g MITSUBISHI
ELECTRIC
Programmable Controller

SSSSSS

MELSEC iQ-F
FX5 User's Manual (Application)






SAFETY PRECAUTIONS

(Read these precautions before use.)

Before using this product, please read this manual and the relevant manuals introduced in this manual carefully and pay full
attention to safety in order to handle the product correctly.

This manual classifies the safety precautions into two categories: [AWARNING] and [ACAUTION].

f WARN I NG Indicates that incorrect handling may cause hazardous conditions, resulting in
death or severe injury.

f CAUTION Indicates that incorrect handling may cause hazardous conditions, resulting in
minor or moderate injury or property damage.

Depending on the circumstances, procedures indicated by [ACAUTION] may also cause severe injury.
It is important to follow all precautions for personal safety.
Store this manual in a safe place so that it can be read whenever necessary. Always forward it to the end user.

[DESIGN PRECAUTIONS]

/\WARNING

® Make sure to set up the following safety circuits outside the PLC to ensure safe system operation
even during external power supply problems or PLC failure. Otherwise, malfunctions may cause
serious accidents.

- Most importantly, set up the following: an emergency stop circuit, a protection circuit, an interlock
circuit for opposite movements (such as normal vs. reverse rotation), and an interlock circuit (to
prevent damage to the equipment at the upper and lower positioning limits).

- Note that when the CPU module detects an error, such as a watchdog timer error, during self-
diagnosis, all outputs are turned off. Also, when an error that cannot be detected by the CPU
module occurs in an input/output control block, output control may be disabled. External circuits
and mechanisms should be designed to ensure safe machinery operation in such a case.

- Note that the output current of the 24 V DC service power supply varies depending on the model
and the absence/presence of extension modules. If an overload occurs, the voltage automatically
drops, inputs in the PLC are disabled, and all outputs are turned off. External circuits and
mechanisms should be designed to ensure safe machinery operation in such a case.

- Note that when an error occurs in a relay, triac or transistor of an output circuit, the output might
stay on or off. For output signals that may lead to serious accidents, external circuits and
mechanisms should be designed to ensure safe machinery operation in such a case.

@ Construct an interlock circuit in the program so that the whole system always operates on the safe
side before executing the control (for data change) of the PLC in operation. Read the manual
thoroughly and ensure complete safety before executing other controls (for program change,
parameter change, forcible output and operation status change) to the PLC in operation. Otherwise,
the machine may be damaged and accidents may occur due to erroneous operations.

@ In an output circuit, when a load current exceeding the current rating or an overcurrent caused by a
load short-circuit flows for a long time, it may cause smoke and fire. To prevent this, configure an
external safety circuit, such as a fuse.

@ For the operating status of each station after a communication failure of the network, refer to relevant
manuals for the network. Incorrect output or malfunction may result in an accident.




[DESIGN PRECAUTIONS]

/\CAUTION

@ After the CPU module is powered on or is reset, the time taken to enter the RUN status varies
depending on the system configuration, parameter settings, and/or program size. Design circuits so
that the entire system will always operate safely, regardless of this variation in time.

[SECURITY PRECAUTIONS]

/\WARNING

@ To maintain the security (confidentiality, integrity, and availability) of the programmable controller and
the system against unauthorized access, denial-of-service (DoS) attacks, computer viruses, and other
cyberattacks from unreliable networks and devices via network, take appropriate measures such as
firewalls, virtual private networks (VPNs), and antivirus solutions.

[INSTALLATION PRECAUTIONS]

/NCAUTION

@® Connect the expansion board and expansion adapter securely to their designated connectors. Loose
connections may cause malfunctions.

@® Connect the extension cables, peripheral device cables, input/output cables and battery connecting
cable securely to their designated connectors. Loose connections may cause malfunctions.

® When using an SD memory card, insert it into the SD memory card slot. Check that it is inserted
completely. Poor contact may cause malfunction.

@ Turn off the power to the PLC before attaching or detaching the following devices. Failure to do so
may cause device failures or malfunctions.
- Peripheral devices, expansion board, expansion adapter, and connector conversion adapter
- Extension modules, bus conversion module, and connector conversion module
- Battery

[WIRING PRECAUTIONS]

/NCAUTION

@® Do not bundle the power line, control line and communication cables together with or lay them close to
the main circuit, high-voltage line, load line or power line. As a guideline, lay the power line, control
line and connection cables at least 100 mm away from the main circuit, high-voltage line, load line or
power line.




[STARTUP AND MAINTENANCE PRECAUTIONS]

/\WARNING

® Do not touch any terminal while the PLC's power is on. Doing so may cause electric shock or
malfunctions.

@ Before modifying the program in operation, forcible output, running or stopping the PLC, read through
this manual carefully, and ensure complete safety. An operation error may damage the machinery or
cause accidents.

® Do not change the program in the PLC from two or more peripheral equipment devices at the same
time. (i.e. from an engineering tool and a GOT) Doing so may cause destruction or malfunction of the
PLC program.

® Use the battery for memory backup in conformance to the User's Manual (Hardware) of the CPU
module used.

- Use the battery for the specified purpose only.

- Connect the battery correctly.

- Do not charge, disassemble, heat, put in fire, short-circuit, connect reversely, weld, swallow or
burn the battery, or apply excessive forces (vibration, impact, drop, etc.) to the battery.

- Do not store or use the battery at high temperatures or expose to direct sunlight.

- Do not expose to water, bring near fire or touch liquid leakage or other contents directly.

Incorrect handling of the battery may cause heat excessive generation, bursting, ignition, liquid

leakage or deformation, and lead to injury, fire or failures and malfunction of facilities and other

equipment.

[OPERATION PRECAUTIONS]

/N\CAUTION

@ Construct an interlock circuit in the program so that the whole system always operates on the safe
side before executing the control (for data change) of the PLC in operation. Read the manual
thoroughly and ensure complete safety before executing other controls (for program change,
parameter change, forcible output and operation status change) to the PLC in operation. Otherwise,
the machine may be damaged and accidents may occur by erroneous operations.




INTRODUCTION

This manual contains text, diagrams and explanations which will guide the reader in the correct installation, safe use and

operation of the FX5 Programmable Controllers and should be read and understood before attempting to install or use the
module.

Always forward it to the end user.

Regarding use of this product

» This product has been manufactured as a general-purpose part for general industries, and has not been designed or
manufactured to be incorporated in a device or system used in purposes related to human life.

» Before using the product for special purposes such as nuclear power, electric power, aerospace, medicine or passenger
movement vehicles, consult Mitsubishi Electric.

 This product has been manufactured under strict quality control. However when installing the product where major
accidents or losses could occur if the product fails, install appropriate backup or failsafe functions in the system.

Note

If in doubt at any stage during the installation of the product, always consult a professional electrical engineer who is
qualified and trained in the local and national standards. If in doubt about the operation or use, please consult the nearest
Mitsubishi Electric representative.

Since the examples indicated by this manual, technical bulletin, catalog, etc. are used as a reference, please use it after
confirming the function and safety of the equipment and system. Mitsubishi Electric will accept no responsibility for actual
use of the product based on these illustrative examples.

This manual content, specification etc. may be changed without a notice for improvement.

The information in this manual has been carefully checked and is believed to be accurate; however, if you notice a doubtful
point, an error, etc., please contact the nearest Mitsubishi Electric representative. When doing so, please provide the
manual number given at the end of this manual.

The term "Slave station" has been replaced with "Remote station" in accordance with CC-Link Partner Association's policy.
However, the term has not been replaced yet in some areas in the engineering tool, and there may be differences between
some window images of the engineering tool and the corresponding description in this manual. In that case, read the term
in the engineering tool's windows as follows.

Network Engineering tool Replacement term

CC-Link IE Field Network Basic Slave station Remote station
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RELEVANT MANUALS

Manual name <manual number>

Description

MELSEC iQ-F FX5S/FX5UJ/FX5U/FX5UC User's Manual (Hardware)
<SH-082452ENG>

Describes the details of hardware of the CPU module, including performance
specifications, wiring, installation, and maintenance.

MELSEC iQ-F FX5 User's Manual (Application)
<JY997D55401> (This manual)

Describes the basic knowledge required for program design, functions of the CPU
module, devices/labels, and parameters.

MELSEC iQ-F FX5 Programming Manual (Program Design)
<JY997D55701>

Describes the specifications of ladder, ST, FBD/LD, and SFC programs, and labels.

MELSEC iQ-F FX5 Programming Manual (Instructions, Standard
Functions/Function Blocks)
<JY997D55801>

Describes the specifications of instructions and functions that can be used in
programs.

MELSEC iQ-F FX5 User's Manual (Serial Communication)
<JY997D55901>

Describes the N:N network, Parallel link, MELSEC Communication protocol, inverter
communication, non-protocol communication, and predefined protocol support.

MELSEC iQ-F FX5 User's Manual (MELSEC Communication
Protocol)
<JY997D60801>

Explains methods for the device that is communicating with the CPU module by MC
protocol to read and write the data of the CPU module.

MELSEC iQ-F FX5 User's Manual (MODBUS Communication)
<JY997D56101>

Describes the MODBUS serial communication and MODBUS/TCP communication.

MELSEC iQ-F FX5 User's Manual (Ethernet Communication)
<JY997D56201>

Describes the Ethernet communication function of the CPU module built-in and the
Ethernet module.

MELSEC iQ-F FX5 User's Manual (SLMP)
<JY997D56001>

Explains methods for the device that is communicating with the CPU module by SLMP
to read and write the data of the CPU module.

MELSEC iQ-F FX5 User's Manual (Positioning Control - CPU module
built-in, High-speed pulse input/output module)
<JY997D56301>

Describes the positioning function of the CPU module built-in and the high-speed
pulse input/output module.

MELSEC iQ-F FX5 User's Manual (Analog Control - CPU module

Describes the analog function of the CPU module built-in and the analog adapter.

built-in, Expansion adapter)
<JY997D60501>

GX Works3 Operating Manual
<SH-081215ENG>

Describes the system configuration, parameter settings, and online operations of GX
Works3.

TERMS

Unless otherwise specified, this manual uses the following terms.

Term

Description

Engineering tool

The product name of the software package for the MELSEC programmable controllers

GENERIC TERMS AND ABBREVIATIONS

Unless otherwise specified, this manual uses the following generic terms and abbreviations.

Generic term and abbreviation

Description

Analog adapter

Generic term for FX5-4AD-ADP, FX5-4DA-ADP, FX5-4AD-PT-ADP, FX5-4AD-TC-ADP, and FX5-4A-ADP

Battery

Generic term for FX3U-32BL

Bus conversion module

Generic term for Bus conversion module (extension cable type) and Bus conversion module (extension
connector type)

Communication adapter

Generic term for FX5-232ADP and FX5-485ADP

Communication board

Generic term for FX5-232-BD, FX5-485-BD, and FX5-422-BD-GOT

Expansion adapter

Generic term for adapter for FX5 CPU module

Expansion board

Generic term for board for FX5S CPU module, FX5UJ CPU module, and FX5U CPU module

Extension module

Generic term for FX5 extension modules, FX3 extension modules, Extension modules (extension cable
type) and Extension modules (extension connector type)

Extension power supply module

Generic term for FX5 extension power supply module and FX3 extension power supply module

FX3

Generic term for FX3S, FX3G, FX3GC, FX3U, and FX3UC programmable controllers

FX5 CPU module

Generic term for FX5S CPU module, FX5UJ CPU module, FX5U CPU module, and FX5UC CPU module

GX Works3

The product name of the software package, SWnDND-GXW3, for the MELSEC programmable controllers
(The 'n' represents a version.)

High-speed pulse input/output module

Generic term for FX5-16ET/ES-H and FX5-16ET/ESS-H
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Generic term and abbreviation

Description

1/0 module Generic term for Input modules, Output modules, Input/output modules, Powered input/output modules,
and High-speed pulse input/output modules
Input module Generic term for Input modules (extension cable type) and Input modules (extension connector type)

Input/output module

Generic term for Input/output modules (extension cable type) and Input/output modules (extension
connector type)

Intelligent function module

Generic term for FX5 intelligent function modules and FX3 intelligent function modules

Intelligent module

The abbreviation for intelligent function modules

Output module

Generic term for Output modules (extension cable type) and Output modules (extension connector type)

Peripheral device

Generic term for engineering tools and GOTs




PART 1

PART1 PROGRAMMING

This part consists of the following chapters.

1 PROGRAM EXECUTION

2 PROCESSING OF OPERATIONS ACCORDING TO CPU MODULE OPERATION STATUS

3 CPU MODULE MEMORY CONFIGURATION

17



18

1 PROGRAM EXECUTION

1.1  Scan Configuration

The configuration of the scan of the CPU module is explained below.

o Inside the CPU module —

—

Scan configuration

Initial processing/RUN time
initialization processing

1/0 refresh

Program operations

END processing

_/

Initial processing and initialization processing in RUN mode

Initial processing according to CPU module status and initialization processing in the RUN status are explained below.

O: Performed, X: Not performed

Processing item

CPU module status

At power ON At reset STOP—RUN after At STOP—-RUN
write to PLC™

Initialization of input/output module O O X X
Boot from SD memory card O O X X
CPU parameter check @] O X X
System parameter check O @) X X
Initialization of device/label outside latch range | O O X X
(bit device: OFF, word device: 0)

Assignment of 1/0 numbers of input/output O O X X
module

Setting of module parameters O O X X
Setting of device O O O O

*1 Indicates an instance of power OFF—ON or setting to RUN status without a reset after modifying parameters or program in STOP

status.

Point}@

At STOP—RUN after writing to the FX5U/FX5UC CPU module, the following operations are added in CPU
module firmware version "1.015" or later. The FX5S/FX5UJ CPU modules support the following operations
from the first released product.
» When stored in CPU module: Update program file, FB files, global label setting file, initial device value file
* When stored in SD memory card: Update initial device value file

However, if other parameters are changed, the above is not updated. To update, please perform power supply

OFF—ON or reset.

1 PROGRAM EXECUTION
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/O refresh

Execute I/O refresh before starting program operations.
* Input ON/OFF data input from input module/intelligent function module to CPU module
» Output ON/OFF data input from CPU module to output module/intelligent function module

Point/©

When executing constant scan, I/O refresh is executed after the constant scan waiting time ends.

Program operations

Step 0 of each program up to the END/FEND instruction is executed according to program settings. This program is called the
"main routine". Main routine programs can be divided into subroutines. (5~ Page 32 Subroutine program)

END processing

END processing involves the following processes:

* Link refreshing of network modules

* Link refreshing of CC-Link IE Field Network Basic

+ Refreshing of intelligent function modules

* Instruction termination processing

+ Device/label access service processing

* Resetting of the watchdog timer

* Device collection by the data logging function

+ Self-diagnostic processing

 Setting of values to special relays/special registers (set timing: when END processing is executed)

1 PROGRAM EXECUTION 1
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1.2 Scan Time

The CPU module repeats the following processing. The scan time is the sum total of each process and execution time.

( RUN time )

RUN time initialization processing*1

1/0 refresh

Program operations
Scan time

END processing

*1 This process is included in the initial scan time.

Initial scan time

This refers to the initial scan time when the CPU module is in the RUN mode.

How to check the initial scan time

The initial scan time can be checked by the following information:

+ Value stored in SD518 (initial scan time (ms)), SD519 (initial scan time (us))
« Program list monitor (LI1GX Works3 Operating Manual)

Monitoring the initial scan time
The initial scan time is monitored by the initial scan time execution monitor time. (=5~ Page 72 SCAN MONITORING

FUNCTION)

Hinitial scan time execution monitor time precautions
+ Set an initial execution monitor time longer then the execution time of the initial scan time. An error occurs when the initial

scan time exceeds the set initial execution monitor time.
» The measurement error margin of the initial scan execution monitor time is 10ms. For example, if the initial execution

monitor time (t) is set to 100ms, an error occurs in the initial scan time in the range 100ms <t < 110ms range.

20 1 PROGRAM EXECUTION
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1.3  Program Execution Sequence

When the CPU module enters the RUN status, the programs are executed successively according to the execution type of the

programs and execution order setting.

(_ STOPIPAUSE-RUN )

Does an initial
execution type
program exist?

Exists

Does not exist v
3 _ fe— = Standby type
Initial execution I program
type program X
- = 1 [
I | | |
A | 1 1
I I
I I
Scan execution X :
type program I I Fixed scan
_____________________ - -------» execution type
I I I program
| | | :
: | |
l ! !
] I
] I
] I
] I
! . ___p| Eventexecution
END processing [----------------------- B type program
[
[

Point ;>

When the execution type of the programs is the same, the programs are executed in the order in which the
execution order was set.

1 PROGRAM EXECUTION 21
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1.4 Execution Type of Program

Set the program execution conditions.

Initial execution type program

This program type is executed only once when the CPU module changes from the STOP/PAUSE to the RUN status. This

program type is used for programs, that do not need to be executed from the next scan once they are executed, like initial
processing on an intelligent function module.

Control by one program When an initial execution type program is used
Program A
L 1 ~
. Processing performed ! Initial execution
! only once | type program
ol ______1

L One program can be divided into initial execution
type and scan execution type program.

Program B
r-——=-=-=-=-"=-"=-"=-"=-"=-"=-=-=-= 1
\ Processing performed ! Scan execution
! in every scan | type program
| J

Also, the execution time of initial execution type programs is the same as the initial scan time.
When multiple initial execution type programs are executed, the execution time of the initial execution type programs
becomes the time until execution of all initial execution type programs is completed.

STOP/PAUSE—RUN

‘0 END
Initial execution type program A F——-

jo END

0 END

1st scan | 2nd scan | 3rd scan |

END processing

Initial execution type program B

Initial execution type program C

0 END\ Y 0 END\ Y 0
[ [

Scan execution type program

Initial scan time is the sum of the execution time of initial execution type programs
and the END processing time.

Precautions

The precautions for initial execution type programs are explained below.

HRestrictions in programming
With initial execution type programs, do not use instructions that require several scans to complete execution (instructions for

which completion devices exist).

e.g. RBFM and WBFM instructions

1 PROGRAM EXECUTION
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Scan execution type program

This program type is executed only once per scan from the scan following the scan where an initial execution type program
was executed.

STOP/PAUSE—RUN
1st scan | 2nd scan | 3rd scan | 4th scan

END processing

Initial execution type program |A
0 END 0 END 0 END
Scan execution type program A
0 END 0 END 0
Scan execution type program B
0 END END
Scan execution type program C

Scan time

When multiple scan execution type programs are executed, the execution time of the scan execution type programs becomes
the time until execution of all scan execution type programs is completed. Note, however, that when an program/event
execution type program is executed before a scan execution type program is completed, the execution time of these
programs is included in the scan time.

Point >

« For the SFC program, only the scan execution type program can be specified.

» For SM402 (After RUN, ON for one scan only) and SM8002 (Initial pulse NO contact) in the scan execution
type program, the action differs depending on the following.

- When there is not an initial execution type program: SM402 and SM8002 are executed.

- When there is an initial execution type program: SM402 and SM8002 are not executed.

Fixed scan execution type program

An interrupt program which is executed at a specified time interval. Different from the normal interrupt program, this type of

program does not require interrupt pointer (1) and IRET instruction to be written (pointer is assigned by parameter). Execution
is performed by program file basis.
You can use 4 files of fixed scan execution type programs at the maximum.

Fixed scan interval

END processing Condition

established

Condition
established

Scan execution type program

Fixed scan execution type program

Point/©

To execute a fixed scan execution type program, the El instruction must be used to enable interrupts.

1 PROGRAM EXECUTION 2
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Make the following settings for fixed scan execution type program in CPU parameter.
* Interrupt pointer setting (Interrupt from internal timer: 128 to 131)
» Fixed scan interval setting

Interrupt pointer setting

The interrupt pointer (Interrupt from internal timer: 128 to 131) assigned to a fixed scan execution type program is set up.

O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "Program Setting" = "Program
Setting" = "Detailed Setting" = "Detailed Setting Information"

1. Open the program setting window.
2. Set type as fixed scan.
3. Specify interrupt pointer.

Window
Execute Execution Tvpe -
P &t
Order rogram fame Type Detailed Setting Information
1 MAIN Scan
2 MEAIN Fixed Scan  ilterruptI31:10 ms =
3
4
5 -
Displayed.items
Item Description Setting range Default
Interrupt Pointer Set the interrupt pointer which is assigned to fixed scan execution type | <128 131
program. * 129
+ 130
* 131

Specified Time Intervals | Fixed scan interval setting value is displayed. —
Setup is performed on another window. ([==~ Page 24 Fixed scan
interval setting)

Fixed scan interval setting

Sets the fixed scan interval setting of the fixed scan execution type program. (It is the same as setting for interrupt from
internal timer.)
O Navigation window = [Parameter] => [Module model name] = [CPU Parameter] = "Interrupt Settings" = "Fixed Scan

Interval Setting"

Window.

Item Setting -

= Fixed Scam Iotenval Scfme
= Interrupt Setting fram Internal Timer

m

128 100 mz
17 40 mz
130 20 mz
3 10 me -

Displayed.items

Item Description Setting range Default

Interrupt Setting from Internal 128 Sets the execution interval of 128. 1 to 60000ms (1ms units) 100ms

Timer 129 Sets the execution interval of 129. 1 to 60000ms (1ms units) 40ms
130 Sets the execution interval of 130. 1 to 60000ms (1ms units) 20ms
131 Sets the execution interval of 131. 1 to 60000ms (1ms units) 10ms

24 1 PROGRAM EXECUTION
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Action when the execution condition is satisfied

Performs the following action.

HIf the execution condition is satisfied before the interrupt is enabled by the El instruction

The program enters the waiting status and is executed when the interrupt is enabled. Note that if the execution condition for
this fixed scan execution type program is satisfied more than once during the waiting status, the program is executed only
once when the interrupt is enabled.

EWhen there are two or more fixed scan execution type programs
When the specified time intervals expire in the same timing, the programs are executed in order according to the priority (131
> 130 > 129 > 128) of the periodic interrupt pointer.

HIf another or the same execution condition is satisfied while the fixed scan execution type
program is being executed
Operates according to the fixed scan execution mode setting.

HIf the execution condition is satisfied while the interrupt is disabled by the system
Operates according to the fixed scan execution mode setting.

HIf an interrupt factor occurs during link refresh

Suspends link refresh and executes the fixed scan execution type program. Even while station unit block guarantee is
enabled for cyclic data during refresh of such links as CC-Link |IE Field Network, if the fixed scan execution type program uses
a device specified as the refresh target, station unit block guarantee for cyclic data is not available.

10 ms 10 ms 10 ms 10 ms

Interrupt factor —I —I —I —I
Execution of the fixed scan execution J | | | | | | \_l

type program

Execution of link refresh |7

(1) Suspends link refresh and executes the fixed scan execution type program.

EWhen an interrupt is generated during a standby while executing constant scan
Executes the fixed scan execution type program.

Constant scan l

. . | ™
Fixed scan interval T T
Waiting time
END processing ! Condition | - | :
' established ' 5
Scan execution type program j——— 8- -------- — B
Fixed scan execution type program — —

*1 If processing does not finish during the waiting time, the scan time is extended.

HIf another interrupt occurs while the fixed scan execution type program is being executed
If an interrupt program is triggered while the fixed scan execution type program is being executed, the program operates in
accordance with the interrupt priority.

1 PROGRAM EXECUTION 2
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Processing when the fixed scan execution type program starts

The same processing as when the interrupt program starts. (=5~ Page 38 Processing at startup of interrupt program)

Fixed scan execution mode

If execution condition for a fixed scan execution type program and fixed cycle interrupt (128 to 131) based on the internal timer
of the CPU module is satisfied while interruption is disabled, the operation of the program execution after interruption
becomes allowed is specified. However, if execution condition is satisfied while interruption is set to be disabled because of a
Dl instruction or the like, this is out of the scope of the fixed scan execution mode.

Point )’

"Interrupts disabled" refers to the following:

» A program having an interrupt priority higher than or the same as the corresponding program is currently
being executed.

* The corresponding program is currently being executed.

» Program execution is currently at a part in which interrupts are disabled by the system.

EOperation in the fixed scan execution mode
This section describes the operation which can be performed in the fixed scan execution mode.

» Execution Count Takes Priority
The program is executed for all the pending number of executions so that it can be executed the same number of times as
execution condition was satisfied.

Execution condition satisfied:
Cycle interval of TEISYU @ O O @ @ ® 6 times " !

"TEISYU"
(Fixed scan execution type program) I

‘ Number of executions:
6 times
Section where interruptions 1]

) — All pending executions are executed and the
' are disabled ' number of executions of the fixed scan is
guaranteed. (In the chart, three executions are
made immediately after interruption becomes
allowed [1]).

* Precede Fixed Scan
When the waiting for execution, one execution is made when interrupt becomes allowed. Even if execution condition was
satisfied twice or more, only one execution is performed.

J Delay behind the cycle
I

I
| ) " P
Cycle interval of TEISYU @ O ® ‘ ; ® ® g?ﬁﬁggon condition satisfied:
I H H I I
Lo
o e : :
I Lo
1 ! 1
! i [N ; :
! : [ : :
1 ; o
"TEISYU" ! x Number of executions:
(Fixed scan execution type program) - l L 4 times
FSGC“O” where interruptions ___j The program is executed once, and the fixed period

are disabled ' execution of the program is maintained. (Even if
execution condition was satisfied twice or more, only
one execution is made.)

2 1 PROGRAM EXECUTION
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HFixed scan execution mode setting

Use the fixed scan execution mode setting.
O Navigation window = [Parameter] => [Module model name] = [CPU Parameter] = "Interrupt Settings" = "Fixed Scan

Execution Mode Setting"

Window.
Item Setting -
| Fixed Scan Exccution Mads Scttng : |
Fized Szan Execution Mode Precede Fixed Scan -
Displayed.items
Item Description Setting range Default
Fixed Scan Execution | For Precede Fixed Scan, the periodicity of the program is maintained. For * Precede Fixed Scan | Precede Fixed Scan
Mode Execution Count Takes Priority, the program is executed for all pending number  Execution Count
of executions. Takes Priority

1 PROGRAM EXECUTION 2
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Event execution type program

Execution of this program type is triggered by a user-specified event. (==~ Page 28 Trigger type)

STOP/PAUSE—RUN

1st scan | 2nd scan 3rd scan 4th scan 5th scan
T T T T

Execution order 160 interrupt occurs
-/ p

—

Scan execution type program A
Scan execution type program B

H

Event execution type program C
(Executed when Y50 turns ON)

Event execution type program D
(Executed when 160 interrupt occurs)

Event execution type program E
(Executed when 10 ms elapses) < 10 ms”

'
'
'
'
'
'
'
'
'
'
1

END processing H e

*1 Measurement of elapsed time is 10ms or more because it is determined depending on the scan time.

Trigger type

Triggers for event execution type programs are explained below. (=5~ Page 30 Trigger setting)

EGeneration of interrupt by interrupt pointer (I)
The program is executed once, immediately, when a specified interrupt cause is generated. An interrupt pointer label can be

appended by adding the FEND instruction to a different program, and the program description partitioned by the IRET
instruction can be turned into an exclusive program.
STOP/PAUSE—RUN

1st scan | 2nd scan 3rd scan

Execution order

160 interrupt occurs

K-I I

U
Scan execution type program A |————— | P
Scan execution type program B |—| |—|
END processing o o

Event execution type program C
(Executed when 160 interrupt

occurs) ‘\ )

(1) Event execution type program C is executed immediately when the specified event is generated.

« Specifiable interrupt pointer (1)
Specifiable interrupt pointers are 10 to 115, 116 to 123, and 150 to 1177.

Pointp
Execution conditions for the event execution type program which is triggered by interrupt occurred by the
interrupt pointer (I) are the same as those for general interrupt programs. (=5~ Page 34 Operation when an
interrupt is generated)
28 1 PROGRAM EXECUTION
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WBit data ON (TRUE)

When it is the turn of the corresponding program to be executed, the program is executed if the specified bit data is ON. This
eliminates the need for creating a program for monitoring triggers in a separate program. After the specified bit data changes

from ON (TRUE) to OFF (FALSE) and it is the turn of the corresponding event execution type program to be executed, output
(Y) currently used in the corresponding program and the current values of timer (T) can be cleared.

STOP/PAUSE—RUN

1st scan | 2nd scan 3rd scan | 4th scan |
T T T T

Execution order

< Y50 is the ON interval >

Scan execution type program A

Event execution type program C

|
I
Scan execution type program B — .
(Executed when Y50 turns ON) :

END processing

(1) The program is executed if Y50 is ON when it is the turn of event execution type program C to be executed.

Applicable devices are as follows.

Item Description
Device'! Bit device X (DX), Y, M, L, F, SM, B, SB
Bit specification in word device D, SD, W, SW, R, uO\GQd

*1 Indexed devices cannot be specified.

1 PROGRAM EXECUTION 2
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EElapsed time

The program is executed once when it is the turn of the corresponding program to be executed first after the CPU module is
run and the specified time has elapsed. For second execution onwards, the time is re-calculated from the start of the previous
event execution type program. When it is the turn of the corresponding program to be executed first after specified time has
elapsed, program execution is repeated. Output (Y) currently used in the corresponding program and the current values of
timer (T) can be cleared at the next scan following execution of the corresponding program. This will not be always executing
an interrupt at a constant cycle but can be used when executing a specified program after a specified time has elapsed.

STOP/PAUSE—RUN
Execution order 1st scan ! |2nd scan ! 3rd s<|:an ! 4th scan |
Scan execution type program A ———] |—i—| — i — H---
- I L z
pvietnodtErcul I s B S N B B
Scan execution type program B |—| . i i—| . I+| . i—| .
END processing ;—i ! |_i ! ;_i ;_i
Measurement interval < 10 ms >| < 10 ms >|

Specified time 10
ms has passed

Specified time 10
ms has passed

(1) When it is the turn of the first execution after the specified time has elapsed, event execution type program C is executed.

Point
Output and timer current values are not cleared even when the program is set so that output and timer current
values are cleared, if the scan time is longer than the elapsed time set value.
Trigger setting

Use the event execution type detail setting.

O Navigation window = [Parameter] => [Module model name] = [CPU Parameter] = "Program Setting"

Operating procedure

"Program Setting"” window 1. Click "Detailed Setting" on the Program Setting.
Item Setting
=l Pragram Sciirg i
Program Setting <Detailed Setting>
"Detailed Setting” window 2. Select the program name and set the execution type
Execute Execution Type - to "Event".
Order gesEniiens Type Detailed Setting Information
7 [ Event Bit ONDo Not Glear: 3. Click "Detailed Setting Information”.
2

"Event Execution Type Detailed Setting" window 4. Setthe trigger type to execute the event execution

Ttem Setting type program.
[l Trigger Type {OM of Bit Data ( TRUE) =
Interruption Coocurrence
[l OM of Bit Data (TRUE)
Clear Output and Current Yalue of Timer Do Mot Clear
= Pazging Time
Unit ms

Glear Output and Current Walue of Timer Do Mot Glear

1 PROGRAM EXECUTION
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Displayed.items

Item Description Setting range Default
Interruption Occurrence Sets the interrupt pointer used as the trigger. 10 to 123, 150 to 1177 —

ON of Bit Data (TRUE) Sets the device used as the trigger. =5~ Page 29 Bit data ON (TRUE) —

Clear Output and Current Value of Sets that the current values of the output (Y), and « Do Not Clear Do Not Clear

Timer

timer (T) used in this program are cleared at the

« Clear

execution turn of the event execution type program
that comes after the specified bit data is OFF.

Passing Time Unit Sets the time passed. * When "ms" is selected: 1 to 65535ms (in —
units of 1ms)

* When "s" is selected: 1 to 65535s (in units of

1s)
Clear Output and Sets that the current values of the output (Y), and « Do Not Clear —
Current Value of timer (T) used in this program are cleared at the « Clear

Timer execution turn of the event execution type program

that comes after the specified time passes.

Point/@
When "Clear Output and Current Value of Timer" is enabled together with "ON of Bit Data (TRUE)" or

"Passing Time", the current values of the output (Y) and timer (T) of this program can be cleared at the first
execution turn of this program that comes after the trigger turns OFF.

Stand-by type program

This program is executed only when there is an execution request.

Saving programs in library

Subroutine programs or interrupt programs are saved as standby type programs so that they can be used when controlled

separately from the main routine program. Multiple subroutine programs and interrupt programs can be created in one
standby type program.

Scan execution type program

Scan execution type program

| | | !
| | | |
i Main routine | ! Main routine |
| %{ |
! program ! ! program !
I | 1 |
| | | !
I P100 | Subroutine by T -
i program i Stand-by type program
| | T TTTT T T T TTT T T T TT TS
1 1 ! 1
; 10 |nterrupt 1 \1 P100 Subroutine i
i program i ! program !
L 1
3 10| Interrupt i
! program !
| |
| |

How to execute

Execute standby type programs as follows.

 Create sub-routine programs and interrupt programs in the standby type program which is called up by a pointer, etc. or
when an interrupt is generated.

1 PROGRAM EXECUTION
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1.5 Program Type

Programs that use pointers (P) or interrupt pointers (l) are explained below.

Subroutine program

This is the program from pointer (P) up to the RET instruction. Subroutine programs are executed only when they are called

by the CALL instruction. Pointer type labels also can be used instead of pointers (P). The applications of subroutine programs

are as follows:

* By grouping programs that are executed multiple times in one scan into a single subroutine program, the number of steps
in the entire program can be reduced.

» A program that is executed only under certain conditions can be saved as a subroutine program which shortens the scan
time proportionately.

Main routine program

——— {FEND |

— 10 )
Subroutine program 1 <

———  RET 1

P8
— 11 D,

—————{RET i

Subroutine program 2 <

— ——v12 D

Subroutine program 3 <

——— [ RET 1

—— ¥ — END 1

Pointer
Point/@
» Subroutine programs can also be managed as separate programs by turning them into standby type
programs. (==~ Page 31 Stand-by type program)
 Pointers need not be programmed starting with the smallest number.
Precautions

The precautions when using subroutine programs are explained below.

» Do not use timers (T, ST). Note, however, that timers can be used when a timer coil (OUT TO instruction) is always
executed only once in one scan.

* An error occurs when program execution returns to the call source program and the program is terminated without using
the RET instruction.

» An error occurs when there is no pointer (P) or pointer type global label in FB or FUN.

» When the CALL instruction is used in the operation output of the step of the SFC program, even though the transition
condition is established and the step is deactivated, the output of the call destination is not turned OFF. When turning OFF
the output of the call destination, use the XCALL instruction.

2 1 PROGRAM EXECUTION
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Interrupt program

This is the program from interrupt pointer (I) up to the IRET instruction.

( b

— 10 D,

Main routine program <

— 1 )
/—— Indicates the end of the main routine program.

—— FEND |

10— ——(v12 D

10 interrupt program <

——— [ IRET 1

129 — F——v13 )

129 interrupt program <

——— [ IRET 1

———  {END T

Interrupt pointer

When an interrupt is generated, the interrupt program corresponding to that interrupt pointer number is executed. Note,
however, that interrupt enabled status must be set with the El instruction before executing the interrupt program.

Interrupt Interrupt
occurs for 10 occurs for 129
Execution / Execution / Execution

Main routine program

10 interrupt program - - — ___ __ Execution

IRET

129 interrupt program =~ - - - - o o oo

Point}3

» Only one interrupt program can be created with one interrupt pointer number.

« Interrupt pointers need not be programmed starting with the smallest number.

« Interrupt programs can also be managed as separate programs by turning them into standby type
programs. (==~ Page 31 Stand-by type program)
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Operation when an interrupt is generated

Operation when an interrupt is generated is explained below.

HIf an interrupt cause occurs when interrupt is disabled (DI)
The interrupt that was generated is stored, and the stored interrupt program is executed the moment that the status changes

to interrupt enabled. An interrupt is stored only once even if the same interrupt is generated multiple times. Note, however,
that all interrupts cause are discarded when interrupt disable is specified by the IMASK and SIMASK instructions.

Interrupt occurrence Enable Interrupt (El)

Main routine program

Execution

Interrupt Program ------------ Sl
Not executed because the interrupt program / \ Executed as soon as the interrupt program
execution is in disabled status (Dl). execution status changes to enabled.

EWhen an interrupt cause is generated by a PAUSE status
The interrupt program is executed the moment that the CPU module changes to the RUN status and the status changes to

interrupt enabled. An interrupt is stored only once when the same interrupt is generated multiple times before the CPU
module changes to the RUN status.

PAUSE— RUN
Interrupt occurrence l/ Enable Interrupt (EI)
Main routine program y y
Execution
Interrupt Program - -----=----=---X---------
Not executed because the CPU module ; § Executed as soon as PAUSE — RUN and
is in the STOP status. the interrupt program execution status

changes to enabled.
HIf an interrupt factor occurs during link refresh
Suspends link refresh and executes the interrupt program. Even though station unit block guarantee is enabled for cyclic data
during refresh of such links as CC-Link |IE Field Network, if the interrupt program uses a device specified as the refresh target,
station unit block guarantee for cyclic data is not available.

10 ms 10 ms 10 ms 10 ms

Interrupt factor _| _I —I _I _L

Execution of the interrupt | | | | | | | | |
program

Execution of link refresh r

(1) Suspends link refresh and executes the interrupt program.

4 1 PROGRAM EXECUTION
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EWhen multiple interrupts are generated at the same time while in an interrupt enabled status
Interrupt programs are executed in order starting from program having the highest priority. Interrupt programs also run in order
of priority rank when multiple interrupt programs having the same priority are generated simultaneously.

Simultaneous occurrence of
Enable Interrupt (EI) multiple interrupt factors

Main routine program

Higher |0 interrupt program _
Priority 110 interrupt program
rank ptprogram _ _ _ _ _ ____________
i ! Execution
Lower 116 interrupt program _ _ __ _____________ Ko mmmmmmmm o o
N
Wait status IRET

EWhen an interrupt is generated during a standby while executing constant scan
The interrupt program for that interrupt is executed.

EWhen another interrupt is generated during execution of the interrupt program

If an interrupt such as a fixed scan execution type program (including an interrupt which triggers the event execution type
program) is triggered while an interrupt program is being executed, the program operates in accordance with the interrupt
priority.

1 PROGRAM EXECUTION
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HIf an interrupt cause with the same or a lower priority occurs while the interrupt program is
being executed

* Forl0to 123 and 150 to 1177

The interrupt cause that occurred is memorized, and the interrupt program corresponding to the cause will be executed after

the running interrupt program finishes. An interrupt is stored only once even if the same interrupt is generated multiple times.

The second interruption cause and later causes
that occur during the execution of an interruption
are not memorized.

seccccccccs

10 100180 I50 & 1100180 150 &

T

Main routine program I_I

~~ Higher ™

Priority 150 interrupt program
rank

10 interrupt program

1100 is executed.
i1 (180 is not executed for
i L the second time.

180 interrupt program | After the interruption being —
executed is completed, the 5
1100 interrupt program | interruptions are executed
L from 10, which has higher | [[807is executed.
_\ Ower/_ priority level. 150, which (150 is not executed for
has higher priority rank, is | | the second time.)
executed ahead of 180,

which has the same
priority.

—» Time
* For 128 to 131
The interrupt cause that occurred is memorized, and the interrupt program corresponding to the cause will be executed after
the running interrupt program finishes. If the same interrupt cause occurs multiple times, it will be memorized once but
operation at the second and later occurrences depends on setting of the fixed scan execution mode. (>~ Page 26 Fixed scan
execution mode)
When "Execution Count Takes Priority" is enabled, the interrupt program corresponding to the memorized interrupt causes will

be executed after the running interrupt program finishes. When "Precede Fixed Scan" is enabled, the second and later
occurrences will not be memorized.

The second and following interruption causes,
which occur while an interruption is executed,

seccccccccs

131 128 129 128 129 & operate according to the setting of the fixed scan
l l ".I."I"‘ execution mode.
Main routine program : : seees ) -
Higher ‘When "Execution Count ... "% x « When "Precede Fixed

| Takes Priority" is set s x 3 Scan'is set

| seccedecccecccns

{{TOA TOB:

| teccccccccccccss

The second
interruption is
not executed.

Priority
rank

131 interrupt program*

129 interrupt program” | | After the interruption being |_‘ ""é'i
Lower executed is completed, cceses ,
. . . sPeccccacal

N 128 interrupt program 129, which has higher A

priority, is executed. The second
interruption
is executed.

tees

ceececes

The second
interruption is|
executed.

* The priority is the same.

» Time
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HIf the same interrupt cause occurs while the interrupt program is being executed
* For 10 to 123 and 150 to 1177

The interrupt cause that occurred is memorized, and the interrupt program corresponding to the cause will be executed after
the running interrupt program finishes. An interrupt is stored only once even if the same interrupt is generated multiple times.

The second and following interrupt causes, which
occur while an interruption executed, are not saved.

Main routine program _I

10 interrupt program

After the interruption being executed is completed,
the first interrupt program is executed.

> Time

* For 128 to 131

The interrupt cause that occurred is memorized, and the interrupt program corresponding to the cause will be executed after
the running interrupt program finishes. If the same interrupt cause occurs multiple times, it will be memorized once but
operation at the second and later occurrences depends on setting of the fixed scan execution mode. (>~ Page 26 Fixed scan
execution mode)

When "Execution Count Takes Priority" is enabled, the interrupt program corresponding to the memorized interrupt cause will
be executed after the running interrupt program finishes. When "Precede Fixed Scan" is enabled, the second and later
occurrences will not be memorized.

geeee The second and following interruption causes, which occur while an interruption
131 131 0131, is executed, operate according to the setting of the fixed scan execution mode.

Main routine program —l When "Precede Fixed Scan" is set ]

When "Execution Count -4 5, The second interruption
Takes Priority" is set is not executed.

131 interrupt program

The second interruption is executed.

» Time

Setting the interrupt cycle

Set the interrupt cycle of interrupts 128 to 131 using the internal timer of the interrupt pointer.

O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "Interrupt Settings" = "Fixed Scan
Interval Setting"

Window.

Item Setting
= Fixed Scan Interval Settne ‘

.3

[= Ihterrupt Setting from Internal Timer

\L]

123 100 m= i
129 40 mz
130 20 mz
131 10 m= i

Displayed.items

Item Description Setting range Default
Interrupt Setting from Internal 128 Sets the execution interval of 128. 1 to 60000ms (1ms units) 100ms
Timer 129 Sets the execution interval of 129. 1 to 60000ms (1ms units) 40ms
130 Sets the execution interval of 130. 1 to 60000ms (1ms units) 20ms
131 Sets the execution interval of 131. 1 to 60000ms (1ms units) 10ms
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1.5 Program Type



38

Processing at startup of interrupt program

Processing is as follows when an interrupt program is started up.
» Purge/restore of index registers (Z, LZ)

BPurge/restore of index registers (Z, LZ)

When an interrupt program is started up, the values of the index registers (Z, LZ) in the currently executing program are
purged, and those values are handed over to the interrupt program. Then, when an interrupt program is terminated, the
purged values are restored to the currently executing program.

Precautions

The precautions for interrupt programs are explained below.

ERestrictions in programming
» The PLS/PLF instructions execute OFF processing at the scan following instruction execution. ON devices remain ON until

the interrupt program runs again and the instruction is executed.
» Only a routine timer can be used in an interrupt program. Timers (T, ST) cannot be used.

ESplitting of data

Processing may be interrupted during instruction execution and an interrupt programs can be executed. Accordingly, splitting

of data might occur if the same devices are used by both the interrupt program and the program that is aborted by the

interrupt. Implement the following preventive measure.

 Set instructions that will result in inconsistencies if interrupted to "interrupt disabled" using the DI instruction.

* When using bit data, ensure that the same bit data is not used by both the interrupt program and the program that is
aborted by the interrupt.

Hinterrupt precision is not improved

If interrupt precision is not improved, this might be remedied by implementing the following:
+ Give higher priority to the interrupt that needs higher precision.

» Use an interrupt pointer with high interrupt priority order.

» Recheck the section of interruption disabled.

1 PROGRAM EXECUTION
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2 PROCESSING OF OPERATIONS ACCORDING
TO CPU MODULE OPERATION STATUS

The CPU module has three operation statuses as follows:
* RUN status

+ STOP status

» Paused

Processing of operations on the CPU module in each status is explained below.

Processing of operations in RUN status

In the RUN mode, operations in the sequence program are executed repeatedly in order step 0—-END (FEND)

instruction—step O.

EOutput when CPU module enters RUN mode

Operation results are output after the sequence program is executed for the duration of one scan.

The device memory other than the output (Y) holds the state immediately before the RUN state. However, if device initial
value is set up, this initial value is set.

HProcessing time until start of operation
The processing time from the CPU module switching from STOP—RUN up to start of execution of operations in the sequence
program fluctuates according to the system configuration and parameter settings. (Normally, this time is within one second.)

Processing of operations in STOP status
In the STOP status, execution of operations in the sequence program is stopped by the RUN/STOP/RESET switch or a

remote stop. The CPU module also enters the STOP status when a stop error occurs.

HEOutput when CPU module enters STOP status
When the CPU module enters the STOP status, all output points (Y) turn OFF. For device memory other than outputs (Y),

non-latch devices are cleared and latch devices are held.
However, when SM8033 is on and CPU module switches RUN—STOP, it is possible to hold an output state and the current
value of a device.

Precautions

When SM8033 is ON, PC write with an engineering tool cannot be performed.

Processing of operations in paused status

In a paused status, execution of operations in the sequence program is stopped after one scan execution but with outputs and

device memory states held, by a remote pause.
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Processing of operations by the CPU module during switch operations

Processing of operations by the CPU module is as follows according to the RUN or STOP mode.

RUN/STOP status | Processing of operations by CPU module
Processing of operations | External output Device memory
in sequence program Other than Y Y
RUN—STOP The program is executed up to | All output points turn OFF. Latch devices are held, and All output points turn OFF.
the END instruction and then non-latch devices are cleared.
stops.
STOP—RUN Program execution starts from | Operation results are output The states of device memories | Operation results are output
step 0. after the PLC is run for the immediately before the CPU after the PLC is run for the
duration of one scan. module entered the RUN mode | duration of one scan.
are held.
Note, however, that when
device initial values are set, the
device initial values are set.
Poi
oint

The CPU module performs the following processing regardless of RUN or STOP status or paused status.

* Refreshing of input/output modules

» Automatic refreshing of intelligent function modules

« Self-diagnostic processing

« Device/label access service processing

« Setting of values to special relays/special registers (set timing: when END processing is executed)
For this reason, the following operations can be performed even in the STOP status or paused status:
» Monitoring of I/O or test operations by the engineering tool

» Reading/writing from external device using SLMP
* N:N Network
- MODBUS RTU slave
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3 CPU MODULE MEMORY CONFIGURATION

3.1  Memory Configuration

CPU module memory is explained below.

Memory configuration

The configuration of CPU module memory is explained below.

Memory type Application

CPU built-in memory Data memory The following files are stored in this memory:
* Program files, FB files

* Restored information files

« Parameter files

« Files that contain device comments, etc.

Device/label memory Data areas for internal devices/labels, etc. are located in this memory.
Signal flow memory This memory is used to memorize the execution status of the instruction in the last scan.
Temporary area This memory is used temporarily by the system during the scan process. Itis used as the label

defined by the function or the instruction operand added by the system.

SD memory card This is for storing files that contain device comments, etc. and folders and files that are created
by SD memory card functions.

Data memory

The following files are stored in data memory.

Category File type Max. number of files | Storage area size | Remarks
Program Program file 32 1 Mbytes —
FB files 16 (Up to 15 for user) —
Restored information Restored information files 48 1 Mbytes —
Parameters Parameter files common to system 1 1 Mbytes —
CPU parameter file 1 —
Module parameter file 1 —
Module extension parameter 18 —
Remote password 1 —
Device data storage file 1 —
Global label setting file 1 —
Data logging setting file 4 —
Memory dump setting file 1 —
Device initial values file 1 —
Device station parameter file™ 802 —
Firmware update prohibited file 1 —
Comments Device comment file 1 2 Mbytes —

*1  Only FX5U/FX5UC CPU module is supported.
*2 When the firmware version of the FX5U/FX5UC CPU module is "1.230" or earlier, the maximum number of the files is 60.
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Device/label memory

Device/label memory has the following areas.

Area Storage area size

Application

Device/label memory (standard) 48K words

BWFX5S/FX5UJ CPU module
* R, W, SW, labels, and latch labels are fixed in the memory.

63 K words BMFX5U/FX5UC CPU module
* R, W, SW, labels, and latch labels can be placed in this memory in variable lengths.
« Rand W can be backed up in the event of a power interruption only when the optional battery
is installed. Also, latch label capacity can be increased when the battery is installed.
Device/label memory (fast) 12 K words WFX5S/FX5U/FX5UC CPU module

« Bit devices, T, ST, C, LC, D, Z, and LZ are fixed in the memory.

BFX5U/FX5UC CPU module

« Bit devices, T, ST, C, LC, D, Z, LZ, labels, and latch labels can be placed in this memory in
variable lengths.

Signal flow memory

This memory is used to memorize the execution status of the instruction in the last scan. The CPU module judges whether to

execute a rising/falling edge execution instruction by referring to the signal flow memory.

Signal flow memory

INCP wCount1

I—[INCP wCount2

Executed

Not executed

The execution status of the last instruction is stored in the signal flow memory in two ways: executed or not executed. The

instructions that refer to the signal flow memory judge whether to execute a rising/falling edge execution instruction depending

on the input condition of the instruction and the execution status of the last instruction stored in the signal flow memory.

For a program, the same number of areas as steps of the program are assigned to the signal flow memory (for program).
For a function, the signal flow memory is not assigned since the instructions that refer to the last execution status of the

signal flow memory cannot be used in the function.

For a subroutine-type function block, the same number of areas as the function block steps are assigned to the signal flow

memory (for FB). Different areas are assigned to each instance. When the macro type function block is called from the

subroutine type function block, the areas including the ones used for the macro type function block are assigned.

For a macro type function block, the same number of areas as the number of steps of the macro type function block are

assigned to the signal flow memory (for program).

For instances of the function block, refer to the following.
LTIMELSEC iQ-F FX5 Programming Manual (Program Design)

Point

The signal flow unit is 1 bit.
[FX5S/FX5UJ CPU module]

The program capacity is fixed at 48000 steps, and the capacity of the signal flow memory is as follows.

« Signal flow memory (for program): 48000 step (6000 byte)
« Signal flow memory (for FB): 131072 step (16K byte)

[FX5U/FX5UC CPU module]

The capacity of the signal flow memory varies according to the program capacity setting.
« Signal flow memory (for program)

- 64000 step...64000 step (8000 byte)

- 128000 step...128000 step (16000 byte)

« Signal flow memory (for FB)

- 64000 step...131072 step (16K byte)
- 128000 step...262144 step (32K byte)

3 CPU MODULE MEMORY CONFIGURATION
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Temporary area

This area is used temporarily by the system during the scan process. It is used as the label defined by the function or the

instruction operand added by the system.

Part of the temporary area is occupied when execution of the function or instruction is started. The area is released when the
execution is completed.

Examples of changes in the state of temporary area when executing a function are shown below.

EProgram example

(Program file) Execution flow (FUN file) .
Main program FUN1 program (FUN file)
FUNS3 program
° 3]
— FUN1 — FUNS3
(5] (4]
(FUN file)
T FUN2 FUN2 program
— — (6]
7]
EChanges in the state of temporary area
o 2] (3] 4]
Main program being FUN1 being executed FUNS3 being executed FUN1 being executed
executed (before FUN3 is called) (after FUN3 is executed)

(5] (6 (7]
Main program being FUN2 being executed Main program being
executed executed

=> => =>

Label area of FUN2

Point}3
[FX5S/FX5UJ CPU module]

The capacity of temporary area is 32767 word.

[FX5U/FX5UC CPU module]

The capacity of the temporary area varies according to the program capacity setting.
* 64000 step...700 word

» 128000 step...32767 word

3 CPU MODULE MEMORY CONFIGURATION 4
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SD memory card

The following files are stored in SD memory card.

Category

File type

Max. number of files

Remarks

Program

Program file

32

FB files

16 (Up to 15 for user)

Parameters

Parameter files common to system

1

CPU parameter file

1

Module parameter file

1

Module extension parameter

18

Memory card parameter

Remote password

Global label setting file

Data logging setting file

Initial device value file

Device station parameter file™

Comments

Device comment file

Extended file register

Extended file register file

*1  Only FX5U/FX5UC CPU module is supported.
*2  When the firmware version of the FX5U/FX5UC CPU module is "1.230" or earlier, the maximum number of the files is 60.
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3.2

Files

The CPU module files are explained below.

File type and storage destination memory

File types and their storage destination memory are explained below.

O: Can be stored, X: Cannot be stored

File type CPU built-in memory | SD memory card File name (extension)
Data memory
Drive No.4 Drive No.2

Program O O ANY_STRING.PRG

FB files @) O ANY_STRING.PFB

CPU parameters O O CPU.PRM

System parameters O O SYSTEM.PRM

Module parameters O O UNIT.PRM

Module extension parameter (for intelligent module) O O UEXmmmnn.PRM2

Memory card parameter X O MEMCARD.PRM

Device comments O O ANY_STRING.DCM

Device initial values O O ANY_STRING.DID

Event history O O EVENT.LOG

Device data storage file @) o1 DEVSTORE.QST

Global label setting file O O GLBLINF.IFG

General-purpose data X O ANY_STRING. (CSV/BIN)

Data logging setting file O O LOGNN.LIS™

Memory dump setting file O X MEMDUMP.DPS

Remote password O O 00000001.SYP

Module extension parameter (for protocol setting) O O UEX3FF01.PPR™
UEX3FF00.PPR™®

Firmware update X O HFX5S CPU module
+ F5Snvwwv.SYF®
EFX5UJ CPU module
« F5Jnvvwv.SYF®
WFX5U/FX5UC CPU module
« F50nvvwv.SYF 8
Hintelligent module
« F5Smmwvw.SYF7

Firmware update prohibited @) o1 FWUPDP.SYU

System file for backing up CPU module data X O $BKUP_CPU_INF.BSC

Device/label data file for backing up CPU module X @] BKUP_CPU_DEVLAB.BKD

data

System file for CPU module auto exchange function X O $BKUP_CPU_EXCHANGE.DAT

Extended file register file X O EXFILER.ERD

Device station parameter file O O SLAVEmmmnnnoooo.NSP 8"

Web server binary file X O F5WebFilexxxxxx.HVF 10

*1 Can be stored but cannot operate as a function.
*2 mmm indicates the module number (3-digit hexadecimal). nn is the serial number (2-digit hexadecimal) for each module.
*3 nn corresponds to the setting number and is 01 through 04.

*4  For serial communications file.
*5 For Ethernet file.
*6 nis 0through F.

vvvv is the version information. (4-digit decimal)
*7 mm is the intelligent module information.
vvvv is the version information. (4-digit decimal)
*8 mmm is the module number, nnn is the number of modules, and oooo is the serial number.
*9  Only FX5U/FX5UC CPU module is supported.
*10 xxxxxx is the version information.
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Executable file operations

File operations that can be executed on each file are explained below. This operation is possible only when the operation
status of the CPU module is the STOP status.
O: Can be executed, —: No corresponding operation

File type Operation with engineering tool | Operation with FTP server Operation via
function™ instruction”
Write Read Delete | Write? | Read Delete | Write Read

Program O O O O O o — —
FB files ¢} ¢} e} ) e} o — —
Parameters O O O O O o’ — —
Device comments O O O O O o’ — —
Device initial values O O O O O ol — —
Global label setting file O e e O e o’ — —
Device data storage file — — — o O o' O O
General-purpose data O O O O O O O O
Data logging setting file o' o' o' O O O — —
Memory dump setting file O O O X X X — —
Remote password O O O O O o’ — —
Firmware update prohibited file O O O O O O — —
System file for backing up CPU module data | — — — O O o — —
Device/label data file for backing up CPU — — — O O o’ — —
module data

System file for CPU module auto exchange | — — — O O o’ — —
function

Extended file register file O O —7 O O o o8 O
Device station parameter file™ @] @] @] @] @] o’ — —

*1  Only files stored on the SD memory card (drive No. 2) are the target.
*2  Wiriting is possible when the "Allow Online Change" is set to "Enable" with the FTP server settings.
*3 Modification of data in files, such as execution of the ERREAD/ERWRITE/ERINIT instruction or SP.FWRITE/SP.FREAD instruction.
*4  Only FX5U/FX5UC CPU module is supported.
*5 Available only when the CPU module operation status is STOP. A communication error occurs when operated in the RUN state.
*6 Operation on CPU Module Logging Configuration Tool.
All the file operation of the target memory unlike memory during data logging execution is possible.
*7 The extended file registers (ER) can be initialized at once.
*8 The extended file registers (ER) can be initialized at once by the ERINIT instruction.
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3.3  Memory Operation

Initialization and value clear

Each memory can be initialized and cleared to zero by using the engineering tool. For details on the operation method, refer
to the following.
[T1GX Works3 Operating Manual

Items to be specified in the engineering tool Target
Initialization Data memory Deletes all the folders and files in the program memory and data memory.
SD memory card Deletes all the folders and files in the SD memory card.
Clear value (when CPU | Device, Zero clear Excluding devices and labels with latch specified, clears the following to zero: X, Y, M, L, B,
built-in memory is Label F, SB, S, T, ST, C,LC,D, W, SW, Z, LZ, R, and all labels (including module labels).
selected) Zero clear (including Including devices and labels with latch specified, clears the following to zero: X, Y, M, L, B,
Latches (1) and (2)) F, SB, S, T, ST, C,LC,D, W, SW, Z, LZ, R, and all labels (including module labels).
Clear value (when SD memory card is selected) Initializes all extended file registers (ER) with FFFFH.
Point

If the power goes off during initialization or zero clear, the memory is left in the state of that point, and it is
necessary to re-execute the memory operation.

Memory initialization during execution of another function

No memory can be initialized during execution of the following function. Check that the following function is not being

executed and then initialize the memory.
» CPU module data backup/restoration function

Clearing values during execution of another function

ECPU module data backup/restoration function

During execution of the CPU module data backup/restoration function, devices, labels, and latch areas cannot be cleared to
zero. Check that the CPU module data backup/restoration function is not being executed and then clear devices, labels, and
latch areas to zero.
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PART 2

PART 2 FUNCTIONS

This part consists of the following chapters.
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5 FIRMWARE UPDATE FUNCTION
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21 DATA LOGGING FUNCTION
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FUNCTION LIST

The following table lists the functions of the CPU module.

O: Supported, A: Limitedly supported, X: Not supported

Function Description Function support Reference
CPU module
FX5S FX5UJ | FX5U/
FX5UC
Firmware update function Updates the firmware of the module. O O O Page 53
Scan monitoring function Detects an error in the hardware and program of the O O O Page 72
(Watchdog timer setting) CPU module by monitoring the scan time.
Clock function This function is used for the time management in the O O O Page 74
function which the system operates such as the date of
the event history function, and data logging function.
Online Changing ladder Writes the part of a program edited on the ladder editor O O O Page 78
change blocks while online using the engineering tool to the CPU module in units of
ladder blocks. Edited contents spanning multiple portions
can be written to the CPU module at once.
Interrupt Multiple interrupt When an interrupt occurs while an interrupt program O O O Page 81
function function triggered by another cause is running, stops the program
if its priority is lower than that of the new interrupt, and
runs the higher-priority program whenever its execution
condition is satisfied.
PID control via instruction function Performs PID control by the PID instruction. O O O Page 83
PID control via parameter function Performs PID control (standard PID control, heating- X X O Page 120
cooling PID control) by using GX Works3 parameters.
Constant scan Keeps the scan time constant and executes program O O O Page 167
repeatedly.
Remote Remote RUN/STOP | Changes the CPU module status to the RUN/STOP/ O O @] Page 169
operation Remote PAUSE PAUSE status externally while the RUN/STOP/RESET
switch of the CPU module is in RUN status.
Remote RESET Resets the CPU module externally while the CPU O O O
module is in the STOP status.
Device/label memory area setting Sets the capacity of each area in the device/label O X O Page 174
memory.
Program capacity setting Set to change program capacity. X X O Page 180
Internal buffer capacity setting Sets the capacity of the area (internal buffer) used by the | O O O Page 182
system to temporarily store the results of data logging
and memory dump processing.
Initial device value setting Sets the initial values of devices used in the program O O O Page 184
directly (not via the program) to the devices.
Latch function Holds the contents of the device and label of the CPU O O O Page 186
module when the power is turned ON etc.
Memory SD memory card Makes the SD memory card unavailable without turning NG O O Page 191
card forced stop OFF the power even when the function accessing the SD
function memory card is executed.
Boot operation Transfers the file stored in the SD memory card to the A2 O O
transfer destination memory judged automatically by the
CPU module when the power is turned ON or is reset.
Device/label access service Sets the number of execution times of the device/label O O O Page 195
processing setting access service processing executed by END processing,
with parameter.
Data logging function Collects data at the specified interval or any desired A2 O O Page 198
timing, and stores them as a file on the SD memory card.
Memory dump function Saves the data in the devices of the CPU module at a A2 O O Page 249
desired timing.
Real-time monitor function Monitors the data in the specified device of the CPU O O O Page 258
module at a specified interval or at a desired timing in
real time.
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Function Description Function support Reference
CPU module
FX5S FX5UJ | FX5U/
FX5UC
RAS Self-diagnostics Self-diagnoses the CPU module to see whether an error | O O O Page 260
function function exist or not.
Error clear Batch-clears all the continuation errors being detected. O O O
Event history Collects operations executed and errors detected from O O O
function the modules, and saves them in the CPU module,
expansion board, expansion adapter, and intelligent
module. The saved logs can be checked in chronological
order.

Data backup/restoration function Backs up program files, parameter files, and device/label NG O O Page 269
data files in a CPU module to an SD memory card. The
backup data can be restored as needed.

Security function Protects resources stored in PCs and resources in the O O O Page 289
units in the system of the FX5 from illegal access by a GX Works3 Operating
third party such as theft, alteration, accidental operation Manual
and unauthorized execution.

IP filter function Identifies the IP address of external devices over @] O O MELSEC iQ-F FX5 User's
Ethernet, and blocks access from an invalid IP address. Manual (Ethernet

Communication)

High-speed | High-speed counter | Performs high-speed counter, pulse width measurement, | O O O Page 291

input/output | function input interruption, etc. by using the input of the CPU

function Pulse width module or high-speed pulse input/output module. Page 375

measurement
function
Input interrupt Page 443
function
PWM output function | Executes a PWM output by using the transistor output of | O O O Page 407
the CPU module or high-speed pulse input/output
module.

Positioning function Executes positioning operation by using the transistor O O O MELSEC iQ-F FX5 User's
output of the CPU module or high-speed pulse input/ Manual (Positioning
output module. Control - CPU module

built-in, High-speed pulse
input/output module)

Built-in Analog input function | The analog input function and analog output function are | X X o Page 421

analog Analog output built in the CPU module so that voltage input/voltage MELSEC iQ-F FX5 User's

function function output can be performed. Manual (Analog Control -

CPU module built-in,
Expansion adapter)

Built-in Ethernet function An Ethernet related function such as connection to @) A O MELSEC iQ-F FX5 User's
MELSOFT products and GOTs, socket communication, Manual (Ethernet
file transfer function (FTP server, FTP client), Web server Communication)

(HTTP), SNTP client, and simple CPU communication
function.

CC-Link IE Field Network Basic Exchanges data between the master station and remote | O O O CC-Link IE Field Network

function station using general-purpose Ethernet. Basic Reference Manual

Serial communication function A function related to the serial communication such as @) @) O MELSEC iQ-F FX5 User's
N:N Network, parallel link, MC protocol, inverter Manual (Serial
communication function and non-protocol Communication)
communication.

MODBUS communication function Connection with the products which support MODBUS O O O MELSEC iQ-F FX5 User's
RTU/TCP is available. The master and slave functions Manual (MODBUS
can be used. Communication)

SFC function Executes programs written in sequential function chart X X O MELSEC iQ-F FX5
(SFC). Programming Manual

(Program Design)

*1  Only FX5U CPU module is supported.
*2  An SD memory card module is required.
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5 FIRMWARE UPDATE FUNCTION

This function is used when the user obtains the firmware update file from the Mitsubishi Electric FA website, and updates the

firmware version.

The firmware can be updated by the following methods.

Method

Description

Update using an SD memory card

The CPU module firmware can be updated only with an SD memory card
without using any special tool.

Update using the engineering tool

The CPU module/intelligent module firmware can be updated by using the
engineering tool.

For supported version of firmware update function, refer to [==~ Page 649 Added and Enhanced Functions.

5.1 Update

Using an SD Memory Card

The CPU module firmware can be updated by using an SD memory card. The firmware can be updated only with an SD

memory card without using special software.

= »

Firmware update file

»

0T

=

SD memory card CPU module

Pointp

« In system configurations where the CPU module (system) for which the firmware to be updated is

connected to a network, etc., an error may occur when the firmware update is executed. Therefore, confirm

the system's safety before executing the firmware update.

» Back up the various data such as the programs and parameters before executing the firmware update.

Target models

The target models are listed below.

Product name

Model name

FX5S CPU module

FX5S-30MR/ES, FX5S-40MR/ES, FX5S-80MR/ES, FX5S-80MR/ES ™", FX5S-30MT/ES, FX5S-40MT/ES, FX5S-60MT/
ES, FX5S-80MT/ES", FX5S-30MT/ESS, FX5S-40MT/ESS, FX5S-60MT/ESS, FX5S-80MT/ESS ™!

FX5UJ CPU module

FX5UJ-24MR/ES, FX5UJ-40MR/ES, FX5UJ-60MR/ES, FX5UJ-24MT/ES, FX5UJ-40MT/ES, FX5UJ-60MT/ES,
FX5UJ-24MT/ESS, FX5UJ-40MT/ESS, FX5UJ-60MT/ESS

FX5U CPU module

FX5U-32MR/ES, FX5U-64MR/ES, FX5U-80MR/ES, FX5U-32MT/ES, FX5U-64MT/ES, FX5U-80MT/ES, FX5U-32MT/
ESS, FX5U-64MT/ESS, FX5U-80MT/ESS, FX5U-32MR/DS, FX5U-64MR/DS, FX5U-80MR/DS, FX5U-32MT/DS,
FX5U-64MT/DS, FX5U-80MT/DS, FX5U-32MT/DSS, FX5U-64MT/DSS, FX5U-80MT/DSS

FX5UC CPU module

FX5UC-32MT/D, FX5UC-64MT/D, FX5UC-96MT/D, FX5UC-32MR/DS-TS, FX5UC-32MT/DS-TS, FX5UC-32MT/DSS,
FX5UC-32MT/DSS-TS, FX5UC-64MT/DSS, FX5UC-96MT/DSS

*1 These models are offered for specific regions.
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CPU module firmware update

Firmware update method

HPreliminary preparations
1. Download the firmware update information for the model to be updated from the Mitsubishi Electric FA website.
2. Decompress the firmware update information (ZIP file).

3. Store the "$MELPRJS$" containing the firmware update file and Web page update file! into the root folder of the SD
memory card using a personal computer. When another “SMELPRJ$” is already stored in the SD memory card, delete
the "$MELPRJ$” and then store the "$MELPRJ$” containing the firmware update file.

o D
) FSmmvvvv.SYF
Firmware $MELPRJ$ Firmware update file

update information

|
|

F5WebFilemmvvvv.HVF
Web page update file™!

L

FWUPDP.SYU
Firmware update
prohibited file

L

HISTORY_mmvvvv. TXT
Firmware change history
information file

When updating the firmware to version "1.060" and later on the FX5U/FX5UC CPU module, store the
firmware update file and Web page update file in the same firmware update information (ZIP file) into the
SMELPRUJS folder. If the files which are not compatible with each other are stored into the SMELPRJ$ folder,
the update will not be completed.

4. i updating of the firmware is prohibited, cancel the prohibit setting. (==~ Page 58 Canceling the firmware update
prohibited setting)

Store the "$MELPRJ$" folder into the SD memory card using a personal computer. The "$SMELPRJ$" folder
cannot be written into the SD memory card with the engineering tool.

5. Back up the various data such as the programs and parameters before executing the firmware update. Also, use the
backup/restoration function to hold latch devices. (==~ Page 269 DATA BACKUP/RESTORATION FUNCTION)

*1 The file attached to the firmware update information (ZIP file) of FX5U/FX5UC CPU module with firmware version "1.060" and later. The
file is required when updating the firmware version "1.060" and later. For the FX5S/FX5UJ CPU modules, the file is required from the
first released product.
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HEOperation
1. Execute RUN—STOP and turn the CPU module power OFF, and insert the SD memory card into the CPU module.

