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MICROSMART USER’S MANUAL UPDATE

Introduction
This manual includes additional descriptions of new modules and upgraded functionality in detail.

New Modules

CPU Modules (All-in-One Type)

Power Voltage Input Type Output Type 1/0 Points Type No.
10-1/0 Type (6 in / 4 out) FC4A-C10R2C
24V DC 24V DC Sink/Source | Re1ay Output 161/0 Type (9 in / 7 out) FC4AC16R2C
240V AC/30V DC, 2A P
24-1/0 Type (14 in / 10 out) FC4A-C24R2C
AC Input Module
Input Type Input Points Terminal Type No.
120V AC 8 points Removable Terminal Block FC4AA-NO8A11

Upgraded Functionality

Nine new functions have been implemented inMirgoSmart CPU modules. Availability of the nine new functions
depends on the model and system program version dfitheSmart CPU modules as listed below:

All-in-One Type Slim Type
FC4A-D20RK1
CPU Module FC4A-C10R2 | FC4A-C16R2 | FC4A-C24R2 | FC4A-D20K3 | FC4A-D20RS1
FC4A-C10R2C | FC4A-C16R2C | FC4A-C24R2C | FC4A-D20S3 | FC4A-D40K3
FC4A-D40S3

AS-Interface Master Module
Compatibility

64KB Memory Cartridge
Compatibility

PID Instruction Upgrade

HMI Module Initial Screen
Selection

203 or higher

202 or higher

202 or higher

202 or higher

201 or higher

RS485 User Communication
Compatibility

User Communication BCC
Upgrade

(ADD-2comp, Modbus ASCII, and
Modbus RTU)

Pulse Instructions Upgrade

Coordinate Conversion
Instructions Upgrade

Intelligent Module Access
Instructions

202 or higher

203 or higher

To confirm the system program version of kieroSmart CPU module, us@&/indLDR on a computer connected with the
CPU module. BringvindLDR into the online mode. The system program version is indicated on the PLC status dialog
box. For details about the procedure, see page 28-1.
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SAFETY PRECAUTIONS

» Read this user's manual to make sure of correct operation before starting installation, wiring, operation, maintenance, al
inspection of thévicroSmart.

* All MicroSmart modules are manufactured under IDEC'’s rigorous quality control system, but users must add a backup o
failsafe provision to the control system usingheroSmart in applications where heavy damage or personal injury may
be caused in case thicroSmart should fail.

« In this user's manual, safety precautions are categorized in order of importance to Warning and Caution:

Warnin Warning notices are used to emphasize that improper operation may cause
g severe personal injury or death.

* Turn off the power to thilicroSmart before starting installation, removal, wiring, maintenance, and inspection of the
MicroSmart. Failure to turn power off may cause electrical shocks or fire hazard.

* Special expertise is required to install, wire, program, and operadteSmart. People without such expertise must not
use theMicroSmart.

* Emergency stop and interlocking circuits must be configured outsitiéidieSmart. If such a circuit is configured inside
theMicroSmart, failure of theMicroSmart may cause disorder of the control system, damage, or accidents.

* Install theMicroSmart according to the instructions described in this user’s manual. Improper installation will result in fall-
ing, failure, or malfunction of thilicroSmart.

Caution Caution notices are used where inattention might cause personal injury or
damage to equipment.

» TheMicroSmart is designed for installation in a cabinet. Do not instalMirgoSmart outside a cabinet.

* Install theMicroSmart in environments described in this user's manual. IMlreoSmart is used in places where the
MicroSmart is subjected to high-temperature, high-humidity, condensation, corrosive gases, excessive vibrations, and
excessive shocks, then electrical shocks, fire hazard, or malfunction will result.

» The environment for using tiicroSmart is “Pollution degree 2.” Use thdicroSmart in environments of pollution
degree 2 (according to IEC 60664-1).

* Prevent théMicroSmart from falling while moving or transporting tidicroSmart, otherwise damage or malfunction of
the MicroSmart will result.

* Prevent metal fragments and pieces of wire from dropping insidditheSmart housing. Put a cover on thécroSmart
modules during installation and wiring. Ingress of such fragments and chips may cause fire hazard, damage, or malfunc
tion.

» Use a power supply of the rated value. Use of a wrong power supply may cause fire hazard.

» Use an IEC 60127-approved fuse on the power line outsidditheSmart. This is required when equipment containing
theMicroSmart is destined for Europe.

* Use an IEC 60127-approved fuse on the output circuit. This is required when equipment contaMiog$ineart is des-
tined for Europe.

» Use an EU-approved circuit breaker. This is required when equipment containiigrti&mart is destined for Europe.

» Make sure of safety before starting and stopping/iaewSmart or when operating thiicroSmart to force outputs on or
off. Incorrect operation on thdicroSmart may cause machine damage or accidents.

« If relays or transistors in thdicroSmart output modules should fail, outputs may remain on or off. For output signals
which may cause heavy accidents, provide a monitor circuit outsidéidieeSmart.

» Do not connect the ground wire directly to MieroSmart. Connect a protective ground to the cabinet containing the
MicroSmart using an M4 or larger screw. This is required when equipment containiiicto&mart is destined for
Europe.

» Do not disassemble, repair, or modify MigroSmart modules.

* Dispose of the battery in thdicroSmart modules when the battery is dead in accordance with pertaining regulations.
When storing or disposing of the battery, use a proper container prepared for this purpose. This is required when equipm
containing theMicroSmart is destined for Europe.

* When disposing of th®licroSmart, do so as an industrial waste.
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About This Manual

This user's manual primarily describes entire functions, installation, and programmingvisértsmart CPU, 1/O, and
all other modules. Also included are powerful communications dfittbe|@Smart and troubleshooting procedures.

CHAPTER 1: GENERAL INFORMATION
General information about tiMicroSmart, features, brief description on special functions, and various system setup con-
figurations for communication.

CHAPTER 2: IMODULE SPECIFICATIONS
Specifications of CPU, input, output, mixed I/O, analog /O, and other optional modules.

CHAPTER 3: INSTALLATION AND WIRING
Methods and precautions for installing and wiringkteroSmart modules.

CHAPTER 4: OPERATION BAsics
General information about setting up the badiroSmart system for programming, starting and stopp¥tigcoSmart
operation, and simple operating procedures from creating a user prograwinsitgR on a PC to monitoring thdicro-
Smart operation.

CHAPTER 5: SPECIAL FUNCTIONS
Stop/reset inputs, run/stop selection at memory backup error, keep designation for internal relays, shift registers, counters,
and data registers. Also included are high-speed counter, catch input, interrupt input, timer interrupt, input filter, user pro-
gram read/write protection, constant scan time, partial program download, and many more special functions.

CHAPTER 6: ALLOCATION NUMBERS

Allocation numbers available for tiicroSmart CPU modules to program basic and advanced instructions. Special inter-
nal relays and special data registers are also described.

CHAPTER 7: BASIC INSTRUCTIONS
Programming of the basic instructions, available operands, and sample programs.

CHAPTER 8: ADVANCED INSTRUCTIONS
General rules of using advanced instructions, terms, data types, and formats used for advanced instructions.

CHAPTER 9 THROUGH CHAPTER 23:
Detailed descriptions on advanced instructions grouped into 15 chapters.

CHAPTER 24 THROUGH CHAPTER 27:
Analog I/O control and various communication functions such as data link, computer link, and modem mode.

CHAPTER 28: TROUBLESHOOTING
Procedures to determine the cause of trouble and actions to be taken when any trouble occurs while opdiating the
Smart.

APPENDIX
Additional information about execution times for instructions, 1/0 delay timelégerdSmart type list.

INDEX
Alphabetical listing of key words.

IMPORTANT INFORMATION

Under no circumstances shall IDEC Corporation be held liable or responsible for indirect or consequential damages resgulting
from the use of or the application of IDEC PLC components, individually or in combination with other equipment.

All persons using these components must be willing to accept responsibility for choosing the correct component to suit|their
application and for choosing an application appropriate for the component, individually or in combination with other equipment.

All diagrams and examples in this manual are for illustrative purposes only. In no way does including these diagrams and exam-
ples in this manual constitute a guarantee as to their suitability for any specific application. To test and approveral] progra
prior to installation, is the responsibility of the end user.
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1: GENERAL INFORMATION

Introduction

This chapter describes general information for understandinditheSmart’s powerful capabilities and system setups to
use theMicroSmart in various ways of communication.

About the MicroSmart

IDEC’s MicroSmart is a new family of micro programmable logic controllers available in two styles of CPU modules; all-
in-one and slim types. The all-in-one type CPU module has 10, 16, or 24 1/O terminals and is equipped with a built-in ur
versal power supply to operate on 100 to 240V AC or 24V DC. Using four 16-point I/O modules, the 24-1/0 type CPU
module can expand the I/O points up to a total of 88 points. The slim type CPU module has 20 or 40 1/O terminals and
operates on 24V DC. The total I/O points can be expanded to a maximum of 264.

User programs for thidicroSmart can be edited usingindLDR on a Windows PC. Sind#indLDR can load existing user
programs made for IDEC's previous PLCs such as all FA sé4lé®0-1, MICRO3, MICRO®C, andOpenNet Controller,
your software assets can be used in the new control system.

Program capacity of the all-in-one type CPU modules is 4,800 bytes (800 steps) on the 10-1/0 type CPU module, 15,00
bytes (2,500 steps) on the 16-1/0 type, and 27,000 bytes (4,500 steps) on the 24-1/0 type. Slim type CPU modules hav
program capacity of 27,000 bytes (4,500 steps) or 31,200 bytes (5,200 steps). When using an optional 64KB memory ¢
tridge on slim type CPU modules, the program capacity can be expanded up to 64,500 bytes (10,750 steps).

Features

Powerful Communication Functions
TheMicroSmart features four powerful communication functions.

When a MicroSmart CPU module is connected to a computer, operating status and /0 status

Maintenance can be monitored on the computer, data in the CPU can be monitored or updated, and user

Communication programs can be downloaded and uploaded. All CPU modules (except the all-in-one 10-1/0

(Computer Link) type) can set up a 1:N computer link system to connect a maximum of 32 CPU modules to a
computer.

All MicroSmart CPU modules can be linked to external RS232C devices such as computers,
printers, and barcode readers, using the user communication function. RS485 user communi-
cation is also available on upgraded CPU modules of slim 20-1/0 relay output and 40-1/0
types.

User Communication

All MicroSmart CPU modules (except the all-in-one 10-1/0 type) can communicate through

Modem Communication modems using the built-in modem protocol.

All MicroSmart CPU modules (except the all-in-one 10-1/0 type) can set up a data link system.
Data Link One CPU module at the master station can communicate with 31 slave stations through an
RS485 line to exchange data and perform distributed control effectively.

Communication Adapter (All-in-one 16- and 24-1/0 type CPU modules)

Communication Module (Slim type CPU modules)

In addition to the standard RS232C port 1, the all-in-one 16- and 24-1/0 type CPU modules feature a port 2 connector t
install an optional RS232C or RS485 communication adapter. All slim type CPU modules can be used with an optional
RS232C or RS485 communication module to add communication port 2. With an optional HMI base module mounted
with a slim type CPU module, an optional RS232C or RS485 communication adapter can also be installed on the HMI
base module.

RS232C Communication Adapter Used for computer link 1:1 communication, user communication, and modem
RS232C Communication Module communication.

RS485 Communication Adapter Available in mini DIN connector and terminal block styles. Used for computer link
RS485 Communication Module 1:1 or 1:N communication, user communication, and data link communication.
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1: GENERAL INFORMATION

HMI Module (all CPU modules)

An optional HMI module can be installed on any all-in-one type CPU module, and also on the HMI base module mounted
next to any slim type CPU module. The HMI module makes it possible to manipulate the RAM data in the CPU module
without using the Online menu optionsVifindLDR.

HMI module functions include:

« Displaying timer/counter current values and changing timer/counter preset values

* Displaying and changing data register values

« Setting and resetting bit operand statuses, such as inputs, outputs, internal relays, and shift register bits
* Displaying and clearing error data

« Starting and stopping the PLC

* Displaying and changing calendar/clock data (only when using the clock cartridge)

» Confirming changed timer/counter preset values

Clock Cartridge (all CPU modules)

An optional clock cartridge can be installed on the CPU module to store real time calendar/clock data for use with
advanced instructions to perform time-scheduled control.

Memory Cartridge (all CPU modules)

A user program can be stored on an optional memory cartridgeWisididoR from a computer, and the memory cartridge
can be installed on another CPU module to replace user programs without the need for connecting to a computer.

Analog 1/0 Modules (all CPU modules except the all-in-one 10- and 16-1/0 types)

Analog I/O modules are available in 3-1/0 types, 2-input type, and 1-output type. The input channel can accept either volt-
age (0 to 10V DC) and current (4 to 20 mA) signals or thermocouple (types K, J, and T) and resistance thermometer (Pt
100) signals. The output channel generates voltage (0 to 10V DC) and current (4 to 20 mA) signals.

AS-Interface Master Module (slim type 20-1/0 relay output and 40-1/0 types)

Four upgraded slim type CPU modules (FC4A-D20RK1, FC4A-D20RS1, FC4A-D40K3, and FC4A-D40S3) with system
program ver. 201 and higher can use the AS-Interface master module, and have additional internal relays and data registers
to communicate with slaves, such as actuators and sensors, through the AS-Interface bus. For details about AS-Interface
communication, see a separate user's manual foditreSmart AS-Interface master module (manual No. FC9Y-B644).

Special Functions

TheMicroSmart features various special functions packed in the small housing as described below. For details about these
functions, see the following chapters.

Stop and Reset Inputs
Any input terminal on the CPU module can be designated as a stop or reset input to cavitoob®meart operation.

RUN/STOP Selection at Startup when “Keep” Data is Broken

When data to be kept such as “keep” designated counter values are broken while the CPU is powered down, the user can
select whether the CPU starts to run or not to prevent undesirable operation at the next startup.

“Keep” or “Clear” Designation of CPU Data

Internal relays, shift register bits, counter current values, and data register values can be designated to be kept or cleared
when the CPU is powered down. All or a specified range of these operands can be designated as keep or clear types.

High-speed Counter

TheMicroSmart has four built-in high-speed counters to make it possible to count up to 65,535 (FFFFh) high-speed pulses
which cannot be counted by the normal user program processing. One high-speed counter (all-in-one type CPU modules)
or two high-speed counters (slim type CPU modules) can be used as either two-phase or single-phase high-speed counters
at a maximum count input frequency of 20 kHz. Three or two others are single-phase high-speed counters with a maxi-
mum counting frequency of 5 kHz. The high-speed counters can be used for simple positioning control and simple motor
control.
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1: GENERAL INFORMATION

Catch Input
Four inputs can be used as catch inputs. The catch input makes sure to receive short input pulses (rising pulse of 40 puse
falling pulse of 150 psec minimum) from sensors without regard to the scan time.

Interrupt Input
Four inputs can be used as interrupt inputs. When a quick response to an external input is required, such as positioning
control, the interrupt input can call a subroutine to execute an interrupt program.

Timer Interrupt

In addition to the interrupt input, slim type CPU modules FC4A-D20RK1, FC4A-D20RS1, FC4A-D40K1, and FC4A-
D40S1 have a timer interrupt function. When a repetitive operation is required, the timer interrupt can be used to call a
subroutine repeatedly at predetermined intervals of 10 through 140 msec.

Input Filter

The input filter can be adjusted for eight inputs to reject input noises. Selectable input filter values to pass inpug signals &
0 msec, and 3 through 15 msec in 1-msec increments. The input filter rejects inputs shorter than the selected input filte
value minus 2 msec. This function is useful for eliminating input noises and chatter in limit switches.

User Program Read/Write Protection
The user program in the CPU module can be protected against reading and/or writing by including a password in the us
program. This function is effective for security of user programs.

Constant Scan Time

The scan time may vary whether basic and advanced instructions are executed or not depending on input conditions to
these instructions. When performing repetitive control, the scan time can be made constant by entering a required scan
time value into a special data register reserved for constant scan time.

Partial Program Download

Normally, the CPU module has to be stopped before downloading a user program. All CPU modules (except the all-in-or
10-1/0 type) have run-time program download capabilities to download a user program containing small changes while tt
CPU is running in either 1:1 or 1:N computer link system. This function is particularly useful to make small modifications
to the user program and confirm the changes while the CPU is running.

Analog Potentiometer

All CPU modules have an analog potentiometer, except the all-in-one 24-1/0 type CPU module has two analog potentiol
eters. The values (0 through 255) set with analog potentiometers 1 and 2 are stored to special data registers. The analc
potentiometer can be used to change the preset value for a timer or counter.

Analog Voltage Input

Every slim type CPU module has an analog voltage input connector. When an analog voltage of O through 10V DC is
applied to the analog voltage input connector, the signal is converted to a digital value of O through 255 and stored to a s
cial data register. The data is updated in every scan.

Pulse Output
Slim type CPU modules have pulse output instructions to generate high-speed pulse outputs from transistor output tern
nals used for simple position control applications, illumination control, trapezoidal control, and zero-return control.

PID Control

All CPU modules (except the all-in-one 10- and 16-1/0 types) have the PID instruction, which implements a PID (propot
tional, integral, and derivative) algorithm with built-in auto tuning to determine PID parameters. This instruction is prima-
rily designed for use with an analog I/0O module to read analog input data, and turns on and off a designated output to
perform PID control in applications such as temperature control. In addition, the PID instruction can also generate an ai
log output using an analog 1/0O module.

Expansion Data Register

Slim type CPU modules FC4A-D20RK1, FC4A-D20RS1, FC4A-D40K3, and FC4A-D40S3 have expansion data register:
D2000 through D7999. Numerical data can be set to expansion data registevéindibg. When downloading the user
program, the preset values of the expansion data registers are also downloaded to the EEPROM in the CPU module. Si
the data in the EEPROM is non-volatile, the preset values of the expansion data registers are maintained semi-permane
and loaded to the RAM each time the CPU is powered up.
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1: GENERAL INFORMATION

System Setup

This section illustrates system setup configurations for using powerful communication functiongiofdfmart.

User Communication and Modem Communication System

The all-in-one 16- and 24-1/0 typicroSmart CPU modules have port 1 for RS232C communication and port 2 connec-

tor. An optional RS232C or RS485 communication adapter can be installed on the port 2 connector. With an RS232C com-
munication adapter installed on port 2, the 16- or 24-1/0 MipeoSmart CPU module can communicate with two

RS232C devices at the same time.

The figure below illustrates a system setup of user communication and modem communication. In this example, the oper-
ating status of a remote machine is monitored on a computer through modems connected to port 2 and the data is trans-
ferred through port 1 to a pager transmitter using the user communication.

The same system can be set up using any slim type CPU module and an optional RS232C communication module.
For details about the user communication, see page 17-1.
For details about the modem mode, see page 27-1.

All-in-One 16- or 24-1/0 Type CPU Module

Port 1 I
\# ooooooooog
@ ooooooooo

RS232C
Communication
Adapter on

Port 2 Connector

 —
’

Pager Transmitter

Data
Transmission

Communication

|
{—
[ ]
am
as
. Data
|
{ -
[ ]

Pager

oog
oog
0og
mm[m]

Al 222207

Modem
© )
Computer
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Computer Link System

When theMicroSmart is connected to a computer, operating status and 1/O status can be monitored on the computer, da
in the CPU module can be monitored or updated, and user programs can be downloaded and uploaded. When an optic
RS485 communication adapter is installed on the port 2 connector of the all-in-one 16- or 24-1/0 type CPU modules or
when an optional RS485 communication module is mounted with any slim type CPU modules, a maximum of 32 CPU

modules can be connected to one computer in the 1:N computer link system.

For details about the computer link communication, see pages 4-1 and 26-1.

Computer Link 1:1 Communication

Computer Link Cable 4C
FC2A-KC4C
3m (9.84 ft.) long

RS232C Communication
Adapter on Port 2 Connector

RS232C Communication Module

Computer Link Cable 4C
FC2A-KC4C
3m (9.84 ft.) long

Computer Link 1:N Communication

RS232C/RS485 Converter

[[[=n=

Port 2

All-in-One Type CPU Module

Slim Type CPU Module

Port 1

All-in-One 16- or 24-1/0 Type CPU Module

RS485 Communication

Adapter on Port 2 Connector

1st Unit

FC2A-MD1
- ]

RS232C Cable
HD9Z-C52
1.5m (4.92 ft.) long

Twisted-pair Shielded Cable —»|

RS485 Communication Module

2nd Unit

Port 2
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1: GENERAL INFORMATION

Data Link System

With an optional RS485 communication adapter installed on the port 2 connector, one 16- or 24-1/0 type CPU module at
the master station can communicate with 31 slave stations through the RS485 line to exchange data and perform distrib-
uted control effectively. The RS485 terminals are connected with each other using a 2-core twisted pair cable.

The same data link system can also be set up using any slim type CPU modules mounted with RS485 communication
modules.

For details about the data link communication, see page 25-1.

Master Station Slave Station 1 Slave Station 31

7 |

e e o o o
ooooooooo ooooooooo ooooooooo
ooooooooo ooooooooo ooooooooo
Il I J I J
J <

] [P

Basic System

The all-in-one 10-1/0 type CPU module has 6 input terminals and 4 output terminals. The 16-1/0 type CPU module has 9
input terminals and 7 output terminals. The 24-1/0 type CPU module has 14 input terminals and 10 output terminals. Only
the 24-1/0O type CPU module has an expansion connector to connect I/O modules. When four 16-point input or output
modules are connected to the 24-1/0O type CPU module, the I/O points can be expanded to a maximum of 88 points.

Any slim type CPU module can add a maximum of seven expansion I/O modules.

)O X)lllooo

ooooooooo
ooooooooo

I 1

-/

4 | |

All-in-One 24-1/0 Type CPU Module 4 1/0 modules maximum
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1: GENERAL INFORMATION

Operator Interface Communication System
TheMicroSmart can communicate with IDEC’s HG series operator interfaces through RS232C port 1 and port 2.

Optional cables are available for connection betweeMitreSmart and HG series operator interfaces. When installing
an optional RS232C communication adapter on the all-in-one type CPU module or an optional RS232C communication
module on the slim type CPU module, two operator interfaces can be connectettoro®@art CPU module.

For details about communication settings, see the user’s manual for the operator interface.

To RS232C Port 1 or 2

HG series Operator Interface

=
E e
0/1 Communication Cable =
Applicable Cables to Operator Interfaces
Operator Interface 0/1 Communication Cable For Use on MicroSmart
FC4A-KC1C RS232C port 1 and port 2
HG1B, HG2A Series
HG9Z-XC183 Port 2 only
FC4A-KC2C RS232C port 1 and port 2
HG2F, HG3F, HG4F Series
HG9Z-3C125 Port 2 only
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1: GENERAL INFORMATION

AS-Interface Network

@ Actuator-Sensor-Interface, abbreviated AS-Interface

TheMicroSmart can be connected to the AS-Interface network using the AS-Interface master module (FC4A-AS62M).

AS-Interface is a type of field bus that is primarily intended to be used to control sensors and actuators. AS-Interface is a
network system that is compatible with the IEC62026 standard and is not proprietary to any one manufacturer. A master
device can communicate with slave devices such as sensors, actuators, and remote 1/Os, using digital and analog signals
transmitted over the AS-Interface bus.

The AS-Interface system is comprised of the following three major components:
* One master, such as thkcroSmart AS-Interface master module
* One or more slave devices, such as sensors, actuators, switches, and indicators
 Dedicated 30V DC AS-Interface power supply (26.5 to 31.6V DC)

These components are connected using a two-core cable for both data transmission and AS-Interface power supply. AS-
Interface employs a simple yet efficient wiring system and features automatic slave address assignment function, while
installation and maintenance are also very easy.

For details about AS-Interface communication, see a separate user's manuaWfiordBmart AS-Interface master mod-
ule (manual No. FC9Y-B644).

Maximum Communication Distance
Without repeater: 100 m
With 2 repeaters: 300 m

MicroSmart AS-Interface Master Module

Open Network (DeviceNet, CC-Link)
S
AS-Interface

Gateway AS-Interface Safety at Work

RN}

AS-Interface
Safety Monitor

PS2R AS-Interface Power Supply

SX5A AS-Interface
Communication Terminal

IP67 Outside-panel Type Light Curtain
‘%: Manifold Solenoid Valve
- SXBA AS-Interface
® Communication Terminal
IP20 Inside-panel Type

Sensor

(AS-Interface Direct

Connection Type) Light Tower

(AS-Interface -:
Sensor Direct

Connection Type)
Emergency

Stop Switch
WH ol

SwitchNet Control Units

(AS-Interface Direct Connection Type) . .
The AS-Interface Safety Monitor is required

to connect safety devices, such as the light
curtain and emergency stop switch, to the
AS-Interface line.

SwitchNet'" SwitchNet is an IDEC trademark for pushbuttons, pilot lights, and other control units
capable of direct connection to the AS-Interface. SwitchNet devices are completely
compatible with AS-Interface Ver. 2.1.
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2: MODULE SPECIFICATIONS

Introduction

This chapter describégicroSmart modules, parts names, and specifications of each module.

Available modules include all-in-one type and slim type CPU modules, digital input modules, digital output modules,
mixed 1/0O modules, analog I/0 modules, HMI module, HMI base module, communication adapters, communication moc
ules, memory cartridge, and clock cartridge.

CPU Modules (All-in-One Type)

All-in-one type CPU modules are available in 10-, 16-, and 24-1/0 types. The 10-1/O type has 6 input and 4 output termi
nals, the 16-1/0 type 9 input and 7 output terminals, and the 24-1/0 type 14 input and 10 output terminals. Every all-in-on
type CPU module has communication port 1 for RS232C communication. In addition, the 16- and 24-1/0 type CPU moc
ules have port 2 connector to install an optional RS232C or RS485 communication adapter for 1:N computer link, mode|
communication, or data link communication. Every all-in-one type CPU module has a cartridge connector to install an
optional memory cartridge or clock cartridge.

CPU Module Type Numbers (All-in-One Type)

Power Voltage 10-1/0 Type 16-1/0 Type 24-1/0 Type
100 -240V AC (50/60 Hz) FC4A-C10R2 FC4A-C16R2 FC4A-C24R2
24V DC FC4A-C10R2C FC4A-C16R2C FC4A-C24R2C

Parts Description (All-in-One Type)

(2) Sensor Power Terminals (3) Input Terminals

(5) Expansion Connector
(12) Port 1

(13) Analog Potentiometer

(6) Input LED (IN)

(14) Port 2 Connector

| From Left:

(7) Power LED (PWR)
(8) Run LED (RUN)
(9) Error LED (ERR)
(
(

Bottom View 10) Status LED (STAT)

11) Output LED (OUT)

I — (1) Power Supply Terminals
Dooo =
15) Cartridge Connector i
\( ) g ) (16) Terminal Cover | (20) Expansion
Connector
Seal

(17) Hinged Lid

(18) HMI Connector Cover

(16) Terminal Cover
These figures illustrate the 24-1/0

type CPU module.

Functions of each part are described ) l
on the following page. (19) Dummy Cartridge — 1[ ' %
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2: MODULE SPECIFICATIONS

(1) Power Supply Terminals
Connect power supply to these terminals. Power voltage 100-240V AC or 24V DC. See page 3-16.

(2) Sensor Power Terminals (AC power type only)
For supplying power to sensors (24V DC, 250mA). These terminals can be used for supplying power to input circuits.
Use the sensor power supply only for supplying power to input devices connecteicrdiSenart.

(3) Input Terminals
For connecting input signals from input devices such as sensors, pushbuttons, and limit switches. The input terminals
accept both sink and source DC input signals.

(4) Output Terminals
For connecting output signals to output devices such as electromechanical relays and solenoid valves. The internal out-
put relay is rated at 240V AC/2A or 30V DC/2A.

(5) Expansion Connector (24-1/0 type CPU module only)
For connecting digital and analog I/O modules to the 24-1/0 type CPU module.

(6) Input LED (IN)

o . LED Indicators
Turns on when a corresponding input is on.

10-1/0 Type IN
(7) Power LED (PWR) 012345
Turns on when power is supplied to the CPU module. gooooooon
gooooooooodo
(8) Run LED (RUN) PRESO12 3
Turns on when the CPU module is executing the user program ‘g H S A ouT
(9) Error LED (ERR) 16-1/0 Type IN
Turns on when an error has occurred in the CPU module. 012345686710
gooooooboao
(10) Status LED (STAT) O0O00OD0DDDDDODO
The status LED can be turned on or off using the user program PRES01234586
to indicate a specified status. TR aA out
(11) Output LED (OUT) 24-1/0 Type IN
Turns on when a corresponding output is on. 0123456 7101112131415
goooooobOoobOooao
(12) Port 1 (RS232C) gooooooooooooao
For connecting a computer to download a user program and PRESO012345671011
monitor the PLC operation on a computer usMigdLDR. FNERa out

(13) Analog Potentiometer
Sets a value of 0 through 255 to a special data register. The 10- and 16-1/O types have one potentiometer. The 24-1/0
type has two potentiometers. The analog potentiometer can be used to set a preset value for an analog timer.

(14) Port 2 Connector (16- and 24-1/0 type CPU modules only)
For connecting an optional RS232C or RS485 communication adapter.

(15) Cartridge Connector
For connecting an optional memory cartridge or clock cartridge.

(16) Terminal Cover

For protecting the input and output terminals. When wiring the terminals, open the covers.
(17) Hinged Lid

Open the lid to gain access to the port 1, port 2 connector, and analog potentiometer.

(18) HMI Connector Cover
Remove the HMI connector cover when using an optional HMI module.

(19) Dummy Cartridge
Remove the dummy cartridge when using an optional memory cartridge or clock cartridge.

(20) Expansion Connector Seal (24-1/0 type CPU module only)
Remove the expansion connector seal when connecting a digital or analog 1/0 module.
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General Specifications (All-in-One Type CPU Module)

Normal Operating Conditions

CPU Module AC Power Type FC4A-C10R2 FC4A-C16R2 FC4A-C24R2
DC Power Type FC4A-C10R2C FC4A-C16R2C FC4A-C24R2C

Operating Temperature 0 to 55°C (operating ambient temperature)

Storage Temperature -25to +70°C

Relative Humidity

10 to 95% (non-condensing)

Pollution Degree

2 (IEC 60664-1)

Degree of Protection

IP20 (IEC 60529)

Corrosion Immunity

Atmosphere free from corrosive gases

Altitude

Operation:
Transport:

0 to 2,000m (0 to 6,565 feet)
0 to 3,000m (O to 9,840 feet)

Vibration Resistance

When mounted on a DIN rail or panel surface:
5 to 9 Hz amplitude 3.5 mm, 9 to 150 Hz acceleration 9.8 m/sec? (1G)
2 hours per axis on each of three mutually perpendicular axes (IEC 61131-2)

Shock Resistance

147 m/sec? (15G), 11 msec duration, 3 shocks per axis on three mutually perpendic-
ular axes (IEC 61131-2)

ESD Immunity Contact discharge: £6 kV, Air discharge: £8 kV (IEC 61000-4-2)
AC Power Type | 230g 250g 305g
Weight
DC Power Type | 240g 260g 310g
Power Supply

Rated Power Voltage

AC power type: 100 to 240V AC, DC power type: 24V DC

Allowable Voltage Range

AC power type: 85 to 264V AC, DC power type: 20.4 to 28.8V DC (including ripple)

Rated Power Frequency

AC power type: 50/60 Hz (47 to 63 Hz)

Maximum Input Current

250 mA (85V AC) 300 mA (85V AC) 450 mA (85V AC)
160 mA (24V DC) 190 mA (24V DC 360 mA (24V DC)

AC Power Type
Maximum

Power

)
FC4A-C10R2: 30VA (264V AC), 20VA (100V AC) (CPU module*)
FC4A-C16R2: 31VA (264V AC), 22VA (100V AC) (CPU module*)
FC4A-C24R2: 40VA (264V AC), 33VA (100V AC) (CPU module* + 4 1/0 modules)
*The CPU module power consumption includes 250mA sensor power.

Consumption
DC Power Type

FC4A-C10R2C: 3.9W (24V DC) (CPU module)
FC4A-C16R2C: 4.6W (24V DC) (CPU module)
FC4A-C24R2C: 8.7W (24V DC) (CPU module + 4 1/0 modules)

Allowable Momentary Power
Interruption

10 msec (at the rated power voltage)

Dielectric Strength

Between power and @ or 4 terminals:
Between |I/0 and @ or 4 terminals:

1,500V AC, 1 minute
1,500V AC, 1 minute

Insulation Resistance

Between power and @ or & terminals:
Between /0 and @ or & terminals:

10 MQ minimum (500V DC megger)
10 MQ minimum (500V DC megger)

Noise Resistance

AC or DC power terminals:
I/0 terminals (coupling clamp):

1.5 kV, 50 nsec to 1 pysec
1.5 kV, 50 nsec to 1 pysec

Inrush Current

35A maximum 35A maximum 40A maximum

Grounding Wire

UL1007 AWG16

Power Supply Wire

UL1015 AWG22, UL1007 AWG18

Effect of Improper Power
Supply Connection

Reverse polarity: Normal operation (AC), No operation, no damage (DC)
Improper voltage or frequency: Permanent damage may be caused
Improper lead connection: Permanent damage may be caused

Note: The maximum number of relay outputs that can be turned on simultaneously is 33 points (AC power type CPU module)
or 44 points (DC power type CPU module) including relay outputs on the CPU module.
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Function Specifications (All-in-One Type CPU Module)

CPU Module Specifications

CPU Module FC4A-C10R2 FC4A-C16R2 FC4A-C24R2
FC4A-C10R2C FC4A-C16R2C FC4A-C24R2C
. 4,800 bytes 15,000 bytes 27,000 bytes

Program Capacity (800 steps) (2,500 steps) (4,500 steps)
Expandable 1/0 Modules — — 4 modules

Input 6 14 ion:
/0 Points p Expansion:

Output 4 7 10 64
User Program Storage EEPROM

Backup Duration

Approx. 30 days (typical) at 25°C after backup battery fully charged

Backup Data

Internal relay, shift register,

counter, data register

Battery

Lithium secondary battery

RAM Backup
Charging Time

Approx. 24 hours for charging from 0% to 90% of full charge at 25°C

Battery Life

Approx. 1000 cycles of discharging down to 10% and full charging

Replaceability

Impossible to replace battery

Control System

Stored program system

Instruction Words

35 basic
38 advanced

35 basic
40 advanced

35 basic
46 advanced

Basic instruction

1.65 msec (1000 steps) See page A-1.

Processing

Time END processing

0.64 msec (not including expansion |/0 service, clock function processing, data
link processing, and interrupt processing) See page A-2.

Internal Relay 256 1024 1024
Shift Register 64 128 128
Data Register 400 1300 1300
Counter

(adding, dual pulse reversible, 32 100 100
up/down selection reversible)

Timer

(1-sec, 100-msec, 10-msec, 1-msec) 32 100 100

Input Filter

3 to 15 msec (selectable in

increments of 1 msec)

Catch Input
Interrupt Input

Four inputs (12 through 15) can be designated as catch inputs or interrupt inputs
Minimum turn on pulse width: 40 psec maximum
Minimum turn off pulse width: 150 pysec maximum

Self-diagnostic Function

Power failure, watchdog timer, data link connection, user program EEPROM sum
check, timer/counter preset value sum check, user program RAM sum check,
keep data, user program syntax, user program writing, CPU module, clock IC, |/0

bus initialize, user program

execution

Start/Stop Method

Turning power on and off

Start/stop command in WindLDR
Turning start control special internal relay M800O on and off
Turning designated stop or reset input off and on

System Statuses at Stop, Reset, and Restart

Internal Relay, Shift Register,
Mode Output Counter, Data Register Timer Current Value
Keep Type Clear Type
Run Operating Operating Operating Operating
Stop (Stop input ON) OFF Unchanged Unchanged Unchanged
Reset (Reset input ON) OFF OFF/Reset to zero OFF/Reset to zero Reset to zero
Restart Unchanged Unchanged OFF/Reset to zero Reset to preset
« MICROSMART USER’S MANUAL »
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Communication Function

L Port 2 (RS232C) Port 2 (RS485)
Communication Port Port 1 (RS232C) Communication Adapter Communication Adapter
Standards EIA RS232C EIA RS232C EIA RS485

. Computer link: 19,200 bps
Maximum Baud Rate 19,200 bps 19,200 bps Data link: 38,400 bps
Mamtenancg Communication Possible Possible Possible
(Computer Link)

User Communication Possible Possible Impossible
Modem Communication Impossible Possible Impossible
Data Link Communication Impossible Impossible Possible
Quantity of Slave Stations — — 31
Maximum Cable Length Special cable Special cable 200m *
Isolation betvyeel? Internal Circuit Not isolated Not isolated Not isolated
and Communication Port

* Recommended cable for RS485: Twisted-pair shielded cable with a minimum core wire of 0.3 mm?Z.
Conductor resistance 85 Q/km maximum, shield resistance 20 Q/km maximum.

Built-in Functions

High-speed Counter

Total 4 points
Single /two-phase selectable: 20 kHz (1 point)
Single-phase: 5 kHz (3 points)

Maximum Counting Frequency
and High-speed Counter Points

Counting Range 0 to 65535 (16 bits)

Operation Mode Rotary encoder mode and adding counter mode

Sensor Power Supply
(AC power type only)

Output Voltage/Current 24V DC (+10% to —15%), 250 mA

Overload Detection Not available

Isolation Isolated from the internal circuit
Quantity 1 po!nt (10- and 16-1/0 type CPU)

Analog Potentiometer 2 points (24-1/0 type CPU)
Data Range 0 to 255

Memory Cartridge (Option)

Memory Type EEPROM

Accessible Memory Capacity 32 KB

Hardware for Storing Data CPU module

Software for Storing Data WindLDR

Quantity of Stored Programs

One user program can be stored on one memory cartridge.

Program Execution Priority

When a memory cartridge is installed, the user program on the memory cartridge is
executed.

Clock Cartridge (Option)

Accuracy

+30 sec/month (typical) at 25°C

Backup Duration

Approx. 30 days (typical) at 25°C after backup battery fully charged

Battery

Lithium secondary battery

Charging Time

Approx. 10 hours for charging from 0% to 90% of full charge

Battery Life

Approx. 100 recharge cycles after discharging down to 10% of full charge

Replaceability

Impossible to replace battery
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2: MODULE SPECIFICATIONS

DC Input Specifications (All-in-One Type CPU Module)

CPU Module FC4A-C10R2 FC4A-C16R2 FC4A-C24R2
FC4A-C10R2C FC4A-C16R2C FC4A-C24R2C
Input Points and Common Line 6 points . 9 points . .14 points )
in 1 common line in 1 common line in 1 common line

Terminal Arrangement

See CPU Module Terminal Arrangement on pages 2-8 and 2-9.

Rated Input Voltage

24V DC sink/source input signal

Input Voltage Range

20.4 t0 28.8V DC

10 and I1: 11 mA

Rated Input Current 121017, 110 to 115: 7 mA/point (24V DC)
Inout Impedance 10 and I1: 2.1kQ
put imp 121017, 110 to 115: 3.4 kQ

. 10 to I5: 35 psec + filter value

Turn ON Time 16,17, 110 to 115: 40 psec + filter value

10 and I1: 45 psec + filter value

Turn OFF Time

12to 17,110 to 115: 150 psec + filter value

Isolation Between !npqt terminals: Not isolated .
Internal circuit: Photocoupler isolated

Input Type Type 1 (IEC 61131)

External Load for 1/0 Interconnection Not needed

Signal Determination Method Static

Effect of Improper Input Connection

Both sinking and sourcing input signals can be connected. If any input
exceeding the rated value is applied, permanent damage may be caused.

Cable Length

3m (9.84 ft.) in compliance with electromagnetic immunity

Input Operating Range

The input operating range of the Type 1
(IEC 61131-2) input module is shown
below:

Inputs 10 and 11

28.8f---------
=~ ogl- Ll
[3) | ON Area
2 -
Py 1
?3" 15 i i
) ! i Transition
Z | Do Area
3 | |
£ 5 ! ! OFF Area
¥
0 >
1.2 6.5 11.3 13.8
Input Current (mA)
Inputs 12 to 115
28.8f---------
O 28t g ON Area
2 1
Py 1
& 15 ‘ ‘
o | ' Transition
Z ! ! 4 Area
2 | |
< 5 i i J L OFF Area
0

1.2 4.2 7 8.4
Input Current (mA)

Input Internal Circuit

Inputs 10 and 11 Inputs 12 to 115

1.8 kQ 3.3K0
Input Input

com /V

1/0 Usage Limits

When using the FC4A-C16R2/C or FC4A-C24R2/C at an ambient temperature
of 55°C in the normal mounting direction, limit the inputs and outputs,
respectively, which turn on simultaneously along line (1).

=
>
o
=
o
©
c
=
9}
3
c

Ccom

=
>
o
=
o
©
c
=
9}
3
c

(2) 45°C
28.8

264 ------mmmmmmn ;::j;:27>“
(1) 55°C H

When using at 45°C, all I/0s can be
turned on simultaneously at input volt-
age 28.8V DC as indicated with line
(2).

When using the FC4A-C10R2/C, all
I/Os can be turned on simultaneously
at 55°C, input voltage 28.8V DC.

For other possible mounting direc-
tions, see page 3-12.

Input Voltage (V DC)

0 T T T B
0 70 100

1/0 Simultaneous ON Ratio (%)
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2: MODULE SPECIFICATIONS

Relay Output Specifications (All-in-One Type CPU Module)

CPU Module FC4A-C10R2 FC4A-C16R2 FC4A-C24R2
FC4A-C10R2C FC4A-C16R2C FC4A-C24R2C
No. of Outputs 4 points 7 points 10 points
COMO | 3 NO contacts 4 NO contacts 4 NO contacts
comMi 1 NO contact 2 NO contacts 4 NO contacts
Output Points per Common Line
com2 | — 1 NO contact 1 NO contact
CoOM3 | — — 1 NO contact

Terminal Arrangement

See CPU Module Terminal Arrangement on pages 2-8 and 2-9.

Maximum Load Current

2A per point
8A per common line

Minimum Switching Load

0.1 mA/0.1V DC (reference value)

Initial Contact Resistance

30 mQ maximum

Electrical Life

100,000 operations minimum (rated load 1,800 operations/hour)

Mechanical Life

20,000,000 operations minimum (no load 18,000 operations/hour)

Rated Load (resistive/inductive)

240V AC/2A, 30V DC/2A

Dielectric Strength

Between output and @ or & terminals: 1,500V AC, 1 minute
Between output terminal and internal circuit: 1,500V AC, 1 minute
Between output terminals (COMs): 1,500V AC, 1 minute

Contact Protection Circuit for Relay Output

See page 3-15.

Output Delay

ON
Command

ON
Output Relay Status

OFF

« MICROSMART USER’S MANUAL »
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2: MODULE SPECIFICATIONS

CPU Module Terminal Arrangement (All-in-One Type)
The input and output terminal arrangements of the all-in-one type CPU modules are shown below.

AC Power Type CPU Module

FC4A-C10R2

Sensor Power Terminals
Input Terminals

AC Power Terminals
Output Terminals

QOPDOOOO®

+24V| OV |[DCIN 0 1 2 3 4 5
DC OUT [COM

100-240VAC Ry.OUT | Ry.OUT
|L|N|@| |COMOD 12 com1 3

E@@@i@@@@ NI

FC4A-C16R2

Sensor Power Terminals
Input Terminals

AC Power Terminals
Output Terminals

NNV

+24V| OV |[DCIN 0O 1 2 3 4 5 6 7 10
DC OUT [COM

|100-240VAC @ | Ry.OUT Ry.OUT Ry.OUT
L | N |

COMO 0 1 2 3 IcomMl 4 5 IcomM2 6

K@@i SININNISINININININY

FC4A-C24R2

Sensor Power Terminals
Input Terminals

AC Power Terminals
Output Terminals

NN IV IV IV IV INVINEN

+24V| OV |[DCIN 0 1 2 3 4 5 6 7 0 1 12 13 14 15
DC OUT [COM

|100-240\/AC@| Ry.OUT Ry.OUT Ry.OUT _ |Ry.OUT
LN ]

COMO0 0 1 2 3 ICOM1 4 5 6 7 1COM2 10 ICOM3 11

E@@@i SISININISISISINISISISINISIN

28
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2: MODULE SPECIFICATIONS

DC Power Type CPU Module

FC4A-C10R2C

Input Terminals

DC Power Terminals
Output Terminals

NNV

DCIN 0 1 2 3 4 5
COM

|+24\|/DE Iﬁ‘ﬁl |Ry.OUT

|Ry.OUT
COMO 0 1 2 com1 3

®@([Di SINININ SN

FC4A-C16R2C

Input Terminals

DC Power Terminals
Output Terminals

QOPVOOOODD

DCIN 0 1 2 3 4 5 6 7 10
COM

24VDC Ry.OUT Ry.OUT Ry.OUT
[ 2497 A & Y Y

COMO 0 1 2 3 IcomM1i 4 5 ICOM2 6

®@<]Di SISINSINININININININY

FC4A-C24R2C

Input Terminals

DC Power Terminals
Output Terminals

WIS IV

DCIN 0 1 2 3 4 5 6 7 0 1 12 13 14 15
COM

[ 2

4VDC |

Al |Ry.OUT Ry.OUT Ry.OUT _ |Ry.OUT
= comMo 0 1 2 3 lcomi 4 5 6 7 Icom210 lcoms 11

0OV 000008080800
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2: MODULE SPECIFICATIONS

1/0 Wiring Diagrams (All-in-One Type CPU Module)
The input and output wiring examples of the CPU modules are shown below. For wiring precautions, see pages 3-13
through 3-16.

AC Power Type CPU Module DC Power Type CPU Module
DC Source Input Wiring DC Source Input Wiring
) External l I
Power . External )

1- % —| 2-wire Power 1— ! 2—wnre
T+ + | Sensor T+ +| Sensor

Sensor

Power |-=-1---

WINIMVININ QOOOOOD

DCIN 0 1 2 3 4 5 |

|+24v| OV|DCIN 0 1 2 3 4 5 |
DC OUT |coM com
DC Sink Input Wiring DC Sink Input Wiring
External + l . External + l X
Power - ! +|2-wire Power —— ! +| 2-wire
T- —|Sensor T- —|Sensor
Sensor
Power -

QOO QOOO®

DCIN 0 1 2 3 4 5|
com

|+24v|0v DCIN 0 1 2 3 4 5|
DC OUT |com

AC Power and Relay Output Wiring DC Power and Relay Output Wiring

100-240VAC Ry.OUT Ry.OUT 24VDC 4 Ry.OUT Ry.OUT
J;ILI@L\ COMO 0 1 2 com1i 3 J;I;I;L\ COMO 0 1 2 com1 3
[ ——L] [——L—7

:l Fuse

100 [ Qe

| —
n
b

Fuse[ Fuse[

: |
1T+
—
5
3
C
1T

=2
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2: MODULE SPECIFICATIONS

CPU Modules (Slim Type)

Slim type CPU modules are available in 20- and 40-1/O types. The 20-1/O type has 12 input and 8 output terminals, and t
40-1/0 type has 24 input and 16 output terminals. The FC4A-D20RK1 and FC4A-D20RS1 have 2 transistor outputs use
for high-speed counter and pulse outputs in addition to 10 relay outputs. Every slim type CPU module has communicatic
port 1 for RS232C communication, and can mount an optional RS232C or RS485 communication module for 1:N com-
puter link, modem communication, and data link communication. The HMI base module can also be mounted to install €
optional HMI module and a communication adapter. Every slim type CPU module has two cartridge connectors to insta

an optional memory cartridge and a clock cartridge.

CPU Module Type Numbers (Slim Type)

1/0 Points Output Type High-speed Transistor Output (Q0 & Q1) Type No.
) Transistor Sink Output 0.3A FC4A-D20K3
20 (12 in / 8 out) -
Transistor Source Output 0.3A FC4A-D20S3
20 (12 in / 8 out) Relay Output Sink Output 0.3A FC4A-D20RK1
in ou
240V AC/30V DC, 2A Source Output 0.3A FC4A-D20RS1
) Transistor Sink Output 0.3A FC4A-DAOK3
40 (24 in / 16 out) -
Transistor Source Output 0.3A FC4A-D40S3

Parts Description (Slim Type)

-

~

(15) Communication Connector

(10) Analog Potentiometer

/

Ui

Side View

)

(12) Port 1
(13) Cartridge Connector 1

(14) Cartridge Connector 2

These figures illustrate the 40-1/0

type CPU module.

Functions

of each part are described

on the following page.

(17) Dummy Cartridges <

ANTLNLNNNNLAGY

/ QNN

;

)

(1) Power Supply Terminals

(16) Hinged Lid
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(11) Analog Voltage Input Connector

(2) 1/0 Terminals

(3) Expansion Connector

~ (4) Power LED (PWR)

5) Run LED (RUN)
6) Error LED (ERR)
7) Status LED (STAT)
8) Input LED (DC.IN)

(
(
(
(
(
(9) Output LED (Tr.OUT or Ry.OUT)

(18) Expansion
Connector
Seal

211



2: MODULE SPECIFICATIONS

(1) Power Supply Terminals
Connect power supply to these terminals. Power voltage 24V DC. See page 3-17.

(2) 1/0 Terminals
For connecting input and output signals. The input terminals accept both sink and source 24V DC input signals. Tran-
sistor and relay output types are available. Transistor output type has MIL connectors and relay output type has remov-
able screw connectors.

