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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 safety 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 module 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 aisc have very
Serious consequences.

Both of these classes of safety 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.



[System Design Precautions]
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¢ Safety circuits should be installed external to the programmable controller 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 self-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.

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

e 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 (ll, /B, /10) remote 1/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.




[System Design Precautions ]
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¢ Do not bundie 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.

e 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.

o 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.

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

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




[Cautions on Wiring]
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o 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

o 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.

« 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 voltage, 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.

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

o Connectors for external connections should be crimped, pressure weided, 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.




[Cautions on Startup and Maintenance]
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e Do not touch terminals while the power is ON.
This will cause malfunctions.

o 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.

o 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.

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

[Cautions on Disposal]
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. D'ispose 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 procedures used to program the MELSEC-Q2A, Q2A-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-
quence and execution conditions.

MELSAP3 conforms to the IEC standard for SFC. In this manual, the se-
quential function chart is referred to as “SFC” (program, diagram).

lﬁelated ManualsJ

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.

Also describes how to use the QnACPU most effectively.

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

Describes the performance, functions, and handling of the Q2ACPU(S1), Q3ACPU, and
Q4ACPU, and the specifications and handling of memory cards and base units.
(Purchased separately)

1B-66606

1B-66608

QnACPU Programming Manual (Common Instructions)

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

(Purchased separately)

1B-66615

QnACPU Programming Manual (Special Function)

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

(Purchased separately)

QnACPU Programming Manual (AD57 Instructions)

Describes the dedicated instructions for controlliing an AD57(S1) type CRT controlier
module available when using the Q2ACPU(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 1B-66618
Q2ACPU(S1), Q3ACPU, or Q4ACPU.

(Purchased separately)

MELSECNET/10 Network System (for QnA) Reference Manual

Describes the general concept, specifications, and part names and settings, for MEL-
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 SW0IVD-GPPQ such as file maintenance.

(Supplied with the product)

Type SWOIVD-GPPQ GPP Function Operating Manual (ONLINE)

Describes the oniine functions of SWOIVD-GPPQ, including the methods for monitoring
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, monitoring method, printout method, 1B-66625
and error messages, for MELSAP-3. . ’
(Supplied with the product)

IB-66620

1B-66623

1B-66624




1. GENERAL DESCRIPTION

1.1 Description of SFC Program

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.

[Operation output and transition condition diagram for each step]

Process START  Workpiece
) N o
operation detection Conveyor START

X0 X1
START switch 1 operation unit |:]| Initial step —--—{l——“ i} { Y20 )——{

[SFCdiagram)

Machine opsration
flowchart

Pallet detection

Transition X2 r
[~ condition 1 "“{}_” 1 Tran H

Y

Pallet clamp
Pallet confirmation, 1 operation unit Step 1 S | < Yai
clamp operation [ ; l
Ctamp confirmation

. X3
Transition  ____ Hl — Tran ]—‘
condition 2 f -

Drill rotation

< vz >—
Y22
—1 I pLs MO
i Mo Drill DOWN
: -1t [sET - Y23}
rxr:::ns 4 Drilling operation - | 1 operation unit | I Step 2 ---—94| X4 Drill DOWN endpoint
i r l
sequence __| f - RST vas
K20
—< To >—]
TO Drilt UP
1} [seT  v24 }—

Drill UP endpoint
X5

_| Transition —_—— }__ll r
condition 3 { " { Tan ] I

Pallet unclamp

Ve
v < Y25
Unclamp operation, : P l I —_— r
workpisce unioading 1 operation unit Step 3 [ PLs M1
M1
— | [RsT  vo4
X6  Unclamp confirmation Conveyor START
— ) — Y20

X7 Workpiece unloaded confirmation
L

_t  Transiton ____ r ]_|
condition 4 { m L Tran

Machining completed| ¥ Process END _—  ENDstep




1. GENERAL DESCRIPTION

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 ending at the “END” step.

(1) When the SFC program 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.



1. GENERAL DESCRIPTION

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 themseives, corresponds on a one-to-one basis with the
blocks and steps of the SFC 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
control unit control unit control unit
Step transition
control unit for
overal process
Transfer machine
Overall system
{SFC program}
Step transition control Station 1 Station 2 Station 3
unit for overall process control unit control unit control unit
(block 0) (block 1) (block 2) {block 3)
o Transfer machine START _ START START . START
T (initial step) ! (initial step) (initial step) H (initial step)
! [ Station 1 START i Pallet ciamp Pallet ol ; Pallet ol
: - _— (blié% START) {step 1) - (::a; 1°)amp ! - (s?e: 1°) ame
@ : ’
| § [ station2 START.___| Drilling Tapping i [ 7] Werkeiece unloading
! a (1 (block 2 START) 1 (step 2) (step 2) ! (step 2)
' ! E
E [ ] Station 3 START____: —n Pallet unclamp Pallet unclamp H - Paliet unclamp
! 1 (block 3 START) E : (step 3) (step 3) : (step 3)
[ A EEENNDD stop) : ; (END step) = (END step) i == (END step)
L OEEELE R e PP PR i
L e e — e e }
(2) Requires no complex interlock circuitry

Interlock circuits are used only in the operation output programs for each
not required, it is not

step. Because interlocks between steps are

necessary to consider interlocks with regard to the overall system.

Clamp
SOL1 SOL2 LS-U
MT1-F l T Clamp UP endpoin&_ oF
—_— - ~o . =
MT1.8 — "t ___ ¥ Clamp DOWN endpojnt WTo-8
- — Tt T
' + LSD
: :
Headstock ety !
rotation [ 1
MT2-R noauon
1 [} -
N ' ! Carriage
(Headstock RETRACT {Machining (Machining (Carriage ADVANCE Lsi0
endpoint) START) END) endpoint) (Carriage RETRACT endpoint)
LSO LS1 LS2 LS-F LS-R
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B

Carriage ADVANCE endpoint

‘"'{'r

Carriage ADVANCE

— Y20 >——|

[ Tran H

Clamp DOWN

(R

< v21

MELSEC-QnA

r N

As shown in the SFC program at left, the steps require
no “operation completed” interlock contact with the
previous step. With a conventional sequence program,

Clamp DOWN endpoint carriage FORWARD (Y20) and clamp DOWN (Y21)
X4 interlock contacts would be required at the ladder
I Tran H used for the headstock ADVANCE.
L

Headstock ADVANCE X3 x4  Headstock ADVANCE

Step 7 —--—{}—ff——’i‘? < v22 >—fa-omoo H—H——H——H———( vee >

Interlock contacts
L P

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 to obtain the optimum
configuration for system-of-units used for machine operation.

320 blocks

Block 0 Block 1

Block 319

Operation output program
X0
Y20
K20
To
T0
< v21
1
512 steps 1 ==

l_s-z'ep__z_] * i Stea Step 2
4k sequence steps per block for

operation outputs and transition
T conditions -1




1. GENERAL DESCRIPTION

(4) Creation of multiple initial steps is possible

Muitiple 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 (4 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.

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

e 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.

Cdse st [se @sa

-+ to 4+t +t2 +1t3
[(Jsa [ Jss [ Jss [ Js7
+ t4 + 15 + t6 ~+ 17

[:':lse

Linked steps can also be changed at each initial step.

[ so

-+ to

Ej s3

st

- t1

[ ]se

s

—

L

- t2

s
5

4 13 4 t4

[ ]ss

T t6

[gw




1. GENERAL DESCRIPTION
MELSEC-QnA

(5) - Program design is easy due to a wealth of step attributes

A variety of step attributes can be assigned to each step. Used singly
for a given control operation, or in combination, these attributes greatly
simplify program design procedures.

¢ Types of HOLD steps, and their operations
a) Coil HOLD step ([SC])

X0 ¢ When the transition condition is
H*—I—_‘ vio >4 gatisfied, the coil output status is
_J—’:'l_f_l___ - maintained regardiess of the

o= — ON/OFF status of the interlock

Y10 _Ji condition {X0).
(Transition condition satisfied) ¢ Transition will not occur even if
the transition condition is satis-

Step which is active due to! fled aga!n‘ . ..

(tsr;riass'iitl%nconditionbeing) + Convenient for maintaining an
output until the block in question
T is completed (hydraulic motor

output, pass confirmation signal,
etc.).
b) Operation HOLD step (no transition check) ([SE])

X0 e Operation output processing
H————< v10 > continues even after a step tran-
N sition occurs, and coil output

xo (Y10) ON/OFF switching occurs

Y1o—r_1————'_—1— in accordance with the interlock

condition (X0) ON/OFF status.

¢ Transition will not occur if the
transition condition is satisfied
again.

e Convenient for repeating the
same operation (cylinder ad-
vance/retract, etc.) while the -
relevant block is active.

Step which is active due to
transition condition being
atisfied




1. GENERAL DESCRIP
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c) Operation HOLD step (with transition check) ([ST])

e Operation output processing

X0
< Y10 continues even after a step tran-
Xt sition occurs, and coil output

(Y10) ON/OFF switching occurs

| Mo [ Tran }_I in accordance with the interlock
' condition (X0) ON/OFF status.
- o When the transition condition is

(Transition executed)

again satisfied, the transition is
executed, and the next step is
activated.
¢ Operation output processing is
executed at the reactivated next
. step. When the transition condi-
Fovhuioiichoniides tion is satisfied, transition oc-
condition being satisfied curs, and the step is deactivated.
s 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.).

« Reset step ([R])

¢ 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.

R ]
[—— n <When the reset step is )

activated, a designated
step will become inactive

o Types of block START steps, and their operations
a) Block START step (with END check) (B m)

o ¢ Inthe same manner as for a sub-

routine CALL-RET, a START
source block transition will not
o occur until the end of the START

destination block is reached.

e Convenient for starting the same
block several times, or to use
several blocks together, etc.

I___—l ¢ 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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MELSEC-QnA

b) Block START step (Without END check) (8 m)

m e Even if the START destination
block is active, a START source
block transition will occur if the
transition conditions for the block
START step are satisfied.
At such times, processing of the
START destination block will be
E:] continued to the block END.
o 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.

|
1

—]l;_g

T

(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 controlled 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.

e 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.

e 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 Diagram IsnFs(t:rS:t'iigiosl SFC Information Registers
&?t%kESJ S F\::411;“) Hm ” -
ookt T gn | ser o | ek
Block END RST BLm Block START/END bit
Block STOP - _ PAUSE BLm Block STOP/RESTART bit
Restart stopped block — RSTART BLm Block STOR/RESTART bit
Forced step _ SET Sn .
activation ) SCHG Kn
Forced step END Eln SFéSJG Sp?n —




1. GENERAL DESCRIPTION

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 given control method can be canceled by
another control method.

Example: For block START

An active block which was started by the SFC diagram

(2 m) method can be ended (forced end £+ ) by an SFC controi
instruction (RST BLm), or by switching the SFC information reg-
ister’s block START/END bit OFF.

(7) A sophisticated edit function simplifies editing operations

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.

(8) Displays with comments for easy understanding

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 SI9 Ready, w
2 '} aiting f
3 =—————==—gr startiy
4 Mix B
H I
? £D3 Wait ateSD4 Wait =zte
Ed Wrt CIinz > Step 1 2 [Mix R 1

a <vig >
|

2

(8) An automatic scrolling functions enables quick 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
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(10) Convenient trace function

Blocks can be synchronized and traced, enabling the user to check the
operation timing of multiple blocks. '

Moreover, the trace results display screen can be switched to display
the trace result details for each block.

» " " a
15 15 15 228 Active step Nos.
4 64 are dispalyed (from
smaliest No.) for
each block

Block No. where trace
occurred

Active step No.
display

Pylip:Prev Pgbn:Next

(11) Program editing is possible using the Q6PU programming unit

Operation output and transition conditions 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
operations.

1-11
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2. SYSTEM CONFIGURATION
(1) Applicable CPU models

MELSAP3 (SFC program) can be run by the following CPU models.

* Q2ACPU
o Q2ACPU-S1
¢« Q3ACPU
» 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

_ configuration and environment settings,
IBM PC/AT SWoIVD-GPPQ etc., refer to the “GPPQ Operating
Manual” (OFFLINE).

(3) Memory card

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

QIMEN=—{2l12

‘ —E— 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 Specifications 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

Item Q2ACPU | Q2ACPU-S1 Q3ACPU Q4ACPU
Capacity M::(é 28k Max. 60k Max. 92k Max. 124k
ps steps steps steps
Number of files 1 file (number of scannable files) »1
Number of blocks Max. of 320 blocks (0 to 319)

Max. of 8192 steps for all\blocks

Number of SFC steps (512 steps per block)

SFC program

Number of branches Max. of 32
Number of concurrently active Max. of 1280 steps for all blocks
steps (256 steps per block) (including HOLD steps)
Number of operation output Max. of 4K steps per block;
sequence steps no per step restrictions
Number of transition conditions Max. of 4k steps per block;
sequence steps no per transition condition restrictions
All-blocks break Batch break setting for all blocks
Designated block break Max. of 64 block designations
Break -
Designated step break Max. of 64 step designations
Number of cycles 1 to 255 times
Designated biock continue 1 block designation
STEP-RUN . = . . . .
function Continue | Designated step continue 1 point designation at specified step
Continue from designated step 1 point designation at specified step
Forced block execution 1 block designation
Forced Forced 1 step execution for int desi : i
oxoomtion | designated block 1 point designation at specified step
Forced block end 1 block designation
Forced step énd 1 point designation at specified step
T . Max. of 48k bytes for all blocks;
race memory capacity 1 to 48k bytes per block (1k byte units)
. Trace memory capacity after trigger From 128 bytes to capacity setting of block
Step trace function
(memory card required) | giock 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 prog'ram 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

MELSEC-QnA

below.
oo a
1 1
i i
i i -
! ! Multiple program files possible
' ' {no SFC programs)
' Initial program !
i }
i i
S 4
/:I Multiple program files possible
(1 SFC program only)
| shahatii ittt | | Sateleheinieiniaininbsindainti i
1 [} 1
: | |
[} J §
e : L
| : L
1 ! 1
1 1 |
] ] I ]
L} ] I
i Scan program E i WAIT program
i i i
1 ] I
i 1 1
L e o m s J b e e e
prTTTTTTTTTmTm T 1 E Multiple program files
! ! possible (nal;(ltiple SFC
: li : programs )
1 |
paul a
' :@ Multiple program files possible
! Low-speed ! (no SFC programs)
' program '
l |
[} 1
1 1
L e eem e mmmem ]
("« 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.
e Q2ACPU-S1....... Max. of 60k steps.
e Q3ACPU.......... Max. of 92k steps.
g e Q4ACPU.......... Max. of 124k steps.

