (total for all blocks) can be processed simultane-
ously. If the 1280 limit is exceeded, an error will occur and the PC
CPU operation will be stopped.

The maximum number of active steps per block is 256.

(4) Couplings must be provided when the parallel transition format is
used. Program creation is impossible without couplings.
Example: Program without couplings (NG example)

- =

L

C L

[ |

]
]

.
E

Jump
— END step T
d Jump transition (see Section 4.3.4)
Efﬁ,he?ﬁ’gztgg, ® = END step l occurs without coupling

(5) As arule, a waiting step must be created prior to the coupling.
However, in cases such as the example below where each of the par-
allel transition columns consist of only 1 step (program without a tran-
sition condition between the parallel transition branch and the
coupling), a waiting step is not required.
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(6) Parallel transition operation flowchart

( Operation status )

" “ Initial step

_{_Transition
condition "a"

[ ] e

—4- Transition

[ Jome

| Transition

Initia! step opiuﬁon outpot
sxacited.

-}

| l Step 3 | | Step 4

L Transition L Transition

Transition condition
“a” satisfied?

ol

condition “c* condition *d* condition “e* Initial step operation output
l: Waiting Waiting Waiting T
step stop stop
4 Step 1 operation output

executed.

4 Transition
condition “f*
Step §
Transition condition
Transition 0’ satistied?
condition "g"

Step 1 operation output
deactivated.

T

H T 4
( Step 2 operation outpu! Step 3 operation output Step 4 operation outpul
executed. executed, executed.

Transition condition

Parallel processing " satisfied?

YES ol

Transition condition
*d® satisfied?

| ves

Transition condition
"o’ satisfied?

»l

Step 2 operation output
deactivated.

Step 3 operation output
deactivated.

Step 4 operation output
deactivated.

Waiting step executed.

Waiting step executed.

Waiting step executed.

k-

I

f

fporecmremmncenancey

z
o

All waiting steps
executed?

Transition condition u

" satisfied?

Step 5 operation output
executed.

Transition condition
2g" satisfied?

Step 5 operation output

deactivated.

END step executed,
operation completed.

*1 For steps with attribute designations, processing occurs in accordance with the attributes.
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4.3.4 Jump transition

A “jump transition” is a jump toa specmed step within the same block
which occurs when the Xransﬂ‘on condition is satisfied.

s When condition "b" is satisfied at step n*
execution, step “n" (operation output fA])
Is deactivated, and processing proceeds
to step “m".

[ e
(operation output {A])

~Transition condition "b*
———m

(1) There are no restrictions regarding the number of jump transitions
within a single block.

(2) Inthe parallel transition format, only jumps in the vertical direction
are possible at each of the branches.
It is impossible to create programs with jumps to another vertical lad-
der of a branch, or with jumps which leave a parallel branch.
Example: Program with jump which leaves a parallel branch
(NG example)

l l éParalle! transition
% i i é Jump transition

T"

No paraliel coupling

Example: Program with vertical direction jump transition within the
branch to coupling range (OK example)

4

The jump transition must occur within the branch to coupling range.



4. SFC PROGRAM CONFIGURATION

eS| MELSECHQM

4.3.5 Transition processing with multiple initial steps

Transition processing at blocks which contain multiple initial steps is dis-
cussed in this section.

Only the “selection coupling” format may be used at blocks with multiple
initial steps.

(1) Active step at block START

At blocks containing multiple initial steps, the step(s) which becomes
active at the block START depends on the START method used.

o If the block START step is a “B” or “B" step, all initial steps will be-
come active at the block START.

o If the block START is designated by the “SET BLm" block START
instruction (SFC control instruction), all initial steps will become ac-
tive at the block START.

o If a forced block START is designated by the SFC information regis-
ter's “block START/END bit”, all initial steps will become active at
the block START.

¢ If ane of the initial steps is designated by the “SET BLm\Sn, SET
Sn” step control instruction (SFC control instruction), only the desig-
nated step will become active at the block START.

(2) Transition processing for multiple active initial steps:

Cdse [Tlst [Tlse D’sg

-1 t0 -t T t2
[j sS4 gj ss [ ]ss E:] s7
T 14 15 + 6 -+

[:':lsa

When a selection coupling has been designated for a block with multi-
ple active initial steps, the steps immediately following the coupling
will be activated when any one of the transition conditions immedi-
ately preceding the coupling is satisfied.

In the program example shown above, step 8 (S8) will be activated
when any one of the t4 to t7 transition conditions is satisfied.

When another transition condition immediately preceding the coupling
becomes satisfied after the post-coupling step has been activated, re-
activation processing will occur as a follow-up function.

If another transition condition becomes satisfied while the
post-coupling step (S8 in the above example) is active, processing
will be according to the SFC parameter setting for the “transition to ac-
tive step (double START) operation mode” (see Section 4.7.3). The
settings are: pause/wait/transter with step transition.
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4.3.6 Precautions when creating sequence programs $ov oparation outputs (steps) and transition
conditions

The points to consider when creating pperation output (step) and transition
condition sequence programs are described below.

(1) Sequence program for operation outputs (steps)

(a) Step sequence program expression format

A step sequence program t]sing the ladder expression format is
shown below.

Condition can be omitted
< only at the first ladder block

Condition

instruction

[REMARK]

The lack of a sequence program at a given step will not result in an error. In such cases, no
processing will occur until the transition condition immediately foliowing the step in question is
satisfied.

(b) Sequence program capacity
A step’s sequence program capacity is as follows:
» Max. of 4K sequence steps per step.
+ Max. of 4K sequence steps per block.

4-27
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(c) Instructions used

All instructions except for those shown below may be used.
Prohibited Instruction List

SFC dedicated
instructions

7 = N, D, SC, SE, ST, R, C, G,
1, 1D, I1SC, ISE, IST, IR

SFC step START

Class lnog:::lon Symbol Funetion Remarks
MC Mc NONo.1 D Master control set
Master control -
MCR MCR NO Master control reset
FEND FEND Main routine program END
END
END END Saquence program END
cJ cJ PO Condition jump
. Use of label “P"
SCJ scy pO Delay jump is also prohibited
JMP JvMp PO Unconditional jump
Program branch
RCJ RCJ (S) Relative jump
ACJ ACJ (S) Absolute jump
GOEND GOEND Jump to END
. Use of label *I"
. Program coatrol | IRET RET Reset from interrupt program - is als6 prohdited
: BREAK BREAK (D) pO Forced END to repeat operation
Structuring
RET RET Reset from subroutine
CHKST. CHKST CHK instruction START
Debugging CHK CHK Prescribed format failure check
failure diagnosis
CHKCIR CHKCIR Begin check pattern change
CHKEND CHKEND End check pattern change
SFCP SFCP SFC program START
SFCPEND SFCPEND SFC program END
BLOCK BLOCK (S) SFC block START
BEND BEND SFC block END
STEP? STEP? (S)

TRAN? | TRAN? (s)

? = L, O, OA, OC, OCA,
A, C, CA, CO, COC

SFC transition START

TAND TAND (S) SFC coupling check
TSET TSET (8) geessti&t;::lt:nSFc transition
SEND SEND SFC step END
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(2) Sequence program for transition cordition

(a)

(b)

(c)

Transmon condmon sequence program expression format
Ty

A transhtun‘ccndmon sequenceprogram usin‘g“the tadderexpression .
format is shown helow. ‘

Condiion - E TRAN «— [TAAN] is @ dummy output

= Condition———

Sequencs 'program capacity

A transit?dh‘condition‘s sequence program capacity is as follows:
» Max. 6f 4K sequence steps per transition condition.

o Max. of 4K 'sequence steps per block.

Instructioris used

Instructions which can be used in a transition condition sequence-
program are listed below.

Class Inagg::lon Symbol. _ Function Remarks
LD + Operation START (N/O contact)
AND Serial connection (N/O contact)
OR L ! Parallel connaction (N/O contact)
Contacts
LDI —f Operation START (N/C contact)
ANI - Serial connection (N/C contact)
ORI —_— Parallel connaction {N/C contact)
LOP } t Leading edge puise operation START
ANDP 1 Leading edge pulse serial connection
ORP L t ! Leading edge pulse parallel connection
Contacts .
LDF t V| — Tralling edge pulse operation START
ANDF e Trailing edge pulse serial connection
ORF —i— Trailing edge pulse parallel connection
ANB L.adder block serial connection
ORB Ladder block paratliel connection
INV —— Operation result inversion
Operation results converted to leading edge
Coupling MEP —f — pulse (step memory)
MEF —_—— Operation results converted to trailing edge
pulse (step memory)
Operation results converted to leading edge
EGP SE— pulse (memory)
EGF ———l\\/,B—_——— Operation results converted to trailing edge
‘ pulse (memory)
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Class Insg:::lon Symbol Functldn‘ ' Remarks
LDD LDD
ANDL] ANDDD (s1) (s2)
ord orOl BIN16 bit data comparison
O (=, <>, >, >=, <, <=)
oo Lopd
Llo]m] anopO (s1) (s2) :
oroJ oro0] BINS2 bit data comparison
. Comparison L=, <>, >, >=, <, <=)
operation
: Loeld Lpedd
ANDE[] ANDEDD (81) (82) ) . .
oredd orel] Floating decimal point data comparison
O (=, <>, >, >=, <, <=)
LDSD LDsD
ANDSLJ ANDSO (s1) (82)
ors O orsl Character string data comparison
a (=, <>, >, >=, €, <=)
Contacts .
LDPCHK Operation START (N/O contact)
(program | ANDPCHK P (s) | Serial connection (N/O contact) |
stpatus check) | ORPCHK t—{PCHK— Parallel connection (N/O contact)




4. SFC PROGRAM CONFIGURATION

e < WHE & SO =G A
44 Controlling SFC Programs by Instructions (SFC Control Instructions)

SFC control instructions can be used to check a block or step operation

status (active/inactive), or to execute a forced START or END, etc.
They can be used in SFC programs for easier SFC program control.
The various SFC control instructions and their functions are shown in the

table below.
Name Ledder Expression Function
LD, AND, OR
. [ i ‘Anl | Sn *1 | ¢ Checks a specified stap in a
LDI, AN, ORI p P
Siep oparalion status check spacified block to determine it the
LD, AND, OR, | aim\sn step is active or inactive.
LD, ANI, ORI
LD, AND, OR, .. | ®Checks a specified step in a
, LDI, ANI, ORI | TR" ' | “specified block to determine if the
;‘;’tfsgﬂgzns"w" chack transition condition {by transition
LD, AND, OR, BLATRN control instruction) for that step
LDI, ANI, ORI was satisfied forcibly or not.

Block operation status check LD, AND, OR, | g1 1y o Checks a specified block to
instruction LDI1, ANI, ORI determine if it is active or inactive.
MOV(P) K4Sn (D) "1

MOV(P) BLm\K4Sn (D)
- " ¢ Active steps in a specified block
Active steps batch readout instruction | DMOV(P) K8Sn (D) ! | are read to a spacified device as
DMOV(P) BLmM\K8Sn (D) bit information.
BMOV(P) K4Sn (D) Kn *1
BMOV(P) BLm\K4Sn (D) Kn
¢ A specified block is forcibly started
Block START instruction SET BLm (activated) independently and is
executed from its initial step.
. . ¢ A specified block is forcibly ended
Block END instruction RST BLm (deactivated).
. . » A specified block is temporarily
Block STOP instruction PAUSE BLm stopped.
« The temporary stop status at a
. speacified block is canceled, with
Block restart instruction RSTART BLm operation resuming from the STOP
step.
SET Sn *1 | » A specitied block is forcibly started
(activated) independently and is
SET BLmM\Sn executed from a specified step.
Step control instruction RST Sn “1 | « A specified step at a specified
RST BLM\Sn block is forcibly deactivated.
¢ The instruction execution step is
SCHG (D) ‘2 deactivated, and a specified step is
activated.
SET TRmn "1 | o A specitied transition condition at a
SET BLM\TRA specified block is forcibly satisfied.
Transition control instruction - -
RST TRn *1 | ¢ The forced transition at a specified
transition condition in a specified
RST BLm\TRn block is canceled.
. o Blocks subject to the **1" SFC
Block switching Instruction BRSET (s control instruction are designated.

4-3
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Name Ladder Expression Function

o When the instruction execution
conglition is ON, the subroutine call

: : is executed in a constant manner.
Subroutine call instruction XCALL Pn When It is switched OFF, the

subroutine call occurs only once at

that time.
o A chack occurs to determine if a
Program operation status check in- | (Lp, AND, OR) PCHK *Program name* |~ specified program is being
) executed.

« When the designated time period
’ beginning from the point when a
Time check instruction TIMCHK (S1) (s82) (D) specitied condition is satisfied
elapseas, the designated output
device is switched ON.

*1: The block designated by the block switching instruction (BRSET) becomes subject to the
instruction. (The default setting is “block 0" or "all blocks")...see Section 4.4.11

*2: Use is permitted only at steps with SFC programs. An error will occur it used at steps with
other sequence programs.
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Begmnmg from Section 4.4.1 of this manual the following table isused :
in the explanations of the various mstructlons The table contents are :

explamed below.

- Usable Devicés| Programs Using Instructions, - Execution Site. . . R -:
emal : el i §
. I;“v:: | mewseoner | R
(Sytbm, | Fe no,?",.‘c t o ...,lf y coramn | EXPANSion Data Type i SFC Program :
User) - | Reglster- WK | Funcd Index ‘ “skC Other - 50‘(‘190@00‘ Block | Swp. Transition
; SOl Modiie | 2 | ko> o sn 22} piogram | Block | S®p | ¢ - dition
= R - UG BLm\Sn e
- N DY SR e ‘ Transition
Bit | Word R : EAREE
N b S B“‘ Wo‘r’d o N Shp . Condition..
- fgoi/.k ° °
[ AN “ U\ V]
1 t '
' 1] L]
1 Vo Vo
M ) 5)

(1)...Ladder symbols are indicated in this area.

—e[oH

L Destination
Source ’

Instruction code

{EoEE)

®

}

.

Destination
Source’

Instruction code

------

Data destmahon following the

operation.

Where data is stored prior to the

operation.

(2) Usable devices are indicated at this area.
e Devices mdacated by a circle mark (O) can be used with the instruc-

tion in question.

The device application classmcatlons are shown below..
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De internal NET/10 Direct Specilal
- A Funeti d
vice (System, User) Fg' Jii :::mo‘n I;E.lx Constant Other
Ch
hos Bit Word Bit word | ulhaO
FX, .S, | A VD, 8D, |R, ' 4 Decimal P, 1,
SM, X, Y, T,C,.D,W, [ ZR SO JOw vhe hexadecimal J, U,
Usable | ML F. V. | SW.FD, JOw [ lhsw real number DX,
devices | B T- C. SB | ST JUhs constant DY,
JOhse character string | N, BL,
: constant TR,
BL\S

o When a device name is indicated in the “constant”, “expansion
SFC”, or the “other” column, only that device may be used.
Example:

If “K,H” is indicated in the “constant” column, only a decimal (K) or
hexadecimal (H) constant may be used.

Real number constants (E) and character string constants ($) may
not be used.

(3)..