(3) Expansion Connector

For connecting digital and analog 1/0 modules.
(4) Power LED (PWR) LED Indicators
Turns on when power is supplied to the CPU module. 20-1/0 Type (Transistor Output)
(5) Run LED (RUN) PWR O 12
Turns on when the CPU module is executing the user program. RUNOI 313
ERR O [ =
(6) Error LED (ERR) STAT O CIDC.
Turns on when an error occurs in the CPU module. ooolN
100
(7) Status LED (STAT) 200010
The status LED can be turned on or off using the user program to 3omil
indicate a specified status. 4002
500033
(8) Input LED (IN) 60114
Turns on when a corresponding input is on. 70035
10006
(9) Output LED (Tr.OUT or Ry.OUT) P
Turns on when a corresponding output is on.
Tr.OUT
(10) Analog Potentiometer
Sets a value of 0 through 255 to a special data register. All slim 20-1/0 Type (Relay Output)
type CPU modules have one potentiometer, which can be used to PWR OI O 4 =)o) g-UT
set a preset value for an analog timer. RUNCI 35 e
ERR[I 6 02
(11) Analog Volt.age Input Connector STATC O 7 o3
For connecting an analog voltage source of 0 through 10V DC. The 0310 o4
analog voltage is converted to a value of 0 through 255 and stored 10011 o5
to a special data register. 20012 06
30013 07
(12) Port 1 (RS232C) l=DCINml  Ry.OUT
For connecting a computer to download a user program and moni-
tor the PLC operation on a computer usitigdLDR. 40-1/0 Type (Transistor Output)
(13) Cartridge Connector 1 |M|
For connecting an optional memory cartridge or clock cartridge. PWRO D12 1410
RUNCI 113 1500311
(14) Cartridge Connector 2 ERR O O 16 O 1 12
For connecting an optional memory cartridge or clock cartridge. STAT O O 17 D313
oo 2000114
(15) Communication Connector 100 21 0101 15
For connecting an optional communication module or HMI base 2000 220016
module. Remove the connector cover before connecting a module. 3OOl 2300317
. . 402 2400
(16) Hinged Lid 5COC3 250000
Open the lid to gain access to the port 1, cartridge connectors 1 and 604 2600
2, analog potentiometer, and analog voltage input connector. 7005 2703
10006 oo
(17) Dummy Cartridges 1100037 [ |
Remove the dummy cartridge when using an optional memory car- - - -
tridge or clock cartridge. DCIN - Tr.OUT r.ouT

(18) Expansion Connector Seal
Remove the expansion connector seal when connecting a digital I/O or analog 1/0 module.
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2: MODULE SPECIFICATIONS

General Specifications (Slim Type CPU Module)

Normal Operating Conditions

CPU Module FC4A-D20K3 FC4A-D20RK1 FC4A-D40K3
FC4A-D20S3 FC4A-D20RS1 FC4A-D40S3

Operating Temperature 0 to 55°C (operating ambient temperature)

Storage Temperature -25to +70°C

Relative Humidity

10 to 95% (non-condensing)

Pollution Degree

2 (IEC 60664-1)

Degree of Protection

IP20 (IEC 60529)

Corrosion Immunity

Atmosphere free from corrosive gases

Altitude

Operation:
Transport:

0 to 2,000m (O to 6,565 feet)
0 to 3,000m (O to 9,840 feet)

Vibration Resistance

When mounted on a DIN rail or panel surface:
5 to 9 Hz amplitude 3.5 mm, 9 to 150 Hz acceleration 9.8 m/sec? (1G)
2 hours per axis on each of three mutually perpendicular axes (IEC 61131-2)

Shock Resistance

147 m/sec? (15G), 11 msec duration, 3 shocks per axis on three mutually perpendic-
ular axes (IEC 61131-2)

ESD Immunity Contact discharge: £6 kV, Air discharge: £8 kV (IEC 61000-4-2)

Weight 140g 185g 180g
Power Supply

Rated Power Voltage 24V DC

Allowable Voltage Range

20.4 to 26.4V DC (including ripple)

Maximum Input Current

560 mA (26.4V DC) \ 700 mA (26.4V DC) \ 700 mA (26.4V DC)

Maximum Power Consumption

CPU module + 7 1/0 modules

14W (26.4V DC) \ 17W (26.4V DC) \ 17W (26.4V DC)

Allowable Momentary Power
Interruption

10 msec (at 24V DC)

Dielectric Strength

Between power and & terminals:
Between I/0 and 4 terminals:

500V AC, 1 minute
1,500V AC, 1 minute

Insulation Resistance

Between power and &\ terminals:
Between 1/0 and &\ terminals:

10 MQ minimum (500V DC megger)
10 MQ minimum (500V DC megger)

Noise Resistance

DC power terminals:
I/0 terminals (coupling clamp):

1.0 kV, 50 nsec to 1 psec
1.5 kV, 50 nsec to 1 psec

Inrush Current

50A maximum (24V DC)

Grounding Wire

UL1015 AWG22, UL1007 AWG18

Power Supply Wire

UL1015 AWG22, UL1007 AWG18

Effect of Improper Power
Supply Connection

Reverse polarity:
Improper voltage or frequency:
Improper lead connection:

No operation, no damage
Permanent damage may be caused
Permanent damage may be caused

Note: The maximum number of relay outputs that can be turned on simultaneously is 96 points including relay outputs on

the CPU module.
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2: MODULE SPECIFICATIONS

Function Specifications (Slim Type CPU Module)

CPU Module Specifications

CPU Module FC4A-D20K3 FC4A-D20RK1 FC4A-D40K3

FC4A-D20S3 FC4A-D20RS1 FC4A-D40S3
. 27,000 bytes 31,200 bytes (5,200 steps)
Program Capacity (4,500 steps) 64,500 bytes (10,750 steps) (Note 1, Note 2)
Expandable 1/0 Modules 7 modules
. Input 12 . 12 ) 24 .
1/0 Points Expansion: 128 Expansion: 224 Expansion: 224
Output 8 8 16
User Program Storage EEPROM

Backup Duration Approx. 30 days (typical) at 25°C after backup battery fully charged

Backup Data Internal relay, shift register, counter, data register, expansion data register

Battery Lithium secondary battery

RAM Backup

Charging Time Approx. 24 hours for charging from 0% to 90% of full charge at 25°C

Battery Life Approx. 1000 cycles of discharging down to 10% and full charging

Replaceability Impossible to replace battery

Control System Stored program system

35 basic 35 basic

Instruction Words 53 advanced 72 advanced

Basic instruction | 1.65 msec (1000 steps) See page A-1.

Processing

Time 0.64 msec (not including expansion |/0 service, clock function processing, data

END processing link processing, and interrupt processing) See page A-2.

Internal Relay 1024 ‘ 1024 + 560 for AS-Interface operands (Note 2)
Shift Register 128
Data Register 1300 1300 + 300 for AS-Interface operands (Note 2)

Expansion Data Register 6,000

Counter 100 (adding, dual pulse reversible, up/down selection reversible)

Timer 100 (1-sec, 100-msec, 10-msec, 1-msec)

Input Filter 3 to 15 msec (selectable in increments of 1 msec)

Catch Input Four inputs (12 through 15) can be designated as catch inputs or interrupt inputs

Minimum turn on pulse width: 40 psec maximum

Interrupt Input Minimum turn off pulse width: 150 psec maximum

Power failure, watchdog timer, data link connection, user program EEPROM sum
check, timer/counter preset value sum check, user program RAM sum check,
keep data, user program syntax, user program writing, CPU module, clock IC, 1/0
bus initialize, user program execution

Self-diagnostic Function

Turning power on and off

Start/stop command in WindLDR

Turning start control special internal relay M800O on and off
Turning designated stop or reset input off and on

Start/Stop Method

Note 1: When using a 64KB memory cartridge and WindLDR ver. 4.2 or higher.
Note 2: When using a CPU module with system program ver. 201 or higher and WindLDR ver. 4.2 or higher.

System Statuses at Stop, Reset, and Restart

Internal Relay, Shift Register, Counter,
Mode Output Data Register, Expansion Data Register Timer Current Value
Keep Type Clear Type
Run Operating Operating Operating Operating
Stop (Stop input ON) OFF Unchanged Unchanged Unchanged
Reset (Reset input ON) OFF OFF/Reset to zero OFF/Reset to zero Reset to zero
Restart Unchanged Unchanged OFF/Reset to zero Reset to preset

Note: All expansion data registers are keep types.
unchanged when the reset input is turned on.

AS-Interface operands (M1300-M1977 and D1700-D1999) remain
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2: MODULE SPECIFICATIONS

Communication Function

Communication Port

Port 1 (RS232C)

Port 2 (RS232C)
Communication Module
Communication Adapter

Port 2 (RS485)
Communication Module
Communication Adapter

Standards EIA RS232C EIA RS232C EIA RS485
Computer link: 19,200 bps
Maximum Baud Rate 19,200 bps 19,200 bps User comm.: 19,200 bps
Data link: 38,400 bps
Mamtenancg Communication Possible Possible Possible
(Computer Link)
User Communication Possible Possible Possible (Note 1)
Modem Communication Impossible Possible Impossible
Data Link Communication Impossible Impossible Possible
Quantity of Slave Stations — — 31

Maximum Cable Length

Special cable

Special cable

200m (Note 2)

Isolation between Internal Circuit
and Communication Port

Not isolated

Not isolated

Not isolated

Note 1: RS485 user communication is available on upgraded CPU modules only, see page 17-1.
Note 2: Recommended cable for RS485: Twisted-pair shielded cable with a minimum core wire of 0.3 mm?Z.
Conductor resistance 85 Q/km maximum, shield resistance 20 Q/km maximum.

Built-in Functions

High-speed Counter

Maximum Counting Frequency
and High-speed Counter Points

Total 4 points
Single/two-phase selectable: 20 kHz (2 points)
Single-phase: 5 kHz (2 points)

Counting Range

0 to 65535 (16 bits)

Operation Mode

Rotary encoder mode and adding counter mode

. Quantity 1 point
Analog Potentiometer
Data Range 0 to 255
Quantity 1 point
Input Voltage Range 0 to 10V DC
Analog Voltage Input
Input Impedance Approx. 100 kQ
Data Range 0 to 255
uantit 2 points
Pulse Output Q - Y P
Maximum Frequency 20 kHz

Memory Cartridge (Option)

Memory Type

EEPROM

Accessible Memory Capacity

32 KB or 64 KB (64KB cartridge is for upgraded CPU modules only, see page 2-54)

Hardware for Storing Data

CPU module

Software for Storing Data

WindLDR

Quantity of Stored Programs

One user program can be stored on one memory cartridge.

Program Execution Priority

When a memory cartridge is installed, the user program on the memory cartridge is

executed.

Clock Cartridge (Option)

Accuracy

+30 sec/month (typical) at 25°C

Backup Duration

Approx. 30 days (typical) at 25°C after backup battery fully charged

Battery

Lithium secondary battery

Charging Time

Approx. 10 hours for charging from 0% to 90% of full charge

Battery Life

Approx. 100 recharge cycles after discharging down to 10% of full charge

Replaceability

Impossible to replace battery
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2: MODULE SPECIFICATIONS

DC Input Specifications (Slim Type CPU Module)

CPU Module FC4A-D20K3 FC4A-D20RK1 FC4A-D40K3
FC4A-D20S3 FC4A-D20RS1 FC4A-D40S3

Input Points and Common Lines .12 points ) .12 points ) .24 points )
in 1 common line in 1 common line in 2 common lines

Terminal Arrangement

See CPU Module Terminal Arrangement on pages 2-19 through 2-22.

Rated Input Voltage

24V DC sink/source input signal

Input Voltage Range

20.4 t0 26.4V DC

0, 11, 16, I7: 5 mA/point (24V DC)

Rated Input Current 12 t0 15, 110 to 127: 7 mA/point (24V DC)
Inout Imoedance 0, 11, 16, I7: 5.7 kQ
put Imp 121015, 110 to 127: 3.4 kQ

. 10 to I7: 35 psec + filter value

Turn ON Time 110 to 127: 40 psec + filter value

10, 11, 16, 17: 45 psec + filter value

Turn OFF Time

12to 15,110 to 127: 150 psec + filter value

Between input terminals:  Not isolated

Isolation Internal circuit: Photocoupler isolated
Input Type Type 1 (IEC 61131)

External Load for 1/0 Interconnection Not needed

Signal Determination Method Static

Effect of Improper Input Connection

Both sinking and sourcing input signals can be connected. If any input
exceeding the rated value is applied, permanent damage may be caused.

Cable Length

3m (9.84 ft.) in compliance with electromagnetic immunity

Connector on Mother Board

FL26A2MA MC1.5/13-G-3.81BK FL26A2MA
(OKi Electric Cable) (Phoenix Contact) (OKi Electric Cable)

Connector Insertion/Removal Durability

100 times minimum

Input Operating Range

The input operating range of the Type 1
(IEC 61131-2) input module is shown
below:

Inputs 10, 11, 16, and 17

26.41---------
S 24| ON Area
a LA
> :
@ :
g 15 ‘ ;
) | | Transition
z : : 4 Area
3 i i
£ 5 : : OFF Area
: e
O Il Il
1.2 6.5 11.3 12.4
Input Current (mA)
Inputs 12 to 15 and 110 to 127
26.47- -~
S 28| ON Area
a v
2 :
Q. |
g’ 15 !
o : 1 Transition
Z i i £ Area
2 : :
£ 5 T T OFF Area
| 4
O ! !
1.2 4.2 7T 7.7
)

Input Current (mA

2-16

Input Internal Circuit

Inputs 10, 11, 16, and 17 Inputs 12 to I5 and 110 to 127
4.7 kQ 3.3 kQ
Input - Input §
3 =
3 [&)
l 6 /V E
< £
COM A c 9]
5 com £
IS

1/0 Usage Limits
When using the FC4A-D20K3/S3 at an ambient temperature of 55°C in the

normal mounting direction, limit the inputs and outputs, respectively, which
turn on simultaneously along line (1).

When using the FC4A-D40K3/S3, limit the inputs and outputs, respectively,
which turn on simultaneously on each connector along line (2).

(3) 40°C )
26.4 When using at 40°C, all 1/0s can
24.0p--------- />\ />\ be turned on simultaneously at

26.4V DC as indicated with line (3).

When using the FC4A-D20RK1/
RS1, all I/0s can be turned on
simultaneously at 55°C, input volt-
age 26.4V DC.

Input Voltage (V DC)
B
(&)}
9
o

0 5060 70 80 100
1/0 Simultaneous ON Ratio (%)
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Transistor Sink and Source Output Specifications (Slim Type CPU Module)

FC4A-D20K3 FC4A-D20S3
CPU Module FC4A-D20RK1 FC4A-D20RS1
FC4A-D40K3 FC4A-D40S3
Output Type Sink output Source output
FCAA-D20K3/S3: 8 points in 1 common line
Output Points and Common Lines FC4A-D20RK1/RS1: 2 points in 1 common line
FC4A-D40K3/S3: 16 points in 2 common lines

Terminal Arrangement

See CPU Module Terminal Arrangement on pages 2-19 through 2-22.

Rated Load Voltage

24V DC

Operating Load Voltage Range

20.4 to 28.8V DC

Rated Load Current

0.3A per output point

Maximum Load Current

1A per common line

Voltage Drop (ON Voltage)

1V maximum (voltage between COM and output terminals when output is on)

Inrush Current

1A maximum

Leakage Current

0.1 mA maximum

Clamping Voltage

39V+1V

Maximum Lamp Load

8W

Inductive Load

L/R =10 msec (28.8V DC, 1 Hz)

External Current Draw

100 mA maximum, 24V DC
(power voltage at the +V terminal)

100 mA maximum, 24V DC
(power voltage at the -V terminal)

Isolation

Between output terminal and internal circuit: Photocoupler isolated
Between output terminals: Not isolated

FC4A-D20K3/S3: FL26A2MA (Oki Electric Cable)
Connector on Mother Board FC4A-D20RK1/RS1: MC1.5/16-G-3.81BK (Phoenix Contact)
FC4A-D4A0K3/S3: FL26A2MA (Oki Electric Cable)
Connector Insertion/Removal Durability | 100 times minimum
. QO, Q1: 5 psec maximum
Turn ON Time Q2to Q17 300 psec maximum
Output Delay 00, Q1 5 -
. , Q1: pysec maximum
Turn OFF Time Q2 to Q17 300 psec maximum

Output Internal Circuit

FC4A-D20K3, -D20RK1, and -D40K3 (Sink Output)

FC4A-D20S3, -D20RS1, and -D40S3 (Source Output)

< O+ O COM(+)
2 T , ¥
> >
2 A s
?—5 O Output % O Output
c c
: O] ﬁJIE 3 _} y $
| O com(-) || >t O-v
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2: MODULE SPECIFICATIONS

Relay Output Specifications (Slim Type CPU Module)

CPU Module

FC4A-D20RK1 ‘ FC4A-D20RS1

No. of Outputs

8 points including 2 transistor output points

Output Points per Common Line

COMO | (2 points transistor sink output) ‘ (2 points transistor source output)

COM1 | 3 NO contacts

Ccom2 2 NO contacts

COM3 | 1 NO contact

Terminal Arrangement

See CPU Module Terminal Arrangement on page 2-20.

Maximum Load Current

2A per point
8A per common line

Minimum Switching Load

0.1 mA/0.1V DC (reference value)

Initial Contact Resistance

30 mQ maximum

Electrical Life

100,000 operations minimum (rated load 1,800 operations/hour)

Mechanical Life

20,000,000 operations minimum (no load 18,000 operations/hour)

Rated Load (resistive/inductive)

240V AC/2A, 30V DC/2A

Dielectric Strength

Between output and <\ terminals: 1,500V AC, 1 minute
Between output terminal and internal circuit: 1,500V AC, 1 minute
Between output terminals (COMs): 1,500V AC, 1 minute

Connector on Mother Board

MC1.5/16-G-3.81BK (Phoenix Contact)

Connector Insertion/Removal Durability 100 times minimum

Contact Protection Circuit for Relay Output See page 3-15.

Output Delay

ON
Command
OFF

ON
Output Relay Status o

218

N

I i s ey N

<—|—>— OFF delay: 10 msec maximum

Chatter: 6 msec maximum

ON delay: 6 msec maximum
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2: MODULE SPECIFICATIONS

CPU Module Terminal Arrangement and 1/0 Wiring Diagrams (Slim Type)

FC4A-D20K3 (20-1/0 Transistor Sink Output Type CPU Module)
Applicable Connector: FC4A-PMC26P (ot supplied with the CPU module)

| o » Source Input Wiring Sink Output Wiring
RUN 13
ERR ]
@ m mtE & 2.wire Sensor | Terminal No. | Input | Terminal No. | Output | Load Fuse
A 26 10 25 QW HHO—F=—
I 24 1 23  —UO—F=—
2 H b 22 12 21 2 HHo———
= 20 E 19 B HO—F=—
18 14 17 U HO—=—
= o T X 16 15 15 B —O—=—
= NPN
ol 14 16 13 w6 HUO—=—
o o °1=( 12 7 11 v —O—=—
T sl Lo 10 110 9 COM(-) 4 Fuse
= e I + 8 111 7 COM(-) =
o o A 6 112 5 COM(-)
| 4 113 3 +V
o o EH 2 CoM 1 +V
5 o A=
e
2oo| || - -
. * COM(-) terminals are connected together internally.
ot | * COM and COM(-) terminals ar®t connected together internally.

&

» +V terminals are connected together internally.
« Connect a fuse appropriate for the load.
« For wiring precautions, see pages 3-13 through 3-17.

FC4A-D20S3 (20-1/0 Transistor Source Output Type CPU Module)
Applicable Connector: FC4A-PMC26P (ot supplied with the CPU module)

| L Sink Input Wiring Source Output Wiring
RUN 13
ERR -
@ m m(} & 2.wire Sensor | Terminal No. | Input || Terminal No. | Output | Load Fuse
e 26 10 25 Q H—o—=—
: E 24 11 23 U —O—=—
a0 b 22 12 21 2 HLO—F—t
== 20 13 19 B —U—F=—
18 14 17 U HHO—=—
= = I 2 16 15 15 5 H—O—F=—
s 14 16 13 6 O——=—
S =l B 12 7 11 7 O—=—
el e e + 10 110 9 COM(+)
I e EEI T-vee 8 111 7 COM(+) = el
O o EE 6 112 5 COM(+)
e 4 113 3 -V
o ol - - 2 COM 1 -V
5 O o | NI
g
22| [ . |
. * COM(+) terminals are connected together internally.
ot | e COM and COM(+) terminals amot connected together internally.
\~J « -V terminals are connected together internally.

« Connect a fuse appropriate for the load.
« For wiring precautions, see pages 3-13 through 3-17.

dﬂ[: « MICROSMART USER’S MANUAL » 2-19



2: MODULE SPECIFICATIONS

FC4A-D20RK1 (20-1/0 Relay and Transistor Sink High-speed Output Type CPU Module)

Applicable Terminal Blocks: TB1 (Left Side) FCA4A-PMT13P (supplied with the CPU module)
TB2 (Right Side) FC4A-PMTK16P (supplied with the CPU module)

- Source Input Wiring Sink Output Wiring
[ TB1 B2
ERR 6 2
= o A 2.wire Sensor | Terminal No. | Input Terminal No. | Output | Load Fuse
g E g 1 10 1 Q Ho—=—
DCIN= Ry.OUTa 2 11 2 Q1 _©_E_
T ._/_ - Y
Sl 3 12 3 COM(-) —_||+—El—
-Q|I= 4 13 4 +V
ES =1 5 14 5 NC
o ol [Ele¢] ks @ 6 5 6 2 —O—=—
=(s-{ r | 7 B 7 Q3 —U—F=—
o ol |94 [*S| = 8 7 8 ¥ O—=—
=S¢ |«S|X —
Eﬁ[ [ (HSENRS i . 24vDC 9 110 o COM1 i
= = + 10 111 10 NC
o =SS =i 11 112 11 5 HO—=—
= ({ SERIS e 12 113 12 6 [—UO—F=—
ul ol |[&|[S3| =S| & 13 COM 13 COM2 S
= O % gf gg % 14 NC AC
== 15 o7
L2 2| |g|led sl 16 com3
ETEE N I AC

» Outputs Q0 and Q1 are transistor sink outputs; others are relay outputs.

» COM, COM(-), COM1, COM2, and COMS3 terminals a¢ connected
together internally.

» Connect a fuse appropriate for the load.

» For wiring precautions, see pages 3-13 through 3-17.

&

FC4A-D20RS1 (20-1/0 Relay and Transistor Source High-speed Output Type CPU Module)

Applicable Terminal Blocks: TB1 (Left Side) FC4A-PMT13P (supplied with the CPU module)
TB2 (Right Side) FC4A-PMTS16P (supplied with the CPU module)

e Sink Input Wiring Source Output Wiring
Rnfl s o TB1 TB2
@ = 0 H 2.wire Sensor | Terminal No. | Input Terminal No. | Output | Load Fuse
A =)k 1 10 1 W HHO—=—
DCIN= Ry.OUTa 2 11 2 Ql _®_E_
] | 3 12 3 COM(+) —ET—— -
= 4 3 4 -V
. NS = 5 14 5 NC
o e T=1] ST = S 6 15 6 2 HO—=—
=(|S-{ re| = 7 16 7 3 HLO—F=—
o ) =S a S == 8 17 8 u —D—=—
© =l S = 9 110 9 COM1 |——=—i
I:" | SRS = L+ 24vpe =T
=(lSE g§ = - 10 111 10 NC
o SHT=SEIES =0 11 112 11 B —UO—=
[ SERNELS = 12 113 12 6 —L—F—=—
ul ol |[&|[S3| =S| =X 13 COM 13 COM2 S
1o e Tt
00 15 Q7
SEANS
1910 % SEIES % 16 COM3
!— B ] AC

 Outputs Q0 and Q1 are transistor source outputs; others are relay outputs.

» COM, COM(+), COM1, COM2, and COM3 terminals a@ connected
together internally.

» Connect a fuse appropriate for the load.

* For wiring precautions, see pages 3-13 through 3-17.

&
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2: MODULE SPECIFICATIONS

FC4A-D40K3 (40-1/0 Transistor Sink Output Type CPU Module)
FC4A-PMC26P (ot supplied with the CPU module)

Applicable Connector:

Source Input Wiring

Sink Output Wiring

CN1
2.wire Sensor | Terminal No. | Input | Terminal No. | Output | Load Fuse
26 10 25 Q HO—=—
24 11 23 1t HLO—F=—
— —— 22 12 21 2 H—=—
20 13 19 B HUO——=—
18 14 17 U HHUO—=—
ix 16 15 15 B —UO—F=—
14 16 13 6 —UO—=—
12 17 11 Q7 H—UO——=—
1- 10 110 9 COM(-)
T+ e 8 11 7 COM() i =
6 112 5 COM(-)
4 113 3 +V
2 COM 1 +V
CN2
2.wire Sensor | Terminal No. | Input | Terminal No. | Output | Load Fuse
26 114 25 Q10 —D—F=—
24 115 23 1 —U——=—
i 22 116 21 Q12 —UL——=—
20 117 19 Q13 —UL—=—
18 120 17 Q4 —L—=—
FX 16 121 15 5 —UO—=—
14 122 13 Q6 —L——=—
12 123 11 Q7 —U——=—
- 10 124 9 COM(-)
T+2VPe 8 125 7 COM() O =
6 126 5 COM(-)
4 127 3 +V
2 COM 1 +V

e Terminals on CN1 and CN2 anet connected together internally.
» COM(-) terminals are connected together internally.

* COM and COM(-) terminals aret connected together internally.
» +V terminals are connected together internally.
» Connect a fuse appropriate for the load.
* For wiring precautions, see pages 3-13 through 3-17.
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2: MODULE SPECIFICATIONS

FC4A-D40S3 (40-1/0 Transistor Source Output Type CPU Module)

Applicable Connector:

222

FC4A-PMC26P (ot supplied with the CPU module)

[m}
[m}
cooooooooooooao

-
3
S EEEEEDEE]

'¢] 3

o

Sink Input Wiring

Source Output Wiring

CN1
2.wire Sensor | Terminal No. | Input || Terminal No. | Output | Load Fuse
26 10 25 Q —O—=—
24 11 23 1t —L—=—¢
— —— 22 12 21 2 HL—F=3—
20 13 19 B —UO—=—
18 14 17 U —UO—=—
S 16 B 15 B —UO—F=—
14 16 13 6 —UO——=—
12 17 11 Q7 —L——=—
1+ ayoc 10 110 9 COM(+) Fuse 4 _
- 8 111 7 COM(+) =
6 112 5 COM(+)
4 113 3 -V
2 COM 1 -V
CN2
2.wire Sensor | Terminal No. | Input || Terminal No. | Output | Load Fuse
26 114 25 Q10 HD—F—
24 115 23 1 —UL——=—
e 22 116 21 Q12 —L——=—
20 117 19 Q13 —U—=—
18 120 17 Q4 —U—=—
IS 16 121 15 Q5 HUO—=—
14 122 13 Q6 —L——=—
12 123 11 Q7 —L——=—
L+ 0e 10 124 9 COM(+) Fuse 4+ _
- 8 125 7 COM(+) =+
6 126 5 COM(+)
4 127 3 -V
2 COM 1 -V

e Terminals on CN1 and CN2 amet connected together internally.
» COM(+) terminals are connected together internally.

* COM and COM(+) terminals amot connected together internally.
» -V terminals are connected together internally.
» Connect a fuse appropriate for the load.
* For wiring precautions, see pages 3-13 through 3-17.
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2: MODULE SPECIFICATIONS

Input Modules

Digital input modules are available in 8-, 16-, and 32-point DC input modules and an 8-point AC input module with a
screw terminal block or plug-in connector for input wiring. All DC input modules accept both sink and source DC input
signals.

The input modules can be connected to the all-in-one 24-1/0 type CPU module and all slim type CPU modules to expar
input terminals. The all-in-one 10- and 16-1/0O type CPU modules cannot connect input modules.

Input Module Type Numbers

Module Name 8-point DC Input 16-point DC Input 32-point DC Input 8-point AC Input
Screw Terminal FC4A-NO8B1 FC4A-N16B1 — FC4A-NO8A11
Connector — FC4AA-N16B3 FC4A-N32B3 —

Parts Description

(1) Expansion Connector.

(2) Module Label

\

(3) LED Indicator

(4) Terminal No.

O,
o
(=]
o
(=]
[=]

0 =
0 0
8 H g (5) Cable Terminal/Connector 8
8 J 8
8 a1 0 ™~ 0
0 0
Sayy 0
~ 9

The above figures illustrate the 8-point DC input module.

(1) Expansion Connector Connects to the CPU and other I/0O modules.
(The all-in-one 10- and 16-1/0 type CPU modules cannot be connected.)
(2) Module Label Indicates the input module Type No. and specifications.
(3) LED Indicator Turns on when a corresponding input is on.
(4) Terminal No. Indicates terminal numbers.

(5) Cable Terminal/Connector Five different terminal/connector styles are available for wiring.

dﬂ[: « MICROSMART USER’S MIANUAL » 2-23



2: MODULE SPECIFICATIONS

DC Input Module Specifications

Type No. FC4A-NO8SB1 FC4A-N16B1 FC4A-N16B3 FC4A-N32B3
Input Polnts and Common Lines 8 points m 1 16 pomts.ln 1 16 pomts.ln 1 32 pomts.ln 2
common line common line common line common lines

Terminal Arrangement

See Input Module Terminal Arrangement on pages 2-26 through 2-28.

Rated Input Voltage

24V DC sink/source input signal

Input Voltage Range

20.4 to 28.8V DC

Rated Input Current

7 mA/point (24V DC)

5 mA/point (24V DC)

Input Impedance 3.4 kQ 4.4 kQ

Turn ON Time (24V DC) 4 msec

Turn OFF Time (24V DC) 4 msec

Isolation Between i.npu.t terminals:  Not isolated .
Internal circuit: Photocoupler isolated

External Load for 1/0 Interconnection Not needed

Signal Determination Method Static

Effect of Improper Input Connection

Both sinking and sourcing input signals can be connected. If any input
exceeding the rated value is applied, permanent damage may be caused.

Cable Length

3m (9.84 ft.) in compliance with electromagnetic immunity

Connector on Mother Board

MC1.5/10-G-3.81BK (Phoenix Contact) ‘ FL20A2MA (Oki Electric Cable)

Connector Insertion/Removal Durability

100 times minimum

All Inputs ON 25 mA (5V DC) 40 mA (5V DC) 35 mA (5V DC) 65 mA (5V DC)
p 0 mA (24V DC) 0 mA (24V DC) 0 mA (24V DC) 0 mA (24V DC)
Internal Current Draw
All Inputs OFF 5 mA (5V DC) 5 mA (5V DC) 5 mA (5V DC) 10 mA (5V DC)
p 0 mA (24V DC) 0 mA (24V DC) 0 mA (24V DC) 0 mA (24V DC)
Weight 85g 100g 658 100g

Input Operating Range

The input operating range of the Type 1
(IEC 61131-2) input module is shown
below:

FC4A-N0O8B1 and FC4A-N16B1

28.8f---------
=~ gl
&) i ON Area
a LA
= |
° |
¥ 15 :
= | |
<] ' i Transition
2 : Lok Area
3 : :
£ 5 OFF Area
: e
0 | |
1.2 4.2 7.0 84

Input Current (mA)
FC4A-N16B3 and FC4A-N32B3

288f---------
~ ogfoooo il
) ! ON Area
a LA
= :
o) I
=) ! ! Transition
Z i Lk Area
32 | |
£ 5 OFF Area
: L
O | |
0.9 3.2 5.3 6.4
Input Current (mA)

224

Input Internal Circuit

FC4A-N0O8B1 and FC4A-N16B1

3.3 kQ
Input

CoM

=
=
o
=
o
©
c
=
9]
I
£

Input Usage Limits
When using the FC4A-N16B1 at 55°C in the normal mounting direction, limit

the inputs which turn on simultaneously along line (1). At 45°C, all inputs
can be turned on simultaneously at 28.8V DC as indicated with line (2).

When using the FC4A-N16B3 or -N32B3 at 55°C, limit the inputs which turn
on simultaneously on each connector along line (3). At 30°C, all inputs can
be turned on simultaneously at 28.8V DC as indicated with line (4).

FC4A-N16B3 and FC4A-N32B3

4.3 kQ
Input

Ccom

=
=1
o
=
o
©
c
I~
9}
3
c

When using the FC4A-NO8B1, all inputs can be turned on simultaneously at
55°C, input voltage 28.8V DC.

(2) 45°C

28.8 -

264 f------------------ 1= -
[3) I
2 I
2 i
& ;
8 (1) 55°C H
3 E
5 1
o 1
£ 1

O 1 1 1 1 1 1 ; 1 1
0 70 100

Input Simultaneous ON Ratio (%)
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(4) 30°C
28.8 .
26.4 |-
G 240 ----mmmme- L
e : g '
= ! ! !
Q ] 1 N
a0 I 1 Il
£ o/ : :
S (3) 55°C E : :
5 : | '
Q 1 1 1
£ ' ' !
0 T T R T T N -
0 50 70 90 100
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2: MODULE SPECIFICATIONS

AC Input Module Specifications

Type No. FC4A-NO8A11
Input Points and Common Lines 8 points in 2 common lines
Terminal Arrangement See Input Module Terminal Arrangement on page 2-29.
Rated Input Voltage 100 to 120V AC (50/60 Hz)
Input Voltage Range 85 to 132V AC
Rated Input Current 15 mA/point (120V AC, 60 Hz)
Input Type AC input, Type 1, 2, 3 (IEC 61131-2)
Input Impedance 0.8 kQ (60 Hz)
Turn ON Time 25 msec
Turn OFF Time 30 msec
Between input terminals in the same common: Not isolated
Isolation Between input terminals in different commons: Isolated
Between input terminals and internal circuits: Photocoupler isolated
External Load for 1/0 Interconnection Not needed
Signal Determination Method Static
Effect of Improper Input Connection If any input exceeding the rated value is applied, permanent damage may be
caused.
Connector on Mother Board MC1.5/11-G-3.81BK (Phoenix Contact)
Connector Insertion/Removal Durability | 100 times minimum
60 mA (5V DC)
All Inputs ON 0 mA (24V DC)
Internal Current Draw 30 mA (5v DC)
m
All Inputs OFF 0 mA (24V DC)
Weight 80g
Input Operating Range Input Internal Circuit
The input operating range of the Type 1, 2, 3 (IEC 61131-2) FC4A-NOSA1L
input module is shown below:
FC4A-NOSA11 Input E
5
1 T
132 |--- o 5
T e ; ON Area COMO ot =
L4
0 100 [---qrrmim : : Input Usage Limits
Z 79l | b When using the FC4A-NO8A11, all inputs can be
ézo 74T B : ; turned on simultaneously at 55°C, input voltage
= . i : : Transition 132V AC.
z it : : : Area
5 o j i LM
g P ! L 55°C
- o | | | 132
20 / : : : p OFF Area 120 b mm e
o i i : : Q 102f----mmmmm e
12 45 12.7 15 16.9 =
Input Current (mA) (g;o
s
2
=
O 1 1 1 1 1 1 1 1 1 >
0 50 100

Input Simultaneous ON Ratio (%)
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2: MODULE SPECIFICATIONS

DC Input Module Terminal Arrangement and Wiring Diagrams

FC4A-NO8B1 (8-point DC Input Module) — Screw Terminal Type

Applicable Terminal Block: FC4A-PMT10P (supplied with the input module)

o — Source Input Wiring Sink Input Wiring
g 2wire Sensor | Terminal No. Input 2wire Sensor | Terminal No. Input
: [~ +] 0 10 [+ -} 0 10
H 1 11 1 11
! 2 12 2 12
3 13 3 13
NTF“,,‘\‘ 4 4 ;,;‘P 4 14
- 5 15 5 15
ooooo _--_; 24V DC ? :3 —..—i 24V DC ;3 :$
[ COM COM COoM COM
f% 8 [ —com CoM [ —om COM
~E O
si=(le} . .
N =t * Two COM terminals are connected together internally.
=|o 9 Y
-  For input wiring precautions, see page 3-13.
|=(le)
s =(le}
a=(e
(@)
8= 1O
g—
|
JoJ
FC4A-N16B1 (16-point DC Input Module) — Screw Terminal Type
Applicable Terminal Block: FC4A-PMT10P (supplied with the input module)
| A 1 I Source Input Wiring Sink Input Wiring
R @ ®) 1 2.wire Sensor Terminal No. Input S.wire Sensor Terminal No. Input
=l 0 10 0 10
Si=ile g 1 11 1 11
o0 £ — 2 12 — 2 12
SO 5 3 13 3 13
. 14 ;“" ._7 ;—
- % 8 e NPN 4 14 PNP 4 14
= 5 15 5 15
3 % 8 oo 6 16 6 16
Hi=(le 7 17 7 17
== — COM COM — COM COM
- % 8 — COM COoM — COoM CcoMm
% 8 L 0 10 i 10 I
i=ile 11 111 11 111
=l —- 12 112 —- 12 112
50/ (O 13 113 13 113
Ej = O —NVP“‘N 14 14 —g’;‘P 14 14
g % 8 15 115 15 115
g I prawes | [t ]t
J\oJ L[ com CoM [ com Ccom
COM COM COM COM
» Four COM terminals are connected together internally.
« For input wiring precautions, see page 3-13.
2-26 « MICROSMART USER’S MANUAL »




2: MODULE SPECIFICATIONS

FC4A-N16B3 (16-point DC Input Module) — Connector Type
Applicable Connector:

oz
]61

il

A
i
s

FC4A-PMC20P (ot supplied with the input module)

Source Input Wiring

2-wire Sensor | Terminal No. | Input | Terminal No. | Input |5 :c Sensor
20 10 19 110
18 11 17 111
b 16 12 15 12— —
14 13 13 113
’\fPL‘N 12 4 11 114 @
10 15 9 115
-, 24vDC 8 16 7 116 24vDC T
6 17 5 117
4 COM 3 COM
2 NC 1 NC
Sink Input Wiring
2.wire Sensor | Terminal No. Input || Terminal No. Input | 5.ire Sensor
20 10 19 110
18 11 17 111
b 16 12 15 12— —
14 13 13 113
F’)“,;‘P 12 4 11 114 WTL';
10 15 9 115
L+ o4vpe ) 6 7 16 24vDC "L
6 17 5 117
4 COoM 3 COoM
2 NC 1 NC

* Two COM terminals are connected together internally.

« For input wiring precautions, see page 3-13.
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2: MODULE SPECIFICATIONS

FC4A-N32B3 (32-point DC Input Module) — Connector Type
Applicable Connector:  FC4A-PMC20P (ot supplied with the input module)

0 20
1 21
2 2
3 3
a4 24
5 25
6 26
7 27
10 30
1 31
12 32
13 3
14 34
15 35
16/ 36
17 37
DC.IN
ooooono

----I]DZ
6L

il

« COMO terminals are connected together internally.

* COML1 terminals are connected together internally.

e oz * COMO and COML1 terminals ar®t connected together internally.
g7 * For input wiring precautions, see page 3-13.

A

Source Input Wiring

CN1 CN2
2.wire Sensor |_NO- | Input | No. | Input | 5 ire sensor 2-wire Sensor | _No. | Input | No. | Input | 5 e sensor
20 10 19 | 110 20 | 120 | 19 | 130
18 11 17 111 18 | 121 | 17 131
——— 16 12 15 12— — ——— 16 122 15 32— —
14 13 13 | 113 14 | 123 | 13 | 133
T 12 | 14 | 11 | 14 o~ IS 12 | 124 | 11 | 134 -~
10 15 9 115 10 | 125 9 135
_--_; 24V DC 8 16 7 116 24V DC ;_--_ _--_; 24V DC 8 126 7 136 24V DC ;_--_
6 17 5 117 6 127 5 137
4 COMO 3 COMO 4 CoM1 3 CoOM1
2 NC 1 NC 2 NC 1 NC
Sink Input Wiring
CN1 CN2
2wire Sensor |_NO. | Input | No. | Input | 5.yire Sensor 2-wire Sensor | _NO. | Input | No. | Input | 5.ire sensor
20 10 19 110 20 120 19 130
18 11 17 111 18 | 121 | 17 131
——— 16 12 15 12— — ——— 16 122 15 132 ——— —
14 13 13 | 113 14 | 123 || 13 | 133
;,;‘P 12 | 14 | 11 | 114 F{;fp P’&; 12 | 124 | 11 | 134 F{,;‘P
N 10 15 9 115 . . 10 125 9 135 N
= 24vDC 8 16 7 116 24VDC T - 24vDC 8 126 7 136 24VDC
6 17 5 117 6 127 5 137
4 |como| 3 |como 4 |comi|| 3 |comi
2 NC 1 NC 2 NC 1 NC
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2: MODULE SPECIFICATIONS

AC Input Module Terminal Arrangement and Wiring Diagrams

FC4A-NO8A11 (8-point AC Input Module) — Screw Terminal Type

Applicable Terminal Block:

AC.IN

NoOAWNRO

O
O
O

)t
00000000000

—— IN0D L 9 S ¥ ONOWOD € 2 T O

o |

G

FC4A-PMT11P (supplied with the input module)

Terminal No. | Output
0 10
1 11
2 12
3 13
S COMO COMO
AC NC NC
4 14
5 15
6 16
7 17
~ com1 com1
AC

« Two COM terminals areot connected together internally.

 For input wiring precautions, see page 3-13.
* Do not connect an external load to the input terminals.
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2: MODULE SPECIFICATIONS

Output Modules

Digital output modules are available in 8- and 16-point relay output modules, 8-, 16- and 32-point transistor sink output
modules, and 8-, 16- and 32-point transistor source output modules with a screw terminal block or plug-in connector for
output wiring.

The output modules can be connected to the all-in-one 24-1/0 type CPU module and all slim type CPU modules to expand
output terminals. The all-in-one 10- and 16-1/0 type CPU modules cannot connect output modules.

Output Module Type Numbers

Module Name Terminal Type No.
8-point Relay Output FC4A-RO81
16-point Relay Output ) FC4A-R161

Removable Terminal Block
8-point Transistor Sink Output FC4A-TO8K1
8-point Transistor Source Output FC4A-TO8S1
16-point Transistor Sink Output FC4A-T16K3
16-point Transistor Source Output FC4A-T16S3
MIL Connector
32-point Transistor Sink Output FC4A-T32K3
32-point Transistor Source Output FC4A-T32S3

Parts Description

(1) Expansion Connector

(2) Module Label

(3) LED Indicator

(4) Terminal No.
0 L g =
0 — 0
0 0
0 ) El 9%
0 H j g (5) Cable Terminal /Connector 0
0 [ 0
0 9 Ll 0
ol T Sl
0 = 0
’Q/ T 0
~ 9
The above figures illustrate the 8-point relay output module.
(1) Expansion Connector Connects to the CPU and other I/O modules.
(The all-in-one 10- and 16-1/0 type CPU modules cannot be connected.)
(2) Module Label Indicates the output module Type No. and specifications.
(3) LED Indicator Turns on when a corresponding output is on.
(4) Terminal No. Indicates terminal numbers.

(5) Cable Terminal/Connector Five different terminal/connector styles are available for wiring.
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Relay Output Module Specifications

Type No.

FC4A-R081 FC4A-R161

Output Points and Common Lines

8 NO contacts in 2 common lines 16 NO contacts in 2 common lines

Terminal Arrangement

See Relay Output Module Terminal Arrangement on page 2-32.

Maximum Load Current

2A per point

7A per common line 8A per common line

Minimum Switching Load

0.1 mA/0.1V DC (reference value)

Initial Contact Resistance

30 mQ maximum

Electrical Life

100,000 operations minimum (rated load 1,800 operations/hour)

Mechanical Life

20,000,000 operations minimum (no load 18,000 operations/hour)

Rated Load (resistive/inductive)

240V AC/2A, 30V DC/2A

Dielectric Strength

Between output and @ or & terminals: 1,500V AC, 1 minute
Between output terminal and internal circuit: 1,500V AC, 1 minute
Between output terminals (COMs): 1,500V AC, 1 minute

Connector on Mother Board

MC1.5/11-G-3.81BK MC1.5/10-G-3.81BK
(Phoenix Contact) (Phoenix Contact)

Connector Insertion/Removal Durability

100 times minimum 100 times minimum

All Outputs ON
Internal Current Draw

30 mA (5V DC)
40 mA (24V DC)

45 mA (5V DC)
75 mA (24V DC)

5 mA (5V DC) 5 mA (5V DC)
All Outputs OFF 0 mA (24V DC) 0 mA (24V DC)
Weight 110¢g 145

Contact Protection Circuit for Relay Output

See page 3-15.

Note: When relay output modules are connected to the all-in-one 24-1/0 type CPU module or any slim type CPU module, the
maximum number of relay outputs that can be turned on simultaneously, including the outputs on the CPU module, are

shown below.

CPU Module Type

All-in-One 24-1/0 CPU Module Slim Type CPU Module

Maximum Relay Outputs Turning On Simultaneously

33 54

Output Delay

ON
Command

ON

Output Relay Status
OFF

1 OFF delay: 10 msec maximum

Chatter:

6 msec maximum

« MICROSMART USER’S MANUAL »
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2: MODULE SPECIFICATIONS

Relay Output Module Terminal Arrangement and Wiring Diagrams

FC4A-R081 (8-point Relay Output Module) — Screw Terminal Type
Applicable Terminal Block: FC4A-PMT11P (supplied with the output module)

Ryout | Fuse Load Terminal No. | Output
; [ =0 0 o
J Fuse — DC Fuse = L 1 Q1
: - =0 2 Q2
7 + — =4
F DC Fuse AC =L 3 Q3
COMO COMO
NC NC
— — M)
= = L 4 Q4
ooood Fuse - DC Fuse = O 5 Q5
B " : =0 6 %
ii=ils) T DC Fuse AC =—0 7 Q7
N=|e) CcoM1 com1
o=(l®)
E=ile; _ ,
E)=(|e) * COMO and COML1 terminals aret connected together internally.
=(le » Connect a fuse appropriate for the load.
« % 8 « For output wiring precautions, see page 3-14.
S ek
=i ®)
q
JdirJ
FC4A-R161 (16-point Relay Output Module) — Screw Terminal Type
Applicable Terminal Block: FC4A-PMT10P (supplied with the output module)

— Fuse Load Terminal No. | Output
| Ry.OUT 0 = @ 0 Q0
*=O|||3 =L 1 Q1
o =(| O =—0 2 Q2
. % 8 N - =—0 3 Q3
‘=[o|| [Jrose oo [l L = @ 2 04
=O]| s - DC Fuse ~) AC =0 5 Q5
= O] | | - (e S =—0 6 Q6
5% 8 oo =—0 7 Q7
s COMO COMO
=i [ COMO COMO
5 O
B % O =—0 10 Q10
S)=(le) =0 11 Q11
55O =D 12 Q12
= = % 13 Q13
& 1= — =%

- % 8 [] Fuse T DC [] Fuse = @ 14 Q14
A= + e F ~) Ac =—0 15 Q15
E% =0 - [Jruse S —=—0U 16 Q16

El)=(| @) =—0 17 Q17
[ ] com1 com1
J\J COM1 com1

« COMO terminals are connected together internally.

e COML1 terminals are connected together internally.

* COMO and COM1 terminals aret connected together internally.

« Connect a fuse appropriate for the load.

« For output wiring precautions, see page 3-14.
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Transistor Sink Output Module Specifications

Type No. FC4A-TOSK1 FC4A-T16K3 ‘ FC4A-T32K3
Output Type Transistor sink output
8 points 16 points 32 points

Output Points and Common Lines

in 1 common line

in 1 common line in 2 common lines

Terminal Arrangement

See Transistor Sink Output Module Terminal Arrangement on pages 2-34

and 2-35.

Rated Load Voltage

24V DC

Operating Load Voltage Range

20.4 to 28.8V DC

Rated Load Current

0.3A per output point

0.1A per output point

Maximum Load Current (at 28.8V DC)

0.36A per output point
3A per common line

0.12A per output point
1A per common line

Voltage Drop (ON Voltage)

1V maximum (voltage between COM and output terminals when output is on)

Inrush Current

1A maximum

Leakage Current

0.1 mA maximum

Clamping Voltage

39vVi1V

Maximum Lamp Load

8W

Inductive Load

L/R =10 msec (28.8V DC

, 1 Hz)

External Current Draw

100 mA maximum, 24V DC (power voltage at the +V terminal)

Isolation

Between output terminal and internal circuit: Photocoupler isolated

Between output terminals:

Not isolated

Connector on Mother Board

MC1.5/10-G-3.81BK
(Phoenix Contact)

FL20A2MA (Oki Electric Cable)

Connector Insertion/Removal Durability

100 times minimum

All Outputs ON
Internal Current

10 mA (5V DC)
20 mA (24V DC)

10 mA (5V DC)
40 mA (24V DC)

20 mA (5V DC)
70 mA (24V DC)

Draw 5 mA (5V DC) 5 mA (5V DC) 10 mA (5V DC)
All OQutputs OFF | , 54y DC) 0 mA (24V DC) 0 mA (24V DC)
Turn ON time: 300 psec maximum
Output Delay Turn OFF time: 300 psec maximum
Weight (approx.) 85¢g 70g 105g
Output Internal Circuit
Sink Output
¢ O +V
v
2 W X
§ A
= +—O Output
g — 5
£ |- If‘:l
L O COM(-)
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2: MODULE SPECIFICATIONS

Transistor Sink Output Module Terminal Arrangement and Wiring Diagrams

FC4A-TO8K1 (8-point Transistor Sink Output Module) — Screw Terminal Type

Applicable Terminal Block:

i

DK 0 0 A A P P
0000000000

AMCNOD L 9 S ¥ € 2 T 0

;

Tr.OUT

NOOBWN RO

oooo

o |

il

FC4A-PMT10P (supplied with the output module)

Fuse Load Terminal No. | Output
=—0UL— 0 Q0
+—=—0L— 1 Q1
+—=—0L— 2 Q2
+—=—0L— 3 Q3
+—=—0L— 4 Q4
+—=—0— 5 Q5
+—=—0L— 6 Q6

Fuse 4 _ 3 O 7 Q7
= COM(-) COM(-)
+V +V

e Connect a fuse appropriate for the load.
« For output wiring precautions, see page 3-14.

FC4A-T16K3 (16-point Transistor Sink Output Module) — Connector Type

Applicable Connector:

17
Tr.OUT

ooao

B

2-34

FC4A-PMC20P (ot supplied with the output module)

Fuse Load Terminal No. | Output | Terminal No. | Output Load Fuse
—E=—0O— 20 Q0 19 Q10 —O—F—
+—=—0— 18 Q1 17 1 —U——=—
+—=—0U— 16 Q2 15 Q2 —U—=—
+—=—0L— 14 Q3 13 Q13 —U—=—
+—=—0U— 12 Q4 11 4 —O——=—
+—=—0UL— 10 Q5 E) Q5 [—UO——=—
—=—0L— 8 Q6 7 Q16 —L—F=—
+—=—0L— 6 Q7 5 Q7 —U——=—
—El—+|v_— 4 COM(-) 3 COM(-) —_||+—El—

2 +V 1 +V

* COM(-) terminals are connected together internally.
* +V terminals are connected together internally.

« Connect a fuse appropriate for the load.

« For output wiring precautions, see page 3-14.
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FC4A-T32K3 (32-point Transistor Sink Output Module) — Connector Type
Applicable Connector:  FC4A-PMC20P (ot supplied with the output module)

0 20

: 2 CN1

§ § Fuse Load Terminal No. | Output | Terminal No. | Output Load Fuse

¢ x —=—0— 20 Q0 19 Q0 —UL—F=—

ﬁ i —=—0U— 18 Q1 17 1 —O—E=—

B z —=—0— 16 Q2 15 Q12 —U—F—
o % H —=—0— 14 Q3 13 Q13 |—L—F=—
- _3 =0 12 Q4 11 Q4 —OUO—=—
oooooo =0 10 Q5 015 —O—=—

9
8 Q6 7 Q6 —L—=
AN | +—=—0L— 6 Q7 5 Q17 —UL—F—=—
4 3
2 1

COMO(-) COMO(-) [ —FF—1
+VO0 +VO0

o o CN2
= . . Fuse Load | Terminal No. | Output || Terminal No. | Output | Load Fuse
E = [P —=—0U0— 20 Q20 19 Q30 H—OD—=—
+—=—0UL— 18 Q21 17 Q31 —L—F=—
Cl e o~ —E=—0— 16 Q22 15 Q32 —L——=—
T —=—0UL— 14 Q23 13 Q33 —U—F=—

— =0 12 Q24 11 Q34 | —L—F=—

—=—0L— 10 Q25 9 Q35 —L—F=—

+—=—0UL— 8 Q26 7 Q36 —LO—=—

+—=—0UL— 6 Q27 5 Q37 —O—=—

— = 4 COM1(-) 3 COML() ——H—F=F—
2 +V1 1 +V1

e Terminals on CN1 and CN2 anet connected together internally.
* COMO(-) terminals are connected together internally.