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

question.
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3.2 Device List

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

Table 3.2 Device List

User
Classification Device Type Expression Assign- Remarks
ment
Argument input Bit FX0 to FX15
Argument e 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)
Spacial relay Bit SMO to SM2047
Special
register Word SDO to SD2047
Input relay X0 to X1FFF » Direct processing at DX
Output relay YO0 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 BIFFF Variable
Data register DO to 12287 within a
Internal user Word total of
Link register WO to W1FFF 28.75 K
words eTand STh
. 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 « Contact and coil by bit.
Special link
relay SBO to SB1FF
Special link .
register Bit SWO to SWIFF
S0 to S511/1 block
Step relay (8192 points for all « Exclusively for SFC program
blocks)
Link input JONXO to JONX1FFF
Link output Bit JOVYO to JONYIFFF
i
Link direct Link relay JO\BO to JONB1FFF
. . Fixed » Present at each link unit
(NET/10) Link special JONSBO to JONSB1FF
relay )
Link register JO\WO to JOWWIFFF
Link special J [ —
register
Special unit . . » Present at each installed
direct Buffer register Word ULI\GO to UL\G16383 | Fixed special unit
Index register | Index register Word Z0 to Z15
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User
Classification Device Type Expression Assign- Remarks
ment
When block switching is
RO to R32767 *
File register File register Word ° Fixed used
ZRO to ZR1042431 » For serial Nos.
SFC block BLO to BL319
. Bit s Exclusively for SFC program
SFC transition Y prog
Other device TRO to TR511 Fixed
Network No. _ J1to J239
1/0 No. U0 to UFF
Decimal
constant K-2147483648 to K2147483647
Hexadecimal
HO to HFFFFFFFF
Constants constant —
Real number
constant E+1.17549-38 to 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)

e 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]

e Number of active blocks. ... Total number of active blocks.
¢ Number of inactive blocks .. Total number of inactive blocks.

e Number of nonexistent blocks

Total number of parameter-
designated blocks which have no
programs.
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« 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.

¢ 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 biock processing 4.0 uS 7.9 8 10.5 uS
Nonexistent block processing 2.1 p8 41puS 55uS
Active step processing 3.2 8 6.3 uS 8.4 uS
Processing of active step transition conditions 7.4 uS 14.7 S 19.6 uS
Processing of steps | Without a HOLD 7.8 uS 15.6 uS 20.8 uS
where transition step designation
conditions are i
i With a HOLD step s

satisfied designation 2.1 uS 42 5.6 uS

At initial START 14.3 uS 28.5 uS 38.0 uS
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.

o Designated at initial START

¢« Number of active blocks: 30
(active blocks at SFC program)

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

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

have no SFC program)

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

e Active step transition conditions: 60
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o Steps with satisfied transition conditions: 10 ..
(active steps (no HOLD steps) with satisfied transition conditions)

SFC system process time = 14.3 + (20.3 x 30) + (4.0 x 70) + (2.1 x 50) +
+(3.2x60) + (7.4x 60) + (7.8 x 10) =
=1722.3uS =172 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.

o When transition condition is unsatisfied
o When transition condition is satisfied (without continuous transition)
e 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 5
[j Step 3 Step 7
_L. Transition —1. Transition
condition 3 condition 6
:] Step 4 [ Step 8
|~ Transition | Transition
condition 4 condition 7

L
[::] Step 5 [J:‘ Step 9

— Transition condition 8

l | Step 10
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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

b) When transition conditions are satisfied

¢ If 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 & 610 8)

Number of transition conditions
........................ 6 (transition conditions 2t0 4 & 510 7)

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

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

Sty max. created (block O capacity) + (block 1 capacity) +..+ (block n_capacity)
SFC program capacity = 2 + (8 Xblock No.+ 1 ) * Number of blocks being used

l: SFC file header capacity

SFC program START (SFCP) and END (SFCPEND) instructions

. ber of steps where SFC diagram is ;
C i locks = num ; ) ) + (operation output total for all steps) +
apacity of blocks =2 + expressed by SFC dedicated instructions | * ' total number of transition conditions)

- L—— * As shown below

Block START (BLOCK BLm) and END (BEND) instructions

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

> o Step (0,52 B)
3 sequence steps (+) for step START (STEP. . Sn) and END (SEND) instruc-
tions.
¢ Transition conditions (+)
> a) For serial transition or selective branching coupling
4 sequence steps for transition START instruction (TRAN.  TRn) and tran-
sition destination instruction (TSET Sn).

* 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.

> c) For parallel coupling
Total number of steps for the transition START instruction (TRAN:  TRn), and
the transition destination instructions (TSET Sn) and coupling check instruc-

- ] tions (TAND Shn) for the (number of paralle! branchings in question) - 1.

oo >« Jump (L), block end ()
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
o Total number of sequence steps for all instructions.
(For details regarding the number of sequence steps for each instruction,
refer to the QnA Programming Manual {Common instructions)
o Transition conditions: The capacity per transition condition is as follows
« Total number of sequence steps for all instructions.
(For details 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.

the step attribute)

Name Ladder Expression Description Required Number of Steps
A kT [ il
ﬁ";‘gscﬁglr? [SFCNIZI:ZanD(_)]r of stops - 1 . IEnhclig:ates the SFC program | 4 sor brogram
iBnI;’t(:tft,i?:RT [BLON?:nE::ngf steps = 1 » Indicates the block START 1 per block
i?\lsot?tcEtir:r? [BE,}I‘J?J]mber of steps = 1 | * Indicates the block END 1 per block
ﬁ.t::fuimf T ISTE.NPLE;SQr of steps = 2 ) z[%dfcnecae;‘:zeaz;ied?’LAgT 1 per step

Transition START
instruction

[TRAN:  TRj]
Number of steps = 2

« Indicates the transition
START
(1 3~ varies according to
the step attribute)

1 per transition condition

Coupling check [TAND Si] ¢ “Coupling completed” check | “[Number of parallel couplings] — [1]"
instruction Number of steps = 2 occurs at parallel coupling per parallel coupling
For serial transitions and selection
Transition . . . transitions, 1 per transition condition;
designation [TSENTuzll]:er of stens - 2 . Sgsstli%r;?if: ;’t‘: transition for parallel branching transitions, the
instruction ps = P number of steps is the same as the
number of paraliel couplings
Step END [SEND] « Indicates the step & '
instruction Number of steps = 1 1 per step

transition END
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4. SFC PROGRAM CONFIGURATION

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

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

\
i:! le——— Initial step

Transition ——<—— Transition

condition 1 condition

Step 1 j«—— Step

Transition ——<«——— Transition > Block
condition 2 condition

Step 2 Step

|
1
‘
L«— ENDstep

(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) 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.

(b) 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.

(c) 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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MELSEC-QnA
4.1 List of SFC Diagram Symbols

Class Name Sngl:ri'i%rlam Quantity
Initial step ao
Dummy initial step 0
Coil HOLD initial step 0

When 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 j ‘
Dummy initial step X j
Coil HOLD initial step When initial i
: : tep No. is * Max. of 31 steps per biock

Operation HOLD step (without s P ;

Step transition check) initial step other than “0 @ J
Operation HOLD step (with ;
transition check) initial step J
Reset initial step I—_FZ] i
Step Oi
Dummy step Xi
Coil HOLD step i
Operation HOLD step (without @ :
transition check) Shteps othe‘r ! « Max. of 512 steps per biock

than “initial” ; RS :

Operation HOLD step (with ste ; including initial step
transition check) P :
‘Reset step E i Sn
Block START step (with END -
check) Bi BLm
Block START step (without 5i BLm

END check)
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MELSEC-QnA

Class Name SFC Diagram Symbol Quantity
Serial transition Jr a
r=="
1 ]
Selective branching - ﬁ____:['.—' --
a Tb _+ n
| i |
1 1
1™ T -
Selective branching — parallel branching | 1.2 '1‘ b
=== r hal r A
Lod  L-d4  L_d
- A r—=
1 1 1 ]
L - [ -
Selection coupling a b
[ -
1 1
L
[l | ~==
Lo Lo
Selecti i llel branchi fa_t»
election coupling — parallel branching
[l 'L—l " |
I L_d
r=="
] 1
- -]
Parallel branching ia=.l
Transition L= 4
Los Loa
[ it | r="
1 ] ] 1
[ - [ -
Parallel coupling % a
[ !
1 ]
(S
r=" [ ot ]
Lo L T 3
Parallel coupling — paralle! branchin fa
pling —p g s B
L4 bod
~—= r="
L4 L IJ
Paralle! coupling — selective branching I b
it | - “
1 1 1 [}
[ - | SR}
r - r—=" ~="
L4 Lod Lopa
g b
Parallel coupling — selective coupling + a
r="
I 1
[ S |
r="
] 1 .
[ 5 | ]
Jump ~|I- a [?
Can be used more
Block END | Block END .I. than once per block
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4.2 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 ClJ):
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-

Example: - comes satisfied at the step “n”

X1 . .
stepn’|  |_... | . ‘ operation output where Y0 is ON
Transition ’:j H @ (in accordance with the OUT in-
condition *m" T struction), YO0 is automatically

Step "n+1"| | switched OFF.

e« 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” E:I ————— I—{ operation output where Y0 is ON

Transiton | _ (by SET instruction), the YO ON

condition *m” status will be maintained even af-
Step "n+1”|:;| ter the transition to step “n + 1”.
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¢ When the OUT Clinstruction is used:
If the execution conditions for the counter at step “n” are already
ON when transition condition “m” is satisfied, the counter’s count
will increase by 1 when step “n” becomes active.

If X10 is already ON at step “n”

Example: T while step “n-1” is active, the
Step “n-1" [:’ counter’s (C0) count will increase
Transition _ by 1 when the transition to step
condition “m" T X10 K10 "n” occurs after transition condi-

stepon'[  |----- H tion “m” is satisfied.

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: T X10 K10 step “n+1” (or subsequent step),

Step *n” Ej _____ H the present value will be cleared,

Transit and the contact will be switched
ransition OFF

condition “m” SM400

stepnst=[  |----- H RST] Co |

(2) When a PLS or (3P instruction is used at a step’s operation output, the
instruction will be executed when the step’s status changes from inactive
to active, even though the execution condition contact is always ON.

A The ladder shown above is actu-
Example: -+ Always ON ally executed as shown below.
Because the step conditions con-
stepn [__]----- Hb—rLs YoH  tact is ON when the step is active
4 and OFF when the step is inac-

tive, the PLS or [P instruction
stop n+1” [ | will be executed when the step
4 becomes active, even though the
execution condition contact is al-

i ways ON.
L Step conditions When active: ON
contact When inactive: OFF
Always ON

——_pLs YoH

Leading edge (-#-) and trailing edge (-i-) PLS instructions are executed in the same manner
as the PLS, { S P instructions described above.
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4.2.2 Initial step

The initial step represents the beginning of a block. Up to 32 initial steps per

block can be designated.

as other steps.

initial step processing occurs in the same manner

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

Block No.

START Method

(SET SM321)

At SFC Program START

« Start by block START &H
step E.

o Start by block START
instruction (SET BLm).

« Start by block START
END bit.

* When an initial step is
designated by a step
START instruction (SET
BLm\Sn)

Block 0

All steps active

Other than block 0

All steps active

Only designated step is
active

4.2.3 Dummy step X

(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.

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.
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4.2.4 Coil HOLD step @

MELSEC-QnA

A coil HOLD step is a step where the coil 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 satisfied.)

(1)

l [_u’—l I

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

a1 l—(gn—l({;gi—l

(Transition condition satlsfled) T (Transition condition satisfied)
Y10

I I T o By S A |

(ON) (OFF)

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

(2)

the transition condition is satis-
fied.

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.

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, BL.m) designates a forced
END at the block in question.

When an SFC 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)

(b)

(c)

(d)

(e)

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.

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.

Timer

If 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.

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:

» 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 transition check) [SE’

An operation HOLD step (without transition check) is a step where operation
output ladder processing 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 proceeding 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 if the input conditions are
changed.

(2) 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 satisfied.

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 | :Y10>—l

transition
X0 —— |

previous transitio
condition being

[ Step activated by]
n
satisfied

(3) An operation HOLD step (without transition check) becomes inactive
when any of the following occur:
e 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.

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.
o When the SFC START/STOP command (SM321) is switched OFF.
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(4) 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:

» 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.