.The data type for the designated device is indicated here.

e Bit................ Indicates a bit data
operation.
e BIN16 ............ Indicates 16-bit binary
value processing. 1 word used.
e BIN32 ............ Indicates 16-bit binary
value processing. 2 words used.
e Character string . ... Indicates character
string processing. Variable
number
of words.
o Deviceindicates.... device name and
first device processing. Variable
number
of words.

(4)...

The type of program which can be used with the instruction in
question is indicated here.

(5)...

The request destination for the instruction in question is indicated
here.
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4.4.1 Step operation status check instructions (LD, LDI, AND, ANI, OR, ORI)

Usebis Devices Programs Using instruct " Execution Siv
';:": MELBECNET
; noDimct | Special Dele T SFC Program
mu::" R::hv £ Funcion | index | Constnt &:;cnden Othet e Sequence . s Trenshion |
) ” Mok | 23| KkH ; Progrem Block | 58P | conditon
il BLmiSn
Teaneltion
Bit | Word Bit 4
or Wor 5 Swp Condition
") Device
(S) o name o ° ) o
(*) Snonly * At‘*expansion SFC" and "other” columns, “m" represents the block No., and
“n" represents the step/transition condition No..
ESE;:: “n" is the step No. LBL_m\_SnJQ— m" is the block No., "n" is the step No.
D Sn +—| F LD BLm\Sn H [
| Sn { BLm\Sn
LY LY
LDi Sn ! v 4% LDl BLm\Sn —

Sn

O
o
wo simsn f—f F——] } -
o
o
pGEDES

0 90000

Sn BLm\Sn

ANl Sn +—-| { Zl'f ANl BLm\Sn H } Ilf
OR  Sn i } OR BLm\Sn |

Sn BLmM\Sn

—{ i

ORI Sn t ORI BLm\Sn | F

Sn BLm\Sn

LY. Ly

Al r 4!
Function (1) - Checks a specified step in a spacified.block to determine if the step is

active or inactive.

{2) [fthe step in question is active, the N/O contact instruction switches the
contact ON, and the N/C contact instruction switches the contact OFF.

(3) To designate a step in the current block, use “SN”. To designate a step
in another block, or to execute an instruction by the sequence program,
use “BLm\Sn”".

(4) If the step in question does not exist in the SFC program, it will remain
OFF.



4. SFC PROGRAM CONFIGURATION o :
— MELSEC.QnA

Program Examples (1) The following program switches Y20 ON when the operation status of
step 5 in block 3 is checked, and found to be active.

[ Designating a step within the current block }

85
—it @

[ Designating a step in another block ]

I BL3\SS

]l
I 11 Y20

(2) The following program executes a step synchronously with another
step of a parallel branch.

ETIJ $5 Sé s10 $20 Interlock
L1 |
b Tran

S20

[Related lnstructionsJ

a) SFC control instructions

¢ Block switching instruction (BRSET) .... See Section 4.4.1 1.
s Step control instruction (SCHG) ........ See Section 4.4.10.
o Active step batch readout instruction

(MOV(P), DMOV(P), BMOV(P))......... See Section 4.4.4.
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4.4.2 Forced transition check instruction

Ussbis Devices ' Programs Using Instructs Execuiion Sie
2:’,’: MELSECNET
NODimct | Special SFC Program
mu::).’ u.:':. i Function | index | Comeunt Ex:::ul Other Deta Type Sequence Block | swp Traneltion
R :0;:, 4 KH SLu\TRn Thn Program Condition
Traneition
Bit | word Bit | word S99 | o qton
(S) [¢] <] D:;":f: -] [ [+] [¢]
* At “expansion SFC” and “other” columns, “m" represents the block No., and “n" represents
the step/transition condition No..
Fa L, " " it DA "
l_T__n_f—- n" is the transition condition No. @L:\\I_RnJC— ;‘nt?nﬁt::l:::’ck No., "'n® is the transition
10 TRn +——| = D—-* LD BLM\TAn H' : @___+
I T
l TRn B8LmM\TAN
LY 1V
o TRe =}t C)—* Lo BLmTRn sl ©_+
TRn BLM\TRn
wo 18 $—f ——— C O a0 eumran p— ——] o
TRn BLM\TRn
l LY L LY
ARl TRn +_‘ f r 4 4@'_* ANl BLm\TRR +_1 I rdi ©_'+
) i ) i
or TAn +— | C}—{ OR BLmTR t— | G_{
TRn BLm\TRn
ont 1o f—1 | C 4 o sumren p—{ G
TRn BLm\TRn
Ly [P 4
P 4| . Al
Function (1) A check occurs to determine if a forced transition is designated for a

specified transition condition in a specified block.

(2) If a forced transition is designated at the transition condition in question,
the N/O contact instruction switches the contact ON, and the N/C contact
instruction switches the ct\antact OFF.

(3) To designate a step in the current block, use “TRn".
To designate a step in another block, or to execute an instruction by the
sequence program, use “BLM\TRn".

(4) 1f the transition condition in question does not exist in the SFC program,
it will remain OFF.
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Program Examples (1) The following program switches Y20 ON when a forced transition is
designated for transition condition 5 at block 3.

L Designating a transition condition No. within the current block }

I TRS
l | Y20

LDesignating a transition condition No. in another block J

| BL3\TRS

]|
| T Y20

[Related Instructions|

a) SFC control instructions

¢ Transition control instructions
(SET TRn, SET BLM\TRn,
RST TRn, RST BLM\TRN) ... See Section 4.4.9.

o Block switching instruction (BRSET) See Section 4.4.11.
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4.4.3 Block operation status check instruction (BLm)

Usabie Devices Programe Using Instruct Execution Site
';:": MELSECNET
oyoem, | P | T ot | 2P G Progan \
Ueer) Register i ncton | Index | Conewmnt | Expansion Sequence Block | Swp reneition
R Modue | 20 KH SFC Blm Program Condition
19 <
Transition
8it | Word Bit | Word Swep Condition
Device
(S) o name ) o o °
* At “expansion SFC" and "other” columns, *m" represents the block No., and “n” represents
the step/transition condition No..
EBEm]Q—-— “m" is the block No.
N L o4 w I -
] B8Lm BLm
Ly
AL e 4 | ©_'+ ——
BLm
wo i} i} o4 ol 4
Blm BLm
| (P 4 LY.
AN f r o ar
Function

Program Example

(1) A check occurs to determine if the specified block is active.

(2) 1f the block in question is active, the N/Q contact instruction switches
the contact ON, and the N/C contact instruction switches the contact
OFF.

(3) If the block in question does not exist in the SFC program, it will re-
main OFF.

(1) The following program switches Y20 ON when block 3 is checked and
found to be active.

BL3
i-—( } Y20

[Related Instructions

a) SFC control instructions

o Block START instruction (SET BLm)
and biock END instruction (RST BLm) ... See Section 4.4.6

b) SFC diagram symbols

e Block START step (Bn, BEn)........... See Sections 4.2.8
and 4.2.9

¢) SFC information register
e Block START/ENDDbit................. See Section 4.5.
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4.4.4 Active step batch readout instructions (MOV, DMOV)

Usable Devices Pregtams Using Instructions Execution Siwe
nternal MELSECNET
Device 10 Diroct - | Special SFC Program
Data
(System, Ro:Il':lu NG Function | index | Comelant Exp;:cdu Other Trpe Sequence Block | Sw Transition
veer) Modwe | Z3 | KM Program P | Condition
R meves BLm\Sn
peme Transition
Bit | Word Bit | Word 8P | o ndition
¢
() ° ° | BINte/ o o o
BIN32
(D) )
(") Sn only * At "expansion SFC" and "other” columns, “m” represents the block No.,

and “n" represents the step/transition condition No..

r Readout instruction *n° is the step No. “m" is the block No, °n” is the step No.

'—-{ F——wovir) [® (K4S[n) [® H l—{ —{wover [® (Btgmsn) [@ }—-|

H F————{omove [® esm | @ H I———-| }—-{onovu’)l@ Gimkssn | © }—-|

(1) Executes a batch readout of the operation statuses (active/inactive) of

Function
steps in a specified block.

(2) The readout results are stored at the “D” device as shown below.
b15 bi14 b13 b12 b1t bi10 b9 b8 b? b6 bS b4 B3 b2 bl b0
om[on]on]ou[onton]onlo/1ro/1 0/1 onJonlon]onlon 0/1

T
S ittt > I Step designated at Sn
Sn + step 1

Sn + step 15

0: Step in question is inactive

1: Step in question is active

(3) .l the steps in question do not exist in the SFC program, they will remain
OFF.
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Program Examples (1) The following program will read out §teps 0 to 32 i tlock 3-when X0
switches ON.

{ Designating a step within the current block l

X0
’—-H—————-Louovp | xsso | o - )—l

[ Designating a step in another block ]

HO}—_—[ oMmovP | BLawsso | Do l—'

515 b14 b13 b12 b1l D10 b9 b8 b7 bSE bS b4 b3 b2 b1 b0

o (LT T T I IT] 1[1L1>s'°°~°s-

331 830 329 828 327 326 325 824 823 322 821 20 s19 s 317 316

LRelated Instructions]

a) SFC control instructions
o Block switching instruction (BRSET) .... See Section 4.4.11.

o Step operation status check
instruction(Sn) ...................... See Section 4.4.1.

* Active step batch readout _
instruction (BMOV) ................... See Section 4.4.5.
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4.4.5 Active step batch readout (BMOV)

Usable Devices Programs Using instructions Execution Site
iy MELSECNET _
HODirct | Special Data T $FC Program
(Syswm, R Fl::m In Function | Index | Consmnt El:::un Other e Sequence Block | Se Tramwition
User) * Module 20 KH Sn Program P Condition
L] UGS BLm\Sn
tem Transition
Bit | Word Bit | Word $8p | . ondition
(s) ( ) o
BIN16 [¢] o] [}
(D) o
(m o
(*): Sn only

*: At “expansion SFC” and “other” columns, “m” represents the block No., and “n” represents the
step/transition condition No..

“n" is the step No. r Number of readouts “m" is the block No.

}—-| ] Buowp,ch kism @] @ ]—’ '—‘ {Mover [® (BLJn[:msm [@]® }—-’

Function (1) A batch readout (designated number of words) of step operation statu-
ses is executed at the specified block.

(2) The readout results are stored at the “D” device as shown below.
b15 bi14 bi13 bi2 bt b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

@ 0/110/1(0/110/1}0/1{0/1|0/110/1|0/1]0/10/1{0/1]0/1|0/1]0/1] 0/1

k ___________________________ >T Step designated at Sn

Sn + step 15 Sn + step 1

0: Step in question is inactive

1: Step in question is active

Sn+ (Ax 16 + 15) Sn + (A x 16)

{3) If the steps in question do not exist in the SFC program, they will remain
OFF.
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Program Examples (1) When X0 switches ON, the following program executes. a 3-word read-
out (beginning from DO) of block 3 active step statuses.

LDesignating a step within the current block ]

‘——-H—-{_auovpl kaso | 00 | K3 J——|

[ Designating a step in another block 1

'h—-(xol—————tauovp Tesso | oo | ks Q—’

bi5 bl4 bi3 b12 b1l b10 bV b8 b7 b6 bS5 b4 b3 b1 b

e (T ITITIT I T

$15 314 313 312 311 310 39 88 87 6 35 s4 3 s1 0

D1 , ] Step Nos.

831 330 $29 $28 27 26 825 824 823 322 21 s20 319 s18 s17 s16

JENEEEEEEREEREEEN

$47 3468 345 sdd4 343 842 s41 340 839 338 37 336 335 334 333 32

ﬁ?elated lnstructions]

a) SFC control instructions

» Block switching instruction (BRSET) .... See Section 4.4.11
 Step operation status check
instruction (Sn) ............ See Section 4.4.1

e Active step batch readout
instruction (MOD, DMOV).............. See Section 4.4.4
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4.4.6 Block START & END instructions (SET, RST)

Usebin Deviess Programs Using instructions Execution Site
';:’::' MELSECNET
Fie NoDimet | Speciel Expansion Data Type SFC Program
(i’:“' Rogiater | SN | Puncton | index | Coneunt | SFC | Other Sequence Block | Swp | Trolton
o) e Modum | Z3 | KH | Bmsn | Bm Program Condition.
UGl BLm\TRn Tneltion
Bit | Word Bit | Word Swp Condition
: Device
(D) o name o ) )

* At 'exbansion SFC™ and "other™ columns, “m"” represents the block No., and *n" represents
the step/transition condition No..

“m" is the block No.
l——-l ; {se7 © (8Lm) H % | | [T @ (BLm |—‘
Function (1) | SETBLm

a) A specified block is independently activated forcibly, and is exe-
cuted from its initial step. If multiple initial steps exist, all the ini-
tial steps will become active.

If the SFC information register “block START/END bit” setting has
been designated, the bit device in question will be switched ON.

b) If the specified block is already active when this instruction is exe-
cuted, the instruction will be ignored (equivalent to the NOP in-
struction), and processing will continue.

@

a) If the SFC information register "block START/END bit” setting has
been designated, the bit device in question will be switched ON.

b) If the specified block is inactive when this instruction is executed,
nothing will change.

Operation Error e Error No. 4621 occurs when the specified block does not exist.

Program Examples (1) When X1 switches ON, the following program forcibly activates block 1.
When X2 switches ON, it ends and forcibly deactivates block 1.

-

1

| SET BL1
x2

|

f

| RST BL1
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fRelated Instructions]

a) SFC diagram symbols L
~ + Block START step (B, B)... See Sections 4.2.8 and 4.2.9.
b) SFC information register :
o Block START/END bit. ...... See Section 4.5.1.
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4.4.7 Block STOP & RESTART instructions (PAUSE, RSTART)

Useble Devices Programs Using Instructions Execution Site
iy MELSECHET
(Syswm, L Fancion | index | Conemnt m;':w otrer | 2T | goqunce SFC Progren Transition
User) | Rogister [ i3I X Block | Swp
8 Medos | 203 | KM Masa | Blm Progrom Conditicn
UGl BLm\TRn Tramaition
Bit | Word Bit | Word $90 | ¢ ondition
Device
(0) ° | name ° ° °
* At*expansion SFC" and “other” columns, “m" represents the block No., and “n" represents
the step/transition condition No..
*m" is the block No.
|-—-| —{Pause @ (eLm) H l 1 START(D) (BLm)
Function (1) | PAUSE

a) Executes a temporary stop at the specified block.

b) As shown below, processing varies, depending on when the stop
occurs and on the coil output status setting (designated by OUT
instruction).

output Sg‘:xsu?f Operation Description
Mode Set- M odpc’ s Status of
ting at Pa- Special Block STOP Active S Other than HOLD
g lameter Relay Mode Bit ctive Step s:.;’ an Active HOLD Step
o¢ (SM325)

o Atter the STOP request, the coil output will be switched OFF the
first time processing occurs at the specified block, and a STOP will
occur.

Coil output *OFF", or no | ® After the STOP request, the coil
OFF, OFF (coll setting output will be switched OFF when | e After the STOP request, the
coll output output OFF) (immediate the transition condition is coil output will be switched
HOLD stop) satisfied, and a STOP will occur. OFF the first time

o If multiple steps are active, the processing occurs at the
STOP will occur at each of the specified block, and a STOP
steps In sequence as their will occur.
transition conditions are satisfied.

ozzt;"‘:; M9 | o Atter the STOP request, a coll output HOLD status will be

(immediate established the first time processing occurs at the specified block,
sto and a STOP will occur.