2. When the CPU module power turns on and the firmware update starts, the CARD LED blinks.

3. Wait until the RUN LED and ERR LED blink.” ' When the LEDs do not blink, refer to step 1 of [==~ Page 60
Troubleshooting.

4. Confirm that the RUN LED and ERR LED blink, and then restart or reset the CPU module.

5. The RUN LED and ERR LED blink. Wait until the LEDs turn off.” 2 If the LEDs do not turn off, refer to step 2 of =" Page
60 Troubleshooting.

6. Confirm that the RUN LED and ERR LED turn off, and then restart or reset the CPU module.

7. The RUN LED and ERR LED blink. Wait until the LEDs turn off.” 3"4 When the firmware update is completed, the RUN
LED and ERR LED stop blinking.
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8. After the PWR LED turns on, check the engineering tool's "Module Diagnosis (CPU Diagnosis)", and check that the
firmware version has been updated.

7O [Diagnostics] = [Module Diagnostics(CPU Diagnostics)]

i e
E e |uuut |cuu [Mm ']

legend | 4 Masjor A woderme P\ winer

e [ ]

9. Turn the CPU module power OFF and remove the SD memory card. Delete the firmware update file from the removed
SD memory card.

*1  The waiting time is as follows.
* FX5S CPU module: Up to 70 seconds
* FX5UJ CPU module: Up to 120 seconds
* FX5U/FX5UC CPU module: Up to 90 seconds
*2 The waiting time is as follows.
* FX5S CPU module: Up to 60 seconds
* FX5UJ/FX5U/FX5UC CPU module: Up to 45 seconds
*3 The waiting time is as follows.
* FX5S CPU module: Up to 30 seconds
* FX5UJ CPU module: Up to 90 seconds
* FX5U/FX5UC CPU module: Up to 90 seconds
*4  For the FX5U/FX5UC CPU modules, this operation is required when the firmware version is "1.045" and later.
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» Communication with other modules and communication with the engineering tool or external devices is not
possible while the firmware update is being executed.

» During firmware update, the data memory will be backed up™® to the SD memory card.” 7

« If the firmware is updated correctly, the data memory will be restored® from the SD memory card to the
CPU built-in memory.* 7 After the data memory is restored, the data memory backup file in the SD memory
card will be deleted.

« If the data memory fails to be restored, restart or reset the CPU module, and a recovery retry "6 will be
executed.” 7 While the data memory is being restored by recovery retry, the RUN LED and ERR LED blink
slowly (five seconds or more). The LED will turn OFF when the file is correctly recovered. If the recovery
fails again, the ERR LED will blink.

*» The firmware version can also be confirmed with the special register (SD8001).

« After the firmware is updated, if a firmware update file that differs from the CPU module's firmware version is
stored in the "$SMELPRJ$" folder of the SD memory card, the firmware will be updated.

*5 Refer to ==  Page 649 Added and Enhanced Functions for the versions that support data memory save/recovery of FX5U/FX5UC CPU
module.

*6 Refer to == Page 649 Added and Enhanced Functions for the versions that support data memory recovery retry of FX5U/FX5UC CPU
module.

*7 For the FX5S CPU module, the firmware update can be executed without save/recovery, no save/recovery is executed.

-ware update prohibited setting
Updating of the firmware can be prohibited by writing the firmware update prohibited file into the CPU module.

1. Using the engineering tool, select the folder containing the firmware update prohibited file (FWUPDP.SYU) as the write
target file, and select the CPU built-in memory for the write target. The firmware update prohibited file is stored in the
firmware update information downloaded during the preliminary preparations. (I~ Page 54 Firmware update method)

O [Online] = [User Data] = [Write]

Display
Write TargetFolder
CPU WriteTarget Folder EMELPRIS
Select Al Legend
+* .
[ Open/dose All(T) ] [ Deselect All(N) ] CPU Built-inMemaory B sD Memory Card
Module Name/Data Mame Last Change Size (Byte)

E--& C:¥Users¥Administrator¥Decktop...
=}, User Data
1 FwuPDP.SYU

X E e

B
O
O
o

2016/09f01 19:40:42

Execute ] [ Close
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2. Using the engineering tool, set a file password for the firmware update prohibited file." !

O [Project] = [Security] = [File Password Setting]

File Password Setting (=]

Register, change, authenticate or delete the passwords for the data in the PLC.
(Users are able to set different passwords for every same named files stored in different drives)

Password Target Data:
Target Memory CPU Built-in Memaory -
Data Name Data Type Read Write
5PCPU Parameter Parameter
ohib
%Global Label Setting Global Label
HiMa Program File
@Module Parameter Parameter
5P5yshem Parameter Parameter

Change... Authentication... Delete...

I Setting | [ Cancel

For details on operation, refer to the following.
LT1GX Works3 Operating Manual

*1 Refer to == Page 649 Added and Enhanced Functions for the versions that support file password setting for the firmware update
prohibited file.

Pointp

The firmware update permit/prohibit state can be confirmed with the special relay (SM912).

Canceling the firmware update prohibited setting

When executing the firmware update, cancel the prohibit setting with the engineering tool.
1. Delete the file password for the firmware update prohibited file.

O [Project] = [Security] = [File Password Setting]

File Password Setting (==
Register, change, authenticate or delete the passwords for the data in the PLC.
(Users are able to set different passwords for every same named files stored in different drives)
Password Target Data:
Target Memory CPU Built-in Memory -
Data Name Data Type Read Write
?CPU Parameter Parameter
ohib Authenti
%Global Label Setting Global Label
Himam Program File
@Module Parameter Parameter
?Syshem Parameter Parameter
Register... ] [ Change... ] Authentication... Delete...
[ seting | [ cancel |
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2. Delete the firmware update prohibited file from the CPU built-in memory.
O [Online] = [User Data] = [Delete]

Display

— i Delet
2 o -

CPU DeleteTarget Folder SMELFRIS

Select Al Legend
+ .
[ Open/Close All(T) ] [ Deselect All(N) ] CPU Built-inMemory B =D Memory Card
Module Mame/Data Mame * I Last Change Size (Byte)
-4 F¥sU O
E||, User Data O

“] PWUPDP.SYU

2016/09/29 16:15:08

I Execute l l Clase ]

(5
The firmware update prohibited file can also be deleted with the following method. Note that the program, etc.,
will also be deleted.

» Memory operation (initialization) (LI1GX Works3 Operating Manual)

« Clearing the CPU built-in memory before booting with boot operation (==~ Page 193 Boot Operation)

‘cautions

» Back up the various data such as the programs and parameters before executing the firmware update.

» Check the target model, and download the correct firmware update file from the Mitsubishi Electric FA website. The
firmware will not be updated if the target model does not match.

» Do not change the data (folder and file name) downloaded from the Mitsubishi Electric FA website.

* Do not turn the power OFF or reset the CPU module while the firmware update is in progress. Doing so may cause
programs to be deleted.

* Do not remove the SD memory card while the firmware update is in progress. If the SD memory card is removed before the
firmware update finishes, the process may end with an error.

* When the firmware version of the CPU module is updated by the firmware update function, some functions have restrictions
depending on the serial No. For details on operation, refer to [~ Page 649 Added and Enhanced Functions.

* To update the firmware of the CPU module to version "1.100" or later, use the CPU module with serial No. as follows.

- FX5UC-32MT/DS-TS and FX5UC-32MT/DSS-TS: Serial No. 178****

- FX5U/FX5UC CPU module other than the above: Serial No. 17X****

 For the FX5U/FX5UC CPU module with the serial No. 2114001 or later, downgrading to previous firmware version "1.220"
or earlier cannot be performed. Update error (3040H) will occur and the firmware will not be updated.

* For the FX5UJ CPU module with the serial No. 2154001 or later, downgrading to previous firmware version "1.010" or
earlier cannot be performed. Update error (3040H) will occur and the firmware will not be updated.
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Troubleshooting

If an error occurs, take corrective action according to the error code. (=5~ Page 552 List of error codes)
If the error cannot be judged by the error code, check the following items and troubleshoot the situation.

Procedure | Error details

Action

1 The LED turns off and does not blink.

« Check that the SD memory card is inserted.
« If the FX5S CPU module is used, check that the SD memory card module is

mounted.
» Check whether the folder name and file name to be stored in the SD memory card

are correct.
« Check whether the same firmware version has already been written in.

« Obtain the firmware update file from the Mitsubishi Electric FA website, and update

the file in the SD memory card.

The RUN LED turns off and the ERR LED is blinking.

Reset the CPU module. If the same situation occurs again, the hardware of the CPU
module may be malfunctioning. Consult your local Mitsubishi Electric representative.
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5.2 Update Using the Engineering Tool

CPU module firmware update

The CPU module firmware can be updated by using the engineering tool. This function enables the firmware to be updated

without using an SD memory card.

CPU module £
Firmware Engineering tool
update file
Target models
The target models are listed below.
Product name Model name
FX5S CPU module FX5S-30MR/ES, FX5S-40MR/ES, FX5S-60MR/ES, FX5S-80MR/ES™, FX5S-30MT/ES, FX5S-40MT/ES, FX5S-60MT/
ES, FX5S-80MT/ES’", FX5S-30MT/ESS, FX5S-40MT/ESS, FX5S-60MT/ESS, FX5S-80MT/ESS ™!

*1 These models are offered for specific regions.

Supported engineering tool

The engineering tool supporting the firmware update function is shown below.

Engineering tool Software version

GX Works3 "1.080J" or later
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Communication route

The communication routes between the engineering tool supporting the firmware update function and the CPU module are
shown below. For details, refer to the following.
[TIMELSEC iQ-F FX5 User's Manual (Ethernet Communication)

EDirect connection to an Ethernet port

) (1) CPU module (CPU module to be updated)

(2) Engineering tool

Ethernet

EConnection via hub

(1) CPU module (CPU module to be updated)
(2) Engineering tool

4 (3) Hub

(1)

= |

Ethernet
3)
BUSB connection
% (1) CPU module (CPU module to be updated)
(2) Engineering tool
I
2
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Firmware update method

EPreliminary preparations

. Download the firmware update information for the model to be updated from the Mitsubishi Electric FA website.

Decompress the firmware update information (ZIP file).

Store the "$MELPRJ$" folder containing the firmware update file and Web page update file into a desired folder.

Connect the engineering tool to the CPU module.

G A WN =

Stop the CPU module and system for which the firmware update function is to be executed. Turn off the power to other
systems and devices connected to the CPU module. If the power cannot be turned off, disconnect communication
cables.

6. Check that no other function is executed on the CPU module.

7. Check that no file operations such as writing to the programmable controller, online change, and file transfer function are
executed. (If the update is started with a file operation being executed, the operated file may be damaged.)

8. i updating of the firmware is prohibited, cancel the prohibit setting. (I~ Page 58 Canceling the firmware update
prohibited setting)

9. Check that no stop errors have occurred on the CPU module.

10. Before executing the firmware update, back up the various data such as the programs and parameters stored in the CPU
module by using the engineering tool. Also, use the backup/restoration function to hold latch devices. (==~ Page 269
DATA BACKUP/RESTORATION FUNCTION)

HEOperation

1. Turn the CPU module power ON.

2. Display the firmware update screen of the engineering tool.

O [Tool] = [Update Firmware]

Update Firmware

Update firmware for the selected module. Spedfy the firmware update file (extension 'SYF') to update. Firmware update file can be acquired through MITSUBISHI
ELECTRIC FA Global Website.

- Data inconsistency might occur before and after updating firmware. Flease Read fromWrite to PLC to badkup restore module data.

— - Do not reset CPU or turn off the power supply during updating firmware. It may cause a module breakdown or malfunction that can not to be restored.
-Update firmware one by one for each module.
Update to date
Module Name Medule Version File Version Firmware Update File Status
3. 4.

5.

[Aummaﬁally Reset After Completing Updahe] 6.
3. Select the CPU module whose firmware will be updated.
4. cClick [...], and select the firmware update file.

5. The CPU module is automatically reset. To prevent the CPU module from being automatically reset, deselect it. If it is
deselected, the module will wait until it is manually reset after the completion of the firmware update.
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6. Click [Update] to update the firmware. It takes about 2 minutes to complete the update. After the firmware update is
started, the update status can be checked in the "Status" column.

7. If you did not check the box in 5 (Not automatically reset), turn the system power OFF and ON after the completion of the
firmware update.

8. On the module diagnosis screen of the engineering tool, check that the firmware version has been updated.

Legend | f Masjor A vocerm= By Minor
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Firmware update prohibited setting

For the firmware update prohibited setting, refer to the following.
==~ Page 57 Firmware update prohibited setting

[=5~ Page 58 Canceling the firmware update prohibited setting

Precautions

» Check the target model, and download the correct firmware update file from the Mitsubishi Electric FA website. The
firmware will not be updated if the target model does not match.

» Do not change the data (folder and file name) downloaded from the Mitsubishi Electric FA website.

« If the CPU module to be updated cannot be selected in the engineering tool, update the engineering tool version.

« After checking that the CPU module to be updated is normally running, update the firmware.

« After checking that other functions have stopped, update the firmware.

Update the firmware after checking that other systems connected on the network have stopped.

Do not update the firmware while a function that accesses the SD memory card such as the file transfer function is in

operation.

Back up the various data such as the programs and parameters before executing the firmware update.

Do not turn the power OFF or reset the CPU module while the firmware update is in progress.

If the firmware update is interrupted due to reasons such as the cable between the CPU module and the engineering tool
being disconnected or the engineering tool being terminated, the update may be completed with an error. For the recovery,
check that the LED indication for the CPU module does not show that data is being written and reset the CPU module
manually. When updating the firmware from a remote location, check that the CPU module can be reset manually before
doing so.

If the firmware update is completed with an error and "To Use or Not to Use DNS Server Settings" is set to "Use" in the web
server settings, an error may occur. In this case, update the firmware again.

If any of the following operations is performed during the period from the start to the end of the firmware update, the

firmware update may complete with an error, or the module may be damaged.
- Turning off the power to the system under firmware update, or resetting the system
- Remotely operating from the engineering tool, or changing the operation status with the CPU module switch
- Operating the system under firmware update from an external device
- Connecting/disconnecting the communication cable connecting the CPU module and engineering tool
- Operating the engineering tool to start the firmware update
- Stopping the engineering tool
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Updating the firmware for the intelligent module

The intelligent module firmware can be updated by using the engineering tool.
Write the firmware update information from the engineering tool to the CPU module. The firmware of the target module can be
updated by the CPU module writing the firmware information to the target module to be updated. (Hereinafter, the CPU
module that writes the firmware update information is referred to as the update writing CPU module.)
An SD card must have been installed in the update writing CPU module in advance.

Firmware
update file

Point )’

1
R

Intelligent module
to be updated

Module not to
be updated

SD memory card

CPU module

Engineering tool

Direct connection or
connection via hub

e

d

Network

« In other system configurations where the intelligent module (system) for which the firmware to be updated is

connected with a network, etc., an error may occur when the firmware update is executed. Therefore,

confirm the system's safety before executing the firmware update.
» Back up the various data such as the programs in the CPU module and parameters before executing the

firmware update.
» Only one intelligent module can be updated by executing the function once.

 The intelligent modules connected on the network are excluded for the firmware update.

Target models

The target modules to be updated, and the models and versions compatible with the update writing CPU module are shown

below.

ETarget modules to be updated

The firmware of the following models can be updated.

Product Model Firmware version of the | Firmware version of | Serial No. of the Version of the
update writing CPU the target module target module engineering tool
module

Intelligent module FX5-ENET "1.240" and above "1.003" and above 209**** and above "1.075D" and above

FX5-ENET/IP "1.003" and above 209**** and above
FX5-CCLIEF "1.005" and above 20X**** and above
FX5-CCLGN-MS Initial product and above | Initial product and above
FX5-OPC Initial product and above | Initial product and above
FX5-40SSC-G Initial product and above | Initial product and above
FX5-80SSC-G Initial product and above | Initial product and above

Point/@

If the CPU module is not compatible, update the CPU module via an SD memory card. (I~ Page 53 Update
Using an SD Memory Card)
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BUpdate writing CPU module

The CPU modules that can write the firmware update file to the intelligent modules via the engineering tool are shown below.
Product Model

FX5U CPU FX5U-32MR/ES, FX5U-64MR/ES, FX5U-80MR/ES, FX5U-32MT/ES, FX5U-64MT/ES, FX5U-80MT/ES, FX5U-32MT/
ESS, FX5U-64MT/ESS, FX5U-80MT/ESS, FX5U-32MR/DS, FX5U-64MR/DS, FX5U-80MR/DS, FX5U-32MT/DS,
FX5U-64MT/DS, FX5U-80MT/DS, FX5U-32MT/DSS, FX5U-64MT/DSS, FX5U-80MT/DSS

FX5UC CPU

FX5UC-32MT/D, FX5UC-64MT/D, FX5UC-96MT/D, FX5UC-32MR/DS-TS, FX5UC-32MT/DS-TS, FX5UC-32MT/DSS,
FX5UC-32MT/DSS-TS, FX5UC-64MT/DSS, FX5UC-96MT/DSS

Supported engineering tool

The engineering tool supporting the firmware update function is shown below.

Engineering tool

Software version

GX Works3

"1.075D" or later

Communication route

The communication routes between the engineering tool supporting the firmware update function and the CPU module are
shown below. For details, refer to the following.

[TIMELSEC iQ-F FX5 User's Manual (Ethernet Communication)
EDirect Connection

(1) CPU module (Update writing CPU module)

(2) Intelligent module (Target modules to be updated)
(3) Engineering tool

(1) )

m[m]
[

im[m|
[

Ethernet

HEConnection via hub

(1) CPU module (Update writing CPU module)

(2) Intelligent module (Target modules to be updated)
(3) Engineering tool

(4) Hub

(1) (

»

i;og
|

0000 Dooo oooo
0000 0080 0000

Ethernet
(3) (4)

Connection via GOT Transparent is not supported.
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Firmware update method

EPreliminary preparations

1.

2.

3.

4.
5.

Download the firmware update information for the model to be updated from the Mitsubishi Electric FA website.
(Firmware update file: FSmmvvvv.SYF)

If updating of the firmware is prohibited, cancel the prohibit setting. (=5~ Page 58 Canceling the firmware update
prohibited setting)

Before executing the firmware update, back up the various data such as the programs and parameters stored in the CPU
module by using the engineering tool. Also, use the backup/restoration function to hold latch devices. (=5~ Page 269
DATA BACKUP/RESTORATION FUNCTION)

Enable remote RESET. (I~ Page 172 Enabling remote RESET)
Execute RUN—STOP and turn the CPU module power OFF, and insert the SD memory card into the CPU module.

If the SD memory card contains the firmware update files of the CPU module and intelligent module, the
firmware cannot be updated. Delete the firmware update files of the CPU module and intelligent module from
the SD memory card before starting the update.

HEOperation

1.
2.

Turn the CPU module power ON.

Display the firmware update screen of the engineering tool.

O [Tool] = [Update Firmware]

Update Firmware X
Update firmware for the selected module. Spedify the firmware update file {(extension 'SYF') to update. Firmware update file can be acquired through MITSUBISHI
ELECTRIC FA Global Website.

-Data inconsistency might occur before and after updating firmware. Flease Read from/Write to PLC to badkup/restore module data.
— l k - Do not reset CPU or turn off the power supply during updating firmware. It may cause a module breakdown or malfunction that can not to be restored.
-Update firmware one by one for each module.
Update to date
Module Name Meodule Version File Version Firmware Update File Status
3, [ CPU: FXsU-32MT/ES 240 4. ..
= @) s oever N T A | R
[0 2[U2): FXs-CCLIEF 1.005
5.
[ Automatically Reset After Completing Updah&] 6
.

Select the intelligent module whose firmware will be updated.
Click [...], and select the firmware update file.

The CPU module is automatically reset. To prevent the CPU module from being automatically reset, deselect it. If it is
deselected, the module will wait until it is manually reset after the completion of the firmware update.

Click [Update] to update the firmware. It takes about 10 minutes to complete the update. After the firmware update is
started, the update status can be checked in the "Status" column.
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7. i you did not check the box in 5 (Not automatically reset), turn the system power OFF and ON after the completion of the
firmware update.

8. T prohibit the remote RESET, disable remote RESET. (I~ Page 172 Enabling remote RESET)

9. On the module diagnosis (intelligent module) screen of the engineering tool, confirm that the firmware has been updated
to the latest version.

O [Diagnostics] = [System Monitor] = [Target module (intelligent module)]

Meodule Diagnostics(Intelligent Module No. 01) *

—ES " e [ ]
T': EXE-ENET |_ |Ellmﬁa_pm v|

/W Versian Booter /W Version H/W Version Exeaute .
u Stop Manitaring

HoAoRK - -

Display Format of Error Code

(O Decimal (®) Hoxadzcmal
Ermor Information | Module Information List
MNo.  Occurrence Date Status E:rrolr Overview Emer §
1 Mo Error - - [Event History
=0

Legend | J§ Major Ay voderm= By Minor

For the firmware update prohibited setting, refer to the following.
[ Page 57 Firmware update prohibited setting
[~ Page 58 Canceling the firmware update prohibited setting
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Precautions

Check the target model, and download the correct firmware update file from the Mitsubishi Electric FA website. The
firmware will not be updated if the target model does not match.

Do not change the data (folder and file name) downloaded from the Mitsubishi Electric FA website.

Before executing the firmware update, enable the CPU module reset setting. (=5~ Page 172 Enabling remote RESET) If
the update without enabling the reset setting was performed, do not turn the CPU module power OFF and ON or reset the
module, and re-execute the update after enabling the reset setting.

Update the firmware after confirming that the intelligent module to be updated is normally running.

Update the firmware after confirming that the function using the intelligent module and SD memory card has stopped.
Update the firmware after confirming that other systems connected on the network have stopped. Communication with
other systems may be stopped.

Back up the various data such as the programs and parameters before executing the firmware update.

Do not turn the power OFF or reset the CPU module while the firmware update is in progress.

Do not remove the SD memory card while the firmware update is in progress. If the SD memory card is removed before the
firmware update finishes, the process may end with an error.

If the automatic reset is disabled, manually turn the power OFF and ON after the completion of the update.

If the system malfunctions after the completion of the firmware update, downgrade the firmware to the previous version. If
your version is not found on the Mitsubishi Electric FA website, please consult your local Mitsubishi representative.

If any of the following operations is performed during the period from the start to the end of the firmware update, the
firmware update may complete with an error, or the module may be damaged.

- Turning OFF the power to the system under firmware update, or resetting the system

- Remotely operating from the engineering tool, or changing the operation status with the CPU module switch
- Removing the SD memory card

- Operating the system under firmware update from an external device

- Connecting/disconnecting the communication cable connecting the CPU module and engineering tool

- Connecting/disconnecting the module under firmware update

- Operating the engineering tool to start the firmware update

- Stopping the engineering tool
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Troubleshooting

If an error occurs, take corrective action according to the error code. (=5~ Page 552 List of error codes)
If the error cannot be judged by the error code, check the following items and troubleshoot the situation.

Error details

Action

The firmware update function screen is not
displayed.

» Check that the communication route is connected to the built-in port of the CPU module (Ethernet (Ethernet
port direct connection/connection via hub)), and re-execute the update.

» Check whether the firmware version of the CPU module is compatible with the update using the engineering
tool. If the CPU module is not compatible, update the CPU module via an SD memory card.

The update file cannot be set.

Check that the firmware update file downloaded from the Mitsubishi Electric FA website has been selected, and
re-execute the update.

The update is not performed even when
[Update] is pressed, and an error message
dialog is displayed.

» Check that the firmware update is not prohibited, and re-execute the update.

+ Check whether or not the firmware update file of the CPU module or any intelligent module remains in the
“SMELPRJ$” folder in the SD memory card. If there is an unnecessary firmware update file, delete the file.

* Check that the SD memory card is inserted in the CPU module.

» Check that the version of the firmware update file is not the same as the firmware version of the module to be
updated.

» Check that the remote reset setting is “Enable,” and re-execute the update.

» Check that the firmware update file downloaded from the Mitsubishi Electric FA website has been selected,
and re-execute the update.

An SD memory card error occurs during
execution of the firmware update.

* Re-insert the SD memory card, and re-execute the update.

+ Check that the SD memory card is not write-protected, and re-execute the update.

» Format the SD memory card, and re-execute the update.

If the same error still occurs after the above actions are taken, the SD memory card may have a hardware error.
Replace the SD memory card.

The error code 1910H occurs during
execution of the firmware update.

» Check whether or not the firmware update file of the CPU module or any intelligent module not to be updated
remains in the “SMELPRJ$” folder in the SD memory card. If there is an unnecessary firmware update file,
delete the file.

» Format the SD memory card, and re-execute the update.

The error code 1911H occurs during
execution of the firmware update.

Check that the specified intelligent module is correctly inserted, and re-execute the update.

The error code 3040H occurs during
execution of the firmware update.

« To execute the firmware update, an intelligent module compatible with the new version is required. Please
consult your local Mitsubishi representative.
» Check that the selected firmware update file matches the model of the module to be updated.

The error code 3041H or 3042H occurs
during execution of the firmware update.

Check that the firmware update file downloaded from the Mitsubishi Electric FA website has been selected, and
re-execute the update.

A communication timeout occurs during
execution of the firmware update.

A communication timeout or a cable trouble may have occurred, or the PLC power is OFF or reset. Execute the

following operations.

(1) Turn the CPU module power OFF and ON, and wait until the ERR LED and RUN LED flash. If the LEDs do
not flash after 60 seconds, re-execute the firmware update.

(2) Turn the CPU module power OFF and ON again, and wait until the ERR LED and RUN LED turn off. After
this, turn the CPU module power OFF and ON again. Then, the firmware update will be completed, and the
module will start normally. If the ERR LED flashes and the RUN LED turns off, turn the CPU module power
OFF and ON again.

In the following cases, the intelligent module may have a hardware error. Please consult your local Mitsubishi

representative.

* When the ERR LED flashes and the RUN LED turns off in (2), even after the CPU module power is turned OFF
and ON twice, if the ERR LED flashes and the RUN LED turns off
* When the RUN LED does not turn off after 60 seconds in (2)

The firmware update is completed
abnormally.

(1) Turn the CPU module power OFF and ON, and wait until the ERR LED and RUN LED turn off. If the LEDs do
not flash, re-execute the firmware update.

(2) Turn the CPU module power OFF and ON again. Then, the firmware update will be completed, and the
module will start normally. If the ERR LED flashes and the RUN LED turns off, turn the CPU module power
OFF and ON again.

In the following cases, the intelligent module may have a hardware error. Please consult your local Mitsubishi

representative.

* When the ERR LED flashes and the RUN LED turns off even after the CPU module power is turned OFF and
ON twice in the case where the ERR LED flashes and the RUN LED turns off in (2)
* When the RUN LED does not turn off after 60 seconds in (2)
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6 SCAN MONITORING FUNCTION

This function detects CPU module hardware or program errors by monitoring the scan time. Using the watchdog timer, which
is an internal timer in the CPU module, the following scans are monitored.

* Initial scan (1st scan)
» 2nd scan and after

6.1 Scan Time Monitoring Time Setting

Sets the scan time monitoring time.
O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "RAS Setting" = "Scan Time
Monitoring Time (WDT) Setting"

Window
Ttem Setting -
= Scam Framve MoniHaring Trne (BT} Settnge i ;
Thitial Scan 2000 ms
fAtter 2nd Scan 200 mz -
Displayed.items
Item Description Setting range Default
Initial Scan Sets the scan-time monitoring time (WDT) for the initial scan (first 10 to 2000 ms (10 ms units) 2000 ms
scan).
After 2nd Scan Sets the scan-time monitoring time (WDT) for the second and later 10 to 2000 ms (10 ms units) WFX5S CPU
scans. module
500ms
WFX5U/FX5UC
CPU module
200 ms

6.2 Resetting of the Watchdog Timer

Resets the watchdog timer when the END/FEND instruction is executed. When the CPU module operates normally and
executes the END/FEND instruction within the watchdog timer setting, the time of the watchdog timer will not time up. If the
END/FEND instruction cannot be executed within the watchdog timer setting due to increased program execution as a result
of hardware error or interrupt in the CPU module, the time of the watchdog timer will time up.

2 6 SCAN MONITORING FUNCTION
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6.3

Precautions

The following precautions relate to the scan monitoring function.

Watchdog timer reset when executing a program repeatedly

The watchdog timer can be reset by executing the WDT instruction in a program. If the time of the watchdog timer is up while

executing a program repeatedly by the FOR instruction and NEXT instruction, use the WDT instruction to reset the watchdog

timer.

{FOR K10003+

Scan time when the WDT instruction is used

Repeated 1,000 times

.
MO
Jl/ [ WDT 1 Resetting of the
watchdog timer
L NEXT 1

Even though the watchdog timer is reset using the WDT instruction, the scan time value is not reset. The scan timer value is

the value measured up to the END instruction.

Internal

processing time Program
f—%

Internal
processing time

Scan execution  Scan execution

.
Scan execution

E’\IID | ? program A | Program B WDT E’\IID | (I) program A
— T T  — I
WDT measurement time WDT Next WDT measurement
measurement | time
time
Clear
Scan time Next scan time

WDT reset (CPU module
internal processing)

WDT reset (CPU module
internal processing)
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7 CLOCK FUNCTION

The CPU module has an internal clock and is used to manage time in functions performed by the system such as dates of the
event history function and the data logging function.

7.1 Time Setting

Time operation continues with the large internal capacitor in the CPU module even though the power in the CPU module is
turned OFF or the power failure exceeds the allowable momentary power failure time.
If an optional battery is used in the FX5U/FX5UC CPU module, operation continues by the battery.

Clock data

The clock data handled in the CPU unit is described below.

Data name Description

Year 4 digits in calendar year (1980 to 2079)

Month 1to 12

Day 1 to 31 (Leap year auto detect)

Hour 0 to 23 (24-hour system)

Minute 0to 59

Second 0to 59

Day-of-the-week 0: Sunday, 1: Monday, 2: Tuesday, 3: Wednesday, 4: Thursday, 5: Friday, 6: Saturday

Changing the clock data

The clock data can be changed using the following methods.
» Using engineering tools

» Using SM/SD

* Using instructions

Using the engineering tool

Clock data can be changed using Set Clock from the menu. (LZIGX Works3 Operating Manual)

Using SM/SD

The values stored in SD210 (clock data) to SD216 (clock data) are written to the CPU module after END processing execution
of scan when SM210 (clock data set request) is changed from OFF—ON. If the data from SD210 to SD216 is out of the valid
range, SM211 (clock data set error) is turned ON, the values from SD210 to SD216 are not written in the CPU module.

,END, ,ENDT/ Writes the SD210 to SD216 clock data to the CPU module.
! H ! H
ON

SM210
OFF

EON<E/ If the SD210 to SD216 clock data is out of the range

OFF P

SM211

Using instructions

Writes the clock data to the CPU module, using the TWR(P) instruction. (LLIMELSEC iQ-F FX5 Programming Manual
(Instructions, Standard Functions/Function Blocks))

7 CLOCK FUNCTION
7.1 Time Setting



Reading clock data

There are the following methods to read clock data.
» Using SM/SD
* Using instructions

Using SM/SD
Clock data is read to SD210 to SD216 when SM213 (clock data read request) is turned ON.

Using instructions
Clock data is read from the CPU module using the TRD(P) instruction. (LLIMELSEC iQ-F FX5 Programming Manual
(Instructions, Standard Functions/Function Blocks))

Precautions

The following describes precautions when setting the time.

When setting the clock for the first time

The clock is not set when the product is shipped.

Correcting the clock data

Before correcting any part of the clock data, you must write all data into the CPU module again.
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7.2 Setting Time Zone

The time zone used for the CPU module can be specified. Specifying the time zone enables the clock of the CPU module to

work in the local time zone.

O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "Operation Related Setting" = "Clock
Related Setting"

Window
Item Setting .
=l Glock Related Setting
Trmve Zave (UTC+9 1 - || |
Comment -

Displayed.items

Item Description Setting range Default

Time Zone Sets the time zone used by the CPU module. + UTC+13 UTC+9
« UTC+12

« UTC+11

« UTC+10

« UTC+9:30
« UTC+9

* UTC+8

« UTC+7

« UTC+6:30
* UTC+6

« UTC+5:45
« UTC+5:30
* UTC+5

« UTC+4:30
« UTC+4

* UTC+3:30
« UTC+3

« UTC+2

« UTC+1

- UTC

- UTC-1

« UTC-2

« UTC-3

« UTC-3:30
« UTC-4

* UTC-4:30
- UTC-5

« UTC-6

« UTC-7

- UTC-8

« UTC-9

« UTC-10

« UTC-1

« UTC-12

Comment Enters a comment for the time zone (e.g., name of the city). 1 to 32 letters —

Point;§

To reflect the time zone setting on the CPU module, the module must be restarted. If no parameter is set for
the CPU module (factory setting), it operates with "UTC+9".
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7.3 System Clock

There are two types of system clocks, one is to execute ON/OFF by the system and the other is to execute ON/OFF in the

intervals specified by the user.

Special relay used for system clock

Special relays used for system clock are as follows.

Special relay Name
SM400, SM8000 Always ON
SM401, SM8001 Always OFF

SM402, SM8002

After RUN, ON for one scan only

SM403, SM8003

After RUN, OFF for one scan only

SM409, SM8011

0.01 second clock

SM410, SM8012

0.1 second clock

SM411 0.2 second clock
SM412, SM8013 1 second clock
SM413 2 second clock
SM414 2n second clock
SM415 2n ms clock
SM8014 1 min clock

SM420, SM8330

Timing clock output 1

SM421, SM8331

Timing clock output 2

SM422, SM8332

Timing clock output 3

SM423, SM8333

Timing clock output 4

SM424, SM8334

Timing clock output 5

Special register used for system clock

Special registers used for system clock are as follows.

Special register

Name

SD412 One second counter

SD414 2n second clock setting

SD415 2n ms clock setting

SD420 Scan counter

SD8330 Counted number of scans for timing clock output 1

SD8331 Counted number of scans for timing clock output 2

SD8332 Counted number of scans for timing clock output 3

SD8333 Counted number of scans for timing clock output 4

SD8334 Counted number of scans for timing clock output 5
Point}’

SM420 to SM424, SM8330 to SM8334, and SD8330 to SD8334 are used by the DUTY instruction.

For the DUTY instruction, refer to the following.

L[TIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/Function Blocks)
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8 ONLINE CHANGE

This chapter describes online change.

8.1  Online Ladder Block Change

Writes the portion edited on the ladder edit window of the engineering tool to the CPU module in increments of ladders. Edited
contents spanning multiple files or multiple portions can be written to the CPU module at once.

Point

For details on the operating procedure of online ladder block change on engineering tools, refer to the
following.
[1GX Works3 Operating Manual

Editable contents

Within a program block, instructions and pointers (P, I) can be added, changed, or deleted. Also, as POU unit, program blocks
can be added, changed, or deleted. However, when the program/FB file is not in agreement between engineering tool and a
CPU module, it cannot be added, changed, or deleted.

Range changeable in a single session

The following shows the number of steps and number of ladder blocks which can be changed in a single session.
* Number of ladder blocks in a file: 64 blocks or less (32767 steps or less)

* The total of the changed circuit block count in all files: 256 blocks or less

» The total capacity of the program file and the FB file after a change: 1 M bytes or less

» The total capacity of the target data for online change: 192 K bytes or less

Online ladder block change during the boot operation

If online change of ladder block is executed from the SD memory card during boot operation, the corresponding file in the SD
memory card, which is the boot source, can be changed as well.

Precautions

This section describes the precautions on using online ladder block change.

Online change to SFC program

Online change to the SFC program cannot be performed. However, online change to the other programs which coexist with
the SFC program (such as the ladder program) can be performed.

Prohibited operation at online ladder block change

When an online change of ladder block, if the power is turned OFF or a reset is made, the process does not end normally.
Such operation is made, execute rewriting to the PLC.

When deleting OUT instruction which is on

When deleting an OUT instruction (coil) which is not necessary for control, be sure to check that the OUT instruction is off
before deleting it. If the OUT instruction is deleted without turning it off in advance, the output will be retained.

Program file not registered in program setting

A program file which is not registered in parameter setting cannot be written.
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Initializing the last execution if the ladder at online ladder block change has an FB call

« If a subroutine type FB is called in a FB definition, the execution information of the previous time in the FB definition of the

subroutine type FB is not initialized.
* If a macro type FB is called in the FB definition of a subroutine type, the execution information of the previous time in the
part equivalent to the macro type FB is not initialized either.

Instructions not compatible with online ladder block change

Do not execute online change to ladder block including the following instruction.

DSZR/DDSZR instruction, DVIT/DDVIT instruction, TBL instruction, DRVTBL instruction, PLSV/DPLSYV instruction, DRVI/
DDRV!I instruction, DRVA/DDRVA instruction, DRVMUL instruction, PLSY/DPLSV instruction, PWM/DPWM instruction, SPD/
DSPD instruction, HHOEN/DHIOEN instruction, UDCNTF instruction, DABS instruction, ADPRW instruction, IVCK instruction,
IVDR instruction, IVRD instruction, IVWR instruction, IVBWR instruction, IVMC instruction, S(P).CPRTCL instruction, RS2
instruction, SP.SOCOPEN instruction, SP.SOCCLOSE instruction, SP.SOCSND instruction, SP.SOCRCYV instruction,
SP.ECPRTCL instruction, RBFM instruction, WBFM instruction

The cautions at the time of repeatedly performing online change

When online change is performed repeatedly, RUN writing may not be able to be carried out due to insufficient memory in the

CPU module. Please set the CPU module to STOP and write the program.

The size of the target data at online change

When the size of the target data of online change exceeds 192 K bytes, online change fails and an error message is displayed

on the engineering tool. The target data size may exceed 192 K bytes in the following cases:
* When the capacity of the edited program file exceeds 192 K byte

* When the total capacity of multiple edited program files exceeds 192 K byte

In the above mentioned cases, divide the program file in advance to reduce each file size, avoid performing online change to

multiple program files all at one time (perform online changes to a few files at a time), or take other actions.™

*1  Usually, online change is performed to only edited files. However, in the following cases, online change is performed to a file other than
the edited file.
- When a global label or structure is changed, the program using the changed global label and structure is a target of online change.
- When FB or FUN is changed, the program using the changed FB and FUN is a target of online change.
For confirmation of the target file for online change and the file capacity, refer to the following.
LT1GX Works3 Operating Manual

Separate writing of a program and program restoration information

When writing data to a CPU module by using the online program change function, a program and program restoration

information can separately be written by setting "Yes" for the following option.

O [Tool] = [Options] = "Convert” = "Online Program Change" = "Operational Setting” = "Divide to Write a Program and
Program Restore Information"

By writing a program and program restoration information separately, an error that occurs when the capacity of data to be

written to a CPU module exceeds the maximum writable capacity may be cleared.

For supported version of separate writing of a program and program restoration information, refer to =~ Page 649 Added and

Enhanced Functions.

Precautions

* It may take time to write data when writing a program and program restoration information separately.

« Aproject is automatically saved with the data writing. Therefore, it is necessary to register the project history in advance.

« If a project is not saved automatically, the data will also not be written to a CPU module.

» When writing fails, reset or cycle the power of the CPU module. Then, write the data to the CPU module in the STOP state.
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The operation when a pulse type instruction is included in the range of an online ladder

block change

The operation when a pulse related instruction is included in the range of an online ladder block change is as follows.

Pulse type instruction Description

Rising instruction When a rising instruction exists within the range to be changed, the rising instruction will not be executed if the

(PLS and OP instructions) execution condition (OFF to ON) is fulfilled at completion of online program change.

Falling instruction When a falling instruction exists within the range to be changed, the falling instruction will not be executed even if the
(PLF and OF instructions) execution condition (ON to OFF) is fulfilled at completion of online program change.

HRising instruction
When a rising instruction exists within the range to be changed, the rising instruction will not be executed if the execution

condition (OFF to ON) is fulfilled at completion of online program change.
Online change completion X0 (1) The rising instruction will not be executed even if the execution condition is OFF to

l /—||—[ PLS Mo ON.

END 0 AEND 0O A END 0

l 1 scan I
Status of X0

|
|
|
X0 | |
|
|

OFF
ON
OFF

OFF—OFF
Mo

I
|
ON
X0 |
OFF |
ON—ON j,q ON |
|

OFF

X0 ’
OFF

OFF—ON
\
MO N

|
mmmedama ()
|
OFF -

|

|

|

|

|

|
ON — 1
|
[
ON ' I |
—

HFalling instruction
When a falling instruction exists within the range to be changed, the falling instruction will not be executed even if the

execution condition (ON to OFF) is fulfilled at completion of online program change.
. . (1) The falling instruction will not be executed even if the execution condition is OFF to
Online change completion X0
—PLF MO +H OFF.
(2) If online program change and transition of ON to OFF occur simultaneously, the falling
instruction will not be executed.
END O AEND 0 A END O

|
I ; I
scan
Status of X0 | — ()
ON 71 N .-t
X0 OFF | |\\£'- |
OFF>OFF  ON | | | )
MO : , '
OFF —=~1— ]
ON RN I
e T :
ON=OFF  oN 1 | | b edememmmm™ @
MO v ) L Shin
OFF T T f

Online change (ladder block) when another function is performed

Online ladder block change cannot be executed while executing the backup/restoration function. (==~ Page 269 DATA
BACKUP/RESTORATION FUNCTION) Confirm that the backup/restoration function is not being executed before executing
the online ladder block change.
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9 INTERRUPT FUNCTION

This chapter describes the interrupt function.

9.1  Multiple Interrupt Function

When an interrupt occurs while an interrupt program triggered by another cause is running, stops the program if its priority is
lower than that of the new interrupt, and runs the higher-priority program whenever its execution condition is satisfied.

= During interruption execution @ Interruption occurred
+= =+ During interruption stop [ Program stops
O Program restarts

* When the multiple interruption function is enabled * When not set (at default)
[Priority]
* 110: High
* 10: Low

110 interrupt program 110 interrupt program

10 interrupt program 10 interrupt program

Main routine program Main routine program

Time Time

(1) A high-priority interrupt is executed by interrupting a low-priority interrupt.
(2) Even if a high-priority interrupt occurs, it enters the waiting status until the executing interrupt is completed.

Precautions

A watchdog timer error may occur under the following conditions.

» When the interrupt frequency is high

* When the interrupt program execution time is long

When a watchdog timer error occurs, review the call frequency and execution time of the interrupt program.

Interrupt priority

If the interrupt priority of a program for which its execution condition has been satisfied is higher than that of the running
program, the programs are executed in accordance with their interrupt priority. If the interrupt priority of the new program is the
same or lower, it enters the waiting status until the running program finishes. (=5~ Page 444 The priority for the interrupt
pointer numbers and interrupt factors)
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Interrupt priority setting

The interrupt priority (1 to 3) of interruptions from modules can be changed.

O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "Interrupt Settings” = "Interrupt
Priority Setting from Module"

Operating procedure

"Interrupt Settings" window 1. Set Multiple Interrupt to "Enable" on the "Interrupt
Item Setting - Settings" window, and click "Detailed Setting".

= doterrupt Prarity Scitig from Modde

Multiple Interrupt Enable

Interrupt Priority < Detailed Setting> =
"Detailed Setting” window 2. Change the priority of each interrupt pointer.

Interrupt Pointer Priority -
i} 2

n

=
PO RS B3 M3 PR3 ORI RS A3 RO N3 R K3 R R3S

Displayed.items

Item Description Setting range Default
Multiple Interrupt Sets whether or not to enable multiple interrupt. « Disable Disable
* Enable
Interrupt Priority Detailed Setting Sets the priority of the interrupt pointers 10 to 123, 128 to 131, and 1t0 3™ 2
150 to 1177.

*1  The lower the numerical value, the higher the interrupt priority.

Disabling/enabling interrupts with a specified or lower priority

Interrupts with a priority equal or lower than that specified by the DI or El instruction can be disabled or enabled even when
multiple interrupts are present.
For details, refer to LLIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/Function Blocks).

Point

Disabled interrupt priorities and the current interrupt priority can be checked in SD758 (Interrupt disabling for
each priority setting value) and SD757 (Current interrupt priority) respectively.

9 INTERRUPT FUNCTION
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1 0 PID CONTROL VIA INSTRUCTION

10.1 Outline of Function

The PID instruction is used to perform PID control. The PID instruction requires the system to calculate the output (MV) value
from the measured (PV) value. Through combining the P (proportional) action, | (integral) action, and D (derivative) action the
target (SV) value can be obtained.

« Alarm output function

The alarm function can be set for input variation (measured value) or output variation (value).

 Setting limit values

The upper limit and lower limit can be set for the output value.

* Auto-tuning function

The proportional gain (KP), integral time (T1) and differential time (TD) can be set automatically for both the limit cycle method
and step response method.

» Operation method of the PID instruction

Both PID speed type operation and measured value differential type operation are executed.

| Measured value (PV)
CPU module

Target value (SV)

PID instruction Controlled object

Output value (MV)

10.2 Basic Operation Expressions in PID Instruction

The PID instruction executes using the speed type or measured value differential type operation expression. According to the
content of bit 0 of (s3)+1 "operation setting (ACT)" specified by (s3) in the PID control, either forward operation or backward
operation is executed. Each value required in the operation is specified by a corresponding parameter (s3) or later.

Basic operation expression for PID control

Operation Operation expression The meaning of the signs
setting (ACT)
(s3+1: b0)
Forward operation TS EVn: Deviation in sampling at this time
(OFF) AMV=KP{(EVn-EVn-1)+— EVn+Dn} EVn-1: Deviation in previous cycle
Tl SV: Target value
EVn=PVnf-SV PVnf: Measured value in sampling at this time

(after filter)
™ (-2PVnf-1+PVnf+ Pan-2)+ﬂ Dn-1 PVnf-1: Measured value in previous cycle (after

Dn=——————

TS+KD-TD TS+KD-TD filter)

_ PVnf-2: Measured value in two cycles before
MVn=3AMV (after filter)

AMV: Output variation

Backward operation TS o
(ON) AMV=KP{(EVI’]-EVH—1 )+_ EVn+Dn} MVn: OUtpUt value at this time
TI Dn: Differential term at this time
EVn=SV-PVnf Dn-1: Differential term in previous cycle

™ KD-TD TS: Sampling cycle
Dn= —m8M8M8 —— (2Pan—1 -Pan-Pan-2)+— Dn-1 KP: Proportional gain
TS+KD*TD TS+KDTD TI: Integral constant

MVn=XAMV TD: Differential constant
KD: Differential gain
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Expression for calculating the measured value (after the filter) in sampling at this time

(PVnf)

The value "PVnf" is obtained from the following expression based on the read measured value.

Measured value after filter: PVnf = PVn+L (PVnf-1-PVn)

PVn: Measured value in sampling at this time
L: Filter coefficient

PVnf-1: Measured value in previous cycle (after filter)

10.3 How to Use PID Instruction

This instruction executes PID control which changes the output value according to the input variation.

For details on the PID instruction, refer to the following manual.
[TIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/Function Blocks)

Ladder diagram

Structured text

}—u—| C— e |ea]ea] @ H

ENO:=PID(EN,s1,s2,s3,d);

FBD/LD

L1
— EN ENO |—
— s d —

— s2

— s3

Setting data

EDescriptions, ranges, and data types

Operand Description Range Data type Data type (label)
(s1) Device number storing the target value (SV) -32768 to +32767 16-bit signed binary ANY16"!
(s2) Device number storing the measured value (PV) -32768 to +32767 16-bit signed binary ANY16"!
(s3) Device number storing PID parameters 1 to 32767 16-bit signed binary ANY16™!
(d) Device number storing the output value (MV) -32768 to +32767 16-bit signed binary ANY16"!
EN Execution condition — Bit BOOL
ENO Execution result — Bit BOOL
*1  When setting using a label, use the global label assigned to the device.
HApplicable devices
Operand Bit Word Double word | Indirect Constant Others
X,Y,M,L,SM, |T,ST,C,D,W, |uDO\cO Lc |Lz | seecification [y [ $
F, B, SB, S SD, SW, R
(s1) — o @) — — - - — — -
(s2) — o1 o - - — — — — —
(s3) — o™ — — — — — — — —
(d) — o™ @) — — — — — — —
*1 Only D, SD, R can be used.
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Processing. details

» Once the target value (s1), measured value (s2) and PID parameters (s3) to (s3)+6 are set and the program is executed,

the operation result (MV) is transferred to the output value (d) at every sampling time. The sampling time is specified by

(s3).

Command input

PID (s1) | (s2) | (s3) (d)

L Output value (MV)
Parameters
Measured value (PV)
Target value (SV)

BSet item
Set item Description Occupie
d points
(s1) Target value The target value (SV) is set. 1 point
(8SV) The PID instruction does not change the settings.

[Caution on using the auto-tuning (limit cycle method)]
If the target value for auto-tuning is different from the target value in the PID control, it is necessary to set a value
to which a bias value is added, and then store the actual target value when the auto-tuning flag turns OFF.

(s2) Measured value | This is the input value of the PID operation. 1 point

(PV) It is necessary to read a normal measurement data before the execution of the PID operation for the measurement

value of PID (PV). If an input value from an analog input is used for the PID operation, use caution to its conversion
time.

(s3) Parameter PID control 25 points
25 devices are occupied from the head device specified in (s3)
Auto-tuning: In the limit cycle method 29 points
29 devices are occupied from the head device specified in (s3)
Auto-tuning: In the step response method ((s3)+1: b8 is set to OFF) 25 points
25 devices are occupied from the head device specified in (s3)
Auto-tuning: In the step response method ((s3)+1: b8 is set to ON) 28 points
28 devices are occupied from the head device specified in (s3)

(d) Output value PID control (normal processing) 1 point

(MV)

The user sets the initial output value before driving the instruction. After that, the operation result is stored.

Auto-tuning: In the limit cycle method
The Upper Limit Value (ULV) or Lower Limit Value (LLV) value is automatically output during auto-tuning. The
specified MV value is output when auto-tuning is finished.

Auto-tuning: In the step response method
The user sets the step output value before driving the instruction. The MV value is not changed by PID instruction
during auto-tuning.

EPrecautions for using the PID instruction
For the precautions for using the PID instruction, refer to the following manual.

L[TIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/Function Blocks)
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10.4 Relationship Between Parameter Setting and
Auto-Tuning

When auto-tuning is not executed (parameter setting)

It is necessary to write the set value of the parameters (s3) to (s3)+6 using MOV instruction in advance, etc. before starting

the PID operation when auto-tuning is not executed. If a device with a latch setting is specified, the setting data is retained
even after the power to the CPU module is turned OFF; therefore, the writing at the 2nd power ON is not required.
For details on parameters, refer to (==~ Page 86 Parameter.

When auto-tuning is

executed

The proportional gain ((s3)+3), integral time ((s3)+4) and differential time ((s3)+6) are important constants for executing the

auto-tuning function described later and for optimizing the PID control. These constants can be set automatically.

For a detailed description of auto-tuning, refer to ==~ Page 99 Auto-Tuning.

10.5 Parameter

Set item Description/Setting range Remarks
(s3) Sampling time (TS) 1to 32767 (ms) It cannot be shorter than operation cycle of the PLC.
(s3)+1 Operation setting | b0 0: Forward operation Operation direction
(ACT) 1: Backward operation
b1 0: Input variation alarm is invalid —
1: Input variation alarm is valid
b2 0: Output variation alarm is invalid Do not set b2 and b5 to ON at the same time.
1: Output variation alarm is valid
b3 Not used —
b4 0: Auto-tuning is not executed. —
1: Auto-tuning is executed
b5 0: Upper and lower limits of output value are not Do not set b2 and b5 to ON at the same time.
valid
1: Upper and lower limits of output value are valid
b6 0: Step response method Select auto-tuning mode.
1: Limit cycle method
b7"2 0: Overshoot suppression processing invalid When b7 is ON, the overshoot suppression processing
(FX3U compatible) is performed.
1: Overshoot suppression processing valid
b8 0: Without the hunting suppression processing This is valid when b4 is ON and b6 is OFF.
(FX3U compatible) When b8 is ON, the hunting suppression processing is
1: With the hunting suppression processing performed.
b9 to b15 Not used —
(s3)+2 Input filter constant (o) 0 to 99[%] When "0" is set, input filter is not provided.
(s3)+3 Proportional gain (KP) 1 to 32767[%] —
(s3)+4 Integral time (TI) 0 to 32767[x100ms] When "0" is set, it is handled as "»" (no integration).
(s3)+5 Differential gain (KD) 0 to 100[%] When "0" is set, differential gain is not provided.
(s3)+6 Differential time (TD) 0 to 32767[x10ms] When "0" is set, differential is not executed.
(s3)+7 to These devices are occupied for internal processing of PID operation. Do not change data.
(s3)+19
(s3)+20 1 Input variation (incremental) 0 to 32767 Itis valid when b1 of the operation setting (ACT) ((s3)+1)
alarm set value is "1".
(s3)+21 1 Input variation (decremental) 0 to 32767 Itis valid when b1 of the operation setting (ACT) ((s3)+1)
alarm set value is "1".
(s3)+22 1 Output variation (incremental) 0 to 32767 It is valid when b2 and b5 of the operation setting (ACT)
alarm set value ((s3)+1) are "1" and "0".
Output upper limit set value -32768 to +32767 It is valid when b2 and b5 of the operation setting (ACT)
((s3)+1) are "0" and "1".
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Set item Description/Setting range Remarks

(s3)+23™ | Output variation (decremental) 0 to 32767 It is valid when b2 and b5 of the operation setting (ACT)
alarm set value ((s3)+1) are "1" and "0".
Output lower limit set value -32768 to +32767 It is valid when b2 and b5 of the operation setting (ACT)

((s3)+1) are "0" and "1".

incremental) is not exceeded. It is valid when b1 and b2 of the operation setting (ACT)
incremental) is exceeded. ((s3)+1) are "1".

(s3)+24*1 Alarm output b0 0: Input variation
: Input variation

-

b1 0: Input variation (decremental) is not exceeded.
1: Input variation (decremental) is exceeded.

b2 0: Output variation (incremental) is not exceeded.
1: Output variation (incremental) is exceeded.

b3 : Output variation (decremental) is not exceeded.

= O

: Output variation (decremental) is exceeded.

HThe following setting is required when using the limit cycle method (b6 of the operation setting (ACT) ((s3)+1) is "1").

(s3)+25 PV value threshold (hysteresis) Set it according to measured value (PV) The setting below is required when the limit cycle

width (SHPV) fluctuation. method is used
(when the operation setting (ACT) b6 is set to ON).

(s3)+26 Output value upper limit (ULV) Set maximum value (ULV) of output value (MV).

(s3)+27 Output value lower limit (LLV) Set minimum value (LLV) of output value (MV).

(s3)+28 Wait setting from end of tuning -50 to +32717[%]
cycle to start of PID control (KW)

WThe following setting is required when using the timeout time after maximum ramp (b6 and b8 of the operation setting (ACT) ((s3)+1) are "0" and "1") with the
step response method.

(s3)+25 Timeout time setting value after 1to 32767[s] It is valid when b4, b6, and b8 of the operation setting
maximum ramp (R) detection (ACT) ((s3)+1) are "1", "0", and "1".

(s3)+26 These devices are occupied for internal processing of PID operation. Do not change data.

(s3)+27

*1  (s3)+20 to +24 become used only if b1, b2, or b5 are set to "1" to determine the action (ACT) (s3)+1.
*2 For supported version of each setting, refer to ==~ Page 649 Added and Enhanced Functions.

10.6 Details of Parameters

This chapter describes the details of parameters.

Sampling time (s3)

Set the cycle time (ms) for the PID operation. Setting range: 1 to 32767 (ms)
* In PID control and auto-tuning (Limit cycle method)

Set the sampling time longer than the operation cycle of the PLC.

* In auto-tuning (Step response method)

Set the sampling time to 1000 ms (= 1 second) or more.

Maximum error
The maximum error of the sampling time (TS) is from "- (one operation cycle+1 ms)" to "+ (one operation cycle)."

* When the sampling time (TS) is a small value
Fluctuation of the maximum error described above may cause a problem. In such a case, execute the PID instruction in the

constant scan mode, or program it in a timer interrupt routine.

* When the sampling time (TS) is shorter than one operation cycle of the PLC

A PID operation error occurs, however when PID operation is executed, the sampling time (TS) is equal to the operation cycle
of the PLC. In such a case, use the PID instruction in a timer interrupt, and clear (s3)+7 just before executing the PID

instruction.
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Operation setting (s3)+1

Forward operation/backward operation

Set the PID control direction (forward or backward).

* During auto-tuning for the limit cycle method

It is necessary to set the PID control direction (forward or backward) for auto-tuning.

 During auto-tuning for the step response method

The PID control direction (forward or backward) is not required, as the direction is automatically set when auto-tuning is

complete.
Operation setting (s3)+1: b0 Operation
Forward As the measured value (PV) becomes larger than the target value
i ) Temperature
operation (SV), the output (MV) increases.
(b0=0OFF) For example, cooling is a forward operation.

Measured value (PV)

Target value (SV)

Time
Backward As the measured value (PV) becomes smaller than the target value Temperature
operation (SV), the output (MV) increases. P
(bO=ON) For example, heating is a backward operation. Target value (SV)
Measured value (PV)
Time

 Relationship between the forward/backward operation and the output (MV), measured value (PV) and target value (SV)
The relationship is as follows.

Output value (MV)
Target value (SV)

Forward
operation

Backward
operation

Measured value (PV)
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Alarm setting (for input variation and output variation)

If b1 and b2 in (s3) +1 are turned ON, the input variation and the output variation can be checked. The check is executed by

following the values of (s3) +20 to (s3) +23.
These parameters can be set in (s3)+24.

For details on operation of alarm output, refer to [=~ Page 98 Alarm output (s3)+24.

* Input variation

If the input variation alarm is used, turn ON b1 in (s3) +1, and specify the input variation alarm set value.

Set item Description/Setting range
Operation setting (s3)+1: b1 Input variation alarm ON: Used
OFF: Not used
Input variation alarm set value (s3)+20 Input variation (incremental) alarm 0 to 32767
set value
(s3)+21 Input variation (decremental) alarm 0 to 32767
set value

 Output variation

If the output variation alarm is used, turn ON b2 in (s3) +1, and specify the output variation alarm set value.
When this function is used, make sure to turn OFF b5 of (s3) +1.

Set item Description/Setting range
Operation setting (s3)+1: b2 Output variation alarm ON: Used
OFF: Not used
(s3)+1: b5 Output value upper/lower limit setting | Make sure to set it to OFF
Output variation alarm set value (s3)+22 Output variation (incremental) alarm 0 to 32767
set value
(s3)+23 Output variation (decremental) alarm | 0 to 32767
set value

Point}3

Variation means (Current value) - (Previous value)

Upper and lower limits for output value

When the upper and lower limit settings of the output value are valid, the output value is as shown in the chart. The upper limit
and lower limit of the output value can moderate the increase of the integral item in the PID control.
When using the upper limit and lower limit of the output value, make sure to set (s3)+1, b2 to OFF.

Set item

Description/Setting range

Operation setting (s3)+1: b2

Output variation alarm

Make sure to set it to OFF

(s3)+1: b5

Output value upper/lower limit setting

ON: Used
OFF: Not used

Output value (MV)

(s3)+22
Output value upper limit >

(s3)+23
Output value lower limit [

When the upper limit and
lower limit of output value are set

When the upper limit and
lower limit of output value are not set

These values are not output

s

These values are not output

Time
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Overshoot suppression setting

Set the overshoot suppression processing. Especially, when the difference between the target value and current value is big,
turn b7 of (s3)+1 ON. It is effective to suppress the overshoot during PID control operation.

Set item Description/Setting range

Operation setting (s3)+1: b7 Overshoot suppression setting ON: Used
OFF: Not used

(1) Overshoot suppression setting invalid

(2) Overshoot suppression setting valid

(3) If overshoot suppression setting is invalid, the first output
variation AMV is determined by this difference.

Temperature

Target
value

Time

If the output variation rate AMV is large during the initial scan time, the output will be suppressed in the following manner.
(1) Initial output value is large
OUtPUt value (MV) (2) Overshoot suppression setting invalid
(3) Overshoot suppression setting valid
(4) The output variation rate is forcibly set to 0, so the initial output
value will be 0. (When offset value offset is 0)

(1)(\/1\

Time

Point/®

If the overshoot suppression setting is not used, the PID control operation with similar performance to the FX3
PLC will be executed.
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Hunting suppression setting

Especially, if the step response method auto-tuning (=5~ Page 99 Auto-Tuning) is executed in an environment where the

measurement value varies temporarily because of noise of the sensor and analog input, auto-tuning may be not executed
correctly and hunting may occur during PID control operation.

When b8 of (s3)+1 is turned ON and the current input value is less than the previous input value temporarily, auto-tuning is not
completed until the set timeout time has elapsed. Therefore, maximum ramp (R) can be obtained correctly. (See the figure

below.)
To use this function, turn ON b4 of (s3)+1 and OFF b6 of (s3)+1.
Set item Description/Setting range
Operation setting (s3)+1: b4 Auto-tuning Make sure to set it to ON
(s3)+1: b6 Auto-tuning mode Make sure to set it to OFF
(s3)+1: b8 Hunting suppression setting ON: Used
OFF: Not used
(s3)+25 Timeout time setting value after 1 to 32767 (second)
maximum ramp (R) detection
Ramp value () M () A dcresms ofrp caused by tamporay dvistion ofthe ingut
PARN e P Yy porary p

3) Maximum ramp (R) is updated so that auto tuning continues

4) Timeout wait after maximum ramp detection

5) Maximum ramp (R) detection value at the end of auto tuning

6) Maximum ramp (R) detection value at the end of auto tuning
when this setting is not used

| | Time
(3) 4)
The ramp value is obtained with the following formula.
Ramp value = (current input value - previous input value) + sampling time

Point/®

If the hunting suppression setting is not used, the PID control operation with similar performance to the FX3
PLC will be executed.

10 PID CONTROL VIA INSTRUCTION 1
10.6 Details of Parameters 9



92

Input filter constant (s3)+2

The input filter (a) is a software filter to reduce the fluctuation of the measured value (PV) caused by noise. By setting this time
constant of the filter according to the control target characteristics and noise level, the effect of noise can be reduced. If the
input filter value is too small, the filter effect is small. If the input filter value is too large, the input response is bad. Setting

range: 0 to 99 (%).

Because the input filter (o) acts on the target value (SV), all of the proportional operation, integral operation and differential

operation are affected.

Actual measured value (PV)

Time
¥

Measured value (PV) processed
by input filter

Time
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Time
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Input amplitude

/17 Input amplitude processed
[ by input filter
|

Time



Proportional gain (s3)+3

During the proportional operation, the output (MV) increases in proportion to the deviation (difference between the target
value (SV) and the measured value (PV)). This deviation is called proportional gain (KP), and expressed in the following
relational expression:

Output (MV) = Proportional gain (KP) x Deviation (EV)

The reciprocal of the proportional gain (KP) is called proportional band.

As the proportional gain (KP) is larger (as shown in the example below), the motion to let the measured value (PV) be nearer

to the target value (SV) becomes stronger.
Setting range: 1 to 32767 (%)

[Ex]

Proportional operation (P operation) in backward operation (heating)

Temperature
N i’
————— 7=~ ———— - "= - —— — —  Targetvalue (SV)
' o /-’;:-'—/"IF\ Measured value (PV)

PRt Remaining deviation

KP2 -~ KP1 Proportional gain

e KP3>KP2>KP1
e
Time

Proportional gain
KP3>KP2>KP1

Time

Proportional operation (P operation) in forward operation (cooling)

Temperature

Proportional gain
KP3>KP2>KP1

¢

g, \
T(\ Remaining deviation

Measured value (PV)

Target value (SV)

Time

Proportional gain
KP3>KP2>KP1

Time

10 PID CONTROL VIAINSTRUCTION
10.6 Details of Parameters 93



Integral time (s3)+4

During the integral operation, the time after deviation is generated until the integral operation output becomes the proportional
operation output. This is called integral time and is expressed as "TI".

As Tl becomes smaller, the integral operation becomes stronger.

Setting range: 0 to 32767 (x 100 ms). "0" is handled as "»" (no integration).

[Ex]

Pl operation in backward operation (heating)

Temperature TI3
N - . .
I A e Measured value in Pl operation
’ Ve _.”” . . i
Target /. Measured value in proportional operation

T2 TN )
Integral time (TI)

0<TI3<TI2<TI1

value Yy
(SV) /g
Y

Time

Output value (MV)

Integral time (TI)
0<TI3<TI2<T

P T T e Output in Pl operation

Output in proportional operation

Time
Pl operation in forward operation (cooling)
Temperature
- Integral time (TI)
AN
TI3 -3 O<TI3<TI2<TI1
Target \\_-T12
value \‘\ N m™m . . .
(SV) \\\\\\ % Measured value in proportional operation
- - - T TN Measured value in Pl operation
- Time
Output value (MV)
« Integral time (TI)
NS 0<TI3<TI2<TI1
NTI3
‘ ‘\—//,r*—{,—.\ ----------------------------------------------- Output in Pl operation
N~ TI2,°5ST1H
Output in proportional operation
Time
4 10 PID CONTROL VIAINSTRUCTION
9 10.6 Details of Parameters



Point/©
The integral operation changes the output so that the continuously generated deviation is eliminated. As a

result, the remaining deviation generated in the proportional operation can be eliminated.

Deviation

Deviation (EV)

Time

Output (MV) Output of "proportional operation + integral operation'

P <\Output of integral operation
Rty St Output of proportional operation
Proportional gain (KP) x Deviation (E)

Time

Integral time (TI)

Differential gain (s3)+5

The filter is applied to the output at the differential operation. Setting range: 0 to 100 (%)

Only the differential operation is affected by the differential gain (KD).
* When the differential gain (KD) is small, the output is immediately given with regard to changes in the measured value (PV)

caused by disturbance, etc.
* When the differential gain (KD) is large, the output is given after a long time with respect to changes in the measured value

(PV) caused by disturbance, etc.

Point
Set the differential gain (KD) to "0", and then adjust the operation using the input filter (o).
If the output response is too close to the disturbance, increase the differential gain (KD).
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Differential time (s3)+6

Use the differential time (TD) to respond sensitively to fluctuations in the measured value (PV) caused by disturbance, etc.
and to minimize the fluctuations. Setting range: 0 to 32767 (x 10 ms)

» When the differential time (TD) is large, it prevent large fluctuation in the control target caused by disturbance, etc.

* It is not always necessary to use the differential time (TD) (when disturbance is small, for example).

Deviation

ﬁ TD3 (PID operation)

Disturbance /,'K/\Tm (PID operation) | Deviation (EV)
TD2 (PID operation)

Time
Output value (MV)
TD3 (PID operation)
TD3>TD2>TD1
TD2 (PID operation)
TD1 (PID operation)
N Time

PID operation in backward operation (heating)

Temperature  Changes caused by disturbance
L TD3 (PID operation)

e Target value (SV)

Pl operation (without differential operation)
TD2 (PID operation)

TD1 (PID operation)

TD3>TD2>TD1

Time

Output value (MV)

J/ Changes in output caused by disturbance

:

l\‘ TD3 (PID operation) TD3>TD2>TD1
\

Y/ D1 (PID operation)

PI operation (without differential operation)

Time
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[Ex]

PID operation in forward operation (cooling)
Temperature

TD3>TD2>TD1

PI operation (without differential operation)

Changes caused by disturbance
TD1 (PID operation)
TD2 (PID operation)

e

Target value (SV)
STD3 (PID operation)

Time
Output value (MV)
TD3>TD2>TD1

I\‘/Changes in output caused by disturbance
\
i\ TD2 (PID operation)

i TD1 (PID operation)

PI operation (without differential operation)

TD3 (PID operation)

Time
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Alarm output (s3)+24

If the input variation and the output variation specified with (s3) +20 to (s3) +23 are exceeded, each bit of (s3) +24 turns ON

as a warning output.

Item

Alarm output

Description Remarks

(s3)+24: b0 OFF: Input variation (incremental) is not exceeded. It is valid when operation setting (ACT) (b1 of
ON: Input variation (incremental) is exceeded. (s3)+1)is "1".

(s3)+24: b1 OFF: Input variation (decremental) is not exceeded.
ON: Input variation (decremental) is exceeded.

(s3)+24: b2 OFF: Output variation (incremental) is not exceeded. It is valid when operation setting (ACT) (b2 of
ON: Output variation (incremental) is exceeded. (s3)+1)is "1".

(s3)+24: b3 OFF: Output variation (decremental) is not exceeded.
ON: Output variation (decremental) is exceeded.