POINTS |

(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 STARTs do not apply to reactivated steps.
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MELSEC-QnA
4.2.6 Operation HOLD step (with transition check)

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).

POINTSI

(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.

Refer to Section 4.7.6 for details regarding parameter settings and
the processing for each setting.

(3) The difference 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 satisfied.
At operation HOLD steps without transition checks, the next step is
not activated when the transition condition is again satisfied.

X0
——<v10
X1
PLS MO
Mo

(Transition executed again)

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

e 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.

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

e When a reset occyurs 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. '

s 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 addition to 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).

el

When a reset step is

activated, a specified
L—_@ n step is deactivated
{reset).

4-12
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POINTl ”””

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) o

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) 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.

(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 simuitaneous 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 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 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 being executed.

Example:
M1 BL1
Transition ]l I }_' ’_/H’_{ ]_l
condition l ;I I LTran / Tran

Block 1 START

request

Block 1 status
(active/inactive)
is checked

When the block 1
BLOCK/START end bit is M1

4-14
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4.2.9 Block START step (without END check) £

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 follows the block START step is
satisfied. 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 all blocks) can be executed simulta-
neously.
A maximum of 256 steps (including HOLD steps) can be executed
simultaneously in each block.

POlNTSI

(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 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 being executed.

M1 BL1
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.

Block No. Restart Method

ths?;nzltz%ka.;Sazt\oR.:rs-T-irAd-:-ﬁga,i.s ¢ 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 ¢ A restart is executed when any of the following occurs:
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 control 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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43 Transition Condition

A “transition 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.

| I Step “n” (operation output [A}])

-~ Transition condition “b”

I IStep “n+1" (operation output {B])

« When transition condition *b” becomes satisfied at step
“n" (operation output [A]) execution, operation output
[A] will be deactivated, and processing will proceed to
step *n+1" (operation cutput [B]).

(1) A maximum of 512 serial transition steps (@ 0O 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"

T [
—3— L
[ ]
Max. of Max. of L—J
1536 lines | 512 serial -+
transitions

° Examples of the permissible number of lines

corresponding to a few SFC display column

setting values are shown below. The SFC dis-
play column setting value can be designated

freely within a 1 to 32 range.

Number
of lines

A

L]

When SFC display
column setting is “n”

i

-

e e e [ s e

E

SO

]

L Number of columns (max. of 32)

Number of lines <

Approx. 3000

SFC display column setting value (n)

SFC Display Col-

umn setting 172

22 28

32

Number of Lines

Possible 1536

384

192

138 108

96
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(2) Serial transition operation flowchart

|:| Initial step

Transition condition “a”

Step 1

Transition condition “b”

Step 2

Transition condition “c”

Step 3

Transition condition “d”
END step

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

( Operation status )

I Initial step operation output executed. |-————-

NO

Transition condition “a” satisfied?

=1

Initial step operation output
deactivated.

l

[ Step 1 operation output executed. |[«—

NO

Transition condition “b” satisfied?

»1

Step 1 operation output deactivated.

|

[ Step 2 operation output executed.  f——

NO

Transition condition “c” satisfied?

N
[ Step 2 operation output deactivated. J

[ Step 3 operation output executed. I<——-———-

NO

Transition condition “d" satisfied?

=1

Step 3 operation output deactivated.

END step executed, operation
completed.

MELSEC-QnA
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4.3.2 Selection transition

MELSEC-QnA

A “selection transition” is the transition format in which several steps are
coupled in a parallel manner, with processing occurring only at the step where
the transition condition is satisfied first.

-

Step “n”
(operation output [A])

-1 Transition condition “b™

— Transition condition “c”

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

o |[f both transition conditions are satisfied

Step

“n+2"

(operation output [C])

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

Branch |: Step “n+1" Step “n+2" simultaneously, the condition to the left
(operatlon output [B]) {operation output [C]) will take precedence.
1 Step “n” will then be deactivated.
* Subsequent processing will proceed from
step to step in the selected column until
: another parallel coupling selection occurs.
I:Jj Step E‘:‘ Step “n+1”
(] erahon output [A operation output [B
(op put [AD (op put[B]) * When the transition condition (“b" or “c”)
Transition condition “b” -~ Transition condition “c” at the executed branch is satistied, the
Coupling executed step ([A] or [B]) will be

™)

format.

I | Step “n”

.

Up to 32 steps can be available for selection in the selection transition

[ Jsee. CJses E ses. 8% - C 1958,
]
1N v 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”

Example:

L

Transition |
condition “b”
Step
“‘n+1”

|_Transition

Step
“n+2"

condition “c”

L]

B

Transition

condition “d”
Step
“n+3"

L

. Transition

Step
“n+4"

condition “e”

If transition conditions
“c™ and “d” are satis-
fled simultaneously,
the step “n+2" opera-
tion output will be exe-
cuted.
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(3) The following method of coupling can be omitted when the selection
transition format is used.

[<— n+3
[ Step “n”
_1 Transition 1 Transition
condition “b” condition “¢”
Step Ste
[ s LS
[ Step Step
“n+2” n+5"
[ Step ==
“n+3"
| Transition
condition “d”
L= "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
4.3.4)
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[]

|_ Transition
condition "a”

Step 1

Initial step

(4) Selection transition operation flowchart

| _ Transition
condition “b”

j Step 2

| Transition
condition “c”

:‘ Step 3

| Transition
condition “d*

W S I P

1 Transition

condition "e”

[ Jome [

_L_ Transition

condition “{*

:‘ Step 5

Transition -
condition *g”

_1_ Transition

condition *h"

:I Step 6

Transition

Step 7

Transition
condition *j*

|- condition "i*
—

C Operation status

)

Initial step operation output |-

exocuted.

Transition condition
"a” satisfied?

*1

Initial step operation output
deactivated.

I

Step 1 operation output
executed.

Transition condition

YES

MELSEC-QnA

*b" satisfied?

Transition condition
"¢ satisfied?

Transition condition
"h" satisfied?

1

21

ot

Step 1 operation output
deactivated.

Step 1 operation output
deactivated.

|

l

Step 4 operation output
executed.

Step 2 operation output
executed.

Step 1 operation output
deactivated.

l

Step 6 operation output
executed.

Transition condition
"* satisfied?

YES ol

Step 6 operation output
deactivated.

Transition condition
*{* satisfied?

ol

- " NO
Transition condition

“c” satisfied?

YES .

Step 4 operation output
deactivated.

Step 2 operation output
deactivated.

l

|

Step 5 operation output
executed.

Step 3 operation output
executed.

NO
Transition condition Transition condition
*g" satisfied? ~d" satisfied?
| ves . YES .1
Step 5 operation output Step 3 operation output
deactivated. deactivated.

|

Step 7 operation output
executed.

Transition condition
*j” satisfied?

1 YES o

Step 7 operation output
deactivated.

l

. END step executed,
operation completed.

*1 For steps with attribute designations, processing occurs in accordance with the attributss.
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4.3.3 Parallel transition

“Parallel transition” is the transition format in which several steps linked in
parallel are processed simultaneously when the relevant transition condi-

tion is satisfied.

Step “n”

(operation output [A])

 Transition condition “b”

From step “n”, processing will proceed
simultaneously to steps “n+1” and "n+3”
when transition condition “b" is satisfied.

—— Transition condition “d”

Step “n+2"
(operation
output [C])

Branch Step “n+1” Step “n+3" « Processing will proceed to step “n+4" when
m‘:”?“g" (operation transition condition "c" is satisfied, and to
output [B]) output [D]) step “n+4" when transition condition "d” is

—1— Transition condition “c™ -7 Transition condition “d” satisfied.
Step “n+2" Step “n+4"
(operation (operation
| output {C]) output [E])
|
(sotggrar:ion (Sggg,a‘};,’n « When transition conditions “b” and “c” are
output [A]) output [B]) satisfied at step “n” and step “n+1"
n i . . execution, steps "n" and “n+1" will be
—[ Transition condition *b” -7~ Transition condition “¢” deactivated, and processing will proceed to
the waiting steps.
) Waiting step Waiting step ¢ Waiting steps are used to synchronize
Coupling parallel processing operations. Parallel

processing steps always proceed to a
waiting step. When condition “d” is satisfied
at the waiting steps, processing will proceed
to step “n+2".

Waiting steps are dummy steps which
require no operation output ladder.

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

tion format.

Step “n”

| [ I l
Step Ste Step Ste Step
“‘n+1”" "n+§" “n+3" "n+§," “n+32"

_ 1 —_+4 B S —+
| [ H
J
v

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 simultaneously with block 1.)

Block 0
E:] Step “n”
_I Transition
condition “b"
Ste
|: Ned # Block 1 START
T Transition Transition HH wpay icfi
conion oo Wher: c"ondmon_ b” is satlsf_led at
! ! step “n” execution, processing will
! ' proceed to step “n+1” and block 1
[—'_l will be started. Blocks "0” and “1”
will then be processed simultane-

ously.

(3) Up to 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

D__

alinally

ll[—ll_]

L
E__—I l::l Jump
=— END step T
Each column ends 4 Jump transition (see Section 4.3.4)
at the END step.  ENDstep T 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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MELSEC-QnA

(6) Parallel transition operation flowchart

| “ Initial step ( Operation status )
|

_|_Transition
condition “a” Initial step operation output
executed.
Step 1
—} Transition
ition “b” . ™
= Transition condition
: “a” satisfied?
l: Step 2 Step 3 Step 4
»t
1 Transition L Transition —L_ Transition Initial .
condition “c¢* condition *d” condition “e” nitial Stgza?:%s:ggn output
| Waiting Waiting Waiting I
step step step
| Step 1 operation output
e executed.
4 Transition
condition *{*
Step 5 NO
Transition condition
Transition 2b" satisfied?
condition “g”
- YES ol
Step 1 operation output
deactivated.
L
- 3 1 1
Step 2 operation output Step 3 operation output Step 4 operation output
executed. executed. executed.

Transition condition
“d" satistied?

Transition condition
“e" satisfied?

Transition condition
"¢c* satisfied?

Parallel processing

" | ves .
Step 2 operation output Step 3 operation output ‘Step 4 operation output
deactivated. deactivated. deactivated.
S Waiting step executed. Waiting step executed. Waiting step executed.
L I |

z
o

[rmmeemmamnmveamay

All waiting steps
executed?

Transition condition a

" satisfied?

Step 5 operation output
executed.

Transition condition
*g" satisfied?

YES o1
Step 5 operation output END step executed,
deactivated. operation completed.

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

MELSEC-QnA

A “jump transition” is a jump to a specified step within the same block
which occurs when the transition condition is satisfied.

Step “n”

(operation output [A])
—T~ Transition condition “b”
L > m

¢ ——n

Step "m*
® | (operation
output [B])

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

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

(2) In the 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)

Parallel transition

No parallel coupling

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

g

{
T

For=m————————— -~

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



4. SFC PROGRAM CONFIGURATION

4.3.5 Transition processing with multiple initial steps

Transition processing at blocks which contain muttiple 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 |f 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 one 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:

[Jso Tdst [Cdse [ s

T+t Tt +t2 + 13

[ Jse [ Jss [ Jse [ Js7

—+ t4 —

[:‘:Isa

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/transfer with step transition.
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4.3.6 Precautions when creating sequence programs for operation outputs (steps) and transition
conditions

The points to consider when creating operation 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 using the ladder expression format is
shown below.

Condition can be omitted
only at the first ladder block

Output
instruction

-

Output
instruction

Condition

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 following the step in question is
satisfied.

(b) Sequence program capacity
A step's sequence program capacity is as follows:
o Max. of 4K sequence steps per step.
e Max. of 4K sequence steps per block.
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(c) Instructions used
All instructions except for those shown below may be used.
Prohibited Instruction List

Class Inslcr::;lon Symbol Function Remarks
MC MC N No.1 D Master control set
Master control —
MCR MCR NO Master control reset
FEND FEND Main routine program END
END
END END Sequence program END
cJ cs pll Condition jump
Rk Use of label “P"
sSCJ scy pld Delay jump is also prohibited
JMP JMPp rO Unconditional jump
Program branch
RCJ RCJ (S) Relative jump
ACJ ACJ (S) Absolute jump
GOEND GOEND Jump to END
Program control IRET IRET Reset from interrupt program Use of label °I"
is also prohibited
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? (8)
_SFC dedicated 2 = N, D, SC, SE, ST, R, C, G SFC step START
instructions ( I, 1D, ISC, ISE, IST, IR )
TRAN? TRAN? (S)
2 = L O, OA, OC, OCA SFC transition START
( A, C, CA, CO, COC J
TAND TAND (S) SFC coupling check
Designate SFC transition
TSET TSET (8) destination
SEND SEND SFC step END
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(2) Sequence program for transition condition

(a) Transition condition sequence program expression format

A transition condition sequence program using the ladder expression
format is shown below.

Condition { TRAN <t— [TRAN] is a dummy output

Condition

(b) Sequence program capacity
A transition condition’s sequence program capacity is as follows:
e Max. of 4K sequence steps per transition conditiqn.
o Max. of 4K sequence steps per block.