P)
o After the STOP request, the coll
Coil output ON (coil output HOLD status will be
HOLD output HOLD) established when the transition * After the STOP request, a
ON (post- condition is satisfied, and a STOp | coll output HOLD status will
transition will oceur be established the first time
STOP) ) processing occurs at the

o if multiple steps are active, the specified block, and a STOP
STOP will occur at each of the will oceur.
steps in sequence as their
transition conditions are satisfied.
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Operation Error

Program Examples

POINTS

(1) The coil HOLD step becomes inactive the first time processing
occurs at the block in question following the STOP requesf.

(2) During SFC program execution, the M325 special relay is switched
OFF when the coil output is OFF, and is switched ON when the coil
output is ON, in accordance with the parameter setting.

The M325 special relay can also be switched ON and OFF by the

user program without regard to the parameter setting.

c)

The STOP/RESTART bit switches ON when the SFC control “block
STOP” instruction (PAUSE BLm) is executed.

2) | RSTART

a)

b)

c)

The block in question is restarted from the step where a STOP oc-
curred.

An “operation HOLD status” step (with transition check or without
transition check) which has been stopped will be restarted with the
operation HOLD status in effect.

A “coil output HOLD"” step cannot be restarted after being stopped
as it becomes deactivated at that time.

Execution of PLS and P instructions after a block STOP has been
canceled varies according to the ON (HOLD) or OFF (all OFF)
status of the S8M325 special relay (ON: operation output HOLD at
block STOP; OFF: all OFF).

ON : Not executed
SMaz25 { OFF . Executed again

If the block restart instruction (RSTART BLm) is executed while
the block is stopped, the block STOP/RESTART bit switches OFF.

» Error No. 4621 occurs when the specified block does not exist.

(1) Block 1 is stopped when X1 switches ON, and is restarted when X2
switches ON.

X1
-

[

b

[Related mstructions|

a) SFC information register
e Block STOP/RESTART bit...See Section 4.5.3.
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4.4.8 Step START & END instructions (SET, RST)

Usable Deviess Programs Using Instructions Execution Site
inamal MELSECNET
Dovice nODimet | Spociel De SFC Program
™
(st’;"" Ro:‘::w NS Function | index | Conelaat Exp;::w Other Tree Sequence - Traneition
) . Moawe | 20 [ KM | o0 | s Progeam Block | 8P | ¢ ondition
UGl
Transltion
Bit | Word Bit | word 8P | o ndition
Device
(D) o o name 0 o o

* At*expansion SFC" and “other” columns, "m” represents the block No., and “n" represents
the step/transition condition No..

*n° is the step No.
I l } { SET @ (Sn) ’—l {

“m" is the block No.
Eﬁ—&sa © @msy —

T

} RST (@ (Sn) }——-’

Function (1)

a) A specified step at a specified block is activated forcibly.
Operation at the block in question varies as follows, depending on
whether the block is active or inactive.

» When the specified block is inactive:
The specified block is activated when the SET instruction is exe-
cuted, and processing begins from the specified step.
If an SFC information register “block START/END bit" setting
has been designated, the bit device in question will switch ON
at this time.

¢ When the specified block is active:
If the step is already active when the SET instruction is exe-
cuted, the step will remain active and processing will continue,
with another step being designated as active. (Multiple step acti-
vation, follow-up function.)

b) When multiple initial steps exist, an initial step selection START
will occur when a given step is specified and activated.

¢) When designating a step located in a parallel branch, all the paral-
lel steps should be activated.
An inactive parallel branch ladder at such a time will prevent the
paralle! coupling condition from being satisfied.

d) If a specified step is already active when this instruction is exe-
cuted, the instruction will be ignored {equivalent to the NOP in-
struction), and processing will continue.



4. SFC PROGRAM CONFIGURATION T L EI P

@

-.a) A.spacified .step at a specified block is forcibly deactivated, “Coil
HOLD" and *operation HOLD" steps are subject to this instruction.

b) When the number of active steps at the block in question reaches
“0” due tq the execution of this RST instruction, block END- proces-
sing will occur, ‘and the bleck wilt be deactivated. ‘

It an SFC information register “block START/END bit” setting has
been designated, the bit device in question will switch OFF at this
time.

c) 1 the RST instruction is executed at a step located in a parallel
branch, the parallel coupling condition will remain unsatisfied.

d) If a specified step is already inactive when this instruction is exe-
cuted, the instruction will be ignored (equivalent to the NOP in-
struction).

Operation Error « Error No. 4631 occurs when the specified step does not exist.

Program Examples (1) wWhen X1 switches ON, the following program will select and start step
2 of block 1 which contains multiple initial steps.

(Program 1)

%J o L Jsr L]

T T [ Designating a step within the current block ]
83 S4 S5 X1
il s st B e

‘? [ Designating a step in another block —|
s6

X1

}——H [ seT Bunse |—‘
1

(2) The following program deactivates step 5 (HOLD step) when step 10 is
activated.

= -

;E]s

Ll

s |— [FsT o5 1

=
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4.4.9 Forced transition EXECUTE & CANCEL instructions (SET, RST).

Useble Devices Pragrame Using Instructions Execution Site
';:’::' MELSECNET
noDimct | Specisl Data T $FC Program
(9{;'-, ,n.:'::' 2ozy | Function | lnder | Conemnt E";':” Other T ] soquence Block | swp | Traneition
) . Mo | 23| k| o | TR Program Condition
w6l
Trneition
Bit | Word Bit | Werd 8% | condition
Device
(D) ° ° | name ° ° °

* At‘*expansion SFC" and "other" columns, "m” represents the block No., and “n" represents
the step/transition condition No..

“n* is the step No.

- zomzm |
“m" is the block No.

jlssr © (BLm\TRn)H I[

Function (1)

a) A specified transition condition in a specified block is forcibly satis-
fied, and an unconditional transition is executed at the step which
precedes the condition.

_.
—t
——

——
—_—

{ RST (©) (BLm\TRn) }.——|

-

l I User designated Continuous transition preventer
transition condition SM324

1 | | P
I S o N Y \T_"T_|—|

’ \

' |

1 l 14— Ladder resulting from execution of SET instruction
\

/
[: l ________________

b) After execution of the instruction, the forced transition status re-
mains effective until a reset instruction is executed.

(@

a) Cancels the forced transition setting (designated by SET instruc-
tion) at a transition condition, and restores the transition condition
ladder created by the user.

Operation Error o Error No. 4631 occurs when the specified transition condition does not
exist.
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Program Examples (1) When X1 switches:ON, tive following program executes a foreed trarisi-
tion at transition condition 1 of block 1. The forced transition setting is
canceled when X2 switches ON.

LDosignathg a transition condition No. within the current block ]

X1
{ % ]l SET TR1 I——
X2

{Ir IRSTTFH'——-

[ "Designating a transition condition No. in another block [

X1
-

2

|

{

| ]
jnoT BLN\TR )|
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4.4.10 Active step change instruction (SCHG)

Uasbis Devices Programs Using instructions . Execution Sits
"l;:"‘b:’ MELSECNET
(Sysem Fhe n::“ Funeten | Inde EIsm: z' BT | soquanse s Trasition
! (N3 X ) [{
Vo) | Pt Mo | 23 [C™™ | piaga | 8, Program Block | 5P | condition |
via:: SLe\The | TRa Tranaition
Bit | Word Bit | Word Sep Condiben
(D) o BIN16 o o
~ At“expansion SFC" and "other” columns, "m” represents the block No., and “n" repraesents
the step/transition condition No..
1}
Function (1) The step where this instruction is executed is deactivated, and a speci-

Operation Error

Program Examples

fied step within the same block is forcibly activated.

(2) If the destination step is already active, the step where this instruction
is executed will be deactivated, and processing of the destination step
will continue as is.

(3) The step where this instruction is executed is deactivated when proces-
sing proceeds to the transition condition status check foliowing the
completion of that step’s program operation.

(4) This instruction can only be used at SFC program steps.

« Error No. 4631 occurs when the specitied destination step does not exist.

« Error No. 4001 occurs when this instruction is used at a sequence program
other than an SFC program (error is activated on switching from STOP to
RUN).

(1) When X1 switches ON, the following program deactivates step 5, and
activates step 6.

(o T
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4.4.11 Biock switching instruction (BRSET)

- . . o ‘
. . ‘ s Dovioes Progremss: Uskeg nstructions Execution Siw
} '::': MELSECNET
. fae | M¥Dinct | Special Expansion | Oher | 5 1oce $5G Program B
(3yoom, el B ol Lol PO B FTT SR B Soqemes. | sock | Sug,| TFomIte0
Ueer) . wodw' | 20 switn | tn, Progrest Condition
- VG SLmiTAn | TR Traraiton
Bht | Word | Word Sop Condition
(s) o BIN16 o o
* At‘“expansion SFC" and "other” columns, *m" represents the block No., and “n" represents
the step/transition condition No..
L1
i BRSET
Function (1) Designates the destination block number for an SFC control instruction

which specifies only a step (Sm) or transition condition (TRm).

(2) Although “BLm\Sn” or “BLM\TRNn" may be used as the instruction device
when designating the destination block number, only a constant (K, H)
may be designated at the “m” of “BLm”, thereby fixing the designation
destination.
When block switching is executed by this BRSET instruction, a word
device can be used for indirect designation, index qualification, etc.

(3) The etfective operation range when block switching occurs (by BRSET
instruction) varies according to the program being run at the time, as

shown

below.

a) lf the BRSET instruction is executed at a saquence program, block
switching will be effective from the point where the instruction is
executed to the END step.
At the next scan, the block in question will be designated as “block
0" (default value) until the point when the BRSET instruction is exe-
cuted again.
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b) if the BRSET instruction is executed at an SFG pregram, block
switching will be effective only for the step currently being exe-
cuted.

Even if the step In question is the same step, the BRSET instruc-
tion must be executed at each block where the Sn and TRn instruc-
tions are used.

Moreover, within a single step, block switching will be effective
from the point where the BRSET instruction is executed to that
step’s processmg END point.

When processing is repeated at the next scan following the proc-
essing END for that step, the block in question will be designated
as the “current block” until the point when the BRSET instruction is
executed again.

(Repeated)
Sequence program Sequence program SFC program
) 0 A END/O B END Block “n*® Block *n+1" END
Execution o ' | } % ' } ' |
program | S 'g | g © 1 S k-] 1 g k-] )
1 =& | =2 ' =2 | =8 1
-1 [T=1 [T [T =1
29 20 29 29
@ % 22 32 82
£09 X} 2a £,
Sn/TRn destination a}e ! »le »}
block Block specifi ifi b K
pecif Block specified Block Block specified|
Block 0 by instruction Block 0 [y ingtruction | Current block 1y Singiruction | Current block 1y “instruction
[ M|
r 1 scan —I

n The block No. designated by the “m” at BLm\Sn or BLm\TRn will be ef-
fective regardiess of the executfon status (ON/OFF) of the BRSET in-
struction.

* When multiple steps are active (at paraliel branch, etc.), only the step
where the instruction was executed will be effective.
To designate blocks at multiple steps, the BRSET instruction must be
executed at each of the steps.

Operation Error e Error No. 4621 occurs when the spécified block does not exist.

(1) When X1 switches ON, the following program switches the Sn or TRn

Program Examples block number to the block number stored at the DO data register.

Condition

| —[wov ] v [ ov ]

X1
I lﬁ ” BRSET DO

(2) When X2 switches ON, the following program switches the Sn or TRn
block number according to the constant at the Z1 index register:

X2
|
I~ BRASET Ko0Z1
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4.4.12 Program operation status check instruction  ~**

N u"b" M“‘ Programs Using Instructions

Internal Device MELSECNET/HO (BRIl IRt

: L L Special . Expansion ) SEC P

' | (Gystom, Uoer) | Fl o Direct i Fu:elim “Index’ Con- | ':Fnc |7 Ot Orta Type ﬁcwmc oo
Mi“ EEERN IR R”: bl P | Modu | Z:3 ] shoot -BLmISA. BL ,:;nsn' | Program Transiti
Bit Word Bit Word | UCNGE3] -t o] BLm\TRn p : Step c:::m::

P |
D) | ‘gram i -
B name

Cha-
racter o [}
string

At "expanslon SFC'énd “othet columns ‘m” represents the block No and n represents
the step/transmon condmon No.L i

LD |>——‘| PCHKZ,' Program name -

Fureti 0T (1) Executes a check to determine whether a specified P"°9"am is currently
unction ” ) bemg executed. ~

L @ It

""‘irogram flle is not regnstered at the

Operation’Er_ro,(v_ - Set” |tem

' (1) The following brdg .
Program Examples (1) L0 o e vecuted,

"ABC.QPR"

. _l.__ Being
executed | U

l Not being - R H
I . executed e :
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e —————————s M ELSEC-QnA

4.4.13 Subroutine call instruction (XCALL)

Usable dovices o Programs Using instructions Execution Site
:::::‘ MELSECNET
e Dimet | Speclel Deta SFC Progtam
(Sysum, n.::' gty | Pemeton | memx | Conemnt B:::M Other Trpe Sequence i sup | Tramition
Uswr) R Modub 19 KH BLmish | 3 Progrem P | Condition
19 - 19
Transition
Bit | Word Bit | Ward Swp Condition
- Device
Pl ° name
(1) Accord| °
. ° ng to '
(éos) ° {device provided to subroutine program as argument) spa:lfle
device

* T,C, Fcannot be used. = At “expansion SFC" and “other® columns, *m" represents the
block No., and “n" represents the step/transition condition No..

— —{xcai[p: [© w@l—{

Function (1) When the condition is satisfied, the subroutine call designated at “P.”
is switched ON (CALL).
The subroutine call is switched OFF (FCALL) when the condition
switches from ON to OFF.

X0
I——I [ cALL | Pt} x10] Mo]

M L2

X0

a) While is X0 is ON, the “P1” subroutine is executed at every scan
each time the step in question is executed.

L Lo

RET

b) When X0 switches from ON to OFF, the “P1” subroutine is
switched OFF once only.

(2) Because pointers cannot be used in SFC programs, a common pointer
must be called when the XCALL instruction is executed in these
programs.

(3) Normal processing will be impossible if the subroutine program’s
argument type is different from the XCALL instruction’s argument type.

(4) A maximum of 16 XCALL nestings (including those for other CALLs) are
possible.
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PO|NT| I ' e E BRGNS

& For details regarding the common pointer and the subroutine program's argument,
refer to the QnACPU Programmlng Manual (Common lnstructlons) :

Operation Error e ErrorNo. 4210 ............ occurs.if- the program for the speci-

fied pointer does not exist. :
e ErrorNo. 4211 ............ occurs#t an END, FEND, GOEND,

or STOP instruction is executed
prior to the RET instruction.

e ErrorNo. 4212 ............ occurs if the RET instruction is exe-
' cuted prior to the XCALL instruc-
tion. _
e ErrorNo. 4213 ............ occurs if the number of nestings ex- :
ceeds 16.