In the case of input variation

Measured value (PV)

Variation

Time
Sampling time (TS) \
Alarm output
(s3)+24: b0
(s3)+24: b1
In the case of output variation
Output value (MV)
Variation
' ' Time

Alarm output
(s3)+24: b2

(s3)+24: b3

98

Sampling time (TS)
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10.7 Auto-Tuning

This chapter describes the auto-tuning function of PID instruction.

The auto-tuning function will automatically set the important constants, such as the proportional gain and the integral time, to
ensure optimum PID control. There are two auto-tuning methods: limit cycle method and step response method.

Limit Cycle Method

For acquiring satisfactory control results in PID control, it is necessary to obtain the optimal value of each constant

(parameter) suitable to the control target. This paragraph explains the limit cycle method to obtain the amplitude (a) and
vibration cycle (t, ton) of the input value, and then calculate the proportional gain (KP), integral time (TI) and differential time
(TD) based on the expressions shown in the table below.

What is the limit cycle method changes in the input value in two-position control (in which the output Upper Limit Value (ULV)
and output Lower Limit Value (LLV) are switched according to the deviation) are measured, and then three constants in the
PID control are obtained.

How to obtain three constants in PID control (Reference)

HOperation characteristics and three constants

Control type Proportional gain (KP) [%] Integral time (TI) [x 100 ms] Differential time (TD) [x 10 ms]
Only proportional control (P 1 — —
operation) E(U LV-LLV)x100
PI control (PI operation) —
29 (ULv-LLv)x100 33%z0n (1“’_”)
T
PID control (PID operation) 12 zon on
5 (ULV-LLV)x100 20%t0n (1- —) 50%ton <1- —)
T T

10 PID CONTROL VIA INSTRUCTION
10.7 Auto-Tuning 99



HEOperation characteristics (in an example of backward operation)

During the "tW" period after the tuning cycle is finished, the output value is held at the output Lower Limit Value (LLV), and
then normal PID control is started. The value "tW" can be obtained by the expression "tW = (50 + KW)/100 x (t - ton)", and
the wait setting parameter "KW" can be set in the parameter (s3)+28. (Setting range: KW = -50 to +32717 [%]) (When the
abnormal range is specified, "tW" is handled as "0")

Output value (MV)

Output upper
limit value (ULV)

Output lower
limit value (LLV)

I I | | 1 1
: : | | .
T t T t T t T t T T t Time
1 | | ! | | | | I | |
| 1 1 | | 1 | | | | |
| 1 | 1 | | 1 I | 1 1
. e b
I | : | I | I | : | |
| 1 I I 1 | |
Input value ! 1 ! 1 ! 1 ! i ! | H
| | | ! | | | | | | |
| ! | ! | | | | | | |
| | | ! | | | | | | |
| | | ! | | | | | | |
| ! | ! | ! | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
! ! 1 ! 1 | B r -1 -
] 1 1 1 1 | 1 1
L - . : :
SV+SHPV 1 : . /
SV (target value) | ; : E a
1 1
SV-SHPV i - i
i o i
LT T e SR SES———
: N
I TON oW
1 | e
! L ! Time (s)
0] 1 12

SHPV: PV Input threshold (hysteresis)

Parameters set in limit cycle method

The parameters specified in the limit cycle method are shown below.

Parameter Setting position
Proportional gain (KP) (s3)+3
Integral time (TI) (s3)+4
Differential time (TD) (s3)+6

Auto-tuning procedure

1. Setforward or backward operation

Set the operation direction flag (b0) in the operation setting parameter (ACT) (s3)+1.

2. Selectthe auto-tuning method (limit cycle method)

Set the auto-tuning method to ON (b6) in the operation setting parameter (ACT) (s3)+1. (When bit 6 is set to OFF, the step
response method is selected.)

3. Setthe auto-tuning execution flag to ON

Set the auto-tuning execution flag to ON (b4) in the operation setting parameter (ACT) (s3)+1.

4. Setthe input filter
Set the input filter in the operation setting parameter (ACT) (s3)+2.

5. setthe sampling time
Set the sampling time (s3).

6. Setthe Upper Limit Value (ULV)
Set the Upper Limit Value (ULV) of the output value (MV) in the operation setting parameter (ACT) (s3)+26.
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7. Set the Lower Limit Value (LLV)
Set the Lower Limit Value (LLV) of the output value (MV) in the operation setting parameter (ACT) (s3)+27.

8. Set the threshold (hysteresis) (SHPV)
Set the threshold (hysteresis) width (SHPV) in the operation setting parameter (ACT) (s3)+25.

9. setthe target value (SV)
Set the target value (SV) in PID instruction.

10. set the PID instruction command input ON to start auto-tuning
Auto-tuning is executed according to the measured value (PV).
When auto-tuning is completed, the auto-tuning flags (b4 and b6) turn OFF in the operation setting parameter (ACT): (s3)+1.
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Step Response Method

For acquiring satisfactory control results during PID control, it is necessary to obtain the optimal value of each constant
(parameter) suitable for the control target. This paragraph explains the step response method to obtain three constants in the
PID control (proportional gain (KP), integral time (Tl) and differential time (TD)).

In this method, by giving stepped output from 0 to 100 % to the control system, three constants in the PID control are obtained
from the operation characteristics (maximum ramp (R) and dead time (L)) and the input value variation. The stepped output
may be obtained from 0 to 75% or from 0 to 50 %.

How to obtain three constants in PID control (Reference)

HMOperation characteristics and three constants

Control type Proportional gain (KP) [%] Integral time (TI) [x 100 ms] Differential time (TD) [x 10 ms]

Only proportional control (P o — —
utput value
operation) 1 P x100

TR (V\Y)

PI control (PI operation) % § Output value 100 33L _
RL (MV)
PID control (PID operation) Q § Output value 100 20L 50L
RL (MV)
HMOperation characteristics
100 %
Output value (MV) Output value (MV)
0% Time

Input value variation
Maximum ramp (R)

| | | Time (s)
I Dead time (L) [s]| 1 (s) |

Parameters set in step response method

The parameters specified in the step response method are shown below.

Parameter Setting position

Operation setting (ACT) (s3)+1: b0 (operation direction)
Proportional gain (KP) (s3)+3

Integral time (TI) (s3)+4

Differential time (TD) (s3)+6
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Auto-tuning procedure

1. Transferring the output value for auto-tuning to the output value (d)

Set the output value for auto-tuning to the maximum available output value multiplied by 0.5 to 1 for the output equipment.
2. Setting the parameter (s3), target value (SV), etc. that cannot be set in autotuning according to the system

3. Setthe auto-tuning execution flag to ON.

Set the auto-tuning execution flag to ON (b4) in the operation setting parameter (ACT) (s3)+1.

4. Setthe PID instruction command input ON to start auto-tuning
Auto-tuning is executed according to the measured value (PV).
When auto-tuning is completed, the auto-tuning flag (b4) turns OFF in the operation setting parameter (ACT): (s3)+1.

Point ;>

Start auto-tuning while the system is stable.
If the system is unstable when auto-tuning is started, auto-tuning may not be executed normally.

Cautions on auto-tuning setting

Note that auto-tuning may not be executed normally if the cautions described below are not followed

« Difference between the target value (SV) and the measured value (PV)

If the difference between the target value (SV) and the measured value (PV) is less than 75 when autotuning is started, auto-
tuning is not executed normally. Accordingly, if the difference is less than 75, set the target value for auto-tuning. Set the target
value again when auto-tuning is completed.

» Sampling time (TS)

Make sure the sampling time is set for auto-tuning to 1 second (1000 ms) or more. It is recommended that the sampling time
is set to that it is considerably longer than the output change cycle.

Cautions on auto-tuning execution

BProgram countermeasures when the input value (PV) does not change

When the input value (PV) does not change normally due to factors such as wire breakage in an analog input line, auto-tuning
is not finished. Detect and avoid such occurrences by introducing a sequence to monitor the input value or the elapsed time
from the start of auto-tuning.
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10.8 Examples of Program

System configuration example

An example of the system configuration when the PID control function is used is shown below.

System configuration

|_ X10[X11| X10: Auto-tuning command
L1- X11: PID control command

COMO[ YO | Y1 FX5U-32MT/ES

|_— Error indication

FX5-4AD-TC-ADP

24V DC (X)/

power supply* |
Temperature chamber
Electric heater M d
 ——
Temperature sensor (Thermocouple)

Operation of the electric heater

The operation of the electric heater (Y1) is as follows.

EDuring PID control
D502x1 ms <ON duration>
k—1

OFF | ON ON ON ON ON

| | | |
2sec (2000 ms) | 2sec (2000 ms) | 2 sec (2000 ms)
<cycle>

EDuring auto-tuning (In case of 90% of maximum output)

- L L L i

| | 1
1.8 sec (1800 ms) 1.8 sec (1800 ms) 1.8 sec (1800 ms)

2 sec (2000 ms) 2 sec (2000 ms) 2 sec (2000 ms)

Program examples

Program example Description Reference

Program example 1 This is an example of the sample program for PID control. Page 105

Program example 2 This is an example of the sample program for auto tuning (limit cycle method). Page 107

Program example 3 This is an example of the sample program for auto tuning (step response method). Page 109

Program example 4 This is an example of the sample program for auto tuning (limit cycle method) + PID Page 111
control.

Program example 5 This is an example of the sample program for auto tuning (step response method) + PID | Page 113
control.
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Program example 1

This is an example of the sample program for PID control.

Use device

The content of the devices used for the program is as follows.

Item Device | Setting value
During auto-tuning During PID control
Target value (SV)'! (s1) D500 Not used 500 (50.0°C)
Measured value (PV)"! (s2) SD63002 | Not used According to input value
Parameter Sampling time (TS)"! (s3) D510 Not used 500 (500 ms)
Operation setting | Operation direction” (s3)+1 b0 D511.0 Not used 1 (Backward operation)
(ACT) Input variation alarm (s3)+1 b1 D511.1 Not used 0 (Alarm is not provided)
Output variation alarm (s3)+1 b2 D511.2 Not used 0 (Alarm is not provided)
Auto-tuning (s3)+1 b4 D511.4 Not used 0 (AT is not provided)
Upper and lower limits of (s3)+1 b5 D511.5 Not used 1 (Setting is provided)
output value
Select auto-tuning mode (s3)+1 b6 D511.6 Not used Not used
Overshoot suppression (s3)+1 b7 D511.7 Not used 1 (Used)
setting
Hunting suppression (s3)+1 b8 D511.8 Not used Not used
setting
Input filter constant (o) (s3)+2 D512 Not used 0 (Input filter is not
provided)
Proportional gain (KP)*1 (s3)+3 D513 Not used 3000 (3000 %)
Integral time (TI)'1 (s3)+4 D514 Not used 2000 (2000 X 100 ms)
Differential gain (KD) (s3)+5 D515 Not used 0 (Differential gain is not
provided)
Differential time (TD)*1 (s3)+6 D516 Not used 5000 (5000 % 10 ms)
Input variation (incremental) alarm set value (s3)+20 D530 Not used Not used
Input variation (decremental) alarm set value (s3)+21 D531 Not used Not used
Output variation (incremental) alarm set value (s3)+22 D532 Not used 2000 (2 second)
Output upper limit set value
Output variation (decremental) alarm set value (s3)+23 D533 Not used 0 (0 second)
Output lower limit set value
Alarm output Input variation (s3)+24 b0 D534.0 Not used Not used
(incremental) is exceeded
Input variation (s3)+24 b1 D534.1 Not used Not used
(decremental) is exceeded
Output variation (s3)+24 b2 D534.2 Not used Not used
(incremental) is exceeded
Output variation (s3)+24 b3 D534.3 Not used Not used
(decremental) is exceeded
PV value threshold (hysteresis) width (SHPV) (s3)+25 D535 — —
Output value upper limit (ULV) (s3)+26 D536 — —
Output value lower limit (LLV) (s3)+27 D537 — —
Wait setting from end of tuning cycle to start of (s3)+28 D538 — —
PID control (KW)
Output value (MV)*1 (d) D502 Not used According to operation

—: This is an item not occupied.

*1  The setting is always necessary.
*2  When CH1 is used.
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Program
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SM402
| | MOV K500 D500 [—
Initial pulse
MOV K500 D510 [—
SET D511.0 —
SET D511.5 [—
SET D511.7 |—
MOV K2000 D532 [—
MOV KO D533 [
MOV K3000 D513 [
MOV K2000 D514 |—
MOV K5000 D516 [
SM402
|} RST | SM6301 —
Initial pulse
SM402
| f RST | Ds02 (—
Initial pulse
X11
'
PID control
is started
X11
|} PID D500 | SD6300 | D510 D502 —
PID control
is started
QD
M3
| | OUTHS STO K2000
PID operation
is executed
STO
|| RST ST0  —
Heater operation
cycle
I\J/I/?;
I
PID operation
i ted
is execute M3
< STOD502 || @_
—| _ |
ST0<D502 PID operation
is executed
END [—

The target value is
set to 50°C

The sampling time is
set to 500 ms

The operation direction
is set to backward
operation

The upper and lower
limits of output value
is set to valid

Use overshoot
suppression setting

The output value upper
limit is set to ON for 2 sec.

The output value lower
limit is set to ON for 0 sec.

The proportional gain is
set to 3000 %

The integral time is set to
2000%x100 ms

The differential time is
set to 5000%10 ms J

FX5-4AD-TC-ADP is set to used CH | 0: Enable
CH1: SM6301 1: Disable

The PID output is initialized

PID instruction
drive

Measured temperature value

} FX5-4AD-TC-ADP
CH1: SD6300

PID operation is executed

The heater operation
cycle is set to 2 sec

Preset

~ Heater output control

Heater output

~ PID instruction initial setting



Program example 2

This is an example of the sample program for auto tuning (limit cycle method).

Use device

The content of the devices used for the program is as follows.

Item Device Setting value
During auto-tuning During PID control
Target value (SV)'! (s1) D500 500 (50.0°C) Not used
Measured value (PV)"! (s2) SD630072 | According to input value Not used
Parameter Sampling time (TS)"! (s3) D510 500 (500 ms) Not used
Operation setting Operation direction”! (s3)+1 b0 D511.0 1 (Backward operation) Not used
(ACT) Input variation alarm (s3)+1 b1 D511.1 0 (Alarm is not provided) Not used
Output variation alarm (s3)+1 b2 D511.2 0 (Alarm is not provided) Not used
Auto-tuning (s3)+1 b4 D511.4 1 (AT is provided) Not used
Upper and lower limits of (s3)+1 b5 D511.5 0 (Setting is not provided) | Not used
output value
Select auto-tuning mode (s3)+1 b6 D511.6 1 (Limit cycle method) Not used
Overshoot suppression setting | (s3)+1 b7 D511.7 Not used Not used
Hunting suppression setting (s3)+1 b8 D511.8 Not used Not used
Input filter constant (o) (s3)+2 D512 0 (Input filter is not Not used
provided)
Proportional gain (KP)! (s3)+3 D513 According to auto-tuning Not used
result
Integral time (T1)"! (s3)+4 D514 According to auto-tuning Not used
result
Differential gain (KD) (s3)+5 D515 0 (Differential gain is not Not used
provided)
Differential time (TD)'1 (s3)+6 D516 According to auto-tuning Not used
result
Input variation (incremental) alarm set value (s3)+20 D530 Not used Not used
Input variation (decremental) alarm set value (s3)+21 D531 Not used Not used
Output variation (incremental) alarm set value (s3)+22 D532 Not used Not used
Output upper limit set value
Output variation (decremental) alarm set value (s3)+23 D533 Not used Not used
Output lower limit set value
Alarm output Input variation (incremental) is | (s3)+24 b0 D534.0 Not used Not used
exceeded
Input variation (decremental) (s3)+24 b1 D534.1 Not used Not used
is exceeded
Output variation (incremental) | (s3)+24 b2 D534.2 Not used Not used
is exceeded
Output variation (decremental) | (s3)+24 b3 D534.3 Not used Not used
is exceeded
PV value threshold (hysteresis) width (SHPV) (s3)+25 D535 50 (5.0°C) Not used
Output value upper limit (ULV) (s3)+26 D536 2000 (2 second) Not used
Output value lower limit (LLV) (s3)+27 D537 0 (0 second) Not used
Wait setting from end of tuning cycle to start of PID (s3)+28 D538 -50 (Wait is not provided) Not used
control (KW)
Output value (MV)*1 (d) D502 According to operation Not used

—: This is an item not occupied.

*1 The setting is always necessary.
*2  When CH1 is used.
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Program

X10
1} MOV K500 D500 |—
Auto-tuning is started
MOV K500 D510 |—
SET D511.0 [—
SET D511.6 —
MOV K50 D535 |—
MOV K2000 D536 |—
MoV KO D537 [
MOV K-50 D538 [
SET D511.4 |—
SM402
| | RST | SM6301 |—
Initial pulse
D511.4
A RST D502 —
Auto-tuning is executed
)?10
I
Auto-tuning is started
D511.4
|} PID D500 | SD6300 | D510 D502 —
Auto-tuning is executed
Ty
M4
| | OUTHS STO K2000
Auto-tuning is executed
STO
|} RST STO
Heater operation
cycle
l}/l4
f
Auto-tuning is executed
M4

—— < sT0D502 '}

ST0<D502

||
10
Auto-tuning is executed

G-
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END

The target value is set to 50°C

The sampling time is set to
500 ms

The operation direction is set to
backward operation

The auto-tuning mode is set to
limit cycle method

The PV value threshold
(hysteresis) width (SHPV) is
setto 5.0°C

The output value upper limit
(ULV) is set to ON for 2 sec.

> PID instruction
initial setting

The output value lower limit
(LLV) is set to ON for O sec.

The wait setting parameter (kW)
from the end of tuning cycle to
PID control start is set to -50
(wait is not provided)

Auto-tuning is started

J

FX5-4AD-TC-ADP is set to used CH } 0: Enable

CH1: SM6301 1: Disable

The PID output is initialized

}

Auto-tuning is executed

FX5-4AD-TC-ADP
Measured temperature value
CH1: SD6300

PID instruction
drive

The heater operation
cycle is set to 2 sec.

Preset

~ Heater output control

Heater output




Program example 3

This is an example of the sample program for auto tuning (step response method).

Use device

The content of the devices used for the program is as follows.

Item Device Setting value
During auto-tuning During PID control
Target value (SV)'! (s1) D500 500 (50.0°C) Not used
Measured value (PV)"! (s2) SD63002 According to input value Not used
Parameter Sampling time (TS)"! (s3) D510 1000 (1000 ms) Not used
Operation setting | Operation direction” (s3)+1 b0 D511.0 According to auto-tuning Not used
(ACT) result
Input variation alarm (s3)+1 b1 D511.1 0 (Alarm is not provided) Not used
Output variation alarm (s3)+1 b2 D511.2 0 (Alarm is not provided) Not used
Auto-tuning (s3)+1 b4 D511.4 1 (AT is provided) Not used
Upper and lower limits of output | (s3)+1 b5 D511.5 0 (Setting is not provided) | Not used
value
Select auto-tuning mode (s3)+1 b6 D511.6 0 (Step response method) | Not used
Overshoot suppression setting | (s3)+1 b7 D511.7 Not used Not used
Hunting suppression setting (s3)+1 b8 D511.8 1 (Timeout time is valid) Not used
Input filter constant (o) (s3)+2 D512 0 (Input filter is not Not used
provided)
Proportional gain (KP)’1 (s3)+3 D513 According to auto-tuning Not used
result
Integral time (TI)'1 (s3)+4 D514 According to auto-tuning Not used
result
Differential gain (KD) (s3)+5 D515 0 (Differential gain is not Not used
provided)
Differential time (TD)*1 (s3)+6 D516 According to auto-tuning Not used
result
Input variation (incremental) alarm set value (s3)+20 D530 Not used Not used
Input variation (decremental) alarm set value (s3)+21 D531 Not used Not used
Output variation (incremental) alarm set value (s3)+22 D532 Not used Not used
Output upper limit set value
Output variation (decremental) alarm set value (s3)+23 D533 Not used Not used
Output lower limit set value
Alarm output Input variation (incremental) is | (s3)+24 b0 D534.0 Not used Not used
exceeded
Input variation (decremental) is | (s3)+24 b1 D534.1 Not used Not used
exceeded
Output variation (incremental) (s3)+24 b2 D534.2 Not used Not used
is exceeded
Output variation (decremental) | (s3)+24 b3 D534.3 Not used Not used
is exceeded
Timeout time setting value after maximum ramp (R) | (s3)+25 D535 10 (10 second) Not used
detection
Used by system (s3)+26 D536 Not used Not used
Used by system (s3)+27 D537 Not used Not used
Wait setting from end of tuning cycle to start of PID (s3)+28 D538 — —
control (KW)
Output value (MV)"! (d) D502 1800 (1.8 second) Not used

—: This is an item not occupied.

*1 The setting is always necessary.
*2  When CH1 is used.
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Program

X10 A

1} MOV K500 D500 [— The target value is set to 50°C
Auto-tuning is started

|| The sampling time is set to
MOV K1000 D510 1000 ms

The output of auto-tuning
is set to 1.8 sec.

MOV K1800 D502 [

The auto-tuning mode is set to PID instruction
RST | D5116 ™ step response grJnethod initial setting

The hunting suppression
setting is used.

SET D511.8 [

Timeout time after maximum
MoV K10 D535 | ramp (R) detection is
set to 10 seconds.

SET D511.4 — Auto-tuning is started J
Sma02 msr | sveagr || FX5-4AD-TC-ADP is set to used CH [ 0: Enable
Inital puise CH1: SM6301 1: Disable
D511.4
on RST | D502 [— The PID output is initialized
Auto-tuning is executed
)f10

f
Auto-tuning is started

FX5-4AD-TC-ADP
PID D500 | SD6300 | D510 D502 — PID instruction drive Measured temperature value

CH1: SD6300
@— Auto-tuning is executed

The heater operation
cycle is set to 2 sec.

D5|1|1.4

1T
Auto-tuning is executed

{ f OUTHS | STO | K2000 —
Auto-tuning is executed

STO
||

RST sT0 — Preset

11
Heater operation
cycle

I}/I4

~ Heater output control

f
Auto-tuning is executed

M4
—{ < sToDs02 }— | @— Heater output
ST0<D502

Auto-tuning is executed

END [—
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Program example 4

This is an example of the sample program for auto tuning (limit cycle method) + PID control.

Use device

The content of the devices used for the program is as follows.

Item Device Setting value
During auto-tuning During PID control
Target value (SV) (s1) D500 500 (50.0°C) 500 (50.0°C)
Measured value (PV)"! (s2) SD63002 According to input value According to input value
Parameter | Sampling time (TS) (s3) D510 500 (500 ms) 500 (500 ms)
Operation setting | Operation direction ! (s3)+1 b0 D511.0 1 (Backward operation) 1 (Backward operation)
(ACT) Input variation alarm (s3)+1 b1 D511.1 0 (Alarm is not provided) 0 (Alarm is not provided)
Output variation alarm (s3)+1 b2 D511.2 0 (Alarm is not provided) 0 (Alarm is not provided)
Auto-tuning (s3)+1 b4 D511.4 1 (AT is provided) 1 (AT is provided)
Upper and lower limits of output | (s3)+1 b5 D511.5 1 (Setting is provided) 1 (Setting is provided)
value
Select auto-tuning mode (s3)+1 b6 D511.6 1 (Limit cycle method) Not used
Overshoot suppression setting | (s3)+1 b7 D511.7 Not used 1 (Used)
Hunting suppression setting (s3)+1 b8 D511.8 Not used Not used
Input filter constant (o) (s3)+2 D512 0 (Input filter is not 0 (Input filter is not
provided) provided)
Proportional gain (KP)'! (s3)+3 D513 According to auto-tuning According to auto-tuning
result result
Integral time (T1)"" (s3)+4 D514 According to auto-tuning According to auto-tuning
result result
Differential gain (KD) (s3)+5 D515 0 (Differential gain is not 0 (Differential gain is not
provided) provided)
Differential time (TD)*1 (s3)+6 D516 According to auto-tuning According to auto-tuning
result result
Input variation (incremental) alarm set value (s3)+20 D530 Not used Not used
Input variation (decremental) alarm set value (s3)+21 D531 Not used Not used
Output variation (incremental) alarm set value (s3)+22 D532 Not used 2000 (2 second)
Output upper limit set value
Output variation (decremental) alarm set value (s3)+23 D533 Not used 0 (0 second)
Output lower limit set value
Alarm output Input variation (incremental) is | (s3)+24 b0 D534.0 Not used Not used
exceeded
Input variation (decremental) is | (s3)+24 b1 D534.1 Not used Not used
exceeded
Output variation (incremental) (s3)+24 b2 D534.2 Not used Not used
is exceeded
Output variation (decremental) | (s3)+24 b3 D534.3 Not used Not used
is exceeded
PV value threshold (hysteresis) width (SHPV) (s3)+25 D535 50 (5.0°C) Not used
Output value upper limit (ULV) (s3)+26 D536 2000 (2 second) Not used
Output value lower limit (LLV) (s3)+27 D537 0 (0 second) Not used
Wait setting from end of tuning cycle to start of PID (s3)+28 D538 -50 (Wait is not provided) Not used
control (KW)
Output value (MV)*1 (d) D502 According to operation According to operation

—: This is an item not occupied.

*1 The setting is always necessary.
*2  When CH1 is used.
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Program

SM402
|} MOV | K500 | D500 —
Initial pulse
MOV K500 D510 —
SET D511.0 —
SET D511.5 —
SET D511.7 —
MOV K2000 D532 —
MOV KO D533 —
X10
{1 SET | D511.6 [—]
PID control is started
after auto-tuning
MOV K50 D535 [—
MOV K2000 D536 —
MOV KO D537 —
MOV K-50 D538 —
SET D511.4 ——
SM402
| | RST | SM6301 |—
Initial pulse
SM402
| | RST D502 —
Initial pulse
X10 X11
| |
I [
PID control is started ~ PID control is started
after auto-tuning (without auto-tuning)
X10
|} PID D500 | SD6300 | D510 D502 |—
PID control is started
after auto-tuning
X1
PID control is started
(without auto-tuning)
M4
| | OUTHS STO K2000 —
PID is executed
STO
| | RST STO  —
Heater operation
cycle
M4
|
I
PID is executed
M4
—{ < sT0D502 }— | ®_
ST0<D502 PID is executed
END |—
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The target value is set to 50°C

The sampling time is set to
500 ms

The operation direction is set to
backward operation

PID instruction
initial setting

The upper and lower limits of
output value is set to valid

Use overshoot
suppression setting

The output value upper limit
is set to ON for 2 sec.

The output value lower limit
is set to ON for O sec.

The auto-tuning mode is set
to limit cycle method

The PV value threshold
(hysteresis) width (SHPV) is
setto 5.0°C

The output value upper limit
(ULV) is set to ON for 2.0 sec.

The output value lower limit
(LLV) is set to ON for O sec.

The wait setting parameter
(kW) from the end of tuning
cycle to PID control start is
set to -50 (wait is not provided)

Auto-tuning
- initial setting

Auto-tuning is started

/

0: Enable

1: Disable

FX5-4AD-TC-ADP is set to used CH
CH1: SM6301

The PID output is initialized

PID instruction

| Measured temperature value
drive

FX5-4AD-TC-ADP
CH1: SD6300

PID is executed

The heater operation
cycle is set to 2 sec.

Preset
> Heater output control

Heater output




Program example 5

This is an example of the sample program for auto tuning (step response method) + PID control.

Use device

The content of the devices used for the program is as follows.

Item Device Setting value
During auto-tuning During PID control
Target value (SV) (s1) D500 500 (50.0°C) 500 (50.0°C)
Measured value (PV)"! (s2) SD63002 According to input value According to input value
Parameter Sampling time (TS)"! (s3) D510 1000 (1000 ms) 500 (500 ms)
Operation setting | Operation direction” (s3)+1 b0 D511.0 According to auto-tuning According to auto-tuning
(ACT) result result
Input variation alarm (s3)+1 b1 D511.1 0 (Alarm is not provided) 0 (Alarm is not provided)
Output variation alarm (s3)+1 b2 D511.2 0 (Alarm is not provided) 0 (Alarm is not provided)
Auto-tuning (s3)+1 b4 D511.4 1 (AT is provided) 0 (AT is not provided)
Upper and lower limits of (s3)+1 b5 D511.5 1 (Setting is provided) 1 (Setting is provided)
output value
Select auto-tuning mode (s3)+1 b6 D511.6 0 (Step response method) | Not used
Overshoot suppression setting | (s3)+1 b7 D511.7 Not used 1 (Used)
Hunting suppression setting (s3)+1 b8 D511.8 1 (Timeout time is valid) Not used
Input filter constant (o) (s3)+2 D512 0 (Input filter is not 0 (Input filter is not
provided) provided)
Proportional gain (KP)*1 (s3)+3 D513 According to auto-tuning According to auto-tuning
result result
Integral time (TI)*1 (s3)+4 D514 According to auto-tuning According to auto-tuning
result result
Differential gain (KD) (s3)+5 D515 0 (Differential gain is not 0 (Differential gain is not
provided) provided)
Differential time (TD)*1 (s3)+6 D516 According to auto-tuning According to auto-tuning
result result
Input variation (incremental) alarm set value (s3)+20 D530 Not used Not used
Input variation (decremental) alarm set value (s3)+21 D531 Not used Not used
Output variation (incremental) alarm set value (s3)+22 D532 Not used 2000 (2 second)
Output upper limit set value
Output variation (decremental) alarm set value (s3)+23 D533 Not used 0 (0 second)
Output lower limit set value
Alarm output Input variation (incremental) is | (s3)+24 b0 D534.0 Not used Not used
exceeded
Input variation (decremental)is | (s3)+24 b1 D534.1 Not used Not used
exceeded
Output variation (incremental) | (s3)+24 b2 D534.2 Not used Not used
is exceeded
Output variation (decremental) | (s3)+24 b3 D534.3 Not used Not used
is exceeded
Timeout time setting value after maximum ramp (R) | (s3)+25 D535 10 (10 second) Not used
detection
Used by system (s3)+26 D536 Not used Not used
Used by system (s3)+27 D537 Not used Not used
Wait setting from end of tuning cycle to start of PID | (s3)+28 D538 — —
control (KW)
Output value (MV)*1 (d) D502 1800 (1.8 second) According to operation

—: This is an item not occupied.

*1 The setting is always necessary.
*2  When CH1 is used.
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Program

SM402 3
| | MOV K500 D500 — The target value is set to 50°C
Initial pulse
SET D511.0 — The operation direction is
set to backward operation
SET D515 |— The upper and lower limits of
: output value is set to valid . .
Use overshoot [ E]Iitl?allnssgﬁggon
SET D511.7 ; .
suppression setting
MOV K2000 D532 — The output value upper limit
is set to ON for 2 sec.
MOV KO D533 — The output value lower limit
is set to ON for 0 sec. )
)f%.o rsT | D516 — The auto-tuning is set to A
1 .
PID control is started step response method
after auto-tuning . .
¢ SET D518 —1 The hunting suppression
) setting is used.
Timeout time after maximum
MoV K10 D535 — ramp (R) detection is
set to 10 seconds. Auto-tuning initial
The sampling time is setting
MOV K1000 D510 — <otto 1000 ms
The output of auto-tuning
Mov K1800 D502 is set to 1.8 sec.
SET D511.4 — Auto-tuning is executed
/
D511.4
s MOV K500 D510 [— The sampling time is set to 500 ms
Auto-tuning is
executed
Sl\{l4|02 est | swe301 FX5-4AD-TC-ADP is set to used CH 0: Enable
10 ] . A
Initial pulse CH1: SM6301 1: Disable
SM402
| | RST D502 — The PID output is initialized
Initial pulse
X10 X1
| |
PID control is started  PID control is started
after auto-tuning (without auto-tuning)
X10 FX5-4AD-TC-ADP
|| PID D500 | SD6300 | D510 D502 1 PID instruction drive Measured temperature value
PID controlis started CH1: SD6300
after auto-tuning
X11
|| @— PID is executed
PID control is started
(without auto-tuning) N
M4 :
| OUTHS | STO | K2000 [— I{/]; ehiesaéii ?c?ezzrgggn
PID is executed ’
STO
|| RST ST0 —1 Preset
Heater operation
cycle ~ Heater output control
M4
|
PID is executed
M4
[ <sTtops02 }— | @— Heater output
ST0<D502 PID is executed
-
END
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10.9 Example of Parameter Adjustment and the Effect
on PID Control Operation

This section describes parameters that can be adjusted to improve the PID control result and the effect of the parameters.

Improvement of control results

The following table shows the outline of the details to be improved and methods for improvement.

Details to be improved Auto-Tuning

Contents

Overshoot suppression Auto-tuning is executed

Use overshoot suppression setting.

Auto-tuning is not executed

Use overshoot suppression setting.

Increase the integral time and execute.

Shorten the sampling time and execute.

Hunting suppression Auto-tuning is executed

Use the hunting suppression setting.

Set the sampling time to be the output period or more and execute.

Increase the filter input value and execute.

Auto-tuning is not executed

Decrease the proportional gain and execute.

Increase the differential time and execute.

Shorten the sampling time and execute.

Reduction of remaining deviation —

Increase the filter input value and execute.

Overshoot suppression

When suppressing overshoot, the operation is as follows.

EWhen auto-tuning is executed

When the step response method and the PID control are executed continuously and the following results are obtained, use

the overshoot suppression setting (turn ON b7 of (s3)+1). The overshoot amount may be suppressed.

Control result when the overshoot suppression setting is not
used

Control result when the overshoot suppression setting is used

Input value
(PV)
A

M

Target value

v

Output value Time

DS

NV V\
2)
A
Time ™
(3)
(1) Overshoot

(2) The output is increased at the time of shifting to the PID control.
(3) Auto-tuning is finished

Input value
(PV)
4

Target value

y

Output value Time

(MV)

y

[ Time™
@)
(1) The overshoot amount decreases.

(2) Overshoot is suppressed.
(3) Auto-tuning is finished

10.9 Example of Parameter Adjustment and the Effect on PID Control Operation
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EWhen auto-tuning is not executed

When the PID control is executed and a large initial output causes overshoot, use the overshoot suppression setting (b7 of
(s3)+1 turns ON). The overshoot amount may be suppressed.

Control result when the overshoot suppression setting is not Control result when the overshoot suppression setting is used
used
Input value Input value
N ®
Target value Target valug |----------=
(1)
Output value Time " Output value e
o )
@
2)
Time " \

o Time "
(1) Overshoot is suppressed.
(2) The initial output is suppressed.

(1) Overshoot
(2) The initial output is large.

Point ;>

When overshoot remains, suppress overshoot by increasing the integral time.

» Overshoot suppression by increasing the integral time

When overshoot occurs even if the initial output is suppressed by the overshoot suppression setting, increase the integral

time ((s3)+4). Overshoot may be suppressed. However, when the integral time is increased excessively, reaching the target
value may be delayed or remaining deviation may occur.

Control result before the change Control result when the integral time is increased

Input value Input value
(PY)
A

M

(PY)

Target value Target value

b »
Output value Time Output value Time
\ MV
MVv) MV)
@
@
> >
Time Time
(1) Overshoot

(1) Overshoot is suppressed.

(2) The peak of the output is large. (2) The peak of the output is small.

Point/®

When the first output value is large, use the overshoot suppression setting first.
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» Overshoot suppression by using sampling time
When the response speed of the control target is high, shorten the sampling time ((s3)+0) to control finely. Overshoot may be
suppressed. However, if the sampling time is too short, it is easily affected by momentary fluctuation of noise.

Control result before the change Control result when the sampling time is shortened
Input value Input value
) oM )

Target value Target value

y

Time " Time

(1) Overshoot (1) Overshoot is suppressed.

Hunting suppression

When suppressing hunting, the operation is as follows.

EWhen auto-tuning is executed

When hunting occurs or the output is too large during the PID control using parameters obtained by the step response
method, the parameter may be not appropriate because auto tuning is completed before the maximum ramp value that
describes characteristics of the control target is obtained correctly.

Change the following setting. The correct maximum ramp value will be obtained and the result may improve.

* Hunting suppression setting

When the maximum ramp value cannot be obtained even if the settings of the sampling time and filter input value are
changed, use the hunting suppression setting (turn ON b8 of ((S3)+1)). Timeout time setting value after maximum ramp
detection ((S3)+25) is set so that auto tuning completion caused by a temporary ramp decrease can be avoided. Also, the
timeout time (R) after maximum ramp detection setting value varies depending on the response speed of the control target.

Control result when the maximum ramp value cannot be Control result when the maximum ramp value can be obtained
obtained
Input value Input value
PV PV
PV) FY)
oM
Target value Target value
Output value Time Output value Time

MV) MV)

@ 2
AVAVAVAYAVAYA o

Time Time

(1) Hunting (1) Hunting is suppressed.
(2) The output fluctuation is large. (2) The output fluctuation is small.

» Sampling time

When the sampling time ((S3)+0) is short, it may be determined that the ramp does not increase because of the difference of
the variation between the ON part and OFF part of the output period. Set the sampling time to be not less than the time of
output period.
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* Input filter value

When the filter input value ((S3)+2) is small, it is easily affected by a temporary ramp decrease caused by noise. Increase the

filter input value.

EAuto-tuning is not executed

* Hunting suppression by decreasing the proportional gain

In the following control result case, decrease the proportional gain ((S3)+3). Hunting may be suppressed. However, if the
proportional gain is too small, it takes time to reach the target value.

Control result before the change

Control result when the proportional gain is decreased

Input value
(PV)
A

Target value

»

—>
Time

(1) Hunting

Input value
(PV)
4

pd

Target value

v

Time

(1) Hunting is suppressed.

» Hunting suppression by increasing the differential time

In the following control result case, increase the differential time ((S3)+6). Hunting may be suppressed. However, if the
differential time is too large, it is easily affected by momentary fluctuation of noise, and the control may be unstable.

Control result before the change

Control result when the differential time is increased

Input value
(PV)
A

Target value

»

—>
Time

(1) Hunting

Input value
(PV)
A

Target value

(1) Hunting is suppressed.

* Hunting suppression time by using the sampling time

When the response speed of the control target is high, shorten the sampling time ((S3)+0) to control finely. Hunting may be
suppressed. However, if the sampling time is too short, it is easily affected by momentary fluctuation of noise, and the control

may be unstable.

Control result before the change

Control result when the sampling time is shortened.

Input value
(PV)
A

Target value

—>
Time

(1) Hunting

Input value
(PV)
4

(1

Target value [~------->

y

—>
Time

(1) Hunting is suppressed.
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Reduction of remaining deviation

When reducing the remaining deviation, the operation is as follows.

* Remaining deviation according to the input value

When the control result is stable around the target value and the required output value is small, the control result may not
converge to the target value because of the influence of noise. In that case, increase the input filter constant ((s3)+2) to
suppress the influence of noise. The control result may converge to the target value.

Control result when the input filter is not used Control result when the input filter constant is increased
Input value Input value
(PV) (PV)
A 4

Target value Target value

. v n >
Output value Time Output value Time

MV) MV)

@ @
s e

YRULN 2 W
Time Time
(1) Deviation remains and the input value does not converge to the target (1) The input value converges to the target value.
value. (2) Excessive output is suppressed.

(2) Excessive output is generated in response to indirect changes.
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11 PID CONTROL VIA PARAMETER

PID control is performed by setting GX Works3 parameters. To make the measured value (PV) closer to the target value (SV),
the PID control calculates the output (MV) value by combining the P (proportional) action, | (integral) action, and D (derivative)

action.
In addition to "Standard PID control mode", which can be executed by the PID instruction, the PID control supports "Heating-

cooling PID control mode", which operates the outputs of two systems: heating control and cooling control. Therefore,
temperature control with higher accuracy can be realized.

Standard PID control mode

Measured value (PV)
CPU module
Parameters

Target value (SV)

PID operation Control target

I Output value (MV) ‘
‘ Measured value (PV) I

Heating/cooling Control target
PID operation

I Output value for heating (MVh) ‘

Output value for cooling (MVc)

Heating/cooling PID control mode

Point}”

For details on the firmware versions of the supported CPU modules and the software versions of the
engineering tool, refer to the following.
(=5~ Page 649 Added and Enhanced Functions
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11.1 Specifications List

The following table lists the specifications of the PID control via parameter function and the availability of each control mode.
O: Supported, X: Not supported

Specifications Description Control mode Reference

Standard Heating-
PID control | cooling
PID control

Parameter setting Set heating/cooling PID control function data by using GX Works3 O O Page 129
parameters.

Control mode Standard PID Select between standard PID control, which performs either heating | O X Page 131
selection control control or cooling control, and heating-cooling PID control, which
performs both heating control and cooling control. x 0

Heating-cooling
PID control

Forward operation/backward operation | Select whether to perform forward operation or backward operation | O X Page 131
selection during standard PID control.

Control method” Two-position Two-position control is a control method that uses the 0% output O O Page 133
control value (MV) and 100% output value (MV) for the sampling cycle.
Turning on and off the output value (MV) repeatedly makes the
temperature process value come close to the target value (SV), and
the temperature is kept constant.

P control P control is a control method that determines the output value (MV) | O O
in proportion to the deviation (E) between the temperature process
value (PV) and target value (SV).

PI control PI control is a control method that adds derivative elements to P O O
control to correct an offset (remaining deviation) that remains when
the temperature is stable. By setting the integral time (1) properly,
the temperature process value (PV) can be matched with the target
value (SV) when the temperature is stable.

PD control PD control is a control method that sets the derivative time (D) in O O
addition to P control. The control mechanism is the same as P
control.

PID control PID control is a control method that adds derivative elements to Pl O O
control so that the state shifts to a stable state in a short period of
time even when a drastic change has occurred. By setting the
derivative time (D) properly, the control target can be shifted to a
stable state in a short period of time.

Proportional gain setting function”! Set the proportional bands (P) for heating and cooling individually. X O Page 137
Different gradients can be set by using different proportional band
(P) values in heating and cooling areas.

Control output cycle setting function Set the control output cycle, which is a cycle for operating a control | O O Page 138
device such as a heater and cooler.

Auto-tuning function Automatically set the best PID constants. O O Page 139

Error display function If an error occurs while the PID control function or auto-tuning O O Page 145
function is being executed, store the error status and error code into
the devices.

Output limiter function The upper limit and lower limit for the output value (MV) can be O O Page 145
limited.

Output change ratio limiter function™! The output change ratio limiter limits the amount of change in the O X Page 146
output value (MV) per unit time (1s).

Temperature rise completion judgment | Judge whether the temperature process value (PV) is within the O O Page 147
function” temperature rise completion range.

Ambient temperature setting function For heating-cooling PID control, set the ambient temperature for X O Page 147
comparison against the target value (SV) (which value is larger) to
determine whether to perform control in the energy saving mode,
which executes either heating or cooling only. When a value is set,
operation is performed in the energy saving mode.

*1  The function is disabled during auto tuning.
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11.2 Usage Procedure

This section describes the flow of using the PID control via parameter function as follows. Details are explained per control

mode.

1. Configure "Heating/Cooling PID Control Setting" with GX Works3 CPU parameters. (=5~ Page 125 Parameter setting)
2. Createa program. (==~ Page 128 Programming)

3. Write the parameters to the CPU module. (=5~ Page 128 Operation)

4.

Set the CPU module to the STOP state and to the RUN state, and turn the PID control execution command on. (1=~
Page 128 Operation)

1 22 11 PID CONTROL VIA PARAMETER
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Setting example

Setting examples of PID control only (setting examples 1 and 4) are shown in this chapter. For details on other program

examples, refer to the following.

Setting example | Control mode Description Reference

Setting example 1 Standard PID control PID control only Page 125 Operating
procedure

Setting example 2 Auto tuning + PID control Page 150 Setting example 2

Setting example 3 Analog output using the output value (MV) (Auto tuning + PID control) Page 153 Setting example 3

Setting example 4 Heating-cooling PID control | PID control only Page 125 Operating
procedure

Setting example 5 Auto tuning + PID control Page 156 Setting example 5

Setting example 6 Analog output using the output value (MV) (Auto tuning + PID control) Page 160 Setting example 6

Setting example 1: Standard PID control

When "Control mode" is set to "Standard PID control mode", without performing auto tuning, PID control is performed by using

the control parameters set by the user.

|_ X1 | XO: PID control execution command

j% L1-

YO: Error indication
Y1: Control output

- Eow[ Yo V1]
Parameter settings COMO YO | Y1 FX5U-32MT/ES
FX5-4AD-TC-ADP

&
24vVDC §_|__

Temperature tank

Electric
heater ‘ Y Y Y ] o ——
Temperature sensor
Heater (thermocouple)
HOperation example
Measured value (PV)
A
Target value
(SV) =50.0°C
» Time
Output value (MV) = 60% Output value (MV) = 30% Output value (MV) = 40%

ON
Control output
(Y1) OFF

— ! — i :

I H ' H ' h !

1 Output value (MV) /100 \Output value (MV) / 100 1 Output value (MV) / 100 ,

1 x Control output cycle = 3.0s 1% Control output cycle = 1.5s 1 x Control output cycle = 2.0s .

' Control output cycle ' Control output cycle ' Control output cycle '

(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)
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Setting example 4: Heating-cooling PID control

When "Control mode" is set to "Heating-cooling PID control mode", without performing auto tuning, PID control is performed
by using the control parameters set by the user.

|_ X1 | XO: PID control execution command

j% L1-

YO: Error output
Y1: Control output
Y2: Control output (cooling control)

- Eow[vo [Vilvz]
Parameter settings COMO YO [Y1]Y2 FX5U-32MT/ES
FX5-4AD-TC-ADP

&
24VDC §_|__

Electric

heater m [emn o
Temperature sensor

Heater (thermocouple)

Temperature tank

Cooler >

Cooling piping
HOperation example
Measured value (PV)
A
Target value
(SV) =50.0°C
» Time
Output value for heating (MVh) Output value for heating (MVh) Output value for heating (MVh)
=60% =30% =0%

ON
Control output
(Y1) OFF
— —p

|
1
‘Output value for heating (MVh) / 100 Output value for heating (MVh) / 100!

1x Control output cycle = 3.0s 1x Control output cycle = 1.5s
1< > > < >
Control output cycle ' Control output cycle ' Control output cycle
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)
Output value for cooling (MVc) Output value for cooling (MVc) Output value for cooling (MVc)
=0% =0% =40%
Control output ON
(cooling control)
(Y2) OFF
i i i i i
' ' |<—>: '
1 1 1 N 1
! ! 'Output value for cooling (MVc) /100!
! ! 1x Control output cycle = 2.0s !
' Control output cycle ' Control output cycle ' Control output cycle '
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)
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Operating procedure

The operation procedures for setting example 1 and setting example 4 are shown below.

Parameter setting

The following describes the parameter settings for executing PID control.

1. Configure the basic settings.

O [Navigation window] = [Parameter]= CPU module model name = [CPU Parameter] = [PID Control Setting] =

[Heating/Cooling PID Control Setting] = [Detailed Setting] = [Basic Settings]

Window.

Setting example 1

Setting example 4

Setting No.1

Item

ltem
Setting Value | Device Indirect |

= Control Mode Selection
Control Mode Selection

=) Target Value (SV)
Target Value (SV)
) Process Value (PV)
Process Value (PV)
) Output Value (MV)
Output Value (MV)
Heating Output Value (MVh)
Cocling Output Value (MVc)
() Control Parameter
Proportional Gain (KP)
Heating Froportional Gain (KPh)
Cocling Proportional Gain (KPc)
Integral Time (T1)
Derivative Time (TD)
) Sampling Time (Ts)
Sampling Time (Ts)
) Operation Cydle
Control Output Cycle
Heating Contrel Output Cycle
Cocling Contral Output Cycle
) Control Output
Control Output

=) PID Control Execution Command
PID Control Excution Command
=) To Useor Not to Use Auto-tuning
To Use or Not to Use Aute-tuning
=) PID Control Execufion Status

PID Control Exccution Status

=) Auto-tuning Execufion Status
Auto-tuning Execution Status

=) PID Control Function Error Display

= PID Control Function Error Code

= To Use or Not to Use P1D Control Function
To Use or Not to Use PID Control Function Use

= Direct Action/Reverse Action Selection
Direct Action/Reverse Action Selection

Control Qutput (fer Cooling Control)

PID Control Function Error Display

Setting No.1

| SettingValue | Device Indirect |

= Control Mode Selecion
Coniral Mode Selection
= Direct Action/Reverse Action Selection
Direct Action/Reverse Action Selection
= Target Value (SV)
Target Value (SV)
[ Process Value (PV)
SD6200 Process Value (PY)
) Output Value (MV)
D1 Output Value (MV)
Heating Output Value (M)
Cooling Output Value (MVc)
1 Control Parameter
Proportional Gain (KP)
Heating Proportional Gain (KPh)
Cocling Proportional Gain (KPc)
Integral Time (T1)
Derivative Time (TD)
-1 Sampling Time (Ts)
Sampling Time (Ts)
-1 Operaiion Cycle
Control Output Cycle
Heating Centrol Qutput Cycle
Cooling Control Output Cycle
1 Control Ouiput
Y1 Control Output
Control Output (for Cooling Cantrol)
= PID Control Execuiion Command
X0 PID Control Execution Command
= ToUse or Not to Use Auto-tuning
Te Use ar Not to Use Aute-tuning
= PID Control Execution Status
Mo PID Control Execution Status
= Auto-tuning Execution Status
Auto-tuning Execution Status
= PID Control Function Error Display
Yo PID Control Function Error Display
= PID Control Function Error Code

Standard PID Control

Reverse Action

500 Do

100 % D200

200 x100ms D203

300 x100ms D204

10 x10ms D300

50 x100ms D301

100 x100ms
100 x100ms

=) ToUse or Notto Use P1D Control Function
Ta Use or Not to Use PID Control Function Use

Heating/Cooling PID ¢

Reverse Action

500 Do

SD6300

D2
D3

100 % D201
200 % D202
200 x100ms D203
300 x100ms D204
10 x10ms D300
100 x100ms

50 x100ms D302
50 x100ms D303

Y1
Y2

X0

M0

Yo

Setting data

Setting item Setting example 1

Setting example 4

To Use or Not to Use PID
Control Function

Change the setting to "Use".

Change the setting to "Use".

Control Mode Selection Select "Standard PID Control".

Select "Heating/Cooling PID Control".

Direct Action/Reverse Action
Selection

Select "Reverse Action".

Target Value (SV)
indirect speciﬁcation.*1

« Set 500 for the setting value.
« Set DO for the device.

Set a value for at least one of the setting value and the device

Set a value for at least one of the setting value and the device
indirect speciﬁcation.'1

« Set 500 for the setting value.

« Set DO for the device.

Process Value (PV) Always set a value for this item.

* Set SD6300.

Set the measured value (CH1) of the FX5-4AD-TC-ADP.

Always set a value for this item.
Set the measured value (CH1) of the FX5-4AD-TC-ADP.
* Set SD6300.

Output Value (MV)
"Control Output".
+ Set D1 for "Output Value (MV)".

Set a value for at least one of "Output Value (MV)" and

Set a value for at least one of "Output Value (MV)" and
"Control Output".

+ Set D2 for "Heating Output Value (MVh)".

+ Set D3 for "Cooling Output Value (MVc)".
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Setting item

Setting example 1

Setting example 4

Control Parameter

Set a value for at least one of the setting value and the device
indirect specification.*1

WProportional Gain (KP)

+ Set 100% for the setting value.

 Set D200 for the device.

HMintegral Time (TI)

+ Set 200 x 100ms for the setting value.
» Set D203 for the device.

WDerivative Time (TD)

+ Set 300 x 100ms for the setting value.
» Set D204 for the device.

Set a value for at least one of the setting value and the device
indirect speciﬁcation.'1
WHeating Proportional Gain (KPh)
+ Set 100% for the setting value.
» Set D201 for the device.
WCooling Proportional Gain (KPc)
+ Set 200% for the setting value.
» Set D202 for the device.
HMintegral Time (TI)
+ Set 300% for the setting value.
» Set D203 for the device.
WDerivative Time (TD)
+ Set 400 x 100ms for the setting value.
» Set D204 for the device.

Sampling Time (Ts)

Set a value for at least one of the setting value and the device
indirect speciﬁcation.*1

- Set 10 x 10ms for the setting value.”

« Set D300 for the device.

Set a value for at least one of the setting value and the device
indirect speciﬁcation.'1

« Set 10 x 10ms for the setting value.

» Set D300 for the device.

Operation Cycle

Set a value for at least one of the setting value and the device
indirect speciﬁcation.*1
EControl Output Cycle

« Set 50 x 100ms for the setting value.”

» Set D301 for the device.

Set a value for at least one of the setting value and the device
indirect speciﬁcation.'1

HHeating Control Output Cycle

+ Set 50 x 100ms for the setting value.

» Set D302 for the device.

HCooling Control Output Cycle

+ Set 50 x 100ms for the setting value.

+ Set D303 for the device.

Control Output

Set a value for at least one of "Output Value (MV)" and
"Control Output".
* Set Y1 for "Control Output".

Set a value for at least one of "Output Value (MV)" and
"Control Output".

* Set Y1 for "Control Output".

+ Set Y2 for "Control Output (for Cooling Control)".

PID Control Execution
Command

Always set a value for this item.
* Set XO0.

Always set a value for this item.
* Set XO0.

To Use or Not to Use Auto-
tuning

When the set device is turned on, auto tuning becomes
available. When the set device is turned off, or no value is set
for the device, operation is performed without auto tuning.

« This item is not set in this example.

When the set device is turned on, auto tuning becomes
available. When the set device is turned off, or no value is set
for the device, operation is performed without auto tuning.

« This item is not set in this example.

PID Control Execution Status

Set this item when monitoring the PID control execution
status.
* Set MO.

Set this item when monitoring the PID control execution
status.
* Set MO.

Auto-tuning Execution Status

Set this item when monitoring the auto tuning execution
status.
« This item is not set in this example.

Set this item when monitoring the auto tuning execution
status.
« This item is not set in this example.

PID Control Function Error
Display

Set this item when monitoring the error status during PID
control.
+ Set YO.

Set this item when monitoring the error status during PID
control.
* Set YO.

PID Control Function Error

Set this item when monitoring the error code of the error that

Set this item when monitoring the error code of the error that

Code has occurred during PID control. has occurred during PID control.
» Set D10. » Set D10.
*1  To monitor or change during control, set a value for both the setting value and the device indirect specification or only the device indirect

specification.

*2 Set a value larger than the scan time. Also set a value so that the sampling time (TS) becomes smaller than the control output cycle.
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2. Configure application settings.

O [Navigation window] = [Parameter] = CPU module model name =[CPU Parameter] = [PID Control Setting] =
[Heating/Cooling PID Control Setting] = [Detailed Setting] = [Application Setting]

Window.

Setting example 1

Setting example 4

Setting ltem

Setting No.1 ‘Sefting No.1
Item Item N
| Setting Value |Device Indirect | | Setting Value | Device Indirect Specification|
1 2-position Control Function =1 2-position Control Function
Adjustment Sensitivity (Dead Band) 10 Adjustment Sensitivity (Dead Band) 10
£ Overlap/Dead Band Setting = Overlap/Dead Band Setiing
Overlap/Dead Band Setting 0 Overlap/Dead Band Setting 0
= Output Limiter Funcion = Output Limiter Funcion
Upper Limit Qutput Limiter 900 x0.1% D410 Upper Limit Qutput Limiter 1000 =0.1%
Lower Limit Output Limiter 0>0.1% D4l Lower Limit Qutput Limiter 0x0.1%
Heating Upper Limit Output Limiter 1000 0.1% Heating Upper Limit Output Limiter 00x0.1% D41z
Cooling Upper Limit Output Limiter 1000 >0.1% Cooling Upper Limit Output Limiter 900x01% D413
= Output Variation Rate Limiter Function = Output Variation Rate Limiter Function
Output Variation Rate Limiter 0>0.1%/s D414 Output Variation Rate Limiter 0x0.1%is
BT Rise Complefi Function ST Rise Completi Function
Temperature Rise Judgment Flag M3 Temperature Rise Judgment Flag M3
Temperature Rise Completion Range 50 D415 Temperature Rise Completion Range 50 D415
Temperature Rise Completion Soak Time Bs D41e Temperature Rise Completion Soak Time: 5s D416
=] Ambient Temperature Seffing (-] Ambient Temperature Setling
Ambient Temperaure Setiing Ambient Temperature Setting

Setting data

Setting item

Setting example 1

Setting example 4

2-position Control Function

Set a value for at least one of the setting value and the device

indirect speciﬁcation.w2

« Set 10 (default value) for the setting value for "Adjustment
Sensitivity (Dead Band)".

Set a value for at least one of the setting value and the device

indirect specification.w2

« Set 10 (default value) for the setting value for "Adjustment
Sensitivity (Dead Band)".

Overlap/Dead Band Setting

Output Limiter Function

Set a value for at least one of the setting value and the device
indirect speciﬁcation.“*2

EUpper Limit Output Limiter

« Set 900 x 0.1% for the setting value.

« Set D410 for the device.

HLower Limit Output Limiter

« Set 0 x 0.1% for the setting value.

« Set D411 for the device.

Set a value for at least one of the setting value and the device
indirect specification.“*2

BHeating Upper Limit Output Limiter

» Set 900 x 0.1% for the setting value.

« Set D412 for the device.

HCooling Upper Limit Output Limiter

» Set 900 x 0.1% for the setting value.

« Set D413 for the device.

Output Variation Rate Limiter
Function

Set a value for at least one of the setting value and the device
indirect specification.“*2

« The setting value must be 0 x 0.1%/s (default value).

« Set D414 for the device.

Temperature Rise
Completion Judgement
Function

To judge whether the value for "Process Value (PV)" is within
the temperature rise completion range, set the device for the
temperature rise judgment flag.

HMTemperature Rise Judgment Flag

« Set M3.

HMTemperature Rise Completion Range*1

« Set 50 for the setting value.

« Set D415 for the device.

EUpper Limit Output Limiter !

« Set 5s for the setting value.

« Set D416 for the device.

To judge whether the value for "Process Value (PV)" is within
the temperature rise completion range, set the device for the
temperature rise judgment flag.

HTemperature Rise Judgment Flag

+ Set M3.

BMTemperature Rise Completion Range*1

« Set 50 for the setting value.

+ Set D415 for the device.
EUpper Limit Output Limiter !

« Set 5s for the setting value.

« Set D416 for the device.

Ambient Temperature Setting

This item is not set in this exz-lmple.*1

*1  To monitor or change during control, set a value for both the setting value and the device indirect specification or only the device indirect

specification.
*2

3.

When not using the function, the default value need not be changed.

After setting, click [OK] to complete the heating-cooling PID setting.
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Programming

Data other than the data set using parameters is set using a program. The program example is common to setting example 1

and setting example 4.

Set use permission for the FX5-4AD-TC-ADP(CH1), which was set as the process value (SD6300) when the state was

changed from STOP to RUN.

Item

Device indirect specification

Description

A/D conversion enable/disable setting

SM6301

FX5-4AD-TC-ADP(CH1) A/D conversion enable/disable setting

(CH1) « 0: Enable
« 1: Disable
Write - 1 [ 2 [ 3 [ & | s [ s | 7z | &8 s [0 [ u [
SMa02
1 (0 f BST . SME3DT
2 75 {END
Operation

1. Write the created project to the CPU module.

2. Touse auto tuning, turn on the item Auto tuning used/not used. (This item is not using in this example.)

3. Set the CPU module to the STOP state and to the RUN state, and turn the X0 (PID control execution command) on.
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11.3 Heating-Cooling PID Setting Parameter

The following tables show the details of the heating-cooling PID settings configured with GX Works3 CPU parameters.

Point ;>

When the operating status of the CPU module is changed from STOP to RUN, for the parameters for which

both the setting value and device indirect specification are set, the set values are stored in the devices.

Basic Settings

O: Supported, X: Not supported

Setting item Setting range Control mode Device R/W
Standard Heating- type User System
PID control | cooling
PID control
To Use or Not to Use PID Control Function * Not use (default) O O — w R
* Use
Control Mode Selection » Standard PID Control (default) | O O — w R
 Heating-cooling PID Control
Direct Action/Reverse Action Selection « Direct Action @) X — w R
» Reverse Action (default)
Target Value (SV) -32760 to 32760 O O D,R w R
Process Value (PV) -32768 to 32767 O O S,D,R w R
Output Value (MV) 0 to 1000[x0.1%] O X D,R R/IW R/W
Heating Output Value (MVh) 0 to 1000[x0.1%] X O D,R R/W
Cooling Output Value (MVc) 0 to 1000[x0.1%] X O D,R R/W
Control Parameter Proportional Gain 0 to 32767[%)] @] X D,R R/W R/W
(KP)
Heating Proportional | 0 to 32767[%] X @] D,R R/W R/W
Gain (KPh)
Cooling Proportional | 1 to 32767[%] X O D,R R/W R/W
Gain (KPc)
Integral Time (TI) 0 to 32767[x100ms] O O D,R R/W R/W
Derivative Time (TD) | 0 to 32767[x100ms] @) O D,R R/W R/W
Sampling Time (Ts) 1 to 3000[x10ms] O O D,R w R
(Default: 100)
Operation Cycle Control Output Cycle | 1 to 3000[x100ms] (©] X D,R W R
(Default: 100)
Heating Control 1 to 3000[x100ms] X O D,R w R
Output Cycle (Default: 100)
Cooling Control 1 to 3000[x100ms] X O D,R w R
Output Cycle (Default: 100)
Control Output ON/OFF O @] Y,M w
Control Output (for Cooling Control) ON/OFF X O Y,M R w
PID Control Execution Command « 0: PID control not executed @) O X, M, SM w R
« 1: PID control executed
To Use or Not to Use Auto-tuning * 0: Auto tuning not used O O X, M, SM w R
* 1: Auto tuning used
PID Control Execution Status « 0: PID control stopped O O Y,M R w
* 1: PID control being executed
Auto-tuning Execution Status « 0: Auto tuning stopped O O Y,M R w
« 1: Auto tuning being executed
PID Control Function Error Display « 0: No error occurrence O O Y,M R w
« 1: Error occurrence
PID Control Function Error Code -32768 to 32767 @) O D,R R W
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O: Supported, X: Not supported

2-position Control | Adjustment 0 to 32760 D,R
Function sensitivity (dead
band)
Overlap/Dead Band Setting Set 0 for the setting value and empty D,R
for the device indirect specification.
Output Limiter Upper Limit Lower Limit Output Limiter + 1 to D,R
Function Output Limiter 1000[x0.1%]
(Default: 1000)
Lower Limit Upper Limit Output Limiter - 1[x0.1%)] D,R
Output Limiter (Default: 0)
Heating Upper 0 to 1000[x0.1%] D,R
Limit Output (Default: 1000)
Limiter
Cooling Upper 0 to 1000[x0.1%] D,R
Limit Output (Default: 1000)
Limiter
Output Variation Output Variation 0 to 1000[x0.1%/s] D,R
Rate Limiter Rate Limiter (Default: 0)
Function
Temperature Rise | Temperature Rise | « 0: Temperature rise not completed Y, M
Completion Judgment Flag * 1: Temperature rise completed
Judge.ment Temperature Rise | 0 to 32760 D,R
Function Completion
Range
Temperature Rise | 0 to 32767[s] D,R
Completion Soak
Time
Ambient Temperature Setting -32768 to 32767 D,R
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11.4 Details of Specifications

This section describes the details of the specifications of the heating-cooling PID control function.

Control mode selection

Two types of control modes are available: Standard PID control and heating-cooling PID control.

Standard PID control

Standard PID control is a control method that operates the output for either one of the forward operation (cooling control)

system and the backward operation (heating control) system.
In any of the two operations, to make the measured value (PV)*1 closer to the target value (SV), the output value (MV) is
calculated from the measured value (PV) by combining P (proportional) action, | (integral) action, and D (derivative) action.

*1 The measured value (PV) used in the control is the mean value of the last 10 measured values (PV) including when PID control is
executed.

Heating-cooling PID control

Heating-cooling PID control is a control method that operates the outputs for both the forward operation (cooling control)

system and the backward operation (heating control) system.

By operating the outputs for the two systems, to make the measured value (PV)*1 closer to the target value (SV), the output
value (MV) is calculated from the measured value (PV) by combining P (proportional) action, | (integral) action, and D
(derivative) action.

*1 The measured value (PV) used in the control is the mean value of the last 10 measured values (PV) including when PID control is
executed.

Forward operation/backward operation selection

This item is used to select whether to perform forward operation (cooling control) or backward operation (heating control)
during standard PID control.

Both forward operation and backward operation can be used in all control methods (two-position control, P control, Pl control,
PD control, PID control).

Forward operation

Forward operation is operation that increases the output value (MV) when the measured value (PV) becomes larger than the

target value (SV). This operation is used when performing cooling control.
The deviation (E) for forward operation is calculated by subtracting the target value (SV) from the measured value (PV).

A

Output value (MV)

»
»

Measured value (PV)
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Backward operation
Backward operation is operation that increases the output value (MV) when the measured value (PV) becomes smaller than

the target value (SV). This operation is used when performing heating control.
The deviation (E) for backward operation is calculated by subtracting the measured value (SV) from the target value PV).

A

Output value (MV)

»
»

Measured value (PV)
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Control method

The following control methods can be executed by setting a proportional gain, integral time, and derivative time.
» Two-position control (=5~ Page 133 Two-position control)

» P control (==~ Page 135 P control)

» PD control (==~ Page 136 PD control)

» PID control (==~ Page 136 PID control)

Two-position control

Two-position control is a control method that uses the 0% output value (MV) and 100% output value (MV) in each END

processing operation. Turning on and off the output value (MV) repeatedly makes the temperature process value come close

to the target value (SV), and the temperature is kept constant.

» Two-position control performs control by turning the output value (MV) on or off depending on whether the measured value
(PV) is smaller or larger than the target value (SV).

« In two-position control, the value set for the adjustment sensitivity (dead band) becomes valid at the positive side and the
negative side each in relation to the target value (SV) as the origin. (When the target value (SV) is 500 and the adjustment
sensitivity (dead band) is 100, the upper limit for the adjustment sensitivity (dead band) is 600, and the lower limit is 400.)

+ Setting the adjustment sensitivity (dead band) can prevent the control output from being turned on and off repeatedly
around the target value (SV).

* In two-position control, the control output cycle setting is ignored.

HWFor standard PID control

When the proportional gain (KP) is set to 0, two-position control is selected.

For standard PID control, heating control and cooling control are available, and the output state of the output value (MV) is not
the same.

According to the position of the measured value (PV) in relation to the sensitivity (dead band), one of the following operations
is performed.

» Heating control (backward operation)

/\ y
/ %

\ \ (dead band)
N

Measured value (PV)
A

o

—_—

Target value (SV) » /

» Time
ON
Control output OFF
Condition Output status
Measured value (PV) < Adjustment sensitivity (dead band) lower limit ON
Measurement value (PV) > Adjustment sensitivity (dead band) upper limit OFF
Adjustment sensitivity (dead band) lower limit < Measurement value (PV) < The output state of the cycle in the previous cycle is maintained (on during
Adjustment sensitivity (dead band) upper limit heating, off during cooling)
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+ Cooling control (forward operation)

Measured value (PV)
A

Target value (SV)

/ Adjustment sensitivity

/ N\
N

(dead band)

» Time
ON
Control output OFF
Condition Output status
Measured value (PV) < Adjustment sensitivity (dead band) lower limit OFF
Measurement value (PV) > Adjustment sensitivity (dead band) upper limit ON

Adjustment sensitivity (dead band) lower limit < Measurement value (PV) <
Adjustment sensitivity (dead band) upper limit

The output state of the cycle in the previous cycle is maintained (off during
heating, on during cooling)

HFor heating-cooling PID control

When the heating proportional gain (KPh) is set to 0, two-position control is selected.

The output values are set as either the output value for heating (MVh) turned on/the output value for cooling (MVc) turned off,

or the output value for heating (MVh) turned off/the output value for cooling (MVc) turned on.

During two-position control, the value set for the cooling proportional gain (KPc) is ignored.

According to the position of the measured value (PV) in relation to the sensitivity (dead band), one of the following operations

is performed.

Measured value (PV)

t /N ~

Adjustment sensitivity

Target value (SV) P

/ N\
%

\ (dead band)

ON

Heating output
OFF

» Time

ON

Cooling output OFF

Heating control (backward operation)

Condition Output status
Measured value (PV) < Adjustment sensitivity (dead band) lower limit ON
Measurement value (PV) > Adjustment sensitivity (dead band) upper limit OFF

Adjustment sensitivity (dead band) lower limit < Measurement value (PV) <
Adjustment sensitivity (dead band) upper limit

The output state of the cycle in the previous cycle is maintained (on during
heating, off during cooling)

Cooling control (forward operation)

Condition Output status
Measured value (PV) < Adjustment sensitivity (dead band) lower limit OFF
Measurement value (PV) > Adjustment sensitivity (dead band) upper limit ON

Adjustment sensitivity (dead band) lower limit < Measurement value (PV) <
Adjustment sensitivity (dead band) upper limit

The output state of the cycle in the previous cycle is maintained (off during
heating, on during cooling)
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P control

P control is a control method that determines the output value (MV) in proportion to the deviation (E) between the temperature

process value (PV) and target value (SV).
When the value for the integral time (Tl) and the differential time (TD) each is set to 0, P control is selected.