(c) Instructions used

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

Instruction Remarks
Class Code Symbol Function
LD - — Operation START (N/O contact)
AND — b Serial connection (N/O contact)
: OR b—] p— Parallel connection (N/O contact)
Contacts
LDI b - Operation START (N/C contact)
ANI = Serial connection (N/C contact)
ORI et Parallel connection {N/C contact)
LDP 1t Leading edge pulse operation START
ANDP — Leading edge pulse serial connection
ORP Lt Leading edge pulse paralie! connection
Contacts
LDF —a Trailing edge pulse operation START
ANDF — Trailing edge pulse serial connection
ORF —{— Trailing edge pulse paraliel connection
ANB Ladder block serial connection
ORB Ladder block parallel connection
INV — Operation result inversion
. Operation results converted to leading edge
Coupling MEP —_— pulse (step memory)
MEF — Operation rasults converted to trailing edge
pulse (step memory)
Operation results converted to leading edge
EGP —i— pulse (memory)
EGF — Wi Operation results converted to trailing edge
pulse (memory)
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Class Insg::;lon Symbol Function Remarks
Lo o0l
AND[]
ANDL] (81) (82) BIN16 bit data comparison
or[] ORD
: O (=, <>, >, >=, <, <=)
Lood Lop[]
ANDD ] ANDDLI (s1) (S2) . )
orp] orRD] BIN32 bit data comparison
Comparison (=, <>, >, >=, <, <=)
operation
LDED LDED
ANDEL]
ANDEL] (81) (82 Floating decimal point data comparison
'ORED ORED
d (=, <>, >, >=, <, <=)
LosCl Los[]
ANDS[J
ANDSL] (s1) (s2) Character string data comparison
ors[] ors[J
O (=, <>, >, >=, <, <=)
Contacts -
LDPCHK Operation START (N/O contact)
{program ANDPCHK e () Serial connection (N/O contact)
s{’atus check) ORPCHK L—pcHK—! Parallef connection (N/O contact)
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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 Ladder Expression Function
LD, AND, OR, . - .
Step operation status check L LDI, ANI, ORI ] sn ! | » Checks a specified stepin a_
instruction0 ~ specified tg|ock to determine if the
LD, AND, OR. | BLm\sn step is active or inactive.
L LD, AN1, ORI
LD, AND, OR, TRn .y | *Checks a specified step in a
Forced transition check L LDI, ANI, ORI specified block to determine if the
instruction ) transition condition (by transition
LD, AND, OR, BLMTRN control instruction) for that step
| LDI, ANI, ORI was satisfied forcibly or not.

Block operation status check [ LD, AND, OR, BLm e Checks a specified block to
instruction | LDI, ANI, ORI determine if it is active or inactive.
MOV(P) K4Sn (D) *1

MOV(P) BLmM\K4Sn (D)
N o Active steps in a specified block
Active steps batch readout instruction | DMOV(P) K8Sn (D) 1 are read to a specified device as
DMOV(P) BLM\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.
e The temporary stop status at a
R . specified block is canceled, with
Block restart instruction RSTART BLm operation resuming from the STOP
step.
SET Sn *1 | » A specified block is forcibly started
(activated) independently and is
SET BLm\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 | » A specified transition condition at a
SET BLM\TRn specified block is forcibly satisfied.
Transition control instruction — —
RST TRn *1 | e« The forced transition at a specified
transition condition in a specified
RST BLm\TRn block is canceled.
Block switching instruction BRSET (S) * Blocks subject to the 1" SFC

control instruction are designated.
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Name Ladder Expression Function

» When the instruction execution
condition 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.
. . e A check occurs to determine if a
:tﬁ%';?o"': operation status check in- (LD, 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) (82) (D) specified condition is satisfied
elapses, 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 if used at steps with
other sequence programs.
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Beginning from Section 4.4.1 of this manual, the following table is used
in the explanations of the various instructions. The table contents are
explained below.

Usable Devices Prog Using | Execution Site
';:"::' MELSECNET
noDirect | Special SFC Program
Data T
(Sz:hm, R Fl:w JIig: Function | Index | Constant Exp;::on Other o Type Sequence Block | Se Transition
o) ”R Module 03 KH BLmSh Sn Program ° P Condition
UIo\GI3
: Transition
t | Word i W
Bi of Bit ord Sep Condition
BIN16
(8) ° ° | /BIN32
o [¢] [}
BIN16
() ° /BIN32
t
t N~ J/ ! - AN S
1 t 1 t t
1 1 1] L}
: : @ - =
(1 (2) (4) (5)

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

e[GO H

L Destination
Source

Instruction code

(EEEeH

L Destination
Source

Instruction code

Destination................. Data destination following the
: operation.
Source........coiiaiiiaan Where data is stored prior to the
operation.

(2)...Usable devices are indicated at this area.

« Devices indicated by a circle mark (O) can be used with the instruc-
tion in question.

The device application classifications are shown below.
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Internal NET/10 Direct Special
De- (System, User) File JUND Function Index
vice R Module 200 Constant Other
Cl
ass Bit Word Bit word | ulheO
FX, FY, S, | A VD, SD, | R, z Decimal P, I,
SM, X, Y, T,C,D,W, | ZR JOx JOw ulhe ) hexadecimal J, U,
Usable | M L+ F. V. | SW,FD, Jbhy | uChsw real number DX,
devices | B+ T C. 8B | ST . JOwB constant ) DY,
: JsB character string N, BL,
: constant TR,
BL\S

« 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........ e Indicates a bit data
operation.
e BIN16 ............ Indicates 16-bit binary
value processing. 1 word used.
e BIN32 ..... e Indicates 16-bit binary
value processing. 2 words used.
e Character string . . . . Indicates character ’
string processing. Variable
number
of words.
e Devicelndicates. ... 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)~

Usable Devices Prog Using | i Execution Site
';:;:' MELSECNET
NoDirect | Special Data T SFC Program
(Sz:bm, RFI::W JIne: Function | Index | Conswnt Ex:::on Other o lype Sequence Block | se Transition
&) ”R Module F49 K H Program P Condition
UINGI BLmiSn
Transition
Bit | Word Bit | Word S€P | (ondition
" Device
(8) o name o o [ o
(*} Snonly * At *expansion SFC" and “other” columns, “m” represents the block No., and
“n" represents the step/transition condition No..
E 5 ]4———-'!1’ is the step No. EB—m\— nj<— “m" is the block No., “n” is the step No.
0 s} CO—f w0 mme (] -
| Sn 1 BLm\Sn
LY. LY.
i s =} ©—+ o1 BLmsn sl ©_+
Sn BLm\Sn
mo 04— | T C 4 o amsn $—f ——} 4
Sn BLm\Sn
| LE i LY
ANl Sn H I U ©_+ ANl BLm\Sn F Y @
on s t—| C O on ame -} -
Sn BLm\Sn
Sn 8Lm\Sn
L. LY.
Al Al
Function (1) Checks a specified step in a specified block to determine if the step is

active or inactive.

(2) Ifthe 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) Todesignate 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 -
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.

I Designating a step within the current block J

| S5
] ‘
I 11 Y20

| Designating a step in another block J

‘ BL3\S5
I |} Y20

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

pun

l—_j S5 l |35 S10 oy Interlock
| T

—

S20

1
1
]
»

|Re|ated Inst ructionsl

a) SFC control instructions

o Block switching instruction (BRSET) .... See Section 4.4.11.
e Step control instruction (SCHG) ........ See Section 4.4.10.
e 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

Usable Devices Programs Using instructi Execution Site
Anternal MELSECNET
Device HODirect | Special SFC Program
Fil Data Ty
(Slyl:bm, Ro;:m JINg Function | Index | Conswnt Exp;::on Other ypt} Sequence Block | S Transition
o) R Moduie 4 KH BLm\TRN TRn Program P Condition
UING3
Transition
Bit d
Wor Bit §| Word Sep Condition
{S) [¢] [¢] Dn?,::: [¢] [¢] 4] [}

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

ET_n3<—— “n" is the transition condition No. EI:;:\?R;}— m"is the block No., *n” is the transition
—l T condition No.
LD TAn +—| | CD—+ LD BLm\TRn +_| I C}_+
1 TRn BLm\TRn
LY. LY
i An C)—A} Lo BLm\TAn t—mrl Q_*
TRn BLm\TRn
AND TRn +_| } 1l ©—+ AND BLm\TRn +——| — i} CD__+
TRn BLM\TRn
| LY. i [P 4
ANl TRn +——| | v 4 Q—* ANl BLm\TRn +__{ } v & ©_+
TRn BLm\TRn
ORI TRn | f ©—+ oAl BLmiTRn t— | ©—+
TRn BLm\TRn
LY, LY
g Al
Function (1) A check occurs to determine if a forced transition is designated for a

specified transition condition in a specified block.

(2) f aforced 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 centact 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) If 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.

[ Designating a transition condition No. within the current block I

| TRS
VL
I 11

| Designating a transition condition No. in another block l

Y20

BLA\TRS
|| Y20

[Related InstructionsJ

a) SFC control instructions

o Transition control instructions
(SET TRn, SET BLm\TRn,
RST TRn, RST BLm\TRn) ... See Section 4.4.9.

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

Usable Devices Progl Using Instructi Execution Site
'3: ',::' MELSECNET
(Sysem File 110 Direct | Special Data Type SFC Program
Vs ' Rogister Jin: Function | index | Constnt | Expension | Other Sequence Block | Se Transition
o) ”R Modue | Z2 | Kkw sf¢ | BLm Program P | condition
UIo\G3] Transiti
ransition
Bit | Word Bit | Wi
it | Word S®P | Condition
(S) <] Dneav'l:: [¢] [¢] o [¢]

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

BLm

[BI:m]<— “m" is the block No.
o tH CoOH e o4
BLm BLm
o o i
BLm
} i} C O om p} =
o

AN ——F H—
Function (1) A check occurs to determine if the specified block is active.

(2) If the block in question is active, the N/O 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.

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

l BL3
| {IL Y20

|Related Instructions|

a) SFC control instructions

¢ Block START instruction (SET BLm)
and block END instruction (RST BLm) ... See Section 4.4.6

b) SFC diagram symbols

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

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

4.4.4
Usable Devices . Programs Using Instructions Execution Site
';:v';:' MELSECNET
10 Direct Special SFC Program

(10 | oo | 353 | Foncton | indox | consn Exps.:: ” | o I sequnce Block | Swp | ron

user) ’gn Module | Z(3 KH ! Program : o P | condition

, UG BLmiSn

" " Transition
Bit | Word Bit | Word Sep Condition

sy | O 0 )
BIN16/
BIN32 o ° °
(D) o
(") Sn only * At "expansion SFC" and “other” columns, “m” represents the block No.,
and “n" represents the step/transition condition No..
r Readout instruction r “n" is the step No. r *m" is the block No, "n” is the step No.

l—| I———-[ Movep) [(® (kasm) | © }——1 H }————[MOV(P) [® BLmkasn | © }——l

}-——-| F——TJovove) [® kesn [ © |——| l——' F——{omove) [® BLmkesn | @ }——|

Function (1) Executes a batch readout of the operation statuses (active/inactive)} of
steps in a specified block.

(2) The readout results are stored at the “D” device as shown below.

bi5 bi4 b13 bi2 bl1 bi10 b3 b8 b? b6 b5 b4 b3 b2 bl b0

|E1 [0/1 | 0/1[0/1 I 01 | 0/1 I0/1 |0/1 |0l1|0/1 |0/1|0/1 | 0/1|0/1 I 0/1|0/1l
¥

G e > Step designated at Sn
Sn + step 1

Sn + step 15
0: Step in question is inactive

1: Step in question is active

(3) .If 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 steps 0 to 32 in block 3 when X0
switches ON.

I Designating a step within the current block |

- Xo
'———’ f—— omove | keso [ po )——-‘

! Designating a step in another block l

X0
’——{ —— omove | siawsso | o j—‘l

b15 b14 bi13 b12 b1t b10 b9 b8 b7 b6 b5 b4 b3 b2 bl bo

o | | HEN
s15 s14 s13 12 s11 s10 s9 s8 s7 s6 s5 s4 3 s2 s1 O
mHIlJIIIIIIIIIHI>S‘°"“°S'

s31 s30 s29 s28 s27 s26 s25 s24 823 s22 s21 s20 s19 s1B s17 si6

[Related Instructions|

a) SFC control instructions

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

s 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
|;::i::| MELSECNET
. 110 Direct Speciat . SFC Program
Fil Data T g
{Sysem, fle Jno Function | Index | Constant Expansion | o rer e Sequence Trensition
User) Register ' n SFC Biock | Sep -
Module 203 K. H Sn Program Condition
R e BLm\Sn
UG S
Bit | Word Bit | Word spp | Loneition
Condition
(s) ") o
BIN16 o o 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.

g i
H b—{eMovim [® (kasn) [®]® |——-I }——-{ H{eMovm) [® BLmikesn [® [® l—l

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 bi4 b13 b12 btl b10 b3 b8 b7 b6 b5 bsd b3 b2 b1 bo

(®) {or1]or|ort|or|ortfort|or |ort|ort|ort|ort|or |ort|or1| o] or1

e >lston
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) i 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 DO0) of block 3 active step statuses.

| Designating a step within the current block |

~—H—‘——‘lBMOVP[ aso | 00 | ke }——i

L Designating a step in another block J

X0
}—‘ F———smove [ B3so | o | KSH

b15 bi4 b13 bi2 bi1 bi0 b9 b8 b7 b6 b5 b4 b3 b2 bl bo

o [ TTTITTITT I IT]

s15 s14 813 s12 s11 s10 s9 s8 s7 s6 85 s4 83 s2 sl s0

o [TTTTTTTTTILTTT [ 70

s31 s30 829 s28 s27 s26 s25 s24 s23 s22 s21 s20 s19 s18 s17 s16

e [ [ TTTTTTTTT T[]

s47 s46 s45 s44 s43 s42 s41 s40 s39 s38 s37 36 s35 s34 s33 s32

[Related Instructions|

a) SFC control instructions
e 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)

Usable Devices Prog Usaing 1 i Execution Site
';:v'l::' MELSECNET
(Sysem, Fiie noDirect | Special Expansion Data Type SFC Program
u ' Register JING Function | index | Constant SFC Other Sequence Block | e Transition
aer) °°R Modwe | z:3 | kKH | BLmsn | Bim Program P | Condition.
UG BLm\TRn _—
Bit | Word Bit | Word Sep ram.l ‘on
Cendition
Device
(D) [ 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.
l } } {SET © (BLm) }—| !