4. SFC PROGRAM CONFIGURATION

4.4.14 Time check instruction (TIMCHK)

Useble Devices Programs Using mstructions Execution Site
P MELSECNET
File NO Ditect | Special Explanasion| Other | g, 7yrg SFC Program
(Sysem, e | D03 [ Funedon | mdex | Conewnt | SC | Blm, Sequence Biock | swp | Trameition
User) ""R Modue | 23| KH | BLwSa | sn, Progrem P | condition
uine!: BLmTRr | TRa Traraltion
Bit | Word Bit | Word Sep Condition
(81 o BIN16
(s2) 0 BIN16 °
© | o ' Bit
* At"expansion SFC" and “other” columns, “m” represents the block No., and “n" represents
the step/transition condition No..
l——H—-—ITIMCHK[@ [@I@——{
Function (1) Measures the condition device ON time, and switches a specified device
ON when the condition device remains ON longer than the designated
time setting.

(2) The following devices are used for this instruction.

Condition

’—H—'TNCHK| SRIEREG }——i
L 1—Dovit:a switched ON at (ime-up

Device where measurement set value is stored

Device where measured present value is stored

Measurement execution condition

(3) When the measurement execution condition switches ON, the device
switched ON by the measured present value and the time-up status
switches the monitor execution condition OFF. Or, if the transition
condition is satisfied, the status is held. When the present value is
cleared to “0” or the device which was ON switches OFF, the measure-
ment execution condition will either switch ON again or the program will
be reset.

Program Examples (1) The following is a program where the X0 ON time setting is 5 seconds,
with the present value stored at device D0, and with device Y10 switch-
ing ON when time-up occurs.

l:___l ’-——ﬁ——[ TMerk | oo | kso | vio i——{
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45 SFC Information Registers

The SFC information registers designated at each block are described in
this section.

In cases where SFC information register functions are not required, there
is no need to designate the register settings when creating the SFC pro-
gram. The absence of register settings wifl not affect SFC program opera-
tion.

The devices which can be used for each of the SFC information register
types and functions are shown below.

SFC Information Registers Usable Devices

Block START/END bit
Step transition bit

Block STOP/RESTART bit Y.MLFVB
Block STOP mode bit

Continuous transition bit

*Number of active steps” register D, W, R, ZR

SFC information register settings are designatad when entering the SFC diagram at the
SWOIVD-GPPQ GPP function software package.
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4.5.1 Block START/END bit

The block START/END bit can be used as a confirmation device when a
block is activated by a block START step, or it can be used to execute a
forced START or forced END (from sequence program or by peripheral de-
vice “test” operation) at a given block.

(1) The block START/END bit can be used for purposes such as providing
an interlock when confirming that the sub-block in question is inactive
when a sub-block is started by a block START step.

Block 0 Block 5 .
| ” 0 g “ ”0 Block 5's *block active bit": MO

0 / 1

0
1 Ciwe on @
' L1 or=|=—1r l—

(2) If the block in question is inactive and is forced ON by the block
START/END bit from a peripheral device (test function), that block can
be started independently. Moreover, processing of that block can be
forcibly ended by executing a forced OFF.

(3) When a forced OFF is executed by the block START/END bit, and the
block in question becomes inactive, processing will occur as follows:

» Execution of the block in question will stop together with all outputs
from the step which was being executed. (Devices switched ON by
the SET instruction will not switch OFF.)

e If a START status exists at another block, the STOP will stilt occur,
but the START destination block will remain active and processing
will continue.

To clear the START destination block at the same time, the START
destination's block START/END bit must also be switched OFF.

(4) Ablock which has been forcibly deactivated is restarted as shown below.

Relevant Block Restart Status

Whan the START condition for L
block 0 is designated as “auto Operation is restarted from the

START ON" at the SFC ir}i;icael:stienp following END step
parameter setting. P 9

When the START condition for
block 0 is designated as “auto

START OFF" at the SFC
parameter setting.

Block 0

The block is deactivated after
END step processing, and
processing is restarted from the
initial step when another START
Blocks 1 to 319 request occurs for that block.
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Iﬂlated Instructlong]

a) SFC control instructions
« Block START instruction (SET BLm), block END instruction

(RSTBLM) ... e See Section 4.4.6.
b) SFC diagram symbols
e Block START'step(8n,Bn) ......... See Sections 4.2.8.
o and 4.2.9.
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4.5.2 Step transition bit

The step transition bit pertorms a check to determine if the transition condi-
tion for the current step has been satisfied.

(1) After the operation output at each step is completed, the step transition
bit automatically switches ON when the transition condition (for transi-
tion to the next step) is satisfied.

(2) A transition bit which is ON will automatically switch OFF when
processing of the block in question occurs again.

Example: Step transition bit = M1

ON B
IM1 L]
OFF

:

a2 B 28 B -3 3 ~3
2« 3 2a 3 2% 3 G
7= 8 7= 8 7= ] »E
» > ] = » = @
- s o~ s

. = = € s £
Block “n § ] !;J & IS ] 2
|| 0 5 g g & 3 g 8
5 = s = g & =
o ] s 3 © 5 g
-1 {Transition condition 1) s g ) g s g 8
3 g Z §
(=4 = [ =4 =
LI & 5 & :
. - = S @
= (Transition condition 2) = =

g

(3) If a continuous transition is designated (continuous transition bit ON),

T (Transition condition 3) the transition bit will remain ON during the next step’s operation output
? 3 after the transition condition is satisfied.
It will also remain ON following the execution of multiple steps, even if
the transition condition is unsatisfied.

' In these cases, the transition bit will switch OFF when block execution
occurs at the next scan.
Example: Step transition bit = M1

ON
IM1 L]
OFF——-l l—-

opo -
al a

a
25 2 o
A7 &

Other program executed

Transition condition 1 satisfied
Transition condition 2 unsatisfied
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St SRR - VB SEC~Q A

(4) At active paraliel branch steps, the transition bit will switch ON.when any
of the transition conditions are satisfied.

w——1 L

.
-2-3&48 3 =
asdaca 3 a
D= = e g (=)
2BaT a8 | &
nBEaB I o
30):0)0 [
§ 5§ § &
- == ©
£ % §5¢
g = (5] a
o 2
8 8 g 5
E§ 8 £ 5
— —— @0
= <
e E
g 8 ©
(= -
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4.5.3 Block STOP/RESTART bit

The block STOP/RESTART bit is used to temporarily stop processing of a
given block due to a machine malfunction, etc.

(1) When the designated block STOP/RESTART bit is switched ON by the
sequence program or peripheral device, processing will be stopped at
the current step of the block in question.

If a START status is in effect at another block, the STOP will still occur,
but the START destination block will remain active and processing will
continue.

To stop the START dastination block at the same time, the START
destination's block STOP/RESTART bit must also be switched OFF.

(2) When a block is stopped by switching the block STOP/RESTART bit ON,
the STOP timing will be as shown below.

Status ot Operation Description
Output Mode Output
l?mtlng at ,:odc’a Bg::(u;'rootp
arameter pecial Active Step Other than HOLD
Block STOP Relay Mode Bt P step Active HOLD Step
(SM32s)
ozf;tiir?; no o After the STOP request, the coil output will be switched OFF
(immediate the first time processing occurs at the specified block, and a
stop) STOP will occur.
Coil output OFF ¢ After the STOP request, the coil
OFF, coll (coll output output will be switched OFF o After the STOP request,
output HOLD OFF) ON when the transition condition is the coil output will be
(post-transition satisfisd, and a STOP will occur. switched OFF the first
STOP) o It multiple steps are active, the time B n ocours at
STOP will occur at each of the g‘?gg“.'”'ed block, and a
steps in sequence as their will occur.
transition conditions are satisfied.
ozztii:; no o After the STOP request, a coil output HOLD status will be
(immediate established the first time pracessing occurs at the spaecitied
stop) block, and a STOP will occur.
ON ¢ After the STOP request, the coil
Coil output (coil output output HOLD status will be o After the STOP request,
HOLD HOLD) established when the transition a coil output HOLD status
ON condition is satisfied, and a will be established the
(post-transition STOP wilt occur. first time processing
STOP) oif b ‘occurs at the specified
multiple steps are active, the A
STOP will occur at each of the block, and a STOP will
steps in sequence as their occur.
transition canditions are satisfied.
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POINTSl

(1) The coil, HOLD step hecomes inactive the first time processing
occurs at the black in question following the STOP request.

(2) During SFC program execution, the M325 special relay is switched
OFF when the éoit output is OFF, and is switched ON when the coil
output is ON, in accordance with the parameter setting.

The M32§ special relay can also be switched ON and OFF by the
user program without regard to the parameter setting.

(3) Processmg of the block is restarted from the step where the STOP

(4)

(5)

occurred ‘'when the block STOP/RESTART bit is switched OFF at the
sequence program or peripheral device.

An “operation HOLD status” step (with transitibn check or without tran-
sition check) which has been stopped will be restarted with the operation
HOLD status in effect.

A “coil output HOLD" step cannot be restarted after being stopped as it
is deactivated at that time.

Execution of PLS and [IP instructions after a block STOP has been
canceled varigs according to the ON (HOLD) or OFF (all OFF) status of
the SM325 special relay (ON: operation output HOLD at block STOP;
OFF: all OFF).

ON : Not executed

SM325 {OFF : Executed again

When the SFC control “block STOP” instruction {PAUSE BLm) is exe-
cuted, the block in question is stopped, and the block STOP/RESTART
bit switches ON. :
When the "btock RESTART” instruction (RSTART BLm) is executed
while the black is stopped, the block in question is restarted, and the
block STOP/RESTART bit switches OFF.

POINTS|

(1) Stopping of program processing by a block STOP/RESTART bit
being switched ON, or by a block STOP instruction, applies only to
the specified block.

(2) Even it a block stop is executed for the START destination block,
the START source block will not be stopped.

(3) Even if a block stop is executed for the START source block, the
START destination block will not be stopped.

|Related Instructions|

a)

b)

SFC information register
e Block STOPmodebit................. See Section 4.5.4.
SFC contro!l instructions

¢ Block STOP instruction (PAUSE BLm) & block RESTART instruction
(RSTARTBLmM) .......covvviniinnn.. See Section 4.4.7.
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4.5.4 Block STOP mode bit

The block STOP mode bit setting determines when the specified block is
stopped after the block STOP/RESTART bit switches ON, or after a stop
designation by the block STOP instruction (PAUSE BLm).

(1) The stop timing for a block where a STOP request has occurred varies

according to the ON/OFF setting of the block STOP mode bit, as shown
below.

¢ The block is stopped immediately when the block
STOP/RESTART bit switches from OFF to ON, or when
a block STOP instruction is executed. However, if the
Block STOP mode bit OFF block STOP/RESTART bit is switched ON within the
current block, the STOP will occur when that block is
processed at the next scan, or when the instruction is
executed.

¢ The block is stopped at the step transition which occurs
when the transition condition for the current step (active
step) Is satisfied. However, the operation output will not
Block STOP mode bit ON be exacuted for the step following the transition.

e When multiple steps are active in a paralle! branch, the
STOP will occur sequentially at each of the steps as
their transition conditions are satisfied.

[Related Instructionsj

a) SFC information register

e Block STOP/RESTART bit
b) SFC control instruction

¢ Block STOP instruction (PAUSE BLm)... See Section 4.4.7.

............. See Section 4.5.3.



4. SFC PROGRAM CONFIGURATION

L. 3 m
4.5.5 Continuous transition bit

The continuous transition bit setting determines whether the operation out-
put of the next step is to be executed within the same scan after a transi-
tion condition is satisfied.

(1) As shown below, SFC program transition processing occurs according
to the continuous transition bit setting (ON/OFF) designated by the user.

o Continuous transition ON
............... When the transition conditions at contiguous steps
are satisfied, all the steps with satisfied transition
conditions will be executed at once within a single
scan.

¢ Continuous transition OFF
............... Steps are executed in a 1-step-per-scan format.

Example: Sample program processing

(Block *n") o Continuous transition ON
l lsmo When the block is activated, all steps are proc-
— T essed within the same scan. The block is then
H deactivated at the block END.
E SM400 ¢ Continuous transition OFF
+ HF—CGan When the block is activated, steps are proc-
essed in a 1-step-per-scan format. The block
SM400 END step is processed at the 3rd scan, and the
b~ F—Cran block is deactivated.

(2) A continuous transition can be designated for individual blocks by the
continuous transition bit ON/OFF setting, or for all blocks using the batch
setting special relay.

As shown below, the continuous transition operation (ON/OFF) varies
according to the continuous transition bit and special relay (SM323)
setting combination.

Special Relay Continuous Transition Bit
Status Status SFC Program Operation

« Operation occurs without

« Continuous transition bit OFF continuous transition

«SM323 ON
« No continuous transition bit . .
setting s Operation occurs with

continuous transition

o Continuous transition bit ON

. ition bi
«SM323 OFF s::"?:;tmuous transition bit « Operation occurs without

continuous transition

« Continuous transition bit OFF
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POINT

To shorten tact time, a continuous transition ON status is recommended
in order to speed up the step transitions.

This will eliminate the waiting time from the point when a transition
condition is satistied until the point when the transition destmatlon
step’s operation output is executed.

4.5.6 “Number of active steps” register

The “number of active steps” value for a given block is stored at this regis-
ter.

(1) The “number of active steps” value for a given block is stored.

Specified device

r e ara [ Number of steps ]

DLJLJLJLJ

(2) The “number of active steps” value includes normal active steps, coil
HOLD steps, operation HOLD steps (with transition check), and opera-
tion HOLD steps (without transition check).
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46 Step Transition Watchdog Timer

The step transition watchdog timer is a check function which monitors the
time from the point when executloh of a step begins until the point when
transition to the next stép occurs, to' determine whether the transition oc-
curred within the preset time period.

If transition to the néxt step fails to océur within the designated time
period, a preset annunciator (F) switches ON.

M

(2)

The preset time period and the annunciator (F) (ON when time-over
status occurs) device number are designated at special relays SD90-
SD99. The step transition watchdog timer operation begins when these
special relays switch ON at the operation outputs of the monitored steps.
If the SD90-SD99 special relays switch OFF while a time count is in
progress, the time count will be stopped and the timer will be reset.

There are a total of 10 watchdog timers in the SFC program.
The special relay and special register allocations for each watchdog
timer are shown below.

Watchdog Watchdog Wum Wsatchdog | Watchdog | Watchdog | Watchdog | Watchdog | Watchdog | Watchdog

Timer 1 Timer 2 Timer 3 Timer 4 Timer S Timer & Timer 7 Timer 8 Timer 8 Timer 10

rsefl’:;'a' SMg0 SM91 sM92 | sMo3 | sMme4 | smes | smes | sme7 | smes SM99
rsepg‘;::z'r sD90 SD91 sD92 | sD93 | sDe4 | spes | spes | sp97 | spes | sDo9

3)

The setting method at special registers SD90-SD99 is shown below.

b15

to b8 b7

T——Tlme setting

(1 to 255 (setting value x 1 sec))

Annunciator (F) (ON when time-over
status occurs) device No. setting (0 to 255)

(4) The method for using a watchdog timer is shown below.

Step where time  ——ap
monitoring occurs

_L_Transition

condition “a”

Time setting...10 x 1 sec = 10 secs

[MOVP[HO10A] SD%0 Annunciator .(F) No. ...F1

G voran

10 (sec)
F1 (annunciator)

(a) As shown above, the special relay switches ON at the operation
output of the monitored step, and the time count begins.
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(b) If transition condition “a” at the step in question is not satisfied
within the designated time (10 secs.) after SM90 switches ON, the
F1 annunciator will switch ON.
(However, SFC program operation will continue.)