BFor standard PID control
When the measured value (PV) = the target value (SV), the output value (MV) is 0%.

Output value (MV)
100%

»

0% 7y » Measured value (PV)

Target value (SV)
R

A

»

Proportional band (P) :

» The value to be actually output is within the output limiter range set by the upper limit output limiter and lower limit output limiter.
* The proportional band (P) is the reciprocal of the proportional gain (KP).

HFor heating-cooling PID control
When the measured value (PV) = the target value (SV), both the output value for heating (MVh) and the output value for
cooling (MVc) are 0%.

Output value for heating Output value for cooling
100% (MVh) (MVC) gmmm—————

.

»

» Measured value (PV)

0%

Target value (SV)

»'o ».

‘Heating proportional band'E‘CooIing proportional band
(Ph) i (Pe)

Lt
'
'
'

» The value to be actually output is within the output limiter range set by the upper limit output limiter and lower limit output limiter.
* The heating proportional band (Ph) is the reciprocal of the heating proportional gain (KPh), and the cooling proportional band (Pc) is the reciprocal of the
cooling proportional gain (KPc).
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Pl control

PI1 control is a control method that adds derivative control to P control to correct an offset (remaining deviation) that remains
when the temperature is stable. By setting the integral time (TI) properly, the process value (PV) and the target value (SV) can
be made to match when the temperature is stable.

When the value for the differential time (TD) is set to 0, PI control is selected.

Measured value (PV)
A

Target value (SV) -----------7/-mmmmmmmm oo g oo oo S Pl controt-

Offset (remaining deviation)

P control

» Time

PD control
PD control is a control method that prevents large fluctuation in the measured value (PV) due to such a cause as disturbance

by adding differential control to P control.
When the value for the integral time (Tl) is set to 0, PD control is selected.

Measured value (PV)
A

Target value (SV)

PD control
P control

» Time

PID control
PID control is a control method that adds differential control to Pl control so that the state shifts to a stable state in a short

period of time even when a drastic change has occurred.
By setting the derivative time (TD) properly, the control target can be shifted to a stable state in a short period of time.

Measured value (PV)
A

PID control

Target value (SV)
P control

» Time
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Proportional gain setting function

The proportional gain (KP) is set separately for heating and for cooling.

By changing the values for the heating proportional gain (KPh) and cooling proportional gain (KPc), different gradients
(heating proportional band (Ph), cooling proportional band (Pc)) can be set.

The reciprocal of the proportional gain is called as the proportional band, and their relation is as follows.

100
= Proportional band (P)

Proportional gain (Kp)

11 PID CONTROL VIA PARAMETER 1
11.4 Details of Specifications 37



Control output cycle setting function

The control output cycle is a cycle of on/off signals being output from the control output to operate a control device such as a

heater and cooler.

Based on the output value calculated by PID control when the control output cycle starts, on signals are output from the
control output. After that, until the control output cycle elapses, the output from the control output is turned off.

When the PID control execution command is turned off, PID control stops. Therefore, the output from the control output is
turned off regardless of the output status.

The control output cycle and the sampling time cycle match.

When the control output cycle and the sampling time cycle match, the control output is controlled by using the output value
calculated by PID control that is executed at the timing at which the control output cycle time elapses.

Measured value (PV)
A

MV=40.0% MV=40.0%
Target value

(sv)

MV=45.0% MV=40.0%

MV=60.0%,

Sampling time

t—Pt—P4t—P4¢—>¢—>
(250ms)

» Time
Output value (MV) Output value (MV)
=60.0% =40.0%
—p
Control output ON
OFF
Control output cycle (1s) Control output cycle (1s)

The control output cycle and the sampling time cycle do not match

When the control output cycle and the sampling time cycle do not match, the control output is controlled at the timing of the

control output cycle. The output value (MV) used at that time is as follows.

* For the timing applicable when the control output cycle and the sampling time cycle match, in the same way as previously
mentioned, use the output value (MV) calculated by PID control that is executed at that timing.

» For the timing applicable when the control output cycle and the sampling time cycle do not match, use the output value
calculated by PID control that has been executed immediately before the said timing.

Measured value (PV)
A

MV=40.0%
MV=40.0%
Target value

(sv)

Vs 07 [MV=40.0%
=45.0%

MV=60.0%

Sampling time
——Pt—Pt—P4+— P>
(300ms)

» Time
Output value (MV) Output value (MV)
) = 60.0% ) =45.0%
Control output ON
Control output cycle (1s) Control output cycle (1s)
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Auto-tuning function

The auto-tuning function automatically sets the best PID constants.
In the auto tuning, the control output is turned on and off, and PID constants are calculated depending on the cycle and

amplitude of hunting that occurs when overshoots and undershoots of the temperature process value (PV) to the target value
(SV) are repeated.

For the on/off operation during auto tuning, in the same way as during PID control, the control output is performed based on
the value for the cooling control output cycle setting (heating control output cycle setting, cooling control output cycle setting).
In addition, during auto tuning, when the upper limit/lower limit output limiters (heating upper limit limiter, cooling upper limit
limiter) are set, the output value (MV) is limited according to their settings.

Auto-tuning method and cycle

PID control parameters are calculated by the relay feedback method.
Depending on the control mode, the auto tuning cycle is as follows.

« In standard PID control, two cycles of auto tuning are executed.

* In heating-cooling PID control, normally two cycles are executed. When the ambient temperature setting function is
enabled, 2.5 cycles are executed.

When auto tuning is executed, standard PID control and heating-cooling PID control each calculate the following by the relay

feedback method.

Standard PID control (forward operation, backward operation) | Heating-cooling PID control

* Proportional gain « Heating proportional gain
* Integral time « Cooling proportional gain
« Differential time « Integral time

« Differential time
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BAuto-tuning calculation formula

Operation expression’!

Item

Operation expression usage timing

Proportional gain

+ Heating control of standard PID control

K,=0.588x « Cooling control of PID control
(Y max Y mi
(YmaxYmin) Heating proportional « At the 3rd cycle of heating-cooling PID control (when the ambient temperature setting is
gain enabled, target value > ambient temperature)
Cooling proportional « Up to the 3rd cycle of heating-cooling PID control (when the ambient temperature setting
gain is enabled, target value < ambient temperature)
4 Heating proportional « Heating-cooling PID control (when the ambient temperature setting is disabled)
Kpn=0.588x gain « Up to the 2nd cycle of heating-cooling PID control (when the ambient temperature setting

TI(Y max-YMin)
SV-Yuin
x—mn
((Ymax'sv)+(SV'Ymin))

is enabled, target value > ambient temperature)
« Up to the 2nd cycle of heating-cooling PID control (when the ambient temperature setting
is enabled, target value < ambient temperature)

K,c=0.588x
T[(Ymax'Ymin)

Y max-SV
((Ymax-SV)+(SV-Y in)

max”
x

Cooling proportional
gain

« Heating-cooling PID control (when the ambient temperature setting is disabled)

« Up to the 2nd cycle of heating-cooling PID control (when the ambient temperature setting
is enabled, target value > ambient temperature)

« Up to the 2nd cycle of heating-cooling PID control (when the ambient temperature setting
is enabled, target value < ambient temperature)

Ti=0.5%(TjngTinip)* 1000

Integral time

« Heating control of standard PID control

« Cooling control of PID control

« Heating-cooling PID control (when the ambient temperature setting is disabled)

« Heating-cooling PID control (when the ambient temperature setting is enabled, target
value > ambient temperature)

« Heating-cooling PID control (when the ambient temperature setting is enabled, target
value < ambient temperature)

T4=0.125%(Tpinar-Tyni)* 1000

Differential time

« Heating control of standard PID control

« Cooling control of PID control

« Heating-cooling PID control (when the ambient temperature setting is disabled)

« Heating-cooling PID control (when the ambient temperature setting is enabled, target
value > ambient temperature)

« Heating-cooling PID control (when the ambient temperature setting is enabled, target
value < ambient temperature)

*1

140

KP: Proportional gain, KPh: Heating proportional gain, KPc: Cooling proportional gain, x: Ratio of a circle's circumference to its diameter,

Ymax: Maximum process value, Ymin: Minimum process value, Ti: Integral time (s), Td: Derivative time (s), T\, Cycle start time (ms),

Trinal: Cycle end time (ms)
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Output value during auto-tuning

The following figures show output values (MVs) during auto tuning in standard PID control and heating-cooling PID control

using timing charts.
» Heating control (backward operation) of standard PID control

Measured value (PV)
A 1st cycle 2nd cycle

P > »
< Ll >

N N
/E \\ // \\ /E/ \ g(:)jﬂs)tment sensitivity

Target value (SV)

E N~ ~"
: 0 : . : » Time
ON 5 |
Control output OFF
» Cooling control (forward operation) of standard PID control
Measured value (PV)
A 1st cycle 2nd cycle
PN /N -

Y Adjustment sensitivity

\ / (£0.1)

. v
~~

Target value (SV)

\/
N

/ A

)/

» Time

1

1
ON i
Control output OFF

+ Heating-cooling PID control (ambient temperature setting function disabled)

Measured value (PV)
A 1st cycle 2nd cycle

< > »
< L} »

N\ LN VRN .
/ \ Adjustment sensitivity

/N /N
\_/ 7

Target value (SV)

» Time

ON
Control output
(heating control) OFF
ON

Control output
(cooling control) OFF
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« Heating-cooling PID control (ambient temperature setting function enabled, target value > ambient temperature)

Measured value (PV)
A 1st cycle 2nd cycle 3rd cycle

<
<

N N

\ A
"/

[ L »
L} »

'€

I
'

Adjustment sensitivity

_.._.._7/ . A
\>

e P \ / L o (&0-1)
Lo Lo ! I \ 4
Lo N~ PN A
Lo : Lo - - s > Time
ON | : : : : :
Control output
(heating control) OFF

ON
Control output
(cooling control) OFF
When the ambient temperature setting function is enabled, auto tuning is completed after execution of 2.5 cycles. The third cycle starts in the middle of the
second cycle, and ends completely when 2.5 cycles are executed.

» Heating-cooling PID control (ambient temperature setting function enabled, target value < ambient temperature)

Measured value (PV)

A 1st cycle 2nd cycle 3rd cycle
H /N LN\ . -
Target value \ \ / \ / \ Adjustment sensitivity
o N/ NSNS N
} : i i i . v
N B A RN S
| ; s — | > Time
{ ON | | \ | \
Control output
(heating control) OFF
ON
Control output
(cooling control) OFF

When the ambient temperature setting function is enabled, auto tuning is completed after execution of 2.5 cycles. The third cycle starts in the middle of the
second cycle, and ends completely when 2.5 cycles are executed.

Execution and stop conditions for auto tuning

The following table shows the execution and stop conditions for using auto tuning.

Execution condition Stop condition
» "To Use or Not to Use Auto-tuning” is set to "Auto tuning used". * When "PID Control Execution Command" is set to "PID control not
« "PID Control Execution Command" is set to "PID control executed". executed" (Stopped)
« The upper limit output limiter/heating upper limit output limiter/cooling upper | « When the target value (SV) is changed
limit output limiter is set to 1 (0.1%) or larger. * When the value for the upper limit output limiter/lower limit output limiter is
* The lower limit output limiter is set to 999 (99.9%) or smaller. changed

* When auto tuning does not end even after approximately two hours have
elapsed after its start

* When the sampling time is changed

* When the cooling control output cycle setting, heating control output cycle
setting, or cooling control output cycle setting is changed

* When the module operation status turns into the PAUSE state
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Related flag timings

The following figures show the related flag timings based on timing charts.

HFor normal execution

Power off — on, PID control function

Reset — Reset clear | PID control function being executed . .being executed
v ' :

»
>

A

» Time

PID control execution command

Auto tuning used/not used

o

Auto tuning execution status

v —

PID control execution status OFF

PID control function error indication ~OFF

PID control function error code 0: Unset

(1) When the user writes on to "To Use or Not to Use Auto-tuning” in advance and writes on to "PID Control Execution Command"”, the system sets on to "Auto-
tuning Execution Status".

(2) While auto tuning is being executed, even if the user writes off to "To Use or Not to Use Auto-tuning", "Auto-tuning Execution Status" remains to be on, and
the value for "To Use or Not to Use Auto-tuning" is ignored.

(3) When auto tuning is completed successfully, the system sets off to "Auto-tuning Execution Status" and on to "PID Control Execution Status".

(4) While the PID control function is being executed, even if the user writes on, off, and on in sequence to "To Use or Not to Use Auto-tuning", "Auto-tuning
Execution Status" remains to be off, and the value for "To Use or Not to Use Auto-tuning" is ignored.

(5) When the user writes off to "PID Control Execution Command", the PID control function ends, and the system sets off to "PID Control Execution Status".

(6) When the user writes ON to "PID Control Execution Command" during auto tuning, PID control ends, and the system sets off to "Auto-tuning Execution
Status".
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HFor execution in the event of an error

Power off — on, PID control function being PID control function being
Reset — Reset clear , executed (stop error) executed (continuation error)

-
:
lzN

» Time

U N &

ON

PID control execution command

Auto tuning used/not used

{
A
a

Auto tuning execution status OFF

—

PID control execution status OFF

PID control function error indication OFF

L

N\

PID control function error code 0: Unset xxxx (Error code) 0: Unset xxxx (Error code)

(1) If a PID control stop error occurs while auto tuning is being executed, the system sets the following and stops auto tuning. (Since auto tuning is not
completed, "PID Control Execution Status" is not set to on.)

« Set on to "PID Control Function Error Display”.

« Set the corresponding error code to "PID Control Function Error Code".

« Set off to "Auto-tuning Execution Status".

(2) Since the system does not set off to "PID Control Execution Command", the user needs to write off when executing auto tuning again.

(3) When the user writes on to "PID Control Execution Command", the system sets the following and executes auto tuning again.

« Set off to "PID Control Function Error Display".

+ Set 0 to "PID Control Function Error Code".

(4) If a PID control continuation error occurs while auto tuning is being executed, the system sets the following, but auto tuning continues without changing
"Auto-tuning Execution Status".

* Set on to "PID Control Function Error Display”.

« Set the corresponding error code to "PID Control Function Error Code".

* When auto tuning is completed, the system sets off to "Auto-tuning Execution Status" and on to "PID Control Execution Status" to execute the PID control

function.
(5) Since the PID control function is executed normally, the user sets off to "PID Control Execution Command" to end the PID control function.

Precautions

Even when "To Use or Not to Use Auto-tuning" is set to "Auto tuning used" while the PID control function being executed,
auto tuning is not executed.

When the ambient temperature setting is enabled, if the relation (which is higher) between the target value (SV) and the
ambient temperature setting at the start of PID control (at the start of auto tuning) is changed after completion of auto
tuning, the accuracy of PID control goes down.

When the ambient temperature setting is enabled, even if the relation (which is higher) between the target value (SV) and
the ambient temperature setting is changed during auto tuning, the change is ignored. The change in the ambient
temperature setting becomes valid after completion of auto tuning (during PID control).

When PID control is stopped by setting on and off to the PID control execution command, the devices for the following

parameters are cleared.
« Set off to the control output.
« Clear the output value (MV), output value for heating (MVh), and output value for cooling (MVc) to 0.
« Set off to the temperature rise judgment flag.
« Set off to the PID control execution status.
« Set off to the auto tuning execution status.
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Error display function

If an error occurs while PID control or auto-tuning is being executed, the error status and error code are stored into the

devices. For error code details, refer to the following.

(’==" Page 602 Error codes of errors in PID control via parameter (8100H to 8230H))

When an error occurs, "1: Error occurrence” is written to the device set in the "PID Control Function Error Display" parameter,
and the error code is written to the device set in the "PID Control Function Error Code" parameter.

An error cannot be checked if no device is set to the parameters.

When an error has already occurred, and another error occurs with the error code written into the device set in "PID Control

Function Error Code", the error code already stored into the device will be overwritten.

The error status set to "PID Control Function Error Display" and "PID Control Function Error Code" can be cleared by any of
the following methods.

« Set "PID Control Execution Command" to "1: PID control executed".

* Rewrite the values in the devices directly.

« If the device set in each parameter is not a latch device, power off or reset the CPU module.

Output limiter function

The output limiter is a function that sets the upper and lower limit values if outputting the output value (MV) calculated using

PID operations to an external device.

It is disabled only when executing two-position control.
Output value (MV)

A

100%

A
This range has no control outputs.

Upper limit output limiter

Lower limit output limiter |y

i This range has no control outputs.
0%
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Output change ratio limiter function

The output change ratio limiter is a function that limits the amount of change in the output value (MV) per unit time (1s).

Control outputs are limited using the output change rate that has been set.

For a control target that goes out of control due to a sudden change in the output or a control target in which a large current
flows, setting the output variation limiter is effective.

When the target value (SV) is changed, the output does not change suddenly, and outputs are made based on the set
gradient. When the set value is 0, this function is disabled.

The output value (MV) limited by the output change ratio limiter function can be obtained by the following formula.

Output value (MV) = (Previous output value (MV) £ Output change ratio limiter (%) x (Sampling time (ms) + 1000)

When the output change ratio limiter is effective

The output change ratio limiter is effective in the following cases.
+ If the output value (MV) starts from 100% at the start of control (When there is a problem with a 100% sudden change)
« If the output value (MV) changes suddenly due to a change in the target value (SV)

[Ex]

When the rise of the output change ratio limiter is effective

When the output change rate limiter is not set

Upper limit output limiter {

Output value (MV) D 0.1to 100.0%

1
1

1

1

1

Sudden change 1 1 second
of output value :
1

I

I

Set how much (%) the output value
Output value (MV) —e — — — — — — — — —. should change in one second.

Lower limit output limiter \

Sudden output change due to a shift to operation mode, a change of target value (SV),
or disturbance

When the target value (SV) is changed significantly, the output does not change suddenly, and outputs are made based on the
set gradient.

Precautions

» Reducing the output change ratio limiter value (reducing the gradient) slows the control response. In addition, the effect of
differentiation is lost.
» The output change rate limiter is disabled when executing two-position control.
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Temperature rise completion judgment function

The temperature rise completion judgment is a function that judges whether the temperature process value (PV) is within the

temperature rise completion range. Judgment is made per sampling time.

The upper limit and lower limit values for the temperature rise completion range can be found by the following formula.
Temperature rise completion range upper value: Target value (SV) + Temperature rise completion range setting value
Temperature rise completion range lower limit: Target value (SV) - Temperature rise completion range setting value

Measured value (PV)

A

Temperature rise completion range setting value

Target value (SV)
Temperature rise completion range setting value

"

soak time

|
|

. . '

Temperature rise completion !
h

|

\

[
l Lgl
\ON
Temperature rise . Temperature rise
completion flag ~ OFF Temperature rise not completed completed

Ambient temperature setting function

When the ambient temperature setting value is higher than or equal to/lower than the target value (SV), this function prevents

unnecessary execution of heating control or cooling control by setting either the output value for heating (MVh) or the output
value for cooling (MVc) to 0.

Point )’

This function prevents heating control and cooling control in the following cases.

* When the ambient temperature (room temperature) is equal to or lower than the target value (SV), without
executing cooling control, the measured value (PV) goes down to the target value (SV).

» When the ambient temperature (room temperature) is higher than the target value (SV), without executing
heating control, the measured value (PV) goes up to the target value (SV).
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Control output when the ambient temperature setting function is enabled/disabled

The following figures show the control outputs when the ambient temperature setting function is enabled and disabled by
using timing charts.
* When the ambient temperature setting function is disabled

Measured value (PV)
A

N

Target value
(SV)

» Time

ON
Control output
(heating control) OFF

ON
Control output
(cooling control) OFF
» When the ambient temperature setting function is enabled, and the ambient temperature setting value is equal to or lower
than the target value

Measured value (PV)
A

Target value /\

TN

Ambient temperature setting

» Time

ON
Control output
(heating control) OFF

Control output
(cooling control) OFF

(1) Cooling control is not executed because the ambient temperature setting value (room temperature) is equal to or lower than the target value (SV) and the
measured value (PV) decreases without cooling. (Always off)

(2) Since cooling is not performed, the fall of the measured value (PV) becomes gentler compared to the fall when the ambient temperature setting function is
disabled.
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* When the ambient temperature setting function is enabled, and the ambient temperature setting value is higher than the
target value

Measured value (PV)
A

\ Ambient temperature setting

Target value

(sv) \/

» Time

Control output
(heating control) OFF

ON

Control output
(cooling control) OFF

(1) Heating control is not executed because the ambient temperature setting value (room temperature) is higher than the target value (SV) and the measured
value (PV) increases without heating. (Always off)

(2) Since heating is not performed, the rise of the measured value (PV) becomes gentler compared to the rise when the ambient temperature setting function is
disabled.

Precautions

When the ambient temperature setting function is enabled, if the relation (which is higher) between the target value and the

ambient temperature setting is changed after setting "PID Control Execution Command" to "1: PID control executed", the
accuracy of PID control goes down.
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11.5 Setting and Program Examples

This section shows parameter setting examples and program examples when using the heating-cooling PID control function.

Setting example 2

When "Control mode" is "Standard PID control mode", after auto tuning starts and ends completely, PID control using the
obtained control parameters is performed.

System configuration

— |_ X1 X0: PID control execution command
% L1- X1: Auto tuning used/not used

YO: Error indication
Y1: Control output

- ol Y0 [v1]
Parameter settings CoMo YO | Y1 FX5U-32MT/ES
FX5-4AD-TC-ADP

&
24vVDC §_|__

Electric

heater (Y YY ] o o—
Temperature sensor

Heater (thermocouple)

Temperature tank

Operation example

Measured value (PV)
A

During PID control

During auto tuning

Target value (SV) = 50.0°C W

' 1st cycle 2nd cycle '

» Time

I During auto tuning (when the upper limit output limiter is 90%)

Output value (MV) = 90% Output value (MV) = 90% Output value (MV) = 0%
ON

Control output
(Y1) OFF

'@ »

« > e p
i Output value (MV)/ 100 x  : Output value (MV) /100 x
| Control output cycle = 4.5s | Control output cycle = 4.5s )

> >
> >

v

]‘Control output cycle }‘Comrol output cycle j‘ControI output cycle
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)

M During PID control

Output value (MV) = 60% Output value (MV) = 30% Output value (MV) = 40%
ON

Control output
(Y1) OFF

«—> “«—> «—> 1
i Output value (MV) /100 x | Output value (MV) /100 x Output value (MV) /100 x 1

| Control output cycle = 3.0s | Control output cycle = 1.5s |, Control output cycle = 2.0s

- b bd »

| Control output cycle ! Control output cycle | Control output cycle !
(50 x 100ms = 5s) i (50 x 100ms = 5s) (50 x 100ms = 5s)
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Parameter setting example

Setting item Setting value Device indirect specification
Basic To Use or Not to Use PID Control Function Use —
Settings Control Mode Selection Standard PID Control —
Direct Action/Reverse Action Selection Reverse Action —
Target Value (SV) 500 DO
Process Value (PV) — SD6300
Output Value (MV) — D1
Heating Output Value (MVh) — —
Cooling Output Value (MVc) — —
Control Parameter Proportional Gain (KP) Not used D200
Heating Proportional Gain | — —
(KPh)
Cooling Proportional Gain | — —
(KPc)
Integral Time (TI) Not used D203
Derivative Time (TD) Not used D204
Sampling Time (Ts) 10[x10ms] Not used
Operation Cycle Control Output Cycle 50[x100ms] Not used
Heating Control Output — —
Cycle
Cooling Control Output — —
Cycle
Control Output — Y1
Control Output (for Cooling Control) — —
PID Control Execution Command — X0
To Use or Not to Use Auto-tuning — X1
PID Control Execution Status — MO
Auto-tuning Execution Status — M1
PID Control Function Error Display — YO
PID Control Function Error Code — D10
Application | 2-position Control Function | Adjustment sensitivity 10 Not used
Settings (dead band)
Overlap/Dead Band Setting — —
Output Limiter Function Upper Limit Output Limiter | 900[x0.1%] Not used
Lower Limit Output Limiter | 0[x0.1%] Not used
Heating Upper Limit Output | — —
Limiter
Cooling Upper Limit Output | — —
Limiter
Output Variation Rate Output Variation Rate 0[x0.1%/s] Not used
Limiter Function Limiter
Temperature Rise Temperature Rise — M3
Completion Judgement Judgment Flag
Function Temperature Rise 50 Not used
Completion Range
Temperature Rise 5[s] Not used
Completion Soak Time
Ambient Temperature Setting — —
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Program examples

EDevice setting example

Item

Device indirect
specification

Description

A/D conversion enable/disable setting (CH1) SM6301 FX5-4AD-TC-ADP(CH1) A/D conversion enable/disable setting (0: Enabled,
1: Disabled)
Auto tuning completion flag M2 Flag that turns on when auto tuning starts and ends completely

EProgram examples

Set use permission for the FX5-4AD-TC-ADP(CH1), which was set as the process value (SD6300) when the state was
changed from STOP to RUN. After PID control starts, turn on the auto tuning completion flag when auto tuning is completed.

After writing the parameter settings and program to the CPU module, turn X1 (Auto tuning used/not used) on and turn X0 (PID

control execution command) on, and auto tuning + PID control can be executed.

wite - 1 | 2 [ 3 [ a | 5 | [ 7 | s | [ 0 [ u | »
SMAZ
1 ot BSTL SME301
M1 Mo
2 (O it LSELL w2 |
3 (14) {ENDH
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Setting example 3

When "Control mode" is "Standard PID control mode", after auto tuning starts and ends completely, PID control using the
obtained control parameters is performed. After auto tuning is completed, perform conversion to the voltage value (0 to 5V) to
be output to the control target by using the output value (MV).

System configuration

S— | 1+ X1 ] XO0: PID control execution command
% | ] X1: Auto tuning used/not used
YO: Error indication

Parameter settings

FX5U-32MT/ES

Temperature tank

Electric

heater f Y Y Y ] o o—
Temperature sensor

Heater (thermocouple)

Operation example

Measured value (PV)
A

During auto tuning During PID control

A

Target value (SV) = 50.0°C W

1st cycle 2nd cycle
» Time
Il During auto tuning (when the upper limit output limiter is 90%)
Output value (MV) = 90% Output value (MV) = 90% Output value (MV) = 0%
: Voltage value = 4.5V X Voltage value = 4.5V ‘ Voltage value = 0V ‘
Voltage value < 9 X 9 >1< 9 >? o
(0to5V) < e v o
< >« >« >
! Control output cycle ! Control output cycle ! Control output cycle !
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)
M During PID control
Output value (MV) = 60% Output value (MV) = 30% Output value (MV) = 40%

‘ Voltage value = 3.0V X Voltage value = 1.5V Y Voltage value = 2.0V ;
Voltage value < ge valu ] ge valu >}< ge valu >
(0to 5V) ‘ ; . ;

v

' »d o »
< L} < »

! Control output cycle . Control output cycle ! Control output cycle
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)

v
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Parameter setting example

Setting item Setting value Device indirect specification
Basic To Use or Not to Use PID Control Function Use —
Settings Control Mode Selection Standard PID Control —
Direct Action/Reverse Action Selection Reverse Action —
Target Value (SV) 500 DO
Process Value (PV) — SD6300
Output Value (MV) — D1
Heating Output Value (MVh) — —
Cooling Output Value (MVc) — —
Control Parameter Proportional Gain (KP) Not used D200
Heating Proportional Gain | — —
(KPh)
Cooling Proportional Gain | — —
(KPc)
Integral Time (TI) Not used D203
Derivative Time (TD) Not used D204
Sampling Time (Ts) 10[x10ms] Not used
Operation Cycle Control Output Cycle 50[x100ms] Not used
Heating Control Output — —
Cycle
Cooling Control Output — —
Cycle
Control Output — Not used
Control Output (for Cooling Control) — —
PID Control Execution Command — X0
To Use or Not to Use Auto-tuning — X1
PID Control Execution Status — MO
Auto-tuning Execution Status — M1
PID Control Function Error Display — YO
PID Control Function Error Code — D10
Application | 2-position Control Function | Adjustment sensitivity 10 Not used
Settings (dead band)
Overlap/Dead Band Setting — —
Output Limiter Function Upper Limit Output Limiter | 900[x0.1%] D410
Lower Limit Output Limiter | 0[x0.1%] D411
Heating Upper Limit Output | — —
Limiter
Cooling Upper Limit Output | — —
Limiter
Output Variation Rate Output Variation Rate 0[x0.1%/s] D414
Limiter Function Limiter
Temperature Rise Temperature Rise — M3
Completion Judgement Judgment Flag
Function Temperature Rise 50 D415
Completion Range
Temperature Rise 5[s] D416
Completion Soak Time
Ambient Temperature Setting — —
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Program examples

EDevice setting example

Item Device indirect Description
specification
A/D conversion enable/disable setting (CH1) SM6301 FX5-4AD-TC-ADP(CH1) A/D conversion enable/disable setting (0: Enabled,
1: Disabled)
D/A conversion enable/disable setting SM6660 FX5-4DA-ADP(CH1) D/ A conversion enable/disable setting (0: Enabled, 1:
Disabled)
D/A output enable/disable setting SM6661 FX5-4DA-ADP(CH1) D/A output enable/disable setting (0: Enabled, 1:
Disabled)
Output range setting SD6665 FX5-4DA-ADP(CH1) output range setting (setting value 1: 0 to 5V)
Real number for division of output value (MV) D20 Since the unit of the output is x0.1%, store K1000 using a real number value.
D21
For conversion of output value (MV) into digital D22 Since the voltage value (0 to 5V) is output in this program, store the maximum
value D23 digital value K16000 using a real number value.
Auto tuning completion flag M2 Flag that turns on when auto tuning starts and ends completely
Digital value (CH1) SD6660 FX5-4DA-ADP(CH1) digital value
Analog output value monitor (CH1) SD6662 FX5-4DA-ADP(CH1) analog output value monitor
Output value (MV) (real number) D24 Store the output value (MV) (after conversion to real number).
D25
Output value (MV) (0.00 to 1.00) D26 Store the value obtained after conversion of the output value (MV) from a
D27 value in the range 0 to 1000 to a value in the range 0.00 to 1.00.
Digital value (real number) D28 Store the digital value obtained by calculation using a real number value.
D29

EProgram example

Set use permission for the FX5-4AD-TC-ADP(CH1), which was set as the process value (SD6300) when the state was
changed from STOP to RUN, and configure settings for the FX5-4DA-ADP(CH1). After PID control starts, perform conversion
to the digital value (0 to 16000) to be output to the control target by using the output value (MV), and obtain the analog output

value (SD6662). Turn on the auto tuning completion flag when auto tuning is completed.

After writing the parameter settings and program to the CPU module, turn X1 (Auto tuning used/not used) on and turn X0 (PID

control execution command) on, and auto tuning + PID control can be executed.

Write - 1 | 2 | 3 | 4 | s | s [ 8 [ s | w [ un | n
SMa02
1 o | {__RST SIME3D1T
z RST SIMBEED
3 RST SIME6ET
4 ! Ki SDEEES
5 {LDEMOV., E1000 D20
5 [LDEMOM., E16000 D22
| M1 MO
7 (25— ftt {L_SET M2
| X0
8 @as— | {UINTZELT. DI D24
9 [LDEDM.. D24 D20 D26
10 [LDEMUL. D2 D22 D28
11 ! D28 SDEEED
12 | (56) {END 1
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Setting example 5

When "Control mode" is "Heating-cooling PID control mode", after auto tuning starts and ends completely, perform PID control
using the obtained control parameters.

System configuration

S |_ X1 | X0: PID control execution command
% L1- X1: Auto tuning used/not used
YO: Error output

Y1: Control output
\ —— —
Y2: Control output (cooling control)
- ovd o [vivz]
Parameter settings comol YO | Y1 | Y2 FX5U-32MT/ES

FX5-4AD-TC-ADP

03y
24VDC:|;

Electric

heater f Y Y Y l o o—|
Temperature sensor

Heater (thermocouple)

Temperature tank

— Cooler >

Cooling piping
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Operation example

Measured value (PV)
A

During auto tuning

During PID control

Target value (SV) = 50.0°C W

' 1st cycle 2nd cycle '
» Time
M During auto tuning (when the heating upper limit output limiter is 90%)
Output value for heating Output value for heating Output value for heating
(MVh) = 90% (MVh) = 90% (MVh) = 0%
ON
Control output  OFF
(Y1) '€ > » ;
< » < - > ' '
1Output value for heating (MVh) 7 100 , Output value for heating (MVh) /100, .
:x Heating control output cycle = 4.5s | x Heating control output cycle = 4.55: !
'@ »d »d »
< > > 1
| Heating control output cycle | Heating control output cycle ' Heating control output cycle !
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)
B During auto tuning (when the cooling upper limit output limiter is 90%)
Output value for cooling Output value for cooling Output value for cooling
(MVc) = 0% (MVc) = 0% (MVc) = 90%
ON
Contl"ol output OFF
(cooling control) T T ! ' T
(Y2) «—> 1

! 1
! 1
| . . Output value for cooling (MVc)/ 100 .
; ' , x Cooling control output cycle = 4.5s |
' . !

< >4 > >
. Cooling control output cycle - Cooling control output cycle . Cooling control output cycle -
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)
Il Heating control at PID control
Output value for heating Output value for heating Output value for heating
(MVh) = 60% (MVh) = 30% (MVh) = 0%
ON
Control output  OFF
Y1 ] j ) : !
(Y1) < —> > : |
|Output value for heating (MVh) 7 100 | Output value for heating (MVh) / 100, .
1% Heating control output cycle = 3.0s | x Heating control output cycle = 1‘551 '
< »a >< >
! Heating control output cycle | Heating control output cycle | Heating control output cycle !
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)

H Cooling control at PID control

Output value for cooling Output value for cooling Output value for cooling
(MVc) = 0% (MVc) = 0% (MVc) = 40%
ON

Control output OFF

(cooling control) -
(Y2) > 1

| Output value for cooling (MVc) / 100 |
,  Cooling control output cycle = 2.0s |
'

< > »a »
» >4 »

I‘Cooling control output cycle I‘Cooling control output cycle | Cooling control output cycle
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)
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Parameter setting example

Setting item Setting value Device indirect specification
Basic To Use or Not to Use PID Control Function Use —
Settings Control Mode Selection Heating-cooling PID Control —
Direct Action/Reverse Action Selection — —
Target Value (SV) 500 DO
Process Value (PV) — SD6300
Output Value (MV) — —
Heating Output Value (MVh) — D2
Cooling Output Value (MVc) — D3
Control Parameter Proportional Gain (KP) Not used —
Heating Proportional Gain | Not used D201
(KPh)
Cooling Proportional Gain Not used D202
(KPc)
Integral Time (TI) Not used D203
Derivative Time (TD) Not used D204
Sampling Time (Ts) 10[x10ms] Not used
Operation Cycle Control Output Cycle — —
Heating Control Output 50[x100ms] Not used
Cycle
Cooling Control Output 50[x100ms] Not used
Cycle
Control Output — Y1
Control Output (for Cooling Control) — Y2
PID Control Execution Command — X0
To Use or Not to Use Auto-tuning — X1
PID Control Execution Status — MO
Auto-tuning Execution Status — M1
PID Control Function Error Display — YO
PID Control Function Error Code — D10
Application | 2-position Control Function | Adjustment sensitivity 10 Not used
Settings (dead band)
Overlap/Dead Band Setting 0 Not used
Output Limiter Function Upper Limit Output Limiter | — —
Lower Limit Output Limiter | — —
Heating Upper Limit Output | 900[x0.1%)] Not used
Limiter
Cooling Upper Limit Output | 900[x0.1%] Not used
Limiter
Output Variation Rate Output Variation Rate — —
Limiter Function Limiter
Temperature Rise Temperature Rise — M3
Completion Judgement Judgment Flag
Function Temperature Rise 50 Not used
Completion Range
Temperature Rise 5[s] Not used
Completion Soak Time
Ambient Temperature Setting Not used Not used
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Program example

EDevice setting example

Item

Device indirect
specification

Description

A/D conversion enable/disable setting (CH1) SM6301 FX5-4AD-TC-ADP(CH1) A/D conversion enable/disable setting (0: Enabled,
1: Disabled)
Auto tuning completion flag M2 Flag that turns on when auto tuning starts and ends completely

EProgram example

Set use permission for the FX5-4AD-TC-ADP(CH1), which was set as the process value (SD6300) when the state was
changed from STOP to RUN. After PID control starts, turn on the auto tuning completion flag when auto tuning is completed.

After writing the parameter settings and program to the CPU module, turn X1 (Auto tuning used/not used) on and turn X0 (PID

control execution command) on, and auto tuning + PID control can be executed.

wite - 1 | 2 [ 3 | a | s [ 7 | s | [ 0 [ u | »
SMAZ
1 ot BST SME301
M1 Mo
2 3 it SEL. W2
3 (14) {ENDH
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Setting example 6

When "Control mode" is "Heating-cooling PID control mode", after auto tuning starts and ends completely, perform PID control
using the obtained control parameters. After auto tuning is completed, perform conversion to the voltage value (0 to 5V) to be
input into the control target by using the output value for heating (MVh) and output value for cooling (MVc).

System configuration

== i+ X1 | XO: PID control execution command
% 1 X1: Auto tuning used/not used

YO: Error indication

Parameter settings Y0 FX5U-32MT/ES
FX5-4AD-TC-ADP (2 adapters) H]

24VDC ——
Temperature tank
Electric
Temperature sensor
Heater (thermocouple)

Cooler >

Cooling piping
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Operation example

Measured value (PV)
A

During auto tuning

During PID control

Target value (SV) = 50.0°C W

' 1st cycle 2nd cycle '
» Time
Il During auto tuning (when the heating upper limit output limiter is 90%)
Output value for heating Output value for heating Output value for heating
(MVh) = 90% ~ (MVh) =90% (MVh) = 0%
Voltage value < Voltage value = 4.5V X Voltage value = 4.5V X Voltage value = 0V >? R
(0to 5V) ' X : ; »
< >« >« »
! Heating control output cycle ! Heating control output cycle ! Heating control output cycle !
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)
M During auto tuning (when the cooling upper limit output limiter is 90%)
Output value for cooling Output value for cooling Output value for cooling
(MVc) = 0% ~ (MVc)=0% (MVc) = 90%
Voltage value < Voltage value = OV >< Voltage value = 0V >< Voltage value = 4.5V > R
(0 to 5V) :4 [ ;:4 ;: 4
! Cooling control output cycle ! Cooling control output cycle ! Cooling control output cycle !
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)
Il Heating control at PID control
Output value for heating Output value for heating Output value for heating
(MVh) = 60% - (MVh) =30% (MVh) = 0%
Voltage value < Voltage value = 3.0V X Voltage value = 1.5V X Voltage value = 0V >? -
(0 to 5V) . T . . »
< < > »
! Heating control output cycle ! Heating control output cycle ! Heating control output cycle !
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)
H Cooling control at PID control
Output value for cooling Output value for cooling Output value for cooling
(MVc) = 0% - (MVe) = 0% (MVc) = 40%
Voltage value < Voltage value = 0V X Voltage value = 0V X Voltage value = 2.0V > -
(0to 5V) . j . . g
< < > »
! Cooling control output cycle ! Cooling control output cycle ! Cooling control output cycle !
(50 x 100ms = 5s) (50 x 100ms = 5s) (50 x 100ms = 5s)

11 PID CONTROL VIA PARAMETER
11.5 Setting and Program Examples

161




Parameter setting example

Setting item Setting value Device indirect specification
Basic To Use or Not to Use PID Control Function Use —
Settings _

Control Mode Selection

Heating-cooling PID Control

Direct Action/Reverse Action Selection

Target Value (SV) 500 DO
Process Value (PV) — SD6300
Output Value (MV) — —
Heating Output Value (MVh) — D2
Cooling Output Value (MVc) — D3
Control Parameter Proportional Gain (KP) Not used —
Heating Proportional Gain | Not used D201
(KPh)
Cooling Proportional Gain Not used D202
(KPc)
Integral Time (TI) Not used D203
Derivative Time (TD) Not used D204
Sampling Time (Ts) 10[x10ms] Not used
Operation Cycle Control Output Cycle — —
Heating Control Output 50[x100ms] Not used
Cycle
Cooling Control Output 50[x100ms] Not used
Cycle
Control Output — Not used
Control Output (for Cooling Control) — Not used
PID Control Execution Command — X0
To Use or Not to Use Auto-tuning — X1
PID Control Execution Status — MO
Auto-tuning Execution Status — M1
PID Control Function Error Display — YO
PID Control Function Error Code — D10
Application | 2-position Control Function | Adjustment sensitivity 10 Not used
Settings (dead band)
Overlap/Dead Band Setting 0 Not used
Output Limiter Function Upper Limit Output Limiter | — —
Lower Limit Output Limiter | — —
Heating Upper Limit Output | 900[x0.1%)] D412
Limiter
Cooling Upper Limit Output | 900[x0.1%] D413
Limiter
Output Variation Rate Output Variation Rate — —
Limiter Function Limiter
Temperature Rise Temperature Rise — M3
Completion Judgement Judgment Flag
Function Temperature Rise 50 D415
Completion Range
Temperature Rise 5[s] D416
Completion Soak Time
Ambient Temperature Setting Not used Not used
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Program example

EDevice setting example

Item

Device indirect
specification

Description

A/D conversion enable/disable setting (CH1) SM6301 FX5-4AD-TC-ADP(CH1) A/D conversion enable/disable setting (0: Enabled,
1: Disabled)
D/A conversion enable/disable setting SM6660 FX5-4DA-ADP(CH1) D/A conversion enable/disable setting (0: Enabled, 1:
Disabled)
SM6700 FX5-4DA-ADP(CH2) D/A conversion enable/disable setting (0: Enabled, 1:
Disabled)
D/A output enable/disable setting SM6661 FX5-4DA-ADP(CH1) D/A output enable/disable setting (0: Enabled, 1:
Disabled)
SM6701 FX5-4DA-ADP(CH2) D/A output enable/disable setting (0: Enabled, 1:
Disabled)
Output range setting SD6665 FX5-4DA-ADP(CH1) output range setting (setting value 1: 0 to 5V)
SD6705 FX5-4DA-ADP(CH2) output range setting (setting value 1: 0 to 5V)
Real number for division of output value for D20 Since the unit of the output is x0.1%, store K1000 using a real number value.
heating/cooling (MVh, MVc) D21
Real number for conversion of output value for D22 Since the voltage value (0 to 5V) is output in this program, store the maximum
heating/cooling (MVh, MVc) to digital value D23 digital value K16000 using a real number value.
Auto tuning completion flag M2 Flag that turns on when auto tuning starts and ends completely
Digital value (CH1) SD6660 FX5-4DA-ADP(CH1) digital value
Analog output value monitor (CH1) SD6662 FX5-4DA-ADP(CH1) analog output value monitor
Output value for heating (MVh) (real number) D24 Store the output value for heating (MVh) (after conversion to real number).
D25
Output value for heating (MVh) (0.00 to 1.00) D26 Store the value obtained after conversion of the output value for heating (MVh)
D27 from a value in the range 0 to 1000 to a value the range 0.00 to 1.00.
Digital value for heating (real number) D28 Store the digital value for heating obtained by calculation using a real number
D29 value.
Digital value (CH2) SD6700 FX5-4DA-ADP(CH2) digital value
Analog output value monitor (CH2) SD6702 FX5-4DA-ADP(CH2) analog output value monitor
Output value for cooling (MVc) (real number) D30 Store the output value for cooling (MVc) (after conversion to real number).
D31
Output value for cooling (MVc) (0.00 to 1.00) D32 Store the value obtained after conversion of the output value for cooling (MVc)
D33 from a value in the range 0 to 1000 to a value in the range 0.00 to 1.00.
Digital value for cooling (real number) D34 Store the digital value for cooling obtained by calculation using a real number
D35 value.
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EProgram example

Set use permission for the FX5-4AD-TC-ADP(CH1), which was set as the process value (SD6300) when the state was
changed from STOP to RUN, and configure settings for the FX5-4DA-ADP(CH1, 2). After PID control starts, perform
conversion to the digital values (0 to 16000) to be output to the control target by using the output values for heating and
cooling (MVh, MVc), and obtain the analog output values (SD6662, SD6702). Turn on the auto tuning completion flag when
auto tuning is completed.

After writing the parameter settings and program to the CPU module, turn X1 (Auto tuning used/not used) on and turn X0 (PID
control execution command) on, and auto tuning + PID control can be executed.

Write - 1+ | 2 | 3 | 4 | s | & ] 7z ] 8 ] 9o | w | n | n
SMA02
1 o | {__RST SIME3D1T
g RS SwMesen
3 RSl SMe700
4 RS SWieeet
5 BSL. swernl
5 ! Ki SOBBES
7 S SDE705
8 [DEMOV.. Efo00 D20
9 [LDEMOV.. E16000 D22
1 M1 MO
10 3R ftt {L_SET Mz
1 X0
11 ag— | {UINT2FLT,  ©2 D24
12 [LDEDN.. D2 D20 026
13 [DEMUL. D% D22 028
14 ! 028 SOBBED
15 [UNTZFLL. D3 D30
16 [LDEDM.. D30 D20 D32
17 [DEMUL. D37 D22 D34
18 ! D34 SOE700
19 | (84 {END
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11.6 Troubleshooting

Troubleshooting with devices

Data on an error detected by the heating-cooling PID control function are stored into the devices set to the parameters "PID
control function error indication" and "PID control function error code".

"1: Error occurrence" is written to the device set in "PID Control Function Error Display" when an error occurs, and the
corresponding error code is written to the device set in "PID Control Function Error Code". (==~ Page 602 Error codes of
errors in PID control via parameter (8100H to 8230H))

When an error occurs, either control is stopped, or control continues by rounding values. The execution status of the PID
control function can be checked with the device set in the "PID Control Execution Status" parameter.

By monitoring the devices set above using the engineering tool and others, the execution status of PID control, error status,
and error details can be checked. (An error cannot be checked if no device is set to the parameters.)

When a hardware failure occurs

If a hardware failure occurs in a module connected to the programmable controller, check the hardware manual for the
connected module.

Error code overview

The error codes of errors that occur in this function are basically as follows.

Error code Description Reference

PID control A PID control continuation error is a minor error, and even if it occurs, PID control can continue; therefore, Page 602 Error
continuation error depending on the content of the error, control is continued by changing the device values for parameters and codes of errors in
(8100H to 8124H) others. PID control via
PID control stop A PID control stop error is a major error, and if it occurs, PID control cannot continue easily; therefore, PID parameter (8100H
error control is stopped immediately when it occurs. to 8230H)

(8200H to 8230H) If a PID control stop error occurs, the device values for the following parameters are cleared.

« Set off to the control output.

« Clear the output value (MV), output value for heating (MVh), and output value for cooling (MVc) to 0.
« Set off to the temperature rise judgment flag.

« Set off to the PID control execution status.

« Set off to the auto tuning execution status.

11 PID CONTROL VIA PARAMETER 1
11.6 Troubleshooting 65



11.7 Precautions

PID control affected by the constant scan setting

Since PID control is executed in END processing, depending on the constant scan setting (0.2 to 2000ms), a delay may occur
in the sampling time or the control output cycle (heating control output cycle, cooling control output cycle), preventing stable
PID control. If PID control is not stable, check the constant scan time setting.

Multiple settings for PID control

For PID control, four settings can be configured at the same time. When devices are set in all parameters for which device

indirect specification is possible, the number of devices to be used becomes 28 at maximum per one setting, and 112 at
maximum for four settings. Ensure that no device duplication occurs in parameter settings.

When setting parameters

Parameters cannot be written in any of the following cases. Be careful when setting parameters.

« If a device already set elsewhere is set
« If an item required to be set is not set

Simultaneous use with another function

The scan time may become longer depending on another function. If the setting for the sampling time or control output cycle
is not large enough in relation to the scan time, stable PID control may not be possible. Either check and correct the setting for
the sampling time or control output cycle, or correct another function to be executed together.

When the operating status of the CPU module is set to PAUSE.

While the PID control execution command is set to on, if the operating status of the CPU module is set to PAUSE, a PID
control stop error occurs, and this function stops. If the CPU module is set to PAUSE, set the CPU module to STOP once, and
then set it to RUN.

For details on the devices to be cleared when a PID control stop error occurs, refer to the following.

[=5~ Page 165 Error code overview
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12 consTANT scAN

Since the processing time differs as per the execution/non-execution of command used in the program, the scan timer
changes with every scan. By setting the constant scan, because a program can be repeatedly executed while keeping scan
time at a specified amount of time, even when the execution time of the program changes, the I/O refresh interval can be
constant.

» When constant scan is set (Settings value=10 ms)

Wait time
END o Program iEND 0 END O END 0

— ===
L
(. END processing
1ms 7 ms 2ms |1 ms 8 ms 1ms|2ms 7ms 1ms
10 ms 10 ms 10 ms

* When constant scan time is not set

END processing
END 0 Frogram gnplg END 0

1 ms‘ 7 ms 1 ms‘ 8 ms 2ms

7 ms

8 ms 9 ms 9ms

12.1 Constant Scan Settings

Sets the constant scan setting.

O Navigation window = [Parameter] => [Module model name] = [CPU Parameter] = "RAS Setting" = "Constant Scan

Setting"
Window
Item Setting -
= Constant Scan Setfing 1M
Constant Scan -

Displayed.items

Item Description Setting range Default

Constant Scan Sets the constant scan time. HFX5S/FX5UJ CPU module —
« 0.5 to 2000 ms (0.1 ms units)
BWFX5U/FX5UC CPU module

« 0.2to 2000 ms (0.1 ms units)
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Conditions of setting time

Set a value that meets the following relational equation for the setting time of the constant scan.

"WDT setting time" > "Constant scan setting time" > "Maximum scan time of the program"

When the maximum scan time of the program is longer than the setting time of the constant scan, it results in error. The
constant scan time is ignored and it is executed with the scan time of the program.

[Ex]

When the constant scan time is set to 4 ms

Constant scan (4 ms)
\

o 1 2 3 4 1 2 3 4 5 1 2 3 4 1 2 3 4ms

END O END O END O END O
=t -- = bt
1ms‘ 2ms ‘1ms 1ms‘ 2ms ‘1ms1ms‘ 2ms ‘1ms
4 ms 5.3 ms 4 ms 4 ms

Scan where the constant scan setting is not applied

Wait time from the execution of END process until the beginning of the next scan

When there is a processing mentioned below requested during wait time, the processing of the program is interrupted and the
corresponding process is carried out.

* Interrupt program

* Fixed scan execution type program

« Event execution type program which triggers the generation of interruption

* Device/label access service processing
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1 3 REMOTE OPERATION

A remote operation is an operation to externally change the operation status of the CPU module with the RUN/STOP/RESET
switch of the CPU module set to the RUN position.

The following items show the types of remote operation.

* Remote RUN/STOP

* Remote PAUSE

* Remote RESET

13.1 Remote RUN/STOP

This operation externally changes the CPU module to RUN/STOP status with the RUN/STOP/RESET switch of the CPU
module set to the RUN position. It is used to reach a CPU module in an inaccessible place or in case of changing the status of
the CPU module in the control box to RUN/STOP status with an external signal.

Applications of remote RUN/STOP

It is usable in the following cases.

* When the CPU module is in an inaccessible place
* When changing the status of the CPU module in the control box to RUN/STOP from outside

Operation during remote RUN/STOP

In case of remote RUN/STOP, the operation of the program is as shown below.

At remote STOP

A program is executed up-to END instruction and changes to STOP status.

At remote RUN
When remote RUN is executed in the STOP status, once again the CPU module turns to RUN status and the program is

executed from step 0.

Method of execution of remote RUN/STOP

The following are the methods of execution of remote RUN/STOP.

Contact method

Set the RUN contact in the parameter. The allowable device range is X0 to X17.

Execute remote RUN/STOP by contact ON/OFF. Set the correspondence of ON/OFF and RUN/STOP operation of the contact
in CPU parameters.

* When set to RUN at contacts ON

When contact is set to OFF, the CPU module is in the STOP status.

When contact is set to ON, the CPU module is in the RUN status.

END END  END/Step 0 END END END

: | 'ON i : |

RUN contact | 3 ! l l
_oFF | : 11

T } I I

| | RUN ‘ | |

RUN/STOP status : 3 3
| STOP | | |

RUN status
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* When set to RUN at contacts OFF
When contact is set to OFF, the CPU module is in the RUN status.
When contact is set to ON, the CPU module is in the STOP status.

Step 0 EE— END Step 0 ——> END
'ON !
RUN contact i
, OFF : :
- | T
. RUN 1 1 3
RUN/STOP status | :
| STOP |

Y

STOP status

Engineering tool method

Refer to the following.
[1GX Works3 Operating Manual

Method using external devices that use SLMP or MC protocol

Execute by SLMP or MC protocol 1C/3C/4C frame command. For details on commands, refer to the following manual.
L[TIMELSEC iQ-F FX5 User's Manual (SLMP)
LTIMELSEC iQ-F FX5 User's Manual (MELSEC Communication Protocol)

Step 0 END Step 0 END

.

Remote STOP command |_|

External Device 3 OFF 3 77777777 ON ; 3
Remote RUN command OFF |_

i RUN i | i

RUN/STOP status 3 STOP 3
! ; ) )

STOP status

Precautions

Describes the precautions on using remote RUN/STOP.

» When remote RUN is performed during execution of the data logging function, it may fail. In that case, wait for a while and
retry remote RUN. If remote RUN still cannot be executed, check whether remote RUN is acceptable and retry remote
RUN. (==~ Page 245 About remote operation)

* When remote STOP to RUN operation of the RUN contact during execution of the data logging function, it may take time to
return to the RUN state.
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13.2 Remote PAUSE

With the RUN/STOP/RESET switch set to the RUN position of the CPU module, the operation status is changed to PAUSE
status from outside. The PAUSE status is a status in which operation of the CPU module is stopped by holding the ON/OFF
status of all output (Y).

Application of remote PAUSE

Remote PAUSE can be used to hold the output (Y) turned ON when the CPU module is in the RUN status, in the same ON
status, even when the CPU module is changed to STOP status.

Method of execution of remote PAUSE

The following are the methods of execution of remote PAUSE.

Engineering tool method

Refer to the following.
[1GX Works3 Operating Manual

Method using external devices that use SLMP or MC protocol

Execute by SLMP or MC protocol 3C/4C frame command. For details on commands, refer to the following manual.

[TIMELSEC iQ-F FX5 User's Manual (SLMP)

[TIMELSEC iQ-F FX5 User's Manual (MELSEC Communication Protocol)

» Turns ON the PAUSE contact (SM204) when executing the END process of the scan that has received the remote PAUSE
command. When a PAUSE contact is turned ON and the next scan is executed up-to the END process, the CPU module

enters the PAUSE status and operation is stopped.
» When a remote RUN command is received, once again an operation of the sequence program is executed from step 0.

Step0 ——> END

Step 0 —> END Step0 —>

. ON i j Step0 —> END
Remote PAUSE command ‘ OFFI_I _______ Z: :
1 : 1 LON 1
Remote RUN command 1 OFF 1 1 :
'ON 3
SM204 ! i
. OFF : !

! ' Turns ON when the PAUSE ; 3
| conditions‘are established

RUN/PAUSE status | RUN| X pause X RUN|

PAUSED
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Precautions

HEWhen keeping in forced ON or OFF status in advance
When keeping in forced ON or OFF status in advance, interlock using the PAUSE contact (SM204).

M20
4{ \ Y70 } The ON/OFF status of Y70 is determined by
| the ON/OFF status of M20 in PAUSE status.

X0 SM204

ﬂ } M Y71 ) Tumns OFF in PAUSE status.
MO

— | Y72 >~ Tumns ON in PAUSE status.

SM204

13.3 Remote RESET

This is an operation to reset the CPU module by an external operation when the CPU module is in the STOP status. In
addition, even if the RUN/STOP/RESET switch of the CPU module is set to RUN position, reset is possible when the CPU
module has stopped due to occurrence of an error that can be detected by self-diagnosis function.

Application of remote RESET

When a CPU module is in an inaccessible place and an error has occurred, CPU module can be reset by a remote operation.

Enabling remote RESET

To remotely RESET, remote RESET must be enabled.

O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "Operation Related Setting" =
"Remote Reset Setting"

Window
Ttem Setting -
= FRemate Resctf Scliamg i
Remote Reset Dizable -

Displayed.items

Item Description Setting range Default
Remote Reset Set whether or not to enable remote RESET. « Disable Disable
* Enable

Method of execution of remote RESET

The following are the methods of execution of remote RESET.

Engineering tool method

Refer to the following.
[T1GX Works3 Operating Manual
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Method using external devices that use SLMP or MC protocol

Execute by SLMP or MC protocol 3C/4C frame command. For details on commands, refer to the following manual.
L[TIMELSEC iQ-F FX5 User's Manual (SLMP)

[TIMELSEC iQ-F FX5 User's Manual (MELSEC Communication Protocol)

Point
When executing remote RESET, the settings that allow the remote reset of the CPU parameter must be
written to CPU module beforehand. In the case that they are not set, remote RESET will not be possible.
Precautions

HBRemote RESET in RUN status
When the CPU module is in RUN status, it cannot be reset by remote RESET. Change the CPU module to STOP status by

operations like remote STOP and then execute remote RESET.

W State after completion of the reset process
When the reset process is completed on a CPU module on which remote RESET was executed, the CPU module will change

to an operation status set by the RUN/STOP/RESET switch. Setting the RUN/STOP/RESET switch to the STOP position, will
change the status to STOP and setting the switch to the RUN position will change the status to RUN.

Poin t

* Note that if a remote RESET is executed when the CPU module has stopped due to an error, the CPU
module will change to an operation status set by the RUN/STOP/RESET switch, by reset process
completion.

« If status of CPU module does not change even after executing remote RESET by engineering tool, check
the remote reset settings in the CPU parameter. If it is not set, even after completion of the remote process
of engineering tool, reset process of the CPU module will not be carried out.

EWhen an error occurs due to noise
When there an error due to noise, exercise caution as there is a possibility that PLC cannot be reset by remote RESET. When

reset by remote RESET is not possible, either execute reset by RUN/STOP/RESET switch or once again start up the power of
CPU module.

13.4 Relationship Between Remote Operation and CPU
Module

Relationship between remote operation and RUN/STOP status of the CPU module
The following table shows operation status of the CPU module by the combination of remote operation and RUN/STOP status
of the CPU module.

Switch RUN/STOP status Remote operation

RUN" STOP PAUSE RESET"?
RUN RUN STOP PAUSE Operation not possible™
STOP STOP STOP STOP RESET™

*1  When executing by the RUN contact, setting of RUN contact is required in the CPU parameter.
*2 Remote reset setting is required in the CPU parameter.

*3  When a CPU module is changed to STOP status by a remote operation, remote reset is possible.
*4 Includes even the cases where CPU module has stopped due to an error.
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1 4 DEVICE/LABEL MEMORY AREA SETTING

The capacity of each area in device/label memory can be specified.
For FX5UJ CPU module, the setting cannot be changed but the content can be checked.

Option Battery Setting Nat Mounted ~
Latch area of the latch label Standard Latch Area
Batch Settne | Label/atch sl merm
R Opwnshe\/ta«ch Label Memary Area to Allocate 20% or more ~
1210 o ner "
Lﬁ Device.
High Speed Area Detailed Setting.
«—(2)
- o |
Starcrd Area O ] emc oese
Sedrdlachbes [T ] e D
Bty lech e [T o0/ tandard)
Lo St (s i
e B 20y 3t oy rerease lach lbelvokame,
JL
Device Latch Latch
ltem \/Symbol Paints Ranee (1 (2
Tonpest X 0t 1777
Output N 1024 0t 1777
Internal Relay il 7680 0to 7674 SO0 to 76T Mo Setting
Link. Relay B 286 Oto FF Mo Setting Mo Setting
Link Special Rela 5B 512 Dto 1FF
Bnnunciator F 128 0to 127 Mo Setting Mo Setting
Step Relay 5 4096 0 to 4095 GO0 to 4035
Titmer T 512 0Ota 511 Mo Setting Mo Setting
Retentive Timer ST 16 Oto 15 010 15 Mo Setting
Caounter G 286 0 to 255 100 to 199 Mo Setting
Lone Gounter LG fid 0 to 63 20 to 63 Mo Setting
Data Register D anoo - 0 ta 7999 200 to 7939 Mo Setting
Latch Relay L 760 0 to 7679
frea Capacity 120K Word 11.0K Word
Total Device 11.2K Word 96k Word
Total Word Device 102K Word 8.1k Word
Total Bit Device 15.9K Bit 25.1K Bit

(1) The capacity of each area can be changed. ([~ Page 176 Device/Label Memory Area Setting)
(2) The number of points of user devices can be changed. (==~ Page 177 Device Setting)

14.1 Default Capacity of Each Area

The default capacity of each area is as follows.

Item Capacity
Device (high speed) Area Capacity 12 K words
Device (standard) Area Capacity 35 K words
Label Area Capacity 12 K words
Latch Label Area Capacity 1 K words

1 4 14 DEVICE/LABEL MEMORY AREA SETTING
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14.2 The Setting Range of the Capacity of Each Area

The setting range of the capacity of each area on the device/label memory is as follows.

Item Setting range of capacity of each area
Device (high speed) Area Capacity 0to 12 K words
Device (standard) Area Capacity HFX5S CPU module

0 to 48 K words
BWFX5U/FX5UC CPU module
0to 63 K words

Label Area Capacity 0to 63 K words
Latch Label Area Capacity WFX5S CPU module
0 to 5K words

BWFX5U/FX5UC CPU module
0to 63 K™ words

*1  For supported version, refer to [~ Page 649 Added and Enhanced Functions.

Restriction of a label/latch label area capacity

EWhen device area setting using by label/latch label is standard area
Label Area Capacity + Latch Label Area Capacity + Device (standard) Area Capacity < 63 K™ Word (1 K word unit)

HEWhen device area setting using by label/latch label is high speed area
Label Area Capacity + Latch Label Area Capacity + Device (high speed) Area Capacity < 12 K Word (1 K word unit)

HEWhen FB is used

When using FB, the reserved area for adding labels other than the labels defined for FB will be used.
The following capacities are consumed per FB instance.
Label area: 48 words

Latch area: 16 words
*1  For supported version, refer to (==~ Page 649 Added and Enhanced Functions.
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14.3 Device/Label Memory Area Setting

The capacity of each data area allocated within the device/label memory can be changed.

O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "Memory/Device Setting" = "Detailed
Setting" = "Device/Label Memory Area Setting" screen

Operating procedure

"Device/Label Memory Area Setting" window

Option Battery Setting Hat Mounted

Latch area of the latch labe| Standard Latch Area

Batch Setting Options

Firmmare Version of Target GPU

Device/Label Memory Area Detailed S

Labe!

Label

High Speed Arsa
Latch

Lol

Standard Area

Batch Settine Label/lateh label memory area can be increased according 1o the usage status of deviee/label

Free Space for Label/Latch Label Memory Area to Allocate

=

= =

20% or more v

1210 or later v

Device

K Detailed Setting

K Detailed Setting

Latch Label

High Speed frea I

| IRERAES

Label

Displayed.items

Standard Area I RS Device
Standard Latch Area ‘ | 106 r1zx Ut Uetel
Latch Devics (High Spesd)
(Bt llafiely (e [ ] sk Latch Devics (Standsrd)
Usage Status Current sstting contents and the usags status of device/label memory area are
et o use the option batlery and o increase latch label volume.
(Mounted' iz available in FX5U only)
Restore the Default Settings 3 Cancel

1. In "Option Battery Setting", select whether or not
to use a option battery. (Only when the option
battery is used)

2. In "Device/Label Memory Area Setting" screen,
set the capacity of each area.

(1) Whether or not to use an option battery, and latch area setting for the latch type label can be changed.
Only FX5U/FX5UC CPU module is supported.

Items Description Setting range Default
Option Battery Setting Set when using option battery. The points which can be held can be | <« Not Mounted Not Mounted
increased by this setup. * Mounted

Latch area of the latch label

The latch device of standard area can be held with a battery. The
latch area of latch label can be changed to battery latch area from
standard latch area (nonvolatile memory).

« Standard Latch Area Standard Latch Area
« Battery Latch Area

(2) The device/label memory area capacity can be set.

Items

Label

Device

High-speed Area

Standard Area

Label:

Set label area capacity used in the global label, local label.”!
Latch:

Set the latch label area capacity used for the latch type label.”!

Set the capacity of device (standard) area. The
number of device points in the detail settings, and
the latch settings can be changed. For details, refer
to [== Page 177 Device Setting.

*1  For details on the setting range for each area capacity, refer to [=~ Page 175 The Setting Range of the Capacity of Each Area.

Point;9

High-speed area: Area which can be accessed at high speed. Latch is always held by nonvolatile memory.
Standard area: Area which can be held when option battery is used. In addition, about a latched type label,
when a latch area is set as a standard latch area, latch type label is held by nonvolatile memory.
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14.4 Device Setting

The number of points of each user device can be changed.

O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "Memory/Device Setting" = "Device/
Label Memory Area Setting" = "Device/Label Memory Area Detailed Setting" = "Device (high speed) Setting/Device
(standard) Setting" = "Detailed Setting"

Window
"Device (high speed) Setting" details window
Device
ltem Symbel Paints Ranee L?:tﬁ'h L?tzc)h
Input i 1024 0to 1777
Clutput b 1024 0 to 1777
Internal Relay I TEE0 0 to FETY Setting Mo Settine
Lirk Relay 5] 256 0to FF Mo Setting Mo Setting
Link Special Felay 5B 12 0to IFF
Anrunciator F 128 0to 127 Mo Setting Mo Setting
Step Relay 5 4096 0 to 4095 Setting
Timer T 512 0to BT Mo Setting Mo Setting
Retentive Timer aT 16 Dto 15 Setting Mo Setting
Counter [ 256 0 to 255 Setting Mo Setting
Long Counter Lz fd 0 to 63 Setting Mo Setting
Data Regizter D 2000 0 to 7999 Setting Mo Setting
Latch Relay L 7680 0to YETY
frea Capacity 12.0K Ward 11.0K ‘Ward
Total Device 11.9K Wiord 9 6K ‘Word
Total Word Device 10.2K \Wwiord 31K ‘Word
Total Bit Device 279K Bit 251K Bit
"Device (standard) Setting" details window
Device
ftem Symbal Faints Fange L?:tﬁ'h L?tQC:'h
File Regizter R 32768 0 to 32767 Mo Setting Mo Setting
Link Reeister W 012 0to 1FF Mo Setting Mo Setting
Link Special Register S 012 0to 1FF
Area Capacity 35.0K Wiord ==
Total Device 33.0K Wiord 0.0K Wiord
Total Ward Device 33 0F Wiord 0.0K Wiord
Total Bit Device 00K Bit 00K Bit
Point />

Specify each item so that the total number of points for each user device does not exceed the capacity of the
device area. (I Page 176 Device/Label Memory Area Setting)

14 DEVICE/LABEL MEMORY AREA SETTING 1
14.4 Device Setting 77



Range of use of device points

The following table lists the range of use of device points to be set in the device setting.

Device (high speed) Setting

BFX5S/FX5U/FX5UC CPU module

Type Device name Symbol Range of use Increment of setting

Bit Input X X0 to X1777 —

Bit Output Y YO0 to Y1777 —

Bit Internal relay M MO to M32767 64 points

Bit Link relay B BO to B7FFF 64 points

Bit Link special relay SB SBO to SB7FFF 64 points

Bit Annunciator FO to F32767 64 points

Bit Step relay S S0 to S4095 —

Word Timer TO to T1023 16 points

Word Retentive timer ST STO to ST1023 16 points

Word Counter C C0 to C1023 16 points

Word Long counter LC LCO to LC1023 16 points

Word Data register D DO to D7999 4 points

Bit Latch relay LO to L32767 64 points
EFX5UJ CPU module

Type Device name Symbol Range of use Increment of setting

Bit Input X X0 to X1777 —

Bit Output Y YO0 to Y1777 —

Bit Internal relay M MO to M7679 —

Bit Link relay B BO to B7FF —

Bit Link special relay SB SBO to SB7FF —

Bit Annunciator FO to F127 —

Bit Step relay S S0 to S4095 —

Word Timer TOto T511 —

Word Retentive timer ST STO to ST15 —

Word Counter C CO0 to C255 —

Word Long counter LC LCO to LC63 —

Word Data register D DO to D7999 —

Bit Latch relay LO to L7679 —

14 DEVICE/LABEL MEMORY AREA SETTING
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Device (standard) Setting
EFX5S/FX5U/FX5UC CPU module

Type Device name Symbol Range of use Increment of setting
Word File registers R RO to R32767 4 points
Word Link register W WO to W7FFF 4 points
Word Link special register SW SWO0 to SW7FFF 4 points
EFX5UJ CPU module
Type Device name Symbol Range of use Increment of setting
Word File registers R RO to R32767 —
Word Link register Wi WO to W3FF —
Word Link special register SW SWO0 to SW3FF —
Pointp

Extended file register (ER) is the device held only in the SD memory card. The device setting is not required
for an extended file register (ER), and range of use is ERO to ER32767.
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1 5 PROGRAM CAPACITY SETTING

Set to change program capacity.
Only FX5U/FX5UC CPU module is supported. For supported version of program capacity setting, refer to [~ Page 649
Added and Enhanced Functions.