Function (1

a) A specified block is independently activated forcibly, and is exe-
cuted from its initial step. If multiple initial steps exist, ail 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.

ll rsT (@ (BLm) |-———l

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.

X

1
} SET BLY
X2
Il
1

RST BLt
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lReIated Instructions]

a) SFC diagram symbols

e Block START step (H, B) ... See Sections 4.2.8 and 4.2.9.
b) SFC information register

¢ Block START/END bit....... See Section 4.5.1.
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4.4.7 Block STOP & RESTART instructions (PAUSE, RSTART)

Usable Devices Programs Using Instructions Execution Site
';:’;:' MELSECNET
(Sysem, Fite 110 Direct —Speci.al N Expansion Data Type SFC Program y
User) Rogister JInG F Index SFC Other Sequence Block | Sep Transition
R Module 4 K H BLm\Sn | Blm Program Condition
UGS BLm\TRn Transition
Bit | Word Bit | Word Sep Condition
(D) o Device o o o
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.
} I [PauSE@ (BLm) )—l ‘ = |} RsTART® (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 s(t)al::.usutt)f Operation Description
Mode Set- Modpe’s Status of
ting at Pa- Special Block STOP Active S Other than HOLD .
grometer Relay Mode Bit ctive Step s:e:’ an Active HOLD Step
o¢ _ (SM325)

» After 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 (coil setting output will be switched OFF when | « After the STOP request, the
coil 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

« [f multiple steps are active, the pracessing 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.

OFF + OF N0 1§ After the STOP request, a coil output HOLD status wili be
setting " g A h
(immediate established thg first time processing occurs at the specified block,
sto and a STOP will occur.
p)
. .  After the STOP request, the coil
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 | ©coil output HOLD status will
transition will oceur. be established the first time
STOP) . processing occurs at the

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

Program Examples

MELSEC-QnA

POINTSI

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

(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 contro! “block
STOP” instruction (PAUSE BLm) is executed.

2) | RSTART

a) 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.

b) 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 SM325 special relay (ON: operation output HOLD at
block STOP; OFF: all OFF).

ON : Not executed

SM325 { OFF : Executed again

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

e 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.

{ } PAUSE BL1

[Related Instructionsj

a) SFC information register
¢ Block STOP/RESTART bit...See Section 4.5.3.



4. SFC PROGRAM CONFIGURATION

4.4.8 Step START & END instructions (SET, RST)

Usable Devices Programs Using Instructions Execution Site
Internat MELSECNET
Device /10Direct | Special SFC P
Fil - i Data Th rogram
(SJ:Bm, Hegi:ter JINDD Funclion | Index | Consmnt Ex':::m Other ype Sequence Block | sw Transition
o) R Module 203 KH BLmiSh Sn Program P Condition
UG Transit
ransition
Bit | Word i d
i Bit | Wor Step Condition
Device
(D) o o name 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}—{sm@ 0 —

“m"” is the block No.
{ SET (Q) (BLm\Sn) H !

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.

-T-

{Rsr © (BLMSN) '—{

e 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
parallel 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.
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@

a) A specified 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 to the execution of this RST instruction, block END proces-
sing will occur, and the block will be deactivated.

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

c) lf 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) When X1 switches ON, the following program will select and start step
2 of block 1 which contains multiple initial steps.

(Program 1)

s [L_lsr [L_Js2

i Designating a step within the current block l

- ﬁ I Coerse

r Designating a step in another block ]
s6
i L0 [ser sinse | I
| r 1} SET BL1\S2
(2) The following program deactivates step 5 (HOLD step) when step 10 is
activated.

[ Jse | [Fst ss 1
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4.4.9 Forced transition EXECUTE & CANCEL instructions (SET, RST)

Usable Devices Prog Using [ 4 Execution Site
';:l’;:' MELSECNET
+ 110 Direct | Specisl . SFC Program
Fil Data T g
{Sysem, | |.e JInne Function | index | Conswnt Expansion Other yee Saquence Transition
User) Register e SFC Block | Swep -
Module F49 K. H TRn Program Condition
R prpye BLm\TRn
L - ' Transition
Bit | Word
i or Bit | Word Sep 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.
} | | [ser @ (Rn) |——| l——[ RST (© (TRn)
"m" is the block No.
Il = [se1 @ (BLm\TRn)l——l l[ | [RsT @ BLmTAN) ]——‘

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.

I I User designated Continuous transition preventer
transition condition  SM324

I o 1

\

’

1 1

| I e— Ladder resulting from execution of SET instruction
\ 7

R —

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 e Error No. 4631 occurs when the specified transition condition does not
exist.
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Program Examples (1) When X1 switches ON, the following program executes a forced transi-
tion at transition condition 1 of block 1. The forced transition setting is

canceled when X2 switches ON.

LDesignating a transition condition No. within the current block |

| | SET TRt

FL RST TR1

I
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4.4.10 Active step change instruction (SCHG)

Usable Devices Programs Using Instructions . Execution Site
';:’;:' MELSECNET
{Sysem File /10 Direct Special Expansion | Other Data Type . SFC Program B
Vs ' Register JINS Function ] Index Constant SFC BlLm, Sequence Block | se Transition
o) egn Module 3 | " BLm\Sn Sn, Program P Condition
[V (<1 BLm\TRR | TRn Traneltion
ransitio
i | Word :
Bit of Bit | Word Sep Condition
(D) o BIN16 [¢] [¢]

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

it

Function (1) The step where this instruction is executed is deactivated, and a speci-
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 following the
completion of that step’s program operation.

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

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

e 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).

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

ss

X1

— L Csone [we
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4.4.11 Block switching instruction(BRSET) -

Useble Devices Prog Using | i B tion Site
';:";:' MELSECNET
(Sys®em, File hoDirect | Special Expansion | Other | ., Type SFC Program
Us ' Register Jine Function | index Constant SFC Blm, Sequence Block | se Transition
o) aqﬂ Module 202 8Lm\Sn Sn, Program P Condition
UINGID BLm\TRn | TRm Traneiti
Bit | Word Bit | Word Sep e o
Condition
() o ) BIN16 0 o

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

|1
-~

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\TRn” 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 effective operation range when block switching occurs (by BRSET
instruction) varies according to the program being run at the time, as
shown below.

a) If the BRSET instruction is executed at a sequence 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 SFC program, 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 processing 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 }
1
I

{

”1 T ‘
program ' c B ' So €5 co .
! b= ! =2 =8 = 2 1
QO 03 Q5 o=
29 320 30 30
g % % 2 % B %
£09, £ o £a £o,
Sn/TRn destination >l ale ol ale
block Block specifi ifi ified itio
pecitie Block specified Block specified Block specified
Block 0 by instruction Block 0 [py instruction | Current block lyy instruction Current block |y instruction
le .|
r 1 scan >|

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

* When multiple steps are active (at parallel 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 specified 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
Sa— wov | o [ o0 ]

X
]
|

1
| 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
} BRSET KOZ1
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4.4.12 Program operation status check instruction

Usable Devices Programs Using Instructions
Internal Device MELSECNET/10 :
Special Expansion FC
(System, User) File Directd] N3 P Con- |02 Other | DataType SFC Program
Device Rogister Function | Index | Sl 5 | Bim,sn Sequence
°°R Modue | zi3 | "™ | Blmen | T Program —
Bit | Word Bit | word | UIlGIZ BLm\TRn Step ransition
Condition
Pro- Cha-
(D) | gram [¢] racter [¢] (]
name string

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

LD HPCHK[Program name '———C}——l jl {

AND |—| I—{ PCHKI Program name j—{ )—-I —{PCHK l Program name }—_—

(1) Executes a check to determine whether a specified program is currently

Function being executed.
(2) If the specified program is currently being executed, an ON status is
established as an N/O contact.
. » Error occurs when the designated program file is not registered at the
Operation Error parameter's “Program...error No. 2410 Set” item.

Program Examples (1) The following program switches Y10 ON if the “ABC.QPR” program is
currently being executed.

PCHK | "ABC.QPR" — Y10
l Being
executed

I Not being
executed
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4.4.13 Subroutine call instruction (XCALL)

Usable devices Prog Using I i Execution Site
';:v"“c:' MELSECNET
{System, Fite 110 Direct o ¥ _!.' Expansion Data Type SFC Program N
Vs ’ Regleter F gt F Index | C SFC Other Sequence Block | S Transition
ol eg Module | Zi2 KH Pl Program P | condition
R o BLm\Sn
UINGES Transiti
Bit { Word Bit | Word Sep o o
Condition
P2 ° Device
2 name
(s1) Accord! o
o ng to
(é%) ° {device provided to subroutine program as argument) sPe:'f'a
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..

'——{ F———{xcaALL[ P [ to@J——I

Function (1)

()

®3)

4)

When the condition is satisfied, the subroutine call designated at “P3”
is switched ON (CALL).
The subroutine call is switched OFF (FCALL) when the condition

switches from ON to OFF.

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

L

RET

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

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

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

A maximum of 16 XCALL nestings (including those for other CALLs) are
possible.
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MELSEC-QnA

POINT‘

® For details regarding the common pointer and the subroutine program’s argument,
refer to the QnACPU Programming Manual (Common Instructions).

Operation Error e ErrorNo. 4210 ............ occurs if the program for the speci-
tied pointer does not exist.
e ErrorNo.4211 ............ occurs if 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.
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4.4.14 Time check instruction (TIMCHK)

Usable Devices Prog Using | i Execution Site
';:J;:' MELSECNET
Fite N0 Direct | Special Explanasion| Other | p,\, 1ype SFC Program
{Sysem, Reqister i Function | Index | Constant SFC BLm, Sequence Block | Se Transition
User) - Modue | z:2 | K | BLmsn | sn, Program od P | condition
UG BLm\TRn | TRn Transition’ '
Bit | Word Bit | Word Step Condition
(81 ° BIN16
($2) o BIN16 ©
o | o ' Bit
* At*“expansion SFC" and “other” columns, “m” represents the block No., and “n” represents
the step/transition condition No..
’—H——-ITIMCHKI@l@l@ ‘——-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 foliowing deviées are used for this instruction.

Condition

‘-———] F—{mex [ & |

[-——Devme switched ON at time-up
Dewce 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.

[j ;——)ﬁ———f TIMCHK | Do Kso | Y10 ’—}
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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 will 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
Block STOP mode bit
Continuous transition bit

Y MLFVEB

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

SFC information register settings are designated 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 5

e " ||o Block 5's “block active bit”: MO

L o
(1,):"/ [ 1o on )
-

OFF—I L

Block 0

CJo

(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:

e 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.)

« If a START status exists at another block, the STOP will still 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.

A block which has been forcibly deactivated is restarted as shown below.

(4)

Relevant Block Restart Status

When the START condition for
biock 0 is designated as “auto
START ON" at the SFC
parameter setting.

When the START condition for
block 0 is designated as “auto
START OFF" at the SFC

Operation is restarted from the
initial step following END step
processing.

Biock O

The block is deactivated after
END step processing, and
processing is restarted from the

parameter setting.

initial step when another START

Blocks 1 to 319

request occurs for that block.
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(Related Instructionsﬂ

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

(RSTBLmM) ...t See Section 4.4.6.
b) SFC diagram symbols _
o Block START step(Bn,En) ....... .. See Sections 4.2.8.
“and 4.2.9.
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4.5.2 Step transition bit

The step transition bit performs 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
1" ]
OFF

9

o T o - © —_ © o~ O

a® 2 a2 2 al 2 a2

2w 3 29 3 25 3 Zo

w = @ w w D w = Py v =

a = ] = 3 x 3

- 5 ¢ e 5

Block “n” S @ o © 8 ® o
o s € g g 5 € 2
g8 = R s 5 E

cas car Q [=]

- (Transition condition 1) S = ° £ S £ o
= o [ (@] = (o] o=

‘u k=] ] =]

I 1 ] 5 s %

- s - S

- (Transition condition 2) = =

[

(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
E:E 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
M I—————I
OFF

e

Step 0

Step 0
Transition condition 2 unsatisfied

Transition condition 1 satistied
Step 1

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

n+i

HF—ranA “M1"———,———|——

HEF—CGranH
£B5Ey =
Q.
ge2F2¢c S
- T o O o b
b2ogs @
»hSh

~Transition condition satisfied
Other program executed

Transition condition unsatisfied
Transition condition unsatisfied
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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.

« |f multiple steps are active, the
STOP will occur at each of the
steps in sequence as their
transition conditions are satisfied.

(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 oceur,
but the START destination block will remain active and processing will
continue.

To stop the START destination 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 beiow.