(c) If transition condition “a” is satisfied within the designated time,
SM80 will switch OFF, the time count will stop, and the timer will
be reset.

(5) Even if the annunciator (FO to F255) switches ON, the annunciator’'s ON
detection count and the annunciator number will not be stored at SD62,
SD6é3, or SD64 to SD79.

(6) The same step transition watchdog timer can be used at more than one
step provided that the steps are not concurrently active.

Example:
4
§ Watchdog timer 1
5 As there is no chance that steps
6]5 Watchdod timer 2 5 and 6 will be concurrently ac-
chdog fimer tive, the same watchdog timer
+ 6 can be used at both steps.
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4.7 SFC Operation Mode Setting

The SFC operation mode setting is used to designate SFC program
START conditions; of to designate the processing method at a double

START.

Some of the setlings are designated at the parameter file (common for en-
tire system), and others at the S8FC program file.
The SFC operation mode setting items and the resulting operations are

shown below.

active step (dou-
ble step START)

already active, or when an attive
step is started.

for the PAUSE
or "Wait"setting

Item Description Setting Rando Default Value Setting File
o Designates an “initial START" or ;
g?g;{"ga’: ‘resumptive START" when the res'zlr:::'ﬂ?: gFT‘:/RT Initial START
SFC program is started.
Block 0 START | e Designates whether block 0 is to Auto START ON/ Auto START Paramaeter file
condition be started automatically. Auto START OFF
Output mode at » Designates the coil output mode Coil output OFF
block STOP at a block STOP. OFF/ HOLD
= Dasignates the first block No. of 0to 319
Periodic the periodic execution blocks.
extet;:ution block | 4 pesignates the time interval for No setting
selting exacution of the periodic 1 to 65535 ms
exacution blocks.
Pause/Wait
: o Designates the operation which block
atdouble blook | 00GUTs when a START requestis | | o'ty dosignatad wait
START ma;ie for a block which is already for the PAUSE SFC program
active. setting
Pause/Wait/Transfer
; » Dasignates the operation which
gtpt?:'\t;?t?o:?:e occurs when a transition (follow- astep range
up) is executed to a step which is can be designated Transfer
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4.7.1 SFC program START mode

The SFC program START mode setting determines whether an SFC
program START (SM321 OFF — ON) is executed by an initial START,
or by a resumptive START from the preceding execution status.

(1) Settings and corresponding operations

The SFC program START format can be designated as an “initial
START” or a “resumptive START".

As shown below, the operatian which occurs depends on the parameter
and special relay (SM322) setting combination.

Setting SM322 status *' Operation description
. sinitial START
Initial START
(defauit) ON/OFF «When "auto START ON" is designated for biock O:

........ Block 0 is executed from its initial step.
«Whén "auto START OFF" is designated for block 0:

OFF | e The block started by the SFC control
“block START" instruction is
Resumptive START executed from its initial step.
sRaesumptive START
ON A resumptive START is executed from the previous

active status.*?

*1: When CPU STOP — RUN switching occurs, SM322 is switched OFF or ON in accordance
with the parameter setting (OFF if an "initial START" is designated, and ON if a “resumptive
start” setting is designated).

*2: The “previous actlive status” is the status which was active when SM321 was switched OFF
during SFC program execution, or when a CPU reset or power OFF occurred.

4.7.2 Block 0 START condition

The block 0 START condition setting determines whether block 0 is auto-
matically started and activated when an SFC program START occurs
(SM321 OFF — ON).

(1) Settings and corresponding operations

An “auto START ON” or “auto START OFF” setting is designated for
block 0.

Operations which occur at the SFC program START and at the block
END are shown below.

Operation
Setting -
At SFC Program START At Block END (Block 0)
Auto START ON « Block 0 is automatically activated, and is s~ The initial step is automatically activated
{defauit) executed from its initiad step. again at the block END.
«Block 0 is activated by a START request
Auto START OFF resulting from an SFC control "block &Block 0 is deactivated at the block END,
START" instruction or a biock START step, and waits for another START request.
in the same manner as other blocks.
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4.7.3 Output mode at block STOP

The “output mods at block STOP" setting determines whether an output
(designated by OUT instruction) is to remain ON or be switched OFF when
a temporary STOP: octurs at a-given block in response to the SFC informa-
tion register's STOP/RESTART bit or the SFC control “block STOP”
(PAUSE BLm) instruction.

(1) Settings and corresponding operations

Either an “output HOLD” or. an “output forced OFF” setting can be
designated’as the output mode when a block STOP occurs.

As shown betow, the operation which occurs depends on the parameter
and special relay (SM325) setting combination.

Block STOP Operation
Setting SM326 Status ode Bit Active Steps Other than
Status OpcntloanOLD Steps Operation HOLD Steps
*OFF",
or no setting '| «Operation output's coil output switches OFF at the STOP
Coil outout (immediate instruction, and operation stops.
OFFP OFF .STOP)
(default), (cofl utput o After the STOP instruction
coil output ON OFF) ON the operation output's coll ~Operation output's coil output
(post-transition | output switches OFF when .s‘:':chet.s OFF :' the SJ op
STOP) the transition condition Is 'nt fuction, and operation
satisfied, and operation stops. stops.
“OFF",
or no setting | &A coil output HOLD status is established at the STOP
(immediate instruction, and operation stops.
Coil output ON STOP)
ON (coll output After the STOP instruction, a
HOLD) ON ‘coil output HOLD status Is. ~A coil output HOLD status is
(post-transition | established when the ostablished at the STOP
STOP) transition condition i int: ruction, and operation
satisfied, and opsration stops. | S'°PS:

POINTS|

(1) The coil HOLD step becomes inactive the first time processing
occurs at the block in question following the STOP request.

(2) When CPU STOP — RUN switching occurs, the SM325 special relay
is switched OFF when the coil output is.OFF, and is switched ON
when the coil output is ON, in accordance with the parameter
setting. '

The SM325 special relay can also be switched ON and OFF by the
user program without regard to the parameter setting.
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4.7.4 Periodic execution block setting

The periodic execution block setting designates the execution of a given
block at specified time interyals rather than at each scan.

(1) Setting items

Designate the first block number and the time of execution for the
periodic execution blocks.

When these settings are designated, the “first biock” and all subsequent
blocks will become paeriodic execution blocks.

The execution time interval setting can be designated in 1 ms units within
a 1 to 65535 ms range.

(2) Periodic execution block operation method
Periodic execution block operation occurs as shown below.

O *—%m-%ﬂ g

1 scan 1 scan 1 scan ~ 1 scan
'r

Execution interval
(1) Sequence programs executed at each scan
(2) Blocks executed at each scan
(3) END processing
(4) Periodic exscution blocks

Execution interval

(a) Until the specified time interval elapses, only the sequence pro-
grams and blocks designated for execution at each scan will be
executed.

(b) When the specified time interval elapses, the periodic execution
blocks will be executed following executlon of blocks designated
for execution at each scan.

If the specified time interval is shorter than the scan time, the peri-
odic execution blocks will be executed at each scan in the same
manner as the other bfocks.

{c) The specifiad time mmfval countdown is executed in a continuous
manner.
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4.7.5 Operation mode at double block START

This mode setting designates the operation mode which is to be effective
when a block START request octurs (by block START step (8, 8)) for a
block which is already started.

(1) Settings and corresponding operations

Either a PAUSE or WAIT satting can be designated.
The operations resulting from these settings are shown below.

silnniin
Setting . Operation Remarks
e A CPU operation error (BLOCK EXE.ERROR) occurs, e A block range can be
STOP and CPU operation is stopped. designated for the STOP
o All *Y" outputs switch OFF. setting.

» CPU operation continues, and a WAIT status is
established when the transition condition is satistied.
The WAIT status continues until the START destination
block is deactivated.

WAIT (default) o A step transition o¢curs when the START destination
block is deactivated, and that block is then reactivated.

o1t a transitian WAIT occurs, the previous step is
deactivated, the cutput is switched OFF, and the
operation output wilt not be executed.

-+

HOLD step % Condition

(with transition check) |
W" " Transition to step

i in active block

POINT

..« When a START request for a block which is already started is
executed by the SFC control *block START” instruction (SET BLm),
or by the SFC information register's “block START/END bit” being
switched ON; the START request will be:ignored, and processing of
the SFC program will continue as is.-
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4.7.6 Operation mode at transition to active step (double step START)
This mode setting designates the operation mode which is to be effective
when a follow-up function such as an operation HOLD step (with transition
check) is used to execute a transition to a step which is already active.
(1) Settings and corresponding operations

A PAUSE, WAIT, or TRANSFER setting can be designated.
The operations resulting from these settings are shown below.

Setting Operation Remarks
e A CPU cperation error (BLOCK EXE.ERROR) occurs, « A step range can be
PAUSE and CPU operation is stopped. designated for the STOP
« All *Y* outputs switch OFF. setting.

e CPU operation continues, and a WAIT status is
established when the transition condition is satisfied.
The WAIT status continues until the START destination oA step range can be

WAIT step is deactivated. designated for the WAIT

o If a transition WAIT occurs, the pravious step is setting.
deactivated, the output is switched OFF, and the
operation output will not be executed.

e CPU operation continues, the transition occurs, and the
previous step is deactivated and absorbed by the
transition destination step.

% Active step

Condition satisfied

TRANSFER (default) -

Active step

Condition satisfied

(2) Transition to HOLD step by double START

The following table shows the transition procedure for transitions to coil
HOLD steps, operation HOLD steps (with transition check), and opera-
tion HOLD steps (without transition check) which occur when the double
START condition is satisfied. These transitions occur without regard to
the settings described at item (1) above.

Setting | ‘ Operation Remarks

| » The TRANSFER setting applies to all operations, regardless of the
setting.

o At coil HOLD steps
....... The operation output is restarted, and
a transition condition check begins.

* At operation HOLD steps (witheut transition check)

» Following the double
PAUSE, | = A transition condmon check begins. ‘ ‘ START, execution of all
o At operation HOLD steps (with transition check) subsequent steps where
WAIT, | ... Operation continues as is. transition conditions are
satisfied will occur
TRANSFER Active step | ] tnactive according to the step
attributes.

Transition condition satisfied

Coil HOLD step or
operation output step
(without transition check)

1 Active

Transition condition
is checked

(No transition condition check)
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(3) Précautions when transitiorrdestination s a paratiel bramneh:- .

" .. When a STOP setting is designated
LA . Anierroriis activated it even 1:of the parallel branch's
trangition destination steps is active, and CPU operation is

stopped.
E [

e When a WAIT setting is designated
..... A WAIT status is established until all the parallel branch’s
transition destination steps become inactive.
Thi transition is then be executed, and all the parallel
branch’s first steps become active.
When the WAIT status is established, the previous step
is deactivated.

Inactive inactive
Transition oxoeutod

o When a TRANSFER setting is designated.
..... The transition is executed if even 1 of the parallel branch’s

transition destination steps is active, and the previous step
is deactivated.

Transition destination steps which are inactive are not
activated at this time.

L .

'
R

It all the transition destination steps are Inactive, trainsition processing oceurs in the normal
manner with all the destination steps bolng activated.

CLINNT S AR b N S e RRRUT
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o The “operation mode at transition to active step (double step START)”
setting applies at transitions caused by satisfied transition conditions,
and at forced transitions caused by the SFC control “transition con-
trol” instruction (SET TRn).

It the SFC control “step control” instruction (SET Sn) is used to
request a START at a step which is already active, the request is
ignored, and processing continues as is.

MELSEC-QRA
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5.

SFC PROGRAM PROCESSING SEQUENCE

The processing sequence for SFC programs is shown below.

C

CPU RUN

D

tnitial program execution ]

F/
OF Is SM321 ON?

Resumptive start

What is the SFC
program START
mode?

Initial START

Is SM322 ON?

[ Resumptive start

I

Initial START

Auto START OFF

Has block START
request occurred?

What is the block 0
START condition?

Auto START ON

Execution from initial step of
block designated by START

Execution from initial step of
block 0O

request
!

Has SM321
switched OFF?

CSFC program execution END )

.....

System starts automatically at CPU
power ON or at STOP — RUN switching
In order to switch SM321 ON.

If SM321 s switched OFF before SFC
program scanning begins, the SFC pro-
gram will not be executed until SM321 is
switched ON.

An SFC program initial START or re-
sumptive start setting is designated at
the SFC parameter setting.

When a resumptive start setting is
designated, the system switches SM322
ON.

It SM322 is switched OFF before SFC
program scanning begins, the initial
START setling will be designated.

A block 0 "auto START ON" or "auto
START OFF" setting is designated in the
SFC parameter settings.

It "auto START ON" is designated, block
0 is executed from its initial step.

If "auto START OFF" is designated,
operation bagins from the initial step of
the block designated by another pro-
gram tile's SFC control instruction
(START request).
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5.1 Overall Program Processing

The overall QnACPU program processing operation is described in this sec-

tion.
For more detailed information, refer to the QnACPU User's Manual.

5.1.1 Program processing sequence

The QnACPU can store several programs in the program memory and
manage them as files; file execution can be designated for a specified file
only, or for multiple files simultaneously.

The overali operation format is shown below.

|  cPu RUN |

l

Initial program

(1)

Started only 4
(2 when required 4
-+
Scan program WAIT program
(3)
Low-speed Execution time monitoring
program
END END END
CPU RUN processing processing processing
| L (2) . L 3y (2) | B, (Y
| 1 1 T 1 | | ]
le ole o e
N Initial scan o 1 scan 1 scan v

¢ The longer of the “surplus constant scanning time” or the desig-
nated “low-speed program execution time” is adopted for the low-
speed program (3). :
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v .

Execution Type Description SFC COmpatlblilty
. : « 1 scan only is executed at power ON, or at STOP —
Initial program

(M (initial execution) RUN switching. X

* The WAIT program is uged from that point on.
(2) (Ss?;r:‘ F;r:eg;:::‘on) o File which is executed at every scan. o
g o The execution time for this file is either the surplus
)] h:x_::::g ':?.%'&?;n) constant scanning time, or the preset low-speed X
: execution ime.
(4) WAIf proéram (waiting) » This fite Is for spbrouﬂnes or interrupt programs, etc. o
« Started by, program start instruction.

(1) The SFC program can exacute only one of the “scan execution" files.
To start a WAIT program, the SFC program where scanning s currently in progress must

first be designated as a WAIT program.
Refer to section 5.1.2 for details regarding the “scan execution «> WAIT program™ switching

procedure.

(2) The "execution type" settings for the program files are designated at the “program setting"
item of the auxiliary parameter settings.
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5.1.2 Execution type designation by instructions
The “execution by instruction” function enables the use of instructions to
change the execution type designated by the “program setting” parameter.
Details on execution type designation by instructions are given below.

(1) Instructions and corresponding operations

Instruction Opseration Comfrt(l:blmy
PSTOP « Designates a WAIT status at the specified biock, beginning from the next scan. X
* Designates END processing for all blocks of a specified SFC program from the next
POFF scan, with a WAIT status established at the 2nd scan following execution of the o
instruction.