O Navigation window = [Parameter] = [FX5UCPU] = [CPU Parameter] = "Program Setting" = "Program Capacity
Setting"

Window.

Item Setting -
=] Proeram Gapacity Setting
Program Capacity Setting  G4000 Steps -

Displayed.items

Item Description Setting range Default

Program Capacity Setting Set to change program capacity. * 64000 Steps 64000 Steps
» 128000 Steps

Precautions

If 128000 steps is selected, the operation is changed as follows.

+ Signal flow ! area for FB is expanded from 16K bytes to 32K bytes.

» Temporary area capacity is expanded form 700 words to 32767 words.

» Execution time for each instruction is prolonged.

Do not write a program with more than 64000 steps to the CPU module firmware version earlier than "1.100". The program
does not operate normally.

*1 Signal flow: The execution status that the last time an operation of a program or an FB is executed in each step.

15 PROGRAM CAPACITY SETTING
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1 6 INTERNAL BUFFER CAPACITY SETTING

Configure the capacity of an area (internal buffer) that the system consumes to temporarily store the result of data logging and
the collection result of memory dump. When using the data logging function, adjusting the internal buffer capacity allows an
increase in the number of collected data and reduces the risk of processing overflow.

O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "Memory/Device Setting" = "Internal

Buffer Capacity Setting"
Window
Item Setting
= Internal Buffer Gapacity Settneg
= Total Capacity 320 K Bwte
Function to Use Intetnal Buffer Data Loeging Function
= Data Loeging Function
= Total Capacity 320 K Buwte
Setting Mol a0 K Bwte
Setting Mo2 a0 K Byte
Setting Mod a0 K Bwte
Setting Hod a0 K Byte
Memory Dump Function 0 K Bwte

Displayed.items

Item Description Setting range Default
Total Capacity Shows the total of the internal buffer capacity set in the data BFX5S/FX5UJ CPU module 320K bytes
logging function or the memory dump function. * 320K bytes (fixed)

EFX5U/FX5UC CPU module
* 0 to 320K bytes

Function to Use Internal Buffer | Set the function to use the internal buffer. + Data Logging Function Data Logging
* Memory Dump Function Function
Data Logging | Total Capacity | Shows the total of the internal buffer capacity used for the data | — 320K bytes
Function logging function.
Setting No.1 The internal buffer capacity used for each Setting No. of Data WFX5S/FX5UJ CPU module 80K bytes
to4 Logging Function. * Each setting range: 80K bytes
(fixed)
« Total setting range: 320K bytes
(fixed)
BMFX5U/FX5UC CPU module
» Each setting range: 32 to 320K
bytes (in increments of 1K bytes)*1
« Total setting range: 32 to 320K bytes

Memory Dump Function Set the internal buffer capacity used for the memory dump 192K bytes (fixed)*2 192K bytes
function.

*1 0K byte (fixed) when using memory dump function.
*2 0K byte (fixed) when using data logging function.

Point ;>

The internal buffer is also consumed by the real-time monitor function. The internal buffer capacity consumed
by the real-time monitor function is 64K byte (fixed).

For supported version of FX5U/FX5UC CPU module internal buffer capacity setting, refer to [==~ Page 649
Added and Enhanced Functions.
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1 7 INITIAL DEVICE VALUE SETTING

Directly sets the initial value of a device used by the program (i.e., not via the program).
CPU module

SM402

p——{ MOV H100 DO
————{ MOV H2020 DO

_—

Device initial value setting Device memory

CPU module

(1) If initial device values are used, a program to set data to the devices becomes unnecessary.

17.1 Setting Initial Device Values

This section describes the settings required to use initial device values.

Setting initial device values

This section describes the settings of initial device values.

Setting procedure

The procedure for using initial device values is as follows.

1. First, the user must create an initial device value file. To set initial values to a global device, create an initial device value
file (with any name) which sets these initial values, and specify the range of the values.

2. On the device memory, set up initial device value data within the range specified in the initial device value file.

[T1GX Works3 Operating Manual

3. Inthe "Device Memory Register Diversion", select the device memory which was set up in Step 2. Setting "Device
Memory Register Diversion" enables data set up on the device memory to be used as initial device values for the device
which is specified in the initial device value file.

[T1GX Works3 Operating Manual

4. Configure CPU parameters. (==~ Page 185 Initial value setting)

5. Wirite the set initial device value file and the CPU parameters to the CPU module.
[1GX Works3 Operating Manual

6. The data in the specified initial device value file is automatically set to the specified device when the CPU module is
powered off and on, reset, or the status changes from STOP to RUN.
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Initial value setting

Configure the initial value setting.

O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "File Setting" = "Initial Value Setting"

Window.

Item
(= fovitiafl Vake Setting

Setting

Setting of Device Initial Yalue Use Or Mot .an Lsze

17

Target Memary Diata Memary
Global Device hitial Yalue File Name
Displayed.items
Item Description Setting range Default
Setting of Device Initial Sets whether or not to use initial device values. * Not Use Not Use
Value Use Or Not * Use
« Memory card Data Memory

Target Memory

Sets the storage memory for the initial device value file.

» Data Memory

Global Device Initial
Value File Name

Sets the name of the initial global device value file.”!

60 characters or less

*1 If nothing is specified, initial global device values are not applied.

Number of initial device value settings and maximum range of one range

Up to 1000 ranges can be set in one initial device value file. Up to 8000 data points can be set in one range.

17.2 Applicable Devices

For details on devices to which initial device/label values can be set, refer to the following.
[T1GX Works3 Operating Manual
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1 8 LATCH FUNCTION

The contents of each device/label of the CPU module is cleared in the cases described below and changed to its default
value.

» At power OFF—ON of the CPU module

* Atreset

» A power failure that exceeded allowable momentary power interruption

The contents of each device/label with latch setting will be maintained in case of power failure even in the above-mentioned
cases. Therefore, when the data is managed by continuous control, even if power of the CPU is turned OFF or there is a
power failure that exceeds the allowable momentary power interruption, all data can be maintained and control can be
continued.

18.1 Types of Latch

There are two types of latches, latch (1) and latch (2).
Latch clear range can be set by selecting latch (1) or latch (2).
For latch clearing, refer to [~ Page 189 Clearing of Data of the Latch Range.

18.2 Devicellabel that can be Latched

The devices and labels that can be latched are described below.

The devices that can be latched

The devices that can be latched are described below.

HBFX5S CPU module

Device Specification Method Applicable latch type

Internal relay (M) Specify the latch range Latch (1) or Latch (2)

Latch relay (L) Specify the number of points Latch (1) or Latch (2)

Link relay (B)

Annunciator (F) Specify the latch range Latch (1) or Latch (2)

( (
( (
Specify the latch range Latch (1) or Latch (2)
( (
Step relay (S) (

Specify the latch range Latch (1) only

Timer (T)/Accumulation timer (ST)

Specify the latch range

Latch (1) or Latch (2)

Accumulation timer (ST)

Specify the latch range

Latch (1) or Latch (2)

Counter (C)/Long counter (LC)

Specify the latch range

Latch (1) or Latch (2)

Data register (D)

Specify the latch range

(
(
(
(

Latch (1) or Latch (2)

Extended file register (ER)

The latch setting is not required because extended file register (ER) is
the device held only in the SD memory card. (All latch points fixed)

HFX5UJ CPU module

Device

Specification Method

Applicable latch type

Internal relay (M)

The latch range is fixed

. The latch range cannot be changed.

Latch (1) only

Latch relay (L)

The latch range is fixed.

The latch range cannot be changed.

Annunciator (F)

The latch range is fixed.

The latch range cannot be changed.

(
Latch (1) only
Latch (1) only

Step relay (S)

The latch range is fixed

. The latch range cannot be changed.

Latch (1) only

Accumulation timer (ST)

The latch range is fixed

. The latch range cannot be changed.

Latch (1) only

Counter (C)/Long counter (LC)

The latch range is fixed.

The latch range cannot be changed.

Latch (1) only

Data register (D)

The latch range is fixed.

The latch range cannot be changed.

Latch (1) only

Extended file register (ER) The latch setting is not required because extended file register (ER)is | —

the device held only in the SD memory card. (All latch points fixed)
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BFX5U/FX5UC CPU module

Device

Specification Method

Applicable latch type

Internal relay (M)

Specify the latch range

Latch (1) or Latch (2)

Latch relay (L)

Specify the number of points

Latch (1) or Latch (2)

Link relay (B)

Specify the latch range

Latch (1) or Latch (2)

Annunciator (F)

Specify the latch range

Latch (1) or Latch (2)

Step relay (S)

Specify the latch range

Latch (1) only

Timer (T)/Accumulation timer (ST)

Specify the latch range

Latch (1) or Latch (2)

Counter (C)/Long counter (LC)

Specify the latch range

Latch (1) or Latch (2)

Data register (D)

Specify the latch range

Latch (1) or Latch (2)

Link register (W)*1

Specify the latch range

Latch (1) or Latch (2)

File register (R)*1

Specify the latch range

Latch (1) or Latch (2)

Extended file register (ER)

The latch setting is not required because extended file register (ER) is
the device held only in the SD memory card. (All latch points fixed)

*1 Link register (W) and file register (R) can be latched only when an optional battery is used.

Labels that can be latched

The labels that can be latched are described below.

Label Type Attribute Data type
Global label VAR_GLOBAL RETAIN Basic data type, array, structure
Local label of the program block VAR
Local label of the Function Block VAR
VAR_OUTPUT
VAR_PUBLIC
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18.3 Latch Settings

Latch settings

This subsection describes the latch setting.
This format is supported by the FX5S and FX5U/FX5UC CPU modules.

Setting latch on devices

A range of multiple latches can be set for 1 type of device. Two latch ranges, latch (1) and latch (2), can be set. However,
make sure that the range of latch (1) and latch (2) is not overlapping.

HLatch range setting

Set the device to latch, its range, and the latch type.

Operating procedure

"Device Setting" window 1. Click "Detailed Setting" on the
= "Device Setting" window.

Item Syibol Points == e L?:t{:}h L?:tgc}h 2. In the "Device Setting" window,
Tnput v i 1084 0t 1777 select the type of latch for the
Cutput Y 1074 0 ta 1777 target device. The "Latch
Internal Relay M TEAD 0 to 7679 Setting Mo Setting Range Setting" window is
Link. Relay B 286 Dto FF Mo Setting Mo Setting displayed.

Special Link Rela 5B 266 Dto FF "¢ Navigation window =
Annunciataor F 128 Dto 127 Mo Setting Mo Setting [Parameter] = [Module model
Step Relay B 4096 0 to 4095 Setting name] = [CPU Parameter] =
Timer . . T 12 Oto B11 Fio S.etting 0] Sett?ng "Memory/Device Setting" =
Fetentive Timer ST 16 0ta 15 Settfng Mo Settfng "Device/Label Memory Area
Coounter C 286 0 to 2b& Setting Mo Setting . ) ,
- - Detailed Setting" = "Device
Lone Courter LG 4 0to 63 Setting Mo Setting Setting” & "Detailed Setting’
Data Regizter ] aoon - 0 to 7999 Setting Mo Setting
Latch Relay L TEE0 0 to PETY
Total Device 111K Wivord 9 fik Wiord
Total Word Device 102K Word 81K Wiord
Tatal Bit Device 157K Bit 251K Bit
"Latch Range Setting" window 3. Check the tab for the latch type,
. - select the device to set and set
Lateh (1) | Latch (2) | the latch range (Start, End).
M. Device Paints (Decimal) Start End -
1} 7180 a0 7679
2 3596 00 4095
3 16 ] 15 =
| 100 100 199
] 44 0 63
] D 300 200 7999
7
]
]
10
11
12
13 i
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Setting latch on labels

This subsection describes latch setting on labels.

Operating procedure

Label edit window 1. Inthe label edit window, specify
"RETAIN" for label attribute.
ProgPou [PRG] [Local Label Setting] =
[<Filter> | [ Essy Display | [ Digplay Setting | | Check |
Label Mame Data Type Clazs Initial “alue -
1 |Label [#ierd [Unsigned] /Bt Strine [16-bit] |- |vARRETAMN - |
2 [ = x Il -~
« [ L3
Extended Displsy: Automatic
"Device/Label Memory Area Detailed Setting" window 2, There are two types of latch for
- labels: latch (1) and latch (2).
Item Setting -

O DevicesLabel Memary Arca Dotaiicd Scttng | Select one. The selected latch
Device thigh speed) Setting <Detailed Setting> type is applied to all labels of with
Device (Standard) Setting <Detailed Setting> = .

Latch type setting of the latch relay (L) Latch (1) latch attribute.
Latch Label Latch Type Latch {1} \@ Navigation window =
Latch area of the latch label Standard Latch Area -

[Parameter] = [Module model
name] = [CPU Parameter] =
"Memory/Device Setting" =
"Device/Label Memory Area
Detailed Setting" = "Latch Label
Latch Type"

18.4 Clearing of Data of the Latch Range

The data of the latch range can be cleared by the following ways.

Method of latch clearing
By using engineering tools. (LI1GX Works3 Operating Manual)

O [Online] = [CPU memory operation]
The range cleared can be selected by performing CPU memory operation.

+ Clear the devices outside the latch range.
« Clear the devices outside the latch range and the devices within the range of latch (1).
« Clear the devices outside the latch range, the devices within the range of latch (1) and the devices within the range of latch

(2).

Method of clearing by program

HClearing by program

Execute an RST command to a latched device or clear by sending KO in MOV/FMOV instructions.

HClearing by special relay (SM8031 or SM8032)
» SM8031: Clear the devices outside the latch range.

+ SM8032: Clear the range of latch (1) and the range of latch (2).
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18.5 Precautions

The precaution to be taken when using a latch function is described below.

* When latch range and device no. of points are changed in the parameter, the latching for devices other than link register
(W) and latch label will be the same as the latch settings before the change. Also, if the latch range setting parameter at the
time of previous operation is different from that at the time of the current operation after the CPU module is powered OFF
and ON or reset, the latch data is recovered only in the overlapping part of the latch ranges.

» When latch range and the number of devices are changed in the parameter, all latch labels are cleared to "0".

* When the CPU parameter, program file, FB file, and global label setting file are changed, all latch labels are cleared to "0".
However, when SM9353 (clear/keep of latch labels during PC write) is ON, even if the program file, FB file, and global label
setting file are changed, latch labels are not cleared.””

» Special relays and special registers are not cleared even by performing CPU memory operation or special relay clearing.
» Extended file register (ER) cannot be cleared by special relays (SM8031, SM8032). Use ERINIT instruction, and data batch
initialization (clearing values/memory initialization) function of GX Works3 when you clear an extended file register (ER).

(==~ Page 438 Extended file register (ER) function)

*1  To keep the data of latch label, turn on SM9353 before changing the files. Note that SM9353 can back up the setting in the event of a
power interruption, and the setting can be backed up once SM9353 is turned on.
For supported version of SM9353 (clear/keep of latch labels during PC write), refer to ==~ Page 649 Added and Enhanced Functions.
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1 9 MEMORY CARD FUNCTION

The following explains the functions that use SD memory card.
If an SD memory card is used on the FX5S CPU module, the SD memory card module is required.

19.1 SD Memory Card Forced Stop

SD memory card can be disabled without turning power ON—OFF, even when a function that uses SD memory card is being

executed, such as when the data logging function is running.

Methods of SD memory card forced stop

The methods of SD memory card forced stop are as described below.

EOperation by SD memory card disable switch
1. Press the SD memory card access control switch for 1 second or Ionger.*1
2. The CARD LED will flash on — turn off.” 1"

3. Remove the SD card.

*1  For the SD memory card module, slide and hold the SD memory card access control switch to OFF (upward) for 1 second or longer.
*2 Ifthere is a function accessing the SD memory card, the CARD LED will flash off after the access of that function is complete. Therefore,
the time from flash on to flash off will be different depending on the function.

HOperation by special relay
1. Turn ON SM606 (SD memory card forcibly disable command).

SM606 (SD memory card  ON
forcibly disable command) OFF

SM607 (SD memory card  ON Y
forcibly disable status flag) OFF

2. Check if CARD LED has turned off or SM607 (SD memory card forcibly disable status flag) has turned ON.
3. Remove the SD card.
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Operation of function accessing SD memory card

The following table shows the operation when the main function is executed while SD memory card is being accessed and

when SD memory card is accessed after SD memory card is disabled.

Function under execution

When main function is executed while
SD memory card is being accessed

When SD memory card is accessed
after SD memory card is disabled

Boot operation

« Access to the label/device comment in the SD memory
card
« Device/label initialization operation at STOP—RUN

After completing execution function, SD
memory card turns to disabled status.

-
CPU module error occurs.”

Access to the SD memory card by engineering tool/
SLMP/file transfer function (FTP server, FTP client)

Error handling occurs.

Error handling occurs.

Data logging function

This function works by disabling data writes to
the SD memory card while allowing data
collection to continue.

(==~ Page 247 SD memory card replacement)

Memory dump function

Error handling occurs.

Event history function
(Save destination: SD memory card)

Logging of the
event history

After the event history in the internal memory is
stored in the SD memory card, the SD memory
card turns to disabled status.

*2

Viewing/clearing
the event history

Error handling occurs.

Error handling occurs.

Data backup/restoration function

At completion of the backup/restoration
processing of a file, the SD memory card is
disabled, the backup/restoration function is
completed with an error, and then the cause of
error is stored in a special register.

The cause of error is stored in a special register.

Extended file register (ER) function

Extended file register (ER) function is
completed with an error, and SD memory card
turns to disabled status.

Also, a operation error 3586H occurs.

A operation error 3586H occurs.

File operation instruction

The function is completed with an error, and the
SD memory card turns to disabled status.
8000H is stored in the completion status of the
file operation instruction.

8000H is stored in the completion status of the
file operation instruction.

*1 Operation is same as when the SD memory card is not attached.
*2  While being removed, the SD memory card is not accessed. (==~ Page 267 When files are created)

Releasing the SD memory card forced stop status

After the SD memory card has turned to disable status, release the SD memory card forced stop status by the operation

shown below.

1. Load SD card again.* 1

2. When a forced stop operation is carried out by SM606, stop SM606.

*1  The CARD LED will blink—light up.

Precautions

The precaution regarding SD memory card forced stop is described below.

* When a forced stop operation is carried out by SD memory card disable switch and forced stop operation by SM606,

operation carried out earlier becomes valid, and the operation that is carried out later becomes invalid. For example, after
the forced stop by SD memory card disable switch, when SM606 is turned ON—OFF without removing the SD memory
card, the disable status of the SD memory card can be released. After the forced stop by SD memory card disable switch,
when SD memory card is removed and then SM606 is turned ON, SM606 operation is ignored.

19 MEMORY CARD FUNCTION
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19.2 Boot Operation

At the time of power OFF—ON or reset of the CPU module, a file which is stored on the SD memory card is transferred to the
memory of the transfer destination which the CPU module judged automatically.

Boot operation procedure

The selectable files for boot operation are listed below.

1. Carry out the boot file settings.
2. Load SD memory card.
3. Write the boot file settings and boot file to the SD memory card.” !

4. Turn OFF—ON the power or reset the CPU module.

*1  There are two types of writing method to the SD memory card: Online Data Operation (via the CPU module) and Memory Card
Operation (direct from the personal computer). For details, refer to the following.
[T1GX Works3 Operating Manual

Specifiable file types

The procedure of boot operation is explained below.
« Parameter files (system parameters, CPU parameters, module parameters, module extension parameters)

* Remote password

* Global labels (global label setting files)

* Program files (programs, restored information)
» FB files (FB, restored information)

» Device comments

« Initial device values

Configuring the boot setting

Carry out the settings required for the boot operation.

O Navigation window = [Parameter] => [Module model name] = [Memory Card Parameter] = [Boot Setting]

Operating procedure

"Boot Setting" window 1. Click "Detailed Setting" on the "Boot File Setting"
Ttem Setting WindOW.
=) Boot Sotim
Clear the CGPU built-in memaory before boot Do Mat Clear
Eoot File Setting < Detailed Setting>
"Boot File Setting" window 2. Click the "Type" column. The maximum number of
N: Type - B (i S boot files that can be specified is the same as the
§ ' : number of files that can be stored in the storage
memory.
"Add Type" window 3. Select type for the boot file. (Multiple selection
= possible)

[T Module Parameter
=+ Madule Extended Parameter for Protocol Setting
~CIFHEUCPUEthernet
[TIFHBUGPESerial
[F]Remote Password
|| Gilohal Lahe!
=[] Program File

~[CIMAIN
[Cl<Marual Input>
=-[CIFBAFLN File
-[C<Marual Tnput>
=[] Device Comment
[CIGOMMENT
&[] Device hnitial Valus
-[C1<Marual Tnput>
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"Boot File Setting" window

Displayed.items

Mo Twpe Data Mame
1 Swvgtem Parameter SYSTEM

2 GPU Parameter GFRU

4 Module Parameter UNIT

4 Module Extended Parameter for Protocol Settine(FGUCPLEEthernet)  LIEX3FFOD
5  Madule Extended Parameter for Protocol Settingl FHSUCPLESerial) UEX3FFO1
i Remote Password nnnoonnt
7 Global Label GLELINF

& Program Filz MAIN

9 Program File

10 FB/FUN File

11 Device Comment COMMENT
12 Device hnitial Value

4. Setthe data name (file name).

Item

Description

Setting range

Default

Clear the CPU built-in
memory before boot

Sets whether or not to clear the CPU built-in memory upon file transfer
from the SD memory card.

* Do Not Clear
* Clear

Do Not Clear

Boot File Setting

Sets the files used for boot operation from the SD memory card. —

Maximum number of boot files that can be specified

It is the same as the number of files that can be stored in transfer destination memory.

Operation when security functions are enabled

This section describes the operation when security functions are enabled.

EWhen a security key is set
When a security key is set to the boot target program file and the security of the program file does not match with that of the
CPU module, a boot error occurs. Also, when no security key is written to the CPU module, a boot error occurs as well.

Security key of boot target Security key of CPU module Security key match/mismatch | Boot program execution
program file
Set Written Match Execute

Written Mismatch Not execute (boot error)

Not written — Not execute (boot error)

HEWhen a file password is set
If a file password is set on both the source boot file and destination file, the file can be transferred only when the passwords
match. Furthermore, the file transfer does not work if a file password is set only on either one.

Transferring boot file Transferred boot file Password Transfer
File File password setting File File password setting match/
mismatch
Existing Set Existing Set Match Yes
Mismatch No
Not set — No
Not set — Yes
Not set Existing Set No
Not set Yes
Not set — Yes
Precautions

The precautions on the boot operation are explained below.

» The parameter file existing on the module of the transfer destination is overwritten, when a parameter file is set to the boot
file. Further, if a parameter file is stored in the SD memory card, but not set to the boot file, the operation will follow the

parameter file on the module.

* Note that the model of the program written on the SD memory card (program specified in the boot file settings) and the
model of the CPU module must be the same.
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20 DEVICE/LABEL ACCESS SERVICE
PROCESSING SETTING

This is a function to optionally designate the frequency of execution of the service process that is carried out by the END

process in the parameter.

Improvement of communication response with peripheral equipment and extension of scan time by the service process can
be controlled by service process setting function. With this, building an optimal service process environment on the system is
possible.

About device/label access service processing

Device/label access service processing is a response process for the request statement from peripheral equipment that

occurs asynchronously with the scan process. (A process of "Interpretation of Request statement—Internal processing based
on the request—Creating response statement" for 1 request statement)
The execution timing of the service process is during the END process.

Point/®

When every request statement from all connected peripheral equipment is executed in each END process,
depending on the number of request statements arriving during 1 scan, the impact on scan time (delay,
scattering) may be big. Therefore, by setting the frequency (number of ports) of device/label access service
processing to be executed in 1 END processing and regulating the frequency of device/label access service
processing according to the system built, ensuring balance between scan time and response time to the
peripheral equipment can be achieved.

Compatibility of service process setting

The compatibility of service process setting is described below.

Communication type Function Compatibility
FX5S CPU module | FX5UJ CPU module | FX5U/FX5UC CPU module
Serial communication MELSOFT connection O O O
MC protocol communication O O O
MODBUS communication (slave) O O O
N:N Network - - —

MODBUS communication (master) — — —

Non-protocol communication — — —

Inverter communication — — _

Predefined protocol support — — —

Parallel link — — —
Ethernet communication MELSOFT connection O O O
SLMP communication O O O
Simple CPU communication (server) | O O O
Socket communication — — —
Predefined protocol support — — —
Simple CPU communication (client) — — -
USB communication MELSOFT connection O O —

O: Compatible
—: Not compatible
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Operation details of service process

The operation details of service process are described below.
The following table shows the methods for service process with their respective features.

Device/label access service Scan performance Service process Device | Features
processing setting performance splitting
*5

Extension | Stability | Response | Stability

it z time” i
None Large Medium Fast High None Effective when service process is given

precedence.

Set the frequency of service process | Medium High Medium Medium None Effective when scan process is given precedence.

*1 Shows the maximum a scan time is extended by the service process.

*2 Shows the extent of fluctuation of scan time or the degree of scattering by the service process.

*3 Shows the time between receiving a service process request from the peripheral equipment to returning a response.

*4  Shows the extent of fluctuation of time until returning the response or the degree of scattering due to the contents of service process
request from the peripheral equipment.

*5 Shows if device splitting will occur.

HDevice/label access service processing setting "No Setting"
Since all service processes can be executed normally for every scan time, steady communication is possible even on a

system that uses multiple peripheral equipment.

Point ;>

Wait for request process will not be executed when there is no request data.

EDevice/label access service processing setting "Set Processing Counts"
Because a frequency of service process executed in 1 scan time can be set, the scan time is stabilized even on a system that

uses multiple peripheral equipment.

Operation during STOP/PAUSE

Regardless of the service process settings during STOP/PAUSE, execute all requests in scan 1.

However, a request from the identical port will be processed only 1 time in 1 scan.

For example, after serial communication CH1 process, even if serial communication CH1 receives a new command request
again when Ethernet connection 1 is in process, the 2nd request is not executed in this scan and will be carried over to the
next scan.

Setting method

The device/label access service processing can be configured as follows.

O Navigation window = [Parameter] => [Module model name] = [CPU Parameter] = "Service Processing Setting" =
"Device/Label Access Service Processing Setting"

Window.
Item Setting
-| PevicesLabelfA 55 Sorvroe Fr Frg Setifg i
- Specifying Method Mo Setting
Counts 1 Times

Displayed.items

Item Description Setting range Default
Specifying Method Set the method of device/label access service processing. * Set Processing Counts No Setting
* No Setting
Counts Set the number of executions of device/label access service 1to 10 [Time] (1 time Unit) —
processing.
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Precautions

If "Set Processing Counts" is selected and many service process frequencies are set, when multiple requests are received at

the same time, scan time may be prolonged to a large extent, so please exercise caution.
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21 DATA LOGGING FUNCTION

The data logging function is a function that collects device, character string, and other data at specified intervals or timing, and
stores such data as a data file.

From the CPU Module Logging Configuration Tool (free of charge), such items as target data, collection interval, and start
condition can be set easily.

A data logging file is saved into an SD memory card as a CSV file or binary file.

A data logging file can be opened on a personal computer and used for such purposes as creating reports and analyzing data.

CPU module s — CSV file
ILOGGING] Fxscru2 3 |4 [s B
Locot
DATETIVENYYYIMMIDD hmmsssss] | INTERVAL | INDEX | SHORTIDEC.01] BIT10]_ |8l | TRIGGERT]
t TIME(UTC+09:00) INTERVAL[ps] | INDEX | D1 Mo M1 Trigger
2020104101 1200:00,000 100 [ P T T
2020/04/01 1201:00,000 100 2 | 3 o
2020104101 1202:00.000 700 5 o o
2020104101 12:03:00,000 100 < o 3 o
Open Wlth the 2020/04/01 12:04:00,000 100 5 0 0 0
| " 2020104101 12:05:00.000 700 s |o 3 o
Data persona Compu er. 2020/04/01 12:06:00,000 100
Iogging file 2020/04/01 12:07:00,000 100
—
) . \_// N —
Word device
i ) SD memory card
Bit device Waveform graph
Save EE—
2= o e o
[Fer—
s
2016/10/10 10:15:18 I e
2016/10/10 10:15:19 T
2016/10/10 10:15:20 e
2016/10/10 10:15:21 -
— | 2016/10/10 10:15:22 2 [ —
Data collection interval T

%/—J ] s

Target data

When using the data logging function, check the firmware version of the CPU module.
[~ Page 649 Added and Enhanced Functions
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Pointp
By using the CPU Module Logging Configuration Tool (free of charge), the data logging function can be set

easily (not via the program).
The setting process is completed simply by entering data for the setting items according to the wizard window.

Simple
setting using

the wizard

0. 01
Sampling > | Data> | Output>

First off, select a logging type.

First off, select a logging type. Logging type
Select a logging type.
Logging type L0 -
A ® Continuous logging ampling > | JERERY | Outout> | Save> | Movement> | Fnish
® Continuous logging Logaing is carried out continuousty Set the data for logging.
Logaing is carried out continuously at the specified data sampling intervals . B
at the speciied data samping intervaks. - P L - . o i T e points for double-word type)
Interval at which or conditions under which to carry out hadog can Interval at which or conditions under which to carry out logaing can 2 e B e o T G AR R )
also be specified. X Devee T = D
(o] Trigger logging e spe['ﬁed - izl = | s = Osmafemt =
T O Trigger logging Ze o gt S w0
data before and after a condition held true & logged. B, 05 w0 5} ot 5 e O
data before and after a condition held true is logged. ol 5 o
005 [V o
007 [v] [
008 =] |
009 - o
0w =] o
o1 = o
o2 v o
o3 = o
o l =
015 =) B
0 =) W]
o7 [V o
18 vl o
o018 =i |
o2 v 5|
o021 =) o
02 =] |
o023 | o
[Foas | 2 H,

<Back I Next> ”Qomplete

| No.of datalogging settings: 1 .- h

Cancel ‘ <Back | Next> I@mplele‘ Cancel ‘
I

No. of data logging settings 1 _;

For the procedure for using the data logging function, refer to the following page.
(==~ Page 203 Procedure for Using
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21.1 Application Example

Two types of data logging functions are available: Continuous logging and trigger logging. Application examples are shown
below.

Continuous logging

Data can be collected at specified intervals and recorded. This enables facility and product data to be managed with time
stamps for use to achieve traceability.

In addition, collected data logging files can be saved in CSV file format. A CSV file can be opened as a table and expected to
be used for reports created by customers.

Manufacturing condition Measured temperature

Collecting data

Collects production data of the day by product
and saves them in the data file.

Data logging file
MELSEC iQ-F 99ing

¥

‘% ‘ Check data with the
personal computer.

Using data

\

Use data to create various reports.

. Shipment

2 21 DATALOGGING FUNCTION
00 21.1 Application Example



Trigger logging

Data can be collected at a specified timing and a specified amount of data (a quantity of records) before and after the trigger

condition is satisfied can be recorded.

For example, by specifying the device for facility error occurrence, only facility data before and after error occurrence can be

saved as a data logging file. This enables data analysis when an error occurs to be performed efficiently.

of a specified trigger, and saves the data in the data file.

Fault -f—lTrigger NG signal from

el inspection

H machine Trigger condition value
b : M Temperature sensor
v ‘ M\~ Pressure sensor

Inspection

ﬁl : .
Collects data before and MELSEC iQ-F

Data logging file

Qﬁer occurrence of a trouble!

Using data
Identify the cause of the trouble

using a waveform graph.

1 and troubleshooting.

= Streamline procedures for start-up

Visualization

21 DATA LOGGING FUNCTION
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Collecting data ~N
Collects facility data in the neighborhood of a trouble by turning on
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21.2 Specifications List

Describes the specifications of the data logging function.

Item Specifications Reference

Number of data logging settings*1 4 —

Data storage location « Data memory (only data logging configuration file) —
« SD memory card

Logging type « Continuous logging Page 219 Logging type
« Trigger logging

Data collection | Collection interval + Each scanning cycle Page 222 Data collection
« Time specification conditions
« Condition specification (device specification)

Target data | Number of points for collection Maximum of 512 (128 per setting) Page 225 Number of data
points
Data type * Bit Page 225 Data type

» Word (signed)

* Double word (signed)

» Word (unsigned)

* Double word (unsigned)

« Single-precision real number

* String
* Numeric string
* Time
Data Trigger Trigger condition « Condition specification (device change specification) Page 226 Trigger
processing logging * When trigger instruction executed condition
Trigger logging range Number of records specified before and after the trigger Page 221 Number of
establishment records

Number of trigger establishments | one
(number of events that can be
handled as trigger)

Number of records Maximum of 100000 —
Processing time "2 Top speed of 10ms (for 8 points x 1 setting) Page 241 Precautions
File output File name Add date + file number Page 643 Save
File storage format * CSV file Page 227 Data logging file
* Binary file
Data output | CSV file « Decimal format Page 227 CSV file format
format » Hexadecimal format

« Decimal fraction format
» Exponential format

Binary file * Word (signed) Page 231 Binary file
» Double word (signed) format

» Word (unsigned)

* Double word (unsigned)

* Single-precision real number

Output file Storage file | File switching timing « Number of records Page 236 File switching
handling switching * File size condition
« Condition specification
Maximum number of storage files | 1 to 65535 Page 238 Storage file
Setting Behavior at the Time of Transition to RUN This function sets data logging operations when entering Page 240 Setting the

into RUN mode after the data logging setting is registered. | operation at the time of
transition to RUN

*1  Number of settings where an item such as a data logging start condition or trigger can be registered at the same time. Devices for a

maximum of 128 points can be registered per setting.
*2 Processing time for which collection can be performed without losing data. Possible processing time differs depending on the number of

points for collection (number of points x number of data logging settings).

202 21 DATALOGGING FUNCTION
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21.3 Procedure for Using

Devices and software to be used

The devices and software to be used for the data logging function are shown below.

GX Works3
CPU Module Logging Configuration Tool

GX Logviewer

@ SD memory card

© Ethernet cable

@ CPU module O Personal computer

No. Name Description

(1] CPU module™ FX5 CPU module

(2] SD memory card NZ1MEM-nGBSD (n means the number of bytes.)

(3] Ethernet cable Standard Ethernet cable

4] Personal computer Personal computer in which the following software ™ is installed
* GX Works3
* CPU Module Logging Configuration Tool
* GX LogViewer

*1  Use the CPU module with the latest firmware version. (==~ Page 53 FIRMWARE UPDATE FUNCTION)
*2 Use the latest version of software.

Usage flow

The following shows the flow of using the data logging function. The detailed procedure is explained based on setting

examples.

1. Set parameters using GX Works3. (=5~ Page 206 Setting parameters)

2. Setdata logging using the CPU Module Logging Configuration Tool. (<5~ Page 207 Setting data logging)
3. Write the data logging settings to the CPU module. (==~ Page 211 Writing the data logging setting)

4. Startdata logging execution. (=5~ Page 212 Executing data logging)

5. Stop data logging execution. (=5~ Page 213 Stopping data logging)

6. Save adata logging file in any location on the personal computer. (=5~ Page 214 Saving data logging files)

7. Check the data logging file. For checking, the following three methods are available.
[Z=" Page 215 Setting example 1: Checking logging data with a CSV file™

[=5~ Page 215 Example 2: Checking logging data on the program editor 2

[=5~ Page 216 Example 2: Checking logging data in a waveform graph

*1  Only when the data logging file storage format is set to a CSV file
*2 Only when the data logging file storage format is set to a binary file
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Setting example

The procedures for using continuous logging and trigger logging are described with Setting example 1 and Setting example 2.

Setting example 1: Continuous logging

The following shows a setting example of collecting device values of DO, D1, and MO for 10 seconds at 10ms intervals after

data logging execution is started by operating the tool.

CPU module SD memory card

it it | i i | i
: : : : : : — 0 Ethernet cable
ot L e
1 1 1 1 1 1 1 0
E E E E i i i ON csv
M } i 0 : ' OFF
'] '] '] '] '] '] '] »
L] L] L] L] L] L] L] L
! 10ms ! 10ms ! 10ms ! 10ms ! 10ms ! 10ms !
Y S S N P £ ]
Logging [ Logging ][ Logging ][ Logging ][ Logging [ Logging ][ Logging =
GX Works3 |
CPU Module Logging Configuration Tool l/
Personal computer
Setting item Description
Logging type Continuous logging
File storage format CSV file
Number of records 1000 records
Collection interval Time specification: 10 milliseconds
Logging target data DO, D1, MO

EChecking the data logging file
Check the saved data logging file (CSV file) by opening it on your personal computer.

[LOGGING] FX5CPU_2 | 3 | 4 | 5 | 2

Logging test

DATETIME[YYYY/MM/DD hh:mm:ss.sss] INTERVAL INDEX | SHORT[DEC.0] | SHORTIDEC.0] | BIT[1;0]

TIME INTERVAL[us] [INDEX | DO D1 Mo
2022/4/1 0:31 10000 | 4001 16111 32222 1
2022/4/1 0:31 10000 | 4002 16158 32316 1
2022/4/1 0:31 10000 | 4003 16204 32408 1
2022/4/1 0:31 10000 | 4004 16250 32500 1
2022/4/1 0:31 10000 | 4005 16296 32592 1
2022/4/1 0:31 10000 | 4006 16343 32686 1
2022/4/1 0:31 10000 | 4007 16389 32758 0
2022/4/1 0:31 10000 | 4008 16435 -32666 0
2022/4/1 0:31 10000 | 4009 16481 32574 0
2022/4/1 0:31 10000 | 4010 16528 -32480 0
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Setting example 2: Trigger logging

The following shows a setting example of collecting device values of DO, D1, and MO for two seconds immediately before and

five seconds immediately after the trigger occurrence (MO is "T") at 10ms intervals after data logging execution is started by

operating the tool.

Trigger logging
start

CPU module

SD memory card

Number of‘ records
before trigger

Numb‘er of records
after trigger

Trigger logging
completion

Logging target
data

MO

(Trigger condition)

Trigger condition occurs.

Ethernet cable

TIME DO D1 MO
2022/4/1 0:31 4879 9758 0
2022/4/1 0:31 4925 9850 0
2022/4/1 0:31 4972 9944 0
2022/4/1 0:31 5018 10036 1
2022/4/1 0:31 5064 10128 1
2022/4/1 0:31 5111 10222 1

BIN

CPU Module Logging Configuration Tool

S GX Works3
GX LogViewer
(S ——
P — e —

Personal computer

Setting item

Description

Logging type Trigger logging
File storage format Binary file
Trigger MO is "

Number of records

« Before trigger: 200 records
« After trigger 500 records

Collection interval

Time specification: 10 milliseconds

Logging target data

Do, D1, MO

EChecking the data logging file
Check the saved data logging file (bin file) by displaying data on the program editor using the offline monitor.

Log Marker~ | '€+ | OF 2=

2022/4/1 09:01:26.640

€ <> »P

Index( o/

7001 Fle Saving Trigger: -

I

Check the saved data logging file (bin file) by displaying data in a waveform graph using GX LogViewer.

Data e Vaue

o0
10000

27187,

N

19359,

11831,

4125
32720 [T

=1

b
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Programs example

The following shows a program example of executing data logging in Setting example 1 and Setting example 2.

Write - 1+ [ 2 | 3 | 4 | s ] & | 7z ] 8 | 8 ]| w | n | n

S
1 (0 { | i i K1 Do |
2 = K2 I
. M0
3 )= D0 5000 i Di 5000 | O
4 —| 22) {END 1—

Operating procedure

This section shows the operating procedure for Setting example 1 and Setting example 2 (the CPU Module Logging
Configuration Tool windows show the setting details of Setting example 2).

Setting parameters

1. Start GX Works3 and create a new project.
O [Project] = [New]
2. Select the details shown below and click [OK].

Series B Fxsceu ~|
Type ‘E FX5U ~ |
Mode ~

Program Language ‘ ¥ Ladder v|

3. Click [OK] with the details shown below as-is.

Add 2 module.
[Module Name] FXSUCPU
[Mounting Position No.] -
Module Setting Setting Change
Module Label:Not use
Sample Comment:Use
[[Jpe Nt Show this Dialog Again

4. Open "Memory/Device Setting" and check that "Function to Use Internal Buffer" is set to "Data Logging Function".

O Navigation window = [Parameter] = [FX5UCPU] = [CPU Parameter] = [Memory/Device Setting]

| ltem Setting
(= Internal Buffer Capacity Selfing
= Total Capacity 320 K Byte
------ Function to Use Internal Buffer Data Logging Function
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Setting data logging
1. In the menu window of GX Works3, start the CPU Module Logging Configuration Tool.

O [Tool] = [Logging Configuration Tool]
2. Open the data logging setting window.
O [Data Logging Setting] = [Edit]

=-Em FX5CPU
L@ To do data logging setting anew, select a blank ine and press the [Edit] button.

To edit existing data logging setting, select the line concerned and press the [Edit] button.

Mo. | DataLogging Mame | Logging T ‘ File Format | Sampling | Trigger ‘ Number of Records | ouit =
) °g9ng oggng Type 9 9g! ‘ Before trigger ‘ After trigger | Date ‘Tngger information | File save «

01
02
03
04

< >

Edit

"1 and "File format""?, and click [Next].

3. Sselect "Logging type

Data Logaging Setting Mo. 01

Logging type = Sampling > Trigger = Number of logging lines > | Output > | Save > | Movement > ‘ Finish ‘
First off, select a logging type.
Logging type File format
Select a logging type. Select the file format which outputs the logging.
O Continuous logging O C8V fie
Logging is carried out continuously The data can be checked not only by GX LogViewer but also
at the specified data sampling intervals. by text editor or table calculation soft.
Interval at which or conditions under which to carry out logging can ‘
also be specified. @® Binary fie
@® Trigger logging The data in the file can be checked by GX LogViewer.
e e Compare with CSV file, the file volume can be decreased.
Y . 3, 1 ry file whel Works3 offine itor (logging) functi
S E SEER e A T T e e e EELI\ESSEI‘E binary file when GX Works3 offline monitor (logging) function
Setting example 1 Setting example 2
HLogging type HLogging type
Select "Continuous logging". Select "Trigger logging”.
HFile format HWFile format
Select "CSV file". Select "Binary file".

*1  For details on the setting details, refer to the following table.
=~ Page 219 Logging type

*2 For details on the setting details, refer to the following table.
==~ Page 227 Data logging file

4. Set the collection interval™!, and click [Next]. Select "Time specification" this time, and enter 10 milliseconds.

Data Logging Setting No. 01
Logging type >

Sampling = Trigger > Mumber of logging lines >| Qutput > | Save » | Movement > ‘ Finish ‘

Specify the sampling interval and start conditions.
Sampling interval

O Each scanning cyde
Samples data at each sequence scanning cycle.

@® Time specification | 10‘ ‘[n's] (10-32767) v|
Samples data at the specified time interval.

O Condition specification
Specifies data sampling timing by device data conditions.
Device Conditional formula Radix Value
Data type(K)

w

*1  For details on the setting details, refer to the following table.
=~ Page 222 Data collection conditions
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5. Setthe logging target data™, and click [Next].

Data Logging Setting No. 01
Logging type > Sampling >

Trigger >

Mumber of logging Iine5>| Qutput > | Save » | Movement > ‘ Finish ‘

Set the data for logging.

A total of up to 128 device points can be sef.

Bit digit specification is using points corresponding to data type. (1 point for word type and 2 points for double-word type)
No. == ! Data Type Sz Output Format =

’ Head | Last [Byte]

001 DO Do Word[signed] [v] Word[signed] [m]
002 |D1 D1 Word[signed] Word[signed] m|
003 MO Ma Bit ON:1, OFF:0 D
004 m|

Setting example 1

Setting example 2

Enter DO, D1, and MO in the "Head" column.

Enter DO, D1, and MO in the "Head" column.

*1  For details on the setting details, refer to the following table.
=~ Page 225 Target data

6. Setthe trigger“, and click [Next]. This setting is performed only when trigger logging is selected for the logging type.

Data Logging Setting No. 01
Logging type > Sampling >

Trigger >

Mumber of logging Iine5>| Qutput > | Save » | Movement > ‘ Finish ‘

Make trigger setting.

@® Condition specification
Sets trigger condition with device data values.

Device Conditional formula Radix Value
[mo | [pLs ~| v

Data type(K)

Bit -

O When trigger instruction executed
Trigger conditions met when LOGTRG instruction is executed.

Setting example 1

Setting example 2

No setting item Proceed to step 8.

+ Select "Condition specification".
« Enter MO for "Device".
« Select "1 for "Conditional formula".

*1  For details on the setting details, refer to the following table.
==~ Page 226 Trigger condition

Specify a value for "Number of records (before trigger)/Number of records (after trigger)

"1, and click [Next]. This setting

is performed only when trigger logging is selected for the logging type.

Data Logging Sefting Mo. 01

Logging type > Sampling > Number of logging lines

Trigger =

| Output > | Save > | Movement > ‘ Finish ‘

Data before and after trigger condition rises wil be logged.
Specify the numbers of records before and after trigger.

Mo. of records (before trigger) [Record] (0-99999)
No. of records (after trigger) [Record] (1-100000)
[Record] (1-100000)

Total No. of records

Setting example 1

Setting example 2

No setting item Proceed to step 8.

« Enter 200 for "Number of records (before trigger)".
« Enter 500 for "Number of records (after trigger)".

*1  For details on the setting details, refer to the following table.
=~ Page 221 Number of records
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8. Set the items to be output into the file™!, and click [Next].

Data Logging Setting No. 01

Logging type > Sampling > Trigger >

Mumber of logging lines > |

Save > | Movement > ‘ Finish ‘

Setting tems to be output to a file.

Date
Carry out the logging with a time stamp attached to data.

Output date

Comment

The spedfied comment wil
of the logging file.

Output comments
Comment(K)

Set Date Line Format...

Trigger information

Data on which a trigger occurred Set String for Trigger...

Qutputs comments on the settings.

be output at the top

is logged after attached with a mark.

: ) Logging Test _ Trigger
Output trigger information

Index
Qutput index numbers for checking the continuity of logging.

Output index

Data sampling interval
Qutput data sampling interval time.

Output data sampling interval(J)

Setting example 1

Setting example 2

« Select the checkbox for "Output data".

« Select the checkbox for "Output index".

« Select the checkbox for "Output data sampling interval".
« Select the checkbox for "Output comments".

« Enter Logging Test_Continuation for "Comment".

« Select the checkbox for "Output data".

« Select the checkbox for "Output trigger information".

« Select the checkbox for "Output index".

« Select the checkbox for "Output data sampling interval”.
« Select the checkbox for "Output comments".

« Enter Logging Test_Trigger for "Comment".

*1  For details on the setting details, refer to the following table.
==~ Page 227 Data output specifications

9. Setthe logging file save destination and file switching !, and click [Next].

Data Logging Setting No. 01

Logging type > Sampling > Trigger >

Mumber of logging lines > | Qutput > |

| Movement > ‘ Finish ‘

Specify the save destination and switching timing of data logging files.
Logging file save setting
File save destination
Specify the logging file save directory (folder name). Data will be stored in the following folder:

JLOGGING/ [LoGo1

Folder to store file to be saved
Select the additional information to the folder name stored the file to be saved.

[ Date(]) [ Time(K) Example [ooooooot

File name

@ Simple setting ‘ Simply set additional information...
The information which is added from folder name, date, time to fie name can be set.

O Optional setting

Optionally set additional information...

The additional information to the file name can be set freely.

Example [00000001.B1N

File switching setting
Nurmber of files to be saved
Spedify the maximum number of files to be saved.

Number of files to be saved (1-65535)

Operation when exceeds the number of fies:
Overwrite
Files with lower numbers are deleted
and logging continues.
Stop
Logging stops.

File switching timing
Specify the file switching timing.

Number of records

number of records exceeds the sp

Fie size

Condition specification

avira vshia eaticfise tha Fandirian

A logging file is switched to the new on

A logging file is switched to the new one when the
file size exceeds the specified value.

Condition setting...

A logging file is switched to the new one when the

[Record] (1-65500)
en the
ecified value.

[KB] (10-16384)

Setting example 1

Setting example 2

« Enter LOGO1 for "File save destination".

« Select "Simple setting" for "File name".

* Enter 3 for "Number of files to be saved".

« Select "Overwrite" for "Operation when exceeds the number of files".
« Select "Number of records" and enter 1000.

« Enter LOGO1 for "File save destination".
« Select "Simple setting" for "File name".
« Enter 3 for "Number of files to be saved".

*1  For details on the setting details, refer to the following table.
==~ Page 234 Saving and file switching
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10. Specify the logging operation when the mode transfers to RUN mode . Select "Auto Start" this time, and click [Next].

Data Logging Setting No. 01
Logging type > Sampling >

Trigger > Mumber of logging lines >

Qutput > | Save > |

Specify logging operation.

Operation at transition to RUN
Specify logging operation at data logging settings registered status when the CPU module power is
ON->RUN, reset->RUN, or the CPU module operation status is STOP->RUN.

® Auto Start
O Start by User Operation

*1  For details on the setting details, refer to the following table.
==~ Page 240 Setting the operation at the time of transition to RUN

11. Check the set details, give any name*1, and click [Finish].

Data Logging Setting No. 01
Logging type > Sampling >

Trigger > Mumber of logging lines > | Output > | Save » | Movement > ‘ ]

Al data required for data logging have been collected.
Press the "Complete” button to complete setting.

To reflect the settings to the PLC, select [Online]->[Write Logging Setting].

MName the data logging.

Data logging name [Logging Test _ Trigger |

Free space volume below in SD memory card will be necessary to execute logging of the set content.
Larger volume might be necessary depending on status of SD memory card.

Total Size of Output Logging Files [MB]

To execute logging of the settings, the following internal buffer capacity is required.
Please set internal buffer capacity as needed.

Required Internal Buffer Capacity in Logging l:l [KB]

The internal buffer capacity can be setin
'Parameter->Control CPU->CPU Parameter->MemoryiDevice Setting->Internal Buffer Volume Setting’ of GX Works3.

Default value: 80[KB]
*1  For details on the setting details, refer to the following table.
=~ Page 645 Finish
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Writing the data logging setting

1. Insertan SD memory card into the CPU module, and turn on the power.

2. \Write the data logging settings to the data memory or SD memory card.
O [Online] = [Write Logging Setting]
3. Click [Write].

Online operation
() Read logaing setting

g }@ @ write logging setting

() Delete logging setting

Target logging setting data
Data being edited

=44 Data Logging Setting
{4 No.01[Logging Test _ Trigger](Trigger)

cose
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1. Setthe CPU module to the RUN status.

2. Open the "Logging Status and Operation" window.
O [Online] = [Logging Status and Operation]

3. Checkthe target of data logging execution (multiple targets can be selected). Select "No.01" this time.

Monitor status SD memory card data

h: | Maonitoring Stop Free space 3767| mMB
Logging status
Before changing the target memory, logging must be stopped.
fii} ceucats
| sekctal | | selctpons |
Target | Mo. | Data Logging Name | Logging Type | Logging Status

Logging operation
Select target data for logging operation and click an appropriate button.
To resume a pausing data logging, click the "Start” button.

s ] [IEET

4. Start the data logging by clicking the [Start] button. (When multiple items are selected, they are executed
simultaneously.)

5. The logging status changes from "Stop (Normal)" to a state in the following table.

"Collecting" « Before trigger occurrence: "Waiting trigger Collecting before trigger"
« After trigger occurrence: "Collecting after trigger"
« After completion of collection: "Collection Completed"

For the logging status, refer to the following.
[~ Page 634 Logging status and operation
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Stopping data logging
1. Open the "Logging Status and Operation" window.

O [Online] = [Logging Status and Operation]
2. Check the target of data logging stop.

Monitor status SD memory card data
E | Monitoring Stop Free space 3767| MB
Logging status
Mote:
Before changing the target memory, logging must be stopped.
fii} ceucats
Sobcal | sobctiions |

Target | Mo. | Data Logging Name | Logging Type | Logging Status

Logging operation
Select target data for logging operation and click an appropriate button.
To resume a pausing data logging, click the "Start” button.

3. Stop data logging execution by clicking the [Stop] button.
4. The logging status changes to "Stop (Normal)".

Pointp

Data logging execution (start/stop/suspend) can also be executed by using a special relay.
(=5~ Page 217 Data Logging Execution by Special Relay
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Saving data logging files

1. Open the "Logging File Operation" window.
O [Online] = [Logging File Operation]

Directory  [/LOGGING/LOG01/00000001 | | Move |

Name Sze Date modified

[i5) 00000001.BIN 230920 4/1/2022 9:01 AM

[savetopc..|| Delete | Close
2. Specify the directory and select the target file.

Click the [Save to PC] button.

Specify the save destination and click the [Save] button.

O AW

The data logging file is saved into the specified location.
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Setting example 1: Checking logging data with a CSV file

1. Open a data logging file (*.csv) saved in your personal computer using such an application as Excel.

2. Thedata logging data can be checked.

[LOGGING] FX5CPU_2 | 3 | 4 | 5 | 2

Logging test

DATETIME[YYYY/MM/DD hh:mm:ss.sss] INTERVAL INDEX [ SHORT[DEC.0] | SHORT[DEC.0] | BIT[1;0]

TIME INTERVAL[us] |INDEX | DO D1 MO
2022/4/1 0:31 10000 4001 16111 32222 1
2022/4/1 0:31 10000 4002 16158 32316 1
2022/4/1 0:31 10000 4003 16204 32408 1
2022/4/1 0:31 10000 4004 16250 32500 1
2022/4/1 0:31 10000 4005 16296 32592 1
2022/4/1 0:31 10000 4006 16343 32686 1
2022/4/1 0:31 10000 4007 16389 -32758 0
2022/4/1 0:31 10000 4008 16435 -32666 0
2022/4/1 0:31 10000 4009 16481 -32574 0
2022/4/1 0:31 10000 4010 16528 -32480 0

Example 2: Checking logging data on the program editor
1. Open the GX Works3 program used for data logging.

2. Start the offline monitor. Open a data logging file (*.bin) saved in your personal computer.
O [Recording] = [Start Offline Monitor] = [Logging File]

3. The data logging data can be checked on the program editor.

Read Mnir

Log Marker~ | 1€ 1 | OF 2z

2022/4/1 09:01:26.640 Index:[ 0/ 700 ]  Fie Saving Trigger: -

<A PP I
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_ing logging data in a waveform graph

1. While using the offline monitor, select all devices on the program editor.

2. Perform the following operation on the program editor.

O Right-click the mouse = [Wave Display (Offline Monitor)].

Image Clip
Column Width...
Find
Display(V)

Online

Debug

Cross Reference

Device List
Dataflow Analysis
BookMark
FBProperty v
Register to Watch Window v
. Batch Register to Watch Window(Z)  » N v

Register to Device Batch Replace
Wave Display (Realtime Moniton)(Z)...
Wave Display (Offline Monitor)...
Find Changed Point()

2022/4/1 09:01:26.640 Index:[ m |/ 7001  File Savin -
Open Instruction Help...

i ({ > ’)"* I BE  Import File...

& Exportto File())...

3. cx LogViewer starts, enabling the logging data to be checked in a waveform graph.

[ — co 5001

[ osts Name [value | ON
] — ot 10002

11531 [ ——

waH—"|

-4125,

19359 | | ——

2720 [T

22726 P —— |

ON_|M0

El T

09:01:26 612 09:01:27.402 09:01:28202 09:01:29.002 09:01:29.802

09:01:30.602

LI

For details on GX LogViewer, refer to the following:
L[T1GX LogViewer Version 1 Operating Manual
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21.4 Data Logging Execution by Special Relay

The data logging setting can be registered by the special relay and be executed on the data logging setting file stored in the
SD memory card. (Data logging operations such as start and stop can be performed without using the CPU Module Logging

Configuration Tool.)
This operation can be used together with each operation of the CPU Module Logging Configuration Tool.

Operating procedure
The following describes the procedure for executing data logging in Setting No.1 by using a special relay (SM).

1. Write the effective setting data to the SD memory card with CPU module logging setting tool.

Online operation
(O Read logging setting

g }Ejﬂ ® Write logging setting

(O Delete logging setting

Target memory  |Memory card (SD) ~

Target Jogging setting data
= Data being edited

=4 Data Logging Setting
{4 No.01[Logging Test _ Trigger]( Trigger)

2. When SM9300 (Data logging register/clear flag) is turned ON, the setting data in the SD memory card will be registered.

3. When SM1312 (Data logging suspend/resume flag) is turned OFF, the execution of data logging will start. (Data logging
can be executed for multiple setting numbers simultaneously.)

4. To suspend the data logging, turn ON SM1312 (Data logging suspend/resume flag). To stop the data logging, turn OFF
SM9300 (Data logging register/clear flag).

Point/®

» The data logging cannot be started even when writing the setting and turning power off and on or resetting.
To start the data logging, make sure to turn ON the special relay (Data logging register/clear flag), and turn
OFF the special relay (Data logging suspend/resume).

» With regards to the trigger logging, the data logging setting registration attempt fails if the trigger condition is
satisfied.

« |t takes a certain amount of time to stop or suspend the data logging after either of these commands is
issued by special relay (because the data logging is not stopped or suspended unless the data stored in the
internal buffer data has been transferred into the SD memory card in response to these commands).

» There may be a case where a time-out error occurs and the data logging is suspended after special relay
starts the logging.

Precautions

The data logging cannot be executed by the special relay for the data logging setting file stored in the data memory.
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Data logging resume

When an error occurs during the data logging execution, the following operation is required to resume the data logging from

the program, etc.

Operating procedure
1. Clear the cause of error, turn OFF the special relay (Data logging register/clear), and set the data logging status to the
disable status.
2. After confirming the special relay (Data logging preparation) is OFF, turn ON the special relay (Data logging register/clear
flag).

3. Atter confirming the special relay (Data logging preparation) is ON, turn OFF the special relay (Data logging suspend/
resume).

Special relay and special register used by the data logging function

For details on the special relays and special registers used by the data logging function, refer to the following:
» Special relay: Special relay related to the data logging function (I=5~ Page 454, Page 482)

» Special register: Special register related with the data logging function (==~ Page 492, Page 530)
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21.5 Details of Specifications

Logging type

The following table describes available methods of data collection.

Logging type Data collection method Application

Continuous logging | Continuously collects specified data at specified interval or timing. | Allows the user to continuously record specified data for a certain
period of time and check such data in any timing.

Trigger logging Collects specified data at specified interval or timing and extracts a | Allows the user to monitor the content of specified data before and
specified number of data records before and after the satisfaction | after the satisfaction of a trigger condition. For example, by setting
of a trigger condition. the device for error occurrence as a trigger, logging data before

and after error occurrence can be checked.

Continuous logging

In continuous logging, the CPU module stores specified data in its internal buffer at a specified collection interval or timing

and, at the time of a file save operation, it saves the data in a data logging file residing in the storage memory. The timing of a
file save operation and the number of saved files can be specified using "File switching timing" and "Number of files to be
saved" in the CPU Module Logging Configuration Tool.

To save a data logging file by specifying "File switching timing", even if a data logging file after file switching is not saved, the
previously saved data logging file can be read.

If the "Stop" has been set for "Operation when exceeds the number of files" on the setting screen of the CPU Module Logging
Configuration Tool, the collection will be finished when the number of saved files reaches the set "number of files to be saved".

HTo start continuous logging
Start data logging by start operation from the CPU Module Logging Configuration Tool or the special relay*1.

HTo stop continuous logging
The user can completely stop data logging by instructing the CPU Module Logging Configuration Tool or special relay*1 to

stop data logging and unregister the data logging settings stored in the CPU module. (The special relay (data logging start)
turns off.)

*1 This setting is valid only when the data logging setting file is written in the SD memory card. (I~ Page 217 Data Logging Execution by
Special Relay)

HTo suspend/resume continuous logging
The user can suspend data logging with the data logging settings remaining intact by doing either of the following:

* Instruct the CPU Module Logging Configuration Tool or special relay*1 to suspend data logging (the special relay (data
logging start) turns off).

» Turn off to on the special relay (Data logging suspend/resume flag).

To resume continuous logging from suspension, do either of the following:

* Instruct the CPU Module Logging Configuration Tool or special relay*1 to resume data logging (the special relay (data
logging start) turns on).

» Turn on to off the special relay (Data logging suspend/resume flag).

*1 This setting is valid only when the data logging setting file is written in the SD memory card. (I~ Page 217 Data Logging Execution by
Special Relay)
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Trigger logging

In trigger logging, the CPU module stores specified data in its internal buffer at a specified collection interval or timing; it
extracts a specified number of data records before and after the satisfaction of a trigger condition and saves the extracted
data in a data logging file residing in the storage memory. Note that data collection is performed not only at the specified
collection interval or timing but also when a trigger condition is met. In addition, once a trigger condition is met, any
subsequent trigger conditions are ignored.

When the data for the number of records specified by the CPU Module Logging Configuration Tool is collected and written to
the storage memory, the collection will be finished.

HTo start trigger logging
Start data logging by start operation from the CPU Module Logging Configuration Tool or the special relay*1.

HTo stop trigger logging

The user can completely stop data logging by instructing the CPU Module Logging Configuration Tool or special relay*1 to

stop data logging and unregister the data logging settings stored in the CPU module. (The special relay (data logging start)

turns off.)

*1 This setting is valid only when the data logging setting file is written in the SD memory card. (I==~ Page 217 Data Logging Execution by

Special Relay)

HTo suspend/resume trigger logging

The user can suspend data logging with the data logging settings remaining intact by doing either of the following:

* Instruct the CPU Module Logging Configuration Tool or special relay*1 to suspend data logging (the special relay (data
logging start) turns off).

» Turn off to on the special relay (Data logging suspend/resume flag).

To resume trigger logging from suspension, do either of the following:

« Instruct the CPU Module Logging Configuration Tool or special relay ' to resume data logging (the special relay (data
logging start) turns on).

» Turn on to off the special relay (Data logging suspend/resume flag).

*1 This setting is valid only when the data logging setting file is written in the SD memory card. (I~ Page 217 Data Logging Execution by
Special Relay)
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Precautions

If data logging is stopped or data collection is suspended before completion of trigger logging and then data logging is
resumed, data collection will be started not from the last logging, but from the initial state before the trigger logging.

ENumber of records
Specify the number of records to be collected before and after the satisfaction of a trigger condition. (==~ Page 641 Number
of records)

Trigger logging Trigger logging
start completion

Sampling
data

$

Trigger condition occurrence

Number of records Number of records
before trigger after trigger™!

Y

Total number of records

_ _J

*1 This number includes the record exactly at the time when the trigger condition is met.

Point ;>

After starting data logging, if the trigger condition is met before data collection of the specified number of
records (before trigger) is completed, the number of sampled records will be less than that specified.

21 DATALOGGING FUNCTION 221
21.5 Details of Specifications



Data collection conditions

This section describes the timing when data is collected and the conditions under which data is collected.

Data collection conditions Description

Each scanning cycle Collects data during the END processing of each scan.

Time specification Collects data during the END processing after specified time interval.

Condition specification Collects data when the monitored data meets the specified condition during the
END processing.

Each scanning cycle

Collects data during the END processing of each scan.

< Scan time > Scan time >t Scan time > Scan time - Scan time -
1 1 1 1
1 1 1 1
1 1 1

1
Program ;0 END 0 END 0 END 1 0 END 0 END '
[ | i [ | i [ | i [ |
' I | | | | | | | |
’ R
|
i END END | END END | END
! processing | processing ! processing| processing! processing|
Precautions

When specifying each scanning cycle, make only one data logging setting.

Time specification

Allows the user to specify the collection time interval.

The CPU module starts collecting data at the time of the following END process after the specified time has elapsed. Ensure
that the "Scan time" is less than "Time specification." If the scan time is longer than the specified time and the collection
interval or the collection timing occurs more than once during the same scan, data is collected only once during the END
processing. Data collection is performed on a scan by scan basis, which is the same operation as when "Each scanning
cycle" is used.

[Ex]

When the time interval is set to 10 milliseconds

) P 10 milliseconds oy 10 milliseconds oy 10 milliseconds ~
Set time |4 > < L) O
1 1 1 1
1 1 I 1
Program; 0 END .0 ' El:lD .0 EI;ID ' .0 El;lD .0 ' El:lD
H 1 ] 1 L} | ] L} : | ] L} | ] 1 n h
A A o I A S A B
1 1 1 1
1 1 1 1
! END processing i END processing END processing END processing ! END processing
. 1 ] 1 . . .
¢ 1 scan e I bl L e Ve | )
Ml Ll I Ll ] T L] Lol T L]
: ' ' ' '
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Condition specification

This option allows the user to set the data collection timing by specifying the device data conditions.

Collects data when the monitored data meets the specified condition during the END processing.

HTo collect data continuously while the conditions are met
The following conditional formula causes the data logging function to collect data continuously while the conditions are met:

: When the current value of the monitored data is equal to the comparison value

: When the current value of the monitored data is not equal to the comparison value

[\ 'N

: When the current value of the monitored data is equal to or larger than the comparison value

« >: When the current value of the monitored data is larger than the comparison value

» <: When the current value of the monitored data is equal to or smaller than the comparison value

» <: When the current value of the monitored data is smaller than the comparison value

Word ¥ Set value # Current value >< Set value = Current value >< Set value # Current value >
device value ! H |
Program 1 0 END 0 I END 0 END 0 | END 0 END

[ ] L | [ | L [ ] L | [ | L [ | L
! | | | ] | | | | || | | | | | | | | ]
A S A S A S AR
1 1 1
1 1 1
i END processing i END processing END processing {END processing END processing
1 ' 1 ' ' 1 ' '
¢ 1 scan Sl : Dl v l Dl )
Ml Ll T Ll Lal ] L] L]
1 1 1

' ' '
o] [Gonn :
(1) During the END processing, the data logging function does not collect data because the conditions are not met.

HTo collect data only when the state changes

The following conditional formula causes the data logging function to collect data only during the END processing for the
scans where the conditional formula is met. It does not collect data for any single scan where the conditional formula is not
met during the END processing (even if the conditional formula is met before the END processing is initiated).

« T: When the specified data turns off and on

+ {: When the specified data turns on and off

» At change: When the current value of the specified data changes

Word " Set value = 0 (initial value) X Set value = 1 >< Set value = 2 >
device value ! ! !
Programio END 0 i END 0 END 0 i END 0 END

! 1 I X 1 I 1 I X 1 ﬁ h
1 1 1
1 1 1
| END processing i END processing END processing 1END processing END processing
1 ' ] ' ' 1 '
€ 1 scan Dl | Ve Ve : Ve >
Ml L ] La ] Ll I Ll »
1 1 1

™) |

(1) The data logging function does not collect data because there has been no change in state since the last scan.

%__
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BSpecifying the monitored data

For monitored data, the following devices can be specified. The data types that can be selected include bit/word (unsigned),

word (signed), double word (unsigned), and double word (signed).

Type Device”

1

Bit device 2 X, Y, M, SM, L, B, F, SB, T (contact)™, ST (contact)™, C (contact)™, LC (contact), BLO\SO"®

Word device™® T (Current value)®, ST (Current value)®, C (Current value)™®, D, SD, W, Sw, R, ut\cO™”

Double-word device LC (current value)™®

*1
*2
*3
*4

*5
*6

*7

224

Index modification, and indirect specification cannot be specified.

For bit devices, bit specification of word cannot be specified.

For word devices, nibble specification of bit devices cannot be specified.

To specify these devices with the CPU Module Logging Configuration Tool, use T (contact): TS, ST (contact): STS, C (contact): CS, LC
(contact): LCS.

Applicable only to FX5U/FX5UC CPU module.

To specify these devices with the CPU Module Logging Configuration Tool, use T (current value): T or TN, ST (current value): ST or
STN, C (current value): C or CN, and LC (current value): LC or LCN.