* COM1(-) terminals are connected together internally.

* +V0 terminals are connected together internally.

» +V1 terminals are connected together internally.

e Connect a fuse appropriate for the load.

« For output wiring precautions, see page 3-14.
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Transistor Source Output Module Specifications

Type No. FC4A-T08S1 FC4A-T16S3 FC4A-T32S3
Output Type Transistor source output
8 points 16 points 32 points

Output Points and Common Lines

in 1 common line in 1 common line in 2 common lines

Terminal Arrangement

See Transistor Source Output Module Terminal Arrangement on pages 2-37
and 2-38.

Rated Load Voltage

24V DC

Operating Load Voltage Range

20.4 to 28.8V DC

Rated Load Current

0.3A per output point 0.1A per output point

Maximum Load Current (at 28.8V DC)

0.36A per output point
3A per common line

0.12A per output point
1A per common line

Voltage Drop (ON Voltage)

1V maximum (voltage between COM and output terminals when output is on)

Inrush Current

1A maximum

Leakage Current

0.1 mA maximum

Clamping Voltage

39V+1V

Maximum Lamp Load

8W

Inductive Load

L/R =10 msec (28.8V DC, 1 Hz)

External Current Draw

100 mA maximum, 24V DC (power voltage at the -V terminal)

Isolation

Between output terminal and internal circuit: Photocoupler isolated
Between output terminals: Not isolated

Connector on Mother Board

MC1.5/10-G-3.81BK

(Phoenix Contact) FL20A2MA (Oki Electric Cable)

Connector Insertion/Removal Durability

100 times minimum

All Outputs ON
Internal Current

10 mA (5V DC)
20 mA (24V DC)

10 mA (5V DC)
40 mA (24V DC)

20 mA (5V DC)
70 mA (24V DC)

Draw 5 mA (5V DC) 5 mA (5V DC) 10 mA (5V DC)
All Outputs OFF |\ >4y pe) 0 mA (24V DC) 0 mA (24V DC)
Turn ON time: 300 psec maximum
Output Delay Turn OFF time: 300 psec maximum
Weight (approx.) 85¢g 70g 105g
Output Internal Circuit
Source Output
] O COM(+)
= X
c
% +—O Output
5]

A
M v

Y

2-36
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Transistor Source Output Module Terminal Arrangement and Wiring Diagrams

FC4A-T08S1 (8-point Transistor Source Output Module) — Screw Terminal Type
Applicable Terminal Block: FC4A-PMT10P (supplied with the output module)

oot )
% Load | Terminal No. | Output
s =—0)— 0 Q0
: —=—0L— 1 Q1
+—=—0UL— 2 Q2
—=—0L— 3 Q3
i —=—0O— 4 Q4
ooooo —=—0 > Q5
—=—0L— 6 Q6
| _ + Fuse = @ 7 Q7
=010 = COM(+) COM(+)
si=(le) -V -V
o
N=(le) » Connect a fuse appropriate for the load.
§=ile) * For output wiring precautions, see page 3-14.
y/=ile)
N=(l®)
Em(le)
p=ie)
q
Jdr)

FC4A-T16S3 (16-point Transistor Source Output Module) — Connector Type
Applicable Connector: FC4A-PMC20P (ot supplied with the output module)

o
1
g
4 Fuse Load Terminal No. | Output | Terminal No. | Output Load Fuse
; —=—0— 20 Qo0 19 Q0 —UO—F=—
n —=—0O— 18 Q1 17 Q1 —O—=—
B +—=—0L— 16 Q2 15 Q12 —L—+=—
* —=—0UL— 14 Q3 13 Q3 —UL——=—
Tout 7
S +—=—0U— 12 Q4 11 Q4 —O—=—
ooo —=—0O— 10 Q5 9 Q5 HO—F=—
+—=—0UL— 8 Q6 7 Q6 —U——=—
i +—=—0UL— 6 Q7 5 Q7 —UO—=—
walll e ——= 4 COM(+) 3 COM(+) —FEF——
e 2 -V 1 -V

» COM(+) terminals are connected together internally.

E Sl » -V terminals are connected together internally.
» Connect a fuse appropriate for the load.
C] : « For output wiring precautions, see page 3-14.
CN1
JJ
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FC4A-T32S3 (32-point Transistor Source Output Module) — Connector Type
Applicable Connector:  FC4A-PMC20P (ot supplied with the output module)

: § CN1
E 2 Fuse Load Terminal No. Output || Terminal No. Output Load Fuse
¢ % —F=—0O— 20 Q0 19 Q10 |—L—F=—
i 3 +—=—0— 18 Q1 17 1 —UL—F—=—
z E +—=—0— 16 Q2 15 Q12 HUL—F—
I : =0 14 03 13 Q13 HU—F=—
mowrp (¥ =0 12 Q4 11 Qa4 |—L—=—
ooooog +—=—0— 10 Q5 9 Q5 [—UO—=—
' =0 8 Q6 7 Q6 —(—=
L (U +—=—0— 6 Q7 5 Q17 —L—F=—
salll e e ——= 4 COMO(+) 3 COMO(+) =1
vl o 2 -VO 1 VO
. . CN2
:.'_1 oe oe Fuse Load | Terminal No. | Output || Terminal No. | Output Load Fuse
E == — =0 20 Q20 19 Q30 —U—=—
+—=—0— 18 Q21 17 Q31 —L—=—
O o +—=—0U— 16 Q22 15 Q32 —L—F=—
T +—=—0L— 14 Q23 13 Q33 —L—F=—

—=—0U— 12 Q24 11 4 [ —UO—=—
+—=—0— 10 Q25 9 Q35 |—L—F=—
8 Q26 7 Q6 HUL—F=—
+—=—0L— 6 Q27 5 Q7 HO—=—
4 3
2 1

COM1(+) COM1(+) —FE=—¢
-v1 -v1

e Terminals on CN1 and CN2 amet connected together internally.
* COMO(+) terminals are connected together internally.

* COM1(+) terminals are connected together internally.

» —V0 terminals are connected together internally.

¢ —V1 terminals are connected together internally.

« Connect a fuse appropriate for the load.

« For output wiring precautions, see page 3-14.
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Mixed 1/0 Modules

The 4-in/4-out mixed I/O module has 4-point DC sink/source inputs and 4-point relay outputs, with a screw terminal blocl
for 1/0 wiring. The 16-in/8-out mixed 1/0 module has 16-point DC sink/source inputs and 8-point relay outputs, with a

wire-clamp terminal block for I/O wiring.

The mixed I/0O modules can be connected to the all-in-one 24-1/0 type CPU module and all
expand input and output terminals. The all-in-one 10- and 16-1/0 type CPU modules cannot

Mixed 1/0 Module Type Numbers

slim type CPU modules to
connect mixed 1/0 modules

Module Name Terminal Type No.
4-in/4-out Mixed 1/0 Module Removable Terminal Block FC4A-MO8BR1
16-in/8-out Mixed 1/0 Module Non-removable Wire-clamp Terminal Block FC4A-M24BR2

Parts Description

(1) Expansion Connector

(2) Module Label "U\H\
\ ] H

(3) LED Indicator

o
o
o
a
jm}

T\T\T\T\V\g

0 (4) Terminal No.
0
0
0
0 5) Cable Terminal
S H ] g (5) Cable Termina
0 9]
8 i 0
0
<
The above figures illustrate the 4-in/4-out mixed 1/0 module.
(1) Expansion Connector Connects to the CPU and other I/O modules.
(The all-in-one 10- and 16-1/0 type CPU modules cannot be
(2) Module Label Indicates the mixed 1/0O module Type No. and specifications.
(3) LED Indicator Turns on when a corresponding input or output is on.
(4) Terminal No. Indicates terminal numbers.
(5) Cable Terminal Two different terminal styles are available for wiring.
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2: MODULE SPECIFICATIONS

Mixed 1/0 Module Specifications

Type No. FC4A-M08BR1 FC4A-M24BR2
. 4 inputs in 1 common line 16 inputs in 1 common line
170 Points 4 outputs in 1 common line 8 outputs in 2 common lines
Terminal Arrangement See Mixed /0 Module Terminal Arrangement on pages 2-41 and 2-42.
MC1.5/11-G-3.81BK Input:  F6018-17P (Fujicon)
Connector on Mother Board (Phoenix Contact) Output: F6018-11P (Fujicon)
Connector Insertion/Removal Durability | 100 times minimum Not removable
25 mA (5V DC) 65 mA (5V DC)
All 1/0s ON 20 mA (24V DC) 45 mA (24V DC)
Internal Current Draw 5 mA (5V DC) 10 mA (5v DO)
m m
All 1/0s OFF 0 mA (24V DC) 0 mA (24V DC)
Weight 95¢g 140g

DC Input Specifications (Mixed 1/0 Module)

Input Points and Common Line 4 points in 1 common line 16 points in 1 common line

Rated Input Voltage 24V DC sink/source input signal

Input Voltage Range 20.4 to 28.8V DC

Rated Input Current 7 mA/point (24V DC)

Input Impedance 3.4 kQ

Turn ON Time 4 msec (24V DC)

Turn OFF Time 4 msec (24V DC)

Isolation Between i_npu_t terminals: Not isolated .
Internal circuit: Photocoupler isolated

External Load for 1/0 Interconnection Not needed

Signal Determination Method Static

Both sinking and sourcing input signals can be connected. If any input

Effect of Improper Input Connection exceeding the rated value is applied, permanent damage may be caused.

Cable Length 3m (9.84 ft.) in compliance with electromagnetic immunity
Input Operating Range 1/0 Usage Limits
The input operating range of the Type 1 (IEC 61131-2) When using the FC4A-M24BR2 at an ambient tempera-
input module is shown below: ture of 55°C in the normal mounting direction, limit the

inputs and outputs, respectively, which turn on simulta-

neously along line (1).
28.8|---------
(2) 45°C
- 24 ,,,,,,,,,,,,,,,,,
8 ! ‘/ ON Area 28.8 :
> : 264 ---mme a1
o | o i
g 15 ‘ : 2 (1)585°c” !
L ! ! /Transition =~ !
- | & Area ) \
> | | © 1
€ 5 : : OFF Area s :
- : e z :
0 ‘ ‘ 2 i
1.2 4.2 7 8.4 = i
Input Current (mA) 0 Ll i |
0 80 100

) N
Input Internal Circuit 1/0 Simultaneous ON Ratio (%)

When using at 45°C, all I/0s can be turned on simulta-
neously at input voltage 28.8V DC as indicated with line
(2).

When using the FC4A-MO8BR1, all I/0s can be turned on
simultaneously at 55°C, input voltage 28.8V DC.

3.3kQ
Input O 1 H‘:I
coM O
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2: MODULE SPECIFICATIONS

Relay Output Specifications (Mixed 1/0 Module)

Type No. FC4A-MOSBR1 FC4A-M24BR2
Output Points and Common Lines 4 NO contacts in 1 common line 8 NO contacts in 2 common lines
Maximum Load Current 2A per point .
7A per common line
Minimum Switching Load 0.1 mA/0.1V DC (reference value)
Initial Contact Resistance 30 mQ maximum
Electrical Life 100,000 operations minimum (rated load 1,800 operations/hour)
Mechanical Life 20,000,000 operations minimum (no load 18,000 operations/hour)
Rated Load (resistive/inductive) 240V AC/2A, 30V DC/2A
Between output and @ or & terminals: 1,500V AC, 1 minute
Dielectric Strength Between output terminal and internal circuit: 1,500V AC, 1 minute
Between output terminals (COMs): 1,500V AC, 1 minute
Contact Protection Circuit for Relay Output | See page 3-15.

Output Delay

ON
Command

OFF

ON

Output Relay Status | |
OFF —,—I—I ! l_

T <—|—N— OFF delay:

Chatter: 6 msec maximum

10 msec maximum

ON delay: 6 msec maximum

Mixed 1/0 Module Terminal Arrangement and Wiring Diagrams

FC4A-VMI08BR1 (Mixed 1/0 Module) — Screw Terminal Type

Applicable Terminal Block: FC4A-PMT11P (supplied with the mixed 1/0O module)
e | Source Input Wiring Sink Input Wiring
g 2-wire Sensor 2.wire Sensor | _terminal No. /0
3 [ +] [+ -} 0 10
moor ) 1 11
2 :_:r 24VyDC ¢—- ——— —..—f 24V DC 2 12
: o SR B 3 3
NPN PNP
COMO COMO
— Relay Output Wiring Fuse  Load NC NC
ooooo [ =0 0 Qo0
_ — o
: Fi DC Fi = L 1 Q1
o @ O _I I::I use il use — éj 5 Q2
- +
N % 8 g —.|.—_ DC Fuse AC — @ 3 Q3
JEo |7 CcoM1 com1
f™|o ]
30 O
| =(1e) 1
O ||z
O ||e
a=o |
= * COMO and COML1 terminals ar®t connected together internally.
| « For wiring precautions, see pages 3-13 and 3-14.

G

dﬂ[: « MICROSMART USER’S MANUAL » 241



2: MODULE SPECIFICATIONS

FC4A-M24BR2 (Mixed 1/0 Module) — Wire-clamp Terminal Type

Ry.ouT T Source Input Wiring Sink Input Wiring
DCIN ! 1
% % owire Sensor | Terminal No. Input Swire Sensor | Terminal No. Input
H 3 -+ 1 10 + - 1 10
, o || 2 11 2 11
"
o %: = 3 12 3 12
i b 4 13 4 13
N 5 16 Faay X
w 3:53 17: L NPN 5 14 PNP 5 14
J FLll0ooOoo 6 15 6 5
= 7 16 7 16
J BSl Fdh 8 7 8 17
S %: - %: 9 110 9 110
ol B M BAP 10 111 . 10 111
= = =, 24vDC 11 112 = 2avpe 11 112
5 i ] + _
=t | = 12 113 12 113
3 ml| |
I =5 | = 13 114 13 114
2
s EEl. EE 14 115 14 115
i i
E ot 15 116 15 116
3 my| b - 16 117 16 117
8| Fo5 8l Eub
q 3 g 17 COMO 17 COMO
I TB1 B2
JdorJ
Relay Output Wiring
Fuse Load Terminal No. | Output
[ =0 1 Q0
Fuse :_ DC Fuse = L 2 Q1
N =—OU 3 Q2
.|._ DC Fuse AC — @ 4 03
5 coM1
6 NC
[ =0 7 Q4
Fuse J_r DC Fuse = L 8 Q5
+ =0 9 Q6
.|._ DC Fuse AC ! @ 10 Q7
11 coM2
 COMO, COM1, and COMZ2 terminals amet connected together internally.
» Connect a fuse appropriate for the load.
* For wiring precautions, see pages 3-13 and 3-14.
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Analog 1/0 Modules

Analog I/O modules are available in 3-1/0 types, 2-input type, and 1-output type. The input channel can accept either vo
age and current signals or thermocouple and resistance thermometer signals. The output channel generates voltage ar
current signals. Each analog I/O module has a screw terminal block for 1/0O wiring.

The analog I/O modules can be connected to the all-in-one 24-1/0 type CPU module and all slim type CPU modules. Tt
all-in-one 10- and 16-1/0O type CPU modules cannot connect analog I/O modules.

Analog 1/0 Module Type Numbers

Name Input Type Output Type 1/0 Points Terminal Type No.
Voltage (0-10V DC) FCAALO3AL
Current (4-20mA) Voltage (0-10V DC) 2 inputs
Analog 1/0 Module
Thermocouple Current (4-20mA) 1 output FCAALO3APL
Resistance thermometer Removable "
Voltage (0-10V DC) Terminal
oltage (0- _ i Block .
Analog Input Module Current (4-20mA) 2 inputs FC4A-J2A1
. Voltage (0-10V DC) i
Analog Output Module Current (4-20mA) 1 output FC4A-K1A1

Parts Description

OCOOOOOOOOOO

(1) Expansion Connector

(2) Module Label
(3) Power LED

(4) Terminal No.
(5) Cable Terminal

(1) Expansion Connector

(2) Module Label

\

(3) Power LED (PWR)

(4) Terminal No.

(5) Cable Terminal

All analog 1/0 modules have the same terminal style.

Connects to the CPU and other I/O modules.

]

OO

\OOOOQOQQQQQ

[
NONN

(The all-in-one 10- and 16-1/0 type CPU modules cannot be connected.)

Indicates the analog 1/0 module Type No. and specifications.

Turns on when power is supplied to the analog I/O module.

Indicates terminal numbers.

All analog 1/0 modules have a removable terminal block.
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Analog 1/0 Module Specifications

General Specifications

Type No.

FC4A-LO3A1 FC4A-LO3AP1

FC4A-J2A1 FC4A-K1A1

Rated Power Voltage

24V DC

Allowable Voltage Range

20.4 to 28.8V DC

Terminal Arrangement

See Analog 1/0 Module Terminal Arrangement on pages 2-47 and 2-48.

Connector on Mother Board

MC1.5/11-G-3.81BK (Phoenix Contact)

Connector Insertion/Removal Durability

100 times minimum

Internal Current Draw

50 mA (5V DC) 50 mA (5V DC)
0 mA (24V DC) 0 mA (24V DC)

50 mA (5V DC)
0 mA (24V DC)

50 mA (5V DC)
0 mA (24V DC)

External Current Draw (Note)

45 mA (24V DC) | 40 mA (24V DC)

35 mA (24V DC) | 40 mA (24V DC)

Weight

85g

Note: The external current draw is the value when all analog inputs are used and the analog output value is at 100%.

Analog Input Specifications

. Resistance

Analog Input Signal Type Voltage Input Current Input Thermocouple Thermometer
Type K
(To t(e) J1300 C) Pt 100

Input Range 0 to 10V DC 4 to 20 mA DC (g?co 1200°C) 3-wire type

(=100 to 500°C)

Type T
(0 to 400°C)

Input Impedance 1 MQ minimum 10Q 1 MQ minimum 1 MQ minimum

Allowable Conductor Resistance
(per wire)

— 200Q maximum

Input Detection Current

— 1.0 mA maximum

Sample Duration Time

20 msec maximum

20 msec maximum

Sample Repetition Time

20 msec maximum

20 msec maximum

Total Input System Transfer Time

105 msec + 1 scan time (Note 1)

200 msec + 1 scan time (Note 1)

Type of Input Slngle—ended Differential input
input

Operating Mode Self-scan

Conversion Method > A type ADC

Maximum Error at 25°C

+0.2% of full scale

+0.2% of full scale
plus reference

; ) +0.2% of full
junction compen-

: scale
sation accuracy
(£4°C maximum)
Input Error | Temperature Coefficient +0.006% of full scale/°C
Repeatability after 0
Stabilization Time +0.5% of full scale
Non-lineality +0.2% of full scale
Maximum Error +1% of full scale
Digital Resolution 4096 increments (12 bits)
K: 0.325°C
Input Value of LSB 2.5 mV 4 pA J: 0.300°C 0.15°C
T: 0.100°C
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Analog Input Signal Type

Resistance

Voltage Input Thermometer

Current Input Thermocouple

Data Type in Application Program

0 to 4095 (12-bit data)
—-32768 to 32767 (optional range designation) (Note 2)

Monotonicity

Yes

Input Data Out of Range

Detectable (Note 3)

Maximum Temporary
Deviation during
Electrical Noise Tests

Accuracy is not
assured when
noise is applied

+3% maximum

Common Mode
Characteristics

Common mode reject ratio (CMRR): -50 dB

Noise
Resistance | Common Mode Voltage 16V DC
Input Filter No
Twisted pair shielded cable is recom-
Cable ) S . —
mended for improved noise immunity
Crosstalk 2 LSB maximum
Isolated between input and power circuit
Isolation
Photocoupler-isolated between input and internal circuit
Effect of Improper Input Connection No damage
Maximum Permanent Allowed Overload 13V DC 40 mA DC .
(No Damage)

Selection of Analog Input Signal Type

Using software programming

Calibration or Verification to Maintain
Rated Accuracy

Impossible

Analog Output Specifications

Analog Output Signal Type

Voltage Output Current Output

Output Range

0 to 10V DC 4 to 20 mA DC

Load Impedance

2 kQ minimum 300Q maximum

Applicable Load Type

Resistive load

FC4A-LO3A1: 50 msec
Settling Time FC4A-LO3AP1: 130 msec
FC4A-K1A1: 50 msec
FC4A-LO3A1: 50 msec + 1 scan time
Total Output System Transfer Time FC4A-LO3AP1: 130 msec + 1 scan time
FC4A-K1A1: 50 msec + 1 scan time

Maximum Error at 25°C

+0.2% of full scale

Temperature Coefficient

+0.015% of full scale/°C

Repeatability after
Stabilization Time

+0.5% of full scale

Output Output Voltage Drop

+1% of full scale —

Error
Non-lineality

+0.2% of full scale

Output Ripple

1 LSB maximum

Overshoot

0%

Total Error

+1% of full scale

Digital Resolution

4096 increments (12 bits)

Output Value of LSB

2.5 mVv 4 pA

Data Type in Application Program

0 to 4095 (12-bit data)
-32768 to 32767 (optional range designation) (Note 2)
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Analog Output Signal Type

Voltage Output ‘ Current Output

Monotonicity

Yes

Current Loop Open

— ‘ Not detectable

Maximum Temporary
Deviation during +3% maximum
Noise Electrical Noise Tests
Resistance Cable Twisted pair shielded cable is recommended for improved noise immunity
Crosstalk No crosstalk because of 1 channel output
Isolated between output and power circuit
Isolation

Photocoupler-isolated between output and internal circuit

Effect of Improper Output Connection

No damage

Selection of Analog Output Signal Type

Using software programming

Calibration or Verification to Maintain

Rated Accuracy

Impossible

Note 1: Total input system transfer time = Sample repetition time x 2 + Internal processing time + 1 scan time

Note 2: The 12-bit data (O to 4095) processed in the analog 1/0 module can be linear-converted to a value between —-32768
and 32767. The optional range designation, and analog |/0 data minimum and maximum values can be selected using data
registers allocated to analog I/0 modules. See page 24-2.

Note 3: When an error is detected, a corresponding error code is stored to a data register allocated to analog |/0 operating
status. See page 24-2.

Type of Protection

Input Circuit

15 MQ Iflj A

+V2  +V1

NC (A) O

+(B)0

100[ |

-B)O
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Output Circuit

Input Data

QOutput Circuit

Input
Selection
Signal
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Analog 1/0 Module Terminal Arrangement and Wiring Diagrams

FC4A-LO3A1 (Analog 1/0 Module) — Screw Terminal Type
Applicable Terminal Block: FC4A-PMT11P (supplied with the analog I/O module)

Ao o 24y DC  Fuse Terminal No. | Channel
-t —
i f — +
| - 24V DC
s A
= Analog voltage/current +
input device = - ouT
NC
— Analog voltage/current + INO
poood output device = _
=0 |3 Ne
=IO || 5 Analog voltage/current + IN1
=(le) 9_5 output device - _
(| RN
= || F . _
=0 |E1 » Connect a fuse appropriate for the applied voltage and current draw, at the
=IO ||+ 2 position shown in the diagram. This is required when equipment containing
=)o || theMicroSmart is destined for Europe.
=IO k1 « Do not connect any wiring to unused channels.
(| O
=IO |-
q
dJdorJ

FC4A-LO3AP1 (Analog 1/0 Module) — Screw Terminal Type
Applicable Terminal Block: FC4A-PMT11P (supplied with the analog I/O module)

ANALOG 7 24vDc  Fuse Terminal No. | Channel
-+ —
d; —] +
| - 24V DC
L . o
- Analog voltage/current + ouT
input device - _
et g NC | A
|| esistance ! ]
Ooooo thermometer B J_' I; INO
' NC A
(| O + + | B INL
=IO || Thermocouple < _
=IO |p2 - B
=S
b O [|'F
A =(lenla * Connect a fuse appropriate for the applied voltage and current draw, at the
2 5|0 ||+ 3 position shown in the diagram. This is required when equipment containing
=IO || theMicroSmart is destined for Europe.

ET o |F1 ¢ When connecting a resistance thermometer, connect the three wires to RTD
"F% 8 *JE (resistance temperature detector) terminals A, B’, and B of input channel O
3 or 1.

C | * When connecting a thermocouple, connect the two wires to terminals + and
JorJ — of input channel O or 1.

« Do not connect any wiring to unused channels.
« Do not connect the thermocouple to a hazardous voltage (60V DC or 42.4V
peak or higher).
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FC4A-J2A1 (Analog Input Module) — Screw Terminal Type

Applicable Terminal Block: FC4A-PMT11P (supplied with the analog input module)
ANALOG 24vDC  Fuse Terminal No. | Channel
-t —
i =
- 24V DC
i =
= NC
NC o
NC
— Analog voltage/current + INO
noood output device = —
=Sl Ne
=IO || g Analog voltage/current + IN1
=lo |2 output device — —
= O |k
= O | _ _
=0 (BT « Connect a fuse appropriate for the applied voltage and current draw, at the
= O ||+2 position shown in the diagram. This is required when equipment containing
= o || theMicroSmart is destined for Europe.
E % 8 Al « Do not connect any wiring to unused channels.
+ 2
@ O IJ
q
Jir]

FC4A-K1A1 (Analog Output Module) — Screw Terminal Type
Applicable Terminal Block: FC4A-PMT11P (supplied with the analog output module)

ANALOG 24v DC  Fuse Terminal No. | Channel
-t —
1] —1 +
| - 24V DC
J_ ﬁ!ﬁ
= Analog voltage /current +
input device - - out
NC
— NC —
ooooo NC
=D |k e
=0 || NC -
=o | NC
=IO [l
=O (| _ .
=0 |k » Connect a fuse appropriate for the applied voltage and current draw, at the
=IO |k position shown in the diagram. This is required when equipment containing
=IO | the MicroSmart is destined for Europe.
E % 8 f < Do not connect any wiring to unused channels.
j=(joRit
q
Jdi
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HMI Module

The optional HMI module can mount on any all-in-one type CPU module, and also on the HMI base module mounted ne;
to any slim type CPU module. The HMI module makes it possible to manipulate the RAM data in the CPU module with-
out using the Online menu optionsWndLDR. For details about operating the HMI module, see page 5-32. For installing
and removing the HMI module, see pages 3-3 and 3-4.

HMI Module Type Number
Module Name Type No.
HMI Module FC4A-PH1

Parts Description

- (1) Display Screen

(2) ESC Button (3) A Button (4) v Button (5) OK Button (6) HMI Connector
(1) Display Screen The liquid crystal display shows menus, operands, and data.
(2) ESC Button Cancels the current operation, and returns to the immediately preceding operation.
(3) A Button Scrolls up the menu, or increments the selected operand number or value.
(4) v Button Scrolls down the menu, or decrements the selected operand number or value.
(5) OK Button Goes into each control screen, or enters the current operation.
(6) HMI Connector Connects to the all-in-one CPU module or HMI base module.

HMI Module Specifications

Type No. FC4A-PH1
Power Voltage 5V DC (supplied from the CPU module)
Internal Current Draw 200 mA DC

Weight 20g

—

A Caution ° Turn off the power to th®licroSmart before installing or removing the HMI module to preverj
electrical shocks and damage to the HMI module.

Do not touch the connector pins with hand, otherwise contact characteristics of the conneftor
may be impaired.

dﬂ[: « MICROSMART USER’S MANUAL » 2-49



2: MODULE SPECIFICATIONS

HMI Base Module

The HMI base module is used to install the HMI module when using the slim type CPU module. The HMI base module
also has a port 2 connector to attach an optional RS232C or RS485 communication adapter.

When using the all-in-one type CPU module, the HMI module is not needed to install the HMI module.

HMI Base Module Type Number
Module Name Type No.
HMI Base Module FC4A-HPH1

Parts Description

(1) HMI Connector

(4) Communication Connector

(2) Hinged Lid

(3) Port 2 Connector

(1) HMI Connector For installing the HMI module.
(2) Hinged Lid Open the lid to gain access to the port 2 connector.
(3) Port 2 Connector For installing an optional RS232C or RS485 communication adapter.

(4) Communication Connector Connects to the slim type CPU module.
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Communication Adapters and Communication Modules

All MicroSmart CPU modules have communication port 1 for RS232C communication. In addition, all-in-one 16- and 24-
1/0 type CPU modules have a port 2 connector. An optional communication adapter can be installed on the port 2 conn

tor for RS232C or RS485 communication. The 10-1/0 type CPU module does not have a port 2 connector.

A communication module can be attached to any slim type CPU module to use port 2 for additional RS232C or RS485
communication. When the HMI base module is attached to a slim type CPU module, a communication adapter can be

installed to the port 2 connector on the HMI base module.

When using the RS232C communication adapter or communication module for port 2, maintenance communication, us
communication, and modem communication are made possible. With the RS485 communication adapter or communice
tion module installed, maintenance communication, data link communication, and user communication (upgraded CPU

modules of slim 20-1/O relay output types and 40-1/O types only) can be used on port 2.

Communication Adapter and Communication Module Type Numbers

Name Termination Type No.
RS232C Communication Adapter Mini DIN connector FC4A-PC1
Mini DIN connector FC4A-PC2

RS485 Communication Adapter
Screw Terminal Block FC4A-PC3
RS232C Communication Module Mini DIN connector FC4A-HPC1
Mini DIN connector FC4A-HPC2

RS485 Communication Module
Screw Terminal Block FC4A-HPC3

Parts Description

RS232C Communication Adapter (Mini DIN)
RS485 Communication Adapter (Mini DIN)

(1) Port 2

(2) Connector

(1) Port 2 RS232C or RS485 communication port 2.
(2) Connector Connects to the port 2 connector on the all-in-one type CPU module or HMI base module.

RS232C Communication Module (Mini DIN)
RS485 Communication Module (Mini DIN)

Connector

(3) Hinged Lid

(2) Port 2

(1) Communication Connector Connects to the slim type CPU module.
(2) Port 2 RS232C or RS485 communication port 2.
(3) Hinged Lid Open the lid to gain access to port 2.
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RS485 Communication Adapter (Screw Terminal)

(1) Port 2

(2) Connector

RS485 Communication Module (Screw Terminal)

(1) Communication

(3) Hinged Lid

(1) Communication

Connector
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Communication Adapter and Communication Module Specifications

Tvbe No FC4A-PC1 FC4A-PC2 FC4A-PC3
ype No. FC4A-HPC1 FC4A-HPC2 FC4A-HPC3
Standards EIA RS232C EIA RS485 EIA RS485
Computer link: 19,200 bps
Maximum Baud Rate 19,200 bps 19,200 bps User com.: 19,200 bps
Data link: 38,400 bps
Maintenance Communication Possible Possible Possible
(Computer Link)
User Communication Possible Impossible Possible (Note 1)
Modem Communication Possible Impossible Impossible
Data Link Communication Impossible Impossible Possible
Quantity of Slave Stations — — 31

Maximum Cable Length

Special cable

Special cable

200m (Note 2)

Isolation between Internal Circuit
and Communication Port

Not isolated

Not isolated

Not isolated

Note 1: RS485 user communication is available on upgraded CPU modules only, see page 17-1.

Note 2: Recommended cable for RS485: Twisted-pair shielded cable with a minimum core wire of 0.3 mm?.

Conductor resistance 85 Q/km maximum, shield resistance 20 Q/km maximum.

The proper tightening torque of the terminal screws on the RS485 communication adapter and RS485 communication mod-
ule is 0.22 to 0.25 N-m. For tightening the screws, use screwdriver SZS 0,4 x 2,5 (Phoenix Contact).

Installing the Communication Adapter and Communication Module

A Caution

* Before installing the communication adapter or communication module, turn off the power fo the
MicroSmart CPU module. Otherwise, the communication adapter or CPU module may be gam-
aged, or thdicroSmart may not operate correctly.

Communication Adapter

To install the communication adapter on the all-in-one type CPU module, open the hinged lid and remove the dummy car-
tridge. Push the communication adapter into the port 2 connector from the front until it bottoms and is secured by the
latches. Similarly, when installing the communication adapter on the HMI base module, open the hinged lid, and push the
communication adapter into the port 2 connector from the front until it bottoms and is secured by the latches.

Communication Adapter

=

@@8@9@99@@@@@@9@6}

Hinged Lid

R

Port 2 Connector

Dummy Cartridge

After installing the communication adapter,

attach the dummy cartridge again.
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Communication Adapter

Hinged Lid

Port 2 Connector
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After installing the communication adapter on an all-in-one
type CPU module, view the communication adapter through (
the dummy cartridge opening, and check to see thatthe PC | ... ,
board of the communication adapter is in a lower level than the

top of the terminal block. U U

N AN g A

| ] A

imsiatsiil ||

Communication Terminal Block
Adapter PC Board

Communication Module Communication Module Slim Type CPU Module
When installing a communication module on the slim type \ N /

CPU module, remove the communication connector cover
from the slim type CPU module. See page 3-6.

[

Place the communication module and CPU module side by
side. Put the communication connectors together for easy

alignment.

With the communication connectors aligned correctly and the
blue unlatch button in the down position, press the communica-
tion module and CPU module together until the latches click to
attach the modules together firmly. If the unlatch button is in
the up position, push down the button to engage the latches.

Unlatch Button Communication Connector Cover

Removing the Communication Adapter and Communication Module

A Caution ° Before removing the communication adapter or communication module, turn off the power to the
MicroSmart CPU module. Otherwise, the communication adapter or CPU module may be gdam-
aged, or thlicroSmart may not operate correctly.

Communication Adapter

To remove the communication adapter from the all-in-one type
CPU module, first remove the dummy cartridge. While pushing
up the communication adapter PC board with a finger through
the dummy cartridge opening, disengage the latches from the
communication adapter using a flat screwdriver. Pull out the
communication adapter from the port 2 connector. When
removing the communication adapter from the HMI module,
take similar steps.

Communication Module

If the modules are mounted on a DIN rail, first remove the
modules from the DIN rail as described on page 3-7.

)

/7777777777 wal
19999949979
!

Push up the blue unlatch button to disengage the latches, and
pull the modules apart as shown on the right.

2\

Unlatch Button
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Memory Cartridge

A user program can be stored on an optional memory cartridge installediam®mart CPU module from a computer
runningWindLDR, and the memory cartridge can be installed on ansireoSmart CPU module of the same type. Using
a memory cartridge, the CPU module can exchange user programs where a computer cannot be used.

This feature is available on all models of CPU modules.

Memory Cartridge Type Number

Module Name Type No. Remarks
32KB Memory Cartridge FC4A-PM32

The 64KB memory cartridge can be used on slim type CPU modules
FC4A-D20RK1, FC4A-D20RS1, FC4A-D40K3, and FC4A-D40S3 with sys-
tem program ver. 201 or higher only. The program capacity expands up
to 64,500 bytes (10,750 steps).

To edit user programs over 32 KB (5200 steps), use WindLDR ver. 4.2
or higher.

64KB Memory Cartridge FC4A-PM64

User Program Execution Priority

Depending whether a memory cartridge is installed oiviib@Smart CPU module or not, a user program stored on the
memory cartridge or in the CPU module EEPROM is executed, respectively.

Memory Cartridge User Program Execution Priority
Installed on the CPU Module The user program stored on the memory cartridge is executed.
Not installed on the CPU Module The user program stored on the EEPROM in the CPU module is executed.

Memory Cartridge Specifications

Type No. FC4A-PM32 \ FC4A-PM64
Memory Type EEPROM

Accessible Memory Capacity 32 KB ‘ 64 KB

Hardware for Storing Data CPU module

Software for Storing Data WindLDR ‘ WindLDR ver. 4.2 or higher
Quantity of Stored Programs One user program can be stored on one memory cartridge.

The optional clock cartridge (FC4A-PT1) and the memory cartridge cannot be used together on the all-in-one type CPU
module. The clock cartridge and the memory cartridge can be used together on the slim type CPU module.

User Program Compatibility

The CPU module can execute only user programs created for the same CPU module type. When installing a memory car-
tridge, make sure that the user program stored on the memory cartridge matches the CPU module type. If the user program
is not for the same CPU module type, a user program syntax error occurs and the CPU module cannot run the user pro-
gram.

A Caution ° User Program for Upgraded CPU Modules
The upgraded functionality summarized on the inside of the front cover of this manual can be
used only on upgraded CPU modules. When a memory cartridge contains a user progranj for the
new functionality, do not install the memory cartridge into CPU modules with an older system
program version, otherwise the user program is not executed correctly. Make sure that the
upgraded functionality is used on the right CPU module.
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Installing and Removing the Memory Cartridge

é Caution ° Before installing or removing the memory cartridge, turn off the power thlityteSmart CPU
module. Otherwise, the memory cartridge or CPU module may be damagedVianti$enart
may not operate correctly.

« Do not touch the connector pins with hand, otherwise electrostatic discharge may damage the
internal elements.

All-in-One Type CPU Module
The cartridge connector is normally closed with a

dummy cartridge. To install the memory cartridge, Terminal Cover
open the terminal cover and remove the dummy car-
tridge from the CPU module. Make sure of correct Memory Cartridge

orientation of the memory cartridge. Insert the mem- FCAAPM32

ory cartridge into the cartridge connector until it bot-
toms. Do not insert the memory cartridge diagonally,

otherwise the terminal pins will be deformed. Cartridge

Connector

After installing the memory cartridge, close the ter-
minal cover.

To remove the memory cartridge, hold both edges of
the memory cartridge and pull it out.

Slim Type CPU Module

Cartridge connectors 1 and 2 are normally closed
with a dummy cartridge. To install the memory car-
tridge, open the hinged lid and remove the dummy
cartridge from the CPU module. Make sure of correct
orientation of the memory cartridge, and insert the
memory cartridge into cartridge connector 1 or 2
until it bottoms. After installing the memory car- Cartridge Connector 1
tridge, close the hinged lid.

Hinged Lid

Only one memory cartridge can be installed to either ~ Memory Cartridge
cartridge connector 1 or 2 on the slim type CPU FCAA-PM32
module. A memory cartridge and a clock cartridge

can be installed at the same time.

To remove the memory cartridge, hold both edges of ¢4 rigge connector 2
the memory cartridge and pull it out.

Downloading and Uploading User Program to and from Memory Cartridge

When a memory cartridge is installed on the CPU module, a user program is downloaded to and uploaded from the me
ory cartridge usingvindLDR on a computer. When a memory cartridge is not installed on the CPU module, a user program
is downloaded to and uploaded from the CPU module. For the procedures to download a user progvamilfbehon a
computer, see page 4-8.

With a memory cartridge installed on a CPU module, if the user program stored on the memory cartridge does not matc
the CPU module type, downloading is possible, but uploading is not possible. To upload a user program, make sure tha
the existing user program stored on the memory cartridge matches the CPU module type. Downloading is always possil
to new blank memory cartridges installed on any type of CPU modules.
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Clock Cartridge

With the optional clock cartridge installed on any typ#MafroSmart CPU modules, th®licroSmart can be used for
time-scheduled control such as illumination and air conditioners. For setting the calendar/clock, see page 15-5.

Clock Cartridge Type Number

Module Name Type No.
Clock Cartridge FC4A-PT1

Clock Cartridge Specifications

Accuracy +30 sec/month (typical) at 25°C

Backup Duration Approx. 30 days (typical) at 25°C after backup battery fully charged
Battery Lithium secondary battery

Charging Time Approx. 10 hours for charging from 0% to 90% of full charge

Battery Life Approx. 100 recharge cycles after discharging down to 10% of full charge
Replaceability Impossible to replace battery

The optional memory cartridge (FC4A-PM32) and the clock cartridge cannot be used together on the all-in-one type CPU
module. The memory cartridge and the clock cartridge can be used together on the slim type CPU module.

Installing and Removing the Clock Cartridge

A Caution ° Before installing or removing the clock cartridge, turn off the power tMtb@Smart CPU
module. Otherwise, the clock cartridge or CPU module may be damagedvicrtiamart may
not operate correctly.

* Do not touch the connector pins with hand, otherwise electrostatic discharge may damage the
internal elements.

All-in-One Type CPU Module

The cartridge connector is normally closed with a

dummy cartridge. To install the clock cartridge, open

the terminal cover and remove the dummy cartridge ,
Clock Cartridge

from the CPU module. Make sure of correct orienta- FCAAPTL ——
tion of the clock cartridge. Insert the clock cartridge E; =
X

Terminal Cover

into the cartridge connector until it bottoms. Do not

insert the clock cartridge diagonally, otherwise the Cartridge
terminal pins will be deformed. After installing the Connector
clock cartridge, close the terminal cover.

e
9

L
E@
mﬂm

Toremove the clock cartridge, hold both edges of the
clock cartridge and pull it out.

Slim Type CPU Module

Toinstall the clock cartridge, open the hinged lid and

remove the dummy cartridge from the CPU module. Hinged Lid
Make sure of correct orientation of the clock car-

tridge, and insert the clock cartridge into cartridge

connector 1 or 2 until it bottoms. After installing the ¢, igge connector 1
clock cartridge, close the hinged lid.

Only one clock cartridge can be installed to either Clock Cartridge
cartridge connector 1 or 2 on the slim type CPU FC4A-PT1
module. A clock cartridge and a memory cartridge

can be installed at the same time.

Toremove the clock cartridge, hold both edges of the
clock cartridge and pull it out.

Cartridge Connector 2
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2: MODULE SPECIFICATIONS

Dimensions

All MicroSmart modules have the same profile for consistent mounting on a DIN rail.
CPU Modules

FC4A-C10R2, FC4A-C10R2C, FC4A-C16R2, FC4A-C16R2C

| 80.0 | | 70.0
[~ > I
A
I L
ooooo
ooooo
Q
ooo< 8
ooooo
ooooo
1 1
Y
o/ T
< *8.5 mm when the clamp is pulled out.
FC4A-C24R2, FC4A-C24R2C
| 95.0 |
|- :,__
A
L
ooooooooo
ooooooooo
Q
ooo< o
o)
ooooooooo
ooooooooo
I I
Y
-
* A
0
<

*6.3 mm when the clamp is pulled out.

All dimensions in mm.
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2: MODULE SPECIFICATIONS

FC4A-D20K3, FC4A-D20S3

v Y
oooo
Q
o
>
op
a Y F Q o
B b
eue_’l\
< *8.5 mm when the clamp is pulled out.
FC4A-D20RK1, FC4A-D20RS1
| |14 70.0 _
> =€ >
Y a0 e O o
op
<
o
>
op
Y dee g _#o
B b
* A
ﬁ *8.5 mm when the clamp is pulled out.
FC4A-D40K3, FC4A-D40S3
475 NP 70.0 _
> =€ >|
v Y BB O -
oo
oooo
o Vu__'[:
o
>
op
a Y F BOO g_0o0
B h
* A
2 *8.5 mm when the clamp is pulled out. All dimensions in mm.
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2: MODULE SPECIFICATIONS

1/0 Modules

FC4A-N08B1, FC4A-NO8A11, FC4A-R081, FC4A-TO8K1, FC4A-T08S1, FC4A-M0SBR1,
FC4A-LO3A1, FC4A-LO3AP1, FC4A-J2A1, FC4A-K1A1

3.8 23.5 | 146 70.0 |
> = >|
Y ®
op
S
o
1)
(Il
Y 9 0]
long i)
*mll
< *8.5 mm when the clamp is pulled out.
FC4A-N16B1, FC4A-R161
3.8 _|148] 70.0 _
> = >|
Y )
op
S
o —
&
op
Y o ¢}
L lanal 8]
:601\
< *8.5 mm when the clamp is pulled out.
FC4A-M24BR2
3.8 39.1 1.0 || 70.0
>
Y
I
ooooo
S
o
19)
I
Y
* A
::- *8.5 mm when the clamp is pulled out. All dimensions in mm.

dﬂ[: « MICROSMART USER’S MANUAL » 2-59



2: MODULE SPECIFICATIONS

FC4A-N16B3, FC4A-T16K3, FC4A-T16S3

3.8 17.6 70.0

o
8 pe=t
op
Y 5] (@]
_‘Z lana] b
* A
Lg- *8.5 mm when the clamp is pulled out.
FC4A-N32B3, FC4A-T32K3, FC4A-T32S3
3.8 29.7 113 70.0 -
> < |
Y 0B o O o
op
oooooag
N
op
B0 © E oo
lonal i
*8.5 mm when the clamp is pulled out.

Example: The following figure illustrates a system setup consisting of the all-in-one 24-1/0 type CPU module, an 8-point
relay output module, and a 16-point DC input module mounted on a 35-mm-wide DIN rail using BNL6P mounting clips.

45.0

2-60

35.0

2.0|
<

95.0

Y

) O

ooo<

DIN Rail

90.0

BNLGP Mounting Clip

*8.5 mm when the clamp is pulled out.
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2: MODULE SPECIFICATIONS

HMI, HMI Base, and Communication Modules

FC4A-PH1

FC4A-HPH1

35.0
[ 2 g
0o00O0 4]
38.0 13.9

X

FC4A-HPC1, FC4A-HPC2, FC4A-HPC3

A =]
1]
o —
o
>
ooo<<
T P _Y
Lu-' -
*ml\
< *8.5 mm when the clamp is pulled out.
22,5 [13.9 | 70.0 _
< € >|
A oB T B o
==,
- il
s
I
il
oood
» i Y
1P _Y Q8 80
x A
2 *8.5 mm when the clamp is pulled out.

All dimensions in mm.
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3: INSTALLATION AND WIRING

Introduction

This chapter describes the methods and precautions for installing andMitin§mart modules.

Before starting installation and wiring, be sure to read “Safety Precautions” in the beginning of this manual and under-

stand precautions described under Warning and Caution.

hazard.

control system, damage, or accidents.

out such expertise must not use MieroSmart.

é Warning ° Turn off the power to th®licroSmart before starting installation, removal, wiring, maintenang
and inspection of thilicroSmart. Failure to turn power off may cause electrical shocks or fir

» Emergency stop and interlocking circuits must be configured outsidédiuSmart. If such a
circuit is configured inside thdicroSmart, failure of theMicroSmart may cause disorder of thgq

» Special expertise is required to install, wire, program, and operatédfoSmart. People with-

[©)

internal elements.

ﬁ Caution ° Prevent metal fragments and pieces of wire from dropping insidéitheSmart housing. Put a
cover on theMicroSmart modules during installation and wiring. Ingress of such fragments
chips may cause fire hazard, damage, or malfunction.

» Do not touch the connector pins with hand, otherwise electrostatic discharge may damage

and

b the

Installation Location

TheMicroSmart must be installed correctly for optimum perfor-  All-in-One Type

mance.

TheMicroSmart is designed for installation in a cabinet. Do not
install theMicroSmart outside a cabinet.

The environment for using tiMicroSmart is “Pollution degree 2.”
Use theMicroSmart in environments of pollution degree 2 (accord-
ing to IEC 60664-1).

Make sure that the operating temperature does not drop below 0°(
or exceed 55°C. If the temperature does exceed 55°C, use a fan o
cooler.

Mount theMicroSmart on a vertical plane as shown at right.

To eliminate excessive temperature build-up, provide ample venti-Slim Type

lation. Do not install thélicroSmart near, and especially above,

any device which generates considerable heat, such as a heater,
transformer, or large-capacity resistor. The relative humidity should
be above 30% and below 95%.

TheMicroSmart should not be exposed to excessive dust, dirt, salt,
direct sunlight, vibrations, or shocks. Do not useMit@oSmart in

an area where corrosive chemicals or flammable gases are present.

The modules should not be exposed to chemical, oil, or water
splashes.

dan « MICROSMART USER’S MANUAL »
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3: INSTALLATION AND WIRING

Assembling Modules

A Caution ° AssembleMicroSmart modules together before mounting the modules onto a DIN rail. Attempt
to assemble modules on a DIN rail may cause damage to the modules.

* Turn off the power to th&licroSmart before assembling the modules. Failure to turn power ¢ff
may cause electrical shocks.

The following example demonstrates the procedure for assembling the all-in-one 24-1/0 type CPU module and an 1/O
module together. When assembling slim type CPU modules, take the same procedure.

1. When assembling an input or output module,
remove the expansion connector seal from the
24-1/0 type CPU module.

2. Place the CPU module and I/0O module side by side. Put the
expansion connectors together for easy alignment.

3. With the expansion connectors aligned correctly and the
blue unlatch button in the down position, press the CPU
module and I/O module together until the latches click to
attach the modules together firmly. If the unlatch button is
in the up position, push down the button to engage the
latches.

Unlatch Button

Disassembling Modules

A Caution ° Remove théicroSmart modules from the DIN rail before disassembling the modules. Attempt
to disassemble modules on a DIN rail may cause damage to the modules.

* Turn off the power to th®licroSmart before disassembling the modules. Failure to turn power
off may cause electrical shocks.

1. If the modules are mounted on a DIN rail, first remove the

modules from the DIN rail as described on page 3-7. Unlateh Button

2. Push up the blue unlatch button to disengage the latches,
and pull the modules apart as shown. When disassembling
slim type CPU modules, take the same procedure.

)

OOy
I

SSSISISISISISISIS)
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3: INSTALLATION AND WIRING

Installing the HMI Module

—

A Caution ° Turn off the power to th#licroSmart before installing or removing the HMI module to preverj
electrical shocks.

* Do not touch the connector pins with hand, otherwise electrostatic discharge may damage the
internal elements.

The optional HMI module (FC4A-PH1) can mount on any all-in-one type CPU module, and also on the HMI base module
mounted next to any slim type CPU module. For specifications of the HMI module, see page 2-49. For details about op
ating the HMI module, see page 5-32.

All-in-One Type
1. Remove the HMI connector cover from the CPU module. Locate the HMI connector inside the CPU module.

2. Push the HMI module into the HMI module connector in the CPU module until the latch clicks.

HMI Connector

HMI Module

Slim Type HMI Base Module

1. When using the HMI module with the slim type CPU mod-
ule, prepare the optional HMI base module (FC4A-HPHL1).
See page 2-50.

HMI Module

2. Locate the HMI connector inside the HMI base module.
Push the HMI module into the HMI connector in the HMI
base module until the latch clicks.

3. Remove the communication connector cover from the slim
type CPU module. See page 3-6.

4. Place the HMI base module and CPU module side by side.
With the communication connectors aligned correctly and
the blue unlatch button in the down position, press the HMI
base module and CPU module together until the latches
click to attach the modules together firmly. If the unlatch
button is in the up position, push down the button to engage
the latches.

Unlatch Button Communication Connector Cover
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3: INSTALLATION AND WIRING

Removing the HMI Module

—

A Caution ° Turn off the power to th#icroSmart before installing or removing the HMI module to preverj
electrical shocks.

* Do not touch the connector pins with hand, otherwise electrostatic discharge may damage the
internal elements.

This section describes the procedures for removing the HMI module from the optional HMI base module mounted next to
any slim type CPU module.

1. Insert a thin flat screwdriver (3.0 mm maximum) between the gap
on top of the HMI module until the tip of the screwdriver bottoms.

2. While turning the screwdriver in the direction as shown, disengage
the latch on the HMI module and pull out the HMI module.