¢ Designates scanning of a specified program, beginning from the next scan.

PSCAN e |f multiple programs are specified, the execution sequence is determined by the °©
“program setting” parameter.

» Designates low-speed execution of a specified program, beginning from the next
PLOW sean. X

o If multiple programs are specified, the execution sequence is detarmined by the
“program setting” parameter.

» The following conditions will result in an operation error:

* When the specified program does not exist. (error No. 2410).

» At execution of the PSCAN or PLOW instruction when scanning or low-speed execution
of the specitied program is in progress (error No. 2411).

e When an SFC program is designated by the PSCAN instruction while scanning is in
progress at another SFC program (error No. 2412).

o The SFC control PCHK instruction can be used to check whether or not the specified SFC
program is currently being executed.
For details regarding the PCHK instruction, refer to Section 4.4.12.

(2) Instruction format

~=———]Instruction Program name —l
[

Character string or word device where character
string is stored

PSTOP, POFF, PSCAN, PLOW
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(3) Processing time required to switch SFC program from WAIT status to
scan status

The processing time required to switch an SFC program from a WAIT
status to a scan status is shown below.

Although the scanning time is extended by the amount of the processing
time, this will not result in a watchdog timer error detection.

Switching time (uS) = (number of created programs x 20) + (number
of created steps x 40) + (SFC program
capacity x 2)

Example:

Number of created programs: 30, Number of created steps: 1200,

SFC program capacity: 20K sequence steps

(30 x 20) + (1200 x 40) + (20K x 2) = 89560 pS = 89.56 ms

REMARK

o No system processing time is required when switching from a scan status to a WAIT status,



5. SFC PROGRAM PROCESSING SEQUENCE

Sessemnmi e MEL SEC-QnA
5.1.3 SFC program for program execution management

This SFC program can be used to manage the program execution se-
quence when multiple program file switching is required.

Unlike scan execution SFC programs, this program execution management
SFC program can consist of only 1 file with 1 block.

(1) Program execution management SFC program creation procedure

(a) Number of files and blocks

Only 1 file with 1 block is possible when created as a scan execution
program.

(b) Usable instructions

Except for block START step B, 8 symbols, all SFC diagram sym-
bols, steps, and sequence instructions for transition conditions used
at normal S_FC programs may be used.

POINT|

e A “BLOCK EXE.ERROR" (error No. 4621) will occur if the block
START step B, 8 symbols are used.

(2) Execution procedure

The program is started automatically when registered as a scan execu-
tion file.

After block END processing, the initial step is reactivated, and
processing is repeated.

¢ The setting which determines whether a program is a "program execution management SFC

program” or a "normal SFC program” is designated with the SWO0IVD-GPPQ programming
software package.

For details regarding the setting procedure, refer to the GPPQ Operating Manual (SFC).
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(3) Example of program execution management SFC programs

SFC1.QPR; SFC2.QPR and SFC3.QPR are assumed to be SFC program
files and 8Q.QPR is assumed to be a program file for a program other

than an SFC pragram.

[ II S0 Conjil{on 1

T+ to T 4
E] $1 E:’ s3 Condition 2
— [PoFF | *sFc1. aPR"]
T4 F+1©2 Tt5 T1t6
= s2” sS4

Condition 3
13 17 wH —{Pcux]-sFcr. OPR'J7?L[TRAN]—‘

(INV: inverse of previous operation result)

$1

Condition 4

[porr | -sFca. aprr]

T

1 | (o ercs <]

Condition §
t2 p—{per] sFez.apr < Tnml—-l

3 }———-l?cux [-sFca. QP£|—7LITRAN}—-l

Scanning of the "zero return®, etc., pre-
processing control SFC program and the
constant monitoring sequence program
is executed.

An SFC program WAIT status is estab-
lished at the zero return END signal.

When an SFC program (SFC1) WAIT
status is established, a selection transi-
tion occurs If condition 3 (product type,
etc.) Is ON.

‘Scanning of SFC program for automatic

operation is executed.

An SFC program WAIT status Is estab-
lished when the automatic operation
END condition is satisfied by a cycle
STOP or emergency STOP, etc.

When condition 4 is satisfied (normal
END by cycle STOP), a block END oc-
curs, and S0 is reactivated after the tran-
sition condition Is satisfied.

When condition 5 is satisfied (forced
END by emergency STOP, etc.) a selec-
Sontransition to S2 occurs after the tran-
sition condition |s satistied.

Scanning of the error processing SFC
program is executed.

An SFC program WAIT status is estab-
lished when condition 6 is satisfied (er-
ror processing END).

When error processing is completed and
the transition condition is satisfied, a
block END occurs, and SO0 is reactivated.

* The processing sequence when transition condition t4 is satistied is the same as that shown

above except for a different “product type”.

5-7
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5.2 SFC Program Processing Sequence
5.2.1 SFC pragram execution cycle

The SFC program execution cycle is one time per scan while the SFC pro-
gram START/STOP special relay (SM321) is ON.

Example: Under the conditions shown below, the execution cycle would be
as follows:
Condition (1): Program sequence (1: ABC (sequence) <scans
designated by 2: DEF (SFC) <scan>
parameter setting |[3: XYZ (sequence) <low-speed>

Condition (2): Parameter setting for low-speed program time:
20 ms
Condition (3): Automatic START designated for SFC program

CPU RUN
———-irvv\/\'r ! —LW\/\‘t_—:%—————- -
T 1 | S e T R
ABC SFC END XYZ ABC SFC END Xyz
program execution processing program | program execution processing program
execution execution| execution execution
for 20 ms for 20 ms
1 scan 1 scan

*» Refer to Section 6.1 for details regarding the SFC program START/STOP
procedure.
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5.2.2 Block execution sequence

(1)

(2)

(3)

When a block becomes active, the operation output programs at each
step are executed in order, beginning from the initial step.

At SFC programs with multiple blocks, block processing is executed in
order, beginning fram the block with the lowest number
(block 0 — block 1 — block 2...).

If multiple steps-are activated by a parallel transition in an SFC program,
the operation outputs of all the active steps will be processed in a single
scan.

Example: In the SFC program shown below, steps 3 and 4 at block 0,
and steps 4 and 5 at block 1 are activated simultaneously.

Block 0 Block 1

Block 1
START

SFC program processing

........................ - FPemmmemmmae—,y teemmc e,

E Step 3 of E Step 4 of E i Step 5 of

E i E Step 4 of E
—++—» block0 |—» block0 |—» block 1 \— block 1 f—_—
| executed ! ! executed ! ! executed ! ! executed !

* Active steps within a single block are processed in order from left to right.
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5.2.3 Step execution sequence

The step operation output programs are executed at each scan while the
SFC program START/END special relay (SM321) is ON.

(1) Execution sequence from program START to the transition to step 1 of
the SFC program

When the SFC program START/END special relay (SM321) is switched
ON and a program START occurs, the execution sequence from the
initial step to the transition to step 1 occurs as shown below.

CPU
RUN END processing END processing END processing
|
(SM3210N) (SM3210N) (SM3210N)
Initial step Initial step Step 1
(operation {operation (operation
output output output
executed) executed) executed)
SFC program Block 0
(Transition condition (Transition condition (Transition condition
unsatisfied) unsatisfied) unsatisfied)

e The status of the transition condition for a transition to the next
step is checked at the completion of each step’s operation output.

Condition unsatisfied : The same step’s operation output is exe-
cuted again at the next scan.

Condition satisfied : All outputs of the executed step are
switched OFF by that step's OUT instruc-
tion, and the next step’s operation output
is executed at the next scan.

¢ When a transition condition is satisfied and SFC program
processing proceeds to the next step, the operation output of the
previous step is deactivated.
The CPU only processes the operation output of the step which is
currently active, and the transition condition program for a transi-
tion to the next step.

o |f a step attribute designates a step as a HOLD step, that step will not be deactivated, and
processing will continue in accordance with the attribute.

o If the continuous transition bit at a give block is set to ON, processing will proceed to the
next step when the transition condition is satisfied, without ending the SFC program at the
end of each step’s operation output.

CPU
RUN END processing END processing
|
l 1
(SM3210N) (SM3210N)
Initial step.
(operation
output inital step (operation Step 1(operation
executed) output executed) output executed)
[ i |
SFC program Block 0 i T q
(Transition condition (Transltion condition (Transition condition
unsatisfied) unsatisfied) unsatisfied)
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POINTI

The continuous. transition ON setting is recommended for faster tact
times and step teansitions,

A continuous transition ON setting eliminates the waiting time from the
point when a transition condition is satisfied until the point when the
operation output for the fransition destination step is executed.

For further details, see Section 5.2.4.




5. SFC PROGRAM PROCESSING SEQUENCE
m “ELSBG-Q&A

5.2.4 Continuocus transition ON/OFF operation

SFC pragram transition processing can occur with or without a continuous
transition, depending on whether the continuous transition bit device desig-
nated by the SFC information register is set to ON or OFF by the user.

o Continuous transition ON
............. When the transition conditions for contiguous steps
are all satisfied, all these steps will be executed in
a single scan.

e Continuous transition OFF
............. 1 step is executed at each scan.
(When multiple steps in a parallel branch are active,
the entire parallel branch is executed.)

Example: Sample program and corresponding processing
(Block *n")

E:] SM400 o With “continuous transition ON” setting:

4+ MHF—Gran4 When the block becomas active, all steps will be executed in

a single scan. Block END processing then occurs, and the block is
deactivated.

SM400

+ Hb—Gran{ e With "continuous transition OFF" setting:

When the block becomas active, step execution occurs in

a 1-step-per-scan format.

Block END processing occurs at the 3rd scan, and the block is

SM400 deactivated.
H
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(1) Transition processing for “continuous transition ON" setting.

The SFC program processing procedure for a “continuous transition ON”
setting is shown below.

(1) Active step (n) ladder operation

]
]
'

ET:IH

X0 (2) Transition condition satsfied/unsatistied check
+ HF—Crand
n+1
When transition condition When transition condition
H is unsatiefied is satistied

(3) END processing (3)' The active s{# (n) is deactivated, and the coil
where the OUT Instruction is ON is switched OFF.
If other blocks exist subsequent the block
in question, END processing will be executsd
after those blocks have been processed.

(4)' Step *n+1"is activated, and its ladder operation
occurs.

{4) Ladder processing for the same step (n)

as that at the previous scan. (5) Transition condition satistied/unsatisfied check

(6)' Subsequent processing is executed in a continuous
mar:,r:telr up to a step with an unsatisfied transition
condition.

(7)' END processing

It other blocks exist subsequent the block
in question, END processing will be executed
after those blocks have been processed.

(8)' Ladder operation is executed for the step activated
by the satisfied condition at the previous scan.

POINT

o END processing occurs following the execution of all program files
designated at the program setting parameter as “scan execution”
files.

For details regarding the processing sequence, etc., refer to the
QnACPU User’s Manual.
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(2) Transition processing for “continuous transition OFF” setting

The SFC program processing procedure for a “continuous transition

OFF” setting is shown below.

(1) Active step (n) ladder operation

(2) Transition condition satisfied/unsatisfied check

When transition condition

Is unsatistied

When transition condition
is satistied

(3) END processing

it other blocks exist subsequent the block
in question, END processing will be executed
after those biocks have been processad.

{4) Ladder processing for the same step (n)
as that at the previous scan.

(3)' The active step (n) |s deaclivated, and the coil
where the OUT instruction is ON Is switched OFF.

(4)' END processing

1! other blocks exist subsequent the block
in question, END processing will be exscuted
after those blocks have been processed.

(5)' Ladder operation is executed for the step activated
by the satisfied condition at the previous scan.

POINT]

o END processing occurs followi
files.

QnACPU User's Manual.

designated at the program setting parameter as “scan execution”

For details regarding the processing sequence, etc., refer to the

ng the execution of all program files
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6. SFC PROGRAM EXECUTION
6.1 SFC Program START And END -

The SFC program’'s START/STOP special relay (SM321) is automatically
switched ON when CPU STOP — RUN switching occurs, and the SFC
program is automatically started.

At other program files, SFC program processing can be temporarily inter-
rupted and restarted by switching SM321 OFF and ON.

[ CPU RUN |

OFF

[ SM321 ON ] s SM322 ON?

ON

[ Resumptive START | | Initial START |
L |

Is another
program designated
at the execution
file?

YES

| SFC program execution |

Was SM321
switched ON or OFF at
another program
file?

OFF

OFF

I SFC program not executed J ON

L SFC program not axecuted ‘

|

POI_NISI .

(1) The processing which occurs when an SFC program is designated
as a WAIT program by the “POFF” instruction is identical to that
when “SM321” is switched OFF.

(2) The processing which occurs when an SFC program “scan execu-
tion” status is designated by the “PSCAN” instruction is identical to
that for a “CPU RUN" condition.
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6.1.1 SFC program resumptive START procedure
The SFC program START format can be designated as “initial START” or
“resumptive START".
The “resumptive START” setting procedure as well as some precautions
regarding the “resumptive START” format are described below.

(1) Resumptive START setting procedure

An SFC program resumptive START format can be designated at the
“SFC program START mode” item of the SFC parameter setting.

(2) Block operation status resulting from “SFC program START mode”
setting

The block operation statuses which correspond to the “SFC program
START mode” settings (SFC parameter setting) are shown below.

SFC Program

START Mode SM322 Status *' Operation Status
Setting
Initial START o Initial START
(detault) ON/OFF o When *auto START ON" is designated for block 0: ™

........ Block 0 is executed from its initial step.
o When *auto START OFF" is designated for block 0: *2

. OFF | The block started by the SFC control *block START" instruction is
Reg;{rg}ljve executed from its initial step.
ON * Resumptive START

«3

A resumptive START is executed from the previous active status.

*1: When CPU STOP — RUN switching occurs, SM322 is switched OFF or ON in accordance
with the parameter setting (OFF if an “initial START" is designated, and ON it a “resumptive
start” setting is designated).

*2: The block 0 auto START ON/OFF setting is designated at "block 0 START condition” item
of the SFC parameter settings.

*3: The “previous active status” is the status which was active when SM321 was switched OFF
during SFC program execution, or when a CPU reset or power OFF occurred.

6-—-2
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POINTS|

(1) When a resumptive START occurs following a PC power OFF or
reset, the SFC program’s STOP position will be maintained (HOLD),
but the statuses of the devices used at the operation outputs will
not.

Therefore, a latch setting must be designated for devices where a
HOLD condition is required in addition to execution of a resumptive
START.

(2) The spscial function module is initialized when a PC power OFF or
reset occurs. Initial programs for the special function module should
be created at constantly active blocks or programs other than SFC
programs.

(3) After making SFC program changes (SFC diagram modifications
such as step additions or deletions, etc.) while a “resumptive
START" setting is in effect, switch to an “initial START" setting, then
back to the “resumptive START” setting in order to register the
changes. Failure to do so will resultin a START executed from the
pre-change step number, causing a mechanical system malfunc-
tion.

(4) If a CPU reset occurs during SFC program execution with a “re-
sumptive START” format, an “initial START” status may be desig-
nated when the system is restarted due to the reset being
interpreted as a “resumption disabled” condition.
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6.2 Block START and END

6.2.1 Block START methods
The block START methods during SFC program execution are described
below.

As shown below, there are several block START methods. Choose the
method which is most suitable for the purpose at hand.