This format is supported by the FX5UJ and FX5U/FX5UC CPU modules.
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Target data

This section describes the data to be collected by data logging.

Number of data points

The data logging function can collect up to 512 data records. (4 settings x 128 records)*1

*1

Duplicate data records are counted as unique records.

Data to be collected

The data for the following devices can be specified to be collected.

Type Device”

1

Bit device 2 X,Y, M, SM, L, B, F, SB, T (contact)™, T (coil)™, ST (contact), ST (coil)*, C (contact)™, C (coil)™, LC (contact)™, LC

(coil)™, BLO\SO™®

Word device™ T (Current value)*s, ST (Current value)*e, C (Current value)*s, D, SD, W, SW, R, uoeo™”
Double-word device LC (current value)*6
*1 Index modification, and indirect specification cannot be specified.

*2 For bit devices, bit specification of word cannot be specified.

*3 For word devices, nibble specification of bit devices cannot be specified.

*4  To specify these devices with the CPU Module Logging Configuration Tool, use T (contact): TS, T (coil): TC, ST (contact): STS, ST (coil):

STC, C (contact): CS, C (coil): CC, LC (contact): LCS, and LC (coil): LCC.
*5 Applicable only to FX5U/FX5UC CPU module.
*6 To specify these devices with the CPU Module Logging Configuration Tool, use T (current value): T or TN, ST (current value): ST or
STN, C (current value): C or CN, and LC (current value): LC or LCN.

*7 This format is supported by the FX5UJ and FX5U/FX5UC CPU modules.
Data type
The following table shows the number of data records for each data type.

Data type Data number of points
Bit 1

Word (signed) 1

Double word (signed) 2

Word (unsigned) 1

Double word (unsigned) 2

Single-precision real number 2

Time 2

String™"2 Specified size/2™

Numeric string*2 Specified size/2™

*1 Outputs the entered character code.

*2
*3

Collected as binary data.
The specified size can be 1 to 256. If the specified size is an odd number, the number of data records is rounded to the next higher
integer. Example: The number of data records is 3 if the specified size is 5.
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Trigger condition

The following table lists the conditions to be used as a trigger.

Trigger condition Description

Condition specification A trigger occurs when the monitored data meets the specified condition.

When trigger instruction executed A trigger occurs when the LOGTRG instruction is executed.
Precautions

» When registering the data logging settings, ensure that the trigger conditions are not met. If the trigger conditions are met,
the data logging settings cannot be registered.

« After the trigger condition is established in the trigger logging operation, if the trigger condition is met again, the CPU
module does not recognize a new trigger condition.

Condition specification

Configure the trigger condition based on the device data value. A trigger occurs when the monitored data meets the specified

condition.
« T: When the specified data turns off and on
« 1 When the specified data turns on and off
: When the monitored data is equal to the comparison value, regardless of whether or not its current value is equal
» #: When the monitored data is not equal to the comparison value, regardless of whether or not its current value is equal
>: When the monitored data is greater than or equal to the comparison value, regardless of whether or not its current value

is equal
>: When the monitored data is greater than the comparison value, regardless of whether or not its current value is equal
» <: When the monitored data is less than or equal to the comparison value, regardless of whether or not its current value is
equal
» <: When the monitored data is less than the comparison value, regardless of whether or not its current value is equal
» At change: When the current value of the specified data changes

ESpecifying the monitored data

For the device change specification, monitored data can be configured to be collected from the devices listed in the following
table. The data types that can be selected include bit/word (unsigned), word (signed), double word (unsigned), and double
word (signed). If double word (unsigned) or double word (signed) is specified, a trigger occurs only when data equal to one
double word is written. No trigger occurs when only the upper or lower word of a double word is written.

Type Device™!

Bit device 2 X, Y, M, SM, L, B, F, SB, T (contact)™, ST (contact)™, C (contact), LC (contact), BLO\SO®
Word device"™ T (Current value)’s, ST (Current value)*s, C (Current value)’s, D, SD, W, SW, R, uoveo”
Double-word device LC (Current value)™

*1 Index modification, and indirect specification cannot be specified.

*2 For bit devices, bit specification of word cannot be specified.

*3 For word devices, nibble specification of bit devices cannot be specified.

*4  To specify these devices with the CPU Module Logging Configuration Tool, use T (contact): TS, ST (contact): STS, C (contact): CS, LC
(contact): LCS.

*5 To specify these devices with the CPU Module Logging Configuration Tool, use T (current value): T or TN, ST (current value): ST or
STN, C (current value): C or CN, and LC (current value): LC or LCN.

*6  Only FX5U/FX5UC CPU module is supported.

*7 This format is supported by the FX5UJ and FX5U/FX5UC CPU modules.

When trigger instruction executed

A trigger occurs when the LOGTRG instruction is executed. (LLIMELSEC iQ-F FX5 Programming Manual (Instructions,
Standard Functions/Function Blocks))
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Data logging file

This section describes data logging files.

The following storage formats are available for data logging files.

File format

Application

CSYV file format

This is a file format which can be open in generic-purpose application programs such as Excel and Notepad.
GX LogViewer is also available for displaying data.

Binary file format

Comparing the CSV file format, the size of files is small and therefore quicker access to files is provided. GX
LogViewer is also available for displaying data.

Data output specifications

The output specifications for each file format are shown below.

BCSYV file format

The specifications for the CSV file format and the details of the output data are shown below.

» Format specifications

Item

Description

Delimiter

Commas (,)

Return code

CRLF (0xOD, 0x0A)

Character code

ASCII code or Shift-JIS code

Field data

Not enclosed by double quotation marks (" ")
Double quotation marks (" ") and commas (,) cannot be used in each data.

* File format example

Output items can be specified (I=5~

Page 642 Output)

No. for data type information row No. for data start row

File information row

Comment row

Data type
information row

Data name row

Data rows

Model information__ No. for data
File type file version name row No. for comment row
[LOGGING] FX5CPU_2 | 3 |4 |5 | 2 J
LOGO1
DATETIME[YYYY/MM/DD hh:mm:ss.sss] INTERVAL INDEX | SHORTI[DEC.0] | BIT[1.0]  |BIT[1]] TRIGGER["]
TIME(UTC+09:00) INTERVAL(us] | INDEX | D1 MO M1 Trigger
2020/04/01 12:00:00,000 100 1 1234 1 1
2020/04/01 12:01:00,000 100 2 1234 0 0
2020/04/01 12:02:00,000 100 3 1234 0 0
2020/04/01 12:03:00,000 100 4 0 0 0
2020/04/01 12:04:00,000 100 5 0 0 0
2020/04/01 12:05:00,000 100 6 0 0 0 *
2020/04/01 12:06:00,000 100
2020/04/01 12:07:00,000 100
N J \ J\ )
Y Y
Date column Data collection Data columns Trigger
interval column occurrence
Index column information
column
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» Output content for each data
<File information row>
File-related information is displayed.

Item Description Size

File type [LOGGING] is output. 9 bytes

Model information_file version "FX5CPU_2" is displayed in the file version which describes the model information. 8 bytes

No. for data type information row Numerical value indicating the position of the data type information row from the top of the file | 1 byte
is placed.

No. for data name row Numerical value indicating the position of the data name row from the top of the file is placed. | 1 byte

No. for data start row Numerical value indicating the starting position of the data row from the top of the file is 1 byte
placed.

No. for comment row Numerical value indicating the position of the comment row from the top of the file is placed. 0 to 1 bytes
When the comment row is not output, this field is blank.

[Ex]

The total size of the file information row can be obtained by the following equation: (when comment is output)

9 (file type) + 8 (model information_file version) + 1 (data type information row number) + 1 (data name row number) + 1 (data
start row number) + 1 (comment row number) + 5 (the number of commas) + 2 (CR + LF)

= 28 bytes

<Comment row>

Comments are displayed.

Item Description Size

Comment Comment specified in CPU Module Logging Configuration Tool is output (Up to 256 double- 0 to 512 bytes
byte characters can be used.” When no comment is set, a blank row is output).

*1  Double quotation marks (" "), commas (,), and semicolons (;) cannot be used.

[Ex]

The total size of the comment row can be obtained by the following equation:
Character size of the specified comment (depending on the specified character string. (A single-byte character is calculated
as one byte and a double-byte character is calculated as two bytes.) + 2 (CR + LF)
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<Data type information row>

The data type for each column is displayed. This information is output in the following format: (Data type)[(Additional

information)].
Item "Data type" output content Size "Additional information” output | Size
content
Date column DATETIME 8 bytes Format is output. 4 to 29 bytes
[YYYY/MM/DD hh:mm:ss.sss]
Data collection interval INTERVAL 8 bytes No additional information 0 byte
column
Index column INDEX 5 bytes No additional information 0 byte
Data column Bit type: BIT 3 bytes Bit type: [1;0] 5 bytes
16-bit integer (signed): SHORT 5 bytes For decimal format: [DEC.0] 7 bytes
16-bit integer (unsigned): USHORT 6 bytes For hexadecimal format: [HEX] 5 bytes
32-bit integer (signed): LONG 4 bytes When the decimal fraction format is 7 to 8 bytes
32-bit integer (unsigned): ULONG 5 bytes specified: [DEC. (number of digits of
decimal part)]
Single-precision floating point (32-bit): | 5 bytes When the exponential format is 7 to 8 bytes
FLOAT specified: [EXP. (number of digits of
decimal part)]
Character string type: STRING 6 bytes Character string type, numeric string 3 to 5 bytes
Numeric string type: RAW 3 bytes type: the specified data length value
(unit: bytes) is output.
Time: TIME 4 bytes No additional information 0 byte
Trigger occurrence TRIGGER 7 bytes [(string occurred)] is output 3 to 514 bytes

information column

(semicolons (;), double quotation
marks (" "), and commas (,) cannot be
used).

[Ex]

The size of the data type information row is determined by the following equation when data logging of 128 points of data

(signed 16-bit integer, decimal format) is performed (The following sections in the "Output” window are set to be output: "Date"

(the output format is YYYY/MM/DD hh:mm:ss.sss), "Data sampling interval", and "Index").
(8 + 25) (date column) + 8 (data collection interval column) + 5 (index column) + (5 + 7) x 128 (data column) + 132 (the
number of commas) + 2 (CR + LF)

= 1716 bytes
<Data name row>

The data name for each column is displayed.

Item Description Size

Date column TIME (time zone) is output. 4 bytes

Data collection interval column INTERVAL[us] is output. 12 bytes
Index column INDEX is output. 5 bytes

Data column The specified device name is output. 1 to 32 bytes
Trigger occurrence information column | Trigger is output. 7 bytes

[Ex]

The size of the data name row is determined by the following equation when data logging of 128 data points from D100 to

D227 is performed (The following sections in the "Output" window are set to be output: "Date", "Data sampling interval", and

"Index").

4 (date column) + 12 (data collection interval column) + 5 (index column) + (4 x 128) (data column) + 132 (the number of

commas) + 2 (CR + LF)
= 667 bytes
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<Data row>

The collected data value is displayed. A single row means the data collection interval. The data collected by the trigger at a

time is displayed in the single row.

Item

Description

Size

Date column

Information is output according to the date information.

1 to 32 bytes

Data collection
interval column

The time interval from the previous collection time to the current collection time is
output. If the maximum display range is exceeded, the count returns to 1 and starts
again to output a new time interval

(unit: us, display range: 1 to 100000000000).

1to 12 bytes

Index column A value which increments in ascending order from 1 is output. When it exceeds the 1to 10 bytes
upper limit, it returns to 1 and increments again (range: 1 to 4294967295).
Data column The collected data value is output in a format and size in accordance with each data | —

type.

When bits are specified: bit On = 1 and bit Off = 0 are output.

1 byte

When signed word type is specified: data value is output according to the specified
output type.

» Decimal format: 1 to 6 bytes
- Decimal fraction format: 1 to 21 bytes”’
« Exponential format: 5 to 21 bytes

When unsigned word type is specified: data value is output according to the specified
output type.

» Decimal format: 1 to 6 bytes

* Hexadecimal format: 1 to 4 bytes

- Decimal fraction format: 1 to 21 bytes”’
» Exponential format: 5 to 21 bytes

When signed double word type is specified: data value is output according to the
specified output type.

» Decimal format: 1 to 11 bytes
« Decimal fraction format: 1 to 26 bytes’"
« Exponential format: 5 to 22 bytes

When unsigned double word type is specified: data value is output according to the
specified output type.

» Decimal format: 1 to 11 bytes

* Hexadecimal format: 1 to 8 bytes

- Decimal fraction format: 1 to 26 bytes’’
» Exponential format: 5 to 22 bytes

When single-precision real number is specified: data value is output according to the
specified output type.*2

» Decimal format: 1 to 11 bytes
« Decimal fraction format: 1 to 26 bytes
« Exponential format: 5 to 22 bytes

When character string is specified: the specified character string is output.'3

1 to 256 bytes

When numeric string is specified: the character string which is represented by the
hexadecimal in increments of a byte is output without clearance.

[Ex.] When the start device is DO and the numeric string is four bytes, it will be
displayed as:

D0:0x8A6B, D1:0x41C2 —»"6B8AC241"

210 512 bytes

When time is specified: T#-24d20h31m23s648ms to T#24d20h31m23s647ms is
displayed.

13 to 20 bytes

Trigger occurrence
information column

The specified character string is output when the trigger occurs. In other cases, no
character string is output.

0 to 512 bytes

*1  When the numerical value to be output becomes out of the range of -2147483648.0 to 4294967295.0, it will be displayed in an
equivalent format to "exponential format and the number of decimal part digits is nine".
*2 When the data value is not the output format specified in the data type, "NaN" will be output in the data row.

*3  When "0" which means the end of a character string is in the data, the subsequent data will not be output. Characters which is out of the

range of ASCII or SJIS such as double quotation mark ("), comma (,), semicolon (;) will be replaced with period (.).

[Ex]

The size of the data type information row is determined by the following equation when data logging of 128 points of data from
D100 to D227 (unsigned word type, decimal format) is performed (The following sections in the "Output" window are set to be

output: "Date" (the output format is YYYY/MM/DD hh:mm:ss.sss), "Data sampling interval", and "Index").

23 (date column) + 12 (data collection interval column) + 10 (index column) + (6 x 128) (data column) + 132 (the number of

commas) + 2 (CR + LF)

= 947 bytes
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EBinary file format

The following figure shows the configuration of the binary format and details of each data.

+ Configuration figure of binary format

(1) Identification code: Fixed to 4 bytes
(fixed to "MFCB")

(2) File version: 1 byte (fixed to 1)

(3) File type: 1 byte (fixed to 1)

(4) Model information: 16 bytes

(9) Logging target data information size: 2 bytes

(10) Data type: 2 bytes

(11) Output type: 2 bytes

(5) Added-data information: 2 bytes

(12) Data information setting: 2 bytes

(6) Comment size: Fixed to 2 bytes

(13) Data length: 2 bytes

Header <

(7) Comment: (Comment size) bytes

(14) Data name length: 2 bytes

(8) Logging target number of data points: 2 bytes

(15) Data name: (Data name length) bytes

Head-logging target data information

(16) Record start flag (FFFFH): (2 bytes)

(17) Record data length: 2 bytes

(Logging target data points from the
second one to the second-to-last)

(18) Day and time data

Last-logging target data information

Head-record data

(19) Data acquisition interval: 8 bytes

(Records from the second
one to the second-to-latest)

Data <

(20) Index: 4 bytes

Last-record data

(21) Trigger occurrence flag: 2 bytes

[ ]: Whether or not to export can be selected.

(22) Head data: (Data length) bytes

(Data points from the second
one to the second-to-last)

(22) Last data: (Data length) bytes

(16) Record end flag (FFFEH): 2 bytes
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 Details of each data

No. | ltem Description Size (byte)
1) Identification code MFCB is always output to identify the file. 4
(2) File version File version 1 is displayed. 1
3) File type The file type is output. (fixed to 1: Continuous/trigger logging) 1
(4) Model information The module model name that outputted binary file is output. The CPU module in use is output | 16
in ASCI Code while the remaining area is filled with "OH".
(5) Added-data The output selection setting for the data that can be output is output. 2
information FEDCBA9876543210
HNEEEEEENENNEENN
[ [ [ 1
® @eE (Q)]
(1) 1: Output date and time data, 0: Do not output date and time data
(2) 1: Output a data sampling interval, 0: Do not output a data sampling interval
(3) 1: Output a trigger flag, 0: Do not output a trigger flag
(4) 1: Output index, 0: Do not output index
(5) 1: Output comments, 0: Do not output comments
(6) Comment size The comment length of (7) Comment is output. 2
(7) Comment The comment specified in the setting is output in Unicode. 2to 512
(8) Logging target number | The number of data points of the data information ((10) to (15)) for data logging is output. 2
of logging target data
9) Logging target data The total size of the data information ((10) to (15)) for data logging is output. 2
information size
(10) Data type The numeric value shown below is output depending on the data type. 2
0000H: Bit
0001H: Word (signed)
0002H: Double word (signed)
0003H: Word (unsigned)
0004H: Double word (unsigned)
0005H: Single-precision real number
0007H: String
0008H: Numeric string
0009H: Time
(11) Output type The numeric value shown below is output depending on the set output format. 2
0001H: Word (signed)
0002H: Double word (signed)
0003H: Word (unsigned)
0004H: Double word (unsigned)
0005H: Single-precision real number
FFFFH: Bit, String, Numeric string, Time
(12) | Data information The data-related information is output. 2
setting
(13) Data length The data length of data is output. When the data type is the bit type, it will be output as two 2
bytes.
(14) Data name length The length of the data name specified in the setting is output. 2
(15) Data name The data name specified in the setting is output in Unicode. 2to 512
(16) Record start Flag, The flags for identifying the start and end of the record are output. The FFFFH is output for 2
Record end Flag record start while the FFFEH is output for record end as the fixed flag.
(17) Record data length The total size of (20) Day and time data to (24) Last data is output. 2
(18) Day and time data The Day and time data is output. 8
b15 to b8 b7 to b0
Year Month Year: Last 2 digits of the year, Month: 1 to 12
Day Time Day: 1 to 31, Time: 0 to 23
Minute Second Minute: 0 to 59, Second: 0 to 59
Millisecond Millisecond: 0 to 999
(19) Data acquisition The time interval from the previous collection time to the current collection time is output. (Unit: | 8
interval us, Display range: 1 to 100000000000 (When it exceeds the max value, it returns to "1" and
incrementing runs again.)) After logging collection is started, 0 is stored at the first collection.
(20) Index The index number ranging from 1 to 4294967295 of data, which was collected by the data 4

logging function, is output. When it exceeds the maximum value, it returns to "1" and
incrementing runs again. If missing occurs in processing data, index will be reassigned from 1
again.
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No. | Item Description Size (byte)
(21) | Trigger occurrence flag | The trigger occurrence information is output. 2

b15 to b1 b0

| L]

|
Q)]

(1) 1: Trigger occurred, 0: Trigger not occurred

(22) Data Data collected by the data logging function is output corresponding to (13) Data length and (10) | < Bit: 2

Data type.
* When bits are specified: bit On = 1 and bit Off = 0 are output.
* When word type (signed/unsigned) or double-word type (signed/unsigned) is specified: the

» Word (signed/
unsigned)): 2
» Double word (signed/

data values are output in the specified unit. unsigned): 4
* When single-precision real number is specified: data value is output in the specified unit. « Single-precision real
(==~ Page 233 Numerical value range for each output type) number: 4
» When character string type is specified: the character string with the specified size is output. « String/numeric string: 1
If the character string terminator "0" exists in the middle of data, NULL is generated on from to 256
said point onward until the terminator of the specified size. * Time: 4
* When numeric string type is specified: the data value with the specified size is output.
* When time is specified: data value is output in ms units.
Numerical value range for each output type
Describes the numerical value ranges that can be output for each output type.
Hinteger type
The following table lists the numerical value ranges that can be expressed for each integer type.
Output format Lower limit Upper limit
Word (unsigned) 0 65535
Word (signed) -32768 32767
Double word (unsigned) 0 4294967295
Double word (signed) -2147483648 2147483647
HEReal number type
The following table lists the numerical value ranges that can be expressed for each real number type.
Output format Negative value Positive value
Lower limit Upper limit Lower limit Upper limit
Single-precision real number | -3.4028235E+38 -1.401298E-45 1.401298E-45 3.4028235E+38
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Saving and file switching

The collected data is temporarily stored in the specified internal buffer. (=~ Page 239 Internal buffer) The data stored in the
internal buffer is stored into the SD memory card at the time of a file save operation.

Inside the CPU module —— SD memory card
Data sampling r—Internal buffer
of the specified ] ( ] )
device Setting 1 Setting 1 Internal Setting 1
. Ll [First sampling data 1 buffer capacity First sampling data
Device I N
area — |Second sampling data | Second sampling data
. 1% .
Setting 2 Setting 2 Internal Setting 2
First sampling data 1 T buffer capacity N First sampling data
Second sampling data | Second sampling data
. 1
\ J

Destinations to save data logging files

The following figure shows the folder configuration of the SD memory card attaching to a CPU module.

m_ i
/ $MELPRJ$
| I | S
*1 *2
- m_
LOGGING LOGO1 Stack file (setting No.1)
IS :
*1*2 *3 LOGO1.BIN
./_\__
00000001
—| L
*3 00000001.BIN
A S—
00000101
LV
. 00000002.BIN
m_
LOGO2 Stack file (setting No.2)
——| L
LOGO02.BIN
m_
LOG03 Stack file (setting No.3)
—| L
. LOGO03.BIN

*1 Folder names cannot be modified.
*2 Do not create folders/files under the $SMELPRJ$ and LOGGING folders using a personal computer or other device.
*3 To remove unnecessary folders, use the following methods:

- Use a personal computer.

- Logging file operation ({==~ Page 636 Logging file operation)
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Switching to a storage file

The data collected by data logging is temporarily stored in a stack file that resides in the SD memory card. The stack file can
be switched to a storage file to free the space in the SD memory card.
File switching works as follows:

1. The CPU module writes collected data into a stack file (such as LOGO01.BIN).
2. It changes the file name when the storage file switching condition is met."!

3. It creates a new stack file.
4.

It continues to write collected data into the newly created stack file.

ICPU module Stored file
% sk sk ok
%k skosk ok
Device data sampling i i i i
LOGO01.BIN
Rename
CPU modul p
| module Stored file Saved file
%k sk sk ok
>k sk sk ok
Device data sampling i i i i
LOGO1.BIN  LOG01_00000001.BIN
(New file)

*1  The file name format can be customized. (==~ Page 643 Save)
The file number of the most recent storage file is stored in the special register (Latest storage file number).
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File switching condition

In continuous logging, a file switching condition is selected from the following. Note that trigger logging does not require the

configuration of these settings because the stack file is automatically switched to a storage file after as much data as the
specified number of records is written into the stack file.

Special relay (logging data storage file switching in progress) can be used to check if storage file switching is in progress.
The following table lists the setting items that can be used to specify the file switching condition.

Setting item Description

Number of records Specify the number of records within the range of 1 to 65500.

File size™ Specify the number of kilobytes within the range of 10 to 16384K bytes.
Condition specification” Specify conditions of the device data to be executed for file switching.

*1  File switching occurs before the file grows beyond the specified size.
However, file switching occurs regardless of the setting when:

» The number of records has reached 65500;

* The file size has reached 16M bytes;

» The CPU module is stopped or suspended/resumed.

» Data logging is started and there is an existing stack file.

HOperation example

The following figures show operation examples for various file switching timings.

At the timing © in each operation example, file switching (the processing below) is performed.
» Creating a storage file

* Deleting data in a file that is collecting data (the file becomes a file containing only a header.)

[Ex]

Number of records: 1000

Filen
- .. I
1
(© File switching
1 File n+1 R
1
Number of lines 997th 998th 999th 1000th 1st 2nd 3rd
(number of records) line line line line line line line
1 1 1 1 1 1 1 >

N N N . U\

| Logging || Logging || Logging | Logging || Logging || Logging || Logging |

[Ex]

File size specification: 512KB

File switching is performed before the file grows beyond the specified size. When the file format is a CSV file, since the output
size of one row (record) varies depending on the data value, the timing of file switching is judged by estimating the next output
size based on the current output size.

Fil
1
@ File switching
1 File n+1 I
1
File 501K 504K 507K 510K 3K 6K 9K
size bytes bytes bytes bytes bytes bytes bytes
1 1 1 1 1 1 1 >
1 1 1 1 1 1 1 »

| Logging || Logging || Logging || Logging || Logging || Logging | Logging
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[Ex]

Condition specification: MO=ON

File n
]

(© File switching
1 File n+1

v

P SN S, N S SN S\

| Logging ” Logging ” Logging ” Logging | Logging ” Logging ” Logging |

ECondition specification

Configure the trigger condition based on the device data value. A trigger occurs when the monitored data meets the specified
condition.

T: When the specified data turns off and on

{: When the specified data turns on and off
: When the monitored data is equal to the comparison value, regardless of whether or not its current value is equal
: When the monitored data is not equal to the comparison value, regardless of whether or not its current value is equal

vV

: When the monitored data is greater than or equal to the comparison value, regardless of whether or not its current value

&

equal
: When the monitored data is greater than the comparison value, regardless of whether or not its current value is equal

ANV

: When the monitored data is less than or equal to the comparison value, regardless of whether or not its current value is
equal

<: When the monitored data is less than the comparison value, regardless of whether or not its current value is equal

At change: When the current value of the specified data changes

ESpecifying the monitored data

For the device change specification, monitored data can be specified from the devices listed in the following table. The data

types that can be selected include bit/word (unsigned), word (signed), double word (unsigned), and double word (signed). If

double word (unsigned) or double word (signed) is specified, a trigger occurs only when data equal to one double word is

written. No trigger occurs when only the upper or lower word of a double word is written.

Type Device"!

Bit device 2 X, Y, M, SM, L, B, F, SB, T (contact)™, ST (contact)™, C (contact)™, LC (contact)™

Word device™® T (Current value)™®, ST (Current value)®, C (Current value)™®, D, SD, W, SW, R, U\GO™®
Double-word device LC (Current value)™®

*1 Index modification, and indirect specification cannot be specified.

*2 For bit devices, bit specification of word cannot be specified.
*3 For word devices, nibble specification of bit devices cannot be specified.
*4  To specify these devices with the CPU Module Logging Configuration Tool, use T (contact): TS, ST (contact): STS, C (contact): CS, LC

(contact): LCS.

*5  To specify these devices with the CPU Module Logging Configuration Tool, use T (current value): T or TN, ST (current value): ST or

STN, C (current value): C or CN, and LC (current value): LC or LCN.

*6 This format is supported by the FX5UJ and FX5U/FX5UC CPU modules.
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Storage file

The CPU module creates a subfolder ("storage file container folder") under the file storage folder and writes storage files to
that storage file container folder. One storage file container folder can contain up to 256 storage files. When the files contained
in the current storage file container folder reach the maximum number, the CPU module creates a new storage file container
folder at the time of next storage file switching and begins writing storage files to that new folder. The number of files that can
be contained in one file storage folder is configurable within the range of 1 to 65535.

Point )’

The base folder name of a storage file container folder is an eight-digit (hexadecimal) number. This number
matches the lowest of the serial numbers of the files contained in the directory. Date and time stamps can be
appended to the folder name.

Action to take when the maximum number of storage files is exceeded

Either "Overwrite" or “Stop"*1 can be selected as the action to take when the maximum number of storage files is exceeded.

*1 This settings is not configurable for trigger logging.

EWhen "Overwrite" is selected

When the storage file switching condition is met after the specified maximum number of storage files is exceeded, the CPU
module deletes the file with the lowest serial number and creates a new file that has a serial number incremented by one from
the highest serial number, allowing data logging to continue. In addition, if deleting the file with the lowest serial number
results in an empty folder, the CPU module deletes that folder as well.

EWhen "Stop" is selected

As described in the following table, the action differs depending on when the specified maximum number of storage files is

exceeded.
Occurrence timing | Occurrence condition Operation
When data logging is There exist more storage files than the « If an attempt is made to register the data logging settings from within the CPU
started specified maximum number when data Module Logging Configuration Tool, an error is generated, resulting in failure to run
logging is started. data logging.
« If an attempt is made to register'1 the data logging settings from outside the CPU
Module Logging Configuration Tool, the special relay (data logging error) turns on
and the special register (data logging error cause) stores the cause of the error,
resulting in failure to run data logging.
While data logging is The specified maximum number of storage | Data logging stops and enters into the completion state. The special relay (data
running files is reached due to file switching upon logging completed) turns on to indicate that data logging is completed.
the satisfaction of the storage file switching
condition.

*1  When an attempt is made to register the data logging settings again, the CPU module enters into the data logging completed state. The
special relay (data logging completed) turns on to indicate that data logging is completed.
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Internal buffer

The internal buffer is a system area used to temporarily store collected data.

Hinternal buffer capacity setting
FX5U/FX5UC CPU module can change the internal buffer capacity with an engineering tool. (=5~ Page 182 INTERNAL

BUFFER CAPACITY SETTING) For trigger logging, increasing the internal buffer capacity allows for a larger number of data
records to be collected before a trigger and also helps to prevent processing overflow. If the free space in the internal buffer is
still insufficient after increasing the internal buffer capacity, use the following workarounds:

* Increase the data collection interval or timing.

* Reduce the number of data records to be collected.

» Lower the frequency of file switching.

Precautions

When changing the capacity of the internal buffer during execution of the data logging function, pay attention to the followings.
« If the internal buffer capacity field for the running setting No. is left blank so that the internal buffer capacity for the setting

No. will not be used, an error will occur when the data logging is resumed after it is stopped. (An error will not occur when
data is written to the CPU module.)

« If the internal buffer capacity for the running setting No. is changed to a value smaller than the set value, some data may be
lost when the data logging is resumed after it is stopped.

BAmount of internal buffer consumed
This value can be calculated by multiplying "Number of data points" by 2 bytes. Note, however, that additional space is

consumed by columns configured for output, as indicated below:
» Date/time column: 10 bytes

» Data collection interval column: 8 bytes

* Index column: 4 bytes

[Ex]

When data logging is configured to collect as much data as one setting x 128 records and output all of the columns (i.e.,
maximum allowable configuration):
128 x 2 + (10 + 8 + 4) = 278 bytes
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Setting the operation at the time of transition to RUN

This function configures the operation of data logging that occurs when the user performs the following operations (transition
to RUN) after the data logging setting are registered. (=5~ Page 644 Logging operation)

» Turning off and on the CPU module and switching to the RUN mode

» Resetting and running the CPU module

+ Stopping and running the CPU module

Poin t

The operation at the time of transition to RUN can be set individually for each setting number (1 to 4).

Operation at the time of transition to RUN

The operation at the time of transition to RUN can be set to either of the followings.

HAuto start
After the user performs one of the operations listed above, data logging automatically starts when the operating status of the
CPU module changes from STOP to RUN.

Point

To first start data logging, the user must instruct the CPU Module Logging Configuration Tool to start data
logging.

EStart by user operation

After the user performs one of the operations listed above, the data logging state is switched to "Waiting start Not collected"
when the operating status of the CPU module changes from STOP to RUN. To start data logging again, the user must instruct
the CPU Module Logging Configuration Tool to start data logging.

Data logging operation that occurs after operating status of CPU module has changed

Data logging does not continue when the operating state of the CPU module changes from RUN to STOP or PAUSE after it
has been started. The data logging state changes to "Waiting RUN Not collected" and data collection is stopped.
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21.6 Precautions

This section describes precautions to take when using the data logging function.

Missing data

The term "missing data" means that some of the collected data is missing, resulting in data discontinuity.
Missing data occurs under the following conditions:

Item Description

Data logging function processing time When data logging is executed by specifying for the collection interval a time interval shorter than the
processing time required by the CPU module for data storage.

Processing overflow » When the internal buffer responsible for tentatively storing the logged data is unable to store new logged
data because the SD memory card does not store data

* When you attempt to register the data logging while the CPU module is in the process of logging collecting,
collecting before trigger or collecting after trigger

Operations for the CPU module The CPU module has been stopped and run with "Operation at transition to RUN" set to "Auto Start."

The CPU module has been turned off and on with "Operation at transition to RUN" set to "Auto Start."

The CPU module has been reset and run with "Operation at transition to RUN" set to "Auto Start."

Operation from engineering tools, CPU * When the CPU module is suspended and restarted, and operation for displaying the logging state is
Module Logging Configuration Tool, and performed from CPU Module Logging Configuration Tool
external devices via protocols such as SLMP « File read™, write, delete, or verification

*1  The following operation also is included:

- Online operation which displays data by operation such as read from the PLC performed from an engineering tool (retrieval and display
of a list of files on the CPU module)

- View of the event history (retrieval of the event history from the CPU module)
EData logging function processing time
The data logging function processing time indicates the minimum time value that allows data collection without data loss when
executing data logging.
It shows the collection interval at which data can be collected under the following conditions.
» Logging type = continuous logging
» Scan time = 5ms
« Internal buffer capacity setting = 80K bytes as per one setting (default setting)
« Collection setting = Time specification (data collection at time interval)
+ Data setting = Data register (D) (Data type: Word (signed))
« Binary Output setting = Output date (output format is default), Output data sampling interval, Output index, Output
comments
+ Save setting = Operation when exceeds the number of files: Overwriting, File switch timing: 10000
* SD memory card: NZ1MEM-4GBSD used

Points Collection interval where data can be
collected

8 points (8 points x 1 setting) 10ms

16 points (16 points x 1 setting) 15ms

64 points (64 points x 1 setting) 45ms

128 points (128 points x 1 setting) 100ms

256 points (128 points x 2 setting) 150ms

512 points (128 points x 4 setting) 250ms

Precautions

« If the SD memory card is accessed frequently during operations with the engineering tool or CPU module logging setting
tool or with operations using FTP, set a longer collection interval than the interval given above.

* If aload on Ethernet communication is heavy for such a reason as using socket communication and SLMP communication,
set a longer collection interval than the interval given above.
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HProcessing overflow
In normal cases when the usage of the internal buffer reaches the specified maximum capacity, the CPU module overwrites

the data stored in the storage memory on a first-in first-out basis. If the internal buffer becomes full before all of the data stored
in it is saved to the storage memory, however, the CPU module does not overwrite the existing data and stops storing data in
the internal buffer, thus resulting in missing data. This situation is referred to as processing overflow. Upon the occurrence
overflow, the special register (Number of processing overflow occurrences) stores the number of times when processing
overflow occurred.

Errors generated during data logging

No diagnostic error occurs if an error occurs during data logging, the SM applicable to the special relay (data logging error)
setting No. turns on, and the error cause is stored in the SD applicable to the special register (data logging error cause)
setting No. Note that if the data logging with the special relay fails at the time of register/clear, the cause of occurred error is
stored in a special register (the data logging register/clear error code) applicable to the setting No.

Mutual exclusion of the data logging function

This section describes the mutual exclusion of the data logging function.

EWhen another function is executed during the execution of the data logging function
The following table lists the cases when another function is executed during the execution of the data logging function.

Function that has been | Function to be Operation
already executed executed later
Data logging function Data logging function When the data logging is started using the CPU Module Logging Configuration Tool to the

same data logging setting number, the data logging to be executed later cannot be executed.
However, the data logging to be executed later can be executed to a data logging setting
number different from the data logging setting number currently being executed.

For the execution of multiple data loggings, the data logging settings stored in different target
memory areas cannot be executed at the same time.

Memory dump function The data logging function and memory dump function cannot be used simultaneously.

Data backup function The data backup function cannot be executed while a logging setting file is being written/
deleted or a logging setting is being registered/cleared.

Data restoration function The data restoration function cannot be executed while a logging setting file is being written/
read/deleted or a logging setting is being registered/cleared.
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HEWhen the data logging function is executed during the execution of another function
The following table lists the cases when the data logging function is executed during the execution of another function.

Function that has been | Function to be Operation

already executed executed later

Memory dump function Data logging function The data logging function and memory dump function cannot be used simultaneously.
Data backup function While the data backup function is being executed, a logging setting file cannot be written/

deleted and a logging setting cannot be registered/cleared.

Data restoration function While the data restoration function is being executed, a logging setting file cannot be written/
read/deleted and a logging setting cannot be registered/cleared.

Locations from which data logging can be performed

Data logging cannot be performed from multiple locations to the same setting number. The CPU module supports data
logging performed concurrently at a maximum of 4 locations assigned to setting numbers 1 to 4.

Retention and clearance of data logging settings

The data logging settings registered in the CPU module are latched and thus survive across a power cycle (power off and on)

or reset of the CPU module in normal cases. In the following cases, however, the data logging status is cleared to the

unregistered state and therefore the setting data must be written again:

» The CPU module is turned off and on or reset without an SD memory card that contains the data logging setting file.

» The replaced SD memory card does not contain the data logging setting file and the CPU module is turned off and on or is
reset. !

*1 If the data logging setting file contained in the replacement (new) SD memory card is different from that contained in the replaced (old)
SD memory card, the data logging setting file contained in the replacement SD memory card becomes registered.

Stopping/suspending data logging

After data logging is stopped or suspended from within the CPU Module Logging Configuration Tool or special relay, all the
data in the internal buffer is written into the target memory. If a small number of records or a small file size is specified as part
of the storage file switching condition, writes to the target memory may take a longer time.

Operation against the failure to register data logging setting files

When an attempt to register multiple data logging setting files at the same time is made and fails for some of them, the CPU
module runs data logging for the setting files that have been successfully registered.

Numbering of the storage files used during data logging

If one or more numbered storage files already exist in the specified file storage folder and a new file is written, the new file is
given a file name that uses a number incremented by one from the highest number among the existing files. If the file storage
folder has no storage files but one or more storage file container folders exist, the new file is stored under the folder with the
lowest number and it is given the same number as the folder. However, if there are 258 or more folders under the said
conditions, a new folder is created and the file is given the same number as the new folder.

Operation that occurs while collected data is stored in the target memory

If one of the following operations is performed while collected data is stored in the target memory, any unsaved data is cleared
and not reflected to the results:

* Turning power of the CPU module off and on

* Reset

If one of the following operations is performed, unsaved data continues to be stored in the target memory:

 Stopping the CPU module

+ Stopping/suspending data logging from within the CPU Module Logging Configuration Tool

* Issuing the LOGTRGR instruction
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Creating files and folders

Under the "LOGGING" folder that contains data logging setting files and data logging files, do not attempt to create files or
folders using a personal computer or other device. Doing so may result in deletion of files and folders.

Changing the clock data

Whatever changes, such as advancing or reverting the clock, are made to the clock data of the CPU module during data
logging, the CPU module performs data collection at the specified collection interval/timing, but the date/time column in the
output file reports the changed clock data.

Access to the SD memory card

If data logging is performed with a small setting of the data collection interval/timing or with a large number of records to be
collected, access (read/write) to the SD memory card occurs so frequently that a delay occurs in completing the access. To
avoid such a delay, use the following workarounds:

* Increase the data collection interval/timing.

* Reduce the number of data records to be collected.

» Lower the frequency of file switching.

Changing the operating status of the CPU module

The operating state of the CPU module should not be changed until the completion of the following operations and

registrations:

« Save of the data in the internal buffer by changing the state of the CPU module from RUN to STOP or instructing the CPU
Module Logging Configuration Tool to stop or suspend the CPU module

* Registering multiple data logging sessions' settings*1

* Registering data logging settings with any unused folders remaining in the storage memory*1

*1 Data logging settings are also registered when the CPU module is stopped and run.

Point >

« To shorten the time required to register multiple data logging sessions' settings, reduce the number of data
logging sessions.

« To shorten the time required to register data logging settings with any unused folders remaining in the
storage memory, delete the unused folders before registration.

File operation during execution of data logging

Describes file operation during execution of data logging.

Target file File Operation
operation

Data logging setting file Write During execution of data logging, it is not possible to write or the delete data logging setting file being used.
Delete
Initialize During execution of data logging, it is not possible to initialize the memory storing the data logging setting file

being executed.

Folder delete Folders cannot be deleted from the $MELPRJS$ folder in which the data logging setting file is stored.

Data Logging File Write During execution of data logging, it is not possible to write or delete data, or delete folders corresponding to
the data logging file being used.

Delete

Folder delete

Initialize During execution of data logging, it is not possible to initialize the memory storing the data logging file being
executed.

244 21 DATA LOGGING FUNCTION
21.6 Precautions



About remote operation

When remote RUN is performed while the data logging function is in the following execution status, the remote RUN may fail.
In that case, wait for a while and retry remote RUN. If remote RUN still cannot be executed, check whether remote RUN is
acceptable and retry remote RUN.

Execution state of data logging function The situation to accept remote RUN

Data saving into memory card in progress No special relay (Data logging data saving into memory card in progress) is on.

Registration of the data logging setting from CPU Module Logging The special relay (data logging preparation) and the special relay (data logging start)

Configuration Tool in progress corresponding to the setting number of the data logging setting, which is being
registered in the way shown in the left column, are on.

RUN operation through switching operation or the RUN contact

During execution of data logging, when the status of the CPU module is switched from STOP to RUN with the RUN/STOP/
RESET switch, or when remote STOP to RUN operation of the RUN contact, it may take time to return to the RUN state.
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21.7 SD Memory card Life and Replacement

This section describes the life of the SD memory card used for the data logging function and the replacement procedure.

SD memory card life

An SD memory card has a life (restriction on writing data). The following shows the calculation method of an SD memory card

life when the data logging function is used. Note that the actual life of the card varies depending on usage conditions and
environment. Therefore, use the calculated life as a rough standard for the replacement of the card.

Calculation formula of SD memory card life

SD memory card life (year) = Total size of data that can be written (G bytes) + Size of data to be written per year (G bytes/
year)

Total size of data that can be written

Capacity x Number of writes
For the capacity of applicable SD memory cards and the number of writes, refer to the following.
LTIMELSEC iQ-F FX5S/FX5UJ/FX5U/FX5UC User's Manual (Hardware)

Size of data to be written per year

The size of data to be written per year is obtained by the following formula.
Size of data to be written per year (G bytes/year)= (DS1' + 6144) x DN1 + - + (DSn"" + 6144) x DNn + (DCS1°" + 6144) x
DCN1 + - + (DCSn"! + 6144) x DCNn) + 1073741824

*1  Round up DSn and DCSn to a multiple of 512.
DSn, DNn, DCSn, and DCNn are obtained as follows.

EData logging data size per record (DSn)
CSV file output format: Refer to the data. (==~ Page 227 CSV file format)

Binary file output format: Refer to the data. (<5~ Page 231 Binary file format)

ENumber of records for data logging per year (DNn)
Continuous logging: DNn = 60 x 60 x 24 x 365 + Collection interval and timing (seconds)*1 x Operating rate?
Trigger logging: DNn = Total number of records 3

*1 The value that is determined depending on the condition set in "Sampling" when "Continuous logging" is selected for the logging type.
(When the value is determined in milliseconds, convert the value into seconds.)

*2 Calculate the ratio using the operating time per year of the CPU module. For example, if the operating time per year is 5000 hours, the
operating rate is calculated as follows: 5000 + (24 x 365) = 0.57.

*3 The value set in "Number of logging lines" when "Trigger logging" is selected for the logging type.

BMHeader size of data logging (DCSn)
CSYV file output format: Refer to the header. (==~ Page 227 CSV file format)

Binary file output format: Refer to the header. (=5~ Page 231 Binary file format)

ENumber of file switching times for the data logging per year (DCNn)

Calculate this number with an estimated number according to the save setting of the data logging and system operations. For
example, when 1000 records are set in "Number of records" of "File switching timing" in the save setting and "Each scanning
cycle" is specified for "Sampling interval" in the sampling setting, the time interval of the file switching is obtained by
multiplying the scan time by 1000. Therefore, the number of file switching times for the data logging per year is obtained by
the following formula: 60 x 60 x 24 x 365 + (Scan time (second) x 1000).

24 21 DATALOGGING FUNCTION
6 21.7 SD Memory card Life and Replacement



SD memory card replacement

SD memory cards can be replaced using the SD memory card forced disable function even while data logging is in progress.
(I=="Page 191 SD Memory Card Forced Stop) This function works by disabling data writes to the SD memory card while
allowing data collection to continue. (Data collection continues in accordance with the settings registered when data logging is

started.)

Point

If SD memory card replacement causes processing overflow, make adjustments by changing the collection
interval, internal buffer capacity, or other settings.

Operation during SD memory card replacement

Mounting the replaced SD memory card on the CPU module causes a "LOGGING" folder to be created. When becoming
ready for running the logging function, the CPU module resumes the data transfer into the SD memory card.

The CPU module operates differently as follows depending on the folder configuration in the replaced SD memory card.

Folder constitution Operation of after SD memory card replacement
The folder not exist. LOGGING folder is made.
Only LOGGING folder * LOGGING folder is renamed by LOGGING_OLD.
* LOGGING folder is made.
Only LOGGING_OLD folder LOGGING folder is made.
LOGGING folder Data logging state changes to error state.

LOGGING_OLD folder

Precautions

If the internal buffer becomes full during the time between SD memory card replacement and the resumption of data writes to
the SD memory card, processing overflow occurs resulting in missing data.

Storage file numbers after SD memory card replacement

The numbering of the first storage file created after SD memory card replacement differs depending on the storage file

switching condition, as described in the following table.

Storage file switching condition Storage file numbers after SD memory card replacement
Overwrite Numbering continues from the number of the last storage file contained in the replaced SD memory card.
Stop Numbering begins at 00000001.
. ()
Pomt/'

If the new SD memory card contains a "LOGGING" and "LOGGING_OLD" folder, data logging cannot be
executed. Ensure that the new SD memory card does not contain a "LOGGING" and "LOGGING_OLD" folder.

Logging state during SD memory card replacement

SD memory cards can be replaced without depending on the current data logging state.

Operations during SD memory card replacement

If one of the following operations is performed during the time between the removal and installation of SD memory cards, any

data collected during that time will not be stored in the new SD memory card.
+ Stop and run’!

« Power off and on""

* Reset

» Suspend data logging

« Stop data logging

*1 An error is generated if data logging was previously running based on the setting file contained in the replaced SD memory card.
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Operations after SD memory card replacement

If the SD memory card was replaced while data logging was running based on the data logging setting file contained in the SD
memory card, the data logging setting file contained in the new SD memory card is used when data logging is started next. If
the new SD memory card does not contain the data logging setting file, data logging is not started.

Stack file remaining in the replaced SD memory card

Replacing an SD memory card that contains a stack file may result in the stack file remaining in the replaced SD memory card
along with storage files. If the stack file is remaining in the replaced SD memory card, recover the latest data contained in the
stack file by doing the following:

» Retrieve the data from the stack file and combine the data with a storage file.

« Save the stack file as a storage file.
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22 MEMORY DUMP FUNCTION

This function stores device values of the CPU module at any given timing. Checking data at the desired timing through the
function facilitates the analysis of problems which occur depending on a particular condition.

'
/

Engineering tool Power

» Time

:|__

(4)

Device memory SD memory card

Devices Ij> )
1) Perform memory dump settings.

(

(2) Enters a wait state for the trigger after the memory dump setting file has been written.
(3) Establishment of the trigger condition
(
(

4) Start of data collection
5) The memory dump file is stored in the SD memory card. (==~ Page 254 Memory Dump File)

Point ;>

For supported version of memory dump function, refer to [Z5~ Page 649 Added and Enhanced Functions.

« This function can be used only when the internal buffer usage function is set to "memory dump function".
(=== Page 182 INTERNAL BUFFER CAPACITY SETTING)

* Memory dump can be performed only between the same models. (FX5U CPU module and FX5UC CPU
module are treated as the same models.)
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22.1 Object Data

This section describes the data to be collected by memory dump.

Data to be collected

Of the devices listed below, all devices that are within the range specified in the device settings are subject to the collection.

Type Device
Bit device X, Y, M, L, B, F, SB, T (contact), T (coil), ST (contact), ST (coil), C (contact), C (coail), LC (contact), LC (coil), S,
SM, BLO\SO'™

Word device T (current value), ST (current value), C (current value), D, W, SW, SD, R, Z

Double-word device LC (current value), LZ

*1  Only FX5U/FX5UC CPU module is supported.

Point >

For BLO\SO (step relay with block specification), data collection is performed only when the SFC program
exists. (LLIMELSEC iQ-F FX5 Programming Manual (Program Design))

22.2 Trigger Condition

The following table lists the conditions to be used as a trigger. Set the trigger condition in the memory dump settings. (LT1GX

Works3 Operating Manual)

Trigger condition Description
Device specification Data are collected when the specified monitoring target data (bit data) turns on during the END processing.
At the occurrence of an error Data is collected using the SMO (latest self-diagnosis error) OFF—ON as the trigger.

Precautions

On the occurrence of consecutive triggers, if the status of data save due to the previous occurrence of trigger is "Save
complete” of collected data, the next trigger is recognized as a trigger again. Note that events other than the above are not

recognized as a trigger condition.

Point}3

A trigger can be generated with trigger conditions combined. (=5~ Page 252 Combining trigger conditions)
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Device specification

Data are collected when the specified monitoring target data turns on during the END processing.

Trigger occurrence
1
1

1
A

Data condition

Program

e
m

~—

~

1 scan {}

| Data sampling starts.

For monitoring data, the following devices can be specified.
1

Type Device”
Bit device X, Y, M, L, F, SM, B, SB, T (contact)’2, ST (contact), C (contact)’2, LC (contact)?

*1 Index modification, and indirect specification cannot be specified.
*2 To specify these devices with the engineering tool, use T (contact): TS, ST (contact): STS, C (contact): CS, and LC (contact): LCS.

Precautions

Even though the value of the monitoring target data changes during a single scan, if the value during the END processing is
same as that during the last END processing, it is not recognized as a trigger.

At the occurrence of an error

Data is collected using the SMO (latest self-diagnosis error) OFF—ON as the trigger.

The trigger occurs at the END process of the scan in which the error occurred.

At the occurrence of a continuation error

RUN/STOP
state RUN
i Trigger occurrence
1 1
i A continuation error occurs.\ '
1 1
1 1
Error i T i
| i
= |
END END
Program i_ :_
1
N y
Y 1
1 scan {}
| Data sampling starts.
Precautions

If the same continuous error occurs after SMO turns ON, it will not be recognized as a trigger, so data will not be collected.
Being recognized as a trigger requires the error to be cleared.

22 MEMORY DUMP FUNCTION 2 1
22.2 Trigger Condition 5



At the occurrence of a stop error

RUN/STOP

state RUN STOP
i Trigger occurrence
1 1
' A stop error occurs. '
i \T |
Error | '
| |
= |
| END END
Program i I
| N |
N )
Y 1
1 scan {}
| Data sampling starts. |
Point

Even if an error occurs, if the function (analog function, etc.) does not cause SMO to turn ON, memory dump
using SMO as the trigger cannot be executed. By specifying a device for each function's error display with the
device specification, memory dump can be executed even when an error occurs in a function that does not
cause SMO to turn ON.

Combining trigger conditions

A trigger can be generated with trigger conditions combined. This combination is based on an OR condition. The
establishment of a condition, either device specification or error code specification, results in data collection.

Condition Trigger
established , generated

The established condition is not
recognized as a trigger because
collecting after trigger

]

On error

1
1
1
:
1
Conditon 1 Trigger
1
1
1
1
1
1
1

(collecting/saving)

1 1
1 1
1 1 1
1 1
1 1 1
1 1 1
! ' | Condition | : -
! ! ! ' (collecting/saving) is in progress.
established | generated ' ' | established | ( 9 9 prog
Ny ! ! ! N LT !
4 | | | 4 | |
Data condition : ; i i i
: 1 1 1 1 1 1
| “ 1 1 “ 1 1
Collecting after trigger 1 i i { i i {
[
i i i i i
E E E E

zZ

Program

——m-
IE
_1He

"
Precautions

If the trigger conditions are established again during data collection, the state will not be recognized as a trigger so data will
not be collected.

Point/@

If the trigger conditions for both device specification and error occurrence are established within the same
scan, the trigger conditions for error occurrence will have priority.
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22.3 Procedure for Memory Dump

This section describes the procedure for memory dump. Note that each operation of the memory dump function is performed
with the engineering tool.

O [Debug] = [Memory Dump]
For how to view and operate the window, refer to the following.
[T1GX Works3 Operating Manual

1. Configure the memory dump settings by the menu operation in the engineering tool.

2. Writing the memory dump setting file results in a wait state for the trigger. Whether the CPU module is in a RUN state,
STOP state (including stop error*1), or PAUSE state, a wait state for the trigger results.
*1 Limited to where the trigger condition is device specification.

Point/®

« If the memory dump setting file is stored, the memory dump will be executed when the CPU module power
is turned OFF—ON or reset.
* The engineering tool allows the memory dump status to be checked.

3. Establishment of the trigger condition initiates data collection, saving the memory dump file to the SD memory card.

4. The contents of the memory dump file (collected device data) can be checked with the engineering tool.

22.4 Flow of Data Collection

Collected data is stored in the internal buffer, where the data is partitioned at END processing and saved in the SD memory

card. When a trigger is generated, the END process will take longer than usual.

Condition establishment

Condition establishment )
timing Trigger
occurrence

N

Program END.
processing

Internal buffer |

Program ,II JI/ A p!

SD memory card  —  — Finish

Writing of sampling data

Precautions

« If a user interrupt occurs while transferring the device data to the internal buffer, a data inconsistency will occur.
« If a user interrupt occurs while transferring double-word devices, an inconsistency will occur in the high-order and low-order
word devices.

Effect on the scan time

If the memory dump function detects a trigger, the scan time will increase as follows when collecting the data.
* FX5UJ CPU module: Approx. 25 ms
* FX5U/FX5UC CPU module: Approx. 15 ms (Approx. 16 ms if SFC program exists)
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22.5 Memory Dump File

This file stores data that is collected through memory dump (collection result by memory dump). Data collected by one

execution is saved in one file. The memory dump file is saved in a binary format and stored under the "MEMDUMP" folder.

Save file name

The file name can be arbitrarily set within a range of 64 characters (extension and period included) together with an auto-
assigned number (00 to 99). Specify the save file name in the memory dump settings. (LL1GX Works3 Operating Manual)

MEMDUMP_00""

*1 Between a specified file name (MEMDUMP) and an auto-assigned number (00), the single-byte underbar (_) is added.
If a file name with 5 or less characters is specified, the lowercase characters used in the file name may be handled as uppercase
characters.

When the memory dump function is registered, the debug folder (DEBUG (fixed)) and the memory dump folder (MEMDUMP

(fixed)) are created in the SD memory card. The memory dump file (result file) is stored in the memory dump folder. One folder
can contain a maximum of 100 files. If any file does not exist in creating a save file, the file with the number 00 is created. If
any file already exists in creating a save file, the behavior is as follows:

Number of files Behavior

For less than 100 Creates a file™ assigning the number obtained by adding 1 to the number of the file where the creation date and
time is the latest.

For 100 (maximum) Deletes the file where the creation date and time is the oldest and creates a new file using the deleted number as
itis.

*2 If the corresponding file number is 99, a file with file number 00 is created.

22.6 States of the Memory Dump Function

The state of the memory dump function is reflected in the memory dump status. The engineering tool allows the memory
dump status to be checked. (LI1GX Works3 Operating Manual)

Memory dump status

The following table lists the memory dump status.

Memory dump status Description

Stop State in which memory dump is not registered

Trigger-wait not collected A state in which data is not yet collected and establishment of the trigger condition is being waited

Collecting after trigger A state in which collection of the data after trigger is in progress (includes a state in which collected data is being

saved in the target memory)

Collection completed A state in which collection of a specified data is completed

Error A state in which a memory dump error occurs and memory dump fails
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22.7 Sizes of Files Used for the Memory Dump Function

This section shows the sizes of files used for the memory dump function.

Capacity of the memory dump setting file

The capacity of the memory dump setting file varies depending on the length of the save file name. The following formula is

used for the calculation:

+ Capacity of memory dump setting file = (((Number of characters of save file name’! x 2 bytes + 1201 bytes (fixed)) + 3) + 4)
2.4

*1 Except for the period and extension.

*2 The remainder is discarded.

Capacity of the memory dump file

The capacity of the memory dump file is given by the total of the following items:
» Capacity of memory dump file = Volume of header + Volume of data of program file name’! + Volume of device data +

Volume of local device data”'
*1  Only when BLO\SO (step relay with block specification) is collected.

Volume of header

The volume of header is given by:
* Volume of header = 1088 bytes (fixed)

Volume of data of program file name

Volume of data of program file name is given by the total of the following items. Only when BLE\SO (step relay with block
specification) is collected, this data is created in the memory dump file.
» Volume of data of program file name = 16 bytes (fixed) + (Number of programs x (2 bytes (length of program file name) +

130 bytes (program file name))

Volume of device data

The volume of device data is given by the total of the following items. Note that this data is always created in the memory
dump file regardless of the settings of CPU parameters.

» Volume of device data = 520 bytes (fixed) + Volume of collected device data

HVolume of collected device data
[FX5S/FX5U/FX5UC CPU modules]

The volume of collected device data is given by the following:

» Volume of collected device data = (Total number of points of bit devices + 8) + (Total number of points of word devices x 2)
+ (Total number of points of word devices x 4)

[FX5UJ CPU module]

The volume of collected device data is 116702 bytes (fixed).

Volume of local device data
The volume of local device data is given by the total of the following items. Only when BLO\SO (step relay with block

specification) is collected, this data is created in the memory dump file.
» Volume of local device data = 16 bytes (fixed) + (Number of programs x 4 bytes) + Volume of local device contents
» Volume of local device contents = 580 bytes (fixed) + Volume of collected local device data™

*1 The total of volume which is given by calculating the number of points of S (step relay) which is assigned to each block of BLO to BL31
of the SFC program by the following volume of block data.
Volume of block data = ((the number of points of S (step relay) which is assigned to block + 15)/ 16) x 2
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22.8 Special Relay and Special Register Used in the
Memory Dump Function

For details on the special relay and special register used in the memory dump function, refer to the following:
» Special relay: Special relay relating to the memory dump function (=5~ Page 455 Memory dump function)
» Special register: Special register relating to the memory dump function (==~ Page 494 Memory dump function)

22.9 Precautions for the Memory Dump Function

This section describes precautions to take when using the memory dump function

Mutual exclusion of the memory dump function

The mutual exclusion of the memory dump function is as follows.

EWhen another function is executed
The following table lists the cases when another function is executed during the execution of the memory dump function™!.

Function that has been | Function to be Operation
already executed executed later
Memory dump function Data logging function The memory dump function and data logging function cannot be used simultaneously.
Data backup function The data backup function cannot be executed while memory dump is being registered/cleared.
Data restoration function The data restoration function cannot be executed while a memory dump file or memory dump
setting file is being read or memory dump is being registered/cleared.

*1 Indicates the state in which the memory dump status is "Collecting after trigger" or the save status is "Saving in progress".

EWhen the memory dump function is executed during the execution of another function
The following table lists the cases when the memory dump function is executed during the execution of another function.

Function that has been | Function to be Operation

already executed executed later

Data logging function Memory dump function The memory dump function and data logging function cannot be used simultaneously.

Data backup function While the data backup function is being executed, memory dump cannot be registered/
cleared.

Data restoration function While the data restoration function is being executed, a memory dump file or memory dump
setting file cannot be read or memory dump cannot be registered/cleared.

EWhen the memory dump function is executed

The following table shows the cases where the file operation related to the memory dump function is executed while the

memory dump function is in execution. 1

Target file File operation Operation

Memory dump setting file Write Settings that are subsequently written during the execution of the memory dump function are
reflected after the completion of save, not reflected immediately.

Delete If the memory dump setting file is subsequently deleted during the execution of the memory
dump function, the memory dump settings are cleared after the completion of save.

Initialize Initialization fails on the memory dump setting file during the execution of the memory dump
function.
Memory dump file Write, read, delete, and Write, read, delete, and initialize on the memory dump file cannot be performed during the
initialize execution of the memory dump function.

*1 Indicates the state in which the memory dump status is "Collecting after trigger" or the save status is "Saving in progress".
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Operation on each individual file

Write, read, delete, and initialize are possible on each file. The following table shows whether each operation is possible or

not depending on the execution status of memory dump.
O: Operation possible, X: Operation not possible

File type Operation to be performed
Read Write/delete Initialize
Not during During Not during During Not during During
execution ! execution”! execution’ execution’! execution™! execution !
Memory dump setting file O O O O 0" X
Memory dump file O X O X @] X

*1 Indicates the state in which the memory dump status is "Collecting after trigger".
*2 The memory dump function is canceled when the memory dump setting file is initialized (when data memory is initialized).

Where to carry out memory dump

Concurrent execution from multiple sources is not allowed. In the CPU module, execution at a time from only one source is
possible.

Creating files and folders

Under the "MEMDUMP" folder containing memory dump files, do not create any files or folders using a personal computer or

other device. Doing so may result in deletion of files and folders.

Access to the SD memory card

The SD memory card is so frequently accessed that a delay occurs in completing the access to the SD memory card (read/
write).

Operation when creating memory dump file

Do not turn the CPU module power OFF, reset, or eject the SD memory card while creating the memory dump file. An error

such as failure to create file or failure to read created file may occur.

Simultaneous execution with the file transfer function (FTP client)
Do not transfer the file during writing with the memory dump function by the SP.FTPPUT/SP.FTPGET instruction.

Event history function

If the memory dump trigger conditions are established when saving the event information in the SD memory card by

generating an event with the event history function, only data collection will be executed with the memory dump function.
Transfer to the SD memory card will be executed when the event history function has completed file access. In the same
manner, if an event is generated with the event history function that saves during memory dump execution, the event history
function data will be transferred to the SD memory card after memory dump transfer to the SD memory card is completed.
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23 REAL-TIME MONITOR FUNCTION

This function monitors the contents of a specified device of the CPU module in real time with a specified interval or a desired
timing. The function can be set with GX LogViewer, where the value changes of a specified device can be shown graphically.
Saving the set data and displayed graphs makes it possible to simplify the settings and check the graphs at a later time.

For details on the function, refer to LL1GX LogViewer Version 1 Operating Manual.

Data in the specified device
are monitored in real time.

CPU module

Ethernet cable

Personal computer

Point >

For supported version of real-time monitor function, refer to ==~ Page 649 Added and Enhanced Functions.
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24 rAs FUNCTIONS

24.1 self-Diagnostics Function

Checks if a problem exists with the CPU module.

Self-diagnostics timing

If an error occurs when the CPU module is powered on or while it is in the RUN/STOP state, the CPU module detects, and
displays it, and stops operation. However, depending on the error occurrence status or the instruction to execute, the CPU
module may not be able to detect the error. Configure safety circuits external to the PLC to ensure that the entire system
operates safely even in such a case.

Check method of error

This section describes the check methods when error occurs.

Check method using special relay and special register

When the CPU module detects an error, it turns SMO (Latest Self-diagnostics error (annunciator on included)) and SM1
(Latest Self-diagnostics error (annunciator on not included)) on and stores the error code corresponding to the error definition
in SDO (diagnostics error). If multiple errors are detected, the latest error code is stored in SD0. Use SM0, SM1, and SDO on
the program for the CPU module or mechanical interlock. Besides, the error code up to 16 pieces for the error contents being
currently generated will be stored into SD10 (Self-diagnostics error code) to SD25 (Self-diagnostics error code). (The error
code for the error content of 17th piece on and after will not be stored.)

Check method using LED

The error occurrence conditions can be checked through the lighting conditions of ERR LED. For details, refer to the following
manual.
LTIMELSEC iQ-F FX5S/FX5UJ/FX5U/FX5UC User's Manual (Hardware)

Check method using the engineering tool

The error or event history being currently generated can be checked in the Module diagnostics window. (LI1GX Works3
Operating Manual)

EEXxisting errors
Up to 16 errors (description of errors) currently existing in the CPU module can be displayed. However, even when an
additional error occurs after a stop error, the error information is not refreshed.

Point

The maximum number of displayable errors is 15 for continuation errors and 1 for stop errors. When 15
continuation errors are displayed and another one occurs, description of the new error is not displayed. Also,
when an error with the same code has already been displayed, the date and time of occurrence and detailed
information of the relevant error are not updated.

HError history

Occurred errors is logged in the event history (=5~ Page 264 Event History Function)

The event history is updated only when a battery error occurs, independent of the operating status of the CPU module. Also,
when a battery error is detected after the occurrence of an stop error, the information on existing errors is not refreshed, and
only the event history is updated.
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CPU Module Operation Upon Error Detection Setting

Configure each CPU Module Operation setting when an error is detected.

Error Detection Setting

Sets whether or not to detect errors.

O Navigation window = [Parameter] => [Module model name] = [CPU Parameter] = "RAS Setting" = "Error Detections

Setting"
Window
Item Setting -
= Error Betections Sciing :
Battery Error Detect
Madule Werify Errar Detect -

Displayed.items

Item Description Setting range Default

Battery Error™ ! Sets whether or not to detect the battery error. * Detect Detect
 Not Detected

Module Verify Error Sets whether or not to detect the module verification error. * Detect Detect2
* Not Detected

*1  Only FX5U/FX5UC CPU module is supported.
*2 For the FX5S CPU module, fixed to "Detect".

CPU Module Operation Upon Error Detection Setting

Sets the CPU module operation upon error detection.

O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "RAS Setting" = "CPU Module
Operation Setting at Error Detected"

Window.

Item Setting -
=l CPLf Madule Operatrar Settmg af Error Detectsd ]
= Ihztruction Execution Error

Inwalid module Mo. Continue

Operation Error Ciontinue E
Memory Card Error Cantinue
Module Werify Errar Stop
Swstem Configuration Error Continue -

Displayed.items

Item Description Setting range Default
Instruction Invalid module No. Sets the CPU module operation upon detection of an incorrect module | < Continue Continue
Execution Error No. * Stop
Operation Error Sets the CPU module operation upon operation error. » Continue Continue
* Stop
Memory Card Error Sets the CPU module operation upon a memory card error. » Continue Continue
* Stop
Module Verify Error Sets the CPU module operation upon a module verification error.  Continue Stop'1
* Stop
System Configuration Error Sets the CPU module operation upon a system configuration error. « Continue Continue
« Stop

*1  For the FX5S CPU module, fixed to "Stop".
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LED display setting

Set whether or not to display the ERROR LED and BATTERY LED.
O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "RAS Setting” = "LED Indication

Setting"
Window.
Ttem Setting -
= LER Bisplay Sctimge ]
= ERROR LED
Minor Error (Continue Errar) Dizplay
= BATTERY LED £
Blattery Error Dizplay -
Displayed.items
Item Description Setting range | Default
ERROR LED Minor Error (Continue Sets whether or not the ERROR LED is displayed when a minor error | « Display Display
Error) occurs. * Do Not Display
BATTERY Battery Error Sets whether or not the BATTERY LED is displayed when a battery * Display Display
LED" error occurs. « Do Not Display

*1  Only FX5U/FX5UC CPU module is supported.
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Error Clear

This function clears all the existing continuation errors at once.

Errors that can be cleared

Error code Error name

1080H ROM write count error

1090H Battery error

1120H SNTP clock setting error

1200H Module moderate error detected

1800H Annunciator ON

1810H, 1811H Operation error

1900H Constant scan time error

1920H IP address setting error

1921H IP address writing/clear request simultaneous detection

1FEOH to 1FE6H, 2008H

Module configuration error

2120H, 2121H

Memory card error

2400H Module verification error
2440H, 2441H Module major error

2450H Module major error detected
2522H Invalid interrupt

2801H Module specification error
2820H, 2821H, 2822H, 2823H Device specification error
2840H File name specification error
3360H to 3362H Nesting depth error

3380H Pointer execution error

3400H to 3406H, 3420H, 3500H, 3502H to 3506H, 350AH, 350CH to 350FH,
3510H to 351EH, 3580H, 3581H, 3583H to 3588H, 3600H, 3611H to 361CH,
3621H to 362CH, 3631H to 363CH, 3641H to 364CH, 3651H to 365CH,
3661H to 366CH, 3671H to 367CH, 3681H to 368CH, 3691H to 369CH,
36A1H to 36ACH, 36B1H to 36BCH, 36F0H

Operation error

3780H

High-speed comparison table maximum excess error

3781H

Preset value range outside error
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How to clear errors

Errors can be cleared in two ways:

EUsing the engineering tool
Clear errors with the module diagnostics function of engineering tool. (LI1GX Works3 Operating Manual)

BmUsing SM/SD
Clear errors by operating SM/SD.

1. Check SDO (Latest self-diagnostics error code) to identify what errors are detected.
2. Clear the cause of each of the currently detected continuation errors.