Latch

3. Remove the HMI module from the HMI base module.
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3: INSTALLATION AND WIRING

Removing the Terminal Blocks

é Caution ° Turn off the power to th®licroSmart before installing or removing the terminal blocks to pre
vent electrical shocks.

» Use the correct procedures to remove the terminal blocks, otherwise the terminal blocks may be

damaged.

This section describes the procedures for removing the terminal blocks from slim type CPU modules FC4A-D20RK1 an
FC4A-D20RS1.

1. Before removing the terminal blocks, disconnect all -
wires from the terminal blocks.

Remove the shorter terminal block on the left first,
then remove the longer one on the right.

Next, remove the
longer terminal
block.

First, remove the
shorter terminal
block.

FC4A-D20RK1 and FC4A-D20RS1

2. When removing the longer terminal block, hold the = = ==
center of the terminal block, and pull it out straight. L1

O]

He
[e]

3. Do not pull one end of the longer terminal block,
otherwise the terminal block may be damaged.
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3: INSTALLATION AND WIRING

Removing the Communication Connector Cover

é Caution ° WWhen using a thin screwdriver to pull out the communication connector cover, insert the sgrew-
driver carefully and do not damage the electronic parts inside the CPU module.

* When first pushing in the communication connector cover to break, take care not to injure|your
finger.

Communication
Connector Cover

Before mounting a communication module or HMI base module next
to the slim type CPU module, the communication connector cover
must be removed from the CPU module. Break the communication

) . Bridges B
connector cover on the slim type CPU module as described below. ridges

Bridges A

1. Carefully push in the communication connector cover at position (1) to break bridges A as shown in either figure
below.

2. The other end (2) of the communication connector cover will come out as shown at left below. Push in this end.

3. Then, the opposite end (3) will come out. If the end does not come out, insert a thin screwdriver into the gap and pull
out the end (3).

Hold the communication connector cover at (3), and pull off the communication connector cover to break bridges B.
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3: INSTALLATION AND WIRING

Mounting on DIN Rail

ﬁ Caution ° Install theMicroSmart modules according to instructions described in this user's manual.
Improper installation will result in falling, failure, or malfunction of M&roSmart.

* Mount theMicroSmart modules on a 35-mm-wide DIN rail or a panel surface.
Applicable DIN rail: IDEC’s BAA10OONP or BAP1000NP (1000mm/39.4" long)

1. Fasten the DIN rail to a panel using screws firmly.

2. Pull out the clamp from eadWlicroSmart module,
and put the groove of the module on the DIN rail.
Press the modules towards the DIN rail and push in

the clamps as shown on the right. Groove

3. Use BNL6P mounting clips on both sides of the 35-mm-wide DIN Rail

MicroSmart modules to prevent moving sideways.

Removing from DIN Rail

1. Insert a flat screwdriver into the slot in the clamp.

2. Pull out the clamps from the modules.

— [
777777

35-mm-wide DIN Rail
3. Turn theMicroSmart modules bottom out.

O

£

Clamp

Direct Mounting on Panel Surface

MicroSmart modules can also be mounted on a panel
surface inside a console. When mounting a slim type
CPU module, digital I/0O module, analog 1/0 module,
HMI base module, or communication module, use
optional direct mounting strip FC4A-PSP1P as
described below.

Direct Mounting Strip
FC4A-PSP1P

Installing the Direct Mounting Strip

1. Remove the clamp from the module by pushing the
clamp inward.

2. Insert the direct mounting strip into the slot where the
clamp has been removed (A). Further insert the direct
mounting strip until the hook enters into the recess in
the module (B).
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3: INSTALLATION AND WIRING

Removing the Direct Mounting Strip (A)
A
1. Insert a flat screwdriver under the latch of the direct B) <=, = =
mounting strip to release the latch (A). S f
2. Pull out the direct mounting strip (B). HJ m 3
3] ©
=] =]
[=] =

Mounting Hole Layout for Direct Mounting on Panel Surface
Make mounting holes of 4.3 mm as shown below and use M4 screws (6 or 8 mm long) to mdientEneart modules

on the panel surface.
e CPU Modules

FC4A-C10R2, FC4A-C10R2C, FC4A-C24R2, FC4A-C24R2C
FC4A-C16R2, FC4A-C16R2C
2 >
e B
% o8
4 } A \ ’/A
ol o o| o
& & & &
) o y ! &
68.0 83.0
- 80.0 _ _ ) 95.0 - >
FC4A-D20K3, FC4A-D20S3 FC4A-D20RK1, FC4A-D20RS1,
FC4A-D40K3, FC4A-D40S3
35.4 A2 47.5 b2
a1, |2 24.1 =
ol ol
[92] [92]
8 S 8|S
’ 3.0 ’ 30

All dimensions in mm.
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¢ 1/0 Modules

FC4A-NOSB1, FC4A-N16B1, FC4A-NOSA11, FC4A-R081,
FC4A-R161, FC4A-TOSK1, FC4A-T08S1, FC4A-MOSBR1,
FC4A-LO3A1, FC4A-LO3AP1, FC4A-J2A1, FC4A-K1A1

23.5 ¢A-?’

6.3 22

90.0
103.0

.
4

3.0

FC4A-N32B3, FC4A-T32K3, FC4A-T32S3

29.7 ob2

6.3 y

90.0
103.0

AV

3.0

« HVIl Base Module
FC4A-HPH1

2
380 o
20.3

90.0
103.0

A4

3.0

FC4A-N16B3, FC4A-T16K3, FC4A-T16S3

17.6
A2
6.3, 28
P
o|e
Slo
S
X _Y
3.0
FC4A-M24BR2
39.1
6.3 204.3
— ”
ol
S| o
oS
3.0

e Communication Modules
FC4A-HPC1, FC4A-HPC2, FC4A-HPC3

2
22.5 9%
48
’/

A —
ol
8|S

—
3.0
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3: INSTALLATION AND WIRING

Example 1: Mounting hole layout for FC4A-C24R2 and 23.5-mm-wide 1/0 modules

103.0

N/ 12.3 235 235 235
§ —>
RS 0 - —o - -
wEd
o
o™
0
Y L
Q
30030 50 30
- 83.0 _|15.3| 235 | 235 | 235

]

—
113.0+0.2

@_‘!

Direct Mounting Strip
FC4A-PSP1P

Example 2: Mounting hole layout for, from left, FC4A-HPH1, FC4A-D20K3, FC4A-N16B3, FC4A-N32B3, and
FC4A-M24R2 modules

41.8 17.6,17.6,  29.7

- —O —O— — —9—

O

103.0

5% - (93_0‘ \)‘— O— - O
3.0 || 3.0 || (30|l 30|
418 |17.6(17.6| 29.7 _

3-10
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3: INSTALLATION AND WIRING

Installation in Control Panel

TheMicroSmart modules are designed for installation in a cabinet. Do not instalitheSmart modules outside a cabi-
net.

The environment for using tiicroSmart is “Pollution degree 2.” Use thicroSmart in environments of pollution
degree 2 (according to IEC 60664-1).

When installing thélicroSmart modules in a control panel, take the convenience of operation and maintenance, and resis
tance against environments into consideration.

All-in-One Type CPU Module

N\
+— Front Panel N
LSS §
t 20 mm minimum § 20 mm minimum §
\ \ =R
N\ N ‘g N\
N J L N op N
N N N [ N
b ooooo § \
\{ ooo<g
N 40 mm 40 mm N |_
N minimum gooogoooo minimum [N
N h : N 80 mm L ] N
N N minimum O N
N N . N
N\ =7 N\ T ii} §
t 20 mm minimum § 20 mm minimum §
N N
LSS §
Wiring Duct §
Slim Type CPU Module
4— Front Panel §
LSS §
t 20 mm minimum § 20 mm minimum §
\ v \ \
N N g N
N N\
\ s \ N ) B\
N ;[ o N 80 mm \G
N 40 mm 40 mm [N minimum
N minimum e minimum [N
\ \ L
N LT} [T N Pmq . JN
N = N Tt N
N N N\
N 20 mm minimum N 20 mm minimum §
N N
LSS §
Wiring Duct §
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3: INSTALLATION AND WIRING

Mounting Direction

Mount theMicroSmart modules horizontally on a vertical plane as shown on the preceding page. Keep a sufficient spacing
around theMlicroSmart modules to ensure proper ventilation and keep the ambient temperature between 0°C and 55°C.

All-in-One Type CPU Module

When the ambient temperature is 35°C or below, the all-in-one type CPU modules can also be mounted upright on a hori-
zontal plane as shown at left below. When the ambient temperature is 40°C or below, the all-in-one type CPU modules can
also be mounted sideways on a vertical plane as shown in the middle below.

E :|
0o

|

ooooooooo
ooooooooo
o

Allowable Mounting Direction Allowable Mounting Direction Incorrect Mounting Direction
at 35°C or below at 40°C or below

Slim Type CPU Module

Always mount the slim type CPU modules horizontally on a vertical plane as shown on the preceding page. Any other
mounting directions are not allowed.

) R —

= =
= =

—¥

Incorrect Mounting Direction Incorrect Mounting Direction Incorrect Mounting Direction
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3: INSTALLATION AND WIRING

Input Wiring

e Use proper wires for input wiring.
All-in-one type CPU modules:

é Caution ° Separate the input wiring from the output line, power line, and motor line.

UL1015 AWG22 or UL1007 AWG18

Slim type CPU and I/0O modules: UL1015 AWG22
DC Source Input DC Sink Input
oW ) o)
oog DE oog DE
2-wire Sensor 2-wire Sensor
[ [
O O
% O % O
™ O ™ O
S = s
§=(le} §=(le}
24v DC = O 24V DC— y=(le;
+ N=(le} ) =
P@; O lerﬁ;’ O
sp=(j el sp=(le)
I I
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3: INSTALLATION AND WIRING

Output Wiring

A Caution ° !foutputrelays or transistors in tMicroSmart CPU or output modules should fail, outputs mzliy
remain on or off. For output signals which may cause heavy accidents, provide a monitor ¢ircuit
outside theMicroSmart.

» Connect a fuse to the output module, selecting a fuse appropriate for the load.

 Use proper wires for output wiring.
All-in-one type CPU modules: UL1015 AWG22 or UL1007 AWG18
Slim type CPU and I/0 modules: UL1015 AWG22

« When equipment containing tiMicroSmart is intended for use in European countries, insert|an
IEC 60127-approved fuse to each output of every module for protection against overload ¢r
short-circuit. This is required when equipment containingvtiteoSmart is destined for Europe

Relay Output
Ry.OUT o
2
3
4
5
6
7
Connect a fuse appropriate —
for the load. goood
Fuse Load .
I = Q B0
Fuse T, bC Fuse = o, (@)
+ = EJ O
T DC [JFuse AC = 50
2570
G=(le
I = © (@)
Fuse -, DC Fuse = © (@)
+ =0 =0
T DC [[JFuse AC =0 =0
=0
Transistor Sink Output Transistor Source Output
Tr.OUT 0 Tr.OUT 0
2 2
3 3
4 4
5 5
6 6
7 7
Oooogoad Oooogoad
Fuse Load | Fuse Load |
=—O— =0 =—O— =0
=—0O—1HE=O =010
=—0O—EO =—O—E|O
=—O—E=|O =—O =0
=—0O =0 =—0OE|O
=0 =0 =—O—=|O
=—0O—E|0 =—0O—E|0
Fuse + — = L O@O — + Fuse = L O@O
=— =) —= BE O
sp=2(]8) =10
Connect a fuse e Connect a fuse e
appropriate for the load. I appropriate for the load. l
3-14 « MICROSMART USER’S MANUAL »



3: INSTALLATION AND WIRING

Contact Protection Circuit for Relay and Transistor Outputs

Depending on the load, a protection circuit may be needed for the relay outpuMadrtt®mart modules. Choose a pro-
tection circuit from A through D shown below according to the power supply and connect the protection circuit to the out
side of the CPU or relay output module.

For protection of the transistor output of tfieroSmart modules, connect protection circuit C shown below to the transis-
tor output circuit.

Protection Circuit A

Output QO This protection circuit can be used when the load impedance is
smaller than the RC impedance in an AC load power circuit.

R: Resistor of approximately the same resistance value as the load

C:0.1to 1 pF
COM
Protection Circuit B
Output Q This protection circuit can be used for both AC and DC load power
circuits.
:lR c ' R: Resistor of approximately the same resistance value as the load
C:0.1to 1 pF
Q)
com o
—F
Protection Circuit C
Output Q This protection circuit can be used for DC load power circuits.

Use a diode with the following ratings.

y

Reverse withstand voltage: Power voltage of the load cixcliit

. Forward current: More than the load current
com i}
Protection Circuit D
Output Q This protection circuit can be used for both AC and DC load power
circuits.
»id

L]
Varistor

COM i}
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3: INSTALLATION AND WIRING

Power Supply
All-in-One Type CPU Module (AC and DC Power)

é Caution ° Use apower supply of the rated value. Use of a wrong power supply may cause fire hazafd.

» The allowable power voltage range is 85 to 264V AC for the AC power type CPU module and
16.0 to 31.2V DC for the DC power type CPU module. Do not usklitteSmart CPU module
on any other voltage.

» On the AC power type CPU module, if the power voltage turns on or off very slowly betwe¢n 15
and 50V AC, the CPU module may run and stop repeatedly between these voltages. If failure or
disorder of the control system, damage, or accidents may be caused, provide a measure for pre-
vention using a voltage monitoring circuit outside MieroSmart.

» Use an IEC 60127-approved fuse on the power line outsidditheSmart. This is required
when equipment containing tivicroSmart is destined for Europe.

Power Supply Voltage
The allowable power voltage range for the all-in-one tjzeoSmart CPU module is 85 to 264V AC for the AC power
type and 16.0 to 31.2V DC for the DC power type.

Power failure detection voltage depends on the quantity of used input and output points. Basically, power failure is
detected when the power voltage drops below 85V AC or 16.0V DC, stopping operation to prevent malfunction.

A momentary power interruption for 20 msec or less is not recognized as a power failure at the rated voltage of 100 to
240V AC or 24V DC.

Inrush Current at Powerup

When the all-in-one AC or DC power type CPU module is powered up, an inrush current of a maximum of 35A (10- and
16-1/0 type CPU modules) or 40A (24-1/0 type CPU module) flows.

Power Supply Wiring

Use a stranded wire of UL1015 AWG22 or UL1007 e
AWG18 for power supply wiring. Make the power supply
wiring as short as possible. -
. . AC Power
Run the power supply wiring as far away as possible from LN ®
motor lines. INION
Grounding
To prevent electrical shocks, connectte <or terminal ﬁ
to a proper ground using a wire of UL1007 AWG16. The 100240 |
grounding also prevents malfunctioning due to noise. L VAC =
Do not connect the grounding wire in common with the
grounding wire of motor equipment.
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Slim Type CPU Module (DC Power)

é Caution ° Use apower supply of the rated value. Use of a wrong power supply may cause fire hazafd.

 The allowable power voltage range for the slim tyfieroSmart CPU module is 20.4 to 26.4V
DC. Do not use th®licroSmart on any other voltage.

« If the power voltage turns on or off very slowly between 10 to 15V DQyiitil@Smart may run
and stop repeatedly between these voltages. If failure or disorder of the control system, damage,
or accidents may be caused, provide a measure for prevention using a voltage monitoring| circuit
outside theMicroSmart.

e Use an IEC 60127-approved fuse on the power line outsidédith@Smart. This is required
when equipment containing tiicroSmart is destined for Europe.

Power Supply Voltage
The allowable power voltage range for the slim tiypeoSmart CPU module is 20.4 to 26.4V DC.

Power failure detection voltage depends on the quantity of used input and output points. Basically, power failure is
detected when the power voltage drops below 20.4V DC, stopping operation to prevent malfunction.

A momentary power interruption for 10 msec or less is not recognized as a power failure at the rated voltage of 24V DC

Inrush Current at Powerup

When the slim type CPU module is powered up, an inrush current of a
maximum of 50A flows.

Power Supply Wiring
Use a stranded wire of UL1015 AWG22 or UL1007 AWG18 for power
supply wiring. Make the power supply wiring as short as possible.

Run the power supply wiring as far away as possible from motor lines.

Grounding

To prevent electrical shocks, connect the  terminal to a proper ground 24v bC
using a wire of UL1015 AWG22 or UL1007 AWG18. The grounding also
prevents malfunctioning due to noise.

Do not connect the grounding wire in common with the grounding wire of
motor equipment.
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Terminal Connection

é Caution ° Make sure that the operating conditions and environments are within the specification valges.
Do not touch live terminals, otherwise electrical shocks may be caused.

» When using ferrules, insert a wire to the bottom of the ferrule and crimp the ferrule.

» Be sure to connect the grounding wire to a proper ground, otherwise electrical shocks may be
caused.

Do not touch terminals immediately after power is turned off, otherwise electrical shocks may be
caused.

* When connecting a stranded wire or multiple solid wires to a screw terminal block, use a ferrule.
Otherwise the wire may slip off the screw terminal block.

Ferrules, Crimping Tool, and Screwdriver for Phoenix Terminal Blocks

The screw terminal block can be wired with or without using ferrules on the end of cable. Applicable ferrules for the Phoe-
nix terminal blocks and crimping tool for the ferrules are listed below. The screwdriver is used for tightening the screw ter-
minals on theMicroSmart modules. These ferrules, crimping tool, and screwdriver are made by Phoenix Contact and are

available from Phoenix Contact.

Type numbers of the ferrules, crimping tool, and screwdriver listed below are the type numbers of Phoenix Contact. When
ordering these products from Phoenix Contact, specify the Order No. and quantity listed below.

Ferrule Order No.

Quantity of Cables Cable Size Phoenix Type Order No. Pcs./Pkt.
UL1007 AWG16 | Al 1,5-8 BK 320004 3 100
For 1-cable connection | UL1007 AWG18 Al 1-8 RD 3200030 100
UL1015 AWG22 | Al 0,5-8 WH 3200014 100
UL1007 AWG18 AI-TWIN 2 x 0,75-8 GY 3200807 100
For 2-cable connection
UL1015 AWG22 | AI-TWIN 2 x 0,5-8 WH 3200933 100
Crimping Tool and Screwdriver Order No.
Tool Name Phoenix Type Order No. Pcs./Pkt.
Crimping Tool CRIMPFOX ZA 3 1201882 1
For CPU modules SZS 0,6 x 3,5 1205053 10
Screwdriver
Egg:é]%r:?coa?ciisazgiter S5 0,4x2,5 1205037 10
CPU modules 0.5 N'm
Screw Terminal Tightening Torque 1/0 modules

Communication adapter

0.22t0 0.25 N'm

3-18
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Introduction

This chapter describes general information about setting up theMiagi8mart system for programming, starting and
stoppingMicroSmart operation, and introduces simple operating procedures from creating a user prograsingtibg
on a computer to monitoring tidicroSmart operation.

Connecting MicroSmart to PC (1:1 Computer Link System)

TheMicroSmart can be connected to a Windows PC in two ways.

Computer Link through Port 1 or Port 2 (RS232C)

When connecting a Windows computer to the RS232C port 1 or port 2 biictb8mart CPU module, enable the main-
tenance protocol for the RS232C port using the Function Area SettingsdicDR. See page 26-2.

To set up a 1:1 computer link system, connect a computer to the CPU module using the computer link cable 4C (FC2A-
KC4C). The computer link cable 4C can be connected to port 1 directly. When connecting the cable to port 2 on the all-i
one 16- or 24-1/0 type CPU module, install an optional RS232C communication adapter (FC4A-PC1) to the port 2 con-
nector. When connecting to port 2 on the slim type CPU module, an optional RS232C communication module (FC4A-
HPC1) is needed. The RS232C communication adapter can also be installed on the HMI base module (FC4A-HPH1).

RS232C

=

Computer Link Cable 4C
FC2A-KC4C
3m (9.84 ft.) long

Port 1 (RS232C)

Note: The port 2 connector is
available on the all-in-one 16-
and 24-1/0 type CPU modules
only; not on the 10-1/0 type.

D-sub 9-pin
Female Connector

] =]

Port 2 (Note)
RS232C Communication Adapter
FCAA-PC1

i

Port 1 (RS232C)

RS232C Communication Module
FCAA-HPC1

[[[=]n=

Port 2

Port 1 (RS232C)

HMI Base Module
FC4A-HPH1

] =]

Port 2
RS232C Communication Adapter
FC4A-PC1
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Computer Link through Port 2 (RS485)

When connecting a Windows computer to port 2 on the all-in-one 16- or 24-1/0 type CPU module or slim type CPU mod-
ule, enable the maintenance protocol for port 2 using the Function Area SetiVigeLiDR. See page 26-2.

To set up a 1:1 computer link system using the all-in-one 16- or 24-1/0 type CPU module, install an optional RS485 com-
munication adapter (FC4A-PC2) to the port 2 connector. Connect a computer to the RS232C/RS485 converter (FC2A-
MD1) using the RS232C cable (HD9Z-C52). Connect the RS232C/RS485 converter to the CPU module using the user
communication cable 1C (FC2A-KP1C). The RS232C/RS485 converter is powered by an 24V DC source or an AC
adapter with 9V DC output. For details about the RS232C/RS485 converter, see page 26-4.

To set up a 1:1 computer link system using the slim type CPU module, an optional RS485 communication module (FC4A-
HPC?2) is needed. The RS485 communication adapter can also be installed on the HMI base module (FC4A-HPH1).

RS232C Cable Port 2
HD9Z-C52 RS485 Communication Adapter
1.5m (4.92 ft.) long FC4A-PC2
i
ooooooooo
oopoooooo
a0 | Alinore Toe
B— L ] 1 228893358
D-sub 9-pin !
Female Connector ! I
| —
1
RS232C/RS485 Converter | User Communication Cable 1C
FC2A-MD1 ! FC2A-KP1C RS485 Communication Module
' 2.4m (7.87 ft.) long FC4A-HPC2
: A: Pin1l
! B: Pin2
: SG: Pin7
:
1
' Slim Type
! CPU Module
1
1
1
— T S
1
: Port 2
1
1
1
1
1
1
1
:
1
' HMI Base Module
! FCAA-HPH1
1 Slim Type
| CPU Module
1
[T =] =]
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Port 2
RS485 Communication Adapter
FC4A-PC2
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Start/Stop Operation

This section describes operations to start and stoditheSmart and to use the stop and reset inputs.

é Caution ° Make sure of safety before starting and stoppindgviieeoSmart. Incorrect operation on the
MicroSmart may cause machine damage or accidents.

Start/Stop Schematic
The start/stop circuit of thidicroSmart consists of T T
. Vo I . Y~ Start
three blocks; power supply, M8000 (start control spe- T T T o o T PLC
ial i i =) L1 M8000 . . Stop eset !
cial internal relay), and stop/reset inputs. Each block : Sﬁ\gglry ! lstart Gontroll | Input  Input |
can be used to start and stop MieroSmart while : ! | WindLDR . | :

the other two blocks are set to run MieroSmart.

Start/Stop Operation Using WindLDR

TheMicroSmart can be started and stopped usMigdLDR run on a Windows PC connected to ktieroSmart CPU
module. When th@LC Start button is pressed in the dialog box shown below, start control special internal relay M8000
is turned on to start thdicroSmart. When thePLC Stop button is pressed, M8000 is turned off to stopMi@oSmart.

1. Connect the PC to thdicroSmart, startWindLDR, and power up thlicroSmart. See page 4-1.

2. Check that a stop input is not designated uSiagfigure > Function Area Settings> Run/Stop. See page 5-2.

Note: When a stop input is designated, the MicroSmart cannot be started or stopped by turning start control special inter-
nal relay M800O on or off.

3. SelectOnline from thewindLDR menu bar, then seleBownload Program. Or, click the download ico 8 .

The Download Program dialog box appears.

R Peimmsin wop belas e Camrn. Etings |
FF fof st vt ey s 7w |

I W imipuat gy plwridcnnd

™ D wthcoarasa daly

4. Click thePLC Start button to start operation, then the start control special internal relay M8000 is turned on.
5. Click thePLC Stop button to stop operation, then the start control special internal relay M800O0 is turned off.

The PLC operation can also be started and stopped Winid#DR is in the monitor mode. To access 8tart or Stop
button, selecOnline > Monitor and selecOnline > PLC Status > Run/Stop Status

Note: Special internal relay M800O is a keep type internal relay and stores the status when power is turned off. M800O
retains its previous status when power is turned on again. However, when the backup battery is dead, M800O loses the
stored status, and can be turned on or off as programmed when the MicroSmart is powered up. The selection is made in
Configure > Function Area Settings > Run/Stop > Run/Stop Selection at Memory Backup Error. See page 5-3.

The backup duration is approximately 30 days (typical) at 25°C after the backup battery is fully charged.
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Start/Stop Operation Using the Power Supply
TheMicroSmart can be started and stopped by turning power on and off.

1. Power up théMicroSmart to start operation. See page 4-1.

2. If the MicroSmart does not start, check that start control special internal relay M8000 is oMsith@®R. If M8000
is off, turn it on. See page 4-3.
3. Turn power on and off to start and stop operation.

Note: If M80OO is off, the MicroSmart does not start operation when power is turned on. To start operation, turn power on,
and turn M800O on by clicking the Start button in WindLDR.

The response time of tidicroSmart at powerup depends on such factors as the contents of the user program, data link
usage, and system setup. The table below shows an approximate time delay before starting operation after powerup.

Response time when no data link is used:

Program Size After powerup, the CPU starts operation in
4,800 bytes (800 steps) Approx. 0.5 second
15,000 bytes (2,500 steps) Approx. 1.2 seconds
27,000 bytes (4,500 steps) Approx. 2 seconds
64,500 bytes (10,750 steps) Approx. 5 seconds

Order of Powerup and Powerdown /|

To ensure 1/O data transfer, power up the I/O modules first,  1/0 Module Power (;)F'\; | |
followed by the CPU module, or power up the CPU and 1/O E |_//_| E

ON
modules at the same time. When shutting down the system, CPU Module Power o
power down the CPU first, followed by I/O modules, or

power down the CPU and I/O modules at the same time. > —
0 sec or more O sec or more

[l

I I
' '
| |
' '
< > <

Start/Stop Operation Using Stop Input and Reset Input

Any input terminal available on the CPU module can be designated as a stop or reset input using the Function Area Set-
tings. The procedure for selecting stop and reset inputs is described on page 5-2.

Note: When using a stop and/or reset input to start and stop operation, make sure that start control special internal relay
M8000 is on. If M80O0O is off, the CPU does not start operation when the stop or reset input is turned off. M800O is not
turned on or off when the stop and/or reset input is turned on or off.

When a stop or reset input is turned on during program operation, the CPU stops operation, the RUN LED is turned off,
and all outputs are turned off.

The reset input has priority over the stop input.

System Statuses at Stop, Reset, and Restart
The system statuses during running, stop, reset, and restart after stopping are listed below:

Internal Relay, Shift Register, Counter,
Mode Output Data Register, Expansion Data Register Timer Current Value
Keep Type Clear Type
Run Operating Operating Operating Operating
Stop (Stop input ON) OFF Unchanged Unchanged Unchanged
Reset (Reset input ON) OFF OFF/Reset to zero OFF/Reset to zero Reset to zero
Restart Unchanged Unchanged OFF/Reset to zero Reset to preset

Note: Expansion data registers and AS-Interface operands are available on slim type CPU modules FC4A-D20RK1, FC4A-
D20RS1, FC4A-D40K3, and FC4A-D40S3. All expansion data registers are keep types. AS-Interface operands (M1300-
M1977 and D1700-D1999) remain unchanged when the reset input is turned on.
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Simple Operation

This section describes how to edit a simple program Wgind. DR on a computer, transfer the program frigw com-
puter to theMicroSmart, run the program, and monitor the operation onAtimelLDR screen.

Connect theMicroSmart to the computer as described on page 4-1.

Sample User Program
Create a simple program usingndLDR. The sample program performs the following operation:
When only input 10 is turned on, output QO is turned on.

When only input 11 is turned on, output Q1 is turned on.
When both inputs 10 and 11 are turned on, output Q2 flashes in 1-sec increments.

Rung No. Input 10 Input 11 Output Operation
1 ON OFF Output QO is turned ON.
2 OFF ON Output Q1 is turned ON.
3 ON ON Output Q2 flashes in 1-sec increments.

Start WindLDR
From the Start menu of Windows, selBebgrams >WindLDR >WindLDR.

WindLDR starts and a blank ladder editing screen appears with menus and tool bars shown on top of the screen.

Disable Tag Function
The following example describes a simple procedure without using the tag function.

From thewindLDR menu bar, sele@onfigure > Ladder Preference The Ladder Preference dialog box appears, then
uncheck the check box under Tag to disuse the tag function.@ticto close the dialog box.
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Uncheck the Use
Tag check box.

Edit User Program Rung by Rung

Start the user program with the LOD instruction by inserting a NO contact of
input 10.

1. Click theNormally Open contact iconfH .

2. Move the mouse pointer to the first column of the first line where you
want to insert a NO contact, and click the left mouse button.

Note: Another method to insert a NO (or NC) contact is to move the
mouse pointer where you want to insert the contact, and type A (or B). s

The Normally Open dialog box appears.

3. Enterl0 in the Allocation Number field, and clicBK.

Hoemally Open

ke |
L

A NO contact of input 0 is programmed in the first column of the first ladder line.
Next, program the ANDN instruction by inserting a NC contact of input I1.

4. Click theNormally Closed contact icon## .

5. Move the mouse pointer to the second column of the first ladder line where you want to insert a NC contact, and click
the left mouse button.

The Normally Closed dialog box appears.
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6. Enterll in the Allocation Number field, and cliBK.
A NC contact of input 11 is programmed in the second column of the first ladder line.
At the end of the first ladder line, program the OUT instruction by inserting a NO coil of output QO.

7. Click theOutput coil icon 4 .
8. Move the mouse pointer to the third column of the first ladder line where you want to insert an output coil, and click

the left mouse button.

Note: Another method to insert an instruction (either basic or advanced) is to type the instruction symbol, OUT, where
you want to insert the instruction.

The Output dialog box appears.

9. EnterQO in the Allocation Number field, and cli€BK .

A NO output coil of output QO is programmed in the right-most column of the first ladder line. This completes program-
ming for rung 1.

|| te L2 sl ol oalonfon] o] | 2 o] 0 e e @)

(VLT 1

' i O—

I0mao IooaL conoo

Continue programming for rungs 2 and 3 by repeating similar procedures.

A new rung is inserted by pressing theter key while the cursor is on the preceding rung. A new rung can also be
inserted by selectingdit > Append > Rung. When completed, the ladder program looks like below.

| L | e A ] ol el el | | B || B R o B

FLuireg 1

UH

1000 ool

5

I I
10000 ool

E

1 | |
I [
10000 huifilit

v

To insert a new ladder line without
creating a new rung, press the down
g arrow key when the cursor is on the

| | | last line or press the right arrow key
r:l:||:|_1l: Hgn!l when the cursor is at the right-most
column of the last line.

=
[=]
[=]
P
[]

§+
&

Now, save the file with a new name.

10. From the menu bar, seldéie > Save Asand typelTESTO1.LDR in the File Name field. Change the Folder or Drive
as necessary.

Click OK, and the file is saved in the selected folder and drive.
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Download Program
You can download the user program frafndLDR running on a computer to tiMicroSmart.

From thewindLDR menu bar, sele@nline > Download Program. The Download Program Dialog appears, then click
the Download button. The user program is downloaded toMiegoSmart.

HicinSmmt Download Progeam Dialog

Chowverinad Toc 117 Trarefer Moder
® P ® By

Mo |
= [ = ASC !H Digvaridad fi Download Button
PLL Stogp I

Frogran S onz4
[ Aunmatic sop befors downinsd Cawy Sefregs

[~ Essp ouiput duing download

™ Duosrdond vah comsnt data

Note: When downloading a user program, all values and selections in the Function Area Settings are also downloaded to the
MicroSmart. For Function Area Settings, see pages 5-1 through 5-25.

Monitor Operation

Another powerful function oVindLDR is to monitor the PLC operation on the computer. The input and output statuses of
the sample program can be monitored in the ladder diagram.

From thewindLDR menu bar, sele@nline > M onitor.

When both inputs 10 and |1 are on, the ladder diagram on the monitor screen looks as follows:

Rung L Rung 1: When both inputs 10 and I1 are on,
output QO is turned off.

o
e

=
[
=]
[=]
]
=
=)
[=]
[
[
E.
[=]
=)
]

Bung z Rung 2: When both inputs 10 and |1 are on,
output Q1 is turned off.
. —/—l put Q
oo Ioool 0001
Foung 3 Rung 3: When both input 10 and 11 are on,

=
o

internal relay M10 is turned on.

,_,
(=]
=
=]
(=]
H
(=]
[ =]
[~
=
=
=]
=
i
=

M8121 is the 1-sec clock special
P internal relay.

While M10 is on, output Q2
flashes in 1-sec increments.

o
|
L

Quit WindLDR

When you have completed monitoring, you can @lndLDR either directly from the monitor screen or from the editing
screen. In both cases, from the menu bar sElexct Exit WindLDR .
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Introduction

TheMicroSmart features special functions such as stop/reset inputs, run/stop selection at memory backup error, keep d
ignation for internal relays, shift registers, counters, and data registers. These functions are programmed using the Fun
tion Area Settings menu. Also included in the Function Area Settings are high-speed counter, catch input, interrupt inpu
communication protocol selection for port 1 and port 2, input filter, and user program read/write protection.

This chapter describes these special functions. Clock function, analog potentiometer function, memory cartridge, and c«
stant scan features are also described in this chapter.

The Function Area Settings for communication functions are detailed in chapters 17 and 25 through 27.

A Caution ° Since all Function Area Settings relate to the user program, the user program must be doywn-
loaded to théMicroSmart after changing any of these settings.

Function Area Settings

Various special functions are programmed in the Function Area Settings. To call the Function Area Settings dialog box,
startWindLDR on a Windows PC. From tivéindLDR menu bar, sele@onfigure > Function Area Settings The Function
Area Settings dialog box appears.

Normal input, two/single-phase high-speed
counter, catch input, or interrupt input

Keep/clear designation for internal relays, Communication mode setting for port 1 (maintenance or user
shift registers, counters, and data registers protocol) and port 2 (maintenance, user, modem protocol, or
data link master/slave communication)
Stop/reset inputs and run/stop Input filter, clock cartridge adjustment,
selection at memory backup error and user program read/write protection

Fan I:..-p | Soescandingut | I panvmaracaton | Ovea |
T L S| vl

—

I e Plsss | gk

—

Rirdop S o M sy Backag oo
= R S

[ v | Moms | wowse | Bw | 7us |

—— Resets all Function Area Settings
values to defaults.

Detailed information is described on the following pages.
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Stop Input and Reset Input

As described on page 4-3, thiicroSmart can be started and stopped using a stop input or reset input, which can be desig-
nated from the Function Area Settings menu. When the designated stop or reset input is turnéticoSthert stops
operation. For the system statuses in the stop and reset modes, see page 4-4.

Since these settings relate to the user program, the user program must be download&idrtcsthert after changing
any of these settings.

Programming WindLDR

1. From thewindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Settings dialog box
appears.

2. Select theRun/Stop tab.

Stop Input: Click the check box on the left of Use Stop Input and type a desired input number available on the CPU
module in the Stop Input field.
Reset Input: Click the check box on the left of Use Reset Input and type a desired reset number available on the CPU

module in the Reset Input field.

This example designates
input 10 as a stop input and
input 11 as a reset input.

Default: No stop and reset inputs are designated.

3. Click theOK button.
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Run/Stop Selection at Memory Backup Error

Start control special internal relay M8000 maintains its status when the CPU is powered down. After the CPU has been «
for a period longer than the battery backup duration, the data designated to be maintained during power failure is broke
The Run/Stop Selection at Memory Backup Error dialog box is used to select whether to start or stop the CPU when
attempting to restart operation after the “keep” data in the CPU RAM has been lost.

When a built-in lithium battery is fully charged, data of internal relays, shift registers, counters, and data registers stored
the RAM are maintained for approximately 30 days.

Since this setting relates to the user program, the user program must be downloaddittoShert after changing this
setting.

Programming WindLDR

1. From thewindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Settings dialog box
appears.

2. Select theRun/Stop tab.

Run (Default): Click the button on the left to start the CPU at memory backup error.

Stop: Click the button on the left to stop the CPU when attempting to start at memory backup error.
When the CPU does not start because of the Stop selection, the CPU can not be started alone, then
the CPU can still be started by sending a start command from WindLDR to turn on start control spe-
cial internal relay M80OO. For start/stop operation, see page 4-3.

I'In"lllll]l.-p | Sosscasdingust | I panvmaracton | e |
T L 5 vl

—

I L Flssses | rguai-

——

Purnp Sskschin s Mpwary Baokig e
= Bl ]

[ w® | Mows | ®owws | G | 7o |

3. Click theOK button.
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Keep Designation for Internal Relays, Shift Registers, Counters, and Data Registers

The statuses of internal relays and shift register bits are usually cleared at startup. It is also possible to designate all or
block of consecutive internal relays or shift register bits as “keep” types. Counter current values and data register values
are usually maintained at powerup. It is also possible to designate all or a block of consecutive counters and data registers
as “clear” types.

When the CPU is stopped, these statuses and values are maintained. When the CPU is reset by turning on a designated
reset input, these statues and values are cleared despite the settings in the Keep dialog box shown below. The keep/clear
settings in this dialog box have effect when restarting the CPU.

Since these settings relate to the user program, the user program must be downloadéidrtcsthert after changing
any of these settings.

Programming WindLDR

1. From thewindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Settings dialog box
appears.

2. Select th&Keeptab. The Keep page appears.
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Internal Relay ‘Keep’ Designation

All Internal Relays Clear: All internal relay statuses are cleared at startup (default).
All Internal Relays Keep: All internal relay statuses are maintained at startup.

Internal Relay Keep Range: A designated area of internal relays are maintained at startup. Enter the start “keep”
number in the left field and the end “keep” number in the right field. The start “keep” num-
ber must be smaller than or equal to the end “keep” number.

Valid internal relay numbers are MO through M317 (FC4A-C10R2 and C4A-C10R2C CPU
modules) or MO through M1277 (other CPU modules). Special internal relays and AS-Inter-
face internal relays cannot be designated.

Furviion (1550 | Bpscial gt | ©pmmracion | D |

lorwuind Fslig Vs Comgrnkon
i~ Al kg Aalgn Cha
¢ Alinierl Aela K san

7 lwbarral Al iy Ko A orga Fl.l..‘?.l Fanagi F.—.{l
Start Keep Number —T L End Keep Number (= Start Keep Number)

When a range of M50 through M100 is designated as shown in the example above, M50
through M100 are keep types, MO through M49 and M101 through M1277 are clear
types.

Shift Register ‘Keep’ Designation
All Shift Registers Clear: All shift register bit statuses are cleared at startup (default).
All Shift Registers Keep: All shift register bit statuses are maintained at startup.

Shift Register Keep Range: A designated area of shift register bits are maintained at startup. Enter the start “keep”
number in the left field and the end “keep” number in the right field. The start “keep” num-
ber must be smaller than or equal to the end “keep” number.

Valid shift register bit numbers are RO through R63 (FC4A-C10R2 and C4A-C10R2C CPU
modules) or RO through R127 (other CPU modules).

When a range of R17 through R32 is designated, R17 through R32 are keep types, RO
through R16 and R33 through R127 are clear types.

Counter ‘Clear’ Designation

All Counters Keep: All counter current values are maintained at startup (default).
All Counters Clear: All counter current values are cleared at startup.
Counter Clear Range: A designated area of counter current values are cleared at startup. Enter the start “clear”

number in the left field and the end “clear” number in the right field. The start “clear” num-
ber must be smaller than or equal to the end “clear” number.

Valid counter numbers are CO through C31 (FC4A-C10R2 and C4A-C10R2C CPU modules)
or CO through C99 (other CPU modules).

When a range of CO through C10 is designated, CO through C10 are clear types, and C11
through C99 are keep types.

Data Register ‘Clear’ Designation

All Data Registers Keep: All data register values are maintained at startup (default).
All Data Registers Clear: All data register values are cleared at startup.
Data Register Clear Range: A designated area of data register values are cleared at startup. Enter the start “clear”

number in the left field and the end “clear” number in the right field. The start “clear” num-
ber must be smaller than or equal to the end “clear” number.

Valid data register numbers are DO through D399 (FC4A-C10R2 and C4A-C10R2C CPU
modules) or DO through D1299 (others). Special data registers, expansion data registers,
and AS-Interface data registers cannot be designated. All expansion data registers are
keep types.

When a range of D100 through D1299 is designated, DO through D99 are keep types, and
D100 through D1299 are clear types.
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5: SPECIAL FUNCTIONS

High-speed Counter

This section describes the high-speed counter function to count many pulse inputs within one scan. Using the built-in 16-
bit high-speed counter, ttMicroSmart counts up to 65535 high-speed pulses from a rotary encoder or proximity switch
without regard to the scan time, compares the current value with a preset value, and turns on the output when the current
value reaches the preset value. This function can be used for simple motor control or to measure lengths of objects.

The all-in-one type CPU modules and slim type CPU modules have different high-speed counter configurations.

High-speed Counters on All-in-One Type CPU Modules

All-in-one type CPU modules have four high-speed counters; HSC1 through HSC4. HSC1 can be used as a two-phase or
single-phase high-speed counter. HSC2 through HSC4 are single-phase high-speed counters. All high-speed counter func-
tions are selected using the Function Area Setting&rdLDR.

High-speed Counter Operation Modes and Input Terminals (All-in-One Type CPU Modules)

High-speed Counter No. HSC1 HSC2 HSC3 HSC4
Input Terminal 10 11 12 13 14 15

. Reset Input
Two-phase High-speed Counter Phase A Phase B (Phase 2) — — —
Single-phase High-speed Counter — Pulse Input | Reset Input | Pulse Input | Pulse Input | Pulse Input

For wiring high-speed counter input signals, use twisted-pair shielded cables.

Two-phase High-speed Counter HSC1 (All-in-One Type CPU Modules)

Two-phase high-speed counter HSC1 operates in the rotary encoder mode, and counts up or down input pulses to input ter-
minals 10 (phase A) and I1 (phase B). When the current value overflows 65535 or underflows 0, a designated comparison
output turns on. Any output terminal available on the CPU module can be designated as a comparison output. When input
12 (reset input) is turned on, the current value is reset to a predetermined reset value, and the two-phase high-speed counter
counts subsequent input pulses starting at the reset value.

Two special data registers and six special internal relays are assigned to control and monitor the two-phase high-speed
counter operation. The current value is stored in data register D8045 (current value) and is updated every scan. The value
stored in D8046 (reset value) is used as a reset value. When a high-speed counter reset input (12 or M8032) is turned on,
the current value in D8045 is reset to the value stored in D8046.

The two-phase high-speed counter is enabled while gate input special internal relay M8031 is on and is disabled while
M8031 is off. When current value overflow or underflow occurs while counting up or down, special internal relay M8131
or M8132 turns on in the next scan, respectively. At this point, the D8045 current value is reset to the D8046 reset value for
the subsequent counting cycle. When comparison output reset special internal relay M8030 is turned on, the designated
comparison output is turned off. When reset input 12 is turned on to reset the current value, reset status special internal
relay M8130 turns on in the next scan. When reset input special internal relay M8032 is turned on, M8130 does not turn
on. See page 5-13.

Note: When using input 12 as a phase Z input, set O to reset value special data register DS8046.

Special Internal Relays for Two-phase High-speed Counter (All-in-One Type CPU Modules)

High-speed Counter No.
Description ON Read/Write
HSC1 HSC2 HSC3 HSC4
Comparison Output Reset | M8030 — — — Turns off comparison output R/W
Gate Input M8031 — — — Enables counting R/W
Reset Input M8032 — — — Resets the current value R/W
Reset Status M8130 — — — Current value reset by 12 Read only
Current Value Overflow M8131 — — — Overflow occurred Read only
Current Value Underflow M8132 — — — Underflow occurred Read only

Note: Special internal relays M8130 through M8132 go on for only one scan.
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5: SPECIAL FUNCTIONS

Special Data Registers for Two-phase High-speed Counter (All-in-One Type CPU Modules)

High-speed Counter No.
Description Updated Read/Write
HSC1 HSC2 HSC3 HSC4
High-speed Counter Current Value D8045 — — — Every scan Read only
High-speed Counter Reset Value D8046 — — — — R/W

Two-phase High-speed Counter Specifications (All-in-One Type CPU Modules)

Maximum Counting Frequency | 20 kHz

Counting Range 0 to 65535 (16 bits)
Operation Mode Rotary encoder (phases A, B, Z)
Gate Control Enable/disable counting
Current value is reset to a given value when the current value overflows 65535 or
Current Value Reset underflows O, or when reset input |2 or reset input special internal relay M8032 is
turned on.

Special internal relays are provided to control and monitor the high-speed counter

Control/Status Relays operation.

Any output number available on the CPU module can be designated as a comparison
output which turns on when the current value reaches the preset value.

Output numbers on expansion output or mixed 1/0 modules cannot be designated as a
comparison output.

Comparison Output

Single-phase High-speed Counters HSC1 through HSC4 (All-in-One Type CPU Modules)

HSC1 can also be used as a single-phase high-speed counter as well as HSC2 through HSC4. The four single-phase |
speed counters count input pulses to the input terminal allocated to each high-speed counter. When the preset value is
reached, a designated comparison output turns on, and the current value is reset to 0 to count subsequent input pulses

Two special data registers and four special internal relays are assigned to control and monitor the single-phase high-sp
counter operation. The current value is stored in a special data register (current value) and is updated every scan. The v
stored in another special data register (preset value) is used as a preset value. When a reset input special internal relay
turned on, the current value is reset to 0.

The single-phase high-speed counter is enabled while a gate input special internal relay is on and is disabled while the g
input is off. When the current value reaches the preset value, a special internal relay (comparison ON status) turns on in
next scan. At this point, the current value is reset to 0, and the value stored in a preset value special data register takes
effect for the subsequent counting cycle. When a comparison output reset special internal relay is turned on, the designa
comparison output is turned off.

In addition, only the single-phase high-speed counter HSC1 has reset input 12 and reset status special internal relay
M8130. When reset input 12 is turned on to reset the current value to 0, reset status special internal relay M8130 turns
in the next scan. When reset input special internal relay M8032 is turned on, M8130 does not turn on. See page 5-14.

Special Internal Relays for Single-phase High-speed Counters (All-in-One Type CPU Modules)

High-speed Counter No.
Description ON Read/Write
HSC1 HSC2 HSC3 HSC4
Comparison Output Reset | M8030 M8034 M8040 M8044 | Turns off comparison output R/W
Gate Input M8031 M8035 M8041 M8045 | Enables counting R/W
Reset Input M8032 M8036 M8042 M8046 | Resets the current value R/W
Reset Status M8130 — — — Current value reset by 12 Read only
Comparison ON Status M8131 M8133 M8134 M8136 | Preset value reached Read only

Note: Special internal relays M8130, M8131, M8133, M8134, and M8136 go on for only one scan.
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Special Data Registers for Single-phase High-speed Counters (All-in-One Type CPU Modules)

High-speed Counter No.
Description Updated Read/Write
HSC1 HSC2 HSC3 HSC4
High-speed Counter Current Value D8045 D8047 D8049 D8051 Every scan Read only
High-speed Counter Preset Value D8046 D8048 D8050 D8052 — R/W

Single-phase High-speed Counter Specifications (All-in-One Type CPU Modules)

Maximum Counting Frequency

HSC1:
HSC2 through HSC4:

20 kHz

5 kHz

58

Counting Range 0 to 65535 (16 bits)

Adding counter

Operation Mode
Gate Control

Enable/disable counting

Current value is reset to O when the current value reaches the preset value or when

Current Value Reset reset input 12 (HSC1 only) or a reset input special internal relay is turned on.

Status Relays Special internal relays for indicating high-speed counter statuses.

Any output number available on the CPU module can be designated as a comparison
output which turns on when the current value reaches the preset value.

Output numbers on expansion output or mixed I/0 modules cannot be designated as a
comparison output.

Comparison Output

High-speed Counters on Slim Type CPU Modules

Slim type CPU modules have four high-speed counters; HSC1 through HSC4. HSC1 and HSC4 can be used as a two-
phase or single-phase high-speed counter. HSC2 and HSC3 are single-phase high-speed counters. All high-speed counter
functions are selected using the Function Area SettingéniiLDR.

High-speed Counter Operation Modes and Input Terminals (Slim Type CPU Modules)

High-speed Counter No. HSC1 HSC2 HSC3 HSC4

Input Terminal 10 11 12 13 14 15 16 17
Two-phase Reset Input . . Reset Input

High-speed Counter Phase A | Phase B | - oy ase 2) (Phase z) | [naseA | Phase B
Single-phase Pulse Pulse Pulse Pulse
High-speed Counter o Input Reset Input Input Input Reset Input T Input

For wiring high-speed counter input signals, use twisted-pair shielded cables.

Two-phase High-speed Counters HSC1 and HSC4 (Slim Type CPU Modules)

Two-phase high-speed counter HSC1 or HSC4 operates in the rotary encoder mode, and counts up or down input pulses to
input terminals 10 or 16 (phase A) and 11 or I7 (phase B), respectively. When the current value overflows 65535 or under-
flows 0, a designated comparison output turns on. Any output terminal available on the CPU module can be designated as
a comparison output. When input 12 or 15 (reset input) is turned on, the current value is reset to a predetermined reset
value, and the two-phase high-speed counter counts subsequent input pulses starting at the reset value.

Two special data registers and six special internal relays are assigned to control and monitor each two-phase high-speed
counter operation. The current value is stored in data register D8045 or D8051(current value) and is updated every scan.
The value stored in D8046 or D8052 (reset value) is used as a reset value. When a high-speed counter reset input (12/I5 or
M8032/M8046) is turned on, the current value in D8045 or D8051 is reset to the value stored in D8046 or D8052.

The two-phase high-speed counter is enabled while gate input special internal relay M8031 or M8045 is on and is disabled
while M8031 or M8045 is off. When current value overflow or underflow occurs while counting up or down, special inter-
nal relay M8131/M8136 or M8132/M8137 turns on in the next scan, respectively. At this point, the D8045 or D8051 cur-
rent value is reset to the D8046 or D8052 reset value for the subsequent counting cycle. When comparison output reset
special internal relay M8030 or M8044 is turned on, the designated comparison output is turned off. When reset input 12 or
I5 is turned on to reset the current value, reset status special internal relay M8130 or M8135 turns on in the next scan.
When reset input special internal relay M8032 or M8046 is turned on, M8130 or M8135 does not turn on. See page 5-13.

Note: When using input 12 or I5 as a phase Z input, set O to reset value special data register D8046 or D8052, respectively.
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Special Internal Relays for Two-phase High-speed Counter (Slim Type CPU Modules)

High-speed Counter No.
Description ON Read/Write
HSC1 HSC2 HSC3 HSC4
Comparison Output Reset M8030 — — M8044 | Turns off comparison output R/W
Gate Input M8031 — — M8045 | Enables counting R/W
Reset Input M8032 — — M8046 | Resets the current value R/W
Reset Status M8130 — — M8135 | Current value reset by 12 or I5 Read only
Current Value Overflow M8131 — — M8136 | Overflow occurred Read only
Current Value Underflow M8132 — — M8137 | Underflow occurred Read only

Note: Special internal relays M8130 through M8132 and M8135 through M8137 go on for only one scan.