START Method Operation Description Remarks
. * Convenient when block 0 is used
* When the SFC program is started, as a control block, pre-processing
Auto START ON block O is automatically started, block or a consta'nt monitorin
and is executed from its initial step. block' g

At SFC program
START * A START request is designated
from another sequence program for
Auto START OFF a specified block.

The specitied block is then started e A sequence program other than the

e Convenient when the started block
is to be variable (product type, etc.)
when the SFC program is started.

and executed from its initial step. SFC program must be-designated
at the program setting paramster.
Block START by SFC » Another block is started by the e Convenient for automatic
diagram symbol block START steps (B,8) at each operations, etc., where the
of the SFC program blocks. m sequence control is clearly defined.

o There are 2 types of block START:
The START source step remains
active until the START destination

block is ended.
m The START source transition
occurs without waiting for the
START destination block to be

ended (SFC diagram symbol: Bm).

START occurs

fommmmnn

» Using an SFC control instruction, a
spacifiad block is forcibly started
from an SFC program step
(operation output), or from another
sequence program.

(1) When specified biock is
executed from its initial step:

Condition

SET | BLm » Convenient whan starting an error
Block START by SFC resatting block (when error
control instruction * *m" is the block No. detection occurs), and for

executing interruption processing.

(2) When specified block is
executed from a specified step:

Condition

* {‘n is the block No., *n" is the step
o.

» A specified block is started by
forcing the "block START/END bit” « Convenient for debugging and test

ON from a program or a peripheral operations in 1-block units because
51:7:3:::3.%250 device. the block can be started from a
9 The *block START/END bit" is peripheral device without requiring
designated at each block as an a program.

SFC information register.

"
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6.2.2 Block END methods

The methods for ending block operations are described below.

~ As shown balow, there are several block END methads. Choose the method
which is most suitable for the purpose at hand.

END Method Operation Description Remarks
» Block processing.is anded and the block is ¢ Convanient for cycle stops at automatic
deactivated when the block's END step Is operations, etc.
Block END by SFC executed.

e Multiple END steps are possible within a

diagram symboi single block.

i <— END step

¢ Using an SFC control instruction, a
specified block is forcibly ended and
deactivated from an SFC program step
(operation output), or from another
sequence program.

Block END by SFC F_Tndmon ¢ Convenient for executing a forced STOP (at

emaergency stops, etc.) without regard to

control instruction the operation status.

* *m" is the block No.

* Block processing is also ended when the
RST BLm\Sn instruction is used to
deactivate all steps at a specified block.

* A spacified block is ended by forcing the

Block STARTby | “block START/END bit* OFF from a ® gonvenient for u9ging and test. can
SFC information program or a peripheral device. The “block bs ended from a peri hera’?device \«%thout
register START/END bit" Is designated at each perip

requiring a program.

block as an SFC information register.

POINTSl

(1) A forced end to block processing is possible using a method which
is different from that used to start the block.

Example: 1. A block started by an SFC diagram symbol (8, 8) can
be ended by an SFC control instruction (RST BLm).

2. A block started by an SFC control instruction (SET
BLm) can be ended by forcing the SFC information
register's “block START/END bit" OFF.

(2) After block END processing is completed, the block can be restarted
as shown below.

Block
When the black 0 START * After block processing is
condition is designatad as °'"d°dé processing Is ¢
*auto START ON* started automatically from
Block 0 ‘ the initial step.
When the biock 0 START e After block processing is
condition is designatad as ended, the block remains
*auto START OFF* inactive until a START
LY I : . - b (eQuest occurs by one of
the methods described in
Blocks other than block 0 (blocks 1 to 319) Section 6.2.1.

6-56
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6.3 ~Block Temporary Stop & Restart Methods

6.3.1 Block STOP methods
The temporary block STOP methods which can be used during SFC program
execution are described below. ‘
(1) Btock STOP methods
The methods for temporarily stopping a block during SFC program
operation are shown below.
STdP'I_lﬂhoq Operation Description Remarks

Block STOP by SFC
control instruction

s Using an SFC control instruction, a
specified block is temporarily stopped from
an SFC program step (operation output), or
from another sequence program.

Condition

s Convenient for temporarily stopping
operation (at error detection, etc.) in order
to correct the error by manual operation.

» The manual operation control programcan
be piaced atanother block which is
forcibiyforcibly startedwhenthe block

STOP occeurs.

**m" is the block No.

Block STOP by SFC
information register

« A specified block is temporarily stopped by
forcing the “block START/END bit” ON from
a program or a peripheral device.

The "block START/END bit” is designated at
each block as an SFC information register.

¢ Convenient for confirming operation by step
control at debugging and test operations,
because block processing can be stopped
from a peripheral device without requiring a
program.

(2) Block STOP timing & coil output status when STOP occurs
The STOP timing in response to a block STOP request, and the coil
output status during the STOP are as shown below.
Status of Operation Description
Output Mode Output
Setting Mode’'s B|s¢::|‘(us'1'°o'p
at Parameter Special Active Step Other
Block STOP Relay Mode Bit than HOLB Step Active HOLD Step
(SM325)
.OZ.F-' orno o After the STOP request, the coil output will be switched OFF the
seing first time processing ocecurs at the specified block, and a STOP
(immediate will occur
stop) )
Coil output OFF o After the STOP request, the coil
OFF, (coil output output will be switched OFF when | ¢ After the STOP request,
coil OFF) N the transition condition is the coil output will be
output HOLD gost wransition satisfied, and a STOP will occur. switched OFF the first
STOP) « it multiple steps are active, the :nhme p'°‘?f°.sg':|9 ozcursdat
STOP will occur at each of the s?cf,?“"",."’c ock, and a
steps in sequence as their will oceur.
transition conditions are satisfied.

66
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outbut Mod s‘t;i:u c:f Operation Description
p ode utpu
Setting Mode's a?;::‘u;-roofp ! .
at Parameter Special
Block STOP Relay Mode Bit fan HOLD Btep. Active HOLD Step
525':9 orno o After the STOP request, a coil output HOLD status will be
(immediate establishad the first time processing eccurs at the specified
stop) block, and a STOP will occur.
B ON ) } » After the STOP request, the coil
Coil output . output. HOLD status will be « After the STOP request, a
HOLD (Coil output established when the transition coil output HOLD datos
p S HOLD) ON - condition is satisfied, and aSToP will be established the
(post-transition will occur. : first ime processing
STOP) « It multiple steps are active, the g‘ccurs at the spacitied
STOP will occur at each of the ock, and a STOP wil
steps In sequence as their ocour.
transition conditions are satistied.

POINTl

e The coil HOLD step becomes inactive the first time processing oc-
curs at the block in question following the STOP request.
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6.3.2 Restarting a stopped block

Restart Method

The methods for restarting a block which has been temporarily stopped
during SFC program processing are described below.

(1) Restarting block processing

The methods for restarting a block which has been temporarily stopped

are shown below.

Operation Description

Remarks

Restart by SFC
control instruction

¢ Processing of the specified block is
restarted by an SFC control instruction at a
step (operation output) or sequence
program outside the stopped block.

Condition

-

* "m" is the biock No.

. Convenlént for returning to automatic
operation when the manual control END
signal Is output at the temporary. STOP.

Restart by SFC
information register

o A specified block is restarted by forcing the
“block START/END bit* ON from a program
or a peripheral devicse.

The “block START/END bit" is designated
at each block as an SFC information
register.

¢ Convenlent for confirming operation by step
control at debugging and test operations,
because block processing can be restarted
from a peripheral device without requiring a
program.

(2) Active step when restart occurs

The step which is active when a block is restarted varies according to
the status which existed when the STOP occurred, as shown below.

" SYaYds st STOP

Step Other than Operation HOLD Step

Operation HOLD Step

Block STOP mode
bit is OFF

* Operation is restarted from the step which
was being executed whan the STOP
occurred.

Block STOP mode
bit is ON

¢ Bacause the STOP is due a satisfied
transition condition, operation is restarted
from the post-transition step.

Steps where an operation HOLD status (with
or without transition check) was in effect
when the STOP occurred retain their
operation HOLD status when restarted.

[POINT]

not reactivated by a restart.

Coil HOLD steps are inactive when a STOP occurs, and are therefore
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6.4 Step START (Activate) and END (Deactivate) Methods .= - - e

4.1 Step START (activate) methods -

it

The methods for activating steps are described below.
(1’) Step START (activate) methods

Steps can be started (activated) by the methods shown below.

Step START
(Activate) Method

R R T P R RY: , oot

Operation Description 1 Remarks

Step START by SFC
diagram symbot

* The step is automatically started (activated)
when the preceding transition condition is
satistied..

Condition

-}« START occurs when transition
condition is satistied.

¢ Basic SFC program operation

Step START by SFC
control instruction

» Using an 8FC cantrol Instruction, a
specified step is forcibly started from an
SFC program step (operation output), or
trom another sequence program.

. Jumps to othaf Nocks are possible.

Condition ‘ o 1f the block where the speclhed destination
,l m—-l step is located is inactive, a forced block
START will occur.

® *n" is the step No.

. * When muitiple initial steps exist, a selection
c°"Ld'"°" START will oceur.
} “SET

* “m" is the block No., *n" is the step No.

(2) = Operation at double step START

When a double step START occurs for a step which is already active,
operation varies according to the. START method as shown below.

(a) Double START by SFC diagram symbol

Operation varies according to the “transition to active step” block
parameter setting for the block in question.

o When "PAUSE” setting is designated
e ... A CPU opaeration error occurs, and
CPU operation is stopped.

o When “WAIT” setting is designated
........................ The previous step is deactivated
and a WAIT status is established.
The transition occurs when the
transition destination step
becomes inactive. (Transition
destination step is reactivated.)
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¢ When “TRANSFER?" setting is designated:
........................ The transition occurs immediately,
and the previous step is
deactivated. (The activation is
absorbed.)

(b) Double START by SFC control instruction

The instruction is ignored, and processing of the STARY destination
step continues as is. ’
(The instruction is executed in the same way as the NOP instruction.)
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6.4.2 Step END (deactivate) methods
The methods for deactivating steps are described below.

(1) Steps can be ended (deactivated) by the methods shown below.

Operaﬁon Description

Remarks

END by SFC
diagram symbol

Step END Method

| « The step Is automatically deactivated by

the system when the step's transition
condition is satisfied.

Deactivated when condition
is satisftied.

Condition
TRAN

e Basic SFC program operation

o At steps where attributes are specified,
operation will occur according to the
attribute.

e It a reset step is designated as the step
attribute, the reset (deactivate) step No.
must be specified.

-

[Fg n S10

7 Reset step No.

o Convenient for resetting HOLD steps during
SFC program execution when a machine
operation condition is satisfied, or when a
parallel branch transition to an error
processing step occurs.

o The specified reset step must be located in
the same block.

END by SFC control
instruction

e Using an SFC control instruction, a
spscified step is forcibly reset (deactivated)
from an SFC program step (operation
output), or from another sequence program.

Condition

l | l
[
Condition

s SET

* *m" is the block No., “n" is the step No.

RST
* *n"is the step No.

* Step resets at other blocks are also
possible.

o It all the block's steps are deactivated by
the reset, processing of that block will be
ended.
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6.4.3 Changing an active step status

The method for deactivating an active step and activating a specified step is
shown below.

Change Method Operation Description Remarks

o Active SFC program steps (instruction
execution steps) are deactivated, and a
forced START is executed for a specified

step e Convenient when jump daestination varies

according to the condition.

e The change destination step must be

Changwe by SFC located in-the current block.

Condition

control instruction H SCHG] Kn) « Indirect designation (DO, K4MO, etc.) of the
change destination step is also possible.
o If multiple instructions exist in a single
. step, the change destination executad in
Active step Specified step the same scan will be effective
deactivated :> is activated '
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APPENDRIGES-1 SPEGIAL RELAY AND SPECIAL REGISTER LIST

1.1 *“SM” Special Relays

The special relays and speclal reglsters which can be used in SFC pro-
grams are-shown betow:-
For information regarding othar special relays and special reguﬂers {not

used at SFC program), refer to the QnACPU Programming Manua! (Com-
mon Instructions).

Name

Content

Description

ON/OFF
Control

SMO

Diagnosis error

OFF: normal (no error)
ON : abnormal (error)

* Switches ON when a diagnosis result
error occurs.
{Also switches ON at an external
diagnosis error.)

+ Remains ON even when normal status
is restored.

System
(at error
occurrence)

SMS0

Step transition
watchdog timer
START (corresponds
to SD90O)

SMo1

Step transition
watchdog timer
START (corresponds
to SD91)

SM92

Step transition
watchdog timer
START (corresponds
to SD92)

SM93

Step transition
watchdog timer
START (corresponds
to SD93)

SM94

Step transition
watchdog timer
START (corresponds
to SD94)

SM95

Step transition
watchdog timer
START (corresponds
to SD95)

SMeé

Step transition
watchdog timer
START (corresponds
to SD96)

SM97

Step transition
watchdog timer
START (corresponds
to SD97)

SMe8

Step transition
watchdog timer
START (corresponds
to SD98)

SM99

Step transition
watchdog timer
START (corresponds
to SD99)

OFF: Watchdog timer
reset

ON : Watchdog timer
START

Switched ON to begin the step transition
watchdog timer count.

Watchdog timer is reset when switched
OFF.

User
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Content

-

Description

ON/OFF
Control

SM320

"SFC program
presence/absence

OFF:

SFC program
absent.

: SFC program

present

* Switches ON when the SFC program
status is normal, with the parameter
program settings'deslignated.

System
(inttial
value)

SM321

SFC program
START/STOP

OFF:

SFC program
STOP

: 8FC program

START

e Switches ON éutomalically when an
SFC program is present.

o If switched OFF by another program ftile
prior to SFC program execution, the
SFC program will not be executed.

o SFC program START/STOP control is
possible by ON/OFF switching at the
user program.

System
(initial
value),

User

SM322

' SFC program START
status

OFF-
ON

Initiat START

: Resumptive

START

» The default value is the value
designated at the parameter’'s SFC
program START mode.

When OFF: All execution statuses are
cleared when the SFC
program is stopped; and
a START occurs from the
initial step of block 0.

A START occurs from the

block and step which were

being executed when the

SFC program was stopped.

» An “ON" setting is only valid when
the parameter's SFC program START

mode s set to “resumptive START".

When ON

System

(initial

value),
User

SM323

All-blocks continuous
transition status

OFF:
ON

Continuous

transition enabled
: Continuous
transition disabled

e When the transition conditions of
contiguous steps are all satistfied, this
setling determines whether all those
steps will be executed in a single scan.
When ON : Continuous execution

(continuous transition
enabled)

When OFF: Steps are executed in a
1-step-per-scan format
(continuous transition
disabled)

» When the SFC information register's
“continuous transition bit* setting
is designated at each block, those
settings will take precedences.

User

SM324

Continuous transition
disable flag

OFF:
ON

After transition

: Before transition

o if the continuous transition status is set
to ON, this flag is ON until the
continuous transition occurs, and
switches OFF when a 1-step transition
is completed.