3. Turn off and on SM50 (error reset).

Pointp
When clearing the error with the error code (2400H), set "Continue" to "Module Verification Error" in "CPU
Module Operation Setting at Error Detected". (=5~ Page 261 CPU Module Operation Upon Error Detection
Setting) However, SM61 (/O module verify error) which is turned ON when the error code (2400H) occurs is
not turned OFF. To turn OFF SM61, the CPU module must be turned ON or reset.
Precautions

This section describes some precautions to take when using the error clear function:

« Since the function clears all of the currently detected continuation errors at once, errors that should not yet be cleared may
be cleared.

» Use the RST instruction to reset each annunciator individually.

24.2 Event History Function

Information including errors detected in the CPU module, expansion board, expansion adapter and intelligent module, and
errors that occur in the network is collected and saved by the CPU module. Once errors are stored, they can be checked
chronologically. This function can be used to pinpoint the cause of faults that occur in the system or device.

For supported version of event history function, refer to I~>~ Page 649 Added and Enhanced Functions.

The event information held by the CPU
module is displayed by the engineering
tool.

- The event information that occurred
in the CPU module, expansion board,
expansion adapter and intelligent
module is collected in batch and
saved by the CPU module.

Engineering tool
Pointp

The event history information is constantly collected regardless of the operating state of the CPU module.
There are occasions, however, when the event history information cannot be collected due to a major error in
a module, a cable failure, or some other cause.
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Event history settings

Under normal circumstances, the event history function can be used with its default settings and need not be manually
configured. The storage memory and size settings for event history files can be changed as needed. (=" Page 266 Event

history file)
O Navigation window = [Parameter] = [Module model name] = [CPU Parameter] = "RAS Setting" = "Event History
Setting"
Window
Item Setting
=] Ewent Hiztory Settne
Save Destination Data Memary
Storage Capacity Setting per File 15 K Bute
Displayed.items
Item Description Setting range Default
Save Destination Specify the storage location of event history files. * Memory Card Data Memory

« Data Memory
« Built-in RAM Battery Keeping”!

Storage Capacity Specify the storage capacity per event history file. * 1 to 2048K bytes (Save Destination: Memory Card)*2 1.5 K Byte
Setting per File * 1.5K bytes (fixed) (Save Destination: Data Memory)
* 1 to 64K bytes (Save Destination: Built-in RAM Battery
Keeping)*1

Unit: 1K bytes

*1  Only FX5U/FX5UC CPU module is supported.
*2  For the FX5S/FX5UJ CPU modules, fixed to 2048K bytes.

Point ;>

An optional battery is required to use the built-in RAM battery keeping. Refer to the User's Manual (Hardware)
for the CPU module in use for details.

Logging of the event history

This section describes events saving for the event history.

Which event history information is collected

ETarget modules
The events collected for the event history are those that occur in the CPU module and in the expansion board, expansion

adapter and intelligent module connected to the CPU module.

Pointp

The bus access errors that occur in the CPU module when the intelligent function module is connected are

also collected to the event history.

HTarget networks
Collection of event history for devices on a network supports only the built-in Ethernet port communication for the CPU

module or intelligent function module. The communication status is a target for the event history.

Events logged by the CPU module
Information logged in the event history includes errors initiator and other detailed information for troubleshooting purposes.
For events that are logged in the event history on the CPU module, refer to [==~ Page 616 Event List.
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Event history file

The storage memory and file size for event history files can be changed in event history setting. (==~ Page 265 Event history

settings)

EStorage memory

The following storage memory can be used.

+ Data memory

* Built-in RAM battery keeping*1

* Memory card (SD memory card)

*1  Only FX5U/FX5UC CPU module is supported.

Point
For a system where the communication conditions are unstable and frequently change, the event history file
size should be made large enough to accommodate a greater number of events. If this is the case, the SD
memory card is highly recommended as the storage memory.

Precautions

« If the storage memory is the built-in RAM battery keep: when the battery is not loaded or the battery voltage is low, if an
operation such as power is turned OFF — ON or RESET operation is made, the generated error will not be stored into the
event history.

If the storage memory is a memory card (SD memory card), the event history will not be stored when the SD memory card's
write protect switch is enabled. (The event history file in the SD memory card can be read with the engineering tool.) Thus,
if the SD memory card's write protect switch is changed from disabled to enabled during operation, and an event that saves
to the event history occurs, a write to SD memory card error will occur. (Immediately after the error occurs, it can be
checked with the engineering tool's module diagnosis. However, the occurring error will not be saved in the event history
after the power has been turned OFF and ON or the module reset, etc.)

If the storage memory is the memory card (SD memory card): when the SD memory card is not loaded, after power is
turned OFF— ON or after resetting operation, errors will not be stored into the event history.

HFile size
The size for event history files can be changed in event history setting (<5~ Page 265 Event history settings). If the storage

size exceeds the specified size, records are deleted in order from the oldest one and the latest one is stored. An event history
file size is obtained from the following calculation formula.
Event history file size = File header size + Event history management information size + (Number of records x Size per event

history record)

Element Size

File header size 20 bytes

Event history management information size 12 bytes

Size per event history record”! 40 to 1112 bytes (variable)

*1 Because the contents of detailed information may differ depending on the event to be saved or the detailed information may include a
variable-length file name, the size per event history record is variable.
The number of events to be saved in the event history file differs depending on the event type to be saved.
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HEWhen files are created

An event history file is created when:

» The CPU module is turned off and on (if there is no event history file or after the event history settings are changed).

» The CPU module is reset (if there is no event history file or after the event history settings are changed).

« Initialization of the SD memory card (when no event history file exists)*1

*1  When a parameter is stored in the data memory, the event history file is created on the SD memory card, according to the event history

setting.
The following table shows how the event history is treated depending on operation.

Operation Operation for the event history

Memory initialization When this event occurs, the event history is stored into the internal memory. If the internal memory reaches the
maximum number of event history records it can store, all subsequent events are lost ([~ Page 267 Loss of
event history information)

Event history creation The event history, which has been stored in the internal memory during absence of the event history file, is stored
into the data memory or the SD memory card (If any event was lost, it is logged as "*HST.LOSS*").

Indicates the operation of the event history for the SD memory which was removed and mounted in case that the save
destination memory is the memory card (SD memory card).

Operation Operation for the event history

Removal of the SD memory card When this event occurs, the event history is stored into the internal memory. If the internal memory reaches the
maximum number of event history records it can store, all subsequent events are lost ([~ Page 267 Loss of
event history information)

Installation of the SD memory card The event history, which have been stored in the internal memory during absence of the SD memory card, is
stored to the SD memory card. If the re-inserted SD memory card contains an event history file of the same file
size, the CPU module continues to store the event history information. If the file size is different, the CPU module
removes the existing event history file and creates a new event history file.

EWhen parameters take effect
Any changed parameters take effect when:

» The CPU module is powered on
* The CPU module is reset

Pointp

Any changed parameters written in the storage memory with the CPU module in the STOP state does not take
effect when the CPU module operating state is changed from STOP to RUN. In this case, the changed
parameters will take effect the next time when the CPU module is turned off and on or reset.

Loss of event history information

If events are detected frequently, some events may be lost without being collected. When event loss occurs, "*HST.LOSS*"

appears in the "Event Code" field of the engineering tool.
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Viewing the event history

The event history can be viewed using the menus of the engineering tool. For operating procedures and how to interpret the
displayed information, refer to the following:
[T1GX Works3 Operating Manual

Clearing the event history

The event history can be cleared using the event history window. Once the event history is cleared, the CPU module deletes
all the event history information stored in the specified storage memory. For operating procedures and other details, refer to
the following:

[T1GX Works3 Operating Manual

Precautions

Clearing the event history during execution of another function

The event history cannot be cleared while executing the backup/restoration function. (==~ Page 269 DATA BACKUP/
RESTORATION FUNCTION) Confirm that the backup/restoration function is not being executed before executing event
history clear.

Reading the event history during execution of another function

The event history cannot be read out while executing the restoration function. (=5~ Page 280 Restoration Function) Confirm
that the restoration function is not being executed before reading the event history.
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25 DATA BACKUP/RESTORATION FUNCTION

This function backs up the data memory and device/label data™" of a CPU module to an SD memory card. The data backed up

in the SD memory card can be restored as required.
*1  Module access devices and buffer memory are excluded.

SD memory card CPU module
e N 4 )
Backup
CPU
20170101 \ =
Backup Data
00001 i::l memory
)
Data Device/
memory | | label data |:>
Restoration Device/label
data
00002
20170102
- / \- J
The following table lists the methods of the data backup/restoration.
Function Reference
Backup function Backup processing triggered by turning on SM1351 (Normal Mode) Page 275
Backup processing triggered by turning on SM1351 (CPU module auto exchange Page 276
function)
Restoration function Restoration processing triggered by turning on SM1354 Page 282
Automatic restoration using SD955 Page 283
Restoration triggered by CPU module auto exchange Page 284

Point}S

« For supported version of FX5U/FX5UC CPU module data backup/restoration function, refer to I~ Page
649 Added and Enhanced Functions.
» The CPU module device/label data is changed when restoration is executed. Thus, after restoration,

confirm the restored data carefully before using it. (Check the data with GX Works3.)

25 DATA BACKUP/RESTORATION FUNCTION 269




Backup data

Backup data is saved in an SD memory card. The following shows the folder structure of backup data.

2
/ Root directory
M 2) (3) “4) (5)
N — A — N — A — N — A —
— | Backup || — | CPU - [20170101|| =— | 00001 || =~ | Drive4 || — |SMELPRJS$ MAIN.PRG
. . . . . I I
— | (6) | $BKUP_CPU_INF.BSC UEX3FF00.PPR
I —
L | (7) | BKUP_CPU.BKD
L
| (8) | BKUP_CPU_DEVLAB.BKD
LV
_/1
— | 00002 -
_/1 : -
— | 20170102 :
S ittty 1
1 1
P L (9) | $BKUP_CPU_EXCHANGE.DAT !
1
: |
e e ———————————————————— o
*1  When backing up by CPU module auto exchange mode (Deleting existing data), if the system file for CPU module auto exchange
function is stored in the CPU data folder, only the latest folder will exist for the date folder and number folder.
EFolder
No. Folder type Folder name Number of storable | Description
folders
(1) Backup data folder Backup (Fixed) 1 A folder for storing all backup data

CPU data folder

CPU (Fixed)

1

A folder for storing backup data of the CPU module

Date folder

Automatically determined”
Folder name format: YYYYMMDD
* YYYY: Year when the data was backed
up (four digits)
* MM: Month when the data was backed
up (two digits)
» DD: Day when the data was backed up
(two digits)

Depends on the capacity
of the SD memory card
used?

Folders for storing backup data by date

(4)

Number folder

Automatically determined”
Folder name: Sequentially numbered from
00001 to 32767 (five digits)

Depends on the capacity
of the SD memory card
used?

Folders for storing information per backup data.
Each backup data created on a date is stored in
sequentially numbered folders.

®)

Drive folder

Drive4 (Fixed)

One in each Number
folder

Folders for storing folders/files stored in each drive
of the backup target CPU module, separated by
drive

*1

270

Date folders and number folders are automatically named by the CPU module.
*2  The maximum number of storable folders is 32767. However, when backing up with the CPU module auto exchange mode (Deleting
existing data), the folders other than the latest folder will be deleted.
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EBack up file

No. File type File name Description

(6) System file for backing up CPU module data $BKUP_CPU_INF.BSC Files for storing the information required at restoration of data,
such as a list of backup data and identification information of
the CPU module.

(7) Backup data file for backing up CPU module data | BKUP_CPU.BKD The following data is stored.

« Data on operations of the data logging setting

« Data for restarting the SFC program from the block and
step where the processing was stopped

(8) Device/label data file for backing up CPU module | BKUP_CPU_DEVLAB.BKD Device/label data is stored.
data

9) System file for CPU module auto exchange $BKUP_CPU_EXCHANGE.DA | Information required for restoration with the CPU module auto
function T exchange, such as restoration target directory path name,

etc., is stored.

Backup/restoration target data

Backup target data is all target data in the CPU module. (=5~ Page 271 Backup/restoration target files)
Restoration target data is set with SD954 (Restoration target data setting). (=5~ Page 280 Restoration target data)

EBackup/restoration target drives
Target drives is Drive4 (Data memory).

EBackup/restoration target files
The following table lists backup/restoration target files.

O: Available, X: Not available

File type Backup/restoration

Program

FB files

CPU parameters

System parameters

Module parameters

Module extension parameter

Memory card parameter

Device comments

Device initial values

Event history

Global label settings

Device data storage file

Data logging setting file

Memory dump setting file

Remote password

Firmware update

Firmware update prohibited

Extended file register file

Device station parameter file™!

Web server binary file

X|X|O|X[O|Xx|O|O|O|O|O|O|O|O|x|O|O|0O|0O|O|O

General-purpose data

*1  Applicable only to FX5U/FX5UC CPU module.

EThe number of CPU module backup data that can be stored in an SD memory card
The number of CPU module backup data that can be stored in an SD memory card is 32767.

The number of files that can be backed up and restored (the number of backup source data files) depends on the maximum
number of files of the drive. (=5~ Page 41 CPU MODULE MEMORY CONFIGURATION)

25 DATA BACKUP/RESTORATION FUNCTION 271



HEBackup/restoration target device data

O: Available, X: Not available

Classification Device name Symbol | Backupirestoration possibility ™!
Backup Restoration
User device Input X O O
Output Y X X
Internal relay M O O
Latch relay L O O
Link relay B O O
Annunciator F @) O
Link special relay SB O O
Step relay S O O
Timer O O
Retentive timer ST @) O
Counter o] @) O
Long counter LC O O
Data register D O O
Link register O O
Link special register SW @) O
System device Special relay SM O 0"
Special register SD O 0"
Module access device (UO\GO) Module access device G X X
Index register Index register z O O
Long index register LZ O O
File register File register R O O
Extended file register ER X X
Nesting Nesting X X
Pointer Pointer X X
Interrupt pointer | X X
SFC™ SFC block device BL X x
SFC transition device TR X X
Constant Decimal constant K X X
Hexadecimal constant H X X
Real constant E X X
Character string constant — X X

*1 Device data may be overwritten depending on the mounting status (I/O refresh) of each module or the refresh settings.
*2 Values may be overwritten to the areas used by the system after the restoration processing.

Restoring or not restoring can be selected with either of SD955 (restoration function setting) or SD9352 (CPU module auto exchange

function setting).

*3  Only FX5U/FX5UC CPU module is supported.

EBackup/restoration target label data

O: Available, X: Not available

Classification

Backup/restoration possibility*1

Backup Restoration
Global label (including module labels) 6] o)X
Global label with latch specified O @)
Local label O @)
Local label with latch specified @] O

*1 Device data may be overwritten depending on the mounting status (I/O refresh) of each module or the refresh settings.

*2 For module labels, the write areas from a module to the CPU module may be overwritten when the refresh settings have been made.
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Progress of the backup/restoration processing

The progress of the backup/restoration processing can be checked with SD1350 (Number of uncompleted folders/files of CPU

module data backup/restoration) or SD1351 (Progression status of CPU module data backup/restoration).

Special register Description

SD1350 Displays the number of remaining backup/restoration target folders and files.
» When the backup/restoration processing is started, the total number of backup/restoration folders and files is stored.
* When the backup/restoration processing is completed, 0 is stored.

SD1351 Displays the progress of the backup/restoration processing in percentage (0 to 100%).
However, the progress of automatic restoration using SD955 and restoration with CPU module auto exchange are
displayed only when the restoration finishes correctly (100%).

25.1 Backup Function

This function backs up the CPU module data memory and device/label data onto the SD memory card. A new folder is created

during the backup, and the data is backed up with a file format into that folder.

Point

The backup function operates even when the CPU module is in the RUN state.

When executing the backup function with the CPU module in the RUN state, do not change device/label data
during execution of the function. Doing so may cause data inconsistency of the device/label data and the
contents of the backup data may unintentionally change.

Operation Mode

Backup modes include the normal mode and CPU module auto exchange mode. The operation mode is set with SD9350

(Operation mode setting).

Value of SD9350 Operation Mode Reference
0 Normal Mode Page 275

1 CPU module auto exchange function (Deleting existing data) Page 276

2 CPU module auto exchange function (Holding existing data)

Restoration target data setting

When backing up (CPU module auto exchange mode) by turning SM1351 ON, the data targeted for restoration with CPU
module auto exchange is set. Set with SD9351 (CPU module automatic replacement function Restore target data setting).

Value of SD9351 Restoration target data setting

0 Only device/label data

1 All target data

2 All target data excluding device/label data

The settings are reflected onto the system file for CPU module auto exchange function.

Restoration of the special relay and special register

Set whether or not to restore the special relays and special registers with the CPU module auto exchange when backing up
with SM1351 ON (CPU module auto exchange mode). Set with SD9352 (CPU module auto exchange function setting) b14
(special relay, special register restoration (CPU module auto exchange function)).

b14 of SD9352 Restoration target data setting
OFF The special relay and special register are not restored.
ON The special relay and special register are restored.

The settings are reflected onto the system file for CPU module auto exchange function.
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Initializing target data

When backing up with SM1351 ON (CPU module auto exchange mode), set whether or not to initialize the drive other than
the SD memory card at the time of restoration by the CPU module auto exchange. Set with SD9352 (CPU module auto
exchange function setting) b1 (initialize during CPU module auto exchange function).

This setting is valid only when the SD9351 (CPU module automatic replacement function Restore target data setting) value is
1 (restoration target data is all target data).

b1 of SD9352 Restoration target data setting
OFF Do not initialize.
ON Initialize.

The settings are reflected onto the system file for CPU module auto exchange function.

Setting of operation after restoration

When using backup processing triggered by turning on SM1351 (CPU module auto exchange mode), after restoration is
executed with CPU module auto exchange, the CPU module operation can be continued from the backed up state or from the
initialized state. This can be set with SD9352 (CPU module auto exchange function setting) b15 (setting of operation after
CPU module auto exchange function). The operation of each item using the operation setting after restoration is shown below.

Item Setting of operation after restoration by CPU module auto exchange
Continue operation from backed up state Operate from initialized state
(b15 of SD9352 = ON) (b15 of SD9352 = OFF)
Initial device value Do not set device initial values after restoration. Set device initial values after restoration. (Device data from

backed up state is overwritten with device initial values.)

SFC program When "Resume Start" was selected before data backup, the The SFC program is not resumed after restoration processing
SFC program is resumed after restoration processing.”! even though "Resume Start" was selected before data
restoration.
Event history Set event history during backup. Do not set backup event history, and create new file.

*1  When a battery is not mounted, the start of the SFC program is initial start regardless of setting of operation after restoration.
The settings are reflected onto the system file for CPU module auto exchange function.

Note that this setting is invalid since the device initial value file, SFC program, and event history file are not restored when the
value in SD9351 (CPU module automatic replacement function Restore target data setting) is O (restoration target data are
only device/label data).
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Backup processing triggered by turning on SM1351 (Normal
Mode)

Data in the CPU module is backed up at a desired timing. Each time backup is requested, the year, date and serial No. of the

date folder and number folder are updated (newly created), and the following backup data is created.
» System file for backing up CPU module data

» Backup data file for backing up CPU module data

+ Devicel/label data file for backing up CPU module data

Operating procedure
1. Seto (Normal mode) for SD9350 (Operation mode setting).

2. Turn on SM1351 (Data backup execution request).
(1) 3)

(1) Turn on SM1351.
(2) The system turns on SM1350 (Data backup status flag).

¢ ¢ (3) The system turns off SM1351 after the backup processing is
! ON ! completed.
; /- . (4) The system turns off SM1350.

SM1350 OFF

SM1351 OFF K

I I I I I
I I I [ 7 I I
END END END END END END END END END

If the backup processing is completed with an error and SM953 (Data backup error check flag) turns on, check SD953
(Backup error cause), take actions, and then back up the data again as required.

Point )’

» The execution status of the backup processing can be checked with SD1350 (Number of uncompleted
folders/files of CPU module data backup/restoration) and SD1351 (Progression status of CPU module data
backup/restoration). (==~ Page 273 Progress of the backup/restoration processing)

« If the system file for the CPU module auto exchange function is stored in the CPU data folder, the system
file for the CPU module auto exchange function will be deleted when the backup execution request
(SM1351) changes from OFF to ON.
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Backup processing triggered by turning on SM1351 (CPU module
auto exchange function)

Data in the CPU module is backed up at a desired timing. The operation during back up differs according to the SD9350

(operation mode setting) value.

BCPU module auto exchange mode (Deleting existing data)
When the SD9350 value is 1, each time the backup is requested, all of the data under the CPU data folder in the SD memory
card is deleted, and a date folder, number folder, and the backup data are created. (Only the latest backup file is stored on the
SD memory card.)

BCPU module auto exchange mode (Holding existing data)

When the SD9350 value is 2, each time the backup is requested, the year, date, and serial No. of the date folder and number
folder are updated (newly created), and the backup data is created. (Multiple backup folders are stored on the SD memory
card.)

The backup files created during the backup processing triggered by turning on SM1351 (CPU module auto exchange mode)
are shown below.

» System file for backing up CPU module data

» Backup data file for backing up CPU module data

* Device/label data file for backing up CPU module data

» System file for CPU module auto exchange function
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Operating procedure
1. sSMm9350 (CPU module auto exchange function enable/disable flag) is turned OFF (enable).

2. Set SD9350 (Operation mode setting) to 1 or 2

3. Wwith SD9351 (CPU module automatic replacement function Restore target data setting), set the data to be restored
when executing restoration with CPU module auto exchange.*2

A

Make each setting with SD9352 (CPU module auto exchange function setting) b172, 14, and 15°2.

5. Turn on SM1351 (Data backup execution request).
(1) Turn on SM1351.

(1 ) (3) (4) (2) The system turns on SM1350 (Data backup status

¢ ¢ ¢ flag).

! ! (3) System file for CPU module auto exchange function is

1ON |
SM1351 OFF ’ [} I} created, and the system turns SM9350 (CPU module
auto exchange function enable/disable flag) ON

(disable).

(2) (4) The system turns off SM1351 after the backup
processing is completed.
ON (5) The system turns off SM1350.

SM1350 OFF

SM9350 OFF

PN

I I [ ] I [ 7 I
END END END END END END END END END END END

*1  Only 1 (CPU module auto exchange mode (delete existing data)) is valid with firmware version of FX5U/FX5UC CPU module earlier
than "1.050".

*2 For the FX5U/FX5UC CPU modules, this operation is required when the firmware version is "1.050" or later.

If the backup processing is completed with an error and SM953 (Data backup error check flag) turns on, check SD953

(Backup error cause), take actions, and then back up the data again as required.

Point/®

The execution status of the backup processing can be checked with SD1350 (Number of uncompleted
folders/files of CPU module data backup/restoration) and SD1351 (Progression status of CPU module data
backup/restoration). (=5~ Page 273 Progress of the backup/restoration processing)

Checking backup errors

When an error has occurred, a diagnostic error is not detected and an error code is stored in SD953 (Backup error cause).
(== Page 552 List of error codes)
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Precautions

The following describes the precautions for the backup function.

Prohibited operation during execution of the backup processing

Do not perform the following operations during execution of the backup processing.

« Attaching or detaching the SD memory card

» Powering off or resetting the CPU module

The above mentioned operations leave the backup data in the SD memory card in an incomplete state which is in the middle
of the backup processing.

Do not use these data for a restoration. If these data are used, the restoration completes with an error.

Suspending backup processing

The following operation can suspend a backup processing.

+ Setting the SD memory card forced disable

Suspending a backup processing leaves the backup data in the SD memory card in an incomplete state which is in the middle
of the backup processing. Do not use these data for a restoration. If these data are used, the restoration completes with an

error.

Device/label data

To execute the backup processing, do not change device/label data during execution of the processing. Since device/label
data is divided into multiple scans and backed up, changes in the device/label data may cause data inconsistency.

Operations and functions that cannot be performed

While the following operations or functions are being executed, the backup processing cannot be executed.
The following operations and functions cannot be executed during execution of the backup processing.

Operation or function

Operation from GX Works3 Initializing the CPU built-in memory/SD memory card

Clearing values (Devices, labels, latches)

Reading data from the PLC

Writing data to the PLC

Verifying data with the PLC

Deleting data in the PLC

Online change

Event history function (Updating event history data, clearing event history)

File password function

Security key authentication function (Writing/deleting a security key to/in the CPU module)

Predefined protocol support function (Writing/reading/verifying protocol setting data)

Memory dump function (Memory dump setting/reading results, registering/clearing memory dump)

Operation using the CPU module Data logging function (Writing/reading/deleting a logging setting file, registering/clearing a logging setting)

logging configuration tool Operation of a logging file (deletion)

Others Initial device values (Stopping and running the CPU module)

* SLMP Remote latch clear
* MC protocol

Ethernet communication File transfer function (FTP server)

File transfer function (FTP client)
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Special relay and special register that function as flags to execute other functions

Before executing the backup processing, turn off the special relay and special register that function as flags to execute other

functions. If the backup processing is executed when they are on, the corresponding function request may turn on and the

function may be executed at the restoration of data in the special relay and special register.

SFC program status

Do not change the status of the SFC program, such as step active status and transition conditions during execution of the

backup processing. If the status of the SFC program was changed, the backup processing is completed with an error.

Time required for completing the backup processing

It may take time for the backup to finish in the following cases:

* When the size of data or number of folders/files stored on the CPU module is large

* When a function that accesses the SD memory card, such as data logging function or event history function (save
destination: SD memory card), is operating

* When Ethernet communication is in progress

If the backup does not finish, format the SD memory card, or re-insert the memory card. If the backup still does not finish, the

SD memory card may have a hardware error, so replace the SD memory card.

Precautions

The scan time increases during backup.

Backup when changing the parameters

If the CPU module parameters have been changed, turn the CPU module power OFF and ON or reset the CPU module to

apply the parameters. Then execute backup. If backup is executed before the parameter changes are applied, restoration
may not be carried out correctly.

Random folder/file

Do not create a random folder/file in the CPU data folder. The backup will not function correctly in the CPU module auto

exchange mode.
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25.2 Restora

tion Function

This function restores backup data in the SD memory card to the CPU module.

Restoration target folder

Set restoration target data among backup data in the SD memory card with SD956 (Restoration target date folder setting) to
SD958 (Restoration target number folder setting). The latest backup data can be restored with b13 (Restoration target folder)

of SD955 (Restoration function setting).

Special register

Description

b13 of SD955

Set the restoration function setting with bit patterns.
« Off: Data specified with the restoration target folders is restored.
« On: The latest data is restored.”

SD957, SD956

Specify the date folder of the restoration target data in BCD.
SD957: Year, SD956: Month and date

SD958

Specify the folder number (00001 to 32767) of restoration target data.

*1 The latest data is the backup da

Restoration target data

ta with the largest number in the newest date folder.

Restoration target data is set with SD954 (Restoration target data setting).

Value of SD954

Restoration target data setting

0 All target data
1 Only device/label data
2 All target data excluding device/label data

Note that this function is invalid when restoring with CPU module auto exchange.

Restoration of the special relay and special register

The setting for whether or not to restore the special relays and special registers differs according to the restoration function

being executed.

HFor restoration triggered by turning SM1354 ON, and automatic restoration using SD955

Set with SD955 (restoration function setting) b14 (special relay, special register restoration).

b14 of SD955 Restoration target data setting
OFF The special relay and special register are not restored.
ON The special relay and special register are restored.

HRestoration by CPU module auto exchange
The special relay and special register are restored based on the system file for CPU module auto exchange function, so a

setting is not required. (I~ Page 273 Restoration of the special relay and special register)

ESpecial relays and special registers that are not restored

Even when restoration is executed, the following special relays and special registers are not restored.
» SM953 (Data backup error check flag)

SM959 (Data restoration error check flag)

SM1350 (Data backup status flag)

SM1351 (Data backup execution request)

SM1353 (Data restoration status flag)

SM1354 (Data restoration execution request)

SMB8492 (IP address storage area write request)

SMB8495 (IP address storage area clear request)

SD953 (Backup error cause)

SD959 (Restoration error cause)

SD1350 (Number of uncompleted folders/files of CPU module data backup/restoration)
SD1351 (Progression status of CPU module data backup/restoration)
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Initialization during automatic restoration.

When executing automatic restoration with SD955, set whether or not to initialize the drives other than the SD memory card
with SD955 (restoration function setting) b1 (initialize during automatic restoration). This function is valid only when SD954

(restoration target data setting) is 0 (all target data).

b1 of SD955 Restoration target data setting
OFF Do not initialize.
ON Initialize.

Setting of operation after restoration

Set whether after restoration the CPU module operation is to continue from the backup state or from the initialized state with
SD955 (restoration function setting) b15 (setting of operation after restoration). The operation of each item using the operation
setting after restoration is shown below.

Item Setting of operation after restoration
Continue operation from backed up state (b15 of | Operate from initialized state (b15 of SD955 =
SD955 = ON) OFF)

Initial device value Do not set device initial values after restoration. Set device initial values after restoration. (Device data from

backed up state is overwritten with device initial values.)

SFC program When "Resume Start" was selected before data backup, the The SFC program is not resumed after restoration processing
SFC program is resumed after restoration processing.” even though "Resume Start" was selected before data
restoration.

Event history Set event history during backup. Do not set backup event history, and create new file.

*1  When a battery is not mounted, the start of the SFC program is initial start regardless of setting of operation after restoration.
Note that this setting is invalid since the device initial value file, SFC program, and event history file are not restored when the

value in SD954 (Restoration target data setting) is 1 (restoration target data are only device/label data). Also, this setting is
invalid by restoration with CPU module auto exchange.
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Restoration processing triggered by turning on SM1354

Backup data is restored at a desired timing. When restoration is requested, the CPU module backup data based on the
following files in the designated folders are restored.

» System file for backing up CPU module data
» Backup data file for backing up CPU module data
+ Devicel/label data file for backing up CPU module data

Point ;>

Restoration, triggered by turning on SM1354, should be used to check the backup data or to check the
operation before running the main one. To start main working operation of the system with the backup data,
use automatic restoration using SD955 or restoration with CPU module auto exchange.

The restoration processing triggered by turning on SM1354 (Data restoration execution request) can be
executed only when the CPU module is the STOP state.

Operating procedure
1. Set restoration target data with SD954 (restoration target data setting).* 1

2. Set restoration target folders with SD956 (Restoration target date folder setting) to SD958 (Restoration target number
folder setting). (However, this is not required when SD955 (restoration function setting) b13 (restoration target folder) is
turned ON in step 3.)

Set each setting with the b13 to 15 2 of SD955.

R W

Set the CPU module to the STOP state.

5. Turnon SM1354 (Data restoration execution request).
(1) Turn on SM1354.

1 3

( ) ( ) (2) The system turns on SM1353 (Data restoration status flag).

l I (3) The system turns off SM1354 after the restoration processing is
! completed.

o
=z

(4) The system turns off SM1353.

SM1354 OFF A
" "ON \4
SM1353 OFF | ‘:
I I I | B I I I
I I I [ ] I 4 I I I
END END END END END END END END END

*1  Only 1 (only device/label data) is valid with firmware version of FX5U/FX5UC CPU module earlier than "1.050".

*2 The b15 (operation after restoration setting) setting is required when the firmware version is "1.050" or later for the FX5U/FX5UC CPU
modules.

If the restoration processing is completed with an error and SM959 (Data restoration error check flag) turns on, check SD959

(Restoration error cause), take actions, and then restore the data again as required.

Point

The execution status of the restoration processing can be checked with SD1350 (Number of uncompleted
folders/files of CPU module data backup/restoration) and SD1351 (Progression status of CPU module data
backup/restoration). (==~ Page 273 Progress of the backup/restoration processing)
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Automatic restoration using SD955

Backup data is automatically restored when the CPU module is powered on or is reset. When restoration is executed, the

CPU module backup data based on the following files in the designated folders are restored.
» System file for backing up CPU module data

» Backup data file for backing up CPU module data

+ Devicel/label data file for backing up CPU module data

Operating procedure
1. Set restoration target data with SD954 (restoration target data setting).* 1

2. Set restoration target folders with SD956 (Restoration target date folder setting) to SD958 (Restoration target number
folder setting). (However, this is not required when SD955 (restoration function setting) b13 (restoration target folder) is
turned ON in step 3.)

3. Seteach setting with the b1, b13 to 152 of SDY55.
4. Turn on the b0 (Auto restoration request) of SD955.
5

. Power on or reset the CPU module.

*1  Only 1 (only device/label data) is valid with firmware version of FX5U/FX5UC CPU module earlier than "1.050".

*2  The b1 (initialization during automatic restoration) and b15 (operation after restoration setting) settings are required when the firmware
version is "1.050" or later for the FX5U/FX5UC CPU modules.

If the restoration processing is completed with an error and SM959 (Data restoration error check flag) turns on, check SD959

(Restoration error cause), take actions, and then restore the data again as required.

Point >

« Since the special register set for the automatic restoration is a latch area, setting data is held.

» SD955 (Restoration function setting) holds its setting even after the CPU module is powered on or is reset.
Thus, if the CPU module is powered on or is reset while the b0 (Auto restoration request) of SD955 is on,
the automatic restoration is executed again. To not perform the automatic restoration when the CPU module
is powered on or is reset the next time, turn off b0 of SD955 after a restoration is completed and then power
on or reset the CPU module.
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Restoration triggered by CPU module auto exchange

At power ON or at reset, the backup data is automatically reset without the need for a command. When restoration is
executed, the CPU module backup data is restored based on the system file for the CPU module auto exchange function in
the SD memory card.

The CPU module auto exchange is executed only when the system file for the CPU module auto exchange
function created with backup during the CPU module auto exchange mode is stored on the SD memory card.

Operating procedure

1. Insertthe SD memory card containing the system file for CPU module auto exchange function created with backup
during the CPU module auto exchange mode into the CPU module.

2. SM9350 (CPU module auto exchange function enable/disable flag) is turned OFF (enable). (For CPU module backed up
with the CPU module auto exchange mode, or CPU module restored with CPU module auto exchange)

3. Power on or reset the CPU module.

When the restoration finishes correctly, the system turns SM9350 (CPU module auto exchange function enable/disable flag)
ON (disable).

If the restoration processing is completed with an error and SM959 (Data restoration error check flag) turns on, check SD959
(Restoration error cause), take actions, and then restore the data again as required.

Point

» SM9350 (CPU module auto exchange function enable/disable flag) turns ON (enable) each time restoration
is executed with CPU module auto exchange, so unless SM9350 is turned OFF (enabled) specifically,
restoration with CPU module auto exchange will not be executed each time the power is turned OFF and
ON or reset.

» The CPU module target data is restored based on the system file for CPU module auto exchange function
so the SD955 (restore function setting) setting is disabled.

Checking restoration errors

» When an error occurs in the restoration processing triggered by turning on SM1354, a diagnostic error is not detected and
an error code is stored in SD959 (Restoration error cause). (==~ Page 552 List of error codes)

« A diagnosis error will be detected if an error occurs during restoration with the SD955 automatic restoration and CPU
module auto exchange. An error code is also stored in SD959. (==~ Page 552 List of error codes)
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Precautions

The following describes the precautions for the restoration function.

Prohibited operation during execution of the restoration processing

Do not perform the following operations during execution of the restoration processing.

« Attaching or detaching the SD memory card

» Powering off or resetting the CPU module

The above mentioned operations leave the data in the CPU module in an incomplete state which is in the middle of the
restoration processing. Do not run the CPU module with this incomplete state. Doing so may cause an unintended operation.
Execute restoration again, or write the data to the CPU module after initialization of the CPU module.

Suspending the restoration processing

The following operation can suspend a restoration processing.

+ Setting the SD memory card forced disable

Suspension during a restoration leaves the data in the CPU module in an incomplete state which is in the middle of the
restoration processing. Do not run the CPU module with this incomplete state. Doing so may cause an unintended operation.
Execute restoration again, or write the data to the CPU module after initialization of the CPU module.

Restriction@
Automatic restoration using SD955 and restoration using CPU module auto exchange cannot be suspended.

Types of CPU modules that execute restoration

Make sure CPU module model being restored is the same model as the backup source CPU module. Restoration of different

models is not possible.

When error is occurring in CPU module

Restoration may not be possible if a parameter error is occurring in the CPU module at the restoration destination.

Changing the operating status during execution of restoration
During execution of the restoration processing, the CPU module remains in the STOP state even if the RUN/STOP/RESET

switch is changed from the STOP to RUN position or the remote RUN or the remote PAUSE is executed. The following

operation will take place if the CPU module operation status is changed while executing restoration.

« If the restoration target data is all target data or all target data excluding device/label data, the specified operation status will
not be entered when restoration is completed.

« If performing restoration without parameter change (parameter of backup date and restoration destination CPU module are
same), the specified operation status will be entered.

» The specified operation status is entered after restoration is completed only when the restoration target data is device/label
data.

« If performing automatic restoration or restoration with CPU module auto exchange, the specified operation status will be
entered when restoration is completed.
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Operations and functions that cannot be performed

While the following operations or functions are being executed, the restoration processing cannot be executed.

The following operations and functions cannot be executed during execution of the restoration processing.

Operation or function

Operation from GX Works3 Initializing the CPU built-in memory/SD memory card

Clearing values (Devices, extended file registers, labels, latches)

Reading data from the PLC
Writing data to the PLC
Verifying data with the PLC
Deleting data in the PLC

Online change

Event history function (Updating event history data, clearing event history)

File password function

Security key authentication function (Writing/deleting a security key to/in the CPU module)

Predefined protocol support function (writing/reading/verifying protocol setting data)

Memory dump function (Memory dump setting/reading results, registering/clearing memory dump)

Operation using the CPU module Data logging function (Writing/reading/deleting a logging setting file, registering/clearing a logging setting)
logging configuration tool

Operation of a logging file (deletion)

Others * SLMP Remote latch clear
« MC protocol

Ethernet communication File transfer function (FTP server)

File transfer function (FTP client)

Functions that cannot be executed simultaneously with automatic restoration or CPU
module auto exchange

Do not execute automatic restoration using SD955, or restoration by automatic restoration using SD955 and CPU module

auto exchange simultaneously with the following functions.

» Firmware update function (==~ Page 53 FIRMWARE UPDATE FUNCTION)

* Boot operation (I~ Page 193 Boot Operation)

If these are executed simultaneously, automatic restoration or restoration with CPU module auto exchange will not function.

Operation of when the data logging function is used

If data is backed up during execution of the data logging function and the function has been set to be started automatically
when the operating status of the CPU module is changed to RUN, the data logging function will be automatically executed
when the status of the CPU module changes to RUN after the restoration processing. To restart the data logging function after
the restoration processing without the above setting, use the CPU module logging configuration tool.

When the SFC program is restarted from where the program was stopped

Specify the continue start. When the continue start has not been specified, the SFC program will be started from the block 0
and step 0 even though the bit 15 of SD955 is on (the continue start is executed).

When using IP address change function

If executing backup when an IP address is stored in the IP address storage area (system memory), the IP address will change

at the following timing during restoration.

» Restoration processing triggered by turning on SM1354: When the CPU module is powered on or is reset after the
restoration processing.

» Automatic restoration using SD955: When the restoration processing is executed.

» Restoration triggered by CPU module auto exchange: When restoration is executed.
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Data protected by security functions

HFile password function
Unlock the file passwords of the files in the backup target CPU module. If any files to which file passwords have been set exist

in the CPU module, the files are not restored.

ESecurity key authentication function
Locked programs can be restored regardless of whether security keys have been written or not. However, when the security

key has not been written to the CPU module after the restoration processing, the program cannot be executed. Restore
unlocked backup data or set the same security key.

Abnormal completion of restoration

Since the restoration processing will be completed with an error, do not execute the restoration processing in the following

cases.

« Data in a backup folder has been deleted. (Do not delete the data in backup folders that are likely to be used for
restoration.)

» Backup data has problems. (Backup data has been changed or the CPU module was powered off during execution of the
backup processing.)

When the same name folder or file exists in the restoration target CPU module

If the name of a folder or file in the restoration target CPU module and the name of a folder or file in backup data are identical,

the folder or file in the module will be overwritten by that in the backup data.

Status of the restoration destination CPU module

If the status of the restoration destination CPU module differs from that of the CPU module at the backup processing (such as

programs or parameters), the restoration may not be executed.
When the backup data to be restored is backed up in a different status from that of the restoration destination CPU module,
store 0 (All target data) to SD954 (Restoration target data setting) and execute the automatic restoration.

Applying the restored data

There are parameters that are applied only when the CPU module power is turned OFF—ON or reset. Thus, if the data is

restored while operation is stopped, and then the state is changed from STOP to RUN, the CPU module may not run with the
backed up data. In this case, turn OFF—ON the power or reset the CPU module. The device/label data other than the latch
specified devices/labels is initialized when the CPU module power is turned OFF—ON or reset, so restore only the device/
label data again as needed.

Stop monitoring at restoration

Stop monitoring before executing the restoration processing.

When the restoration processing is executed, programs, parameters, and device/label values may not be properly monitored
because they are changing.
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Conditions for executing automatic restoration and CPU module auto exchange

The restoration executed for automatic restoration using SD955 and restoration with CPU module auto exchange differs
according to the following conditions.

Auto restoration request CPU module auto exchange | Presence of system file for | Executed restoration
(b0 of SD955) function enable/disable flag | CPU module auto exchange
(SM9350) function

ON OFF (Enable) Existing Restoration triggered by CPU module auto
exchange

ON OFF (Enable) None Automatic restoration using SD955

ON ON (Disable) None Automatic restoration using SD955

ON ON (Disable) Existing Automatic restoration using SD955

OFF OFF (Enable) Existing Restoration triggered by CPU module auto
exchange

OFF OFF (Enable) None No process

OFF ON (Disable) Existing No process

OFF ON (Disable) None No process

Time required for completing the restoration processing

It may take some time for restoration to finish if Ethernet communication is in progress.

The relation between the data to be restored and the firmware version of the CPU

module

Do not restore the program with the program capacity setting of 128000 steps to the FX5U/FX5UC CPU module with the
firmware version earlier than "1.100". The program may not operate normally. For the program capacity setting, refer to ==~
Page 180 PROGRAM CAPACITY SETTING.

288 25 DATA BACKUP/RESTORATION FUNCTION
25.2 Restoration Function



26 SECURITY FUNCTIONS

These functions prevent theft, tampering, wrongful operation, illegal execution, etc. of a customer's assets saved on a
personal computer or in modules in the FX5 system as a result of illegal access by a third party. Use of the security functions
according to the following purposes.

1) Protection of customer assets on PC
Prevents theft, tampering, or erroneous operation
through unauthorized access from third parties

Personal computer
(outside the company)

Customer assets Engineering tool

Personal
computers

Internet/intranet

%\J (2) Protection of customer assets in FX5 system module

\ Prevents theft, tampering, or erroneous operation due to
unauthorized access by third parties
CPU module y P
Customer assets FX5 system
Data protection Purpose Function Reference
target
Projects To prevent illegal accessing and viewing of programs (in | Block password function GX Works3 Operating Manual
program component units). (Password is used.)
To prevent illegal accessing and viewing of programs (in | Security key authentication
program file units). (Security key is used.) function
CPU Module To prevent illegal execution of programs. (Security key is
used.)
To prevent illegal reading/writing of files. File password function
(Password is used.)
Blocks access from an invalid IP address by identifying IP filter function MELSEC iQ-F FX5 User's Manual
the IP address of an external device via Ethernet. (Ethernet Communication)
To limit access from outside a specific communication Remote password function GX Works3 Operating Manual
path. (Password is used.) MELSEC iQ-F FX5 User's Manual
(Ethernet Communication)
Precautions

When a personal computer registered with a security key is misused by a third party, the outflow of program assets cannot be

prevented. For this reason, the customer must adopt sufficient measures as explained below:

» Personal computer antitheft measures (using a wire lock, etc.)

* Management of personal computer users (deletion of unwanted accounts, strict control of login information, introduction of
fingerprint authentication, etc.)

Also, when a personal computer registered with a security key malfunctions, locked project data cannot be accessed/viewed

or edited. Mitsubishi Electric Corporation cannot be held responsible for any loss that may occur as a result of this with the

customer, other individuals or organizations. For this reason, the customer must adopt sufficient measures as explained

below:

» Export registered security keys and import them into another personal computer.

« Store files containing exported security keys in a safe location.
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27 HIGH-SPEED INPUT/OUTPUT FUNCTION

The high-speed input/output function is explained below.
Each respective function is set by parameters in GX Works3.
High-speed pulse input/output module is supported only for FX5UJ and FX5U/FX5UC CPU modules.

Function Reference
High-speed counter function Normal mode Page 307
Pulse density measurement mode Page 310
Rotational speed measurement mode | Page 313
FX3-compatible high-speed counter function Page 364
Pulse width measurement function Page 375
Pulse catch function Pulse catch function Page 393
FX3-compatible pulse catch function Page 399
General-purpose input functions Page 403
PWM function Page 407
Positioning function MELSEC iQ-F FX5 User's Manual (Positioning Control - CPU module built-in, High-
speed pulse input/output module)

27.1 High-speed Counter Function

High-speed counter function is explained below.

High-speed counter function overview

The high-speed counter is a function that counts the number of high-speed pulse inputs that cannot be counted by a

conventional counter, using the general purpose input terminal of the CPU module or high-speed pulse input/output module.
High-speed pulse input/output module is supported only for FX5UJ and FX5U/FX5UC CPU modules.
Depending on the input (module) to be used, each function of the high-speed counter is limited as follows:

Input type High-speed counter operation mode High-speed counter dedicated instructions
Normal mode Pulse density Rotational speed HIOEN/DHIOEN DHSCS, DHSCR,
measurement mode | measurement mode | instruction DHSZ instruction
CPU module O O O O O
High-speed pulse input/ | O X X @) X
output module

O: Supported, X: Not supported

The high-speed counter assigns input and function settings by parameters and operates using the HIHOEN/DHIOEN

instruction.

Point}3

Parameter setting and the HIOEN/DHIOEN instruction are always required to use the high-speed counter.

High-speed counter parameter setting

High-speed counter channels (input allocation, function) and high-speed counter comparison table, etc., are set by

parameters. (==~ Page 306 High-speed counter parameters)
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High-speed counter operation mode

The three high-speed counter operation modes are as follows.

Operation mode is set by parameter. (==~ Page 306 High-speed counter parameters)

ENormal mode
Select normal mode if you want to use as an ordinary high-speed counter. (1=~ Page 307 High-speed counter (normal mode))

HPulse density measurement mode
Select pulse density measurement mode if you want to count the number of pulses for a specified amount of time. (==~ Page

310 High-speed counter (pulse density measurement mode))

HRotational speed measurement mode
Select rotational speed measurement mode if you want to measure speed for a specified amount of time. (I~ Page 313

High-speed counter (rotational speed measurement mode))

Input comparison

When the current value and the set value of the high-speed counter are compared and when they match, the output of the

specified device can be performed. (normal mode) Also, the current value and the preset value can be compared. (Preset
input comparison)

=5~ Page 315 High-speed comparison table

(==~ Page 319 Multiple point output, high-speed comparison tables

The normal input comparison or operation when there is preset input can be set by the parameter setting of the high-speed
counter (normal mode).

Item Description

Preset Input Enable/ Input Comparison Enable/

Disable Disable

Enable Enable + Perform "comparison at counting + output to the specified device".

+ Change the current value to the preset value when the preset input is detected.
« Perform output to the specified device when the current value matches with the
comparison value by the preset input.

Enable Disable * Perform "comparison at counting + output to the specified device".
» Change the current value to the preset value when the preset input is detected.

Disable Disable Perform "comparison at counting + output to the specified device".

Whether or not to perform the preset input comparison can be set by the special devices. (=5~ Page 331 High-speed counter
preset input comparison)

Poin tP

Use the parameter setting value of the high-speed counter (normal mode) as the preset value. (I~ Page 307
High-speed counter (normal mode))

High-speed counter dedicated instructions

The high-speed counter starts and stops counting using the HHOEN/DHIOEN instruction for the high-speed counter.
(LAMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/Function Blocks))

Other high-speed counter instructions

In addition to the dedicated instructions, there are instructions such as DHSCS, DHSCR, and DHSZ (hereafter referred to as

"high-speed comparison instruction") for high-speed counters.
For details, refer to the following.
[TIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/Function Blocks)
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High-speed counter function execution procedure

The high-speed counter function execution procedure is as follows.

1. Checkthe specifications of the high-speed counter.
Check specifications such as maximum frequency and type of high-speed counter. (=5~ Page 293 High-speed counter
specifications)

2. Connect the CPU module to the external device.
For details on wiring to external devices, refer to the following manual
[TIMELSEC iQ-F FX5S/FX5UJ/FX5U/FX5UC User's Manual (Hardware)

3. Setthe parameters.
Set parameters such as channel (CH) of the high-speed counter. (=~ Page 306 High-speed counter parameters)

4. Create the program.
Create program for using the high-speed counter.

5. Runthe program.

High-speed counter specifications

High-speed counter specifications are explained below.

Types of high-speed counters

Types of high-speed counters are as follows.

H1 phase, 1 input counter (S/W)

Counting method of 1 phase, 1 input counter (S/W) is as follows.
ON
Input A phase
OFF

Count direction switching bit OFF ON

Up counting Down counting

/ \
Current value

l1 phase, 1 input counter (H/W)

Counting method of 1 phase, 1 input counter (H/W) is as follows.

ON
Input A phase
OFF

Input B phase
(Count direction switching input)

OFF ON

Up counting Down counting

/ \
Current value
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l1 phase, 2 input counter
Counting method of 1 phase, 2 input counter is as follows.

Input A phase ON
Up-counting input
<+1 when OFF—ON ) OFF
Input B phase ON
Down-counting input
(-1 when OFF—ON ) OFF

Up counting Down counting

/ \
Current value

B2 phase, 2 input counter [1 edge count]
Counting method of 2 phase, 2 input counter [1 edge count] is as follows.

Up/down counter Counter timing
At up-counting 1 count up when input A phase is ON and input B phase switches OFF—ON
At down-counting 1 count down when input A phase is ON and input B phase switches ON—OFF
At up-counting At down-counting
Fa\ O
Input A phase
+1 +1 -1 -1

Input B phase

H2 phase, 2 input counter [2 edge count]
Counting method of 2 phase, 2 input counter [2 edge count] is as follows.

Up/down counter Counter timing

At up-counting 1 count up when input A phase is ON and input B phase switches OFF—ON
1 count up when input A phase is OFF and input B phase switches ON—OFF

At down-counting 1 count down when input A phase is ON and input B phase switches ON—-OFF
1 count down when input A phase is OFF and input B phase switches OFF—ON

At up-counting At down-counting

Input A phase

+1 +1 -1 -1

Input B phase
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B2 phase, 2 input counter [4 edge count]
Counting method of 2 phase, 2 input counter [4 edge count] is as follows.

Up/down counter Counter timing

At up-counting 1 count up when input B phase is OFF and input A phase switches OFF—ON
1 count up when input A phase is ON and input B phase switches OFF—ON
1 count up when input B phase is ON and input A phase switches ON—OFF
1 count up when input A phase is OFF and input B phase switches ON—OFF

At down-counting 1 count down when input A phase is OFF and input B phase switches OFF—-ON

1 count down when input B phase is ON and input A phase switches OFF—-ON

1 count down when input A phase is ON and input B phase switches ON—OFF 27
1 count down when input B phase is OFF and input A phase switches ON—OFF

At up-counting At down-counting
Fan\ O
Input A phase
+1]{+1 \+1 +1 -1 -1/ =111
A~y N —

Input B phase

A
Hinternal clock
Counting method of internal clock is as follows.
OFF ON

Count direction switching bit

ON

Internal clock (1 MHz)
OFF
Up counting Down counting

/ \
Current value

Under ordinary circumstances, the internal clock counts up/down by 1 MHz clock. External input is not used.

Pointp

High-speed counter form

High-speed counter form becomes ring counter depending on the ring length setting.

HEWhen ring length is set
Up counting

N
>

0 <& 1 & oo <> 2147483646 <> 2147483647

<
<

Down counting

EWhen ring length is not set (ring counter)
Up counting

N
Ll

— T

-2147483648 <> -2147483647 <> e°* & -1 <& 0 <& +1 <& oo < 2147483646 < +2147483647

\ //V

<
<

Down counting
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Maximum frequency

The maximum frequency that each type of counter can count is as follows.

For details concerning maximum frequency by input assignment, refer to [==~ Page 301 Input assignment-wise / maximum

frequency for high-speed counters.

BFX5S/FX5UJ CPU module

Counter type Maximum frequency
1 phase, 1 input counter (S/W) 100 kHz

1 phase, 1 input counter (H/W) 100 kHz

1 phase, 2 input counter 100 kHz

2 phase, 2 input counter [1 edge count] 100 kHz

2 phase, 2 input counter [2 edge count] 50 kHz

2 phase, 2 input counter [4 edge count] 25 kHz

Internal clock 1 MHz (fixed)

BFX5U/FX5UC CPU module

Counter type Maximum frequency
1 phase, 1 input counter (S/W) 200 kHz

1 phase, 1 input counter (H/W) 200 kHz

1 phase, 2 input counter 200 kHz

2 phase, 2 input counter [1 edge count] 200 kHz

2 phase, 2 input counter [2 edge count] 100 kHz

2 phase, 2 input counter [4 edge count] 50 kHz

Internal clock 1 MHz (fixed)

Precautions

* The input circuit has restrictions for maximum frequency.

FX5UJ CPU module

Maximum frequency

X0, X1, X3, X4

100 kHz

X2, X5, X6, X7

10 kHz

FX5U-32M0, FX5UC-32M0O

FX5U-64M0, FX5U-80M0O,
FX5UC-64M0, FX5UC-96MO

High-speed pulse input/output
module™

Maximum frequency

X0 to X5

X0 to X7

XO to XO+5

200 kHz

X6 to X17

X10 to X17

XO+6, XO+7

10 kHz

*1  The number in O is the head input number for each high-speed pulse input/output module.
« If input response time is set, maximum frequency is affected by the setting value.

» Under ordinary circumstances, the internal clock counts at 1 MHz (fixed) during operation.
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Matched output performance

ECPU module

If output is to YO to Y17 using high-speed comparison instructions (DHSCS, DHSCR, DHSZ instruction), high-speed

comparison table, or multiple point output high-speed comparison table, time from pulse input—comparison of count value

(match)—output to Y is follows.
* FX5S/FX5UJ CPU module: 10 ps + input response time
* FX5U/FX5UC CPU module: 5 ps + input response time

If output is to Y20 or subsequent, time from pulse input to output is affected by communication and user interrupt.

HHigh-speed pulse input/output module

The matched output from the high-speed comparison table is possible only in the same module.

The time from pulse input—comparison of count value (match)—output to Y is 5 us + the input response time.

EOperation diagram
An operation diagram is shown below. (Comparison value: 5)

ON
Pulse input
OFF .

5us + the input

ON ' response time
Output (Y) .

OFF

Count range

-2147483648 to +2147483647. These are signed 32-bit ring counters.

Ring length setting is however in the range of 0 to 2147483647 .
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Assignment for high-speed counters

Input assignment for high-speed counters

Assignment for input devices of high-speed counters is set by parameters.

Assignment is determined according to functions set for each channels by parameter.

When using internal clock, assignment is same as 1-phase, 1-count (S/W) and A phase is not used.
Input assignment of high-speed counters is as follows.

BFX5S/FX5UJ CPU module

CH | High-speed counter | X0 | X1 X2 |X3 (X4 (X5 | X6 | X7 |X10 | X11 | X12 | X13 | X14 | X15 | X16 | X17
type

CH1 1-phase 1-count (S/W)

1-phase 1-count (H/W)

1-phase 2-count

> > > >
mim|(m|m

2-phase 2-count

CH2 | 1-phase 1-count (S/W)

1-phase 1-count (H/W)

>|>|>| 0| O W T

1-phase 2-count

CH3 | 1-phase 1-count (S/W)

1-phase 1-count (H/W)

>|(>»|>»|  W|W| T|T|V|T

1-phase 2-count

CH4 | 1-phase 1-count (S/W)

1-phase 1-count (H/W)

1-phase 2-count

>|>»|>»|>»|W|W| V| V|

m|m|m|m

2-phase 2-count

CH5 | 1-phase 1-count (S/W)

1-phase 1-count (H/W)

>»|(>»|>»| W|W|®W| | T| DO

1-phase 2-count

CH6 | 1-phase 1-count (S/W)

1-phase 1-count (H/W)

1-phase 2-count

>|>»|>»|>»|W|W| V| V| T|T

mim|m|m

2-phase 2-count

CH7 | 1-phase 1-count (S/W)

1-phase 1-count (H/W)

1-phase 2-count

>|>»|>»|>»| 0| W|®W| V| V| DO

m|m|m|m

2-phase 2-count

CH8 | 1-phase 1-count (S/W)

>|(>»|  W|W|W| V| TV| V| T

@W| V| T| V| T

1-phase 1-count (H/W) P

A: Input A phase (In the case of 1-phase 1-count, pulse input is employed and in the case of 1-phase 2-count, pulse input of
down-counting direction is employed.)

B: Input B phase (In the case of 1-phase 1-count (H/W), direction switch input is employed and in the case of 1-phase 2-count,
pulse input of down-counting direction is employed.)

P: Input external preset

E: Input external enable
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HFX5U/FX5UC CPU module

CH High-speed counter | X0 X1 X2 X3 X4 X5 X6 X7 X10 | X11 | X12 | X13 | X14 | X15 | X16 | X17
type

CH1 1-phase 1-count (S/W)
1-phase 1-count (H/W)

1-phase 2-count

> | > >| >
T|T| V| T
mim|m|m

2-phase 2-count
CH2 1-phase 1-count (S/W)
1-phase 1-count (H/W)

>l Wl | m

1-phase 2-count

T| V| V| T
m|m|mj|m

2-phase 2-count
CH3 1-phase 1-count (S/W)
1-phase 1-count (H/W) A

> > > >

1-phase 2-count

0| V| V| T
m|m|mj|m

2-phase 2-count A
CH4 1-phase 1-count (S/W) A
1-phase 1-count (H/W) A

1-phase 2-count

T|(T0| T T
m{m|m|m

2-phase 2-count A

CH5 1-phase 1-count (S/W) A
1-phase 1-count (H/W)

1-phase 2-count

>|>|>| T
W | W W|m

2-phase 2-count

CH6 1-phase 1-count (S/W) A
1-phase 1-count (H/W)

1-phase 2-count

>|>»|>»| V| T| V|
W|@W|@w|m|m|m|m

2-phase 2-count

CH7 1-phase 1-count (S/W) A
1-phase 1-count (H/W)

1-phase 2-count

>|>»|>»| V| T|TT|T
W @W|@w|m|m|m|m

2-phase 2-count

CHS8 1-phase 1-count (S/W) A
1-phase 1-count (H/W)

1-phase 2-count

>|>»|>»| V| T|TT|T
W|@W|@w|m|m|m|m

2-phase 2-count

CH1 Internal clock Not used
to
CH8

A: Input A phase

B: Input B phase (direction switch input is however employed in the case of 1-phase 1-count [H/W])
P: Input external preset

E: Input external enable
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HHigh-speed pulse input/output module

O of each input is the head input number for high-speed pulse input/output module.

CH High-speed X XO+1 XO+2 XO+3 XO+4 XO+5 XO+6 XO+7
counter type

CH9, 1-phase 1-count (S/W) | A P E

CH11, 4 phase 1-count (HW) | A B E

CH13,

CH15 1-phase 2-count A B E
2-phase 2-count A B E

CH10, | 1-phase 1-count (S/W) A P E

CH12, 14 bhase 1-count (H/W) A B E

CH14,

CH16 1-phase 2-count A B E
2-phase 2-count A B E

CH9to | Internal clock Not used

CH16

A: Input A phase

B: Input B phase (direction switch input is however employed in the case of 1-phase 1-count [H/W])
P: Input external preset

E: Input external enable

Pointp

The high-speed pulse input/output module channel numbers are assigned as described below. From nearest
to the CPU module, the high-speed pulse input/output modules are ordered as the first module, second
module, etc.

 High-speed pulse input/output module first module: CH9, CH10

» High-speed pulse input/output module second module: CH11, CH12

* High-speed pulse input/output module third module: CH13, CH14

 High-speed pulse input/output module fourth module: CH15, CH16
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Input assignment-wise / maximum frequency for high-speed counters

Input assignment-wise maximum frequency for high-speed counters is as follows.

BFX5S/FX5UJ CPU module

CH | High-speed counter | X0 | X1 | X2 | X3 | X4 [ X5 | X6 | X7 | X10 | X11 | X12 | X13 | X14 | X15 | X16 | X17 | Maximum
type frequency

CH1 1-phase 1-count (S/W) A P E 100 kHz
1-phase 1-count (H/W) A B P E 100 kHz
1-phase 2-count A B E 100 kHz 27
2-phase 2-count [1 edge | A B E 100 kHz
count]
2-phase 2-count[2 edge | A B P E 50 kHz
count]
2-phase 2-count [4 edge | A B P E 25 kHz
count]

CH2 | 1-phase 1-count (S/W) A P 100 kHz
1-phase 1-count (H/W) A B P 100 kHz
1-phase 2-count A B P 10 kHz

CH3 | 1-phase 1-count (S/W) A P 10 kHz
1-phase 1-count (H/W) A B P 10 kHz
1-phase 2-count A B P 10 kHz

CH4 | 1-phase 1-count (S/W) A P E 100 kHz
1-phase 1-count (H/W) A B E 100 kHz
1-phase 2-count A B E 100 kHz
2-phase 2-count [1 edge A B P E 100 kHz
count]
2-phase 2-count [2 edge A B P E 50 kHz
count]
2-phase 2-count [4 edge A B P E 25 kHz
count]

CH5 | 1-phase 1-count (S/W) P E 100 kHz
1-phase 1-count (H/W) A B P E 100 kHz
1-phase 2-count A B P E 10 kHz

CH6 | 1-phase 1-count (S/W) A P E 10 kHz
1-phase 1-count (H/W) A B P E 10 kHz
1-phase 2-count A B E 10 kHz
2-phase 2-count [1 edge A B E 10 kHz
count]
2-phase 2-count [2 edge A B P E 5 kHz
count]
2-phase 2-count [4 edge A B P E 2.5 kHz
count]

CH7 | 1-phase 1-count (S/W) A P E 10 kHz
1-phase 1-count (H/W) A B E 10 kHz
1-phase 2-count A B E 10 kHz
2-phase 2-count [1 edge A B E 10 kHz
count]
2-phase 2-count [2 edge A B P E 5 kHz
count]
2-phase 2-count [4 edge A B P E 2.5 kHz
count]

CH8 | 1-phase 1-count (S/W) A P E 10 kHz
1-phase 1-count (H/W) A B P E 10 kHz

A: Input A phase, B: Input B phase, P: Input external preset, E: Input external enable
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BFX5U-32M0, FX5UC-32M0O
Point;9

» X6 to X17 are input frequencies up to 10 kHz, regardless of maximum frequency value.
« Preset input and Enable Input are input frequencies up to 10 kHz, regardless of maximum frequency value.

CH | High-speed counter | X0 | X1 | X2 | X3 | X4 [ X5 | X6 | X7 | X10 | X11 | X12 | X13 | X14 | X15 | X16 | X17 | Maximum
type frequency

CH1 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A B P E 200 kHz
1-phase 2-count A P E 200 kHz
2-phase 2-count [1 edge | A P E 200 kHz
count]
2-phase 2-count[2 edge | A B P E 100 kHz
count]
2-phase 2-count [4 edge | A B P E 50 kHz
count]

CH2 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A P E 200 kHz
1-phase 2-count A P E 200 kHz
2-phase 2-count [1 edge A B P E 200 kHz
count]
2-phase 2-count [2 edge A B P E 100 kHz
count]
2-phase 2-count [4 edge A B P E 50 kHz
count]

CH3 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A B P E 200 kHz
1-phase 2-count A P E 200 kHz
2-phase 2-count [1 edge A B P E 200 kHz
count]
2-phase 2-count [2 edge A B P E 100 kHz
count]
2-phase 2-count [4 edge A B P E 50 kHz
count]

CH4 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A P E 10 kHz
1-phase 2-count A P E 10 kHz
2-phase 2-count [1 edge A P E 10 kHz
count]
2-phase 2-count [2 edge A B P E 5 kHz
count]
2-phase 2-count [4 edge A B P E 2.5 kHz
count]

CH5 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A B P E 10 kHz
1-phase 2-count A B 10 kHz
2-phase 2-count [1 edge A B 10 kHz
count]
2-phase 2-count [2 edge A B P E 5 kHz
count]
2-phase 2-count [4 edge A B P E 2.5 kHz
count]
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CH | High-speed counter | X0 | X1 | X2 | X3 | X4 [ X5 | X6 | X7 | X10 | X11 | X12 | X13 | X14 | X15 | X16 | X17 | Maximum
type frequency

CH6 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A B E 10 kHz
1-phase 2-count A B 10 kHz
2-phase 2-count [1 edge A B 10 kHz
count]
2-phase 2-count [2 edge A B P E 5 kHz
count]
2-phase 2-count [4 edge A B P E 2.5 kHz
count]

CH7 | 1-phase 1-count (S/W) A P E 10 kHz
1-phase 1-count (H/W) A B 10 kHz
1-phase 2-count A B 10 kHz
2-phase 2-count [1 edge A B P E 10 kHz
count]
2-phase 2-count [2 edge A B P E 5 kHz
count]
2-phase 2-count [4 edge A B P E 2.5 kHz
count]

CH8 | 1-phase 1-count (S/W) A P E 10 kHz
1-phase 1-count (H/W) A B 10 kHz
1-phase 2-count A B 10 kHz
2-phase 2-count [1 edge A B 10 kHz
count]
2-phase 2-count [2 edge A B 5 kHz
count]
2-phase 2-count [4 edge A B 2.5 kHz
count]

A: Input A phase, B: Input B phase, P: Input external preset, E: Input external enable

BFX5U-64M0O, FX5U-80M0O, FX5UC-64M0O, FX5UC-96M0O
Point}3

» X10 to X17 are input frequencies up to 10 kHz, regardless of maximum frequency value.
« Preset input and Enable Input are input frequencies up to 10 kHz, regardless of maximum frequency value.

CH | High-speed counter | X0 | X1 | X2 | X3 | X4 [ X5 | X6 | X7 | X10 | X11 | X12 | X13 | X14 | X15 | X16 | X17 | Maximum
type frequency

CH1 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A B P E 200 kHz
1-phase 2-count A P E 200 kHz
2-phase 2-count [1 edge | A P E 200 kHz
count]
2-phase 2-count[2 edge | A B P E 100 kHz
count]
2-phase 2-count [4 edge | A B P E 50 kHz
count]

CH2 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A P E 200 kHz
1-phase 2-count A P E 200 kHz
2-phase 2-count [1 edge A P E 200 kHz
count]
2-phase 2-count [2 edge A B P E 100 kHz
count]
2-phase 2-count [4 edge A B P E 50 kHz
count]
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CH | High-speed counter | X0 | X1 | X2 | X3 | X4 [ X5 | X6 | X7 | X10 | X11 | X12 | X13 | X14 | X15 | X16 | X17 | Maximum
type frequency

CH3 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A B P E 200 kHz
1-phase 2-count A P E 200 kHz
2-phase 2-count [1 edge A P E 200 kHz
count]
2-phase 2-count [2 edge A B P E 100 kHz
count]
2-phase 2-count [4 edge A B P E 50 kHz
count]

CH4 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A P E 200 kHz
1-phase 2-count A P E 200 kHz
2-phase 2-count [1 edge B P E 200 kHz
count]
2-phase 2-count [2 edge A B P E 100 kHz
count]
2-phase 2-count [4 edge A B P E 50 kHz
count]

CH5 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A B 10 kHz
1-phase 2-count A B 10 kHz
2-phase 2-count [1 edge A B 10 kHz
count]
2-phase 2-count [2 edge A B P E 5 kHz
count]
2-phase 2-count [4 edge A B P E 2.5 kHz
count]

CH6 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A B P E 10 kHz
1-phase 2-count A B E 10 kHz
2-phase 2-count [1 edge A B E 10 kHz
count]
2-phase 2-count [2 edge A B P E 5 kHz
count]
2-phase 2-count [4 edge A B P E 2.5 kHz
count]

CH7 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A B P E 10 kHz
1-phase 2-count A B 10 kHz
2-phase 2-count [1 edge A B 10 kHz
count]
2-phase 2-count [2 edge A B P E 5 kHz
count]
2-phase 2-count [4 edge A B P E 2.5 kHz
count]

CH8 | 1-phase 1-count (S/W) A P E 200 kHz
1-phase 1-count (H/W) A B 10 kHz
1-phase 2-count A B 10 kHz
2-phase 2-count [1 edge A B 10 kHz
count]
2-phase 2-count [2 edge A B 5 kHz
count]
2-phase 2-count [4 edge A B 2.5 kHz

count]

A: Input A phase, B: Input B phase, P: Input external preset, E: Input external enable

304
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HHigh-speed pulse input/output module
Point;9

» XO+6 and XO+7 are input frequencies up to 10 kHz, regardless of maximum frequency value.
« Preset input and Enable Input are input frequencies up to 10 kHz, regardless of maximum frequency value.