Special Data Registers for Two-phase High-speed Counter (Slim Type CPU Modules)

High-speed Counter No.
Description Updated Read/Write
HSC1 HSC2 HSC3 HSC4
High-speed Counter Current Value D8045 — — D8051 Every scan Read only
High-speed Counter Reset Value D8046 — — D8052 — R/W

Two-phase High-speed Counter Specifications (Slim Type CPU Modules)

Maximum Counting Frequency | 20 kHz

Counting Range 0 to 65535 (16 bits)
Operation Mode Rotary encoder (phases A, B, Z)
Gate Control Enable/disable counting

Current value is reset to a given value when the current value overflows 65535 or
Current Value Reset underflows O, or when reset input 12/15 or reset input special internal relay M8032/
M8046 is turned on.

Special internal relays are provided to control and monitor the high-speed counter
operation.

Control/Status Relays

Any output number available on the CPU module can be designated as a comparison
output which turns on when the current value reaches the preset value.

Output numbers on expansion output or mixed 1/0 modules cannot be designated as a
comparison output.

Comparison Output

Single-phase High-speed Counters HSC1 through HSC4 (Slim Type CPU Modules)

HSC1 and HSC4 can also be used as a single-phase high-speed counter as well as HSC2 and HSC3. The four single-p
high-speed counters count input pulses to the input terminal allocated to each high-speed counter. When the preset valu
reached, a desighated comparison output turns on, and the current value is reset to 0 to count subsequent input pulses

Two special data registers and four special internal relays are assigned to control and monitor the single-phase high-sp
counter operation. The current value is stored in a special data register (current value) and is updated every scan. The vi
stored in another special data register (preset value) is used as a preset value. When a reset input special internal relay
turned on, the current value is reset to O.

The single-phase high-speed counter is enabled while a gate input special internal relay is on and is disabled while the g
input is off. When the current value reaches the preset value, a special internal relay (comparison ON status) turns on in
next scan. At this point, the current value is reset to 0, and the value stored in a preset value special data register takes
effect for the subsequent counting cycle. When a comparison output reset special internal relay is turned on, the designa
comparison output is turned off.

In addition, only the single-phase high-speed counter HSC1 or HSC4 has reset input 12 or 15 and reset status special in
nal relay M8130 or M8135. When reset input 12 or 15 is turned on to reset the current value to 0, reset status special int
nal relay M8130 or M8135 turns on in the next scan. When reset input special internal relay M8032 or M8046 is turned ol
M8130 or M8135 does not turn on. See page 5-14.
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Special Internal Relays for Single-phase High-speed Counters (Slim Type CPU Modules)

High-speed Counter No.
Description ON Read/Write
HSC1 HSC2 HSC3 HSC4
Comparison Output Reset M8030 M8034 M8040 M8044 | Turns off comparison output R/W
Gate Input M8031 M8035 M8041 M8045 | Enables counting R/W
Reset Input M8032 M8036 M8042 M8046 | Resets the current value R/W
Reset Status M8130 — — M8135 | Current value reset by 12 or I5 Read only
Comparison ON Status M8131 M8133 M8134 M8136 | Preset value reached Read only

Note: Special internal relays M8130, M8131, M8133, M8134, M8135, and M8136 go on for only one scan.

Special Data Registers for Single-phase High-speed Counters (Slim Type CPU Modules)

High-speed Counter No.
Description Updated Read/Write
HSC1 HSC2 HSC3 HSC4
High-speed Counter Current Value D8045 D8047 D8049 D8051 Every scan Read only
High-speed Counter Preset Value D8046 D8048 D8050 D8052 — R/W

Single-phase High-speed Counter Specifications (Slim Type CPU Modules)

Maximum Counting Frequenc HSC1 and HSCA: 20 kHz
E Frequency | \sco and HSC3: 5 kHz

Counting Range 0 to 65535 (16 bits)

Operation Mode Adding counter

Gate Control Enable/disable counting
Current value is reset to O when the current value reaches the preset value, when

Current Value Reset reset input 12 (HSC1) or 15 (HSC4), or when a reset input special internal relay is
turned on.

Status Relays Special internal relays for indicating high-speed counter statuses.

Any output number available on the CPU module can be designated as a comparison
output which turns on when the current value reaches the preset value.

Output numbers on expansion output or mixed |/0 modules cannot be designated as a
comparison output.

Comparison Output

Clearing High-speed Counter Current Value

The high-speed counter current value is reset to the reset value (two-phase high-speed counter) or to zero (single-phase
high-speed counters) in five ways:

» when the CPU is powered up,

» when a user program is downloaded to the CPU,

» when reset input 12 (HSC1) or I5 (HSC4 on slim type CPU only) is turned on,

» when current value overflow or underflow occurs (two-phase) or when the preset value is reached (single-phase), or
» when the reset inpubdt the high-speed counter reset input) designated in the Function Area Settings is turned on.

Precautions for Downloading High-speed Counter Program

When downloading a user program containing a high-speed counter, turn off the gate input before downloading the user
program.

If a user program containing a high-speed counter is downloaded while the gate input is on, the high-speed counter is dis-
abled. Then, to enable counting, stop and restaNlidrveSmart. Or, turn off the gate input, and 3 scans later turn on the
gate input again. For ladder programs to delay the gate input 3 scans, see pages 5-16 and 5-17.

5-10 « MICROSMART USER’S MANUAL » “IE[:



5: SPECIAL FUNCTIONS

Programming WindLDR (All-in-One Type CPU Modules)

1. From theWindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Settings dialog box
appears.

2. Select theSpecial Input tab.
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3. When using high-speed counter HSC1, séleai/Single-phase
High-speed Counterin the Group 1 pull-down list box. EM
When using high-speed counters HSC2 through HSC4, select s pom e apend i =
Single-phase High-speed Counten the Groups 2 through 4 ' Ensa Comparon
pull-down list boxes. B IS
FF Less WAL fmumi inpui
The High-speed Counter Settings dialog box appears. [ | X cm |  7uw |
Mode

SelecfTwo-phase High-speed Counteor Single-phase High-speed Countefior HSC1. Only Single-phase High-speed
Counter is available for HSC2 through HSC4.

Enable Comparison

Click the check box to enable the high-speed counter comparison output, and specify an output number available on th
CPU module in th€omparison Output field. When current value overflow or underflow occurs (two-phase high-speed
counter) or when the preset value is reached (single-phase high-speed counter), the specified comparison output is tur!
on and remains on until a comparison output reset special internal relay (M8030, M8034, M8040, or M8044) is turned o

Use HSC Reset Input

Click the check box to enable high-speed counter reset input 12 for HSC1 only. When input 12 is turned on, the current
value in D8045 is reset depending on the high-speed counter mode.

The current value is reset to the value stored in D8046 (high-speed counter reset value). The two-phase
Two-phase . . ;
high-speed counter counts subsequent input pulses starting at the reset value.
Single-phase The current value is reset to 0. The value stored in D8046 (high-speed counter preset value) at this
gle-p point takes effect for the subsequent counting cycle.

Since these settings relate to the user program, the user program must be downloadéidrtcsthert after changing
any of these settings.
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Programming WindLDR (Slim Type CPU Modules)

1. From theWindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Settings dialog box

appears.

2. Select thespecial Input tab.
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3. When using high-speed counter HSC1 or HSC4, séleciSingle- gt Coates Seliiege. O
phase High-speed Countein the Group 1 or 4 pull-down list box. ey
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When using high-speed counters HSC2 or HSC3, ssirgte-
phase High-speed Countein the Group 2 or 3 pull-down list box.

The High-speed Counter Settings dialog box appears. P Lena HAE Masml inged

Mode
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SelectTwo-phase High-speed Counteor Single-phase High-speed Countefior HSC1 or HSC4. Only Single-phase
High-speed Counter is available for HSC2 and HSC3.

Enable Comparison

Click the check box to enable the high-speed counter comparison output, and specify an output number available on the
CPU module in th€omparison Output field. When current value overflow or underflow occurs (two-phase high-speed
counter) or when the preset value is reached (single-phase high-speed counter), the specified comparison output is turned
on and remains on until a comparison output reset special internal relay (M8030, M8034, M8040, or M8044) is turned on.

Use HSC Reset Input

Click the check box to enable high-speed counter reset input 12 for HSC1 or 15 for HSC4 only. When input 12 or 15 is
turned on, the current value in D8045 or D8051 is reset depending on the high-speed counter mode.

Two-phase

The current value is reset to the value stored in D8046 or D8052 (high-speed counter reset value). The
two-phase high-speed counter counts subsequent input pulses starting at the reset value.

Single-phase

The current value is reset to 0. The value stored in D8046 or D8052 (high-speed counter preset value)
at this point takes effect for the subsequent counting cycle.

Since these settings relate to the user program, the user program must be downloadéidrtcsthert after changing
any of these settings.
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Two-phase High-speed Counter Timing Chart

Example: Reset input 12 is used. Q1 is designated as a comparison output.

The D8046 value at this point becomes the
reset value for the next counting cycle.

Lo L e
65534
L K R Rt o
65532

Current Value D8045

I

3_,,,, ,,,,, L,,,

01— -
Phase Alnputio ML ML ML ML L i i i i mer

Phase B Input 11 ‘

Reset Input 12 _I_I

Reset Status M8130

' 1 scan time !
[ E—

Reset Value D8046 5 X 65533 X 3
Gate Input M8031 [ ! ! | I
Comparison Output Q1 [ Underfiow L T overfow

Comparison Output Reset M8030 [

Current Value Overflow M8131

1 1 scan time 1
!

Current Value Underflow M8132

+ 1 scan time |
>

¢ When reset input 12 is turned on, the D8046 reset value is set to the D8045 current value, then reset status
M8130 turns on for one scan. If reset input M8032 is turned on, reset status M8130 does not turn on.

* While gate input M8031 is on, the two-phase high-speed counter counts up or down depending on the phase dif-
ference between phase A (input 10) and phase B (input 11).

Count Up (Increment) Count Down (Decrement)
Phase A Phase A
(Input 10) | | | | | (Input 10) —l | | | |
Phase B Phase B
(Input 11) | } | { | (Input 11) | l | l |_
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Single-phase High-speed Counter Timing Chart

Example: Single-phase high-speed counter HSC2
Preset value is 8. QO is designated as a comparison output.

The D8048 value at this point becomes the
preset value for the next counting cycle.

Current Value D8047

0 i i

Pulse Input I3 ‘ |||||||||||||||||||||| ||||||||||

Reset Input M8036 I l

Preset Value D8048 8 ‘
Gate Input M8035 I | |
Comparison Output QO i I_‘
Comparison Output Reset M8034 ‘ |_|
Comparison ON Status M8133 |—|

' 1 scan time !
-~

¢ When reset input M8036 is turned on, the D8047 current value is cleared to 0, then the D8048 preset value
takes effect for the next counting cycle.

e While gate input M8035 is on, single-phase high-speed counter HSC2 counts pulse inputs to input I13.
e The D8047 current value is updated every scan.

¢ When the D8047 current value reaches the D8048 preset value, comparison ON status M8133 goes on for one
scan. At the same time, comparison output QO turns on and remains on until comparison output reset M8034
is turned on.

¢ When the D8047 current value reaches the D8048 preset value, the D8048 preset value at that point takes
effect for the next counting cycle.
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Example: Two-phase High-speed Counter for Counting Input Pulses from Rotary Encoder
This example demonstrates a program for two-phase high-speed counter HSC1 to punch holes in a paper tape at regul
intervals.

Description of Operation
A rotary encoder is linked to the tape feed roller directly, and

Rolled Tape
the output pulses from the rotary encoder are counted by the
two-phase high-speed counter in thieroSmart CPU module. Feed Roller
When the high-speed counter counts 2,700 pulses, the compar- O/ =
ison output is turned on. When the comparison output is turned

on, the high-speed counter continues another cycle of counting.
The comparison output remains on for 0.5 second to punch
holes in the tape, and is turned off before the high-speed Rotary Encoder
counter counts 2,700 pulses again.

Tape Punch

Program Parameters

Group 1 (10 - 12) Two/Single-phase High-speed Counter
High-speed Counter Settings Two-phase High-speed Counter
Enable Comparison Yes

Comparison Output Q1

Use HSC Reset Input (12) No

To cause current value overflow every 2700 pulses, store 62836 to D8046
(65535 - 2700 + 1 = 62836)

Timer Preset Value 0.5 sec (needed for punching) programmed in TIM instruction

HSC Reset Value (D8046)

Note: This example does not use the phase Z signal (input 12).

Programming WindLDR
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5: SPECIAL FUNCTIONS

Ladder Diagram

When theMicroSmart starts operation, reset value 62836 is stored to reset value special internal relay D8046. Gate input
special internal relay M8031 is turned on at the end of the third scan to start the high-speed counter to count input pulses.

— SUBW) S1- S2- D1- REP M8120 is the initialize pulse special internal relay.
I
M8120 65535 2700 DO 1st scan

SUB and ADD instructions are used to store a reset value of 62836
(65535 - 2700 + 1) to D8046 (reset value).

1 ADD(W) S1- S2- Di1- REP
DO 1 D8046

®— M8031 (gate input) is turned off.

M8031
®— Mo is turned off.
MO
3rd scan
_|M ; Sotu Mg?z At the rising edge of MO, M8031 (gate input) is turned on. After the
END processing of the third scan, HSC1 starts counting.
2nd scan
— SOTD (©— At the falling edge of M8120 (initialize pulse), MO is turned on.
M8120 MO HSC1 is initialized in the END processing of the second scan.
L | TI™M TO C When HSC1 overflows 65535, output Q1 (comparison output) is
Q:I! 5 M8030 turned on to start timer TO. HSC1 starts to repeat counting.
When the timer times out 0.5 sec, M8030 (comparison output
END reset) is turned on to turn off output Q1.
Timing Chart

When the high-speed counter current value exceeds
65535, comparison output Q1 is turned on and the
current value is reset to 62836.

Current Value D8045

65535

2700 pulses

Reset Value D8046 62836

Comparison Output Q1 OOF’\; l_l l_l I_l

0.5 sec'for ;;unching
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5: SPECIAL FUNCTIONS

Example: Single-phase High-speed Counter

This example demonstrates a program for single-phase high-speed counter HSC2 to count input pulses and turn on out
Q2 every 1000 pulses.

Program Parameters

Group 2 (13) Single-phase High-speed Counter
Enable Comparison Yes

Comparison Output Q2

HSC Preset Value (D8048) 1000

Programming WindLDR
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Ladder Diagram

When theMicroSmart starts operation, preset value 1000 is stored to preset value special internal relay D8048. Gate inpt
special internal relay M8035 is turned on at the end of the third scan to start the high-speed counter to count input puls

| MOV(W) S1 - D1—- REP U M8120 is the initialize pulse special internal relay.
I
M8120 1000 D8048 1st scan
R: MOV instruction stores a reset value of 1000 to D8048 (preset value).
M8035| M8035 (gate input) is turned off.
®— MO is turned off.
MO
3rd scan
T t the rising edge o , gate input) is turned on. After the
SOTU S At the risi d f MO, M8035 ( i )i d After the END
MO M8035 processing of the third scan, HSC2 starts counting.
2nd scan
SOTD ©— At the falling edge of M8120 (initialize pulse), MO is turned on. HSC2 is
M8120 MO initialized in the END processing of the second scan.
When HSC2 current value reaches 1000, output Q2 (comparison output)
END is turned on, and HSC2 starts to repeat counting from zero.
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5: SPECIAL FUNCTIONS

Catch Input

The catch input function is used to receive short pulses from sensor outputs regardless of the scan time. Input pulses
shorter than one scan time can be received. Four inputs 12 through 15 can be designated to catch a rising or falling edge of
short input pulses, and the catch input statuses are stored to special internal relays M8154 through M8157, respectively.
The Function Area Settings dialog box is used to designate inputs 12 through 15 as a catch input.

Normal input signals to input terminals are read when the END instruction is executed at the end of a scan.

Since these settings relate to the user program, the user program must be downloadéidrtcsthert after changing

any of these settings.

Catch Input Specifications

Minimum Turn ON Pulse Width

40 psec

Minimum Turn OFF Pulse Width

150 psec

Note: Input filter settings have no effect on the catch inputs. For the input filter function, see page 5-24.

Catch Input Terminals and Special Internal Relays for Catch Inputs

Group Catch Input No. Special Internal Relay for Catch Input
Group 1 12 M8154
Group 2 13 M8155
Group 3 14 M8156
Group 4 15 M8157

Programming WindLDR

1. From theWindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Settings dialog box

appears.

2. Select thespecial Input tab.

(T S 5| C2tch Input Rising Falling Edge Selection

Funion | Leep mm|w|u_|

Gamgp 7 D 13}

| il st
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T @ ITHT

|Horsad i rt

e

Catch Input Rising Edge
Catch Input Falling Edge

o | e |

[ | Mowe | woses | 0

| pu= |

3. SelectCatch Input in the Groups 1 through 4 pull-down list boxes. The Catch Input dialog box appears.

4. SelectCatch Input Rising Edgeor Catch Input Falling Edge in the pull-down list.
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5: SPECIAL FUNCTIONS

Catching Rising Edge of Input Pulse
Note

Actual Input ON '
(12 to 15) OFF I_l

Catch Input Relay ON \‘i—\
(M8154-M8157) OFF

1 1 scan time 1
—————P

L.

ol
\

END
Processed

Catching Falling Edge of Input Pulse
Note

Actual Input ON |—|
(12 to 15) OFF _l

Catch Input Relay ON
(M8154-M8157) OFF

T T
1 1 scan time |
R —

It
14
|

END
Processed

Note: When two or more pulses enter within one scan, subsequent pulses are ignored.

Example: Maintaining Catch Input

When a catch input is received, the catch input relay assigned to a catch input is turned on for only one scan. This exam
demonstrates a program to maintain a catch input status for more than one scan.

| O Input 12 is designated as a catch input using the Function Area Settings.

M8154 11 MO When input 12 is turned on, special internal relay M8154 is turned on, and MO is maintained
—| in the self-holding circuit.
MO When NC input 11 is turned off, the self-holding circuit is unlatched, and MO is turned off.
MO is used as an input condition for the subsequent program instructions.
_|MO|_ ........
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5: SPECIAL FUNCTIONS

Interrupt Input

All MicroSmart CPU modules have an interrupt input function. When a quick response to an external input is required,
such as positioning control, the interrupt input can call a subroutine to execute an interrupt program.

Four inputs 12 through 15 can be designated to execute interrupt at a rising and/or falling edge of input pulses. When an
interrupt is initiated by inputs 12 through I5, program execution immediately jumps to a predetermined label number
stored in special data registers D8032 through D8035, respectively. The Function Area Settings dialog box is used to des-
ignate inputs 12 through 15 as an interrupt input, normal input, high-speed counter input, or catch input.

Normal input signals to input terminals are read when the END instruction is executed at the end of a scan.
Since these settings relate to the user program, the user program must be downloadéidrtésthert after changing
any of these settings.

Interrupt Input Terminals, Special Data Registers, and Special Internal Relays for Interrupt Inputs

Group Interrupt Input No. Interrupt Input Jump Destination Label No. Interrupt Input Status
Group 1 12 D8032 M8140
Group 2 13 D8033 M8141
Group 3 14 D8034 mM8142
Group 4 15 D8035 M8143

Programming WindLDR

1. From thewindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Settings dialog box
appears.

2. Select thespecial Input tab.

FurSion | heep  Spscal i || Cpammarscaion | Dt |
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foerwsd legad o d H i

= I L:‘cr(re]gtgrr)]t occurs when the interrupt input
i [H7] Interrupt at Falling Edge

| oo v | I L:‘;ir;l;r;;occurs when the interrupt input

Pl

[ il ol Interrupt at Both Edges
i Interrupt occurs when the interrupt input

J :l turns on or off.

™ | Mows | wosss | B | Fim |

3. Selectinterrupt Input in the Groups 1 through 4 pull-down list boxes. the Interrupt Input dialog box appears.

4. Select an interrupt edge in the pull-down list for each group.

Disable and Enable Interrupts

The interrupt inputs 12 through 15 and timer interrupt are normally enabled while the CPU is running, and can also be indi-
vidually disabled using the DI instruction or enabled using the El instruction. When interrupt inputs 12 through 15 are
enabled, special internal relay M8140 through M8143 are turned on, respectively. See page 18-7.
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5: SPECIAL FUNCTIONS

Example: Interrupt Input

The following example demonstrates a program of using the interrupt input function, with input 12 designated as an inte
rupt input. When the interrupt input is turned on, the input 10 status is immediately transferred to output QO using the
IOREF (/O refresh) instruction before the END instruction is executed. For the IOREF instruction, see page 18-5.

|} MOV(W) S1- Di1- REP || M8120 s the initialize pulse special internal relay.
M8120 0 D8032 D8032 stores O to designate jump destination label O for interrupt input
12.
Main Program
The interrupt program is separated from the main program by the END
END instruction.
LABEL LI  When input 12 is on, program execution jumps to label O.
| IOREF s1 L M8125 is the in-operation output special internal relay.
M8125 10 IOREF immediately reads input 10 status to internal relay M300.
_M|3(=)O g%_ M300 turns on or off the output QO internal memory.
L | IOREF s1 || Another IOREF immediately writes the output QO internal memory status
M8125 Q0 to actual output QO.
LRET Program execution returns to the main program.
Insert LRET at the end of the subroutine to return to the main program.

Notes for Using Interrupt Inputs and Timer Interrupt:

* When using an interrupt input or timer interrupt, separate the interrupt program from the main program using the END
instruction at the end of the main program.

When an interrupt program calls another subroutine, a maximum of 3 subroutine calls can be nested. If more than 3 calls
are nested, a user program execution error occurs, turning on special internal relay M8004 and the ERR LED.

When using an interrupt input or timer interrupt, include the label number of the interrupt program to be executed when an
interrupt occurs. The label numbers stored in data registers D8032 through D8036 specify the interrupt programs for
interrupt inputs 12 through I5 and timer interrupt, respectively.

When more than one interrupt input or timer interrupt is turned on at the same time, interrupt program execution is given
priority to inputs 12, 13, 14, timer interrupt, and 15, in that order. If an interrupt is initiated while another interrupt program
is executed, the subsequent interrupt program is executed after the prior interrupt is completed. Multiple interrupt pro-
grams cannot be executed simultaneously.

When a communication function is used, such as data link, the interrupt program size must be limited to the executable
time listed in the table below.

Communication Function Baud Rate (bps) Executable Time of Interrupt Program (psec)
Not Used — 670 maximum
Used 1200, 2400, 4800, 9600 670 maximum
Used 19200 170 maximum

If the interrupt program is longer than the value listed above, the entire system performance is affected. The timer and fil-
ter functions may not operate correctly, and communication error may be caused in the data link or communication with
display units. Make sure that the interrupt program execution time is within the values listed above, referring to the execu-
tion times on page A-1. When using high-speed counters, the interrupt program size has to be much smaller.

When using the data link and interrupt inputs, select 19200 bps for the baud rate of the data link communication.

Make sure that the execution time of the interrupt program is shorter than interrupt intervals sufficiently.

Interrupt programs cannot use the following instructions: SOTU, SOTD, TML, TIM, TMH, TMS, CNT, CDP, CUD, SFR, SFRN,
ROOT, WKTIM, WKTBL, DISP, DGRD, TXD1/2, RXD1/2, DI, El, XYFS, CVXTY, CVYTX, PULS1/2, PWM1/2, RAMP, ZRN1/2,
PID, DTML, DTIM, DTMH, DTMS, and TTIM.

The overhead from interrupt occurrence to interrupt program execution is approximately 60 psec. When using the high-
speed counter, the overhead may be extended.
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Timer Interrupt

In addition to the interrupt input as described in the preceding section, slim type CPU modules FC4A-D20RK1, FC4A-
D20RS1, FC4A-D40K1, and FC4A-D40S1 have a timer interrupt function. When a repetitive operation is required, the
timer interrupt can be used to call a subroutine repeatedly at predetermined intervals of 10 through 140 msec.

The Function Area Settings dialog box is used to enable the timer interrupt and to specify the interval, from 10 to 140
msec, to execute the timer interrupt. When the timer interrupt is enabled, the program execution jumps to the jump destina-
tion label number stored in special data register D8036 repeatedly while the CPU is running. When the interrupt program
is completed, the program execution returns to the main program at the address where the interrupt occurred.

Since these settings relate to the user program, the user program must be downloadéidrtésthert after changing
any of these settings.

Special Data Register and Special Internal Relay for Timer Interrupt

Interrupt Special Data Register for Timer Interrupt Special Internal Relay for
P Jump Destination Label No. Timer Interrupt Status
Timer Interrupt D8036 M8144
Programming WindLDR

1. From thewindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Settings dialog box
appears.

2. Select thespecial Input tab.

3. Click the check box on the left of Timer Interrupt to use the timer interrupt function.

4. Select an interval to execute the timer interrupt, from 10 to 140 msec.

Disable and Enable Interrupts

The timer interrupt and interrupt inputs 12 through 15 are normally enabled while the CPU is running, and can also be indi-
vidually disabled using the DI instruction or enabled using the El instruction. When timer interrupt is enabled, M8144 is
turned on. When disabled, M8144 is turned off. See page 18-7.
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Example: Timer Interrupt

The following example demonstrates a program of using the timer interrupt function. The Function Area Settings must
also be completed to use the timer interrupt function as described on the preceding page.

MOV(W) S1- Di1- REP || M8120 s the initialize pulse special internal relay.

0 D8036

M8120 D8036 stores O to designate jump destination label O for timer interrupt.

Main Program

The interrupt program is separated from the main program by the END
instruction.

END

LABEL ||  While the CPU is running, program execution jumps to label O repeatedly
0 at intervals selected in the Function Area Settings.

Each time the interrupt program is completed, program execution returns

Interrupt Program to the main program at the address where timer interrupt occurred.

LRET Insert LRET at the end of the subroutine to return to the main program.

Notes for Using Timer Interrupt and Interrupt Inputs:

* When using a timer interrupt or interrupt input, separate the interrupt program from the main program using the END
instruction at the end of the main program.

When an interrupt program calls another subroutine, a maximum of 3 subroutine calls can be nested. If more than 3 calls
are nested, a user program execution error occurs, turning on special internal relay M8004 and the ERR LED.

When using a timer interrupt or interrupt input, include the label number of the interrupt program to be executed when an
interrupt occurs. The label numbers stored in data registers D8032 through D8036 specify the interrupt programs for
interrupt inputs 12 through I5 and timer interrupt, respectively.

When more than one interrupt input or timer interrupt is turned on at the same time, interrupt program execution is given
priority to inputs 12, 13, 14, timer interrupt, and 15, in that order. If an interrupt is initiated while another interrupt program
is executed, the subsequent interrupt program is executed after the prior interrupt is completed. Multiple interrupt pro-
grams cannot be executed simultaneously.

When a communication function is used, such as data link, the interrupt program size must be limited to the executable
time listed in the table below.

Communication Function

Baud Rate (bps)

Executable Time of Interrupt Program (psec)

Not Used — 670 maximum
Used 1200, 2400, 4800, 9600 670 maximum
Used 19200 170 maximum

If the interrupt program is longer than the value listed above, the entire system performance is affected. The timer and fil-
ter functions may not operate correctly, and communication error may be caused in the data link or communication with
display units. Make sure that the interrupt program execution time is within the values listed above, referring to the execu-
tion times on page A-1. When using high-speed counters, the interrupt program size has to be much smaller.

When using the data link and interrupt inputs, select 19200 bps for the baud rate of the data link communication.

Make sure that the execution time of the interrupt program is shorter than interrupt intervals sufficiently.

Interrupt programs cannot use the following instructions: SOTU, SOTD, TML, TIM, TMH, TMS, CNT, CDP, CUD, SFR, SFRN,
ROOT, WKTIM, WKTBL, DISP, DGRD, TXD1/2, RXD1/2, DI, El, XYFS, CVXTY, CVYTX, PULS1/2, PWM1/2, RAMP, ZRN1/2,
PID, DTML, DTIM, DTMH, DTMS, and TTIM.

If the interrupt program execution time exceeds 670 pysec when using the timer interrupt, a user program execution error
occurs, turning on special internal relay M8004 and the ERR LED.

The overhead from interrupt occurrence to interrupt program execution is approximately 60 pysec. When using the high-
speed counter, the overhead may be extended.
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Input Filter

The input filter function is used to reject input noises. The catch input function described in the preceding section is used
to read short input pulses to special internal relays. On the contrary, the input filter rejects short input pulses when the
MicroSmart is used with input signals containing noises.

Different input filter values can be selected for inputs 10 through 17 in four groups using the Function Area Settings.
Selectable input filter values to pass input signals are 0 msec, and 3 through 15 msec in 1-msec increments. Default value
is 3 msec for all inputs 10 through 17. Inputs 110 and above on all-in-one and 20-1/O slim type CPU modules are provided
with a fixed filter of 3 msec. Inputs 110 and above on 40-1/0O slim type CPU modules and all expansion input modules have
a fixed filter of 4 msec. The input filter rejects inputs shorter than the selected input filter value minus 2 msec.

Normal inputs require a pulse width of the filter value plus one scan time to receive input signals. When using the input fil-
ter function, seledormal Input on the Special Input page in the Function Area Settings.

Since these settings relate to the user program, the user program must be downloadéidrtésthert after changing
any of these settings.

Programming WindLDR

1. From thewindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Settings dialog box
appears.

2. Select theDthers tab.

Funin | R | Specidingt | Commrmcakon I'.lill-ul

Yot Py
Input Filter Group ———— Gma1 11} Is.— i|< Input Filter Time Selection
Group 1 10 g M| - 0 ms, 3 through 15 ms
Group 2 11 Sroam 3L T S in 1-ms increments
Group 3 12,13 S d BT pe Default: 3 ms
Group 4  14-17 e
m
[ Ersable Dl Camcm 101 L
=
Feotact Lioe Program
|||lﬂ|'\i|-\. asc '*l 4[
AT e Mars
& lis AT i acs b Uiorkis
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3. Select an input filter value for each group of inputs.

Input Filter Values and Input Operation
Depending on the selected values, the input filter has three response areas to reject or pass input signals.

Reject area: Input signals do not pass the filter (selected filter value minus 2 msec).
Indefinite area: Input signals may be rejected or passed.
Pass area: Input signals pass the filter (selected filter value).

Example: Input Filter 8 ms

To reject input pulses of 6 msec or less, select input filter
value of 8 msec. Then input pulses of 8 msec plus one SCafhut
time are accepted correctly at the END processing.

6 msec 8 msec + 1 scan
Rejected | Indefinite | Accepted
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User Program Protection

The user program in thdicroSmart CPU module can be protected from reading, writing, or both using the Function Area
Settings iNWindLDR.

é Warning ° Before proceeding with the following steps, make sure to note the protect code, which is needed to
disable the user program protection. If the user program iMitheSmart CPU module is write-
or read/write-protected, the user program cannot be changed without the protect code.

Programming WindLDR

1. From thewindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Settings dialog box
appears.

2. Select theOthers tab.
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3. UnderProtect User Program select a required protect mode in the pull-down list.

Unprotected: The user program in the CPU module can be read and written without a password.

Write Protected:
Read Protected:
Read/Write Protected:

Prevents inadvertent replacement of the user program.
Prevents unauthorized copying of the user program.
Protects the user program from reading and writing.

4. When a required protect mode is selected, the Password Setting dialog box appears.

Enter a password of 1 through 8 ASCII characters from the key boardRagkeordfield, and enter the same password

in the Confirm Passwordfield.

5. Click theOK button and download the user program toMioSmart after changing any of these settings.
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Disabling Protection
When the user program is protected against read and/or write, the protection can be temporarily disallediLi3ihg

1. From theWindLDR menu bar, sele@nline > Monitor. The monitor mode is enabled.

2. From theWindLDR menu bar, sele@nline > PLC Status. The PLC Status dialog box appears.
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3. Under theProtect Statusin the PLC Status dialog box, click tbésable button. The Disable Protect dialog box
appears.

Farpemis if |
o | e | 7o |

4. Enter the password, and click t&& button.

The user program protection is disabled temporarily, and reading is allowed once.

Enabling Protection
When the CPU module is powered up again, the protection designated in the user program takes effect again.

For read or read/write protect, once the user program is uploaded, the protection automatically takes effect again. For write
protect, the protection designated in the newly downloaded user program takes effect.

To change the protection permanently, change the protection settings and download the user program.
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Constant Scan Time

The scan time may vary whether basic and advanced instructions are executed or not depending on input conditions to
these instructions. The scan time can be made constant by entering a required scan time preset value into special data
ister D8022 reserved for constant scan time. When performing accurate repetitive control, make the scan time constant
using this function. The constant scan time preset value can be between 1 and 1,000 msec.

The scan time error is £1 msec of the preset value normally. When the data link or other communication functions are
used, the scan time error may be increased to several milliseconds.

When the actual scan time is longer than the scan time preset value, the scan time cannot be reduced to the constant v

Special Data Registers for Scan Time

In addition to D8022, three more special data registers are reserved to indicate current, maximum, and minimum scan tir
values.

D8022 Constant Scan Time Preset Value (1 to 1,000 msec)
D8023 Scan Time Current Value (msec)

D8024 Scan Time Maximum Value (msec)

D8025 Scan Time Minimum Value (msec)

Example: Constant Scan Time
This example sets the scan time to a constant value of 500 msec.

— MOV(W) S1- Di1- REP
’Véﬂo 500 D8022

When the CPU starts operation, the MOV (move) instruction stores 500 to
special data register D8022.

“ M8120 is the initialize pulse special internal relay.

The scan time is set to a constant value of 500 msec.
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Partial Program Download

Normally, the CPU module has to be stopped before downloading a user program. The all-in-one 16- and 24-1/0O type CPU
modules and all slim type CPU modules have run-time program download capabilities to download a user program con-
taining small changes while the CPU is running in either 1:1 or 1:N computer link system. This function is particularly
useful to make small modifications to the user program and to confirm the changes while the CPU is running. The all-in-
one 10-1/0 type CPU module does not have this functionality.

Before performing the partial program download during operation, a user program has to be downloaded to the CPU mod-
ule using the ordinary program download. Add or delete a part of the same user program, or make small changes to the
same user program usimdndLDR, and download the modified user program while the CPU is running to confirm the
changes on-line.

Another method of using this feature is: upload the user program from the CPU maslinéLR, make changes, and
download the modified user program using the partial program download while the CPU is running.

In either case, do not convert the ladder diagram to mnemonic codes to generate a Gaiagile £ Convert Ladder)
before using the partial program downloahdLDR attaches a unique code to every code file when a ladder diagram is
converted to mnemonic codes. When the partial program download is attewiptidR compares the unique codes of
the user programs in the CPU module and currently open@téhdhDR. Only whenwindLDR verifies that the unique
codes are identical, the partial program download is enabled.

é Caution ° The partial program download may cause unexpected operation\icto€mart. Before start-
ing the partial program download, make sure of safety after understanding the function cofrectly.

« If a user program syntax error or user program writing error occurs during the partial program
download, the CPU module is stopped and all outputs are turned off, which may cause hgzards
depending on the application.

Programming WindLDR

1. Make changes to the user program usifgdLDR. From thewindLDR menu bar, sele@nline > Partial Program
Download while the CPU module is running. The Partial Program Download dialog box appears.

2. When using théicroSmart in a 1:N computer link system, enter the device number of the CPU module in the Device
No. field. When using in a 1:1 computer link system, leave the default value in the Device No. field.

3. Click theDownload button to start the partial program download.

I - ||
(3 | Fiapar Doseriogd Do e
| Prrguar ran sty drsnivadad

5 __zs |

4. When the partial program download is completed successfully, the above dialog box is displayed. Glickutten
to return to th&VvindLDR editing screen.
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Using Partial Program Download

The partial program download function can download a maximum of 600 bytes (100 steps) of user program. When the
modified rungs of the user program exceed 600 bytes, the partial program download cannot be used. Make sure that m
fication is within 600 bytes.

When modifying two or more rungs of a user program, make sure that the difference between the first address and last
address of the modifications is within 600 bytes (100 steps).

While the partial program download is in progress, the scan time extends for several scans by approximately 200 msec |
scan.

While the partial program download is in progress, the statuses of outputs, internal relays, shift registers, timers, counte
and data registers are unchanged.

When timer or counter preset values in the CPU RAM have been changed byiasgiigR (Online > Point Write ), the

new preset values are cleared if the downloaded user program includes changes of the timer or counter instructions, ar
the preset values of the downloaded user program take effect. Similarly, when a timer or counter is designated as a desi
tion operand of an advanced instruction and the timer/counter preset value has been changed by the advanced instruct
the new preset value is also cleared. However, if the downloaded user program does not include changes of timer or
counter instructions, the new preset values remain in effect.

If you do not want to clear the new preset values during the partial program download, you can import the new preset v
ues to the user program. Access the PLC Status dialog box from the Online menu in the monitoring mode. Then click tt
Confirm button in the TIM/CNT Change Status field. (The displayed status will switchGteangedto Unchanged)

Upload the user program, which has new preset values in place of the original preset values. Make changes to the uploa
user program, then perform the partial program download. Note th@otifem button has effect on both timer and

counter preset values.

SER LTI Sean Twne Insect ¥
[ I
FLL Trpe (=TT
TRUTHT Do Sashil A S
e e Drrar Himbsr =
Confirm Button A After pressing the Confirm
o lahr o ot Link button, the display
Cow | Dok | Chair Al Cipararalc changes to “Unchanged.”
iy
AT T el
Dhusrige i HAZ1E8 -
Frotmct St
Chumin k0 Urpadez o
Do | e |

While the partial program download is in progress, interrupt inputs, timer interrupt, and catch inputs are disabled tempo
rarily until the downloaded user program is loaded to the user program area (RAM) in the CPU module.

When changes are made to user communication instructions, pulse instructions, input filters, catch inputs, interrupt inpu
timer interrupt, expansion data registers, high-speed counters, or Function Area Settings, download the entire user pro-
gram. If the partial program download includes these changes, the user program cannot run correctly.

When you want to delete a rung and perform the partial program download, use the disable rung cRightavidyse
> Disable Rung onWindLDR instead. When a rung is deleted, the partial program download may not be performed
because each rung contains information to enable partial program download.

When a user program has been downloaded with comment data to the CPU module, the partial program download can
be performed. Make sure that the CPU module contains a user program downloaded without comment data to enable |
tial program download.
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Analog Potentiometers

The all-in-one 10- and 16-1/0 type CPU modules and every slim type CPU module have one analog potentiometer. Only
the 24-1/0O type CPU module has two analog potentiometers. The values (0 through 255) set with analog potentiometers 1
and 2 are stored to data registers D8057 and D8058, respectively, and updated in every scan.

The analog potentiometer can be used to change the preset value for a timer or counter.

All-in-One Type CPU Module

I

goooooooo

ooooooooo
Analog Potentiometer 1

Analog Potentiometer 2 L ooooooooo
(24-1/0 Type Only) '| |'

Slim Type CPU Module

>
Analog Potentiometer 1 /

Special Data Registers for Analog Potentiometers

CPU Module Analog Potentiometer 1 Analog Potentiometer 2
FC4A-C24R2 and FC4A-C24R2C D8057 D8058
Other CPU Modules D8057 —

Example: Changing Counter Preset Value Using Analog Potentiometer
This example demonstrates a program to change a counter preset value using analog potentiometer 1.

Reset oNT co Analog potentiometer 1 value is stored to data register D8057, which is used as a preset
IOI | DSO57 value for counter CO.
Pulse The preset value is changed between O and 255 using the potentiometer.
11
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5: SPECIAL FUNCTIONS

Analog Voltage Input

Every slim type CPU module has an analog voltage input connector. When an analog voltage of O through 10V DC is
applied to the analog voltage input connector, the signal is converted to a digital value of O through 255 and stored to sj
cial data register D8058. The data is updated in every scan.

Special Data Register for Analog Voltage Input
CPU Module Analog Voltage Input Data
Slim Type CPU Modules D8058

To connect an external analog source, use the attached cable.

The cable is also available optionally.

Cable Name Type No.
Analog Voltage Input Cable FC4A-PMAC2P
(1m/3.28 ft. long) (package quantity 2)

Q

o @b Jdo o I e
o =2y A
/ [ (€22 NS M
s @S5y =56 = Y i,
TN
I >
il >
I >
Ui )
\ 1 /i

‘&\\\\\\\\\\\

T

Analog Voltage Source
(0 to 10V DC)

W
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HMI Module

This section describes the functions and operation of the optional HMI module (FC4A-PH1). The HMI module can be
installed on any all-in-one type CPU module, and also on the HMI base module mounted next to any slim type CPU mod-
ule. The HMI module makes it possible to manipulate the RAM data in the CPU module without using the Online menu
options inWindLDR. For details about the specifications of the HMI module, see page 2-49.

HMI module functions include:

« Displaying timer/counter current values and changing timer/counter preset values

* Displaying and changing data register values

« Setting and resetting bit operand statuses, such as inputs, outputs, internal relays, and shift register bits
« Displaying and clearing error data

« Starting and stopping the PLC

« Displaying and changing calendar/clock data (only when using the clock cartridge)

 Confirming changed timer/counter preset values

Parts Description

Display Screen
The liquid crystal display shows
menus, operands, and data.

ESC Button ————

Cancels the current operation,
and returns to the immediately
preceding operation.

OK Button
Goes into each control screen, or
enters the current operation.

A Button Vv Button
Scrolls up the menu, or increments the Scrolls down the menu, or decrements the
selected operand number or value. selected operand number or value.

é Caution ° Power up théMlicroSmart CPU module after installing the HMI module. If the HMI module i
installed or removed while thdicroSmart is powered up, the HMI module may fail to operate
correctly.

« If an invalid operand or a value over 65535 is entered, the display screen flashes to signal @n error.
When an error screen displays, pressH8€ button and repeat the correct key operation.
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5: SPECIAL FUNCTIONS

Key Operation for Scrolling Menus after Power-up
The chart below shows the sequence of scrolling menus usirg &nel A buttons on the HMI module after power-up.

While a menu screen is shown, press@ie button to enter into each control screen where operand numbers and values
are selected. For details of each operation, see the following pages.

VER Initial Screen
UE’DU Indicates the PLC system program version or the same menu as when the PLC was powered
down, depending on the value stored in special data register DB068 (see the next page).

1 v Press the ¥ button to switch to the timer menu.

R

TIM Timer Menu
Displays a timer current value, and changes the timer preset value.

vit
INT Counter Menu
Displays a counter current value, and changes the counter preset value.

>

>

vyt
R Data Register Menu
Displays a data register value, and changes the data register value.

>

vyt
I/X Input Menu
Displays an input status, and sets or resets the input.

>

vyt
G/Y Output Menu
Displays an output status, and sets or resets the output.

>

vyt

M Internal Relay Menu
Displays an internal relay status, and sets or resets the internal relay.

>

vy d

R Shift Register Menu
Displays a shift register bit status, and sets or resets the shift register bit.

vyt
ERR Error Menu
Displays general error codes, and clears the general error codes.

>

vid
R/5 Run/Stop Menu
Displays the run/stop status of the PLC, and starts or stops the PLC.

>

vyt
[A Calendar Menu
Displays and changes the calendar data.

>

vy d

CLK Clock Menu
Displays and changes the clock data.

>

vid
T/C Timer/Counter Changed Preset Value Confirm Menu
Confirms changed timer/counter preset values.

(The changed preset values in the MicroSmart CPU module RAM are written to EEPROM.)

>
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Selection of HMI Module Initial Screen

Special data register D8068 is available on upgraded CPU modules with system program version shown in the table below.
For the procedure to confirm the system program version of the CPU module, see page 28-1.

All-in-One Type Slim Type
FC4A-D20RK1
CPU Module FC4A-C10R2 | FC4A-C16R2 | FC4A-C24R2 | FC4A-D20K3 | FC4A-D20RS1
FC4A-C10R2C | FC4A-C16R2C | FC4A-C24R2C | FC4A-D20S3 FC4A-D40K3
FC4A-D40S3
System Program Version 203 or higher 202 or higher 202 or higher 202 or higher 201 or higher

D8068 can be used to select the initial screen display of the HMI module when the CPU module is powered up.

Data Register Value Description

0, 2 through 65535 Mode 1: Indicates the PLC program version each time the PLC is powered up.

D8068

1 Mode 2: Indicates the same menu as when the PLC was shut down.

When a keep data error occurs, mode 1 is enabled regardless of the value stored in data register D8068.

Key Operation for Selecting Operand Number

When theOK button is pressed while a menu screen is shown, the screen switches to the control screen of the menu. For
example, while the timer menu is on the display, pressin@#dutton switches the screen to the timer control screen,
where operand numbers and values are selected. For operation examples, see the following pages.

Timer Menu

TT™M
Ll

OK Switches to the control screen.

Slow Flashing

T 000 _asnmswoones | T (0

\

ESC Discards the changes and v Shifts down one digit.
returns to the menu screen.

ESC Returns to slow flashing. OK Selects the digit and changes to fast flashing.

|
Fast Flashing

"l' BBB};{ A Increments the number. - T BBB \,Z

- 74

v Decrements the number.

ESC Returns to fast flashing. OK Saves the changes and goes to the next screen.

5-34 « MICROSMART USER’S MANUAL »



5: SPECIAL FUNCTIONS

Displaying Timer/Counter Current Values and Changing Timer/Counter Preset Values
This section describes the procedure for displaying a timer current value and for changing the timer preset value for an

example. The same procedure applies to counter current values and preset values.

Example: Change timer T28 preset value 820 to 900

1. Select the Timer menu.

TT™M
L

OK

Go to control
screen.

2. Select the operand number.

T NN OK T l’lﬁl’l?lf A A T g | —Ese TOONO| —A
I UUUH Select digit. I UUUH Decrement I uuu Back to digit I uuu Shift up one
the value. selection. digit.
Slow Flash Quick Flash Quick Flash Slow Flash
T M 0K TOOO|—aa | T A0 0K
I UUHB Select digit. I UL%B Increment I UUQ«%B Complete operand selection.
the value. Go to next screen.
Slow Flash Quick Flash Quick Flash

3. The current value of the selected timer number is displayed.

T 002
C 00000

Current Value

4. The preset value of the selected timer number is displayed. Change the preset value to 900 as described below.

OK

Go to next screen.

A OK 7] \A/ ) ESC
I UUEB S_hi_ft up one I UULJB Select digit. I UUCB Decrement I U’—"-B Back t_o digit
P UBBBﬁ digit. P UUBEB P BBBEU the value. P ngﬁg selection.
Slow Flash Slow Flash Quick Flash Quick Flash
A OK ) A OK
T DU#B S_hi_ft up one T DUEB Select digit. T DDCB Increment T UULJH Complete
0080o|= |P O0HOD P OOHDD ™ |P 00500 e
Slow Flash Slow Flash Quick Flash Quick Flash

5. The changed preset value is displayed without flashing. Write the new preset value to the CPU module RAM.

008

P 00900

New Preset Value

OK

Write the new preset value to the CPU RAM.
Return to the Timer menu.

TT™M
Ll

Note: The changed timer/counter preset values are stored in the MicroSmart CPU module RAM and backed up for 30 days
by a lithium backup battery. If required, the changed preset values can be written from the MicroSmart CPU module RAM to
the EEPROM using the Timer/Counter Changed Preset Value Confirm menu described on page 5-36. For the data movement

in the CPU module, see page 7-13.

« MICROSMART USER’S MANUAL »

535



5: SPECIAL FUNCTIONS

Example: When timer T28 preset value is designated using a data register

1. Select the Timer menu.
TT __OK _
| _LM

Go to control
screen.

2. Select the operand number.

T nnnH

OK

vy T Ml ESC T A
—_— R — e
I UUUH Select digit. ' U’—"—H Decrement I uoU Back to digit I uud Shift up one
the value. selection. digit.
Slow Flash Quick Flash Quick Flash Slow Flash
A 2 AV, AV,
T 1N OK TAONIO|—AA OK
I UL!,«'—L Select digit. I U’—L«lri Increment I L"—’LJB Complete operand selection.
the value. Go to next screen.
Slow Flash Quick Flash Quick Flash

3. The current value of the selected timer number is displayed.

T 0098 |

Go to next screen.
- nonnn
L U iuuu

Current Value

4. The data register number designated as a preset value is displayed.
T ESC >
I 002e -

When the preset value is designated using a data register, the data register
-"lJ'l DD '183 number is displayed, and the screen does not change any more.
Data Register No.

To return to the Timer menu, press the ESC button.

Confirming Changed Timer/Counter Preset Values

This section describes the procedure for writing changed timer/counter preset values Wicro8reart CPU module
RAM to the EEPROM. This operation writes the changed preset values of both timers and counters at once.

The changed timer/counter preset values are stored Mi¢hesSmart CPU module RAM and backed up for 30 days by a
lithium backup battery. If required, the changed preset values can be writtetviiorti8&nart CPU module EEPROM as
described below. For the data movement in the CPU module, see page 7-13.

1. Select the Timer/Counter Changed Preset Value Confirm menu.

T/ oK |1/
1/

170 Display the TIM/CMT
change status.

TIM/CMT change status

0: Unchanged
1: Changed

——

2. Confirm the changed timer/counter preset values, and write the changes from the RAM to the EEPROM.

OK .| T/
Confirm the changed 7L
TIM/CNT preset values.

The Timer/Counter Changed Preset Value Confirm menu is restored.

To abort confirming the changed timer/counter preset values, press the ESC button
instead of the OK button; the Timer/Counter Changed Preset Value Confirm menu is
restored.
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Displaying and Changing Data Register Values
This section describes the procedure for displaying and changing the data register value.

Example: Change data register D180 value to 1300

1. Select the Data Register menu.

IR

OK

Go to control
screen.

2. Select the operand number.

n AnnH
LU uuuy

Slow Flash

n Anan
4 uodu

Slow Flash

A T Nrrn
—
Shift up one U ULHU
digit.
Slow Flash
A T AN
B ———
Shift up one U UH U
digit.
Slow Flash

OK

—_—
Select digit.

OK

 ——
Select digit.

T AnHn
L oL

Quick Flash

T Aron
L ugou

Quick Flash

3. The data of the selected data register number is displayed.

1080

00000

Current Data

OK

Go to next screen.

4. Change the data to 1300 as described below.

nMnoan
Uiy

0oood

Slow Flash

10 R0

nn2ann

uu Jud

Slow Flash

A A

Shift up two gg":" "Dg

digits. ﬁ
Slow Flash

A

Shift up one 'D D {BD

digit. n?'f_:lnn
uy3Juu
Slow Flash

OK

R —
Select digit.

OK

 ——
Select digit.

nroan
Uiy

00Koo

Quick Flash

1060

0L300

Quick Flash

5. The changed data is displayed without flashing. Save the changes.

nroan
L u iy

01300

New Data

OK

Write the new data to the CPU RAM.

Return to the Data Register menu.