A continuous transition for the step in
question can be prevented by
designating an AND condition for
SM324,

System
(for
instruction
execution)

SM325

Operation output at
block STOP

OFF:
ON

Coil output OFF
: Coil output ON

e Designates the operation output which
occurs when the block is stopped.
When ON : The coil output ON/OFF

status at the step being
executed when the block is
stopped is maintained
(HOLD).
When OFF: All coil outputs are
switched OFF.
(Operation outputs which occur in
response to the SET instruction are
maintained (HOLD) without regard to
the SM325 ON/OFF status.)

System

(initial

value),
User
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r Sesstt ——
AN . - ON,OEF
No.. Name Content Description Contro!
" s «Switehes ONiwheh a status check is System
sma1s | "Status check™ SFC NoldH D.I.sablqd completad:at-an SFC program. L (status
information ON : Engbleq when switched ON, information is * ~ change)
stored 4t D816 and SD817. 9
SM820 Sleﬁ trace ready sxatﬁs OFF: Nolm.ly o Switches ON when a “ready” status is ?sy;'&";
. ON : Ready aestablished after-gtep trace registration. change)
o Designates the stap trace
STARTISTOP status.
When ON : Step trage function is
‘ OFF: Trace started.
SM821 | Step trace START ON TraerIART When OFF: Step trace function is User
stopped.
If switched OFF during a
trace execution, the trace
operation is stopped.
o . . «ON when step trace execution is in System
SMe22 :;egp trace execution 85‘:: }::z: :‘:x‘: e progress, and OFF when tracing Is (status
' i - compléted or stopped. change)
i . _— - « Switches ON when a trigger condition is System
SM823 | Post-trigger step trace 8;':: 1299:: :::::;:Lied satistied at any of the blocks where the (status
- 1rgg step trace function is being executed. change)
OFF: Block with - .
‘t’:;;“?ﬂ, "d ts «Switches ON when trigger conditions System
SM824 | Post-trigger step trace ON : T "999 s at all are satisfied at all blocks where the (status
blacgkes'aro step trace function is being executed. change)
awm
_ ‘ T o Switches ON when step tracing is System
SM ‘ OFF: rac9 éT%HT completed at all the specified blocks,
825 | Step trace END fiag ON : Trace and switches OFF when step tracing (status
begins. change)
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1.2 “SD” Special Registers

No.

Name

Content

Description

SDO

Diagnosis error

Diagnosis error No.

* The No. of the diagnosis error is stored as 4-digit binary
data.
* 4130313 for errors originating at an SFC program.

* When more than one error has occurred, the error with the
highest display priority is stored.

SD1
to
SD3

Time of diagnosis
error occurrence

Time of diagnosis
error occurrence

» The clock data when an SDO update occurs is stored.

b15--=---- -b8 b7------- - b0

SD1 |Year (00 to 99) i Month (1 to 12)

[}
SD2 | Day (1to31) ! Hour (0 to 23)

Each item is stored
as BCD 2-digit data

4
SD3 [Minute (0 to 59);Second (0 to 59

SD4

Error information
classification

Error information
classification code

¢ Code which identifies an error as “information” or
*Individual information” is stored.

(BIN 8 bits) | (BIN 8 bits)

‘— *Common information”

codes

*Individual information”

codes 0: None

1: Unit No.

2: File name

3: Time (setting value)

4: Program error location

0: None

: File name

: Time (actual count value)
. Program error {ocation

. Parameter No.

. Annunciator F No.

: CHK instruction Failure No.

SDSs
to
SDis

Error "common
information”

cA

Error "common
information”

» The error “"common information” is storéd.
* When the SFC program is started, data is stored as
follows:

SD5
SD6
sD7
sD8

SDg l , (ER)

SsDio Extend name

File name

b15--b3 b2 b1 b0

SD11

Pattern [— Q o/1 jo/1 jon

' 8D12 Block No.

b0...SFC block information

Step No./transition present

condition No. b1...SFC step information
. SRQUANCE. pragiam _present
No. for step and b2...SFC transition
transition condition condition
information present

sD13

SD13
sDi15
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4'.:

Content

SIS

' LS Toaam
Dncrlptl&n

SD6.
to
AD25

information”

- ErSr "mEtdar -

ErFér "INEIIEGET™ T
" information”

T

1.0 The ewos tindividual information’ i8. 83000 .o . - <. -
at SFC programs.

* There is no “individual information* for arrovs orlgmaﬂng )

SD90

| Stép Wansition
_watchdog timer
‘sefting - -

{GO{LQ)Gpending to

SD91

Step traasition
watchdog timer
setting
(corresponding to
SM91)

§D92

| Step transition

watchdog: Umer
setting
(carresponding to
_SM92)

SD93

Step-trarisition
watchdog timer
setting
(corresponding to
SM93

SDo4

Step transition
watchdog timer
setting
(corresponding to
SM94)

SD95

Step transition
watchdog timer
setting -
{cotresponding to
SMaS5) ‘

SDgé

Step transition
watchdog timer
setting
(corresponding to
SM96)

sD97

Step transition
watchdog timer
setting C
{cotresponding to
SM97)

sDg8

Step transition
watchdog timer
setting
{corresponding to
SM98)

SDg9

Step transition
watchdog timer
setting
(corresponding to
SM98) -

Timer setting value
and *F~ No. at time-
over

» The step transition watchdog timer's setting value, and the
*F" No. which switches ON when a watchdog timer time-
over status occurs are designated.

b8 b7 to DbO

t

bi5 to

..

Timer limit se!tlng
(1 to 255 secs.;
designated In 1-sec. units)

*F" No. setting

A

The timer is started when any of these special registers
switches ON.

if the next transition condition for the step in question is not
satisfied within the designated time, the specified
annunciator (F) switches ON.

jsD816

sxatgé check

execution block No.

Status check

oxeouﬂon biock No.

» The block No. where a status check (at SFC program) is
executed is stored.
* Vatid only when SM816 is ON.

sSD817

Status check

execution step No.

Status oheck
exacuzion step. No.

e The step No. where a status check (at SFC program) is
executed is stored.
* Valid only when SM816 is ON.

LR SR
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APPENDICES 2 MELSAP-Il AND MELSAP3 COMPARISON

Compared to MELSAP-1f, the improved MELSAP3 has additional functions
which facilitate the use of SFC programs. MELSAP-Il arfd MELSAP3 are
compared below.

* MELSAP3 improvements and added functions

(a) SFC program contral by instructions
Using SFC control instructions at a sequence program, the SFC- ~
program status can be checked, and blocks/steps can be forcibly -
started and ended. '

(b) Expression of SFC program as a sequence program (ladder/list) is:
possible SFC programs can be expressed as ladders or lists, and
step and transition condition programs (timer (T) and counter (C)
setting values, elc.) can be revised at the Q6PU.

(c) Additional step attributes
MELSAP3 offers many more step attributes, such as the operation
HOLD step, reset step, block START step (without END wait), etc.
Moreover, machine control by SFC program has been made eas-
ier by improvements such as the step follow-up function (activates
multiple steps in a series within a single block), and a contro! func-
tion which allows transitions (at block START requests) without
waiting for a block END status at the START destination block
(asynchronous control of the START source and destination
blocks).

(d) Expanded memory capacity
In addition to an increased number of steps and branches per
block, the capacity of step and transition condition programs has
been increased to 4k sequence steps in order to make program-
ming easier.

(e) Substantial block information

The amount of bloeck information has been increased, permitting
operations such as a continuous transition designation in 1-block
units, and a STOP timing selection {“immediate STOP" or “STOP
when transition condition is satisfied”) for block STOP requests.
Furthermore, the additional block information simplifies operation
by permitting a block START and END to be executed from a sin-
gle device.

(f) Increased processing speed reduces system processing time
The SFC program’s system processing time has been reduced,
resulting in reduced tact times through the efficient combination of
the SFC program functions.

(g) Improved operability of SFC software package
Troublesome menu switching operations have been eliminated by
permitting SFC comments, steps and transition condition pro-
grams to be created concurrently with SFC ladder creation.
Moreover, the SFC diagram cut & paste function, and block unit
registration/utilization have been simplified.

* For reterence purposes, comparisons of the major MELSAP-II and
MELSAPS3 functions are shown in the following pages.
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A LN
(1) SFC Diagrdam Symbols R
T a
Cin s NG ] e oo . MELSAP-Y .o 4-: 1. . MELSAP3
Step aa o - ' aag
Coil HOLD step ; EI
Operatton HOLD step : _
(withaut transition chack) . . . . : [se]
Operation HOLD step —_ ST
(with transition check)
Reset step o - E
Biock START step ‘
(with END wait) - 8B =
Block START step — =
_(without END walit)
0O O é
.|
pog 2
0O OO O
Coupling & Branch D__E
- %
= 7
* A dummy step is required when
cauplings or branches are s Coupli I
: Y pling and branch duplications
duph_ca:pd\at a transition are possible at a transition
‘ °°Pdm°": (g) ‘ . condition.
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{2) SFC Control Instructions

The SFC control instvructi_on shown below are available at MELSAP3.
'MELSAP-It has no SFC control instructions.

_ Ladder Expression

Function

Step status (active
/inactive) check
instruction

LD, AND, OR,
Lm ANI, ORI

o1

- Executes a ¢heck to determine if a specified

LD, AND, OR,
AN!OR!

step at a specified block is active or inactive.

instruction

Forced transition check

AND, OR,

ol

¢ Checks a specified step in a specified block
to determine If the transition condition (by
transition control Instruction) for that step

( ) s
(55,58 oA1)
(8% &%) TAn
( )
( )

instruction

tgl ‘ﬁ? 8:, BLMTRN was satisfied forcibly or not.
Block operation status LD, AND, OR, BLm o Checks a specified block to determine if it is
check instruction LDi, ANI, ORI active or inactive.
MOV (P) K4Sn (D) -
MOV (P) BLm\K4Sn (D)
Active steps batch DMOV (P) K8Sn (D) U | o Active steps in a specified block are rea& toa
readout instruction DMOV (P) BLmK8Sn (D) specified device as bit information.
m n
BMOV (P) K4Sn (D) Kn
BMOV (P) BLM\K4Sn (D) Kn
» A specified block is forcibly started
Block START instruction | SET BLm (activated) independently, and is executed
trom its initial step.
. ¢ A specified block is forcibly ended
Block END instruction RST BLm (deactivated).
Block STOP instruction PAUSE BLm ¢ A specified block is temporarily stopped.
¢ The temporary stop status at a specified
Block restart instruction | RSTART BLm block is canceled, with operation resuming
from the STOP step.
SET Sn =1 | o A spacified block is forcibly started
(activated) independently, and is executed
SET BLm\Sn from a specitied step.
: ot ‘
Step control instruction | RST Sn * A specified step at a specified block is
RST BLM\Sh forcibly deactivated.
.2 | ® The instruction execution step is deactivated,
ScHa (©) and a specified step is activated.
'1
SET TRmn e A specified transition condition at a specified
Transition control SET BLmM\TRN block is forcibly satistied.
instruction T
RST TRn o The forced transition at a specified transition
RST BLmM\TRA condition in a specitied block Is canceled.
Block switching  Blocks subject to the **1” SFC contro!
instruction BRSET (0} instruction are designated.
e When the instruction execution condition is
Subrouti i ON, the subroutine call is executed in a
ubroutine ca XCALL Pn constant manner.

When switched OFF, the subroutine call
occurs only once at that time.
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Name ' " LadderExpression | " Function

Prqgrdm:ébe‘r_atian«;z-}f;fﬂ A i R e o] erA chieck occUfs to determine if a specified
status check instruction (LD, AND':OR): PCHK }p;r\o:gr m name”. .. program is-being executed.

. * When the designated time period beginning from
. . L the point when a specified condition is satlsfled
_Time check instruction | | TIMCHK _ (81)(S2) (D). . . . .| e,ap‘;es the- des,g’:‘amd output device is

1 ; .. SWitched ON.

- (3):~ Block/Step START, END, and STOP Methods

o MELSAP e e e MELSKPa S S

Block ~ | By SFC Dlagram

; By Block iz By ‘SEC:Controll;
nation Symbol

Informauon Instruction; =}

' Block START B : -
"'(Wlth END check) [ Em et S S Em

“oBloCK
~|-~START/END bit-
ON-

:‘(B\L?::‘i;f;résg ol U Y ‘Block active bit |
check) ofr-

SET BLm\Sn

Block :
B START/END bit | . RST BLm.
{OFF . )

Block clear bit_.

Blogk END ... coonf avrionTFs - ON5 OFFI L

...,A.Block
STOP/RESTART PAUSE BLm
bltON )

Block STOP - 3

rFo? bit | _ ' STOP/RESTART | RSTART BLm_
/ PR RN blt OFF AL I E I E O SR NS Pl

‘Block restart -+ .|
(STOP cancel). :

active
No: register

: (at bioek STOP ™
wies Sonly)

BLm\Sn h

.Step. START - ..

RST Sn

StepEND: 'RST- ‘BLm\sn™

Active step -

'SCHG Sn
change. ...

.Active.step..... .. | ... .
forced transiti‘on o

SET TRn
.SET . BLm\TRn

Forced transmon )
- cancel e B

RST TRn
RST BLm\Sn

_Specified by block | -
STOP -mode bit
~(*immediate
STOP" or*STOP
...after.transition
condition'is
“gatistied”)

STOPtnmmg at e
block STOP
-request -
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(4) SFC Program Specifications

Hem MELSAP-U MELSAP3
. Max. 58K bytes (A3N, A3A, A3U, Ad4U) Max. 124K bytes
Capacity (main program only) (Q4ACPU)

Number of blocks

Max. 2586 blocks

Max. 320 blocks

Number of SFC steps

Max. of 255 steps per block

Max. of 8192 steps
(total for all blocks),
max. of 512 steps per
block

SFC program Number of branches

Max. of 22

Max. of 32

Number of
concurrently active
steps

Max. of 1024 steps (total for all blocks),
max. of 22 steps per block

Max. of 1280 steps
(total for ali blocks),
max. of 256 steps per
block (including HOLD
steps)

Number of operation

output sequence steps

Max. of 255 sequence steps

Max. of 4k steps per
block, no limit per step

Number of transition
condition sequance

Max. of 255 sequence steps

Max. of 4k steps per
block, no limit per step

steps

Function exists

Step transition watchdog timer function Function exists (8 timers) (10 timers)
(5) System Processing Times for CPU Types
MELSAP-II MELSAP3
ltem A3ACPU (F)
A3UCPU AN Ty Q4ACPU Q3ACPU
A4UCPU

Active block processing 57.0 us 260.0 uS 20.3 uS 40.5 uS
Inactive block processing 140 uS 45.0 uS 40uS 7.9 uS
Nonexistent block processing 4.0 S 25.0 uS 2.1 uS 4.1 S
Active step processing 49.5 us 355.0 uS 3.2u8 6.3 uS
Processing of transition condition
at active step 29.5 uS 100.0 uS 7.4 uS 14.7 uS
Processing of step :{'e‘:%‘gs';'gon:gon 17.0 pS 60.0 uS 7.8 uS 15.6 uS
with satisfied "
transition condition ith HOLD step

designation 248 13.5 uS 218 428

;VT'%E;‘,"“' 28.5 1S 14.3 uS 28.5 uS
SFC END processing W 285.0 uS

ith *resumptive
START" 195.0 uS 97.5 uS 195.0 uS
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