O of each input is the head input number for high-speed pulse input/output module.

CH High-speed counter | XO XO+1 XO+2 XO+3 XO+4 XO+5 XO+6 XO+7 Maximum
type frequency

CH9, | 1-phase 1-count (S/\W) | A P E 200 kHz 27

CHM. 4 bhase 1-count (HW) | A B E 200 kHz

CH13,

CH15 1-phase 2-count A B E 200 kHz
2-phase 2-count [1 edge | A B E 200 kHz
count]
2-phase 2-count [2 edge | A B P E 100 kHz
count]
2-phase 2-count [4 edge | A B P E 50 kHz
count]

CH10, | 1-phase 1-count (S/W) A P E 200 kHz

CH12, 11 phase 1-count (H/W) A B E 200 kHz

CH14,

CH16 1-phase 2-count A B E 200 kHz
2-phase 2-count [1 edge A B E 200 kHz
count]
2-phase 2-count [2 edge A B P E 100 kHz
count]
2-phase 2-count [4 edge A B P E 50 kHz
count]

A: Input A phase, B: Input B phase, P: Input external preset, E: Input external enable
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High-speed counter parameters

High-speed counter parameters are explained below.
High-speed counter parameters are set by GX Works3.

Outline of parameters

High-speed counter settings, high-speed comparison table, multiple point high-speed comparison table setting and input
response time are set by parameters.

The primary items that can be set by parameters are as follows.

* Basic settings

» High-speed comparison table setting

» Multiple point output high-speed table setting

* Input response time setting

Parameter setting

High-speed counter parameter setting method is explained below.

For parameter setting of each operation, refer to the following.

* For high-speed counters (normal mode), refer to ==~ Page 307 High-speed counter (normal mode).

* For high-speed counter (pulse density measurement mode), refer to [==~ Page 310 High-speed counter (pulse density
measurement mode).

 For high-speed counter (rotational speed measurement mode), refer to =5~ Page 313 High-speed counter (rotational
speed measurement mode).

For high-speed comparison table, refer to [==~ Page 315 High-speed comparison table.

For multiple point output, high-speed comparison tables, refer to ==~ Page 319 Multiple point output, high-speed
comparison tables.
« For input response time, refer to [==~ Page 403 General-purpose Input Functions.

Poin t

Parameters are enabled when the CPU module is powered ON or after a reset. In addition, operations
different from the parameter settings are possible by transferring values to special relays and special registers
while changing these values in the program.

For details concerning special relays and specials registers for high-speed counters, refer to [~ Page 322
Special relay list, ==~ Page 336 Special registers list.
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High-speed counter (normal mode)

Normal mode for high-speed counters is explained below.

Use normal mode if you want to use as an ordinary high-speed counter.

Parameter setting

Set operation mode to normal mode by high-speed counter parameter setting.

Sets detailed settings for channel used.

ECPU module

O Navigation window = [Parameter] = [Module model name] = [Module Parameter] = [High Speed I/0] = "Input

Function" = "High Speed Counter" = "Detailed Setting" = "Basic Settings"

Window.

Item

[l Use/Do Hot Use Gounter
Use/Mot Use

= Operation Mode
Cperation Mode

= Pulze Input Mode
Pulze Ihput Mode

= Preset Input
Freset Input Enable/Disable
Input loEic
Ihput Gomparizon Enables/Dizable
Control Switch

= Preset Wake
Preset Walue

=I Enable Input
Erable Thput EnablesDizable
Ihput logic

[=] Ring Leneth Settine
Ring Leneth Enable/Dizable
Firg Leneth

=] Measurement Unit Time

Measurement Unit Time
= No.of Pulse per Rotation
Mo. of Pulze per Rotation

CHI1
Set whether to use counter or not.
Enable
Set operation mode.
tormal Mode
Set pulse input mode.
1-Phaze 1 oot (52 UpdDaven Switch)
Setpreszet input.
Dizable
Positive Logic
Dizable
Rizing

i

Setenable input.
Dizable

Pozitive Logic
Setring leneth.
Dizable

Set the measurement unit time {ms) for the pulse density
measurement mode and rotation speed

Enable

Mormal Mode

1 Phaze 2 Ihput
Enable

Pozitive Logic
Dizable

Falling

100

Dizahle
Paozitive Logic

Dizable

measurement mode.

GH2

Enable

ormal Mode

2 Phaze 4 Multiple
Dizable

Positive Logic
Dizable

Rizing

200

Enable
hegative Logic

Enable
so00ao

Set the number of pulses per rotation when using the rotation speed measurement mode.

GH3

Displayed.items

Item Description Setting range Default
Use/Not Use Set whether use counter or not. « Disable Disable
« Enable

Operation Mode

Set operation mode.

* Normal Mode
* Pulse Density Assumption Mode
» Rotation Speed Measurement Mode

Pulse Input Mode

Set pulse input mode.

* 1-Phase 1 Input (S/W Up/Down
Switch)

* 1-Phase 1 Input (H/W Up/Down
Switch)

« 1 Phase 2 Input

* 2 Phase 1 Multiple

« 2 Phase 2 Multiple

« 2 Phase 4 Multiple

« Internal Clock (1MHz)

Preset Input Enable/ Set the preset value when preset input is enabled. Change the « Disable —
Disable current value to the preset value when the preset is detected. « Enable

The preset value cannot be set when the preset input is disabled.
Input logic Sets preset input logic when preset input is enabled. « Positive Logic —

* Negative Logic
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308

Item Description Setting range Default
Input Comparison Enable/ | Perform output to the specified device when input comparison is « Disable —
Disable enabled and the current value matches with the comparison value | <« Enable

by the preset input.

Output to the specified device is not performed when input

comparison is disabled and the current value matches with the

comparison value by the preset input.
Control Switch Sets preset execution timing when preset input is enabled. * Rising —

« Falling

« Rising + Falling Edge
« Always During Input ON

Preset Value

Sets preset value when preset input is enabled.

-2147483648 to +2147483647

Enable Input Enable/ Set whether to "enable" or "disable" the enable input. « Disable —
Disable « Enable
Input logic Set the enable input logic value. * Positive Logic —

» Negative Logic

Ring Length Enable/ Sets whether to "enable" or "disable" the ring length for ring * Disable —
Disable counters. » Enable
Ring Length Sets ring length when ring length setting is enabled. 2 t0 2147483648 —

Measurement Unit Time

No. of Pulse per Rotation

Not available for high-speed counters (normal mode).

EHigh-speed puls

e input/output module

Add the high-speed pulse input/output module.

O Navigation window = [Parameter] = [Module Information] = Right-click = Add New Module

After adding the high-speed pulse input/output module, make settings on the screen displayed from the following operation.

O Navigation window = [Parameter] = [Module Information] = [1 to 16 (high-speed pulse input/output module)] =

[Module Parameter] = "Input Function" = "High Speed Counter" = "Detailed Setting" = "Basic Settings"

Window.

Item

zefMat se
= Operation Mode
Operation Mode
= Pulse Input Mode
Pulze Input Mode
= Preset Input

Input loEic

Contral Switch
= Preset Vake

Preset Walue
= Enable Input

Input logic
= Ring Leneth Settine

Fing Leneth

=l UsefDo Hot Use Counter

Prezet Input Enable/Dizable

Ihput Comparizon Enable/Dizable

Enable Input EnablesDisable

Rine Leneth Enable/Dizable

ZHY
Set whether to use counter or not.
Enable
Set operation mode.
Mormal Mode
Set pulse input mode._
1-Fhaze 1 Input (5% Up/Dovwn Switch)
Setpreset input.
Dizable
Pozitive Logic
Dizable
Riging

I

Set enable input.
Dizable

Pozitive Logic
Setring lenegth.
Dizable

GH10

Enahle

Mormal Made

1-Phaze 1 Ihput (5% Up/Down Switch)

Enable
Pozitive Logic
Enable
Falling

a000

Enable
Megative Logic

Enable
1naoon

Shown above is the screen at the time when the first high-speed pulse input/output module is selected.

Displayed.items

Item Description Setting range Default
Use/Not Use Set whether use counter or not. * Disable Disable
* Enable

Operation Mode

Set operation mode. The mode is fixed to Normal Mode.

Normal Mode
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Item

Description

Setting range

Default

Pulse Input Mode

Set pulse input mode.

* 1-Phase 1 Input (S/W Up/Down Switch)
* 1-Phase 1 Input (H/W Up/Down Switch)

» 1 Phase 2 Input

» 2 Phase 1 Multiple

* 2 Phase 2 Multiple

» 2 Phase 4 Multiple

* Internal Clock (1MHz)

Preset Input Enable/
Disable

Set whether to "enable" or "disable" the preset input of counter.

* Disable
» Enable

Input logic

Sets preset input logic when preset input is enabled.

* Positive Logic
* Negative Logic

Input Comparison Enable/ | Sets whether to "enable" or "disable" input comparison when « Disable —

Disable preset input is enabled. * Enable

Control Switch Sets preset execution timing when preset input is enabled. * Rising —
* Falling

* Rising + Falling Edge
* Always During Input ON

Preset Value

Sets preset value when preset input is enabled.

-2147483648 to +2147483647

Enable Input Enable/
Disable

Set whether to "enable" or "disable" the enable input.

* Disable
» Enable

Input logic

Set the enable input logic value.

« Positive Logic
* Negative Logic

Ring Length Enable/ Sets whether to "enable" or "disable" the ring length for ring * Disable —
Disable counters. *» Enable
Ring Length Sets ring length when ring length setting is enabled. 210 2147483648 —
S
Pomt’

Parameters are enabled when the CPU module is powered ON or after a reset. In addition, operations

different from the parameter settings are possible by transferring values to special relays and special registers

while changing these values in the program.

For details concerning special relays and specials registers for high-speed counters, refer to [~ Page 322

Special relay list, ==~ Page 336 Special registers list.

Starting/stopping high-speed counter measurement

High-speed counters cannot count by setting the parameter alone.
The HIOEN/DHIOEN instruction is required to start/stop the count.
For the HIOEN/DHIOEN instruction, refer to LLIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/

Function Blocks).

Read/write of current value of high-speed counter

The current value of the high-speed counter is stored in a special register for each channel. You can check current value by

monitoring the value. The value may however differ from the actual value because the special register is updated during END

processing.

You can read the latest value using the HCMOV/DHCMOYV instruction.

For details concerning specials registers for high-speed counters, refer to (==~ Page 336 Special registers list.

For information for the HCMOV/DHCMOV instruction, refer to LLIMELSEC iQ-F FX5 Programming Manual (Instructions,
Standard Functions/Function Blocks).

Precautions

* Input used varies according to channel selected and pulse input mode.

« If not using preset input or enable input, you can use it as input for other functions.

« If mode is other than normal mode, preset input cannot be used.

» Use the HIOEN/DHIOEN instruction to start high-speed counter measurement.

» There are common precautions when using high-speed counters. For details, refer to [==~ Page 358 Precautions when

using high-speed counters.

27 HIGH-SPEED INPUT/OUTPUT FUNCTION
27.1 High-speed Counter Function

309



High-speed counter (pulse density measurement mode)

The pulse density measurement mode for high-speed counters is explained below. The pulse density measurement mode is

not supported in high-speed pulse input/output modules.

When in pulse density measurement mode, pulse is counted from count input of the high-speed counter, and the number of

pulses for a specified amount of time is automatically counted.

Parameter setting

Set operation mode to pulse density measurement mode by high-speed counter parameter setting.

Sets detailed settings for channel used.

O Navigation window = [Parameter] = [Module model name] = [Module Parameter] = [High Speed I/0] = "Input
Function" = "High Speed Counter" = "Detailed Setting" = "Basic Settings"

Window.

Item

- Use/Do Hot Use Gounter
Use/Mot Use

-| Operation Mode
Operation Mode

-| Pulse Input Mode
Pulge Input Mode

- Preset Input
Freset Input Enable/Dizable
Ihput logic
Ihput Gomparizon Enable/Dizable
Cantrol Switch

-| Preset Vale
Preset Walue

-1 Enable Input
Enable Input Enables Dizable
Ihput logic

-] Ring Length Settineg
Rine Leneth Enable/Disable
Ring Lereth

-| Measurement Unit Time

Measurement Unit Time
-| No.of Pulse per Rotation

Ma. of Pulze per Raotation

Displayed.items

ZH1
Setwhether to use counter or not.
Enable
Set operation mode.
Pulze Density Meazurement Mode
Set pulse input mode.
1-Phaze 1 Ihput (3 Up/Down Switch)
Setpreset input.
Dizable
Positive Logic
Dizable
Rizing

0

Setenable input.
Dizable

Positive Logic
Setring leneth.
Dizable

GH2
Enable
Pulze Dengity Meazurement Mode
1-Phaze 1 Input (HAY Up/ Do Switch)
Dizable
Positive Logic

Dizable
Rizing

Dizable
Pozitive Logic

Dizable

Set the measure ment unit time (ms) for the pulze denslly

measurement mode and rotation speed

]

measure ment

2000

CHa
Enable
Pulze Density Meazurement Mode
2 Phaze 2 Multiple
Dizable
Pozitive Logic

Dizable
Rizine

Dizable
Positive Logic

Dizable

ao0o0

Set the number of pulzes per rotation when using the rotation speed measurement mode.

Item Description Setting range Default
Use/Not Use Set whether use counter or not. « Disable Disable
* Enable

Operation Mode

Set operation mode.

* Normal Mode

* Pulse Density Assumption Mode
 Rotation Speed Measurement Mode

Pulse Input Mode

Set pulse input mode.

« 1 Phase 2 Input

« 2 Phase 1 Multiple
« 2 Phase 2 Multiple
« 2 Phase 4 Multiple

« Internal Clock (1MHz)

« 1-Phase 1 Input (S/W Up/Down Switch) | —
* 1-Phase 1 Input (H/W Up/Down Switch)

Preset Input Enable/
Disable

Input logic

Input Comparison Enable/
Disable

Control Switch

Preset Value

Not available for high-speed counters (pulse density —
measurement mode).
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Item

Description

Setting range

Default

Enable Input Enable/
Disable

Set whether to "enable" or "disable" the enable input.

« Disable
* Enable

Input logic

Set the enable input logic value.

« Positive Logic
* Negative Logic

Ring Length Enable/
Disable

Ring Length

Not available for high-speed counters (pulse density
measurement mode).

Measurement Unit Time

Set measurement unit time. (Unit: ms)

1to 2147483647

No. of Pulse per Rotation

Not available for high-speed counters (pulse density
measurement mode).

Point;3

Parameters are enabled when the CPU module is powered ON or after a reset. In addition, operations

different from the parameter settings are possible by transferring values to special relays and special registers

while changing these values in the program.

For details concerning special relays and specials registers for high-speed counters, refer to [<5~ Page 322

Special relay list, [==~ Page 336 Special registers list.

Pulse density measurement mode start/stop

The pulse density measurement mode cannot measure by setting the parameter alone.
The HIOEN/DHIOEN instruction is required to start/stop measurement.

For the HIOEN/DHIOEN instruction, refer to LLIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/

Function Blocks).
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Pulse density

Pulse density is stored in the special register for each channel.
For details concerning specials registers for high-speed counters, refer to ==~ Page 336 Special registers list.

Precautions

ECount direction switch during measurement
The pulse density measurement mode calculates pulse density based on difference in measuring unit time of the current

value of high-speed counters. You should therefore note that the input number of pulses may differ from the measurement
value when count direction of a high-speed counter is switched within the same measuring unit time.

[Ex]

When pulse density is measured, 14 pulses are input within measuring unit time, but the current value of the high-speed
counter remains "0", as shown in the following figure. As a result, pulse density is "0" for this measuring unit time.

Measurement
intervals

Direction
switching

Countineut . 1 M M U U U U U U UL

Current value
10

O-=_2NWHhUIO OO

EOperation when counting in the minus direction
Pulse density can also be measured when pulses are input in the direction whereby current value of high-speed counter is

reduced.

HOperation at overflow of high-speed counter current value
Pulse density measurement can continue even when current value of high-speed counter overflows during measurement.

HRelationship with the SPD/DSPD instruction
If pulse density measurement has already been started by the HHOEN/DHIOEN instruction, the SPD/DSPD instruction cannot

be used for the same channel.

If pulse density is currently being measured by the SPD/DSPD instruction, pulse density measurement cannot be started for
the same channel.

For details on the SPD/DSPD instruction, refer to LLIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard
Functions/Function Blocks).

EOther precautions
There are common precautions when using high-speed counters. For details, refer to [<5~ Page 358 Precautions when using

high-speed counters.
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High-speed counter (rotational speed measurement mode)

The rotational speed measurement mode for high-speed counters is explained below. The rotational speed measurement
mode is not supported in high-speed pulse input/output modules.

When in rotational speed measurement mode, pulse is counted from count input of the high-speed counter, and the rotational
speed for a specified amount of time is automatically calculated.

Parameter setting

Set operation mode to rotational speed measurement mode by high-speed counter parameter setting.

Sets detailed settings for channel used.

O Navigation window = [Parameter] = [Module model name] = [Module Parameter] = [High Speed I/0] = "Input
Function" = "High Speed Counter" = "Detailed Setting" = "Basic Settings"

Window.

Item

- Use/Do Hot Use Gounter
Use/Mot Use

-| Operation Mode
Operation Mode

-| Pulse Input Mode
Pulze Input Mode

- Preset Input
Freset Input Enable/Dizable
Ihput logic
Ihput Gomparizon Enable/Dizable
Cantrol Switch

-| Prezet Walue
Preset Walue

-1 Enable Input
Enable Input Enable/Disable
Ihput logic

-] Ring Length Settineg
Rine Leneth Enable/Dizable
Ring Leneth

-| Measurement Unit Time

Measurement Unit Time
-| No.of Pulse per Rotation

ZH1
Setwhether to use counter or not.
Enable
Set operation mode.
Fotation Speed Meazurement Mode
Set pulse input mode.
1-Phase 1 Ihput (5 Up/Down Switch)
Setpreset input.
Dizable
Pozitive Logic
Dizable
Rizing

0

Setenable input.
Dizable

Positive Logic
Setring leneth.
Dizable

GH2
Enable
Fotation Speed Meazurement Mode
2 Phase 2 Multiple
Dizable
Positive Logic

Dizable
Rizing

Dizable
Pozitive Logic

Dizable

Set the measure ment unit time {ms) for the pulse density

measzurement mode and rotation
1000

measurement mode.

3000

CHa
Enable
Fotation Speed Meazurement Mode
2 Phaze 4 Multiple
Dizable
Pozitive Logic

Dizable
Rizine

Dizable
Positive Logic

Dizable

20000

Set the number of pulzes per rotation when using the rotation speed measurement mode.

Ma. of Pulze per Rotation 1000 10000 15000
Displayed.items
Item Description Setting range Default
Use/Not Use Set whether use counter or not. * Disable Disable
« Enable

Operation Mode

Set operation mode.

* Normal Mode

« Pulse Density Assumption Mode
» Rotation Speed Measurement Mode

Pulse Input Mode

Set pulse input mode.

* 1 Phase 2 Input

« 1-Phase 1 Input (S/W Up/Down Switch)
* 1-Phase 1 Input (H/W Up/Down Switch)

* 2 Phase 1 Multiple
« 2 Phase 2 Multiple
* 2 Phase 4 Multiple
« Internal Clock (1MHz)

Preset Input Enable/
Disable

Input logic

Input Comparison Enable/
Disable

Control Switch

Preset Value

Not available for high-speed counters (rotational speed
measurement mode).
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Item Description Setting range Default

Enable Input Enable/ Set whether to "enable" or "disable" the enable input. « Disable —
Disable « Enable
Input logic Set the enable input logic value. * Positive Logic —

* Negative Logic

Ring Length Enable/ Not available for high-speed counters (rotational speed — —
Disable measurement mode).
Ring Length
Measurement Unit Time Set measurement unit time. (Unit: ms) 1t0 2147483647 —
No. of Pulse per Rotation Set the No. of pulses per rotation. (Unit: pulse) 1to 2147483647 —
Poi
oint

Parameters are enabled when the CPU module is powered ON or after a reset. In addition, operations
different from the parameter settings are possible by transferring values to special relays and special registers
while changing these values in the program.

For details concerning special relays and specials registers for high-speed counters, refer to [~ Page 322
Special relay list, ==~ Page 336 Special registers list.

Rotational speed measurement mode start/stop

The rotational speed measurement mode cannot measure by setting the parameter alone.

The HIOEN/DHIOEN instruction is required to start/stop measurement.

For the HIOEN/DHIOEN instruction, refer to LLIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/
Function Blocks).

Rotational speed

Rotational speed is stored in the special register for each channel. (Unit: r/min)
For details concerning specials registers for high-speed counters, refer to (==~ Page 336 Special registers list.

Precautions

ECount direction switch during measurement
The rotational speed measurement mode calculates rotational speed based on current value difference of high-speed

counters in the measuring unit time. You should therefore note that the input number of pulses may differ from the
measurement value when count direction of a high-speed counter is switched within the same measuring unit time.

HMOperation when counting in the minus direction
Rotational speed can also be measured when pulses are input in the direction whereby current value of high-speed counter is

reduced.

EOperation at overflow of high-speed counter current value
Rotational speed measurement can continue even when current value of high-speed counter overflows during measurement.

HRelationship with the SPD/DSPD instruction

If rotational speed measurement has already been started by the HHOEN/DHIOEN instruction, the SPD/DSPD instruction
cannot be used for the same channel.

Inversely, if pulse density is currently being measured by the SPD/DSPD instruction, rotational speed measurement cannot be
started for the same channel.

For details on the SPD/DSPD instruction, refer to LLIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard
Functions/Function Blocks).

HOther precautions
There are common precautions when using high-speed counters. For details, refer to [==~ Page 358 Precautions when using

high-speed counters.
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High-speed comparison table

The high-speed comparison table is explained below.

Used to set high-speed comparison table for high-speed counters.

Parameter setting

Sets match output setting for high-speed counters.

HECPU module

O Navigation window = [Parameter] = [Module model name] => [Module Parameter] = [High Speed 1/0] = "Input

Function" = "High Speed Counter" = "Detailed Setting" = "High Speed Compare Table"

Window.

27

NO. | Counter GH | Gomparison Type

Cutput Destination Device

Comparison Valus | Spesification Method | Gomparison Value 1 Direct

Comparison Value | Indiect

Comparison Value 2 Specification Method | Gompatison Value 2 Direct

Comparison Value 2 Indirect

1 CHI Set Yo Direct Specification 100 Direct Specification 0

2 GH2 Set 1 Indirect Specification 0 D1t Direct Specification 0

3 GH3 Band Area Gomparis ‘2 Direct Specification 200 Direct Specification 00

4 GH4 Band Area Gomparis 3 Indirect Specification 0 D103 Indirect Specification 0 Di0§

5 Disable Set Direct Specification 0 Direct Specification 0

Displayed.items

Item Description Setting range Default

Counter CH Set the counter CH of coincidence output target. Disable, CH1 to CH8 Disable

Comparison Type Set comparison type. « Set Set
* Reset
« Self Reset
« Band Area Comparison

Output Destination Device Sets output destination device for output comparison Bit device (Y, M), Interrupt pointer (116 to 123) —

results of comparison value 1 and comparison value 2.

Comparison Value 1 Sets the specification method of comparison value 1. « Direct Specification Direct

Specification Method « Indirect Specification Specification

Comparison Value 1 Direct | Sets value (comparison value 1) to be compared with -2147483648<Comparison value 1<+2147483647 | 0

current value of high-speed counter. (When direct
specification is selected)

Comparison Value 1 Indirect

Sets device (comparison value 1) to be compared with
current value of high-speed counter. (When indirect
specification is selected)

Word device (D, R)

Comparison Value 2
Specification Method

If band comparison is set to comparison type, sets the
specification method of comparison value 2.

« Direct Specification
* Indirect Specification

Comparison Value 2 Direct

If band comparison is set to comparison type, sets value
(comparison value 2) to be compared with current value
of high-speed counter. (When direct specification is
selected)

Comparison value 1<Comparison value
2<+2147483647

Comparison Value 2 Indirect

If band comparison is set to comparison type, sets device
(comparison value 2) to be compared with current value
of high-speed counter. (When indirect specification is
selected)

Word device (D, R)
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HHigh-speed pulse input/output module
Add the high-speed pulse input/output module.

O Navigation window = [Parameter] = [Module Information] = Right-click = Add New Module
After adding the high-speed pulse input/output module, make settings on the screen displayed from the following operation.

O Navigation window = [Parameter] = [Module Information] = [1 to 16 (high-speed pulse input/output module)] =
[Module Parameter] = "Input Function" = "High Speed Counter" = "Detailed Setting" = "High Speed Compare Table"

Window.

M. Counter GH
1 CH+ICHY) Set
2 GH+1(GH10)  Reset
3 Dizable Set

Comparizon Type

Output Destination Device
hil Direct Specification
1 Indirect Specification

Direct Specification

Comparizon Value 1 Specification Meathod

Comparizon Value 1 Direct
100
0 D100

i

Shown above is the screen at the time when the first high-speed pulse input/output module is selected.

Displayed.items

Comparizon Yalue 1 Ihdirect

Item Description Setting range Default
Counter CH Set the counter CH of coincidence output target. Disable, CH+0(CHO),CH+1(CHO+1)"! Disable
Comparison Type Set comparison type. * Set Set

* Reset

+ Self Reset
Output Destination Device Sets output destination device for output comparison Bit device (Y, M), Interrupt pointer (150 to 1177) —

results of comparison value 1 and comparison value 2.

Comparison Value 1 Sets the specification method of comparison value 1. « Direct Specification Direct
Specification Method « Indirect Specification Specification
Comparison Value 1 Direct | Sets value (comparison value 1) to be compared with -2147483648<Comparison value 0

current value of high-speed counter. (When direct
specification is selected)

1<+2147483647

Comparison Value 1 Indirect

Sets device (comparison value 1) to be compared with
current value of high-speed counter. (When indirect
specification is selected)

Word device (D, R)

*1  The number in O is first module: 9, second module: 11, third module: 13, fourth module: 15.

Point/©

* You can create an open table entry before table setting is complete.
« Table settings can be made in any order. Be careful when the current value is changed by self-reset at a
table along the way, as table processing starts with the first table then the following tables in order.
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High-speed comparison table operation

Operation of each type of high-speed comparison table operation is explained below.

HSet to ON

When comparison value 1 matches the current value of the set high-speed counter, the bit device specified as the output

destination device is set. If interrupt pointer has been specified for output destination device, the interrupt program of the
specified interrupt pointer is run simultaneously when it matches comparison value 1.

Operation is the same as for the DHSCS instruction. For information on the DHSCS instruction, refer to LLIMELSEC iQ-F
FX5 Programming Manual (Instructions, Standard Functions/Function Blocks).

HReset

When comparison value 1 matches the current value of the set high-speed counter, the bit device specified as the output

destination device is reset.
Operation is the same as for the DHSCR instruction. For information on the DHSCR instruction, refer to LLIMELSEC iQ-F
FX5 Programming Manual (Instructions, Standard Functions/Function Blocks).

BSelf-reset

When comparison value 1 matches the current value of the set high-speed counter, the current value becomes the preset
value. After comparison processing is executed for this table, comparison processing of this high speed counter in later tables
is performed using the preset value.

Operation is the same as self-reset for the DHSCR instruction. For information on the DHSCR instruction, refer to
[TIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/Function Blocks).

BZone Compare
Based on the current high-speed counter value, comparison value 1, and comparison value 3, one of the three output devices
from the head output device will be set. The rest are reset. High-speed pulse input/output module is not supported.

Set
Comparison value 1 > Current value — Head output device
Comparison value 1 < Current value < Comparison value 2 — Head output device +1
Current value > Comparison value 2 — Head output device +2

Operation is the same as for the DHSZ instruction. For information on zone comparison and DHSZ instruction, refer to
[TIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/Function Blocks).
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Comparison start/stop for high-speed comparison table

High-speed comparison tables cannot execute comparison by setting the parameter alone.

The HIOEN/DHIOEN instruction is required to start/stop the high-speed comparison table.
For the HIOEN/DHIOEN instruction, refer to LLIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/
Function Blocks).

Poin t

The HIOEN/DHIOEN instruction is required to start/stop high-speed counters as well when using a high-
speed comparison table.

Measurement is not conducted by starting the high-speed comparison table alone, and the high-speed
comparison table therefore does not operate.

When the number of the high-speed comparison table that is executed is number 17 or higher, use the
DHIOEN instruction.

Precautions

ENumber of tables that can be set
Up to 32 tables for the CPU module and up to 15 tables for the high-speed pulse input/output module can be set. Empty tables

are not included in the number of tables.
However, number of tables that can be set differs depending on the version. (==~ Page 649 Added and Enhanced Functions)

EProcessing order
High-speed comparison tables are processed in sequence starting from the first table.

HOperation start timing

High-speed comparison tables are updated during END processing. If started/stopped by the HIOEN/DHIOEN instruction, the
table is applied starting from the next scan. Caution must be exercised when controlling high-speed comparison tables using
the HIOEN/DHIOEN instruction several times within the same scan.

[Ex]

Table operation is as follows when multiple HIOEN/DHIOEN instructions are executed within the same scan.
Tables 1, 2 and 4 are started at the 1st HHOEN/DHIOEN instruction.

Tables 3 and 5 are started, and 2 and 4 are stopped at the 2nd HIOEN/DHIOEN instruction.

Table 2 is started and 5 is stopped at the 3rd HIHOEN/DHIOEN instruction.

Tables 1, 2 and 3 operate.

EOperation when using internal clock
Self-reset cannot be used for channels set to internal clock by pulse input mode.

EOther precautions
There are common precautions when using high-speed counters. For details, refer to [==~ Page 358 Precautions when using

high-speed counters.
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Multiple point output, high-speed comparison tables

Multiple point output, high-speed comparison tables are explained below. The multiple point output, high-speed comparison
tables is not supported in high-speed pulse input/output modules.
Use to set multiple point output, high-speed comparison tables for high-speed counters.

Parameter setting

Sets match output table comparison setting for high-speed counters.

O Navigation window = [Parameter] = [Module model name] = [Module Parameter] = [High Speed I/0] = "Input
Function" = "High Speed Counter" = "Detailed Setting" = "Multi-point Output High Speed Compare Table"

Window
Table Data [Use Device v] goHunter GH1 -
Output Data [Bit Citput v] Paints E]

MO, Enable/Dizable Device Comparizon Walue Output Device Output Data (HEX)
1 Enable D00 oo o 1
2 Enable [ERNIES 200 Y0 I
3 Dizable D108 0y

Displayed.items

Item Description Setting range Default
Table Data Sets whether or not to use user device for table data. « Do Not Use Device Do Not Use Device
* Use Device
Counter CH Set Comparison Target CH. CH1 to CH8 CH1
Output Data Sets the type of output data. « Bit Output Bit Output
» Word Output
Points Sets the number of output data points. « Bit Output 1
1t0 16
* Word Output
1to0 2
Enable/Disable Sets whether to "enable" or "disable" table data. « Disable Disable
* Enable
Device Set the device used for table data. Word device (D, R) —

Comparison Value

Sets value (comparison value) to be compared with
current value of high-speed counter.

-2147483648<Comparison value<+2147483647

Output Device

Sets the output destination device of output data.

* Bit Output

Y, M

» Word Output
D,R

Output Data (HEX)

Sets output data.

According to output device

Pointp

» When using user devices, you can change comparison value or output data while the program is running.
» When using user devices, each table occupies 4 devices. Word devices are used in order starting from the
initial device.
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Multiple point output, high-speed comparison table operation

Operation of each type high-speed comparison table is explained below.

HEBit output
When comparison value 1 matches the current value of the set high-speed counter, output data is transferred to the output
devices.

[Ex]

Bit output, initial output device: YO, Output points: 16

Table number Comparison value Output data
Table 1 10 HO0001

Table 2 13 HAAAA

Table 3 19 HO0100

Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO

Current value 0 to 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO

Current value 10 to 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO

Current value 13 to 18 0 0 0 0 0 0 0 0

Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO

Current value 19 to 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

EWord output
When comparison value 1 matches the current value of the set high-speed counter, output data is transferred to the output
devices.

[Ex]

Word output, initial output device: DO, Output points: 1

Table number Comparison value Output data
Table 1 10 K100

Table 2 13 K300

Table 3 19 K10

Current value 0 to 9 D0=0
Current value 10to 12 D0 =100
Current value 13t0 18 DO = 300

Current value 19 to D0 =10

2 27 HIGH-SPEED INPUT/OUTPUT FUNCTION
3 0 27.1 High-speed Counter Function



Comparison start/stop for multiple point output, high-speed comparison table

Multiple point output, high-speed comparison tables cannot execute comparison by setting the parameter alone.

The HIOEN/DHIOEN instruction is required to start/stop multiple point output, high-speed comparison tables.
For the HIOEN/DHIOEN instruction, refer to LLIMELSEC iQ-F FX5 Programming Manual (Instructions, Standard Functions/
Function Blocks).

Point
The HIOEN/DHIOEN instruction is required to start/stop high-speed counters as well when using a multiple
point output, high-speed comparison table.
Measurement is not conducted by starting the multiple point output, high-speed comparison table alone, and
the high-speed comparison table therefore does not operate.

Precautions

ESetting number
Up to 128 tables can be set.

EDevice value when using user device
Parameters and user devices are handled as follows when using user devices.

[Ex]

If DO is set to initial device

Table number User device

Comparison value Output data
Table 1 D1, DO D3, D2
Table 2 D5, D4 D7, D6
Table 3 D9, D8 D11, D10
Table 4 D13, D12 D15, D14
Table 5 D17, D16 D19, D18

EWhen final table comparison is complete
When comparison processing has been completed up to the last set table, SM5001 turns ON. The high-speed counter current
value is not cleared.

EOperation start timing
Multiple point output, high-speed comparison tables are enabled as soon as the HHOEN/DHIOEN instruction is executed.

HETable operation interval

The comparison value or input frequency must be set so the comparison value and high-speed counter current value match at
intervals of following value.

* FX5S/FX5UJ CPU module: 200 pus or more for each table

* FX5U/FX5UC CPU module: 100 us or more for each table

EProcessing order
Multiple point output, high-speed comparison tables are processed in sequence starting from the first table. Only 1 table per
count is processed.

HTable setting value update timing
When using user devices, you can change the table setting values by modifying the values of the device. However, the

comparison value and output data values of the table currently being compared and the next table cannot be changed. If you
modify the comparison values or output data, you can modify data of the next table in the sequence and those subsequent.
The table number of which the table is being currently compared can be checked in the special register (SD5000).

HOther precautions
There are common precautions when using high-speed counters. For details, refer to [<=~ Page 358 Precautions when using
high-speed counters.
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Special relay list

A list of special relays used for high-speed counters is provided below.

Special relays for individual channels

A list of special relays by high-speed counter channel is provided below.

O: Supported, X: Not supported
R: Read only, R/W: Read or Write

Special Function Operation Default | Function support
L ON OFF FX5S/ | FX5U/
FX5UJ | FX5UC

SM4500 High-speed counter operation (CH1) Operating | Stopped OFF @] O

SM4501 High-speed counter operation (CH2) O O

SM4502 High-speed counter operation (CH3) O O

SM4503 High-speed counter operation (CH4) O O

SM4504 High-speed counter operation (CH5) O O

SM4505 High-speed counter operation (CH6) O O

SM4506 High-speed counter operation (CH7) O O

SM4507 High-speed counter operation (CH8) O O

SM4508 High-speed counter operation (CH9) o™ O

SM4509 High-speed counter operation (CH10) o1 O

SM4510 High-speed counter operation (CH11) o™ O

SM4511 High-speed counter operation (CH12) o™ O

SM4512 High-speed counter operation (CH13) o™ O

SM4513 High-speed counter operation (CH14) o1 O

SM4514 High-speed counter operation (CH15) o™ O

SM4515 High-speed counter operation (CH16) o™ O

SM4516 High-speed counter pulse density/Rotation speed measurement Measuring | Stopped OFF O O
(CH1)

SM4517 High-speed counter pulse density/Rotation speed measurement O @]
(CH2)

SM4518 High-speed counter pulse density/Rotation speed measurement O O
(CH3)

SM4519 High-speed counter pulse density/Rotation speed measurement @) @)
(CH4)

SM4520 High-speed counter pulse density/Rotation speed measurement @) @)
(CH5)

SM4521 High-speed counter pulse density/Rotation speed measurement @) @)
(CH®)

SM4522 High-speed counter pulse density/Rotation speed measurement O O
(CH7)

SM4523 High-speed counter pulse density/Rotation speed measurement O O
(CH8)

SM4524 to Not used — — — — —

SM4531
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Special Function Operation Default | Function support | RIW
LR ON OFF FX5S/ | FX5U/
FX5UJ | FX5UC
SM4532 High-speed counter overflow (CH1) Has Has not OFF O O R/W
SM4533 High-speed counter overflow (CH2) occurred | occurred o 0
SM4534 High-speed counter overflow (CH3) O O
SM4535 High-speed counter overflow (CH4) O O
SM4536 High-speed counter overflow (CH5) O O
SM4537 High-speed counter overflow (CH6) O O
SM4538 High-speed counter overflow (CH7) O O
SM4539 High-speed counter overflow (CH8) O O
SM4540 High-speed counter overflow (CH9) o™ O
SM4541 High-speed counter overflow (CH10) o1 o)
SM4542 High-speed counter overflow (CH11) o™ @)
SM4543 High-speed counter overflow (CH12) o O
SM4544 High-speed counter overflow (CH13) o™ O
SM4545 High-speed counter overflow (CH14) o1 o)
SM4546 High-speed counter overflow (CH15) o™ @)
SM4547 High-speed counter overflow (CH16) o O
SM4548 High-speed counter underflow (CH1) Has Has not OFF O O R/IW
SM4549 High-speed counter underflow (CH2) occurred | occurred o) o)
SM4550 High-speed counter underflow (CH3) O O
SM4551 High-speed counter underflow (CH4) O O
SM4552 High-speed counter underflow (CH5) O O
SM4553 High-speed counter underflow (CH6) O O
SM4554 High-speed counter underflow (CH7) O O
SM4555 High-speed counter underflow (CH8) O O
SM4556 High-speed counter underflow (CH9) o™ O
SM4557 High-speed counter underflow (CH10) o™ @)
SM4558 High-speed counter underflow (CH11) o™ @)
SM4559 High-speed counter underflow (CH12) o™ O
SM4560 High-speed counter underflow (CH13) o™ O
SM4561 High-speed counter underflow (CH14) o™ @)
SM4562 High-speed counter underflow (CH15) o™ @)
SM4563 High-speed counter underflow (CH16) o™ O
SM4564 High-speed counter count direction monitor (CH1) Down- Up- OFF O O R
SM4565 High-speed counter count direction monitor (CH2) counting counting O O
SM4566 High-speed counter count direction monitor (CH3) O O
SM4567 High-speed counter count direction monitor (CH4) O O
SM4568 High-speed counter count direction monitor (CH5) O O
SM4569 High-speed counter count direction monitor (CH6) O O
SM4570 High-speed counter count direction monitor (CH7) O O
SM4571 High-speed counter count direction monitor (CH8) O O
SM4572 High-speed counter count direction monitor (CH9) o™ O
SM4573 High-speed counter count direction monitor (CH10) o™ O
SM4574 High-speed counter count direction monitor (CH11) o™ O
SM4575 High-speed counter count direction monitor (CH12) o™ O
SM4576 High-speed counter count direction monitor (CH13) o™ O
SM4577 High-speed counter count direction monitor (CH14) o™ O
SM4578 High-speed counter count direction monitor (CH15) o™ O
SM4579 High-speed counter count direction monitor (CH16) o™ O
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Special Function Operation Default | Function support | RIW
L ON OFF FX5S/ | FX5U/
FX5UJ | FX5UC

SM4580 High-speed counter count direction switching (CH1) (1-phase 1-input | Down- Up- OFF O O R/W
S/W) counting counting

SM4581 High-speed counter count direction switching (CH2) (1-phase 1-input O O
S/W)

SM4582 High-speed counter count direction switching (CH3) (1-phase 1-input O O
S/W)

SM4583 High-speed counter count direction switching (CH4) (1-phase 1-input O O
S/W)

SM4584 High-speed counter count direction switching (CH5) (1-phase 1-input O O
S/W)

SM4585 High-speed counter count direction switching (CH6) (1-phase 1-input O O
S/W)

SM4586 High-speed counter count direction switching (CH7) (1-phase 1-input O O
S/W)

SM4587 High-speed counter count direction switching (CH8) (1-phase 1-input O O
S/W)

SM4588 High-speed counter count direction switching (CH9) (1-phase 1-input o O
S/W)

SM4589 High-speed counter count direction switching (CH10) (1-phase 1-input o O
S/W)

SM4590 High-speed counter count direction switching (CH11) (1-phase 1-input o1 O
S/W)

SM4591 High-speed counter count direction switching (CH12) (1-phase 1-input o1 O
S/W)

SM4592 High-speed counter count direction switching (CH13) (1-phase 1-input o™ O
S/W)

SM4593 High-speed counter count direction switching (CH14) (1-phase 1-input o™ O
S/W)

SM4594 High-speed counter count direction switching (CH15) (1-phase 1-input o™ O
S/W)

SM4595 High-speed counter count direction switching (CH16) (1-phase 1-input o™ O
S/W)

SM4596 High-speed counter preset input logic (CH1) Negative Positive Parameter | O O R/W

SM4597 High-speed counter preset input logic (CH2) logic logic seltting O O

values

SM4598 High-speed counter preset input logic (CH3) O O

SM4599 High-speed counter preset input logic (CH4) O O

SM4600 High-speed counter preset input logic (CH5) O O

SM4601 High-speed counter preset input logic (CH6) O O

SM4602 High-speed counter preset input logic (CH7) O O

SM4603 High-speed counter preset input logic (CH8) O O

SM4604 High-speed counter preset input logic (CH9) o™ O

SM4605 High-speed counter preset input logic (CH10) o™ O

SM4606 High-speed counter preset input logic (CH11) o1 O

SM4607 High-speed counter preset input logic (CH12) o™ O

SM4608 High-speed counter preset input logic (CH13) o™ O

SM4609 High-speed counter preset input logic (CH14) o™ O

SM4610 High-speed counter preset input logic (CH15) o1 O

SM4611 High-speed counter preset input logic (CH16) o™ O
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Special Function Operation Default | Function support | RIW
LR ON OFF FX5S/ | FX5U/
FX5UJ | FX5UC
SM4612 High-speed counter preset input comparison (CH1) Valid Invalid Parameter | O O R/W
SM4613 High-speed counter preset input comparison (CH2) \S/ZItIJiZS O O
SM4614 High-speed counter preset input comparison (CH3) O O
SM4615 High-speed counter preset input comparison (CH4) O O
SM4616 High-speed counter preset input comparison (CH5) O O
SM4617 High-speed counter preset input comparison (CH6) O O
SM4618 High-speed counter preset input comparison (CH7) O O 27
SM4619 High-speed counter preset input comparison (CH8) @] O
SM4620 High-speed counter preset input comparison (CH9) o O
SM4621 High-speed counter preset input comparison (CH10) o1 O
SM4622 High-speed counter preset input comparison (CH11) o™ O
SM4623 High-speed counter preset input comparison (CH12) o O
SM4624 High-speed counter preset input comparison (CH13) o O
SM4625 High-speed counter preset input comparison (CH14) o1 O
SM4626 High-speed counter preset input comparison (CH15) o™ O
SM4627 High-speed counter preset input comparison (CH16) o O
SM4628 High-speed counter enable input logic (CH1) Negative Positive Parameter | O O R/W
SM4629 High-speed counter enable input logic (CH2) logic logic \S/ZItIJiZg O O
SM4630 High-speed counter enable input logic (CH3) O O
SM4631 High-speed counter enable input logic (CH4) O O
SM4632 High-speed counter enable input logic (CH5) O O
SM4633 High-speed counter enable input logic (CH6) O O
SM4634 High-speed counter enable input logic (CH7) O O
SM4635 High-speed counter enable input logic (CH8) O O
SM4636 High-speed counter enable input logic (CH9) o™ O
SM4637 High-speed counter enable input logic (CH10) o™ O
SM4638 High-speed counter enable input logic (CH11) o™ O
SM4639 High-speed counter enable input logic (CH12) o™ O
SM4640 High-speed counter enable input logic (CH13) o™ O
SM4641 High-speed counter enable input logic (CH14) o™ O
SM4642 High-speed counter enable input logic (CH15) o™ O
SM4643 High-speed counter enable input logic (CH16) o™ O
SM4644 High-speed counter ring length setting (CH1) Valid Invalid Parameter | O O R/W
SM4645 High-speed counter ring length setting (CH2) \S,:TSZS O O
SM4646 High-speed counter ring length setting (CH3) O O
SM4647 High-speed counter ring length setting (CH4) O O
SM4648 High-speed counter ring length setting (CH5) O O
SM4649 High-speed counter ring length setting (CH6) O O
SM4650 High-speed counter ring length setting (CH7) O O
SM4651 High-speed counter ring length setting (CH8) O O
SM4652 High-speed counter ring length setting (CH9) o™ O
SM4653 High-speed counter ring length setting (CH10) o™ O
SM4654 High-speed counter ring length setting (CH11) o™ O
SM4655 High-speed counter ring length setting (CH12) o™ O
SM4656 High-speed counter ring length setting (CH13) o™ O
SM4657 High-speed counter ring length setting (CH14) o™ O
SM4658 High-speed counter ring length setting (CH15) o™ O
SM4659 High-speed counter ring length setting (CH16) o™ O

*1  Only FX5UJ CPU module is supported.
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Special relays shared by all channels

A list of shared special relays is provided below.

O: Supported, X: Not supported
R: Read only, R/W: Read or Write

Special Function Operation Default Function support | RIW
L ON OFF FX5S/ | FX5U/
FX5UJ | FX5UC

SM4980 High-speed comparison table (high-speed compare instruction) Operating | Stopped OFF O @] R
operation (CPU module)

SM4982 High-speed comparison table (high-speed compare instruction) Has Has not OFF O O R/W
error occurrence (CPU module) occurred occurred

SM4984 High-speed comparison table operation (high-speed pulse input/ Operating | Stopped OFF o™ @] R
output module first module)

SM4986 High-speed comparison table error occurrence (high-speed pulse Has Has not OFF o™ O R/W
input/output module first module) occurred occurred

SM4988 High-speed comparison table operation (high-speed pulse input/ Operating | Stopped OFF o O R
output module second module)

SM4990 High-speed comparison table error occurrence (high-speed pulse Has Has not OFF o™ O R/W
input/output module second module) occurred occurred

SM4992 High-speed comparison table operation (high-speed pulse input/ Operating | Stopped OFF o O R
output module third module)

SM4994 High-speed comparison table error occurrence (high-speed pulse Has Has not OFF o™ O R/W
input/output module third module) occurred occurred

SM4996 High-speed comparison table operation (high-speed pulse input/ Operating | Stopped OFF o O R
output module fourth module)

SM4998 High-speed comparison table error occurrence (high-speed pulse Has Has not OFF o1 O R/W
input/output module fourth module) occurred occurred

SM5000 Multi-point output high-speed comparison table operation Operating | Stopped OFF O @] R

SM5001 Multi-point output high-speed comparison table completion Complete | Not OFF O O R/W

complete

*1  Only FX5UJ CPU module is supported.
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Special relay details

Details concerning special relays used for high-speed counters are explained below.

High-speed counter operating

Device for monitoring operation status of each channel of the high-speed counter.

ECorresponding devices
The device numbers corresponding to each channel are as follows.

CPU module
CH1 CH2 CH3 CH4 CH5 CHé CH7 CH8
SM4500 SM4501 SM4502 SM4503 SM4504 SM4505 SM4506 SM4507

High-speed pulse input/output module

First module Second module Third module Fourth module
CH9 CH10 CH11 CH12 CH13 CH14 CH15 CH16
SM4508 SM4509 SM4510 SM4511 SM4512 SM4513 SM4514 SM4515

HOperation Description
The content of the operation when ON and when OFF is as follows.

Operation when ON Operation when OFF
High-speed counter operating High-speed counter stopped
Point />

These devices also operate when the FX3 compatible high-speed counter function is valid.

EUpdate timing

The timing of device update is as follows.

ON OFF

* High-speed counter driven by the HIOEN/DHIOEN instruction + High-speed counter stopped by the HIOEN/DHIOEN instruction

« SPD/DSPD instruction ON execution * Power ON, reset, STOP, PAUSE

» UDCNTF instruction is executed ON (when the FX3 compatible high-speed | ¢« UDCNTF instruction is executed OFF (when the FX3 compatible high-
counter function is valid) speed counter function is valid)

High-speed counter pulse density/rotational speed being measured

Device for monitoring operation of the high-speed counter when using pulse density/rotational speed measurement mode.

ECorresponding devices

The device numbers corresponding to each channel are as follows.
CH1 CH2 CH3 CH4 CH5 CHé CH7 CH8
SM4516 SM4517 SM4518 SM4519 SM4520 SM4521 SM4522 SM4523

EOperation Description
The content of the operation when ON and when OFF is as follows.

Operation when ON Operation when OFF

Pulse density/rotational speed measurement mode operating Pulse density/rotational speed measurement mode stopped or not being used
Updates measurement results by measuring unit time.

Point
If the FX3 compatible high-speed counter function is valid, these devices operate only when the SPD/DSPD

instruction operates.

27 HIGH-SPEED INPUT/OUTPUT FUNCTION 2
27.1 High-speed Counter Function 3 7



EUpdate timing
The timing of device update is as follows.

* Pulse density/rotational speed measurement mode is set in parameter and | < Pulse density/rotational speed measurement mode is set in parameter and
pulse density/rotational speed measurement is driven by the HIOEN/ pulse density/rotational speed measurement is stopped by the HIOEN/
DHIOEN instruction. DHIOEN instruction.

» SPD/DSPD instruction ON execution » SPD/DSPD instruction OFF execution

« Power ON, reset, STOP, PAUSE

Flag that detects counter value overflow of high-speed counter.

ECorresponding devices
The device numbers corresponding to each channel are as follows.

SM4532 SM4533 SM4534 SM4535 SM4536 SM4537 SM4538 SM4539

SM4540 SM4541 SM4542 SM4543 SM4544 SM4545 SM4546 SM4547

HOperation Description
The content of the operation when ON and when OFF is as follows.

Overflow occurs Overflow does not occur
(Current value counted = +1 past maximum positive value)

» Does not operate when ring length setting is enabled.
» These devices also operate when the FX3 compatible high-speed counter function is valid.

EUpdate timing
The timing of device update is as follows.

« Overflow occurs (This is updated with the END processing. When the FX3 * When OFF by the user
compatible high-speed counter function is valid, the updating is made also « Power ON, reset
when instruction UDCNTF instruction is executed ON.) * STOP/PAUSE—-RUN

* SM50 turned ON

Flag that detects counter value underflow of high-speed counter.

ECorresponding devices
The device numbers corresponding to each channel are as follows.

SM4548 SM4549 SM4550 SM4551 SM4552 SM4553 SM4554 SM4555

SM4556 SM4557 SM4558 SM4559 SM4560 SM4561 SM4562 SM4563
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HOperation Description
The content of the operation when ON and when OFF is as follows.

Operation when ON Operation when OFF

Underflow occurs Underflow does not occur
(Current value counted = -1 past maximum negative value)

Pointp

» Does not operate when ring length setting is enabled.
» These devices also operate when the FX3 compatible high-speed counter function is valid.

EUpdate timing

The timing of device update is as follows.

ON OFF

» Underflow occurs (This is updated with the END processing. When the FX3 | « When OFF by the user
compatible high-speed counter function is valid, the updating is made also * Power ON, reset
when UDCNTF instruction is executed ON.) * STOP/PAUSE—-RUN

* SM50 turned ON

High-speed counter count direction monitor

Device for monitoring counter direction.

ECorresponding devices
The device numbers corresponding to each channel are as follows.

CPU module
CH1 CH2 CH3 CH4 CH5 CHé CH7 CH8
SM4564 SM4565 SM4566 SM4567 SM4568 SM4569 SM4570 SM4571

High-speed pulse input/output module

First module Second module Third module Fourth module
CH9 CH10 CH11 CH12 CH13 CH14 CH15 CH16
SM4572 SM4573 SM4574 SM4575 SM4576 SM4577 SM4578 SM4579

HOperation Description
The content of the operation when ON and when OFF is as follows.

Operation when ON Operation when OFF
High-speed counter counting in direction whereby current value is reduced High-speed counter counting in direction whereby current value is increased
(Down-counting) (Up-counting)
Pointp _ — —
These devices also operate when the FX3 compatible high-speed counter function is valid.
EUpdate timing
The timing of device update is as follows.
ON OFF
» Down-counting (This is updated with the END processing. When the FX3 + Up-counting (This is updated with the END processing. When the FX3
compatible high-speed counter function is valid, the updating is made also compatible high-speed counter function is valid, the updating is made also
when UDCNTF instruction is executed ON.) when UDCNTF instruction is executed ON.)
* Power ON, reset
* STOP/PAUSE—RUN
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—N\I) (internal clock) count direction switch

Device for switching counter direction when using 1-phase 1-input (S/W) counter or internal clock.

ECorresponding devices
The device numbers corresponding to each channel are as follows.

SM4580 SM4581 SM4582 SM4583 SM4584 SM4585 SM4586 SM4587

SM4588 SM4589 SM4590 SM4591 SM4592 SM4593 SM4594 SM4595

HOperation Description
The content of the operation when ON and when OFF is as follows.

High-speed counter current value counted -1 when input A phase ON High-speed counter current value counted +1 when input A phase ON

‘6
V4

» Setting is ignored for counter other than 1-phase 1-input (S/W), internal clock.
» These devices also operate when the FX3 compatible high-speed counter function is valid.

EUpdate timing
The timing of device update is as follows.

When ON by the user (update by END processing) * When OFF by the user (update by END processing)
« Power ON, reset
* STOP/PAUSE—RUN

Can also be modified while the high-speed counter is operating.

These devices are used for setting the preset input logic.

ECorresponding devices
The device numbers corresponding to each channel are as follows.

SM4596 SM4597 SM4598 SM4599 SM4600 SM4601 SM4602 SM4603

SM4604 SM4605 SM4606 SM4607 SM4608 SM4609 SM4610 SM4611
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HOperation Description
The content of the operation when ON and when OFF is as follows.

Operation when ON Operation when OFF
The preset input operates with negative logic The preset input operates with positive logic
Point />

* The timing to execute the preset is determined by the preset input logic and the preset control switch.
» These devices also operate when the FX3 compatible high-speed counter function is valid.

EUpdate timing

The timing of device update is as follows.

ON OFF
* When ON by the user * When OFF by the user

* When set to negative logic with parameters * When set to positive logic with parameters
Point;§

Cannot be modified while the high-speed counter is operating. Operates in the configured status when the
high-speed counter starts.

High-speed counter preset input comparison

These devices are used to specify whether or not to perform a comparison with the preset value when there is preset input.

ECorresponding devices
The device numbers corresponding to each channel are as follows.

CPU module
CH1 CH2 CH3 CH4 CH5 CHé CH7 CH8
SM4612 SM4613 SM4614 SM4615 SM4616 SM4617 SM4618 SM4619

High-speed pulse input/output module

First module Second module Third module Fourth module
CH9 CH10 CH11 CH12 CH13 CH14 CH15 CH16
SM4620 SM4621 SM4622 SM4623 SM4624 SM4625 SM4626 SM4627

EOperation Description
The content of the operation when ON and when OFF is as follows.

Operation when ON Operation when OFF
Execute comparison processing with the preset value when there is preset Do not execute comparison processing when there is preset input
input

Point

These devices also operate when the FX3 compatible high-speed counter function is valid.
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EUpdate timing

The timing of device update is as follows.

ON OFF
* When ON by the user * When OFF by the user

* When set to enabled with parameters « When set to disabled with parameters
Pointp

» Cannot be modified while the high-speed counter is operating. Operates in the configured status when the
high-speed counter starts.

* When the current value of a high-speed counter is rewritten with the HCMOV/DHCMOYV instruction, the
comparison process is not executed.

» When the preset control switch is set to "Constant when ON", the preset input comparison is disabled.

High-speed counter enable input logic

These devices are used for setting the enable input logic.

ECorresponding devices
The device numbers corresponding to each channel are as follows.

CPU module
CH1 CH2 CH3 CH4 CH5 CHé CH7 CH8
SM4628 SM4629 SM4630 SM4631 SM4632 SM4633 SM4634 SM4635

High-speed pulse input/output module

First module Second module Third module Fourth module
CH9 CH10 CH11 CH12 CH13 CH14 CH15 CH16
SM4636 SM4637 SM4638 SM4639 SM4640 SM4641 SM4642 SM4643

EOperation Description
The content of the operation when ON and when OFF is as follows.

Operation when ON Operation when OFF

The enable input operates with negative logic The enable input operates with positive logic

(Enabled when the enable input is OFF) (Enabled when the enable input is ON)
Point

These devices also operate when the FX3 compatible high-speed counter function is valid.

EUpdate timing

The timing of device update is as follows.

ON OFF
* When ON by the user * When OFF by the user

* When set to negative logic with parameters * When set to positive logic with parameters
Point/@

Cannot be modified while the high-speed counter is operating. Operates in the configured status when the
high-speed counter starts.
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High-speed counter ring length setting

These devices enable or disable the ring length setting for ring counters.

ECorresponding devices

The device numbers corresponding to each channel are as follows.

CPU module

CH1 CH2 CH3 CH4 CH5 CH6 CH7 CH8
SM4644 SM4645 SM4646 SM4647 SM4648 SM4649 SM4650 SM4651
High-speed pulse input/output module

First module Second module Third module Fourth module

CH9 CH10 CH11 CH12 CH13 CH14 CH15 CH16
SM4652 SM4653 SM4654 SM4655 SM4656 SM4657 SM4658 SM4659

HOperation Description

The content of the operation when ON and when OFF is as follows.

Operation when ON

Operation when OFF

Enables the ring length setting for a ring counter
(Counts in the range of 0 to ring length counter-1)

Disables the ring length setting for a ring counter
(Counts in the range of -2147483648 to +2147483647)

Pbint}g

These devices do not operate when the FX3 compatible high-speed counter function is valid.

EUpdate timing

The timing of device update is as follows.

ON

OFF

* When ON by the user
* When set to enabled with parameters

* When OFF by the user
* When set to disabled with parameters

ann}a
» Cannot be modified while the high-speed counter is operating. Operates in the configured status when the
high-speed counter starts.
« The ring length setting is disabled if the pulse density measurement mode or rotational speed measurement
mode is selected.
Precautions

If these devices are turned on when a high-speed counter's current value is out of the ring length range, the current value

when the high-speed counter is operated is as follows.
* Lower than lower limit value — Lower limit value
 Higher than upper limit value — Upper limit value

High-speed comparison table (high-speed compare instruction) operation

This device is for monitoring the operational status of the high-speed counter's high-speed comparison table and the high-

speed comparison instruction.

ECorresponding devices

The device numbers corresponding to each channel are as follows.

CPU module High-speed pulse input/output module
First module Second module | Third module Fourth module
CH1 ‘CHZ |CH3 |CH4 ‘CHS |CH6 ‘CH7 |CH8 CH9 |CH10 |CH11 |CH12 |CH13 |CH14 | CH15 | CH16
SM4984 SM4988 SM4992 SM4996

SM4980
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HOperation Description

The content of the operation when ON and when OFF is as follows.

Operation when ON

Operation when OFF

High-speed comparison table operating

When the high-speed counter current value and the high-speed comparison
table set value or the DHSCS, DHSCR, DHSZ instruction set value are equal,
the specified bit device is set or reset.

High-speed comparison table stopped

Even when the high-speed counter current value and the high-speed
comparison table set value or the DHSCS, DHSCR, DHSZ instruction set
value are equal, the specified bit device does not change.

Point ;>

These devices also operate when the FX3 compatible high-speed counter function is valid.

EUpdate timing

The timing of device update is as follows.

ON

OFF

» Match output driven by the DHIOEN instruction
* ON execution by DHSCS, DHSCR, DHSZ instruction

+ Match output stopped by the DHIOEN instruction and DHSCS, DHSCR,
DHSZ instructions all OFF
* Power ON, reset, STOP, PAUSE

High-speed comparison table (high-speed compare instruction) error occurrence

This device turns ON when driving the DHSCS, DHSCR, and DHSZ instructions in excess of the limitation of the number of
instructions driven at the same time or driving the high-speed comparison table in excess of the limitation of the number of the

tables starting at the same time.

ECorresponding devices

The device numbers corresponding to each channel are as follows.

CPU module High-speed pulse input/output module

First module Second module | Third module Fourth module
CH1 |CH2 |CH3 |CH4 |CH5 |CH6 |CH7 |CH8 |CH9 | CH10 |CH11 | CH12 |CH13 |CH14 | CH15 | CH16
SM4982 SM4986 SM4990 SM4994 SM4998

EOperation Description

The content of the operation when ON and when OFF is as follows.

Operation when ON

Operation when OFF

« DHSCS, DHSCR, DHSZ instructions operated in excess of the limitation of
the number of instructions driven at the same time.

* An operation was made in excess of the limit of number of tables of the high
speed comparison table starting at the same time.

When there is no error
DHSCS, DHSCR, DHSZ instructions, and high-speed comparison table can
operate

Point

» Even when this device turns on, if the operation setting of the CPU module operation upon error detection
setting (==~ Page 261 CPU Module Operation Upon Error Detection Setting) is "Continue", the DHSCS,
DHSCR, DHSZ instructions within the range of the number of instructions driven at the same time will
operate. For the limitation of the number of instructions driven at the same time, refer to ==~ Page 358

Precautions when using high-speed counters.
» These devices also operate when the FX3 compatible high-speed counter function is valid.

EUpdate timing

The timing of device update is as follows.

ON

OFF

» Updated in END processing

« If an error occurs while the FX3 compatible DHSCS,DHSCR,and DHSZ
instruction ON execution, an operation is made also when the high-speed
counter function is valid.

* When OFF by the user
* Power ON, reset
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Multi-point output high-speed comparison table operation

This device is for monitoring the operational status of the high-speed counter's multi-point output high-speed comparison

tables.
ECorresponding devices
The device number is shared for all channels of the CPU module.

CHA1 \ CH2 | CH3 CH4 CH5 CH6 CH7 CHs
SM5000

27

HOperation Description
The content of the operation when ON and when OFF is as follows.

Operation when ON Operation when OFF
Multi-point output high-speed comparison table operating Multi-point output high-speed comparison tables stopped
When the high-speed counter current value is equal to the set value specified | Even when the high-speed counter current value is equal to the set value
in the multi-point output high-speed comparison table parameters, the specified in the multi-point output high-speed comparison table parameters,
specified pattern of output or the data transfer operates. the specified pattern of output or the data transfer is not executed.
Point/@ _ — —
These devices also operate when the FX3 compatible high-speed counter function is valid.
EUpdate timing
The timing of device update is as follows.
ON OFF
« Match output driven by the HIOEN/DHIOEN instruction » Match output stopped by the HHOEN/DHIOEN instruction and DHSCS,
» ON execution by DHSCS, DHSCR, DHSZ instruction DHSCR, DHSZ instructions all OFF

» Power ON, reset, STOP, PAUSE
* SM8034 turned ON

Multi-point output high-speed comparison table completion

This device turns ON when the high-speed counter's multi-point output high-speed comparison tables have finished

comparing all of the set tables.

ECorresponding devices
The device number is shared for all channels of the CPU module.

CH1 \ CH2 | CH3 CH4 CH5 CHé CH7 CHS
SM5001

EOperation Description
The content of the operation when ON and when OFF is as follows.

Operation when ON Operation when OFF

Multi-point output high-speed comparison table completion Multi-point output high-speed comparison tables not finished

The comparison of the final table has finished The comparison has not finished up to the final table

Point : — —
These devices also operate when the FX3 compatible high-speed counter function is valid.

EUpdate timing
The timing of device update is as follows.

ON OFF

When multi-point output high-speed comparison tables have finished * When OFF by the user

processing the set amount of tables * Power ON, reset, STOP, PAUSE
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Special registers list

The following list shows the special registers used with high-speed counters. All set values except for ring length are handled
as signed.

Special registers for individual channels

The following list shows the special registers for individual high-speed counter channels.
O: Supported, X: Not supported
R: Read only, R/W: Read or Write

Special Function Range Default Function R/W
register support
FX5S/ | FX5U/
FX5UJ | FX5UC

SD4500 High-speed counter current value (CH1) -2147483648 to +2147483647 0 O O R/W
SD4501
SD4502 High-speed counter maximum value (CH1) -2147483648 to +2147483647 -2147483648 O O R/W
SD4503
SD4504 High-speed counter minimum value (CH1) -2147483648 to +2147483647 2147483647 O O R/W
SD4505
SD4506 High-speed counter pulse density (CH1) 0to 2147483647 0 O O R/W
SD4507
SD4508 High-speed counter rotational speed (CH1) 0to 2147483647 0 O O R/W
SD4509
SD4510 High-speed counter preset control switch (CH1) 0: Rising edge Parameter set | O O R/W

1: Falling edge value

2: Both edges

3: Constant when ON
SD4511 Not used — — — — —
SD4512 High-speed counter preset value (CH1) -2147483648 to +2147483647 Parameter set | O O R/W
SD4513 value
SD4514 High-speed counter ring length (CH1) 2 to 2147483648 Parameter set | O O R/W
SD4515 value
SD4516 High-speed counter measurement unit time (CH1) 110 2147483647 Parameter set | O O R/W
SD4517 value
SD4518 High-speed counter number of pulses per rotation (CH1) | 1to 2147483647 Parameter set | O O R/W
SD4519 value
SD4520 to | Not used — — — — —
SD4529
SD4530 High-speed counter current value (CH2) -2147483648 to +2147483647 0 O O R/W
SD4531
SD4532 High-speed counter maximum value (CH2) -2147483648 to +2147483647 -2147483648 O O R/W
SD4533
SD4534 High-speed counter minimum value (CH2) -2147483648 to +2147483647 2147483647 O O R/IW
SD4535
SD4536 High-speed counter pulse density (CH2) 0 to 2147483647 0 O O R/W
SD4537
SD4538 High-speed counter rotational speed (CH2) 0to 2147483647 0 O O R/W
SD4539
SD4540 High-speed counter preset control switch (CH2) 0: Rising edge Parameter set | O O R/W

1: Falling edge value

2: Both edges

3: Constant when ON
SD4541 Not used — — — — —
SD4542 High-speed counter preset value (CH2) -2147483648 to +2147483647 Parameter set | O O R/W
SD4543 value
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Special Function Range Default Function R/W
register support

FX5S/ | FX5U/
FX5UJ | FX5UC

SD4544 High-speed counter ring length (CH2) 2102147483648 Parameter set | O O R/W
W value

SD4546 High-speed counter measurement unit time (CH2) 110 2147483647 Parameter set | O O R/W

SD4547 value

SD4548 High-speed counter number of pulses per rotation (CH2) | 1to 2147483647 Parameter set | O O R/W

SD4549 value

SD4550 to | Not used — — — — —

SD4559

SD4560 High-speed counter current value (CH3) -2147483648 to +2147483647 0 O O R/W

SD4561

SD4562 High-speed counter maximum value (CH3) -2147483648 to +2147483647 -2147483648 O O R/W

SD4563

SD4564 High-speed counter minimum value (CH3) -2147483648 to +2147483647 2147483647 O O R/W

SD4565

SD4566 High-speed counter pulse density (CH3) 0to 2147483647 0 O O R/W

SD4567

SD4568 High-speed counter rotational speed (CH3) 0to 2147483647 0 O O R/W

SD4569

SD4570 High-speed counter preset control switch (CH3) 0: Rising edge Parameter set | O O R/W

1: Falling edge value

2: Both edges
3: Constant when ON

SD4571 Not used — — — — —
SD4572 High-speed counter preset value (CH3) -2147483648 to +2147483647 Parameter set | O O R/W
SD4573 value
SD4574 High-speed counter ring length (CH3) 2 to 2147483648 Parameter set | O O R/W
SD4575 value
SD4576 High-speed counter measurement unit time (CH3) 110 2147483647 Parameter set | O O R/W
SD4577 value
SD4578 High-speed counter number of pulses per rotation (CH3) | 1to 2147483647 Parameter set | O O R/W
SD4579 value
SD4580 to | Not used — — — — —
SD4589
SD4590