IR
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B

Decrement
the value.

A
B ———

Increment
the value

A AA
R ——

Increment
the value.

A
B ——

Increment
the value.

T Aran
L oucia

Quick Flash

ATV2,

T roan
U, o

Quick Flash

nroan
NigNy |

00400

Quick Flash

1060

n'1nn
uu

AN

u i
Quick Flash

ESC

—_—
Back to digit
selection.

0K

—_—
Complete
operand
selection.

ESC

—_—
Back to digit
selection.

OK

 ——
Complete
data change.
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Setting and Resetting Bit Operand Status

Bit operand statuses, such as inputs, outputs, internal relays, and shift register bits, can be displayed, and setgr reset usi
the MHI module.

This section describes the procedure for displaying an internal relay status and for setting the internal relay for an example.
The same procedure applies to inputs, outputs, and shift register bits.

Example: Set internal relay M120

1. Select the Internal Relay menu.

M
I

OK

—_—
Go to control
screen.

2. Select the operand number.

Slow Flash

Slow Flash

Quick Flash

3. The status of the selected internal relay number is displayed.

MU 20

0

Current Status

OK

—_—
Internal relay status
0: OFF
1: ON

4. Select 1 (set) or 0 (reset) using theor v button.

Quick Flash

Quick Flash

A > 0K
M D /EU Increment the value.r M U ILJQ Enable the
?li 0: Reset (OFF) | | change.
L] 1: set (on) A

5. The changed status is displayed without flashing.

MU 20

/

New Status

5-38

OK

Return to the Internal
Relay menu.

M
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Quick Flash

MOOH | —a | moiin|—ok | monrin|—aa | mondn|—Ese
I UUUH Shift up one I UUHU Select digit. I L"—gxéu Increment Hroocd Back to digit
digit. the value. selection.
Slow Flash Slow Flash Quick Flash Quick Flash
A 0K A 7 0K
—_— —_— —_— B ———
M DD;:?:U Shift up one M U;D;—ju Select digit. M U;&;—ju Increment M QAéED Complete
digit. the value. operand
selection.
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Displaying and Clearing Error Data

This section describes the procedure for displaying general error codes and for clearing the general error codes.

1. Select the Error menu.

ERR P

Go to control
screen.

2. General error codes are displayed. Clear the general error codes.

OK
ER BBB l’ . ERQ To abort clearing the general error codes, press the ESC button

Clear the general error codes. instead of the OK button; the Error menu is restored.
Return to the Error menu.

For details about general error codes, see page 28-3.

Starting and Stopping the PLC

This section describes the procedure for starting and stopping the PLC operation using the HMI module.

Note: The procedure described below turns on or off start control special internal relay M800O to start or stop the PLC oper-
ation. When a stop input is designated, the PLC cannot be started or stopped by turning start control special internal relay
M8000 on or off; the procedure described below does not work. See page 4-3.

1. Select the Run/Stop menu.

R/5 —
/ Go to control
screen.

2. The PLC operation status is displayed.

1IN 0K _
Ui PLC operation status
RUN: Running

STP: Stopped

Current Status

3. Select RUN or STP to start or stop the PLC operation, respectively, usiagdh® button.

3
N A ETFf Ok TP B¢ Ip/C
7 L'"\i Switch to I > Enable the I Return to the /
STP or RUN. change. Run/Stop menu.
Slow Flash Slow Flash Changed Status
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Displaying and Changing Calendar Data (only when using the clock cartridge)

When an optional clock cartridge (FC4A-PT1) is installed inMlveoSmart CPU module, the calendar data of the clock
cartridge can be displayed and changed using the HMI module as described in this section.

Example: Change calendar data from Saturday, 01/01/2000 to Wednesday, 04/04/2001

1. Select the Calendar menu.

LA

5AT 2000

gi-01

Current Data

OK
—_—

Go to control
screen.

OK

2. The calendar data is displayed.

3. Change the year data using theor v button.

Slow Flash

Slow Flash

T o | —a T 91 110K
5743' EUEH Increment 5 D’ E’—’E !l Enable the
'l_ 'l the value. 'l_ 'l change.

4. Change the month data using theor v button.

TN || —AdA_ T Jn || —9K
57{' pUE I Increment 57{' pUE ! Enable the
ﬂ 'l_ 'l the value. Ql_’_ 'l change.

Slow Flash Slow Flash
5. Change the day data using theor v button.
T O || —AdA T I || —09K
574' Uy L Increment 574' Uy 'p Enable the
- the value. _D change.
04-0 | 04-[H

Slow Flash

Slow Flash

6. Change the day of week data using #her v button.

Slow Flash

Slow Flash

Q 2 Q 2

5741‘ mgNIEAAAL IIETI | OK

7 ﬁ UE I Decrement !V ﬁ UE I Enable the
l_,l_ LI the value. '_’_ LI change.

7. The new calendar data is displayed without flashing.

llE'n M |
WY Coug |

04-04

New Data

5-40

ESC
=LA

Return to the Calendar menu.
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Displaying and Changing Clock Data (only when using the clock cartridge)

When an optional clock cartridge (FC4A-PT1) is installed irMlieoSmart CPU module, the clock data of the clock car-
tridge can be displayed and changed using the HMI module as described in this section.

Example: Change clock data from 12:05 to 10:10

1. Select the Clock menu.

v
LLA

WET 04CH

i2-05

Current Data

OK

Go to control
screen.

OK

2. The clock data is displayed.

3. Change the hour data using theor ¥ button.

LICT AU | — XY o [ CT Ao | — 9K
4l ;U UL{UL{ Decrement WE;U UL{UL{ Enable the
- the value. - change.
12-05 '10-05
Slow Flash Slow Flash
4. Change the minute data using theor v button.
JICT AL | AAAALl - AU | —9K
WE'U ULQ—’LIP Increment WE'U ULQ—’LIP Enable the
’U-ﬂi the value. ,IU_ ,IQ change.

Slow Flash

Slow Flash

5. The new clock data is displayed without flashing.

WED 040

i0-10

New Data

ESC

Return to the Clock menu.

~ v
LLA
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Expansion Data Registers

Slim type CPU modules FC4A-D20RK1, FC4A-D20RS1, FC4A-D40K3, and FC4A-D40S3 have expansion data registers
D2000 through D7999. These expansion data registers are normally used as ordinary data registers to store numerical data
while the CPU module is executing a user program. In addition, numerical data can be set to designated ranges of expan-
sion data registers using the expansion data register edi¢indtDR. When the user program is downloaded from

WindLDR to the CPU module, the preset values of the expansion data registers are also downloaded to the EEPROM in the
CPU module. Each time the CPU is powered up, the preset values of the expansion data registers stored in the EEPROM
are loaded to the RAM and the user program in the RAM is executed.

Since the data in the EEPROM is non-volatile, the preset values of the expansion data registers are maintained semi-per-
manently and restored in the RAM each time the CPU is powered up. This feature is useful when particular numerical data
must not be lost. Furthermore, data register values can be easily entered in the form of either numbers or character strings
using the expansion data register editonmdLDR.

Programming WindLDR

1. From thewindLDR menu bar, sele@onfigure > ey - |

Expansion Data Register Settings

. . . . fom — e e fand
The Expansion Data Register Settings dialog box
appears. r - _rews |
ol |  cwRageinz|
- Loy Rarge 21

2. Click the check box to use the preset range 1 or 2.

Among expansion data registers D2000 through D7999, two ranges can be specified for preset data registers.

P U Pest Fsnge 1 I
First Data Register No. — ke [0 Gty [110 G5 P o Quantity of Data Registers

F liminnsgFee M | ﬂj

F lishuphy N[ _i# |  capRegein2 |« Copy Range

Edit Button 3 f O R B4 Copy the data between User
Go to the expansion data F i Promst Farge 2 Preset Ranges 1 and 2.
register editor screen. DANe [0 Dy [0
T~ Ui o) sk

I Lo g Fiskg Lo |
[ oo | _ xcow | 7um |

Use Preset Range 1 or 2: Click the check box, and type the first data register number in the DR No. box and the quan-
tity of data registers to store preset values in the Quantity box.

Use Initializing Relay: Click the check box and specify an internal relay number to use as an initializing relay. When
the initializing relay is turned on while the CPU is powered up, the preset values of the
expansion data registers in the EEPROM are loaded to the RAM.

Use Backup Relay: Click the check box and specify an internal relay number to use as a backup relay. When the
backup relay is turned on while the CPU is powered up, the values of the preset expansion
data registers in the RAM overwrite the preset values in the EEPROM.
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5: SPECIAL FUNCTIONS

3. Click theEdit button. The Edit Expansion Data Registers screen appears.

Edi E mpaimien (el a Repeicin

*
-

First Data Register No. ————| pmm | ©
0®En [ 1]
i ] [

|

oo a ool
ool oo a ol

o|o
JLEEELE

=
cloo o oo ol

.1____\..
{00 = — I — 3N — i — R — |
o oo oS o oo oo

BRI R RN

alee

=
=

Xews | 7w |

%
g

The specified quantity of data registers are reserved to store preset values in the Edit Expansion Data Registers screen.
can enter numerical values to these data registers individually, in the form of character strings, or fill the same value to
consecutive data registers.

Enter Individual Values

Click the data register number in the Edit Expansion Data Registers screen where you want to enter a numerical value, :
type a value 0 through 65535. When finished, dbék to return to the Expansion Data Register Settings dialog box.

T I
1 o L

-
-

4

pam || 1w
I
n®En
0¥m I
] |
[ 301

]
=

i

-
oo a
= a s o
oo oo a ol

D oo oo oo ol

L= 200 — R — R — R — I — R — B — L~

...____\,.
R N PR -

]
=
-
=

e

L

wor | soes | 7ee |

Enter Character String

Click the right mouse button at the data register number in the Edit Expansion Data Registers screen where you want t
enter a character string. A pop-up menu appears. Stag in the pop-up menu, then the String dialog box appears.

Type required characters, and clioK. The entered characters are converted in pairs into ASCII decimal values and
stored to data registers, starting with the selected data register number.

Hetsiem * |«—— Select a notation to show the ==
5 data in decimal, hexadecimal, or
o5 T8 ’ ’
E'L. o ASCII characters on the Edit [ woe | o corest |
Pass  Dubly Expansion Data Register screen.
[iweew Dl

Fill Same Value

Click the right mouse button at the data register number in the Edit Expansion
Data Registers screen where you want to enter numerical values. A pop-up menu  Bts [iin - Gusss fi0

appears. Seleéiill in the pop-up menu, then the Fill dialog box appears. Type vam T
the first data register number, the quantity of data registers, and the value. When IE |
finished, clickOK. The value is entered to consecutive data registers. ] 2K Sl

4. After editing the preset values of expansion data registers, download the user program to the CPU module since the
settings relate to the user program.
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5: SPECIAL FUNCTIONS

Data Movement of Preset Data Registers

Like preset values for timers and counters (page 7-13), the preset data of expansion data registers can be changed in the
RAM, the changed data can be cleared, and also stored to the EEPROM. The data movement is described below.

At Power-up and User Program Download

When the user program is downloaded to the CPU

module, the data of preset data registers are also WindLDR MicroSmart CPU Module
downloaded to the EEPROM. Each time the CPU is EEPROM
powered up, the data of preset data register; are User Program
loaded to the RAM. If the data of the expansion data Preset
registers have been changed as a result of advance Download RAM Values
instructions or through communication, the changed
data is cleared and initialized with the data of the pre-
set data registers when the CPU is powered up again.

H

H

Since expansion data registers D2000 through D7999 are all “keep” types, the data in ordinary data registers are retained
when the CPU is powered down.

Initializing Relay
When the internal relay designated as an initializing relay is turned on, MicroSmart CPU Module
the data of preset data registers are loaded to the RAM as is the case EEPROM
when the CPU is powered up.

H

e e . . User Program
When the initialization is complete, the initializing relay is turned off Preset

automatically. When a user program is used to turn on the initializing !nitialize RAM Values
relay, use a SOTU or SOTD to make sure that the initializing relay
turns on for one scan only. When an initializing relay is not designated,
the initialization cannot be performed.

H

Backup Relay

When the internal relay designated as a backup relay is turned on, the MicroSmart CPU Module

data of preset data registers are written from the RAM to the EEPROM EEPROM

as is the case with confirming changed timer/counter preset values. User Program

When the CPU is powered up again, the new data is loaded from the Changed
EEPROM to the RAM. When the user program is uploaded to Backup RAM Values

WindLDR, the new data is also uploaded to the expansion data registers.

H

When the backup is complete, the backup relay is turned off automati-
cally. When a user program is used to turn on the backup relay, use a SOTU or SOTD to make sure that the backup relay
turns on for one scan only. When a backup relay is not designated, the backup cannot be performed.

Special Internal Relays for Expansion Data Registers

While data write from the RAM to expansion data register preset range 1 or 2 in the EEPROM is in progress, special inter-
nal relay M8026 or M8027 turns on, respectively. When data write is complete, the special internal relay turns off.

Notes for Using Expansion Data Registers:
* All expansion data registers are “keep” types and cannot be designated as “clear” types using the Function Area Settings.

* When expansion data registers are designated as source or destination operands of advanced instructions, the execution
time takes slightly longer compared with ordinary data registers DO through D1299.

* When a user program RAM sum check error has occurred, the data of preset expansion data registers are loaded to the
RAM as is the case when the CPU is powered up.

* When the initializing relay is turned on, the scan time is extended until the data load from the EEPROM is completed by
approximately 7 msec for every 1000 words of data read from the EEPROM. The data size can be calculated from the fol-
lowing formula:

Data size (words) = 8.5 + Quantity of preset data registers

* When the backup relay is turned on, the scan time is extended until the data write to the EEPROM is completed for several
scans by approximately 200 msec in every scan.

* Writing to the EEPROM can be repeated a maximum of 100,000 times. Keep writing to the EEPROM to a minimum.
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6: ALLocATION NUMBERS

Introduction

This chapter describes allocation numbers available faviidreSmart to program basic and advanced instructions. Spe-
cial internal relays and special data registers are also described.

TheMicroSmart is programmed using operands such as inputs, outputs, internal relays, timers, counters, shift registers,
and data registers.

Inputs () are relays to receive input signals through the input terminals.

Outputs (Q) are relays to send the processed results of the user program to the output terminals.

Internal relays (M) are relays used in the CPU and cannot be outputted to the output terminals.

Special internal relays (M) are internal relays dedicated to specific functions.

Timers (T) are relays used in the user program, available in 1-sec, 100-msec, 10-msec, and 1-msec timers.

Counters (C) are relays used in the user program, available in adding counters and reversible counters.

Shift registers (R) are registers to shift the data bits according to pulse inputs.

Data registers (D) are registers used to store numerical data. Some of the data registers are dedicated to special functi

Operand Allocation Numbers

Available 1/0 numbers depend on the type of\fi@oSmart CPU module and the combination of /0O modules. 1/0 mod-
ules can be used with only the 24-1/0O type CPU module among all-in-one type CPU modules. All slim type CPU module
can be used with I/0 modules to expand the 1/0 points. For details of I/O, internal relay, and special internal relay num-
bers, see page 6-3.

All-in-One Type CPU Modules

FC4A-C10R2 FC4A-C16R2 FC4A-C24R2
Operand FC4A-C10R2C FC4A-C16R2C FC4A-C24R2C
Allocation No. Points Allocation No. Points Allocation No. Points
10-17 10-17
Input (1) 10-15 6 110 9 10 - 115 14
Expansion Input (1) — — — — 130 - 1107 64 (78 total)
Q0 - Q7

Output (Q) Q0-Q3 4 Q0 - Q6 7 010- Q11 10
Expansion Output (Q) | — — — — Q30 - Q107 64 (74 total)
Internal Relay (M) MO - M317 256 MO - M1277 1024 MO - M1277 1024
Special Internal M8000 - M8157 | 128 M8000 - M8157 | 128 M8000 - M8157 | 128
Relay (M)
Shift Register (R) RO - R63 64 RO - R127 128 RO - R127 128
Timer (T) TO-T31 32 TO-T99 100 TO -T99 100
Counter (C) C0-C31 32 CO-C99 100 CO-C99 100
Data Register (D) DO - D399 400 DO - D1299 1300 DO - D1299 1300
Special Data D8000-D8099 | 100 | D8OOO-D8199 | 200 | D8OOO - D8199 | 200
Register (D)

Notes:

* The least significant digit of input, output, internal relay, and special internal relay operand number is an octal number (O
through 7). Upper digits are decimal numbers.

* The allocation numbers of expansion inputs and outputs start with 130 and Q30, respectively.

* Note that input and output allocation numbers are not continuous between the CPU module and expansion /0 modules.
* The 24-1/0 type CPU module (FC4A-C24R2 and FC4A-C24R2C) can add a maximum of 64 |/0 points, and use a maximum

of 88 points of inputs and outputs in total.
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6:

ALLOCATION NUMBERS

Slim Type CPU Modules

FC4A-D20K3 FC4A-D20RK1 FC4A-D40K3
Operand FC4A-D20S3 FC4A-D20RS1 FC4A-D40S3
Allocation No. Points Allocation No. Points Allocation No. Points
10-17
0-17 0-17
Input (1) 12 12 110 - 117 24
110 - 113 110 - 113 50 . 127

. 128 224 204

Expansion Input (1) | 130 -1187 (140 total) 130 - 1307 (236 total) 130 - 1307 (248 total)
] ] Q0 - Q7

Output (Q) Q0-Q7 8 Q0 -Q7 8 Q10- Q17 16
Expansion 128 224 224
Output (Q) Q30 - Q187 (136 total) Q30 - Q307 (232 total) Q30 - Q307 (240 total)
Internal Relay (M) | MO - M1277 1024 MO - M1277 1024 MO - M1277 1024
AS-Interface — — M1300 - M1997 | 560 M1300 - M1997 | 560
Internal Relay (M)
Special Internal M8000 - M8157 | 128 M8000 - M8157 | 128 M8000 - M8157 | 128
Relay (M)
shift Register (R) | RO - R127 128 RO - R127 128 RO - R127 128
Timer (T) T0 - T99 100 T0 - T99 100 T0 - T99 100
Counter (C) CO-C99 100 CO-C99 100 CO-C99 100
Data Register (D) | DO - D1299 1300 DO - D1299 1300 DO - D1299 1300
AS-Interface Data | __ — D1700-D1999 | 300 D1700-D1999 | 300
Register (D)
Expansion Data — — D2000 - D7999 | 6000 D2000 - D7999 | 6000
Register (D)
Special Data D8000 - D8199 | 200 D8000 - D8199 | 200 D8000 - D8199 | 200
Register (D)

Notes:

6-2

The least significant digit of input, output, internal relay, and special internal relay operand number is an octal number (O
through 7). Upper digits are decimal numbers.

The allocation numbers of expansion inputs and outputs start with 130 and Q30, respectively.
Note that input and output allocation numbers are not continuous between the CPU module and expansion |/0 modules.

A maximum of 7 expansion /0 modules can be mounted on all slim type CPU modules. The maximum |1/0 points depend
on the CPU module type as described below.

The 20-1/0 type CPU module (FC4A-D20K3 and FC4A-D20S3) can add a maximum of 128 |/0 points, and use a maximum
of 148 points of inputs and outputs in total.

The 20-1/0 relay output type CPU module (FC4A-D20RK1 and FC4A-D20RS1) can add a maximum of 224 1/0 points, and
use a maximum of 244 points of inputs and outputs in total.

The 40-1/0 type CPU module (FC4A-D40K3 and FC4A-D40S3) can add a maximum of 224 1/0 points, and use a maximum
of 264 points of inputs and outputs in total.

Four models of the slim type CPU modules (FC4A-D20RK1, FC4A-D20RS1, FC4A-D40K3, and FC4A-D40S3) with system
program ver. 201 and higher can use the AS-Interface master module, and have additional internal relays and data regis-
ters for AS-Interface communication. Use WindLDR ver. 4.20 or higher to program the AS-Interface operands. For details
about AS-Interface communication, see a separate user’s manual for the AS-Interface master module.

When the AS-Interface master module is not connected, these AS-Interface operands can be used for basic and advanced
instructions like ordinary internal relays and data registers. Note that these operands cannot be designated for keep or
clear operands in the Function Area Settings dialog box in WindLDR. In addition, the clear operand data command of the
maintenance communication protocol and the designated reset input do not work on these AS-Interface operands. The sta-
tuses of these AS-Interface operands are maintained at power-up or when a reset input is turned on, but are cleared when
a keep data error occurs.
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6: ALLOCATION NUMBERS

1/0, Internal Relay, and Special Internal Relay Operand Allocation Numbers

Operand Allocation Numbers CPU Module
10-15 FC4A-C10R2/C
1017 110 FC4A-C16R2/C
10-17 110-115
130-137 140-147 I150-157 160-167 FC4A-C24R2/C
170-177 180-187 190-197 1100-1107
10-17 110-113
130-137 140-147 I150-157 160-167
170-177 180-187 190-197 11200-1107 Egjﬁggggg
1110-1117 1120-1127 1130-1137 1140-1147
1150-1157 1160-1167 1170-1177 1180-1187
10-17 110-113
130-137 140-147 150-157 160-167

Input (1) 170-177 180-187 190-197 11200-1107
1110-1117 1120-1127 1130-1137 1140-1147 FC4A-D20RK1
1150-1157 1160-1167 1170-1177 1180-1187 FC4A-D20RS1
1190-1197 1200-1207 12101217 1220-1227
1230-1237 1240-1247 1250-1257 1260-1267
1270-1277 1280-1287 1290-1297 1300-1307
10-17 110-117 120-127
130-137 140-147 150157 160-167
170-177 180-187 190-197 11200-1107
1110-1117 1120-1127 1130-1137 1140-1147 FC4A-D40K3
1150-1157 1160-1167 1170-1177 1180-1187 FC4A-D40S3
1190-1197 1200-1207 1210-1217 1220-1227
1230-1237 1240-1247 1250-1257 1260-1267
1270-1277 1280-1287 1290-1297 1300-1307
Q0-Q3 FC4A-C10R2/C
Q0-Q6 FC4A-C16R2/C
Q0-Q7 Q10-Q11
Q30-Q37 Q40-Q47 Q50-Q57 Q60-Q67 FC4A-C24R2/C
Q70-Q77 Q80-Q87 Q90-Q97 Q100-Q107
Q0-Q7
Q30-Q37 Q40-Q47 Q50-Q57 Q60-Q67 !
Q70-Q77 Q80-Q87 Q90-Q97 Q100-Q107 Egjﬁggggg
Q110-Q117 Q120-Q127 Q130-Q137 Q140-Q147
Q150-Q157 Q160-Q167 Q170-Q177 Q180-Q187
Q0-Q7
Q30-Q37 Q40-Q47 Q50-Q57 Q60-Q67

Output (Q) Q70-Q77 Q80-Q87 Q90-Q97 Q100-Q107
Q110-Q117 Q120-Q127 Q130-Q137 Q140-Q147 FC4A-D20RK1
Q150-Q157 Q160-Q167 Q170-Q177 Q180-Q187 FC4A-D20RS1
Q190-Q197 Q200-Q207 Q210-Q217 Q220-Q227
Q230-Q237 Q240-Q247 Q250-Q257 Q260-Q267
Q270-Q277 Q280-Q287 Q290-Q297 Q300-Q307
Q0-Q7 Q10-Q17
Q30-Q37 Q40-Q47 Q50-Q57 Q60-Q67
Q70-Q77 Q80-Q87 Q90-Q97 Q100-Q107
Q110-Q117 Q120-Q127 Q130-Q137 Q140-Q147 FC4A-D40K3
Q150-Q157 Q160-Q167 Q170-Q177 Q180-Q187 FC4A-D40S3
Q190-Q197 Q200-Q207 Q210-Q217 Q220-Q227
Q230-Q237 Q240-Q247 Q250-Q257 Q260-Q267
Q270-Q277 Q280-Q287 Q290-Q297 Q300-Q307
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6: ALLOCATION NUMBERS

Operand Allocation Numbers CPU Module

MO-M7 M10-M17 M20-M27 M30-M37
M40-M47 M50-M57 M60-M67 M70-M77
M80-M87 M90-M97 M100-M107 M110-M117
M120-M127 M130-M137 M140-M147 M150-M157 All types
M160-M167 M170-M177 M180-M187 M190-M197
M200-M207 M210-M217 M220-M227 M230-M237
M240-M247 M250-M257 M260-M267 M270-M277
M280-M287 M290-M297 M300-M307 M310-M317
M320-M327 M330-M337 M340-M347 M350-M357
M360-M367 M370-M377 M380-M387 M390-M397
M400-M407 M410-M417 M420-M427 M430-M437
M440-M447 M450-M457 M460-M467 M470-M477
M480-M487 M490-M497 M500-M507 M510-M517
M520-M527 M530-M537 M540-M547 M550-M557
M560-M567 M570-M577 M580-M587 M590-M597

Internal Relay (M) M600-M607 M610-M617 M620-M627 M630-M637
M640-M647 M650-M657 M660-M667 M670-M677
M680-M687 M690-M697 M700-M707 M710-M717
M720-M727 M730-M737 M740-M747 M750-M757
M760-M767 M770-M777 M780-M787 M790-M797 All types except
M800-M807 M810-M817 M820-M827 M830-M837 FC4A-C10R2/C
M840-M847 M850-M857 M860-M867 M870-M877
M880-M887 M890-M897 M900-M907 M910-M917
M920-M927 M930-M937 M940-M947 M950-M957
M960-M967 M9O70-M9O77 M980-M987 M990-M997
M1000-M1007 M1010-M1017 M1020-M1027 M1030-M1037
M1040-M1047 M1050-M1057 M1060-M1067 M1070-M1077
M1080-M1087 M1090-M1097 M1100-M1107 M1110-M1117
M1120-M1127 M1130-M1137 M1140-M1147 M1150-M1157
M1160-M1167 M1170-M1177 M1180-M1187 M1190-M1197
M1200-M1207 M1210-M1217 M1220-M1227 M1230-M1237
M1240-M1247 M1250-M1257 M1260-M1267 M1270-M1277
M8000-M8007 M8010-M8017 M8020-M8027 M8030-M8037
M8040-M8047 M8050-M8057 M8060-M8067 M8070-M8077

Special Internal Relay (M) All types
M8080-M8087 M8090-M8097 M8100-M8107 M8110-M8117

M8080-M8157 for read only | M8120-M8127 M8130-M8137 M8140-M8147 M8150-M8157

64
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6: ALLOCATION NUMBERS

Operand Allocation Numbers for Data Link Master Station

Allocation Number

Slave Station Number Transmit Data Receive Data Data Link
to Slave Station from Slave Station Communication Error
Slave Station 1 D900-D905 D906-D911 D8069
Slave Station 2 D912-D917 D918-D923 D8070
Slave Station 3 D924-D929 D930-D935 D8071
Slave Station 4 D936-D941 D942-D947 D8072
Slave Station 5 D948-D953 D954-D959 D8073
Slave Station 6 D960-D965 D966-D971 D8074
Slave Station 7 D972-D977 D978-D983 D8075
Slave Station 8 D984-D989 D990-D995 D8076
Slave Station 9 D996-D1001 D1002-D1007 D8077
Slave Station 10 D1008-D1013 D1014-D1019 D8078
Slave Station 11 D1020-D1025 D1026-D1031 D8079
Slave Station 12 D1032-D1037 D1038-D1043 D8080
Slave Station 13 D1044-D1049 D1050-D1055 D8081
Slave Station 14 D1056-D1061 D1062-D1067 D8082
Slave Station 15 D1068-D1073 D1074-D1079 D8083
Slave Station 16 D1080-D1085 D1086-D1091 D8084
Slave Station 17 D1092-D1097 D1098-D1103 D8085
Slave Station 18 D1104-D1109 D1110-D1115 D8086
Slave Station 19 D1116-D1121 D1122-D1127 D8087
Slave Station 20 D1128-D1133 D1134-D1139 D8088
Slave Station 21 D1140-D1145 D1146-D1151 D8089
Slave Station 22 D1152-D1157 D1158-D1163 D8090
Slave Station 23 D1164-D1169 D1170-D1175 D8091
Slave Station 24 D1176-D1181 D1182-D1187 D8092
Slave Station 25 D1188-D1193 D1194-D1199 D8093
Slave Station 26 D1200-D1205 D1206-D1211 D8094
Slave Station 27 D1212-D1217 D1218-D1223 D8095
Slave Station 28 D1224-D1229 D1230-D1235 D8096
Slave Station 29 D1236-D1241 D1242-D1247 D8097
Slave Station 30 D1248-D1253 D1254-D1259 D8098
Slave Station 31 D1260-D1265 D1266-D1271 D8099

Note: When any slave stations are not connected, master station data registers which are assigned to the vacant slave sta-
tions can be used as ordinary data registers.

Operand Allocation Numbers for Data Link Slave Station

Allocation Number

Data Transmit Data Receive Data Data Link
to Master Station from Master Station Communication Error
Slave Station Data D900-D905 D906-D911 D8069

Note: Slave station data registers D912 through D1271 and D8070 through D8099 can be used as ordinary data registers.
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6: ALLOCATION NUMBERS

Special Internal Relays

Special internal relays M8000 through M8077 are read/write internal relays used for controlling the CPU operation and
communication. Special internal relays M8080 through M8157 are read-only internal relays primarily used for indicating
the CPU statuses. All special internal relays cannot be used as destinations of advanced instructions.

Internal relays M300 through M315 are used to read input operand statuses of the IOREF (I/O refresh) instruction.

Special Internal Relay Allocation Numbers (Read/Write)

A“z‘:;::n Description CPU Stopped | Power OFF
M8000 Start Control Maintained Maintained
M8001 1-sec Clock Reset Cleared Cleared
M8002 All Outputs OFF Cleared Cleared
M8003 Carry (Cy) or Borrow (Bw) Cleared Cleared
M8004 User Program Execution Error Cleared Cleared
M8005 Data Link Communication Error Maintained Cleared
M8006 Data Link Communication Prohibit Flag (Master Station) Maintained Maintained
M8007 | [ ik Communication Stop Fig (iave Staton) Cleared | Cleared
M8010 Status LED Operating Cleared
M8011 HMI Write Prohibit Flag Maintained Cleared
M8012 HMI Operation Prohibit Flag Maintained Cleared
M8013 Calendar/Clock Data Write /Adjust Error Flag Operating Cleared
M8014 Calendar/Clock Data Read Error Flag Operating Cleared
M8015 Calendar/Clock Data Read Prohibit Flag Maintained Cleared
M8016 Calendar Data Write Flag Operating Cleared
mM8017 Clock Data Write Flag Operating Cleared
M8020 Calendar/Clock Data Write Flag Operating Cleared
M8021 Clock Data Adjust Flag Operating Cleared
M8022 User Communication Receive Instruction Cancel Flag (Port 1) Cleared Cleared
M8023 User Communication Receive Instruction Cancel Flag (Port 2) Cleared Cleared
M8024 BMOV/WSFT Executing Flag Maintained Maintained
M8025 Maintain Outputs While CPU Stopped Maintained Cleared
M8026 Expansion Data Register Data Writing Flag (Preset Range 1) Operating Maintained
M8027 Expansion Data Register Data Writing Flag (Preset Range 2) Operating Maintained
M8030 High-speed Counter 1 (I10-12) Comparison Output Reset Cleared Cleared
M8031 High-speed Counter 1 (10-12) Gate Input Maintained Cleared
M8032 High-speed Counter 1 (10-12) Reset Input Maintained Cleared
M8033 — Reserved — — —
M8034 High-speed Counter 2 (I13) Comparison Output Reset Cleared Cleared
M8035 High-speed Counter 2 (13) Gate Input Maintained Cleared
M8036 High-speed Counter 2 (13) Reset Input Maintained Cleared
M8037 — Reserved — — —
M8040 High-speed Counter 3 (I14) Comparison Output Reset Cleared Cleared
M8041 High-speed Counter 3 (14) Gate Input Maintained Cleared
M8042 High-speed Counter 3 (14) Reset Input Maintained Cleared
M8043 — Reserved — — —
M8044 High-speed Counter 4 (15-17) Comparison Output Reset Cleared Cleared
M8045 High-speed Counter 4 (15-17) Gate Input Maintained Cleared
M8046 High-speed Counter 4 (15-17) Reset Input Maintained Cleared
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6: ALLOCATION NUMBERS

A:zt:;::n Description CPU Stopped | Power OFF
mM8047 — Reserved — — —
M8050 Modem Mode (Originate): Initialization String Start Maintained Maintained
M8051 Modem Mode (Originate): ATZ Start Maintained Maintained
M8052 Modem Mode (Originate): Dialing Start Maintained Maintained
M8053 Modem Mode (Disconnect): Disconnect Line Start Maintained Maintained
M8054 Modem Mode (General Command): AT Command Start Maintained Maintained
M8055 Modem Mode (Answer): Initialization String Start Maintained Maintained
M8056 Modem Mode (Answer): ATZ Start Maintained Maintained
M8057 Modem Mode AT Command Execution Maintained Cleared
M8060 Modem Mode (Originate): Initialization String Completion Maintained Cleared
M8061 Modem Mode (Originate): ATZ Completion Maintained Cleared
M8062 Modem Mode (Originate): Dialing Completion Maintained Cleared
M8063 Modem Mode (Disconnect): Disconnect Line Completion Maintained Cleared
M8064 Modem Mode (General Command): AT Command Completion Maintained Cleared
M8065 Modem Mode (Answer): Initialization String Completion Maintained Cleared
M8066 Modem Mode (Answer): ATZ Completion Maintained Cleared
M8067 Modem Mode Operational State Maintained Cleared
M8070 Modem Mode (Originate): Initialization String Failure Maintained Cleared
M8071 Modem Mode (Originate): ATZ Failure Maintained Cleared
M8072 Modem Mode (Originate): Dialing Failure Maintained Cleared
M8073 Modem Mode (Disconnect): Disconnect Line Failure Maintained Cleared
M8074 Modem Mode (General Command): AT Command Failure Maintained Cleared
M8075 Modem Mode (Answer): Initialization String Failure Maintained Cleared
M8076 Modem Mode (Answer): ATZ Failure Maintained Cleared
mM8077 Modem Mode Line Connection Status Maintained Cleared

Special Internal Relay Allocation Numbers (Read Only)

Allocation Description CPU Stopped Power OFF
Number
M8080 | (27 K Communication Completon Relay (Siave Station) | Operating | Cleared
M8081 Data Link Slave Station 2 Communication Completion Relay Operating Cleared
M8082 Data Link Slave Station 3 Communication Completion Relay Operating Cleared
M8083 Data Link Slave Station 4 Communication Completion Relay Operating Cleared
M8084 Data Link Slave Station 5 Communication Completion Relay Operating Cleared
M8085 Data Link Slave Station 6 Communication Completion Relay Operating Cleared
M8086 Data Link Slave Station 7 Communication Completion Relay Operating Cleared
M8087 Data Link Slave Station 8 Communication Completion Relay Operating Cleared
M8090 Data Link Slave Station 9 Communication Completion Relay Operating Cleared
M8091 Data Link Slave Station 10 Communication Completion Relay Operating Cleared
M8092 Data Link Slave Station 11 Communication Completion Relay Operating Cleared
M8093 Data Link Slave Station 12 Communication Completion Relay Operating Cleared
M8094 Data Link Slave Station 13 Communication Completion Relay Operating Cleared
M8095 Data Link Slave Station 14 Communication Completion Relay Operating Cleared
M8096 Data Link Slave Station 15 Communication Completion Relay Operating Cleared
M8097 Data Link Slave Station 16 Communication Completion Relay Operating Cleared
M8100 Data Link Slave Station 17 Communication Completion Relay Operating Cleared
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A“g‘:;:_n Description CPU Stopped | Power OFF
M8101 Data Link Slave Station 18 Communication Completion Relay Operating Cleared
M8102 Data Link Slave Station 19 Communication Completion Relay Operating Cleared
M8103 Data Link Slave Station 20 Communication Completion Relay Operating Cleared
M8104 Data Link Slave Station 21 Communication Completion Relay Operating Cleared
M8105 Data Link Slave Station 22 Communication Completion Relay Operating Cleared
M8106 Data Link Slave Station 23 Communication Completion Relay Operating Cleared
M8107 Data Link Slave Station 24 Communication Completion Relay Operating Cleared
M8110 Data Link Slave Station 25 Communication Completion Relay Operating Cleared
M8111 Data Link Slave Station 26 Communication Completion Relay Operating Cleared
M8112 Data Link Slave Station 27 Communication Completion Relay Operating Cleared
mM8113 Data Link Slave Station 28 Communication Completion Relay Operating Cleared
M8114 Data Link Slave Station 29 Communication Completion Relay Operating Cleared
M8115 Data Link Slave Station 30 Communication Completion Relay Operating Cleared
M8116 Data Link Slave Station 31 Communication Completion Relay Operating Cleared
mM8117 Data Link All Slave Station Communication Completion Relay Operating Cleared
M8120 Initialize Pulse Cleared Cleared
M8121 1-sec Clock Operating Cleared
M8122 100-msec Clock Operating Cleared
mM8123 10-msec Clock Operating Cleared
M8124 Timer/Counter Preset Value Changed Maintained Maintained
M8125 In-operation Output Cleared Cleared

M8126-M8127 — Reserved — — —
M8130 High-speed Counter 1 (10-12) Reset Status Maintained Cleared
Maias | e o et nene
M8132 High-speed Counter 1 (10-12) Current Value Underflow Maintained Cleared
M8133 High-speed Counter 2 (I13) Comparison ON Status Maintained Cleared
M8134 High-speed Counter 3 (I14) Comparison ON Status Maintained Cleared
M8135 High-speed Counter 4 (15-17) Reset Status Maintained Cleared
MEEIs | i) comonr o o s oo
M8137 High-speed Counter 4 (15-17) Current Value Underflow Maintained Cleared
M8140 Interrupt Input 12 Status Cleared Cleared
M8141 Interrupt Input I3 Status Cleared Cleared
M8142 Interrupt Input 14 Status Cleared Cleared
M8143 Interrupt Input I5 Status Cleared Cleared
M8144 Timer Interrupt Status Cleared Cleared

M8145-M8147 — Reserved — — —
M8150 Comparison Result Greater Than Maintained Cleared
M8151 Comparison Result Less Than Maintained Cleared
M8152 Comparison Result Equal To Maintained Cleared
mM8153 — Reserved — — —
M8154 Catch Input 12 ON/OFF Status Maintained Cleared
M8155 Catch Input 13 ON/OFF Status Maintained Cleared
M8156 Catch Input 14 ON/OFF Status Maintained Cleared
M8157 Catch Input 15 ON/OFF Status Maintained Cleared

6-8
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M8000 Start Control

MB8000 is used to control the operation of the CPU. CR& stops operation when M8000 is turned off while the CPU is
running. M8000 can be turned on or off usingWiedLDR Online menu. When a stop or reset input is designated, M8000
must remain on to control the CPU operation using the stop or reset input. For the start and stop operation, see page 4

M8000 maintains its status when the CPU is powered down. When the data to be maintained during power failure is br
ken after the CPU has been off for a period longer than the battery backup duration, the CPU restarts operation or not :
selected ifFunction Area Settings> Run/Stop > Run/Stop Selection at Memory Backup Error See page 5-3.

M8001 1-sec Clock Reset
While M8001 is on, M8121 (1-sec clock) is turned off.

M8002 All Outputs OFF
When M8002 is turned on, all outputs (QO through Q107) go off until M8002 is turned off. Self-maintained circuits using
outputs also go off and are not restored when M8002 is turned off.

M8003 Carry (Cy) and Borrow (Bw)
When a carry or borrow results from executing an addition or subtraction instruction, M8003 turns on. M8003 is also use
for the bit shift and rotate instructions. See pages 11-2 and 13-1.

M8004 User Program Execution Error
When an error occurs while executing a user program, M8004 turns on. The cause of the user program execution error
be checked usin@nline > Monitor > PLC Status > Error Status > Details. See page 28-6.

M8005 Data Link Communication Error

When an error occurs during communication in the data link system, M8005 turns on. The M8005 status is maintained
when the error is cleared and remains on until M8005 is resetWsidgDR or until the CPU is turned off. The cause of
the data link communication error can be checked WBmge > Monitor > PLC Status> Error Status > Details. See
page 25-4.
M8006 Data Link Communication Prohibit Flag (Master Station)
When M8006 at the master station is turned on in the data link system, data link communication is stopped. The M800¢
status is maintained when the CPU is turned off and remains on until M8006 is res&lingimR.
M8007 Data Link Communication Initialize Flag (Master Station)
Data Link Communication Stop Flag (Slave Station)
M8007 has a different function at the master or slave station of the data link communication system.

Master station: Data link communication initialize flag

When M8007 at the master station is turned on during operation, the link configuration is checked to initialize the data lin
system. When a slave station is powered up after the master station, turn M8007 on to initialize the data link system. Aft
a data link setup is changed, M8007 must also be turned on to ensure correct communication.

Slave station: Data link communication stop flag
When a slave station does not receive communication data from the master station for 10 sec or more in the data link s

tem, M8007 turns on. When the slave station receives correct communication data, M8007 turns off.
M8010 Status LED
When M8010 is turned on or off, the STAT LED on the CPU module turns on or off, respectively.

M8011 HMI Write Prohibit Flag
When M8017 is turned on, the HMI module is disabled from writing data to prevent unauthorized modifications, such as
direct set/reset, changing timer/counter preset values, and entering data into data registers.

M8012 HMI Operation Prohibit Flag

When M8012 is turned on, the HMI module is disabled from all operations, reducing the scan time. To turn off M8012,
power down and up the CPU, or use the Point Writ&/iodLDR.
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M8013 Calendar/Clock Data Write/Adjust Error Flag

When an error occurs while calendar/clock data is written or clock data is adjusted, M8013 turns on. If calendar/clock data
is written or clock data is adjusted successfully, M8013 turns off.

M8014 Calendar/Clock Data Read Error Flag

When an error occurs while calendar/clock data is read, M8014 turns on. If calendar/clock data is read successfully,
M8014 turns off.

M8015 Calendar/Clock Data Read Prohibit Flag

When a clock cartridge is installed, the calendar/clock data is continuously read to the special data registers D8008
through D8014 for calendar/clock current data whether the CPU is running or stopped. When M8015 is turned on while
the CPU is running, calendar/clock data reading is prohibited to reduce the scan time.

M8016 Calendar Data Write Flag

When M8016 is turned on, data in data registers D8015 through D8018 (calendar new data) are set to the clock cartridge
installed on the CPU module. See page 15-6.

M8017 Clock Data Write Flag

When M8017 is turned on, data in data registers D8019 through D8021 (clock new data) are set to the clock cartridge
installed on the CPU module. See page 15-6.

M8020 Calendar/Clock Data Write Flag

When M8020 is turned on, data in data registers D8015 through D8021 (calendar/clock new data) are set to the clock car-
tridge installed on the CPU module. See page 15-6.

M8021 Clock Data Adjust Flag

When M8021 is turned on, the clock is adjusted with respect to secosatents are between 0 and 29 for current time,
adjustment foseconds will be set to 0 and minutes remain the samsedénds are between 30 and 59 for current time,
adjustment foseconds will be set to 0 andiinutes are incremented one. See page 15-6.

M8022 User Communication Receive Instruction Cancel Flag (Port 1)
When M8022 is turned on, all RXD1 instructions ready for receiving user communication through port 1 are disabled.

M8023 User Communication Receive Instruction Cancel Flag (Port 2)
When M8023 is turned on, all RXD2 instructions ready for receiving user communication through port 2 are disabled.

M8024 BMOV,/WSFT Executing Flag

While the BMOV or WSFT is executed, M8024 turns on. When completed, M8024 turns off. If the CPU is powered down
while executing BMOV or WSFT, M8024 remains on when the CPU is powered up again.

M8025 Maintain Outputs While CPU Stopped

Outputs are normally turned off when the CPU is stopped. M8025 is used to maintain the output statuses when the CPU is
stopped. When the CPU is stopped with M8025 turned on, the output ON/OFF statuses are maintained. When the CPU
restarts, M8025 is turned off automatically.

M8026 Expansion Data Register Data Writing Flag (Preset Range 1)
M8027 Expansion Data Register Data Writing Flag (Preset Range 2)

While data write from the CPU RAM to expansion data register preset range 1 or 2 in the EEPROM is in progress, M8026
or M8027 turns on, respectively. When data write is complete, the special internal relay turns off.

M8030, M8034, MiI8040, MI8044 High-speed Counter Comparison Output Reset

When M8030, M8034, M8040, or M8044 is turned on, the comparison output of high-speed counter 1, 2, 3, or 4 is turned
off, respectively. See page 5-6.

M8031, M8035, M8041, M8045 High-speed Counter Gate Input

While M8031, M8035, M8041, or M8045 is on, counting is enabled for high-speed counter 1, 2, 3, or 4, respectively. See
page 5-6.
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M8032, M8036, MI8042, M8046 High-speed Counter Reset Input

When M8032 or M8046 is turned on while two-phase high-speed counter 1 or 4 is enabled, the current value in D8045 |
D8051 is reset to the value stored in D8046 or D8052 (high-speed counter reset value) and the two-phase high-speed
counter counts subsequent input pulses starting at the reset value.

When M8032, M8036, M8042, or M8046 is turned on while single-phase high-speed counter 1, 2, 3, or 4 is enabled, thi
current value in D8045, D8047, D8049, or D8051 is reset to 0, respectively.

M8050-M8077 Special Internal Relays for Modem Mode
See page 27-2.

M8080-M8117 Special Internal Relays for Data Link Communication
See page 25-6.

M8120 Initialize Pulse

1 scan time
When the CPU starts operation, M8120 turns on for a period of one scan. M8120
——— Start
M8121 1-sec Clock 500 msec—, /_500 msec
While M8001 (1-sec clock reset) is off, M8121 generates clock I
pulses in 1-sec increments, with a duty ratio of 1:1 (500 msec om8121 | | |
and 500 msec off). <—1 sec—>
M8122 100-msec Clock
50 msec—\ /—50 msec
M8122 always generates clock pulses in 100-msec increments, -~ >~
whether M8001 is on or off, with a duty ratio of 1:1 (50 msec onM8122 | | |
and 50 msec off). <100 msec >

M8123 10-msec Clock

- . 5 msec—\ /—5 msec
M8123 always generates clock pulses in 10-msec increments,
whether M8001 is on or off, with a duty ratio of 1:1 (5 msec on M8&123 | | |
and 5 msec off). <—10 msec —>|

M8124 Timer/Counter Preset Value Changed

When timer or counter preset values are changed in the CPU module RAM, M8124 turns on. When a user program is
downloaded to the CPU froiindLDR or when the changed timer/counter preset value is cleared, M8124 turns off.

Timer or counter preset and current values can be changediisitidpR without transferring the entire program to the
CPU again (see pages 7-8 and 7-10). When a timer or counter is designated as a destination of an advanced instruction
timer/counter preset value is also changed.
M8125 In-operation Output
M8125 remains on while the CPU is running.

M8130 High-speed Counter 1 (10-12) Reset Status (ON for 1 scan)

When reset input 12 is turned on while high-speed counter 1 is enabled either in two-phase or single-phase high-speed
counter mode, M8130 turns on for one scan to indicate that the high-speed counter 1 current value is reset. When rese
input special internal relay M8032 is turned on, M8130 does not turn on.

M8131 High-speed Counter 1 (10-12) Current Value Overflow (two-phase high-speed counter) (ON for 1 scan)
High-speed Counter 1 (10-12) Comparison ON Status (single-phase high-speed counter) (ON for 1 scan)

When the current value of high-speed counter 1 exceeds 65535 while two-phase high-speed counter is enabled, M813.
turns on for one scan.

When the current value of high-speed counter 1 reaches the preset value while single-phase high-speed counter is enat
M8131 turns on for one scan.
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M8132 High-speed Counter 1 (10-12) Current Value Underflow (ON for 1 scan)
When the current value of high-speed counter 1 drops blow 0 while two-phase high-speed counter is enabled, M8132 turns
on for one scan.

M8133 High-speed Counter 2 (I3) Comparison ON Status (ON for 1 scan)
When the current value of high-speed counter 2 reaches the preset value, M8133 turns on for one scan.

M8134 High-speed Counter 3 (14) Comparison ON Status (ON for 1 scan)
When the current value of high-speed counter 3 reaches the preset value, M8134 turns on for one scan.

M8135 High-speed Counter 4 (15-17) Reset Status (ON for 1 scan)

When reset input 15 is turned on while high-speed counter 4 is enabled either in two-phase or single-phase high-speed
counter mode, M8135 turns on for one scan to indicate that the high-speed counter 4 current value is reset. When reset
input special internal relay M8046 is turned on, M8135 does not turn on.

M8136 High-speed Counter 4 (15-17) Current Value Overflow (two-phase high-speed counter) (ON for 1 scan)
High-speed Counter 4 (15-17) Comparison ON Status (single-phase high-speed counter) (ON for 1 scan)

When the current value of high-speed counter 4 exceeds 65535 while two-phase high-speed counter is enabled, M8136
turns on for one scan.

When the current value of high-speed counter 4 reaches the preset value while single-phase high-speed counter is enabled,
M8136 turns on for one scan.

M8137 High-speed Counter 4 (15-17) Current Value Underflow (ON for 1 scan)
When the current value of high-speed counter 4 drops blow 0 while two-phase high-speed counter is enabled, M8137 turns
on for one scan.

M8140, M8141, M8142, MI8143 Interrupt Input Status
When interrupt inputs 12 through I5 are enabled, M8140 through M8143 are turned on, respectively. When disabled, these
internal relays are turned off.

M8144 Timer Interrupt Status
When timer interrupt is enabled, M8144 is turned on. When disabled, M8144 is turned off.

M8150 Comparison Result Greater Than

When the CMP= instruction is used, M8150 is turned on when the value of operand designated by S1 is greater than that
of operand designated by S2 (S1 > S2). See page 10-2.

When the ICMP>= instruction is used, M8150 is turned on when the value of operand designated by S2 is greater than that
of operand designated by S1 (S2 < S1). See page 10-4.
M8151 Comparison Result Equal To

When the CMP= instruction is used, M8150 is turned on when the value of operand designated by S1 is equal to that of
operand designated by S2 (S1 = S2). See page 10-2.

When the ICMP>= instruction is used, M8151 is turned on when the value of operand designated by S3 is greater than that
of operand designated by S2 (S3 > S2). See page 10-4.
M8152 Comparison Result Less Than

When the CMP= instruction is used, M8150 is turned on when the value of operand designated by S1 is less than that of
operand designated by S2 (S1 < S2). See page 10-2.