Status of Operation Description
Output Mode Output
Setting at Mode’s Bls;::(ug‘r‘gp
Parameter Special i
Block STOP F?elay Mode Bit Active Step g::;r than HOLD Active HOLD Step
A (SM325)
OFsZtiir?é no s After the STOP request, the coil output will be switched OFF
(immediate the first time processing occurs at the specified block, and a
sto STOP will occur.
P) -
Coll output OFF o After the STOP request, the coil
OFF, coil (coil output output will be s.vgitched OFF ) o After the STOP request,
output HOLD OFF) ON when the transition condition is the coil output will be
. satisfied, and a STOP will occur. switched OFF the first
{post-transition ti . t
STOP) » If multiple steps are active, the |hme processing occurs a
STOP will occur at each of the ts.?osgec.'lfl'ed block, and a
steps in sequence as their will-occur.
transition conditions are satisfied.
OZZtiir?r no » After the STOP request, a coil output HOLD status will be
(immedigne established the first time processing occurs at the specified
sto block, and a STOP will occur.
P)
. ON  After the STOP request, the coil
Colil output (coil output output HOLD status will be » 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 will occur. first time processing
STOP) occurs at the specified

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

(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.

(3) Processing of the block is restarted from the step where the STOP
occurred when the block STOP/RESTART bit is switched OFF at the
sequence program or peripheral device.

An “operation HOLD status” step (with transition 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.

(4) 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 SM325 special relay (ON: operation output HOLD at biock STOP;
OFF: all OFF).

ON : Not executed
SM325 {OFF : Executed again

(5) 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 “block RESTART” instruction (RSTART BLm) is executed
while the block is stopped, the block in question is restarted, and the
block STOP/RESTART bit switches OFF.

POINTSl

(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 if 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 Instructiorﬂ

a) SFC information register
e Block STOPmodebit ................. See Section 4.5.4.
b) SFC control instructions

o Block STOP instruction (PAUSE BLm) & block RESTART instruction
(RSTARTBLmM) ... 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.

e 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 executed for the step following the transition.

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

lReIated Instructions

a) SFC information register

o Block STOP/RESTARTbit............. See Section 4.5.3.
b) SFC control instruction

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

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

Example: Sample program processing

{Block “n") « Continuous transition ON
‘EISM When the block is activated, all steps are proc-
400 bt .
| A essed within the same scan. The block is then
l: H deactivated at the block END.
SM400 s Continuous transition OFF
T HHCGranA 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
Hi—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 » Operation occurs with

continuous transition

» Continuous transition bit ON

*« SM323 OFF + No continuous transition bit

setting ¢ Operation occurs without

continuous transition

« Continuous transition bit OFF
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POlNTI

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 satisfied until the point when the transition destination

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

DIl [ Number of steps |

(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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4.6 Step Transition Watchdog Timer

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

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

Step where time  ——p | :I ......
monitoring occurs

(1) 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.
(2) 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 Watchdog | Watchdog | Watchdog | Watchdog | Watchdog Watchdog | Watchdog Watchdog
Timer 1 Timer 2 Timer 3 Timer & Timer § Timer 6 Timer 7 Timer 8 Timer 8 Timer 10
Zﬁ:;ia' SM90 SMo1 SM92 | SM93 | SMo4 | SM95 | SMos | SM97 | SM98 | SM99
Special SD90 sD91 sD92 sDb93 sD94 SD95 sD96 sD97 sD98 SD99
register )
(3) The setting method at special registers SD90-SD99 is shown below.
b15 to b8 b7 to b0
L—Time 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.

Time setting...10 x 1 sec = 10 secs
Ar iator (F) No. ...F1

MOVP|HO10A} SD90

HO10A

_{ Transition
condition “a*

! L 10 (sec)
['j 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) !f 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,
SM90 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,
SD63, 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

5 Watchdog timer 1

5

6

Ejs Watchdog timer 2

As there is no chance that steps
5 and 6 will be concurrently ac-
tive, the same watchdog timer
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, or to designate the processing method at a double

START.

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

shown below.

Item Description Setting Range Default Value Setting File
Designates an “initial START" or it
SFC program °. ¢ - Initial START/ .
resumptive START" when the tive START Initial START
START mode SFC program is started. resumptive
Block 0 START » Designates whether block 0 is to Auto START ON/ Auto START . Parameter 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
+ Designates the first block No. of 0to 319
Periodic the periodic execution blocks.
ex:;tf:utlon block |, Designates the time interval for No setting
setling execution of the periodic 1 to 65535 ms
execution blocks.
Pause/Wait
. » Designates the operation which a block range
Operation mode occurs when a START request is g :
at double block do f block which is alread can be designated Wait .
START magde for a block which is already for the PAUSE SFC program
active. ;
setting
Pause/Wait/Transfer
: » Designates the operation which
C)tpteratlt?tr_! mct)de occurs when a transition (follow- astep range
a franstt lon do | up)is executed to a step which is can be designated Transfer
Efe':?es esergs.:.’ already active, or when an dttive for the PAUSE
p ) step is started. or "Wait"setting
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4.7.1

(1)

SFC program START mode

MELSEC-QnA

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.

Settings and corresponding operations

The SFC program START format can be designated as an “initial

START” or a “resumptive START".

As shown below, the operation which occurs depends on the parameter

and special relay (SM322) setting combination.

Setting

SM322 status *'

Operation description

Initial START

« Initial START
ON/OFF

(default)

* When *auto START ON" is designated for block O:
........ Block 0 is executed from its initial step.

Hesumpiive START

OFF

e When *auto START OFF" is designated for block 0:
+....... The block started by the SFC control

“block START" instruction is
executed from its initial step.

ON

e Resumptive START
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 ifa “‘resumptive

start” setting is designated).

*2: 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.

' 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.

Setting

Operation

At SFC Program START

At Biock END (Block 0)

Auto START ON
(default)

« Block 0 is automatically activated, and is
executed from its initial step.

« The initial step is automatically activated
again at the block END.

Auto START OFF

« Block 0 is activated by a START request
resuiting from an SFC control “block
START" instruction or a block START step,
in the same manner as other blocks.

¢ Block 0 is deactivated at the block END,
and waits for another START request.
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4.7.3 Output mode at block STOP

The “output mode at block STOP” setting determines whether an output
(designated by OUT instruction) is to remain ON or be switched OFF when
a temporary STOP occurs 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 below, the operation which occurs depends on the parameter
and special relay (SM325) setting combination.

satisfied, and operation stops.

Block STOP Operation
Setting SM325 Status Mode Bit Active St Other than
ctive Steps
Status OperatloanOLD Steps Operation HOLD Steps
“OFF",
or no setting * Operation output’s coil output switches OFF at the STOP
Coil output (immediate instruction, and operation stops.
OFF OFF STOP)
(default), {col output o After the STOP instruction
coil output ON OFF) ON the operation output's coil * Operation output's coil output
(post-transition | output switches OFF when _sr:mttrchzils OFF :toth:rst‘!' OnP
STOP) the transition condition is Istz :c lon, and operatio
’ satisfied, and operation stops. pS.
“OFF",
or no setting ¢ A coil output HOLD status is established at the STOP
(immediate instruction, and operation stops.
Coil output .ON STOP)
ON (c?-:goLué;))ut o After the STOP instruction, a
ON coil output HOLD status i’ | *4 2901 Sutput HOLD stalus is
(post-transition | established when the es ot d ooeration
STOP) transition condition is instruction, and opera

stops.

POINTSI

(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 intervals 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 block” and all subsequent
blocks will become periodic 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.

D@ @, @ @0, @ 48,0, (2) !(4> ()
»le le
1 scan 7 1 scan f ! 1 scan " 1 scan
Execution interval T Execution interval i

(1) Sequence programs executed at each scan
(2) Blocks executed at each scan

(3) END processing

(4) Periodic execution blocks

(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 execution 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 blocks.

(¢) The specified time interval 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 occurs (by block START step (B, 8)) for a
block which is already started.

(1) Settings and corresponding operations

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

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

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

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

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

HOLD step Condition

(with transition check) _| _

%" “" Transition to step

in active block

.

POINTI

e 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 resuiting from these settings are shown below.

Setting Operation Remarks
» A CPU operation 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 \_NAIT status continues until the START destination e A step range can be
WAIT step is deactivated. designated for the WAIT

o If a transition WAIT occurs, the previous step is setting.
deactivated, the output is switched OFF, and the

operation output will not be executed.

TRANSFER (default)

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

Active step
Condition satistied
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.

TRANSFER

Setting Operation Remarks
« The TRANSFER setting applies to all operations, regardless of the
setting.
» At coil HOLD steps
....... The operation output is restarted, and
a transition condition check begins.
« At operation HOLD steps (without transition check) Following the double
R A transition condition check begins. ¢
PAUSE, 9 START, execution of all

* At operation HOLD steps (with transition check)
....... Operation continues as is.

Active step

- Inactive

+4 Transition condition satisfied

Coil HOLD step or ﬁ 2
operation output step

(without transition check)

Active

Transition condition
is checked

-+ (No transition condition check)

subsequent steps where
transition conditions are
satisfied will occur
according to the step
attributes.
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(3) Precautions when transition destination is a parallel branch

e When a STOP setting is designated
..... An error is activated if even 1 of the parallel branch’s

transition destination steps is active, and CPU operation is
stopped.

o When a WAIT setting is designated
..... A WAIT status is established until all the parallel branch’s
transition destination steps become inactive.
The 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.

7 Active I Ilnaclive Inactive
Transition condition -
satisfied WAIT sta!zs (WAIT) Transition exe?ted

E All active

e 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.

Transition condition N [—:‘”—:I
ol
=R (1 [ 1 [

If all the transition destination steps are inactive, transition processing occurs in the normal
manner with all the destination steps being activated.
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POINTI

e 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).

If 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-QnA
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5. SFC PROGRAM PROCESSING SEQUENCE

The processing sequence for SFC programs is shown below.

C CPU RUN D)

[ Initial program execution ]

OFF

Is SM321 ON?

Resumptive start

What is the SFC
program START
mode?

OFF Initial START
Is SM322 ON?
ON
[ Resumptive start 11 Initial START

Auto START OFF mhe block 0

START condition?

Auto START ON

Has block START
request occurred?

Execution from initial step of
block designated by START
request '

Execution from initial step of
block 0

Has SM321
switched OFF?

(SFG program execution END)

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

If SM321 Is 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 setting will be designated.

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

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

If *autc START OFF" is designated,
operation begins from the initial step of
the block designated by another pro-
gram file’'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 overall operation format is shown below.

[ cpu RUN |

!

Initial program

1

(1)

Started only 4
(2 when required ()
-+ —
Scan program WAIT program

(3)

Execution time monitoring
Low-speed

program
END END END
CPU RUN processing processing processing
" (2 L By (2) Lo 3
T i T 1 | i 1 |
e le e
Initia! scan v 1 scan ! 1 scan '

o 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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Executlon Type Description SFC Compatibility
initial program ¢ 1 scan only is executed at power ON, or at STOP —
1) (initial execution) RUN switching. X
e The WAIT program is used from that point on.
(2) ;Ssc;aar:‘ %r:egx:?on) « File which is executed at every scan. o]
e » The execution time for this file is either the surplus
(3) hg:’v:p::g Fe’;(c,egcruatrign) constant scanning time, or the preset low-speed X
P execution time. ’
L » This file is for subroutines or interrupt programs, etc.
(4) | WAIT program {waiting) o
» Started by program start instruction.

(1) The SFC program can execute only one of the “scan execution” files.
To start a WAIT program, the SFC program where scanning is 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

. SFC
Instruction Operation Compatibility
PSTOP » Designates a WAIT status at the specified block, 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 « If multiple programs are specified, the execution sequence is determined by the o

“program setting” parameter.

« Designates low-speed exacution of a specified program, beginning from the next

PLOW scan. X

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

e 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 specified program is in progress (error No. 2411).

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

e 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

———1Instruction Program name

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 uS = 89.56 ms

* No system processing time is required when switching from a scan status to a WAIT status.
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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 8, B symbols, all SFC diagram sym-
bols, steps, and sequence instructions for transition conditions used
at normal SFC programs may be used. '

POINTI

o A “BLOCK EXE.ERROR" (error No. 4621) will occur if the block
START step 2, & 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 SWOIVD-GPPQ programming
software package. :
For detalls 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 SQ.QPR is assumed to be a program file for a program other
than an SFC program.

" l SO Conditlion 1

S0 ——l I “SFC1. QPR" ® Scanning of the “zero return”, etc., pre-
processing control SFC program and the
-+ 10 4 1 constant monitoring sequence program
4 pscan] -sa. opr- | is executed.
[ st [Jse -
Condition 2 .
I I ® An SFC program WAIT status is estab-
lished at the zero return END signal.
T T t2 Tt T t6 S

= s2 [j s4
Condition 3
3 T o F—WM—‘I When an SFG program (SFC1) WAIT

- = status is established, a selection transi-
(INV: inverse of previous operatlon result) tion occurs if condition 3 (product type,
etc.) is ON.

S1

® Scanning of SFC program for automatic
operation is executed.

*SFC2. QPR"
[ PoFF | “sFc2. apR-

Condition 4

® An SFC program WAIT status is estab-
lished when the automatic operation
END condition Is satisfied by a cycle
STOP or emergency STOP, etc.

Condition 5

Condmon 4

t1 l———| | pcHk | “sFcz. apr-]

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 satistied.

Condition 5

tal——| [ pcrk] *sFcz. aprr] ® When condition 5 is satisfied (forced
END by emergency STOP, etc.} a selec-

tion transition to S2 occurs after the tran-
sition condition is satisfied. .

S2

® Scanning of the error processing SFC
program is executed.

Condition 6

® An SFC program WAIT status is estab-
lished when condition 6 is satisfied (er-
ror processing END).

B m “SFC3. QPR" TRAN ® When error processing is completed and
the transition condition is satisfied, a
block END occurs, and S0 is reactivated.