When the ICMP>= instruction is used, M8152 is turned on when the value of operand designated by S2 is less than that of
operand designated by S1 and greater than that of operand designated by S3 (S1 > S2 > S3). See page 10-4.
M8154, M8155, M8156, M8157 Catch Input ON/OFF Status

When a rising or falling input edge is detected during a scan, the input statuses of catch inputs 12 through 15 at the moment
are set to M8154 through M8157, respectively, without regard to the scan status. Only one edge is detected in one scan.
For the catch input function, see page 5-18.
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Special Data Registers

Special Data Register Allocation Numbers

A::‘:;:n Description Updated See Page
D8000 System Setup ID (Quantity of Inputs) When 1/0 initialized 6-15
D8001 System Setup ID (Quantity of Outputs) When 1/0 initialized 6-15
D8002 CPU Module Type Information Power-up 6-16
D8003 Memory Cartridge Information Power-up 6-16
D8004 — Reserved — — —
D8005 General Error Code When error occurred 283
D8006 User Program Execution Error Code When error occurred 28-6
D8007 — Reserved — — —
D8008 Year (Current Data) Read only Every 100 msec 155
D8009 Month (Current Data) Read only Every 100 msec 155
D8010 Day (Current Data) Read only Every 100 msec 155
D8011 Day of Week (Current Data) Read only Every 100 msec 155
D8012 Hour (Current Data) Read only Every 100 msec 155
D8013 Minute (Current Data) Read only Every 100 msec 155
D8014 Second (Current Data) Read only Every 100 msec 155
D8015 Year (New Data) Write only 155
D8016 Month (New Data) Write only 15-5
D8017 Day (New Data) Write only 155
D8018 Day of Week (New Data) Write only 155
D8019 Hour (New Data) Write only 15-5
D8020 Minute (New Data) Write only 15-5
D8021 Second (New Data) Write only 15-5
D8022 Constant Scan Time Preset Value 5-27
D8023 Scan Time (Current Value) Every scan 5-27
D8024 Scan Time (Maximum Value) At occurrence 5-27
D8025 Scan Time (Minimum Value) At occurrence 5-27
D8026 Communication Mode Information Every scan 6-16
D8027 Port 1 Communication Device Number (O through 31) Every scan 26-2
D8028 Port 2 Communication Device Number (O through 31) Every scan 26-2
D8029 System Program Version Power-up 6-16
D8030 Communication Adapter Information Power-up 6-16
D8031 Optional Cartridge Information Power-up 6-16
D8032 Interrupt Input Jump Destination Label No. (12) 5-20
D8033 Interrupt Input Jump Destination Label No. (13) 5-20
D8034 Interrupt Input Jump Destination Label No. (14) 5-20
D8035 Interrupt Input Jump Destination Label No. (15) 5-20
D8036 Timer Interrupt Jump Destination Label No. — 5-22
D8037 Quantity of Expansion 1/0 Modules When 1/0 initialized 6-16

D8038-D8044 — Reserved — — —
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Special Data Registers for High-speed Counters

Allocation i
Number Description Updated See Page
D8045 High-speed Counter 1 (10-12) Current Value Every scan 57, 5-8
High-speed Counter 1 (I0-12) Reset Value (two-phase) i !
D8046 High-speed Counter 1 (I0-12) Preset Value (single-phase) 57,58
D8047 High-speed Counter 2 (13) Current Value Every scan 5-8
D8048 High-speed Counter 2 (I3) Preset Value 5-8
D8049 High-speed Counter 3 (14) Current Value Every scan 5-8
D8050 High-speed Counter 3 (14) Preset Value 5-8
D8051 High-speed Counter 4 (15-17) Current Value Every scan 5-8
D8052 High-speed Counter 4 (15-17) Reset Value (two-phase) 5.8
High-speed Counter 4 (15-17) Preset Value (single-phase)
D8053-D8054 — Reserved — — —
Special Data Register for Pulse Outputs (upgraded CPU modules only)
D8055 Current Pulse Frequency of PULS1 or RAMP (QO) Every scan 20-4, 20-17
D8056 Current Pulse Frequency of PULS2 or RAMP (Q1) Every scan 20-4, 20-17
Special Data Registers for Analog Potentiometers
D8057 Analog Potentiometer 1 Value (All CPU modules) Every scan 5-30
Analog Potentiometer 2 Value (All-in-one 24-1/0 type CPU) ! :
D8058 Analog Voltage Input (Slim type CPU modules) Every scan 530,531
D8059-D8067 — Reserved — — —
Special Data Register for HMI Module
D8068 ‘ HMI Module Initial Screen Selection 5-34
Special Data Registers for Data Link Master/Slave Stations
Slave Station 1 Communication Error (at Master Station)
D8069 Slave Station Communication Error (at Slave Station) When error occurred 254
D8070 Slave Station 2 ~ Communication Error (at Master Station) When error occurred 25-4
D8071 Slave Station 3  Communication Error (at Master Station) When error occurred 25-4
D8072 Slave Station 4  Communication Error (at Master Station) When error occurred 25-4
D8073 Slave Station 5  Communication Error (at Master Station) When error occurred 25-4
D8074 Slave Station 6  Communication Error (at Master Station) When error occurred 25-4
D8075 Slave Station 7 Communication Error (at Master Station) When error occurred 25-4
D8076 Slave Station 8 = Communication Error (at Master Station) When error occurred 25-4
D8077 Slave Station 9  Communication Error (at Master Station) When error occurred 25-4
D8078 Slave Station 10 Communication Error (at Master Station) When error occurred 25-4
D8079 Slave Station 11 Communication Error (at Master Station) When error occurred 25-4
D8080 Slave Station 12 Communication Error (at Master Station) When error occurred 25-4
D8081 Slave Station 13 Communication Error (at Master Station) When error occurred 25-4
D8082 Slave Station 14 Communication Error (at Master Station) When error occurred 25-4
D8083 Slave Station 15 Communication Error (at Master Station) When error occurred 25-4
D8084 Slave Station 16 Communication Error (at Master Station) When error occurred 25-4
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Allocation

Number Description Updated See Page
D8085 Slave Station 17 Communication Error (at Master Station) When error occurred 25-4
D8086 Slave Station 18 Communication Error (at Master Station) When error occurred 25-4
D8087 Slave Station 19 Communication Error (at Master Station) When error occurred 25-4
D8088 Slave Station 20 Communication Error (at Master Station) When error occurred 25-4
D8089 Slave Station 21 Communication Error (at Master Station) When error occurred 25-4
D8090 Slave Station 22 Communication Error (at Master Station) When error occurred 25-4
D8091 Slave Station 23 Communication Error (at Master Station) When error occurred 25-4
D8092 Slave Station 24 Communication Error (at Master Station) When error occurred 25-4
D8093 Slave Station 25 Communication Error (at Master Station) When error occurred 25-4
D8094 Slave Station 26 Communication Error (at Master Station) When error occurred 25-4
D8095 Slave Station 27 Communication Error (at Master Station) When error occurred 25-4
D8096 Slave Station 28 Communication Error (at Master Station) When error occurred 25-4
D8097 Slave Station 29 Communication Error (at Master Station) When error occurred 25-4
D8098 Slave Station 30 Communication Error (at Master Station) When error occurred 25-4
D8099 Slave Station 31 Communication Error (at Master Station) When error occurred 25-4
Special Data Registers for Port 2
D8100-D8102 — Reserved — — —
D8103 On-line Mode Protocol Selection When sending/receiving data 27-3
D8104 RS232C Control Signal Status Every scan 17-29
D8105 RS232C DSR Input Control Signal Option When sending/receiving data 17-30
D8106 RS232C DTR Output Control Signal Option When sending/receiving data 17-30
D8107-D8108 — Reserved — — —
D8109 Retry Cycles At retry 27-3
D8110 Retry Interval Every scan during retry 27-3
D8111 Modem Mode Status At status transition 27-3
D8112-D8114 — Reserved — — —
D8115-D8129 | AT Command Result Code When returning result code 27-3
D8130-D8144 | AT Command String When sending AT command 27-3
D8145-D8169 | Initialization String When sending init. string 27-3
D8170-D8199 | Telephone Number When dialing 27-3

Note: D8100 through D8199 are not available on the all-in-one 10-1/0 type CPU module; all other CPU modules have D8100

through D8199.

D8000 System Setup ID (Quantity of Inputs)

The total of input points provided on the CPU module and connected expansion input modules is stored to D8000. Wher

mixed 1/0 module (4 inputs and 4 outputs) is connected, 8 input points are added to the total.

D8001 System Setup ID (Quantity of Outputs)

The total of output points provided on the CPU module and connected expansion output modules is stored to D8001.

When a mixed I/O module (4 inputs and 4 outputs) is connected, 8 output points are added to the total.
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D8002 CPU Module Type Information
Information about the CPU module type is stored to D8002.

: FC4A-C10R2 or FC4A-C10R2C

: FC4A-C16R2 or FC4A-C16R2C

: FC4A-D20K3 or FC4A-D20S3

: FCAA-C24R2 or FC4A-C24R2C

: FCAA-D4AOK3 or FC4A-D40S3

: FC4AA-D20RK1 or FC4A-D20RS1

OHWNEO

D8003 Memory Cartridge Information

When an optional memory cartridge is installed on the CPU module cartridge connector, information about the user pro-
gram stored on the memory cartridge is stored to D8003.

FC4A-C10R2 or FC4A-C10R2C

FC4A-C16R2 or FC4A-C16R2C

FC4A-D20K3 or FC4A-D20S3

FCAA-C24R2 or FC4A-C24R2C

FC4A-D40K3 or FC4A-D40S3

: FC4AA-D20RK1 or FC4A-D20RS1

255: The memory cartridge does not store any user program.

2

D8026 Communication Mode Information
Communication mode information of port 1 and port 2 is stored to D8026.

Bit 15 2 1 0
pgo26 | [ | | [ | [ [ | | [ ]| ] [o]o]o]
N—
Port 2 T Port 1
00: Maintenance Protocol 0: Maintenance Protocol
01: User Protocol 1: User Protocol
10: Data Link

11: Modem Protocol

D8029 System Program Version
The PLC system program version number is stored to D8029. This value is indicated in the PLC status dialog box called
from theWindLDR menu bar. Sele@nline > Monitor, then selecOnline > PLC Status. See page 28-1.

D8030 Communication Adapter Information

Information about the communication adapter installed on the port 2 connector (except for all-in-one 10-1/0 type CPU
module) is stored to D8030.

0: RS232C communication adapter is installed
1: RS485 communication adapter is installed or no communication adapter is installed
D8031 Optional Cartridge Information
Information about the optional cartridge installed on the CPU module is stored to D8031.

0: No optional cartridge is installed

1: Clock cartridge is installed

2: Memory cartridge is installed

3: Clock cartridge and memory cartridge are installed

D8037 Quantity of Expansion |/0 Modules

The quantity of expansion I/0O modules connected to the all-in-one 24-1/0 type CPU module or any slim type CPU module
is stored to D8037.
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Expansion 1/0 Module Operands
Expansion I/O modules are available in digital I/O modules and analog I/O modules.

Among the all-in-one type CPU modules, only the 24-1/0 type CPU modules (FC4A-C24R2 and FC4A-C24R2C) can
connect a maximum of four expansion 1/0O modules including analog 1/0 modules.

All slim type CPU modules can connect a maximum of seven expansion 1/0O modules including analog I/0O modules.

1/0 Expansion for All-in-One Type CPU Modules

A maximum of four input, output, mixed 1/O, or analog I/O modules can be mounted with the 24-1/0 type CPU module, sc
that the I/O points can be expanded to a maximum of 78 inputs or 74 outputs. The total of inputs and outputs can be a v
imum of 88 points. Input and output numbers are automatically allocated to each digital I/O module, starting with 130 an
Q30, in the order of increasing distance from the CPU module. Expansion I/O modules cannot be mounted with the 10-
and 16-1/0 type CPU modules (FC4A-C10R2, FC4A-C10R2C, FC4A-C16R2, and FC4A-C16R2C).

1/0 Allocation Numbers (All-in-One Type CPU Modules)

FC4A-C10R2 FC4A-C16R2 FC4A-C24R2
Operand FC4A-C10R2C FC4A-C16R2C FC4A-C24R2C
Allocation No. Points Allocation No. Points Allocation No. Points
10-17 10-17
Input (1) 10-15 6 110 9 110 - 115 14
Expansion Input (I) — — — — 130 - 1107 64 (78 total)
Q0 -Q7
Output (Q) Q0-Q3 4 Q0 - Q6 7 010-0Q11 10
Expansion Output (Q) | — — — — Q30-Q107 64 (74 total)
Example:
Slot No.: 1 2 3 4
24-1/0 Type Input Analog | Mixed Input
CPU Module Module | 1/0 1/0 Module
Module | Module
14-pt Input 16-pt 4-pt 8-pt
10-pt Output Input Input Input
4-pt
Output

Expansion 1/0 Modules (4 maximum)

The system setup shown above will have I/O operand numbers allocated for each module as follows:

Slot No. Module 1/0 Operand Numbers
24-1/0 Type CPU Module 10 to 17, 110 to 115, QO to Q7, Q10 and Q11
1 16-pt Input Module 130 to 137, 140 to 147
2 Analog 1/0 Module See page 24-2.
3 4/4-pt Mixed 1/0 Module 150 to 153, Q30 to Q33
4 8-pt Input Module 160 to 167

The I/O numbers of the CPU module start with 10 and QO. The 1/O numbers of the expansion I/O modules start with 130
and Q30. The mixed I/0O module has 4 inputs and 4 outputs. When an 1/0O module is mounted next to a mixed 1/0 modul
note that the allocation numbers skip four points as shown above.

Input and output modules may be grouped together for easy identification of I/O numbers. When the 1/O modules are re
cated, the 1/0 numbers are renumbered automatically.
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6: ALLOCATION NUMBERS

1/0 Expansion for Slim Type CPU Modules
All slim type CPU modules can connect a maximum of seven expansion /0O modules including analog 1/0 modules.
The expandable I/O points and the maximum total I/O points vary with the type of CPU module as listed below.

Allocation Numbers (Slim Type CPU Modules)

FC4A-D20K3 FC4A-D20RK1 FC4A-D40K3
Operand FC4A-D20S3 FC4A-D20RS1 FC4A-D40S3
Allocation No. Points Allocation No. Points Allocation No. Points
10-17
10-17 10-17
Input (1) 110 -113 12 110 -113 12 :;8 ] :g 24
Expansion Input (1) 130 - 1187 (112480 total) 130 - 1307 (222;6 total) 130 - 1307 (222448 total)
0-Q7
Output (Q) Q0-Q7 8 Q0-Q7 8 810 ?Q17 16
. 128 224 224
Expansion Output (Q) | Q30 - Q187 (136 total) Q30 - Q307 (232 total) Q30 - Q307 (240 total)
Maximum Total
/0 Points 148 244 264
Example:
Slot No.: 1 2 3 4 5 6 7
20-1/0 Type
CPU Module
%?—F’Blntputt Output | Input Mixed | Input Analog | Mixed | Input
pt Lutpu Module | Module | 1/0 Module | 1/0 1/0 Module
Module Module | Module
or 32pt | 16pt | 160t | 8pt 4pt | 32pt
Output | Input Input Input Input Input
o A R meo
odule
24-pt Input Output Output
16-pt Output

Expansion 1/0 Modules (7 maximum)

The system setup shown above will have 1/0 operand numbers allocated for each module as follows:

Slot No. Module 1/0 Operand Numbers
40-1/0 Type CPU Module 10 to 17, 110 to 117, 120 to 127, QO to Q7, Q10 to Q27
1 32-pt Output Module Q30 to Q37, Q40 to Q47, Q50 to Q57, Q60 to Q67
2 16-pt Input Module 130 to 137, 140 to 147
3 16/8-pt Mixed 1/0 Module 150 to 157, 160 to 167, Q70 to Q77
4 8-pt Input Module 170 to 177
5 Analog 1/0 Module See page 24-2.
6 4 /4-pt Mixed 1/0 Module 180 to 183, Q80 to Q83
7 32-pt Input Module 190 to 197, 1100 to 1107, 1110 to 1117, 1120 to 1127

The 1/0 numbers of the CPU module start with 10 and QO. The 1/O numbers of the expansion I/O modules start with 130
and Q30. When an 1/0O module is mounted next to a 4/4-point mixed /O module, note that the allocation numbers skip
four points as shown above.

Input and output modules may be grouped together for easy identification of I/O numbers. When the 1/O modules are relo-
cated, the 1/0 numbers are renumbered automatically.
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7: BAsiIc INSTRUCTIONS

Introduction
This chapter describes programming of the basic instructions, available operands, and sample programs.
All basic instructions are available on lllicroSmart CPU modules.

Basic Instruction List

Symbol Name Function g;);:; ::gee
AND And Series connection of NO contact 4 7-4
AND LOD | And Load Series connection of circuit blocks 5 7-5
ANDN And Not Series connection of NC contact 4 7-4
BPP Bit Pop Eae:etgrfjr;ggr;iﬁylt of bit logical operation which was 5 7.6
BPS Bit Push Saves the result of bit logical operation temporarily 5 7-6
BRD Bit Read Reads the resul.t of bit logical operation which was 3 7.6

saved temporarily
CC= Counter Comparison (=) Equal to comparison of counter current value 7 7-14
ces Counter Comparison (2) \Zrﬁja;er than or equal to comparison of counter current 7 744
CDP Dual Pulse Reversible Counter | Dual pulse reversible counter (O to 65535) 4 7-10
CNT Adding Counter Adding counter (O to 65535) 4 7-10
CuD gg\{grzm;esg(l)iﬁg? Up/down selection reversible counter (O to 65535) 4 7-10

DC= Data Register Comparison (=) | Equal to comparison of data register value 8 7-16
DC> Data Register Comparison (3) S{;ﬁja(:er than or equal to comparison of data register 8 716
END End Ends a program 2 7-26
JEND Jump End Ends a jump instruction 4 7-25
JMP Jump Jumps a designated program area 4 7-25
LOD Load Stores intermediate results and reads contact status 6 7-2
LODN Load Not S:;rjs intermediate results and reads inverted contact 6 7.
MCR Master Control Reset Ends a master control 4 7-23
MCS Master Control Set Starts a master control 4 7-23
OR Or Parallel connection of NO contact 4 7-4
OR LOD Or Load Parallel connection of circuit blocks 5 7-5
ORN Or Not Parallel connection of NC contact 4 7-4
ouT Output Outputs the result of bit logical operation 6 7-2
OUTN Output Not Outputs the inverted result of bit logical operation 6 7-2
RST Reset Resets output, internal relay, or shift register bit 6 7-3
SET Set Sets output, internal relay, or shift register bit 6 7-3
SFR Shift Register Forward shift register 6 7-18
SFRN Shift Register Not Reverse shift register 6 7-18
SOTD Single Output Down Falling-edge differentiation output 5 7-22
SOTU Single Output Up Rising-edge differentiation output 5 7-22
TIM 100-msec Timer Subtracting 100-msec timer (0 to 6553.5 sec) 4 -7
TMH 10-msec Timer Subtracting 10-msec timer (O to 655.35 sec) 4 -7
TML 1-sec Timer Subtracting 1-sec timer (0 to 65535 sec) 4 -7
TMS 1-msec Timer Subtracting 1-msec timer (0 to 65.535 sec) 4 7-7

dan « MICROSMART USER’S MANUAL » 7-1



7: BAsIC INSTRUCTIONS

LOD (Load) #H and LODN (Load Not) ##

The LOD instruction starts the logical operation with a NO (normally open) contact. The LODN instruction starts the log-
ical operation with a NC (normally closed) contact.

A total of eight LOD and/or LODN instructions can be programmed consecutively.

Ladder Diagram Valid Operands
Instruction | Q M T (o] R
I LOD 0-1277
LODN 0-307 | 0-307 8000-8157 0-99 099 | 0127
/1 The valid operand range depends on the CPU module type. For details, see pages 6-1 and 6-2.

OUT (Output) =4 and OUTN (Output Not) <A

The OUT instruction outputs the result of bit logical operation to the specified operand. The OUTN instruction outputs the
inverted result of bit logical operation to the specified operand.

Ladder Diagram Valid Operands
Instruction | Q M T C R
ouT 0-1277
OUTN — | 9307 | go008077 | o o

The valid operand range depends on the CPU module type. For details, see pages 6-1 and 6-2.

A Caution - For restrictions on ladder programming of OUT and OUTN instructions, see page 28-22.

Multiple OUT and OUTN

There is no limit to the number of OUT and OUTN instructions that can be programmekhdder Diagram
into one rung.

Programming multiple outputs of the same output number is not recommended. How-Ladder Diagram

ewver, when doing so, it is good practice to separate the outputs with the IMP/JEND sef ofON

instructions, or the MCS/MCR set of instructions. These instructions are detailed later|in il O
this chapter. 11 Q0

When the same output number is programmed more than once within one scan, the @ UtbFF oFF

put nearest to the END instruction is given priority for outputting. In the example on thg | O
right, output QO is off. _||2 Q0
OFF
| ——
13
END
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7: BAsic INSTRUCTIONS

Examples: LOD (Load), OUT (Output), and NOT

Ladder Diagram

10 Q0

Ladder Diagram

s

Ladder Diagram

Taa

Ladder Diagram

T

Ladder Diagram

S )—‘
’_{Cl Q10

SET =4 and RST (Reset) =

The SET and RST (reset) instructions are used to set (on) or reset (off) outputs, internal relays, and shift register bits. The
same output can be set and reset many times within a program. SET and RST instructions operate in every scan while the

input is on.

Program List

Timing Chart

I

O N O
Rl I s
SR — I

Instruction Data
LOD 10
ouT QO
LOD 11
OUTN Q1

Program List

Instruction Data
LOD M2
ouT QO

Program List

Instruction Data
LODN Qo0
ouT Q1

Program List

Instruction Data
LOD TO
OUTN Q2

Program List

Instruction Data
LODN Cc1
ouT Q10

Ladder Diagram Program List Timing Chart
6 Instruction | Data o o 1
10 Q0 LOD 10
SET Qo0 N I M
® LOD 1 I ;
11 0 RST 0 ON |—|
Q Q Q0 o
Valid Operands
Instruction Q M T C R
SET 0-1277
RST 0307 | g000.8077 | — | o7

The valid operand range depends on the CPU module type. For details, see pages 6-1 and 6-2.

A Caution - For restrictions on ladder programming of SET and RST instructions, see page 28-22.
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7: BAsIC INSTRUCTIONS

AND HH and ANDN (And Not) #H

The AND instruction is used for programming a NO contact in series. The ANDN instruction is used for programming a
NC contact in series. The AND or ANDN instruction is entered after the first set of contacts.

Ladder Diagram Program List Timing Chart
L | | | O Instruction Data 10 (?F’\; | |
10 11 QO LOD 10 oN : :
AND 11 11 o : | |
ouTt Q0 I i
ON '
— 8 AN | i1 LIS I —
10 11 01 OUT o1 v
ON
Ql o | [ 1

When both inputs 10 and 11 are on, output QO is on. When either input 10 or I1 is off, output QO is off.
When input 10 is on and input I1 is off, output Q1 is on. When either input 10 is off or input 11 is on, output Q1 is off.

Valid Operands

Instruction | Q M T (o] R
AND 0-1277
ANDN 0-307 | 0-307 8000-8157 0-99 0-99 0-127

The valid operand range depends on the CPU module type. For details, see pages 6-1 and 6-2.

OR 3H and ORN (Or Not) 34

The OR instruction is used for programming a NO contact in parallel. The ORN instruction is used for programming a NC
contact in parallel. The OR or ORN instruction is entered after the first set of contacts.

Ladder Diagram Program List Timing Chart
- ON
L — O Instruction Data 10 OFF | |
10 Qo0 LOD 10 : |
OR 11 oo ] |
— ouT QO ! T
11 LOD 10 00 O
—| |— ORN 11 OFF | : |:
O ouT Q1 ON -
10 o1 Ql o [ |

When either input 10 or 11 is on, output QO is on. When both inputs |0 and |1 are off, output QO is off.
When either input 10 is on or input 11 is off, output Q1 is on. When input |10 is off and input 11 is on, output Q1 is off.

Valid Operands

Instruction | Q M T C R
OR 0-1277
ORN 0-307 | 0-307 8000-8157 0-99 099 | 0127

The valid operand range depends on the CPU module type. For details, see pages 6-1 and 6-2.
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7: BAsic INSTRUCTIONS

AND LOD (Load)

The AND LOD instruction is used to connect, in series, two or more circuits starting with the LOD instruction. The AND
LOD instruction is the equivalent of a “node” on a ladder diagram.

When usingVNindLDR, the user need not program the AND LOD instruction. The circuit in the ladder diagram shown
below is converted into AND LOD when the ladder diagram is compiled.

Ladder Diagram Program List
- Instruction Data
10 12 Q0 LOD 10
LOD 12
OR 13
13 ANDLOD
ouT Q0
Timing Chart
ON ; ; i i
10 o [ | | | Wh_en input 10 is on.and either input 12 or
! 13 is on, output QO is on.
ON '
12 o l_l | | . | | When input 10 is off or both inputs 12 and

oN 13 are off, output QO is off.

OFF

Q 1 [

i

OR LOD (Load)

The OR LOD instruction is used to connect, in parallel, two or more circuits starting with the LOD instruction. The OR
LOD instruction is the equivalent of a “node” on a ladder diagram.

When usingNindLDR, the user need not program the OR LOD instruction. The circuit in the ladder diagram shown below
is converted into OR LOD when the ladder diagram is compiled.

Ladder Diagram Program List
|—| Instruction Data
10 11 QO LOD 10
AND 11
— LOD 12
12 13 AND 13
ORLOD
ouT QO
Timing Chart
ON ;
10 o | | | | When both inputs 10 and 11 are on or both
' ' inputs 12 and I3 are on, output QO is on.
ON
11 o | | [ | When either input 10 or I1 is off and either
oN | i input 12 or I3 is off, output QO is off.
12 OFF L | | 1

sl T

1 [

ON
Q0 o

i
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7: BAsIC INSTRUCTIONS

BPS (Bit Push), BRD (Bit Read), and BPP (Bit Pop)

The BPS (bit push) instruction is used to save the result of bit logical operation temporarily.
The BRD (bit read) instruction is used to read the result of bit logical operation which was saved temporarily.
The BPP (bit pop) instruction is used to restore the result of bit logical operation which was saved temporarily.

When usingVindLDR, the user need not program the BPS, BRD, and BPP instructions. The circuit in the ladder diagram
shown below is converted into BPS, BRD, and BPP when the ladder diagram is compiled.

Ladder Diagram Program List
BPS i
_| : : : O_ Instruction Data
10 11 Q1 LOD 10
BPS
BRD | } O AND 11
12 Q2 ouT Q1
BRD
BPP  } O AND 12
13 Q3 ouT Q2
BPP
AND 13
ouT Q3
Timing Chart
ON
0 ghl | |
ON ] E ]
11 o .
ON i : i
12" o | : | [ |
ON . —
13" orF AR |

RS N I
Q2 o [ I
Q3 o ]

When both inputs 10 and 11 are on, output Q1 is turned on.

When both inputs 10 and 12 are on, output Q2 is turned on.
When both inputs 10 and 13 are on, output Q3 is turned on.
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7: BAsic INSTRUCTIONS

TML, TIM, TMH, and TMS (Timer) E|

Four types of timedown timers are available; 1-sec timer TML, 100-msec timer TIM, 10-msec timer TMH, and 1-msec
timer TMS. A total of 32 timers (all-in-one 10-1/0 type CPU module) or 100 timers (other CPU modules) can be pro-

grammed in a user program. Each timer must be allocated to a unique number TO through T31 or T99.

Timer Allocation Number Range Increments Preset Value
TML (1-sec timer) TO to T99 0 to 65535 sec 1 sec
TIM (100-msec timer) T0 to T99 0to 6553.5sec | 100 msec | Constant: 01065535
- Data registers: DO to D1299
TMH (10-msec timer) TO to T99 0 to 655.35 sec | 10 msec D2000 to D7999
TMS (1-msec timer) TO to T99 0 to 65.535sec | 1 msec

The valid operand range depends on the CPU module type. For details, see pages 6-1 and 6-2.
The preset value can be 0 through 65535 and designated using a decimal constant or data register.

TML (1-sec Timer)
Ladder Diagram (TIML)

| —{™L  TO H
10 4

— — —O—
11 TO Q0

TIM (100-msec Timer)
Ladder Diagram (TIM)

L —{m 11 Y
10 20

— — —O—
11 1 Q1

TMH (10-msec Timer)

Ladder Diagram (TMH)

- |
— — —O—
11 T2 Q2

TMS (1-msec Timer)
Ladder Diagram (TMS)

s = ]
— 1 —O—
11 T3 Q3

Program List

Instruction Data
LOD 10
TML TO

4
LOD 11
AND TO
ouT QO
Program List

Instruction Data
LOD 10
TIM T1

20

LOD 11

AND T1

ouT Q1
Program List

Instruction Data
LOD 10
TMH T2

100
LOD 11
AND T2
ouT Q2
Program List

Instruction Data
LOD 10
T™MS T3

500
LOD 11
AND T3
ouT Q3

Timing Chart

ON

10" o

ON
OFF

ON
OFF

TO

11

ON
OFF

QO

<«—— 4sec —>; \

—
—

Timing Chart

ON
OFF

ON
OFF

10

T1

ON
OFF

ON
OFF

11

Q1

|

|

]

Timing Chart

ON
OFF

ON
OFF

10

T2

ON
OFF

ON
OFF

11

Q2

—»—— 1 sec

J___.__

1

Timing Chart

ON

10 OFF

ON
OFF

ON
OFF

T3

11

ON
OFF

Q3
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7: BAsIC INSTRUCTIONS

Timer Circuit

The preset value 0 through 65535 can be designated using a data register DO through D1299 or D2000 through D7999;
then the data of the data register becomes the preset value. Directly after the TML, TIM, TMH, or TMS instruction, the
OUT, OUTN, SET, RST, TML, TIM, TMH, or TMS instruction can be programmed.

Ladder Diagram Program List
’_‘ — TV 15 Instruction Data A Caution
11 D10 Q:O \ LOD 11 . _
TIM T5 * For restrictions on ladder programmimng
D10 of timer instructions, see page 28-22
ouT Q0

» Timedown from the preset value is initiated when the operation result directly before the timer input is on.
 The timer output turns on when the current value (timed value) reaches 0.
 The current value returns to the preset value when the timer input is off.

 Timer preset and current values can be changed WsintyDR without downloading the entire program to the CPU
again. From th&/indLDR menu bar, sele@nline > Monitor, then seled®Dnline > Point Write . To change a timer pre-
set value, specify the timer number with a capital T and a new preset value. If the timer preset value is changed during
timedown, the timer remains unchanged for that cycle. The change will be reflected in the next time cycle. To change a
timer current value, specify the timer number with a small t and a new current value while the timer is in operation. The
change takes effect immediately.

« If the timer preset value is changed to 0, then the timer stops operation, and the timer output is turned on immediately.
« If the current value is changed during timedown, the change becomes effective immediately.

« For the data movement when changing, confirming, and clearing preset values, see page 7-13. Preset values can also be
changed and changed preset values can be confirmed using the HMI module. See pages 5-35 and 5-36.

Timer Accuracy

Timer accuracy due to software configuration depends on three factors: timer input error, timer counting error, and timeout
output error. These errors are not constant but vary with the user program and other causes.

Timer Input Error

The input status is read at the END processing and stored to the input RAM. So, an error occurs depending on the timing
when the timer input turns on in a scan cycle. The same error occurs on the normal input and the catch input. The timer
input error shown below does not include input delay caused by the hardware.

Minimum Error Maximum Error
Program Processing E']‘D TI|M E’]‘D Program Processing E’]‘D TI|M E']‘D TI|M
Actual Input OOF’\Ii [ Actual Input C?F’\; |
o | e : N .
Input RAM OF'\; [ Input RAM OF’: Lo |
Timer Start [ Timer Start |
: Tet - E E - Tie : Tet -
i 1 scan time 1 | 1 scan time 1
When the input turns on immediately before the When the input turns on immediately after the END pro-
END processing, Tie is almost 0. Then the timer cessing, Tie is almost equal to one scan time. Then the
input error is only Tet (behind error) and is at its timer input error is Tie + Tet = one scan time + Tet
minimum. (behind error) and is at its maximum.

Tie: Time from input turning on to the END processing
Tet: Time from the END processing to the timer instruction execution
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7: BAsic INSTRUCTIONS

Timer Accuracy, continued

Timer Counting Error

Every timer instruction operation is individually based on asynchronous 16-bit reference timers. Therefore, an error occu
depending on the status of the asynchronous 16-bit timer when the timer instruction is executed.

Error TML TIM TMH T™MS
(1-sec timer) (100-msec timer) (10-msec timer) (1-msec timer)
) Advance error 1000 msec 100 msec 10 msec 1 msec
Maximum
Behind error 1 scan time 1 scan time 1 scan time 1 scan time

Timeout Output Error

The output RAM status is set to the actual output when the END instruction is processed. So, an error occurs depending
the timing when the timeout output turns on in a scan cycle. The timeout output error shown below does not include outp
delay caused by the hardware.

) E
Program Processing

D TIM EI}ID

Timeout output error is equal to Tte (behind error) and can
be between O and one scan time.

ON

Timeout Output RAM OFF

oN : 0 < Tte < 1 scan time
Actual Output ¢

Tte: Time from the timer instruction execution to the END

N
]
T

-~ processing
1 scan time :
Maximum and Minimum of Errors
Error Timer Input Error Timer Counting Timeout Output Total Error
Error Error
o Advance error 0O (Note) 0 0 (Note) 0
Minimum
Behind error Tet 0 Tte 0
) Advance error 0O (Note) Increment 0 (Note) Increment — (Tet + Tte)
Maximum
Behind error 1 scan time + Tet 1 scan time Tte 2 scan times + (Tet + Tte)

Notes: Advance error does not occur at the timer input and timeout output.
Tet + Tte = 1 scan time
Increment is 1 sec (TML), 100 msec (TIM), 10 msec (TMH), or 1 msec (TMS).
The maximum advance error is: Increment — 1 scan time
The maximum behind error is: 3 scan times

The timer input error and timeout output error shown above do not include the input response time (behind error)
and output response time (behind error) caused by hardware.

Power Failure Memory Protection

Timers TML, TIM, TMH, and TMS do not have power failure protection. A timer with this protection can be devised using
a counter instruction and special internal relay M8121 (1-sec clock), M8122 (100-msec clock), or M8123 (10-msec clock

Ladder Diagram Program List Timing Chart
(10-sec Timer) ON
Instruction | Data 11 [ [
Reset c Co LODN 1 orF «—10 sec —» i
/— CNT oN| '
11 1000 LOD M8123 C2 o . | |
Pulse CNT c2
1000
M8123

Note: Designate counter C2 used in this program as a keep type counter. See page 5-4.
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7: BAsIC INSTRUCTIONS

CNT, CDP, and CUD (Counter) &

Three types of counters are available; adding (up) counter CNT, dual-pulse reversible counter CDP, and up/down selection
reversible counter CUD. A total of 32 counters (all-in-one 10-1/0 type CPU module) or 100 counters (other CPU modules)
can be programmed in a user program. Each counter must be allocated to a unique number CO through C31 or C99.

Counter Allocation Number Preset Value
CNT (adding counter) CO to C99 Constant: 0 to 65535
CDP (dual-pulse reversible counter) CO to C99 Data registers: DO to D1299
CUD (up/down selection reversible counter) CO to C99 D2000 to D7999

The valid operand range depends on the CPU module type. For details, see pages 6-1 and 6-2.
The preset value can be O through 65535 and designated using a decimal constant or data register.

CNT (Adding Counter)

When counter instructions are programmed, two addresses are required. The circuit for an adding (UP) counter must be
programmed in the following order: reset input, pulse input, the CNT instruction, and a counter number CO through C99,
followed by a counter preset value from 0 to 65535.

The preset value can be designated using a decimal constant or a data register. When a data register is used, the data of the
data register becomes the preset value.
» The same counter number cannot be programmed

Ladder Diagram
g more than once.

Program List

Reset

— gNT CO H Instruction | Data « While the reset input is off, the counter counts the lead-
10 oulee tgg :2 ing edges of pulse inputs and compares them with the
] — CNT co preset value.
11 Lob |52 » When the current value reaches the preset value, the
— —0O— AND co countgr turrjs output on. The output stays on until the
12 co QO ouT Q0 reset input is turned on.
» When the reset input changes from off to on, the cur-
o rent value is reset.
Timing Chart
on I I » When the reset input is on, all pulse inputs are ignored.
Reset Input 10 . .
P OFF T > 3 1 & & 5 . The_ reset input must be turned off before counting may
ON |
Pulse Input 11 - " " " " " " e begin.
! ! * When power is off, the counter’s current value is held
ON 1 1
Counter CO e | | and can also be designated as “clear” type counters
| 1o ON | ! ! | using Function Area Settings (see page 5-4).
nput
OFF . . » Counter preset and current values can be changed
ON T | . . . . .
Output Q0 e [ | usingWindLDR without downloading the entire pro-

gram to the CPU again. From ttndLDR menu bar,
selectOnline > Monitor, then selecOnline > Point
Write . To change a counter preset value, specify the
counter number with a capital C and a new preset
value. To change a counter current value, specify the
counter number with a small ¢ and a new current value
while the counter reset input is off.

» The preset value 0 through 65535 can be designated
using a data register DO through D1299 or D2000
through D7999; then the data of the data register
becomes the preset value. Directly after the CNT
instruction, the OUT, OUTN, SET, RST, TML, TIM,
TMH, or TMS instruction can be programmed.

When the preset or current value is changed during
counter operation, the change becomes effective imme-
diately.

Reset

CNT C28

10 D5 Q0 . —_
Pulse For the data movement when changing, confirming,

— and clearing preset values, see page 7-13. Preset values
11 can also be changed and changed preset values can be
confirmed using the HMI module. See pages 5-35 and
5-36.
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7: BAsic INSTRUCTIONS

CDP (Dual-Pulse Reversible Counter)

The dual-pulse reversible counter CDP has up and down pulse inputs, so that three inputs are required. The circuit for
dual-pulse reversible counter must be programmed in the following order: preset input, up-pulse input, down-pulse inpu
the CDP instruction, and a counter number CO through C99, followed by a counter preset value from 0 to 65535.

The preset value can be designated using a decimal constant or a data register. When a data register is used, the data of
data register becomes the preset value.

Ladder Diagram Program List e The same counter number cannot be pro-
Preset Input - grammed more than once.
L | cDP C1 W Instruction Data
10 500 LOD 10 e The preset input must be turned on initially so
Up Pulse LOD 11 that the current value returns to the preset
LOD 12 value.
11 CDP c1 .
Down Pulse 500 * The preset input must be turned off before
— LOD 13 counting may begin.
2 e o When th I dd I
ouT 01 . en the up pulse and down pulses are on
_||3| CI 1' Qol simultaneously, no pulse is counted.

* The counter output is on only when the cur-
rent value is O.

Timing Chart
« After the current value reaches 0 (counting
ON .
Preset Input 10 o | ] [ | down), it changes to 65535 on the next count
; ; down.
ON ' '
Up Pulse 11 ! !
OFF — " " " : " « After the current value reaches 65535 (count-
Down Pulse 12 O o nnnee-n ing up), it changes to 0 on the next count up.

* When power is off, the counter’s current

: value is held, and can also be designated as
ON |_| “clear” type counters using the Function Area
OFF Settings (see page 5-4).

Counter C1 Value | 500501502501500499 ¢s+ 0 1 500500

Counter C1

e Counter preset and current values can be
changed usin@indLDR without download-
ing the entire program to the CPU again.

A Caution ° For restrictions on ladder programming From thewindLDR menu bar, sele@nline >

of counter instructions, see page 28-22. Monitor, then selec®nline > Point Write .

To change a counter preset value, specify the

counter number with a capital C and a new

preset value. To change a counter current

value, specify the counter number with a

small c and a new current value while the

counter preset input is off.

* When the preset or current value is changed
during counter operation, the change
becomes effective immediately.

« For the data movement when changing, con-
firming, and clearing preset values, see page
7-13. Preset values can also be changed and
changed preset values can be confirmed using
the HMI module. See pages 5-35 and 5-36.
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7: BAsIC INSTRUCTIONS

CUD (Up/Down Selection Reversible Counter)

The up/down selection reversible counter CUD has a selection input to switch the up/down gate, so that three inputs are
required. The circuit for an up/down selection reversible counter must be programmed in the following order: preset input,
pulse input, up/down selection input, the CUD instruction, and a counter number CO through C99, followed by a counter
preset value from 0 to 65535.

The preset value can be designated using a decimal constant or a data register. When a data register is used, the data of the

data register becomes the preset value.

Ladder Diagram Program List

Preset Input "
gy cup c2 L Instruction Data
10 500 LOD 10
Pulse Input LOD 11
LOD 12
11 CuD c2
U/D Selection 500
LOD 13
12 AND c2
ouT Q2
— — —O—
13 Cc2 Q2
Timing Chart
Preset Input 10 Oth; " | |
ON : E
Pulse Input 11 OFF " " " " " " " "
U/D Selection on| ! r——l o : I——I A
Input 12 OFF P I S
Counter C2 Value | 500501502501500499 «++ 0 1 500500
ON 1 :
Counter C2 ¢ |_|

Valid Pulse Inputs

The reset or preset input has priority over the pulse input.
One scan after the reset or preset input has changed from on
to off, the counter starts counting the pulse inputs as they
change from off to on.

Reset/Preset g)F'\,i |_| | |
Pulse (?F'\; '|_| |_| |_|

Valid Invalid  Valid

More than one scan__,.1 1
time is required. '

« For restrictions on ladder programming
of counter instructions, see page 28-22.

A Caution

7-12
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The same counter number cannot be pro-
grammed more than once.

The preset input must be turned on initially so
that the current value returns to the preset
value.

The preset input must be turned off before
counting may begin.

The up mode is selected when the up/down
selection input is on.

The down mode is selected when the up/
down selection input is off.

The counter output is on only when the cur-
rent value is 0.

After the current value reaches 0 (counting
down), it changes to 65535 on the next count
down.

After the current value reaches 65535 (count-
ing up), it changes to 0 on the next count up.

When power is off, the counter’s current
value is held, and can also be designated as
“clear” type counters using the Function Area
Settings (see page 5-4).

Counter preset and current values can be
changed usin@indLDR without download-
ing the entire program to the CPU again.
From theWindLDR menu bar, sele@nline >
Monitor, then selecDnline > Point Write .
To change a counter preset value, specify the
counter number with a capital C and a new
preset value. To change a counter current
value, specify the counter number with a
small ¢ and a new current value while the
counter preset input is off.

When the preset or current value is changed
during counter operation, the change
becomes effective immediately.

For the data movement when changing, con-
firming, and clearing preset values, see page
7-13. Preset values can also be changed and
changed preset values can be confirmed using
the HMI module. See pages 5-35 and 5-36.



7: BAsic INSTRUCTIONS

Changing, Confirming, and Clearing Preset Values for Timers and Counters

Preset values for timers and counters can be changed using the Point Write comwimad for transferring a new
value to theMicroSmart CPU module RAM as described on preceding pages. After changing the preset values tempo-
rarily, the changes can be written to the user program MitlheSmart CPU module EEPROM or cleared from the RAM.

Access the PLC Status dialog box from the Online menu in the monitoring mode.

S Sean Twne Insect i
o
PLL Tipe (=TT
TITNT Charge kit P i
Clear Button—»  fu= | :.-rJ [hargas D Hai S
Confirm Button L S | After pressing the Clear
Em il Irsligtee: ol Lisk or Confirm button, the
Chw | Dosieis | [ BT — display changes to
“Unchanged.”
et
03TAT [Tesl
Errgm [T
Frofust Staiur
[CH e
flom | 7o
Data movement when changing a timer/counter preset value
When changing a timer/counter preset value using WindLDR MicroSmart CPU Module
Point Write onWindLDR, the new preset value is EEPROM

are not changed. User Program Point Write

Note: The HMI module can also be used to change
preset values and confirm changed preset values.
See pages 5-35 and 5-36. New Preset Value

written to theMicroSmart CPU module RAM. The
user program and preset values in the EEPROM
RAM

Data movement when confirming changed preset values

When the Confirm button is pressed before press-

ing the Clear button, the changed timer/counter WindLDR MicroSmart CPU Module
preset values in thdicroSmart CPU module EEPROM
RAM are written to the EEPROM.

H

User Program

When uploading the user program after confirm- Changed
. . . Confirm RAM Preset
ing, the user program with changed preset values is values
uploaded from th&licroSmart CPU module
EEPROM towindLDR.

H

Data movement when clearing changed preset values to restore original values
Changing preset values for timers and counters in

the MicroSmart CPU module RAM does not auto- WindLDR MicroSmart CPU Module
matically update preset values in the user memory, EEPROM

EEPROM. This is useful for restoring original pre- User Program N
set values. When the Clear button is pressed before Original
pressing the Confirm button, the changed timer/ Clear RAM Proset
counter preset values are cleared from the RAM

and the original preset values are loaded from the

EEPROM to the RAM.
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7: BAsIC INSTRUCTIONS

CC= and CC= (Counter Comparison) =

The CC= instruction is an equivalent comparison instruction for counter current values. This instruction will constantly
compare current values to the value that has been programmed in. When the counter value equals the given value, the
desired output will be initiated.

The CG instruction is an equal to or greater than comparison instruction for counter current values. This instruction will
constantly compare current values to the value that has been programmed in. When the counter value is equal to or greater
than the given value, the desired output will be initiated.

When a counter comparison instruction is programmed, two addresses are required. The circuit for a counter comparison
instruction must be programmed in the following order: the CC= ari@&ruction; a counter number CO through C31
(all-in-one 10-1/0O type CPU module) or C99 (other CPU modules); followed by a preset value to compare from 0 to
65535.

The preset value can be designated using a decimal constant or a data register DO through D399 (all-in-one 10-1/0O type
CPU module) or D1299 (other CPU modules), or D2000 through D7999 (slim type CPU modules). When a data register is
used, the data of the data register becomes the preset value.

Ladder Diagram (CC=) Program List

Counter # to compare with Instruction Data
’; cc= 2 _Q_‘ cC= &
10
A Q0 ouT Qo0
Preset value to compare
Ladder Diagram (CC>) Program List
CC>= (C3 Instruction Data
D15 Q1 CC>= C3
D15
ouT Q1

* The CC= and CEinstructions can be used repeatedly for different preset values.
» The comparison instructions only compare the current value. The status of the counter does not affect this function.

e The comparison instructions also serve as an implicit LOD instruction, and must be programmed at the beginning of a
ladder line.

« The comparison instructions can be used with internal relays, which are ANDed or ORed at a separate program
address.

* Like the LOD instruction, the comparison instructions can be followed by the AND and OR instructions.

Ladder Diagram Ladder Diagram Ladder Diagram
L CC= C5 CC= C5 — L1 CC= C5
10 MO 10 10 Q0 10 Q0
— — — —
10 MO QO 10
Program List Program List Program List
Instruction | Data Instruction | Data Instruction | Data
CC= C5 CC= C5 CC= C5
10 10 10
ouT MO AND 10 OR 10
LOD 10 ouT QO ouT Qo0
AND MO
ouT QO
7-14 « MICROSMART USER’S MANUAL »



7: BAsic INSTRUCTIONS

Examples: CC= and CC= (Counter Comparison)

Ladder Diagram 1

Program List

Ri
— |ia CNT c2 U Instruction Data
10 10 LOD 10
Pulse LOD 11
— CNT c2
11 10
— cC= Cc2
| gC— C2 5
Q0 ouT Q0
CC= Cc2
L 1 CC>= C2 —()—
3 o 3
ouT Q1
Timing Chart
Reset Input 10 (?F': " "
1 2 3 4 5 6 7 8 9 10
ON :
Pulse Input 11 0001 |] I] 0010 I] ""'5
ON |—| i
C2 o —
ON — :
Output Q0 [1 5
ON i
Output Q1 e [ |
Ladder Diagram 2 Program List
R t
_| |i CNT C30 H Instruction | Data
11 1000 LOD 11
Pulse LOD |2
— CNT C30
12 1000
— CC= C30
B _Cg_ £00
Q ouT Q0
Ladder Diagram 3 Program List
Reset
_| |i CNT C31 M Instruction | Data
13 500 LOD 13
Pulse LOD 14
— CNT c31
14 500
 [coo= c31 CC>= C31
350 J 350
Q ouT Q1
Ladder Diagram 4 Program List
L | Reset'[oNT  C20 L Instruction | Data
5 500 LOD 15
LOD 16
Pul
] | CNT 20
16 500
fcc>= €20 b— (O €= | 520
150 2
Q ouT Q2
_ CC>= C20
|| ggs_ Cc20 _|/2|_C§_ 100
Q Q ANDN Q2
ouT Q3

« MICROSMART USER’S MANUAL »

Output QO is on when counter C2 current
value is 5.

Output Q1 is turned on when counter C2
current value reaches 3 and remains on
until counter C2 is reset.

Timing Chart
1 2 500 501 502
Puise Input 12 ot | [l [ === [ [ 1
Output QO OOF'\; []

Output QO is on when counter C30 current
value is 500.

Timing Chart
12 350 351 352
Pulse Input 14 OOF’\; " " s " " "
Output Q1 [

Output Q1 is turned on when counter C31
current value reaches 350 and remains on
until counter C31 is reset.

Timing Chart
100101 150151 152
Pulse Input 16 OOF’\Ii el D00 1
>C20 (100) o | |
output Q2 M| —
Output Q3 (?F'\; | |

Output Q3 is on when counter C20 current
value is between 100 and 149.
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7: BAsIC INSTRUCTIONS

DC= and DC=> (Data Register Comparison) =

The DC= instruction is an equivalent comparison instruction for data register values. This instruction will constantly com-
pare data register values to the value that has been programmed in. When the data register value equals the given value, the
desired output will be initiated.

The DG instruction is an equal to or greater than comparison instruction for data register values. This instruction will
constantly compare data register values to the value that has been programmed in. When the data register value is equal to
or greater than the given value, the desired output will be initiated.

When a data register comparison instruction is programmed, two addresses are required. The circuit for a data register
comparison instruction must be programmed in the following order: the DC=»®ir3€uction, a data register number

DO through D399 (all-in-one 10-1/0 type CPU module) or D1299 (other CPU modules), or D2000 through D7999 (slim
type CPU modules); followed by a preset value to compare from 0 to 65535.

The preset value can be designated using a decimal constant or a data register DO through D399 (all-in-one 10-1/0 type
CPU module) or D1299 (other CPU modules), or D2000 through D7999 (slim type CPU modules). When a data register is
used, the data of the data register becomes the preset value.

Ladder Diagram (DC=) Program List
Data register # to compare with

DC= D2
50 Q

Preset value to compare

Instruction Data
DC= D2

i{
o1
o

ouT Q0

Ladder Diagram (DC>) Program List
DC>= D3 Instruction Data
D15 Q1 DC>= D3
D15
ouT Q1

« The DC= and DE€ instructions can be used repeatedly for different preset values.

» The comparison instructions also serve as an implicit LOD instruction, and must be programmed at the beginning of a
ladder line.

» The comparison instructions can be used with internal relays, which are ANDed or ORed at a separate program
address.

* Like the LOD instruction, the comparison instructions can be followed by the AND and OR instructions.