* The processing sequence when transition condition t4 is satisfied is the same as that shown
above except for a different “product type”.
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5.2 SFC Program Processing Sequence
5.2.1 SFC program 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) <scan>
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
————|r\/\/\/\alf { —L\/W\li::*——— ---------
T 1 i

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 from 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 1

SFC program processing

________________________ — Pme ey fm———— ey

! Step3of | | Stepdof | !Step5of | |Stepdof !
——1—» block0 |—»} block 0 1—» block 1 '— i block 1 —t
: ! executed | ! executed ! ! executed |

| executed
1

____________________________________________________

* 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
I
{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)

¢ 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.

e 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.

« If 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.

« 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
|
I |
(SM3210N) {SM3210N)
Initial step
{operation
output Initial step (operation Step 1(operation
executed) Y output executed) | output executed) |
SFC program Block 0 l—‘_—_——‘_:i F ! |
(Transition condition (Transition condition (Transition condition
unsatisfied) unsatisfied) unsatisfied)

5-10
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POINT|

The continuous transition ON setting is recommended for faster tact
times and step transitions.

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 transition destination step is executed.

For further details, see Section 5.2.4.
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5.2.4 Continuous transition ON/OFF operation

SFC program 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.

+ Continuous transition ON
...... ....... When the transition conditions for contiguous steps
are all satisfied, all these steps will be executed in
a single scan.

¢ 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")

SM400 * With “continuous transition ON" setting:
-+ FHF—Cran{ When the block becomes active, all steps will be executed in
a single scan. Block END processing then occurs, and the block is
I: deactivated.

SM400
+ }—ranH -« With “continuous transition OFF” setting:

When the block becomes 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 —CTranH

5-12
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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

(2) Transition condition satisfied/unsatisfied check

When transition condition
is unsatisfied

(3) END processing

If other blocks exist subsequent the block
In question, END processing will be executed
after those blocks have been processed.

(4) Ladder processing for the same step (n)
as that at the previous scan.

is satisfied

When transition condition

(3)' The active step (n) is deacﬁvated, and the coll
where the OUT instruction is ON is switched OFF.

(4) Step "n+1"is activated, and its ladder operation
occurs.

(5)" Transition condition satisfied/unsatisfied check

(6)' Subsequent processing is executed in a continuous
manner up to a step with an unsatisfied transition
condition.

(7)" END processing

If 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.

POINTI

files.

QnACPU User's Manual.

e END processing occurs following the execution of all program files
designated at the program setting parameter as “scan execution”

For details regarding the processing sequence, etc., refer to the
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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

ﬁl—i

X0 (2) Transition condition satisfied/unsatisfied check
+ HHH—CranA
n+1
When transition condition When transition condition
Hl‘—@‘l is unsatisfied is satisfied
1
1
]
(8) END processing (3)' The active step (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 executed
after those blocks have been processed.

(4)’ END processing

If other blocks exist subsequent the block

in question, END processing will be executed

(4) Ladder processing for the same step () after those blocks have been processed.
as that at the previous scan.

(5) Ladder operation is executed for the step activated
by the satisfied condition at the previous scan.

POINTI

e 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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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 |

I OFF

[ SM321 ON Is SM322 ON?

ON

Is another
program designated
at the execution
file?

[ Resumptive sTART | | Initial START

l |

YES

I SFC program execution |

Was SM321
switched ON or OFF at
another program
file?

OFF

SFC program not executed ON

{

SFC program not executed J

|

POINTSI

(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
(default) ON/OFF  When “auto START ON" is designated for block 0: *2

....... Block 0 is executed from its initial step.
 When “auto START OFF" is designated for block 0: -2

. OFF | . The block started by the SFC control “block START” instruction is
Ress_‘;l':‘g%[Ve 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 if 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 setlings.

*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.
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(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 special 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

Auto START ON

s When the SFC program is started,
block 0 is automatically started,
and is executed from its initial step.

e Convenient when block 0 is used
as a control block, pre-processing
block, or a constant monitoring
block.

At SFC program
START

Auto START OFF

o A START request is designated
from another sequence program for
a specified block.

The specified block is then started
and executed from its initial step.

« Convenient when the started block
is to be variable (product type, etc.)
when the SFC program is started.

¢ A sequence program other than the
SFC program must be designated
at the program setting parameter.

Block START by SFC
diagram symbol

» Another block is started by the
block START steps (H,B) at each
of the SFC program blocks.

T+ TRAN
—
——m

START occurs

[bmmmnnm

« Convenient for automatic
operations, etc., where the
sequence control is clearly defined.

e There are 2 types of block START:
The START source step remains
active until the START destination
block is ended.

The START source transition
occurs without waiting for the
START destination block to be

ended (SFC diagram symbol: Em).

Block START by SFC
control instruction

» Using an SFC control instruction, a
specified block is forcibly started
from an SFC program step
(operation output), or from another
sequence program.

(1) When specified block is
executed from its initial step:

Condition

SET | Blm

* “m” is the block No.

(2) When specified block is
executed from a specified step:

Condition

: Lm\Sn

* "'[ln" is the block No., “n” is the step
0.

» Convenient when starting an error
resetting block (when error
detection occurs), and for
executing interruption processing.

Block START by SFC
information register

» A specified block is started 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 debugging and test
operations in 1-block units because
the block can be started from a
peripheral device without requiring
a program.
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6.2.2 Block END methods

The methods for ending block operations are described below.

As shown below, there are several block END methods. Choose the method
which is most suitable for the purpose at hand.

END Method Operation Description Remarks
« Block processing is ended and the block is « Convenient for cycle stops at automatic
deactivated when the block's END step is operations, etc.
Block END by SFC executed.  Multi . -
. Multiple END steps are possible within a
diagram symbol :I: singlg block. P P

= =— 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.

« Convenient for executing a forced STOP (at
emergency stops, etc.) without regard to
the operation status.

Block END by SFC Condition
control instruction

* *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.

e A specified block is ended by forcing the

Block START by “block START/END bit” OFF from a . g°:r";;i"c:ﬁ2‘bfgé :ueszugggg ar’z,‘i;zzn can
SFC information program or a peripheral device. The “block bz ended from a peri heralladevice v?ithout
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
After block processing is
When the block 0 START * 989
e s " ended, processing is
?:ngtg?A;?eas;?nnated as started automatically from
Block 0 the initial step.
When the block 0 START o After block processing is
condition is designated as ended, the block remains
“auto START OFF” inactive until a START
request occurs by one of
the methods described in
Blocks other than block 0 (blocks 1 to 319) Section 6.2.1.
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6.3 Block Temporary Stop & Restari Methods
6.3.1 Block STOP methods

The temporary block STOP methods which can be used during SFC program
execution are described below.

(1) Block STOP methods

The methods for temporarily stopping a block during SFC program
operation are shown below.

STOP Method Operation Description Remarks
. Using_an SFC c_ontrol instrgction, a « Convenient for temporarily stopping
specified block is temporarily stopped from | 5neration (at error detection, etc.) in order
an SFC program step (operation output), or to correct the error by manual operation.

from another sequence program.

Block STOP by SFC * The manual operation controi programcan

control instruction Condition be placed atanother block which is
forciblyforcibly startedwhenthe block
! STOPoccurs.
* “m” is the block No.
« A specified block is temporarily stopped by « Convenient for confirming operation by step
Block STOP b forcing the *block START/END bit” ON from control at debugging and test operations,
y SFC . . . .
information register a program or a penphera[dgv:ce. ] because b!ock processing can be stopped
The “block START/END bit" is designated at from a peripheral device without requiring a
each block as an SFC information register. 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 Ouipl’l! Status of
Setting Mode’s
at Parameter Special B:g:es;gp Active Step Other .
Block STOP Relay than HOLD Step Active HOLD Step
(SM325) :
“OFF”, or no

o After the STOP request, the coil output will be switched OFF the

?i?rﬁ:\negdiate first time processing occurs at the specified block, and a STOP
stop) will occur.
Coil output OFF « After the STOP request, the coil
OF._F- (coil output output wi.||'be switc'h'ed QFF when | « After the STOP request,
coil OFF) the transition condition is the coil output will be
output HOLD ON satisfied, and a STOP will occur. switched OFF the first

(post-transition
STOP) « If multiple steps are active, the
STOP will occur at each of the
steps in sequence as their
transition conditions are satisfied.

time processing occurs at
the specified block, and a
STOP will oceur.
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Status of Operation Descripfion
Qutput Mode Output
Setting Mode’s Blsc::lt(ussToO'P
at Parameter Special Active Step Other
Block STOP ( Rolay | Mode Bit than HOLD Step Active HOLD Step
52::; orno * After the STOP request, a coil output HOLD status will be
(immegdiate established the first time processing occurs at the specified
stop) block, and a STOP will occur.
» After the STOP request, the coil
Coil output ON output HOLD status will be s After the STOP request, a
HOLD (Coil output established when the transition coil output HOLD status
HOLD) ON condition is satisfied, and a STOP will be established the
(post-transition will occur. first time processing
STOP) o If multi : occurs at the specified
ple steps are active, the A
STOP will occur at each of the block, and a STOP will
steps In sequence as their oceur.
transition conditions are satisfied.

POINTI

o 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 Restartinga stoppéd block

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.

Restart Method Operation Description Remarks

* Processing of the specified block is
restarted by an SFC control instruction at a
step (operation output) or sequence
program outside the stopped block. i i :

Restart by SFC » Convenient for returning to automatic

: g . operation when the manual control END
control instruction Condition signal is output at the temporary STOP,
* “m” is the block No.

» A specified block is restarted by forcing the

“block START/END bit" ON from a program » Convenient for confirming operation by step

control at debugging and test operations,

Restart by SFC or a peripheral device. b :
. - . . - . ecause block processing can be restarted
anormatlon register The “block START/END bit” is designated from a peripheral device without requiring a
at each block as an SFC information
register. 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.

Status at STOP Step Other than Operation HOLD Step Operation HOLD Step

Operation is restarted from the step which

Block STOP mod ¢ !

bit is OFF made was being executed when the STOP Steps where an operation HOLD status (with
occurred. or without transition check) was in effect

: ‘g hen the STOP occurred retain their
» Because the STOP is due a satisfied w -

tB,il:aicsngOP mode transition condition, operation is restarted operation HOLD status when restarted.

from the post-transition step.

POINTl

Coil HOLD steps are inactive when a STOP occurs, and are therefore
not reactivated by a restart.
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6.4 Step START (Activate) and END (Deactivate) Methods
6.4.1 Step START (activate) methods

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 Operation Description Remarks
* The step is automatically started (activated)
when the preceding transition condition is
satisfied.
Step START by SFC Condition

diagram symbol  Basic SFC program operation

START occurs when transition
condition is satisfied.

» Using an SFC contral instruction, a
speacified step is forcibly started from an
SFC program step (operation output), or
from another sequence program.

e Jumps to other blocks are possible.

Step START by SFC Co?dltlon « If the block where the specified destination
control instruction | m—i step is located is inactive, a forced block
R START will oceur.
* “n" is the step No.
. « When multiple initial steps exist, a selection
COTdmon START will occur.
I

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.

» When “PAUSE” setting is designated
........................ A CPU operation error occurs, and
CPU operation is stopped.

e 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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e 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 START destination
step continues as is.
(The instruction is executed in the same way as the NOP instruction.)

6-10
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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.

Step END Method Operation Description ) Remarks

« The step is automatically deactivated by
the system when the step's transition

condition is satisfied. « Basic SFC program operation

Deactivated when condition
is satisfied.

* At steps where attributes are specified,
operation will occur according to the

Condition ) attribute.
TRAN
END by SFC

diagram symbol » If a reset step is designated as the step
attribute, the reset (deactivate) step No.
must be specified.

» 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

I_R_I s1o processing step occurs.
n
"L * The specified reset step must be located in
4 Reset step No. the same block.

» Using an SFC control instruction, a
specified step is forcibly reset (deactivated)
from an SFC program step (operation
output), or from another sequence program.

» Step resets at other blocks are also

Condition possible.
END by SFC control I-__{ } RST ) ]
instruction : « |f all the block’s steps are deactivated by
* *n” is the step No. the reset, processing of that block wili be
Condition ended. '
ol SET

* “m" is the block No., “n" is the step No.
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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

» Active SFC program steps (instruction
execution steps) are deactivated, and a
forced START is executed for a specified

step « Convenient when jump destination varies

according to the condition.

» The change destination step must be
located in the current block.

» Indirect designation (D0, K4MO, etc.) of the
change destination step is also possible.

Change by SFC Condition

control instruction "
2 H —{screlkn

» |f multiple instructions exist in a single
step, the change destination executed in

Active step Specified step the same scan will be effective.
deactivated is activated
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APPENDICES
APPENDICES 1 SPECIAL RELAY AND SPECIAL REGISTER LIST

The special relays and special registers which can be used in SFC pro-
grams are shown below.

For information regarding other special relays and special registers (not
used at SFC program), refer to the QnACPU Programming Manual (Com-
mon Instructions).

1.1 “SM” Special Relays

ON/OFF

No. Name Content Description Control

« Switches ON when a diagnosis result
error accurs.

OFF: normal (no error) (Also sm{itches ON at an external

ON : abnormal (error) diagnosis error.)

« Remains ON even when normal status
is restored.

System
(at error
occurrence)

SMO | Diagnosis error

Step transition

watchdog timer
SM90 START (corresponds
to SD90)

Step transition

watchdog timer
SMe1 START (corresponds
to SD91)

Step transition

watchdog timer
SMo2 START (corresponds
to SD92)

Step transition

9 watchdog timer
SMo3 START {corresponds
to SD93)

Step transition

SMo4 | Watchdog timer OFF: Watchdog timer Switched ON to begin the step transition
START (corresponds reset watchdog timer count.
to SD94) ON : Watchdog timer Watchdog timer is reset when switched
Step transition START OFF.

watchdog timer
SMes5 START (corresponds
to SD95)

Step transition

watchdog timer
SMo6 START (corresponds
to SD96)

Step transition

watchdog timer
SMe7 START (corresponds
to SD97)

Step transition

watchdog timer
SMos START (corresponds
to SD98)

- Step transition

watchdog timer
SMee START (corresponds
to SD99)

User

APP — 1
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No.

Content

Description

ON/OFF
Control

SM320

SFC program
presence/absence

OFF: SFC program
absent

ON : SFC program
present

« Switches ON when the SFC program
status is normal, with the parameter
program settings designated.

System
(initial
value)

SM321

SFC program
START/STOP

OFF: SFC program
STOP

ON : SFC program
START

+ Switches ON automatically when an
SFC program is present.

« If switched OFF by another program file -

prior to SFC program execution, the
SFC program will not be executed.

* SFC program START/STOP control is
possible by ON/OFF switching at the
user program.

System
(initial
value),
User

SMa22

SFC program START
status

OFF: Initial START
ON : Resumptive
START

e 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 O.

: 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 is set to “resumptive START".

When ON

System
(initial
value),
User

SM323

All-blocks continuous
transition status

OFF: Continuous
transition enabled

ON : Continuous
transition disabled

« When the transition conditions of
contiguous steps are all satisfied, this
setting 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 precedence.

User

SM324

Continuous transition
disable fiag

OFF: After transition
ON : Before transition

« |f 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: Coil output OFF
ON : Coil output ON

¢ 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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No. Name Content Description gz:'a?ri':
* Switches ON when a status check is System
sMma1g | ‘Status check® SFC OFF: Disabled completed at an SFC program. (status
information ON : Enabled When switched ON, information is change)
stored at SD816 and SD817. 9
£ : “ " . System
SM820 | Step trace ready status OFF.. Not ready -_Swnch_es ON when a “ready status is (status
ON : Ready established after step trace registration. change)
¢ Designates the step trace
START/STOP status.
When ON : Step trace function is
OFF: Trace STOP started.
SM821 | Step trace START . When OFF: Step trace function is User
ON : Trace START
stopped.
If switched OFF during a
trace execution, the trace
operation is stopped.
: . : : * ON when step trace execution is in System
SM822 ﬁ;ep trace execution SZFZ :::::gg g\caticvtleve progress, and OFF when tracing is (status
g ’ completed or stopped. change)
- e e Switches ON when a trigger condition is System
SM823 | Post-trigger step trace 8§F1 '_II::;gg:: lslgtsi:fti':ged satisfied at any of the blocks where the (status
- 1199 step trace function is being executed. change)
OFF: Block with
:Jpsatlsflefi e Switches ON when trigger conditions System
SM824 | Post-tri rigger exists isfi status
st-trigger step trace ON : Triggers at all are satisfied at all blocks where the (
blocks are step trace function is being executed. change)
satisfied
* Switches ON when step tracing is ~ System
SM825 OFF: Trace START completed at all the specified blocks,
Step trace END flag ON : Trace END and switches OFF when step tracing c(;;z:t;:)
begins.
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1.2 “SD” Special Registers

No. Name Content Description
« The No. of the diagnosis error is stored as 4-digit binary
data.
SDO | Diagnosis error Diagnosis error No. * «4. 3 113" for errors originating at an SFC program.
» When more than one error has occurred, the error with the
highest display priority is stored.
» The clock data when an SDO update occurs is stored.
b15 ~-----~ ~-b8 b7~------ —bo
SD1 . . - . - < i
to Time of diagnosis Time of diagnosis SD1 | Year (00 to 99) : Month (1 to 12)
sp3 | error occurrence error occurrence : Each item is stored
SD2 | Day (11to31) | Hour (0 to 23) (as BCD 2-digit data)
T
sD3 [Minute (0 to 59),;Second (0 to 59
» Code which identifies an error as “information” or
“individual information” is stored.
b15------ b8 b7------ b0
(BIN 8 bits) , (BIN 8 bits)
' L “Common information”
codes
“Individual information” .
sp4 | Error information Error information codes 0: None
classification classification code 1: Unit No.
0: None 2: File name
1 3: Time (setting value)
2: File name 4: Program error location
3: Time (actual count value)
4: Program error location
5: Parameter No.
6: Annunciator F No.
7: CHK instruction Failure No.
« The error “"common information” is stored.
* When the SFC program is started, data is stored as
follows:
SD5
sDé
File name
§D7
sD8
SD5 I
to _Error “common Error “common SD9 » (2EH)
sD15 information information sD10 Extend name b15--b3 b2 bi b0
SD11 Pattern [+— 0 o/1 |o/t ot
SD12 Block No.
" b0...SFC block information
sp1a | Step No./transition present
condition No. s -
b1...SFC step information
sDi4 | Sequence program present
SD15 No. for step and b2...SFC transition
transition condition condition
information present
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MELSEC-QnA

No.

Name

Content

Description

sD16
to
AD25

Error “individual
information”

Error “individual
information”

¢ The error “individual information” is stored.
* There is no “individual information” for errors originating
at SFC programs.

SDoo

Step transition
watchdog timer
setting
(corresponding to
SM90)

SDet

Step transition
watchdog timer
setting
(corresponding to
SMat)

SD92

Step transition
watchdog timer
setting
(corresponding to
SM92)

SD93

Step transition
watchdog timer
setting
(corresponding to
SM93)

SD94

Step transition
watchdog timer
setting
(corresponding to
SMo4)

SD95

Step transition
watchdog timer
setting
(corresponding to
SM95)

SD96

Step transition
watchdog timer
setting
(corresponding to
SM96)

SD97

Step transition
watchdog timer
setting
{corresponding to
SM97)

SD98

Step transition
watchdog timer
setting
{corresponding to
SMS8)

SD9o9

Step transition
watchdog timer
setting
(corresponding to
SM99)

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.

bi15 to b8 b7 to bo
t : A |

Timer limit setting
(1 to 255 secs.;
designated in 1-sec. units)

“F” No. setting

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.

sD816

Status check

execution block No.

Status check
execution block No.

« The block No. where a status check (at SFC program) is
executed is stored.
* Valid only when SM816 is ON.

sSD817

Status check
execution step No.

Status check
execution step No.

« The step No. where a status check (at SFC program) is
executed is stored.
* Valid only when SM816 is ON.
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MELSEC-QnA

APPENDICES 2 MELSAP-1l AND MELSAP3 COMPARISON

Compared to MELSAP-II, the improved MELSAP3 has additional functions
which facilitate the use of SFC programs. MELSAP-Il and MELSAP3 are
compared below. '

* MELSAP3 improvements and added functions

(a)

(b)

(c)

(d)

(f)

(9)

SFGC program control 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.

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, etc.) can be revised at the Q6PU.

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 control 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).

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.

Substantial block information

The amount of block 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.

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.

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 reference purposes, comparisons of the major MELSAP-1I and
MELSAP3 functions are shown in the following pages.
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i MELSEC-QnA
(1) SFC Diagram Symbols
Name MELSAP-II MELSAP3
Step oo o

Coil HOLD step [s] sc

Operation HOLD step
(without transition check)

(with transition check)

Reset step : —

Block START step g
(with END wait)

Block START step
(without END wait)

[sc]
- [sE ]
Operation HOLD step
[&]
=
=]

Coupling & Branch L 9

sy

* A dummy step is required when
couplings or branches are

duplicated at a transition Couplmg'and branch duplications
dition ”(g) are gqssnble at a transition
con : condition.
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(2) SFC Control Instructions

The SFC control instruction shown below are available at MELSAP3.
MELSAP-II has no SFC control instructions.

Name Ladder Expression Function
(553 Gai ) sn !

i , ANI, ORI L -
/Si:‘z%t?\::t)u:h(ea:ktwe « Executes a check to determine if a specified
instruction LD, AND. OR step at a specified block is active or inactive.

(LDi, ANI, om') BLm\Sn
( RN ggl') TRn 1 | « Checks a specified step in a specified biock
Forced transition check L to determine if the transition condition (by
instruction transition contro! instruction) for that step
[ tgi ‘I‘\"Iﬂﬁ- gsl-] BLM\TRR was satisfied forcibly or not.
Block operation status LD, AND, OR, BLm e Checks a specified block to determine if it is
check instruction LD ANI, ORI active or inactive.
MOV (P) K4Sn (D) »!
MOV (P) BLm\K4Sn (D)
Active steps batch DMOV (P) K8Sn (D) =1 | o Active steps in a specified block are read to a
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
from its initial step.
: - e A specified block is forcibly ended
Block END instruction RST BLm (deactivated).
Block STOP instruction PAUSE BLm e 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 TleA specified block is forcibly started
(activated) independently, and is executed
SET BLm\Sn from a specified step.
. . o1
Step control instruction | RST Sn « A specified step at a specified block is
RST BLm\Sn forcibly deactivated.
.2 | ® The instruction execution step is deactivated,
SCHG (©) and a specified step is activated.
«1
SET TRmN » A specified transition condition at a specified
Transition control SET BLm\TRN block is forcibly satisfied.
instruction ]
RST TRn e The forced transition at a specified transition
RST BLM\TRn condition in a specified block is canceled.
Block switching e Blocks subject to the “*1” SFC control
instruction BRSET (D) instruction are designated.
* When the instruction execution condition is
. ON, the subroutine call is executed in a
ﬁ;lt:rrsélttigl: call XCALL Pn constant manner.
When switched OFF, the subroutine call
occurs only once at that time.
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Name Ladder Expression Function

Program operation
status check instruction

« A check occurs to determine if a specified

(LD, AND, OR) PCHK “program name~ program is being executed.

Time check instruction

TIMCHK

(s1) (s2) (D)

» When the designated time period beginning from
the point when a specified condition is satisfied
elapses, the designated output device is
switched ON.

(3) Block/Step START, END, and STOP Methods

MELSAP-II MELSAP3
By SFC Diagram By Block By SFC Diagram By Block By SFC Controll
Symbol Information Symbol Information Instruction
Block START
(with END check) Bm - Bm - -
Block START . . Block
(without END — Block active bit BEm START/END bit | SET Btm
check) ON .
Block clear bit Block
Bl E L X START/END bit RST BLm
ock END ON - OFFT L. OFF
; Block
Block STOP — Black STOP ot - STOP/RESTART | PAUSE BLm
bit ON
- Block
Block restart _ Block STOP bit . STOP/RESTART RSTART BLm
(STOP cancel) OFF .
bit OFF
Block active
No. register { . SET Sn
Step START 3 (at block STOP 3 SET BLM\Sn
only)
£3 ] RST Sn
Step END ¥ — I [Rlsn - RST BLm\Sn
Active step _ _ _ _ SCHG Sn
change
Active step _ _ _ _ SET TRn
forced transition SET BLm\TRn
Forced transition _ _ _ _ RST TRn
cancel RST BLm\Sn
Specified by block
STOP mode bit
STOP timing at Not specified (“immediate
block STOP — (immediate — STOP” or “STOP —
request STOP) after transition
condition is
satisfied”)
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(4) SFC Program Specifications
Item MELSAP-II MELSAP3
c . Max. 58K bytes (A3N, A3A, A3U, A4U) Max. 124K bytes
apacity (Q4ACPU)

(main program only)

Number of blocks

Max. 256 blocks

Max. 320 blocks

Number of SFC steps

Max. of 255 steps per block

Max. of 8192 steps
(total for ail 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 ail blocks)
max. of 22 steps per block

Max. of 1280 steps
(total for all 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 sequence
steps

Max. of 255 sequence steps

Max. of 4k steps per
block, no limit per step

Step transition watchdog timer function

Function exists (8 timers)

Function exists

(10 timers)
(5) System Processing Times for CPU Types
MELSAP-II MELSAP3
Item A3ACPU (F)
A3UCPU v QA4ACPU Q3ACPU
A4UCPU

Active block processing 5§7.0 uS 260.0 uS 20.3 uS 40.5 uS
Inactive block processing 14.0 uS 45.0 uS 4.0uS 7.9uS
Nonexistent block processing 40 uS 25.0 uS 2.1 uS 4.1pS
Active step processing 49.5 uS 355.0 uS 3.2 uS 6.3 us
Processing of transition condition
at active step 29.5 pS 100.0 puS 7.4 pS 14.7 uS

Without HOLD
Processing of step Step designation 17.0 pS 60.0 p,S 7.8 HS 15.6 }.l.S
with satisfied
transition condition With HOLD step

designation 2.4 S 13.5 puS 2.1 ps 4.2 8

g";ﬁ‘gﬂma' 28.5 uS 14.3 uS 28.5 uS
SFC END processing 285.0 uS

With “resumptive

START" 195.0 pS 97.5 us 195.0 uS
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IMPORTANT|

Design the configuration of a system to provide an external protective or safety inter locking
circuit for the PCs. ’

Under no circumstances will Mitsubishi Electric be liable or responsible for any consequential
damage that may arise as a result of the installation or use of this equipment.

All examples and diagrams shown in this manual are intended only as an aid to understanding
the text, not to guarantee operation. Mitsubishi Electric will accept no responsibility for actual
use of the product based on these illustrative examples.

Owing to the very great variety in possible applications of this equipment, you must satisfy
yourself as to its suitability for your specitic application.
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