Ladder Diagram Ladder Diagram Ladder Diagram
L DC= D5 DC= D5 +— | DC= D5
10 MO 10 10 Q0 10 Q0
— — —
10 MO Qo0 10
Program List Program List Program List
Instruction | Data Instruction | Data Instruction | Data
DC= D5 DC= D5 DC= D5
10 10 10
ouT MO AND 10 OR 10
LOD 10 ouT Qo0 ouT QO
AND MO
ouT Qo0
7-16 « MICROSMART USER’S MANUAL »



7: BAsic INSTRUCTIONS

Examples: DC= and DC= (Data Register Comparison)

Ladder Diagram 1

Program List

— |— MOV(W) S1- Di- REP H Instruction Data
11 b10 D2 LOD 11
MOV(W)
| gC: D2 O D10 -
QO D2 -
_ DC= D2
| 2C>— D2 O— 5
Q1 ouT Qo
DC=> D2
3
ouTt Q1
Timing Chart
ON
Input 11 ¢ | | I
D10 Value |4!4|10|10|5|5|3| 7|3!5|2|2|2|
' ' ' o Output QO is on when data register D2
Output QO C?F'\; ' |_| |—| value is b.
on | : Output Q1 is on when data register D2
Output Q1 ¢ [ | value is 3 or more.
Ladder Diagram 2 Timing Chart
—[Movw) si- Dpi- Rep D30 Value I400|500|500|210I210I 0 I500I7ooI
1 D50 D30 | | N
ON
Output QO | |
DC= D30 PUt Q0 o '_|
500 Q0 Output QO is on when data register D30 value is 500.
Ladder Diagram 3 Timing Chart
—|Movw) si- Dpi- Rep D15 Value |200|355|521!249|200|35O|390|600|
1 DO D15 ! | :
ON
DC>= D15 Output Q1 | | [
350 Q1 Output Q1 is on when data register D15 value is 350 or more.
Ladder Diagram 4 Timing Chart
| | —{movw) si- Dpi- Rep - D20 Value 90 I120|180I150I 80 I160I110I 95
1 D100 D20 . R
ON 1 1
| [Dc>= D20 OUtPUt Q0 ore E I: I_l 5
150 ON i Il i Il
Q0 Output Q2 ¢ [ 1 [
HDC>= D20 —Ap— (O _ : , .
100 Q0 02 Output Q2 is on while data register D20 value is between
149 and 100.
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7: BAsIC INSTRUCTIONS

SFR and SFRN (Forward and Reverse Shift Register)

The shift register consists of a total of 64 bits (all-in-one 10-1/0O type CPU module) or 128 bits (other CPU modules) which
are allocated to RO through R63 or R127, respectively. Any number of available bits can be selected to form a train of bits
which store on or off status. The on/off data of constituent bits is shifted in the forward direction (forward shift cegister)

in the reverse direction (reverse shift register) when a pulse input is turned on.

Forward Shift Register (SFR)

When SFR instructions are programmed, two addresses are always required. The SFR instruction is entered, followed by a
shift register number selected from appropriate operand numbers. The shift register number corresponds to the first, or
head bit. The number of bits is the second required address after the SFR instruction.

The SFR instruction requires three inputs. The forward shift register circuit must be programmed in the following order:
reset input, pulse input, data input, and the SFR instruction, followed by the first bit and the number of bits.

Ladder Diagram First Bit Program List
Reset SFR Ré Instruction Data
10 4\ CPU Type | Allin-One 10/0 |  Others tgg :2
Pul " -
L I“Se # of Bits First Bit RO to R63 RO to R127 LOD 12
11 # of Bits 1 to 64 1to0 128 SFR RO
Data 4
_||2

Structural Diagram

Shift Direction

Reset
— |
10
| 222 fro|Rr1|R2|R3
12
Pulse
— |
11 First Bit: RO # of Bits: 4
Reset Input

The reset input will cause the value of each bit of the shift register to return to zero. Initialize pulse special iatgrnal rel
M8120, may be used to initialize the shift register at start-up.

Pulse Input

The pulse input triggers the data to shift. The shift is in the forward direction for a forward shift register and inareverse f
a reverse shift register. A data shift will occur upon the leading edge of a pulse; that is, when toenpaisdf the pulse
has been on and stays on, no data shift will occur.

Data Input

The data input is the information which is shifted into the first bit when a forward data shift occurs, or into the last bit
when a reverse data shift occurs.

Note: When power is turned off, the statuses of all shift register bits are normally cleared. It is also possible to maintain the
statuses of shift register bits by using the Function Area Settings as required. See page 5-4.

A Caution - For restrictions on ladder programming of shift register instructions, see page 28-2.
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Forward Shift Register (SFR), continued

Ladder Diagram Program List
Reset
— — SFR RO H Instruction Data
|oP | 4 LOD 10
uise LOD 11
— LOD 12
11 SFR RO
Data 4
_||2| LOD RO
ouT Qo0
| O LOD R1
_|R0 Q0 ouT Q1
LOD R2
|—O_ ouT Q2
_|R1 Q1 LOD R3
ouT Q3
— ———O—
R2 Q2
| O Timing Chart
R3 Q3 Reset Input 10 (;)F'\; |_|

»t—u— One scan or more is required

pusermputit gl A AN ONNNNN
Data Input 12 ¢ |"—| I-'—l I—-—l

on NN\ N |
RO/QO e I I I l
: ~ 1 1
ON I
R1/QL o : A
: 1 3 ‘* 1 1 1 1 1
ON i i i!_ |_| |_| |
R2/Q2 o — \
ON : : : 1 1 1 1 1
R3/Q3 o P C1 [
Ladder Diagram Program List
fleset Instruction Data
—| —{SFR RO | —(O—
11 4 Q3 LOD 11
Pulse LOD 12
— — LOD 13
12 SFR RO
Data 4
— ouT Q3
I3 LOD RO
ouT Q0
— | O_ LOD R1
RO Q0 ouT Q1
| O—
R1 Q1 « The last bit status output can be programmed directly after

the SFR instruction. In this example, the status of bit R3 is
read to output Q3.

» Each bit can be loaded using the LOD R# instruction.

Setting and Resetting Shift Register Bits

 Any shift register bit can be turned on using the SET instruction.

S,
10 RO < Any shift register bit can be turned off using the RST instruction.
® e The SET or RST instruction is actuated by any input condition.
11 R3
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7: BAsIC INSTRUCTIONS

Reverse Shift Register (SFRN)

For reverse shifting, use the SFRN instruction. When SFRN instructions are programmed, two addresses are always
required. The SFRN instructions are entered, followed by a shift register number selected from appropriate operand num-
bers. The shift register number corresponds to the lowest bit number in a string. The number of bits is the second required

address after the SFRN instruct

The SFRN instruction requires three inputs. The reverse shift register circuit must be programmed in the following order:

ions.

reset input, pulse input, data input, and the SFRN instruction, followed by the last bit and the number of bits.

Ladder Diagram Last Bit
Reset ¥
—| }— SFRN  R20 | —(O—
10 7 Qo
Pulse \
_| |_ # of Bits
11
Data
_| |_
12
— | O
R21 Q1
— | O
R23 Q2
— | O
R25 Q3

 The last bit status output can be programmed directly after the SFRN instruction. In this example, the status of bit R20

is read to output QO.

Program List

CPU Type | All-in-One 10-1/0 Others
Last Bit RO to R63 RO to R127
# of Bits 1to 64 1to 128

 Each bit can be loaded using the LOD R# instructions.

* For details of reset, pulse, and data inputs, see page 7-18.

Structural Diagram

Shift Direction
- Reset ,
1 |_
10
D
R20|R21|R22|R23 R24|R25 R26—ata| |—
12
Pulse ,
1 |_
Last Bit: R20 # of Bits: 7 11

Note: Output is initiated only for those bits highlighted in bold print.

Instruction Data
LOD 10
LOD 11
LOD 12
SFRN R20

7
ouT QO
LOD R21
ouT Q1
LOD R23
ouT Q2
LOD R25
ouT Q3

Note: When power is turned off, the statuses of all shift register bits are normally cleared. It is also possible to maintain
the statuses of shift register bits by using the Function Area Settings as required. See page 5-4.

A Caution - For restrictions on ladder programming of shift register instructions, see page 28-

7-20

« MICROSMART USER’S MANUAL »
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Bidirectional Shift Register

A bidirectional shift register can be created by first programming the SFR instruction as detailed in the Forward Shift Re:
ister section on page 7-18. Next, the SFRN instruction is programed as detailed in the Reverse Shift Register section o
page 7-20.

Ladder Diagram Program List
Reset :
Instruction Data
—{SFR R22 |
_||1 6 LOD 11
Pulse LOD 12
LOD 13
_||2|_ SFR R22
Data 6
_| |_ LOD 14
13 LOD 15
Reset LOD 16
—| —— SFRN R22 L SFRN R22
14 6 6
Pulse LOD R23
— ouT Q0
I5D . LOD R24
ata ouT Q1
_|I6I LOD R26
ouT Q2
R23 QO
R24 Q1
R26 Q2

Structural Diagram
Forward Shifting
—_—

Reset  First Bit: R22 # of Bits: 6 Reset
1 |
_| i |_
11 14

Dat Dat
| |————r22|R23|rR24|R25|R26[R27 =
13 16

Pulse Pulse
— | II5I—

12 Last Bit: R22 # of Bits: 6

-
Reverse Shifting

Note: Output is initiated only for those bits highlighted in bold print.
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SOTU _#| and SOTD i| (Single Output Up and Down)

The SOTU instruction “looks for” the transition of a given input from off to on. The SOTD instruction looks for the transi-
tion of a given input from on to off. When this transition occurs, the desired output will turn on for the length of one scan.
The SOTU or SOTD instruction converts an input signal to a “one-shot” pulse signal.

A total of 512 (all-in-one 10-1/0 type CPU module) or 3072 (other CPU modules) SOTU and SOTD instructions can be
used in a user program.

If operation is started while the given input is already on, the SOTU output will not turn on. The transition from off to on is
what triggers the SOTU instruction.

When a relay of the CPU or relay output module is defined as the SOTU or SOTD output, it may not operate if the scan
time is not compatible with relay requirements.

Ladder Diagram Program List
Instruction Data
— SOTU —(O— i
o 5 ™ " A Caution
SOTU « For restrictions on ladder programming of
— SOTD O ouT Q0 SOTU and SOTD instructions, see page 28422.
10 Q1 LOD 10
SOTD
ouT Q1
Timing Chart
ON
Input 10 ¢ | | | |
Output Q0 o | .
: e T e T
Output Q1 OOF,:
T T

Note: “T” equals one scan time (one-shot pulse).

There is a special case when the SOTU and SOTD instructions are used between the MCS and MCR instructions (which
are detailed on page 7-23). If input 12 to the SOTU instruction turns on while input I1 to the MCS instruction is on, then
the SOTU output turns on. If input 12 to the SOTD instruction turns off while input 11 is on, then the SOTD output turns
on. If input I1 turns on while input 12 is on, then the SOTU output turns on. However, if input 11 turns off while input 12 is
on, then the SOTD output does not turn on as shown below.

Ladder Diagram Timing Chart
ON
— —— MCS Input 11 e I [ l
11 1 1
ON
Input 12 | | | |
— SOTU —(O— o ! ! T
12 M1 soTu Output M1 om| [] | L1 ¢
— SoTD —(O— - -
12 M2 SOTD Output M2 S L
MCR
No Output No Output
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MCS &5 and MCR g&| (Master Control Set and Reset)

The MCS (master control set) instruction is usually used in combination with the MCR (master control reset) instruction
The MCS instruction can also be used with the END instruction, instead of the MCR instruction.

When the input preceding the MCS instruction is off, the MCS is executed so that all inputs to the portion between the
MCS and the MCR are forced off. When the input preceding the MCS instruction is on, the MCS is not executed so that
the program following it is executed according to the actual input statuses.

When the input condition to the MCS instruction is off and the MCS is executed, other instructions between the MCS an
MCR are executed as follows:

Instruction Status
SOTU Rising edges (ON pulses) are not detected.
SOTD Falling edges (OFF pulses) are not detected.
ouT All are turned off.
OUTN All are turned on.
SET and RST All are held in current status.

Current values are reset to zero.

TML, TIM, TMH, and TMS Timeout statuses are turned off.

Current values are held.
CNT, CDP, and CUD Pulse inputs are turned off.
Countout statuses are turned off.

Shift register bit statuses are held.
SFR and SFRN Pulse inputs are turned off.
The output from the last bit is turned off.

Input conditions cannot be set for the MCR instruction.
More than one MCS instruction can be used with one MCR instruction.

Corresponding MCS/MCR instructions cannot be nested within another pair of corresponding MCS/MCR instructions.

Ladder Diagram Program List
_| |— MCS Instruction Data
10 LOD 10
MCS
LOD 11
— F———0O— ouT Qo0
1 Qo0 MCR
MCR
Timing Chart

Input 10 OOF’\; [ |

ON ' -
put it o | [ ] | | [ 1 [ ]

Output QO OOF’\; |_| | | |_|

When input 10 is off, MCS is executed so that the subsequent
input is forced off.

When input 10 is on, MCS is not executed so that the following
program is executed according to the actual input statuses.
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MCS and MCR (Master Control Set and Reset), continued
Multiple Usage of MCS instructions

Ladder Diagram Program List
_| |— MCS Instruction Data
11 LOD 11
MCS
— —0O— LOD 12
12 Q0 ouT QO
LOD 13
—| |— MCS MCS
13 LOD 14
out 01
_|| 4| O1 LOD 15
Q MCS
LOD 16
_|,5| MES out Q2
MCR
— ——O
16 Q2
MCR

This master control circuit will give priority to 11, 13, and 15, in that order.
When input 11 is off, the first MCS is executed so that subsequent inputs 12 through 16 are forced off.

When input 11 is on, the first MCS is not executed so that the following program is executed according to the actual input
statuses of 12 through 16.

When 11 is on and I3 is off, the second MCS is executed so that subsequent inputs 14 through 16 are forced off.

When both I1 and I3 are on, the first and second MCSs are not executed so that the following program is executed accord-
ing to the actual input statuses of 14 through 16.

Counter and Shift Register in Master Control Circuit

Ladder Diagram

When input 11 is on, the MCS is not executed so that the counter and shift register are exe-
_||1| MCS cuted according to actual statuses of subsequent inputs 12 through 14.
Reset oNT o When input 11 is off, the MCS is executed so that subsequent inputs 12 through 14 are
_||3| 10 1 forced off.
L IP“'S"‘ When input I1 is turned on while input 12 is on, the counter and shift register pulse inputs
12 are turned on as shown below.
Reset
| —{SFR RO [
4
Ispu,se Timing Chart
ON
—|I 2I— nput 11 o || | | |
Data ON .
— Input 12 OFF | | | . |
14 ! !
ON
VICR Counter Pulse Input - |_| |_|
Shift Register Pulse Input ] ]
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7: BAsic INSTRUCTIONS

JMP (Jump) 5§ and JEND (Jump End) 5§

The JMP (jump) instruction is usually used in combination with the JEND (jump end) instruction. At the end of a program

the JMP instruction can also be used with the END instruction, instead of the JEND instruction.

These instructions are used to proceed through the portion of the program between the JMP anduintbqli [WED-

cessing. This is similar to the MCS/MCR instructions, except that the portion of the program between the MCS and MCI

instructionis executed.

When the operation result immediately before the JMP instruction is on, the JMP is valid and the progrexadsited.

When the operation result immediately before the JMP instruction is off, the JMP is invalid and the program is executed

When the input condition to the JMP instruction is on and the JMP is executed, other instructions between the JMP anc
JEND are executed as follows:

Instruction Status
SOTU Rising edges (ON pulses) are not detected.
SOTD Falling edges (OFF pulses) are not detected.
OUT and OUTN All are held in current status.
SET and RST All are held in current status.

TML, TIM, TMH, and TMS

Current values are held.
Timeout statuses are held.

CNT, CDP, and CUD

Current values are held.
Pulse inputs are turned off.
Countout statuses are held.

SFR and SFRN

Shift register bit statuses are held.
Pulse inputs are turned off.
The output from the last bit is held.

Input conditions cannot be set for the JEND instruction.

More than one JMP instruction can be used with one JEND instruction.

Corresponding JMP/JEND instructions cannot be nested within another pair of corresponding JMP/JEND instructions.

Ladder Diagram

Program List

— ——— JmP Instruction Data
10 LOD 10
JMP
LOD 11
— ——O— ouT Qo0
11 Q0 JEND
JEND
Timing Chart
Input 10 OOF'\; | | | |
ON
Input 11 OFF | | |_| | |
ON i | P
Output Q0 o || | [ ]

When input 10 is on, JMP is executed so that the subsequent

output status is held.

When input 10 is off, JIMP is not executed so that the following
program is executed according to the actual input statuses.
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JMP (Jump) and JEND (Jump End), continued

Ladder Diagram Program List
— — JvP Instruction Data
11 LOD 11
IJMP
— ——O— LOD 12
12 Q0 ouT Qo0
LOD 13
— — JMP IMP
13 LOD 14
ouT Q1
"ﬂJ C% LOD 15
Q IMP
LOD 16
_|,5| MP ouT Q2
JEND
— ———O—
16 Q2
JEND

This jump circuit will give priority to 11, 13, and 15, in that order.
When input 11 is on, the first JIMP is executed so that subsequent output statuses of QO through Q2 are held.

When input 11 is off, the first IMP is not executed so that the following program is executed according to the actual input
statuses of 12 through I6.

When 11 is off and I3 is on, the second JMP is executed so that subsequent output statuses of Q1 and Q2 are held.

When both I1 and 13 are off, the first and second JMPs are not executed so that the following program is executed accord-
ing to the actual input statuses of 14 through 16.

END i@

The END instruction is always required at the end of a program; however, it is not necessary to program the END instruc-
tion after the last programmed instruction. The END instruction already exists at every unused address. (When an address
is used for programming, the END instruction is removed.)

A scanis the execution of all instructions from address zero to the END instruction. The time required for this execution is
referred to as ongean time. The scan time varies with respect to program length, which corresponds to the address where
the END instruction is found.

During the scan time, program instructions are processed sequentially. This is why the output instruction closest to the
END instruction has priority over a previous instruction for the same output. No output is initiated until all logic within a
scan is processed.

Output occurs simultaneously, and this is the first part of the END instruction execution. The second part of the END
instruction execution is to monitor all inputs, also done simultaneously. Then program instructions are ready to be pro-
cessed sequentially once again.

Ladder Diagram Program List
L | O Instruction Data
10 QO LOD 10
ouT QO
— I—O— LOD 11
11 Q1 ouT Q1
END
END
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Introduction

This chapter describes general rules of using advanced instructions, terms, data types, and formats used for advanced

instructions.

Advanced Instruction List

Group Symbol Name I:;ta Ty;:e g;{:sf Psaegee
NOP NOP No Operation 2 87
MOV Move X X 16 91
MOVN Move Not X 16 9-4
IMOV Indirect Move X 24 to 28 9-5
Move IMOVN Indirect Move Not X 24 to 28 9-6
BMOV Block Move X 18 9-7
IBMV Indirect Bit Move 24 9-8
IBMVN Indirect Bit Move Not 24 9-10
CMP= Compare Equal To X X 20 10-1
CMP<> Compare Unequal To X X 20 10-1
CMP< Compare Less Than X X 20 10-1
Data Comparison CMP> Compare Greater Than X X 20 10-1
CMP<= Compare Less Than or Equal To X X 20 10-1
CMP>= Compare Greater Than or Equal To X X 20 10-1
ICMP>= Interval Compare Greater Than or Equal To X X 22 104
ADD Addition X X 20 111
SUB Subtraction X X 20 111
Binary Arithmetic | MUL Multiplication X X 20 111
DIV Division X X 20 111
ROOT Root X 14 11-7
ANDW AND Word X 20 12-1
gz::":z:'ation ORW OR Word X 20 121
XORW Exclusive OR Word X 20 121
SFTL Shift Left X 12 131
SFTR Shift Right X 12 13-3
Shift and Rotate BCDLS BCD Left Shift X 14 134
WSFT Word Shift X 18 135
ROTL Rotate Left X 12 136
ROTR Rotate Right X 12 13-7
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Group Symbol Name [‘);ta Typ:e g;{:sf Psaegee
HTOB Hex to BCD X 14 141
BTOH BCD to Hex X 14 14-2
HTOA Hex to ASCII X 18 14-3
ATOH ASCII to Hex X 18 14-5
Data Conversion BTOA BCD to ASCII X 18 14-7
ATOB ASCII to BCD X 18 14-9
ENCO Encode X 16 14-11
DECO Decode X 16 14-12
BCNT Bit Count X 18 14-13
ALT Alternate Output X 10 14-14
Week WKTIM Week Timer X 24 151
Programmer WKTBL Week Table X 13 to 89 15-2
DISP Display X 16 161
Interface
DGRD Digital Read X 20 16-3
TXD1 Transmit 1 X 21 to 819 17-6
User TXD2 Transmit 2 X 21 to 819 17-6
Communication RXD1 Receive 1 X 21t0819 | 1715
RXD2 Receive 2 X 21 to 819 17-15
LABEL Label X 8 181
LJMP Label Jump X 10 181
LCAL Label Call X 10 183
;::ﬁ::ah'::lg LRET Label Return X 6 183
IOREF 1/0 Refresh X 16 185
DI Disable Interrupt X 8 18-7
El Enable Interrupt X 8 18-7
XYFS XY Format Set X 24 to 124 191
ggzx‘;‘:‘:ﬁ CVXTY Convert X to Y X 18 19-2
CVYTX Convert Y to X X X 18 19-3
PULS1 Pulse Output 1 X 12 201
PULS2 Pulse Output 2 X 12 20-1
PWM1 Pulse Width Modulation 1 X 24 20-7
Pulse PWM2 Pulse Width Modulation 2 X 24 20-7
RAMP Ramp Pulse Output X 14 20-13
ZRN1 Zero Return 1 X 18 20-24
ZRN2 Zero Return 2 X 18 20-24
PID Instruction PID PID Control X 26 21-2
DTML 1-sec Dual Timer X 22 22-1
DTIM 100-msec Dual Timer X 22 22-1
?i‘:ér/ Teaching 5y 10-msec Dual Timer X 22 221
DTMS 1-msec Dual Timer X 22 22-1
TTIM Teaching Timer X 10 22-3
Intelligent RUNA Run Access X 20 232
Module Access STPA Stop Access X 20 234

82
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8: ADVANCED INSTRUCTIONS

Advanced Instruction Applicable CPU Modules
Applicable advanced instructions depends on the type of CPU modules as listed in the table below.

Advanced instructions marked withican be used on the all-in-one type CPU modules listed in the table below; not appli-
cable to the previously released FC4A-C10R2B, FC4A-C16R2B, and FC4A-C24R2B.

All-in-One Type CPU Modules Slim Type CPU Modules
FC4A-D20RK1
Group Symbol FC4A-C10R2 FC4A-C16R2 FC4A-C24R2 FC4A-D20K3 | FC4A-D20RS1
FC4A-C10R2C | FC4A-C16R2C | FC4A-C24R2C | FC4A-D20S3 | FC4A-D40K3
FC4A-D40S3
NOP NOP X X X X
MOV X X X X X
MOVN X X X X X
IMOV X X X X X
Move IMOVN X X X X X
BMOV X
IBMV X
IBMVN X
CMP= X X X X X
CMP<> X X X X X
CMP< X X X X X
Data Comparison CMP> X X X X X
CMP<= X X X X X
CMP>= X X X X X
ICMP>= X
ADD X X X X X
suB X X X X X
Binary Arithmetic | MUL X X X X X
DIV X X X X X
ROOT A A A X X
Bool ANDW X X X X X
Comation | OR x ; x ; x
XORW X X X X X
SFTL X X X X X
SFTR X X X X X
Shift and Rotate BCDLS X
WSFT X
ROTL X
ROTR X X X X X
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Group

Symbol

All-in-One Type CPU Modules

Slim Type CPU Modules

FC4A-C10R2
FC4A-C10R2C

FC4A-C16R2
FC4A-C16R2C

FC4A-C24R2
FC4A-C24R2C

FC4A-D20K3
FC4A-D20S3

FC4A-D20RK1
FC4A-D20RS1
FC4A-D40K3
FC4A-D40S3

Data Conversion

HTOB

BTOH

HTOA

ATOH

BTOA

ATOB

AL ALALALARS

AL ALALALARS

AL ALALALARS

X| X | X | X | X]| X

ENCO

DECO

BCNT

ALT

Week
Programmer

WKTIM

WKTBL

Interface

DISP

DGRD

User
Communication

TXD1

TXD2

RXD1

RXD2

Program
Branching

LABEL

LIMP

LCAL

LRET

IOREF

X| X | X | x| X

XX | X | X X[ X]X]|X]|X

| x| ><|><|><|>|>x|>x|>x[p|>|p]|p

M X | X | XXX X|X|X]|X|X|[X]|Xx

DI

El

Coordinate
Conversion

XYFS

CVXTY

>

CVYTX

Pulse

PULS1

PULS2

PWM1

PWM2

RAMP

XX | X | X[ X[ X]|X]|Xx

ZRN1

ZRN2

PID Instruction

PID

Dual / Teaching
Timer

DTML

DTIM

DTMH

DTMS

TTIM

Intelligent
Module Access

RUNA

STPA

DX XX XX X XX XX X X X XX X X XX XXX X XXX XXX XXX X| XX XXX X|X|X|[X]|X|X]|X
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8: ADVANCED INSTRUCTIONS

Structure of an Advanced Instruction

Source Operand  Destination Operand Opcode
Opcode Repeat Cycles The opcode is a symbol to identify the advanced instruction.
Data Type
—{MOv(W) S1R DL1R REP Specifies the word (W) or integer (1) data type.
10 * * 5k k *\\ ****\ * %
Source Operand
Data Type Repeat The source operand specifies the 16-bit data to be processed

Designation by the advanced instruction. Some advanced instructions
require two source operands.

Repeat Designation Destination Operand
Specifies whether repeat is used for the operand or not. The destination operand specifies the 16-bit data to store the
result of the advanced instruction. Some advanced instruc-

Repeat Cycles . . L
tions require two destination operands.

Specifies the quantity of repeat cycles: 1 through 99.

Input Condition for Advanced Instructions

Almost all advanced instructions must be preceded by a contact, except NOP (no operation), LABEL (label), and LRET
(label return) instructions. The input condition can be programmed using a bit operand such as input, output, internal rel
or shift register. Timer and counter can also be used as an input condition to turn on the contact when the timer times out
the counter counts out.

While the input condition is on, the advanced instruction is ’_{
10

executed in each scan. To execute the advanced instruction
only at the rising or falling edge of the input, use the SOTU
or SOTD instruction.

D10 D20

SOTU — MOoV(w) s1- D1- REP“

While the input condition is off, the advanced instruction is not executed and operand statuses are held.

Source and Destination Operands

The source and destination operands specify 16-bit data. When a bit operand such as input, output, internal relay, or st
register is designated as a source or destination operand, 16 points starting with the designated number are processed
source or destination data. When a word operand such as timer or counter is designated as a source operand, the curr
value is read as source data. When a timer or counter is designated as a destination operand, the result of the advance
instruction is set to the preset value for the timer or counter. When a data register is designated as a source or destinat
operand, the data is read from or written to the designated data register.

Using Timer or Counter as Source Operand

Since all timer instructions—TML (1-sec timer), TIM (100-msec timer), TMH (10-msec timer), and TMS (1-msec
timer)—subtract from the preset value, the current value is decremented from the preset value and indicates the remain
time. As described above, when a timer is designated as a source operand of an advanced instruction, the current value
the remaining time, of the timer is read as source data. Adding counters CNT start counting at 0, and the current value
incremented up to the preset value. Reversible counters CDP and CUD start counting at the preset value and the curre
value is incremented or decremented from the preset value. When any counter is designated as a source operand of ar
advanced instruction, the current value is read as source data.

Using Timer or Counter as Destination Operand

As described above, when a timer or counter is designated as a destination operand of an advanced instruction, the re:
of the advanced instruction is set to the preset value of the timer or counter. Timer and counter preset values can be 0
through 65535.

When a timer or counter preset value is designated using a data register, the timer or counter cannot be designated as ¢
tination of an advanced instruction. When executing such an advanced instruction, a user program execution error will
result. For details of user program execution error, see page 28-6.

Note: When a user program execution error occurs, the result is not set to the destination.
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Data Types for Advanced Instructions

When using the move, data comparison, and binary arithmetic instructions, data types can be selected from word (W) or
integer (I). For other advanced instructions, the data is processed in units of 16-bit word; except the coordinate conversion
instructions use the integer data type.

. Quantity of Data .
Data Type Symbol Bits Registers Used Range of Decimal Values
Word (Unsigned 16 bits) w 16 bits 1 0 to 65,535
Integer (Signed 15 bits) | 16 bits 1 -32,768 to 32,767

Decimal Values and Hexadecimal Storage

The following table shows hexadecimal equivalents which are stored in the CPU, as a result of addition and subtraction of
the decimal values shown:

Data Type Result of Addition Hexadecimal Storage Result of Subtraction Hexadecimal Storage
0 0000 65535 FFFF
65535 FFFF 0 0000
Word 131071 (CY) FFFF -1 (BW) FFFF
-65535 (BW) 0001
—-65536 (BW) 0000
65534 (CY) 7TFFE 65534 (BW) 7FFE
32768 (CY) 0000 32768 (BW) 0000
32767 TFFF 32767 TFFF
0 0000 0 0000
Integer -1 FFFF -1 FFFF
-32767 8001 -32767 8001
-32768 8000 -32768 8000
-32769 (CY) FFFF -32769 (BW) FFFF
-65535 (CY) 8001 —-65535 (BW) 8001

Discontinuity of Operand Areas

Each operand area is discrete and does not continue, for example, from input to output or from output to internal relay. In
addition, special internal relays M8000 through M8157 are in a separate area from internal relays MO through M1277.
Data registers DO through D1299, expansion data registers D2000 through D7999, and special data registers D8000
through D8199 are in separate areas and do not continue with each other.

M8125 M127

p— MOV(W) S1- D1-

0 DO

REP ~‘

The internal relay ends at M1277. Since the MOV (move) instruction
reads 16 internal relays, the last internal relay exceeds the valid range,

resulting in a user program syntax error.

—| |—— DIV(W) S1- S2-

10 D100 D200 D1299

D1 -

tion of the DIV (division) instruction requires two data registers

oEp “ This program results in a user program syntax error. The destina-
D1299 and D1300. Since D1300 exceeds the valid range, a

user program syntax error occurs.

Advanced instructions execute operation only on the available operands in the valid area. If a user program syntax error is
found during programmingVindLDR rejects the program instruction and shows an error message.

—{ Mov(w) s1-
M8125 DO

D1R
Q290

REP
2

86

The MOV (move) instruction sets data of data register DO to 16 outputs
Q290 through Q307 in the first repeat cycle. The destination of the sec-
ond cycle is the next 16 outputs Q310 through Q327, which are invalid,

resulting in a user program syntax error.

For details about repeat operations of each advanced instruction, see the
following chapters.
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NOP (No Operation)

’7

NOP

No operation is executed by the NOP instruction.

The NOP instruction may serve as a place holder. Another use would be to add a delay to the CPU scan
time, in order to simulate communication with a machine or application, for debugging purposes.

The NOP instruction does not require an input and operand.

Details of all other advanced instructions are described in the following chapters.
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Introduction

Data can be moved using the MOV (move), MOVN (move not), IMOV (indirect move), or IMOVN (indirect move not)
instruction. The moved data is 16-bit data, and the repeat operation can also be used to increase the quantity of data
moved. In the MOV or MOVN instruction, the source and destination operand are designated by S1 and D1 directly. In tf
IMOV or IMOVN instruction, the source and destination operand are determined by the offset values designated by S2 ai
D2 added to source operand S1 and destination operand D1.

The BMOQOV (block move) instruction is useful to move a consecutive blocks of timer, counter, and data register values.

The IBMV (indirect bit move) and IBMVN (indirect bit move not) instructions move one bit of data from a source operand
to a destination operand. Both operands are determined by adding an offset to the operand. When using the repeat ope
tion, data of consecutive bits can be moved.

Since the move instructions are executed in each scan while input is on, a pulse input from a SOTU or SOTD instructio
should be used as required.

MOV (Move)

S1 - D1
’-‘ — MOv(*) S1(R) Di(R) REP “ When input is on, 16- bit data from operand designated by S1 is moved to
kokokok ok kokokokok k% )

operand designated by D1.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) First operand number to move X X X X X X X X 1-99
D1 (Destination 1) First operand number to move to — X A X X X X — 1-99

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.
Source operand can be both internal relays MO through M1277 and special internal relays M8000 through M8157.

When T (timer) or C (counter) is used as S1, the timer/counter current value is read out. When T (timer) or C (counter) i
used as D1, the data is written in as a preset value which can be 0 through 65535.

Valid Data Types

W (word) I (integer) When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is
designated as the source or destination, 16 points are used. When repeat is designated for a
bit operand, the quantity of operand bits increases in 16-point increments.

X X

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used. When repeat is designated for a word operand, the
guantity of operand words increases in 1-point increments.
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Examples: MOV

The following examples are described using the word data type. Data move operation for the integer data type is the same
for the word data type.

D10 - MO
’—( — MOV(W) SD%_(; Dlvllo_ REP “ When input 12 is on, the data in data register D10 designated by source
12 operand S1 is moved to 16 internal relays starting with MO designated by
destination operand D1.

D10 (12345 |—> MO through M7, M10 through M17

The data in the source data register is converted into 16-bit binary MSB LSB
data, and the ON/OFF statuses of the 16 bits are moved to internal |O|O | 1 | 1||0|O|O|O ||0|0| 1| 1 ” 1|O|0| 1|
relays MO through M7 and M10 through M17. MO is the LSB (least M17 M10 M7 MO

significant bit). M17 is the MSB (most significant bit).

810 - D2
| — _ DO
’_{ MOV(W) 2%0 DDl2 REP “ When input 10 is on, constant 810 designated I:]
10 by source operand S1 is moved to data register b1 I:]
D2 designated by destination operand D1. D2 810

D10 - D2
— MOv(wW)  S1 - D1- REP When input I1 is on, the data in data register
11 D10 D2 D10 designated by source operand S1 is moved
to data register D2 designated by destination
operand D1.

D10| 930 |

Repeat Operation in the Move Instructions

Repeat Source Operand

When the S1 (source) is designated with repeat, operands as many as the repeat cycles starting with the operand designated
by S1 are moved to the destination. As a result, only the last of the source operands is moved to the destination.

’_{ MOVW) SLR 51— REP “ Source (Repeat = 3) Destination (Repeat = 0)
11

D10 D20 3 D10| 110 D20 112
111 D21
D22

D11
D12

]

Repeat Destination Operand

When the D1 (destination) is designated to repeat, the source operand designated by S1 is moved to all destination oper-
ands as many as the repeat cycles starting with the destination designated by D1.

j— MOV(W) S1- D1R REP
’_‘B D10 D20 3

D10
D11
D12

“ Source (Repeat = 0) Destination (Repeat = 3)

Repeat Source and Destination Operands

When both S1 (source) and D1 (destination) are designated to repeat, operands as many as the repeat cycles starting with
the operand designated by S1 are moved to the same quantity of operands starting with the operand designated by D1.

j— MOV(W) S1R Di1R REP
’_‘|5 D10 D20 3

D10
D11
D12

“ Source (Repeat = 3) Destination (Repeat = 3)
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Repeat Bit Operands

The MOV (move) instruction moves 16-bit data. When a bit operand such as input, output, internal relay, or shift register
designated as the source or destination operand, 16 bits starting with the one designated by S1 or D1 are the target dat
a repeat operation is designated for a bit operand, the target data increases in 16-bit increments.

Source (Repeat = 0) Destination (Repeat = 3)
p— MOV(W) S1- D1R REP
110 D10 MO 3 D10| 110 MO through M7, M10 through M17
Di11| 111 ——M20 through M27, M30 through M37
D12 L >M40 through M47, M50 through M57

Overlapped Operands by Repeat

If the repeat operation is designated for both the source and destination and if a portion of the source and destination ar
overlap each other, then the source data in the overlapped area is also changed.

Destination: D12 through D15 (Repeat = 4)

SOTU MOV(W) S1R D1R REP
112 D10 D12 4

“ Source: D10 through D13 (Repeat = 4)

Before Execution 1st Execution 2nd Execution
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MOVN (Move Not)

’—H—

MOVN(*) S1(R)

kkkkk KKKk X

D1(R)

REP

k%

i

Applicable CPU Modules

S1 NOT - D1
When input is on, 16-bit data from operand designated by S1 is inverted
bit by bit and moved to operand designated by D1.

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

X X X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) First operand number to move X X X X X X X X 1-99
D1 (Destination 1) First operand number to move to — X A X X X X — 1-99

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S1, the timer/counter current value is read out. When T (timer) or C (counter) is
used as D1, the data is written in as a preset value which can be 0 through 65535.

Valid Data Types

When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is
designated as the source or destination, 16 points are used. When repeat is designated for a
bit operand, the quantity of operand bits increases in 16-point increments.

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used. When repeat is designated for a word operand, the
quantity of operand words increases in 1-point increments.

W (word) | (integer)
X X
Examples: MOVN
MOVN(W) S1- D1- REP
’_‘w'_ M10 M50

M10 NOT - M50

When input 10 is on, the 16 internal relays starting with M10 designated
by source operand S1 are inverted bit by bit and moved to 16 internal
relays starting with M50 designated by destination operand D1.

M10 through M17, M20 through M27 NOT —> M50 through M57, M60 through M67

Before inversion

(M27-

After inversion
(M67-M50):

MSB s1 LSB The ON/OFF statuses of the 16 internal relays M10
M10): [o]o]1]1][o]o]o]o][o]o[1]1][1]0]0]1] through M17 and M20 through M27 are inverted
MSB D1 LsB and moved to 16 internal relays M50 through M57

and M60 through M67. M50 is the LSB (least signif-

'_‘.1'_

MOVN(W) S1 -
810

Before inversion (810):

After inversion (64725):

[1]1]ofof[e[2]1]1][2][1][0[0][0[1][1][O] cant bit), and M67 is the MSB (most significant bit).

’_‘.2'_

MOVN(W) S1 -
D30

D1 EP 810 NOT - D2
D2_ When input I1 is on, decimal constant 810 designated by source operand
S1 is converted into 16-bit binary data, and the ON/OFF statuses of the
16 bits are inverted and moved to data register D2 designated by destina-
tion operand D1.
MSB s1 LSB
[o[o[ofolfofo]1]1][o]o[1[o][1][0[1]0] DO |
MSB D1 LSB D1
[1[2[1[1][1]1]o]o][1]1]o[1][o]1[0]1] D2[64725]=— 810
D30 NOT - D20 I
D1~ REP When input 12 i he data in data regi b20 [64605]
D20 en inpu is on, the data in data register ="
D30 designated by S1 is inverted bit by bit and T

94
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moved to data register D20 designated by D1. D30 (930 |




9: MoVE INSTRUCTIONS

IMOV (Indirect Move)

%k >k %k %k %

’_( — IMOV(W)  S1(R)

S2 D1(R) D2 REP

Kokkokk kkokkok kokkokk koK When input is on, the values contained in operands desig-

“ S1+S2 - D1+D2

Applicable CPU Modules

nated by S1 and S2 are added to determine the source of
data. The 16-bit data so determined is moved to destina-
tion, which is determined by the sum of values contained
in operands designated by D1 and D2.

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3  FC4A-D20RK1/RS1 & FC4A-D40K3/S3

X X X X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Base address to move from X X X X X X X — 1-99
S2 (Source 2) Offset for S1 X X X X X X X — —
D1 (Destination 1) Base address to move to — X A X X X X — 1-99
D2 (Destination 2) Offset for D1 X X X X X X X — —

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S1, S2, or D2, the operand data is the timer/counter current value. When T (tim
or C (counter) is used as D1, the operand data is the timer/counter preset value which can be 0 through 65535.

Either source operand S2 or destination operand D2 does not have to be designated. If S2 or D2 is not designated, the
source or destination operand is determined by S1 or D1 without offset.

Make sure that the source data determined by S1 + S2 and the destination data determined by D1 + D2 are within the v:
operand range. If the derived source or destination operand is out of the valid operand range, a user program executior
error will result, turning on special internal relay M8004 and the ERR LED on the CPU module.

Valid Data Types
W (word) | (integer)
X I

Example: IMOV

When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is
designated as the source or destination, 16 points are used. When repeat is designated for a
bit operand, the quantity of operand bits increases in 16-point increments.

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used. When repeat is designated for a word operand, the
guantity of operand words increases in 1-point increments.

}— IMOV(W)  S1 - S2 D1 - D2 REP
10 D20 Cc10 D10 D25
D20 +C10 - D10 + D25 D20 |
Source operand S1 and destination operand D1 determine the type of operand. Source operand S2 D21 =
and destination operand D2 are the offset values to determine the source and destination oper- D22
ands.

If the current value of counter C10 designated by source operand S2 is 4, the source data is deter-
mined by adding the offset to data register D20 designated by source operand S1:

D(20 + 4) = D24

If data register D25 contains a value of 20, the destination is determined by adding the offset to
data register D10 designated by destination operand D1:

D(10 + 20) = D30

As a result, when input |0 is on, the data in data register D24 is moved to data register D30.
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9: MoVE INSTRUCTIONS

IMOVN (Indirect Move Not)

When input is on, the values contained in operands desig-
nated by S1 and S2 are added to determine the source of
data. The 16-bit data so determined is inverted and
moved to destination, which is determined by the sum of
values contained in operands designated by D1 and D2.

kokkkk o kokokokok o ckokskckk  kkkkxk * %

S1 + S2 NOT - D1 + D2
’_( —{ IMOVN(W) S1(R) S2 D1(R) D2 REP ~‘

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

X X X X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Base address to move from X X X X X X X — 1-99
S2 (Source 2) Offset for S1 X X X X X X X — —
D1 (Destination 1) Base address to move to — X A X X X X — 1-99
D2 (Destination 2) Offset for D1 X X X X X X X — —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S1, S2, or D2, the operand data is the timer/counter current value. When T (timer)
or C (counter) is used as D1, the operand data is the timer/counter preset value which can be 0 through 65535.

Either source operand S2 or destination operand D2 does not have to be designated. If S2 or D2 is not designated, the
source or destination operand is determined by S1 or D1 without offset.

Make sure that the source data determined by S1 + S2 and the destination data determined by D1 + D2 are within the valid
operand range. If the derived source or destination operand is out of the valid operand range, a user program execution
error will result, turning on special internal relay M8004 and the ERR LED on the CPU module.

Valid Data Types

W (word) I (integer) Whgn a bit operand such as | (input)3 Q (outpu.t), M (internal relay), or R (shift register) is
designated as the source or destination, 16 points are used. When repeat is designated for a
bit operand, the quantity of operand bits increases in 16-point increments.

X —

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used. When repeat is designated for a word operand, the
quantity of operand words increases in 1-point increments.

Example: IMOVN

— IMOVN(W) S1 - S2 D1 - D2 REP
10 C10 D10 D30 D20
C10 + DIONOT - D30 + D20

Source operand S1 and destination operand D1 determine the type of operand. Source operand S2
and destination operand D2 are the offset values to determine the source and destination operands.

If the data of data register D10 designated by source operand S2 is 4, then the source data is deter-
mined by adding the offset to counter C10 designated by source operand S1:

C(10 + 4)=C14 D45 || 59085 |=

If data register D20 designated by destination operand D2 contains a value of 15, then the destina-
tion is determined by adding the offset to data register D30 designated by destination operand D1:

D(30 + 15) = D45

D46
C13
As a result, when input 10 is on, the current value of counter C14 is inverted and moved to data regis- 14 ([ 6450
cis[ |

Il

ter D45.
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9: MoVE INSTRUCTIONS

BMOV (Block

Move)

N-W D1

kokskskk  kokkkk o okokokokok

’_( |— BMOV(W)  S1

S1
S1+1
S1+2

S1+N-1

N blocks of 16-bit data

First 16-bit data

Second 16-bit data

Third 16-bit data

L ——

Nth 16-bit data

Applicable CPU Modules

When input is on, N blocks of 16-bit word data starting with operand

“ S1, S1+1, S1+2, ..., S1+N-1 - D1, D1+1, D1+2, ..., D1+N-1
designated by S1 are moved to N blocks of destinations, starting with

operand designated by D1. N-W specifies the quantity of blocks to move.

D1
D1+1
D1+2

Block Move

D1+N-1

N blocks of 16-bit data

First 16-bit data

Second 16-bit data

Third 16-bit data

N

Nth 16-bit data

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3

FC4A-D20RK1/RS1 & FC4A-D40K3/S3

X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) First operand number to move X X X X X X X —
N-W (N words) Quantity of blocks to move X X X X X X X —
D1 (Destination 1) First operand number to move to — X A X X X X —

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.
When T (timer) or C (counter) is used as S1 or N-W, the timer/counter current value is read out. When T (timer) or C

(counter) is used as D1, the data is written in as a preset value which can be 0 through 65535.

Make sure that the last source data determined by S1+N—1 and the last destination data determined by D1+N-1 are wit
the valid operand range. If the derived source or destination operand is out of the valid operand range, a user program ¢«

cution error will result, turning on special internal relay M8004 and the ERR LED on the CPU module.

Valid Data Types

W (word)

I (integer)

X

Special Internal Relay M8024: BMOV/WSFT Executing Flag

While the BMOV or WSFT is executed, M8024 turns on. When completed, M8024 turns off. If the CPU is powered down

while executing BMOV or WSFT, M8024 remains on when the CPU is powered up again.

Example: BMOV

SOTU

E

BMOV(W) S1  NW
D10 5

D1
D20

D10 through D14 - D20 through D24

When input 10 is turned on, data of 5 data registers starting with D10 desig-
nated by source operand S1 is moved to 5 data registers starting with D20
designated by destination operand D1.

« MICROSMART USER’S MANUAL »

When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is
designated as the source, N-W, or destination, 16 points are used.

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source, N-W, or destination, 1 point is used.

9-7



9: MoVE INSTRUCTIONS

IBMV (Indirect Bit Move)

When input is on, the values contained in operands des-
ignated by S1 and S2 are added to determine the source
of data. The 1-bit data so determined is moved to desti-
nation, which is determined by the sum of values con-
tained in operands designated by D1 and D2.

kokokkk o kokkokk o ckokockokk  kkkkoxk * %

S1+S2 - D1+D2
’_( }— '1BMV S1(R) S2 D1(R) D2 REP “

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — — X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Base address to move from X X X X — — X Oor1l 1-99
S2 (Source 2) Offset for S1 X X X X X X X 065535 —
D1 (Destination 1) Base address to move to — X A X — — X — 1-99
D2 (Destination 2) Offset for D1 X X X X X X X 065535 —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as S2. Special internal relays cannot be designated as S2.
When T (timer) or C (counter) is used as S2 or D2, the timer/counter current value is read out.

Make sure that the last source data determined by S1+S2 and the last destination data determined by D1+D2 are within the
valid operand range. If the derived source or destination operand is out of the valid operand range, a user program execu-
tion error will result, turning on special internal relay M8004 and ERR LED on the CPU module.

Either source operand S2 or destination operand D2 does not have to be designated. If S2 or D2 is not designated, the
source or destination operand is determined by S1 or D1 without offset.

Examples: IBMV

’_1 soruldBMY  s1- s2 pi- D2 REP“ M10 +D10 - Q30 +C5
10

M10 D10 Q30 C5

Source operand S1 and destination operand D1 determine the type of operand. Source operand S2 and destination operand
D2 are the offset values to determine the source and destination operands.

If the value of data register D10 designated by source operand M27 M20 M17 M15 M10
S2 is 5, the source data is determined by adding the offset to CTTTINTTTINT .:H [ TT1
internal relay M10 designated by source operand S1. NINIVIVIY

5th from M10

If the current value of counter C5 designated by destination oper-
and D2 is 12, the destination is determined by adding the offset Q47 Q44 Q40 Q37 Q30
to output Q30 designated by destination operand D1. | | | .l | | | ” | | | ” | | | |
| SAVAVAVAAVAVAVAWAVAVAY)
12th from Q30

As a result, when input 10 is on, the ON/OFF status of internal relay M15 is moved to output Q44.
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9: MoVE INSTRUCTIONS

soTu | 1BMv S1- S2 Di- D2 REP D10 +5 - D20 + 12
10 D10 5 D20 12
Since source operand S1 is a data register and the value of Bit15141312 1110 9 8 7 6 5 4 3 2 1 0
source operand S2 is 5, the source data is bit 5 of dataregister p1o [ [ [ [ |[ [ [ [ |[ | .:H T T ]

D10 designated by source operand S1. it 5
i

Since destination operand D1 is a data register and the value of

source operand D2 is 12, the destination data is bit 12 of data

register D20 designated by destination operand D1. )
Bit1514 1312 1110 9 8 7 6 5 4 3 2 1 0

As a result, when input |0 is on, the ON/OFF status of data regis- p2g | | | .| | | | || | | | || | | | |
ter D10 bit 5 is moved to data register D20 bit 12. Bit 12

Repeat Operation in the Indirect Bit Move Instructions

Repeat Bit Operands (Source and Destination)

If a repeat operation is designated for bit operands such as input, output, internal relay, or shift register, bit operands as
many as the repeat cycles are moved.

sotTuldBMVY  S1R  s2  DIR D2 REP M10+5 - Q30 +9
11 M10

5 Q30 9 3 Repeat = 3

Since source operand S1 is internal relay M10 and the value of M27 M20 M17 M15 M10
source operand S2 is 5, the source data is 3 internal relays start- | | | | || | | | |-:||:|:|:|j
ing with M15. WOAN W W W
Since destination operand D1 is output Q30 and the value of desti- 5th from M10
nation operand D2 is 9, the destination data is 3 outputs starting

with Q41. Q47 Q44Q43 Q41 Q37 Q30
As a result, when input |11 is on, the ON/OFF statuses of internal |:|:|:|:|-:|| [TTTINTTT]
relays M15 through M17 are moved to outputs Q41 through Q43. NI IVIVIVIVIVIVIY

9th from Q30

Repeat Word Operands (Source and Destination)

If a repeat operation is designated for word operands such as data register, bit statuses as many as the repeat cycles ii
designated data register are moved.

’_¢ soTuk{BMV  StR  s2 D1R D2 RepP “ D10 +5 - D20 + 12
12

D10 5 D20 12 3 Repeat = 3
Since source operand S1 is data register D10 and the value of Bit1514 1312 11109 8 7 6 5 4 3 2 1 0
source operand S2 is 5, the source data is 3 bits startingwithbit D10 [ [ [ [ J[ T [ [ |0 1 T T ]
5 of data register D10. Bit 5

Since destination operand D1 is data register D20 and the value
of destination operand D2 is 12, the destination data is 3 bits

starting with bit 12 of data register D20. Bit1514 1312 1110 9 8 7 6 5 4 3 2 1 0
As a result, when input 12 is on, the ON/OFF statuses of datareg- D20 [ [l [ [ T I T T T I T T 1]
ister D10 bits 5 through 7 are moved to data register D20 bits 12 Bit 12

through 14.
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IBMVN (Indirect Bit Move Not)

When input is on, the values contained in operands des-
ignated by S1 and S2 are added to determine the source
of data. The 1-bit data so determined is inverted and

moved to destination, which is determined by the sum of
values contained in operands designated by D1 and D2.

kokokkk o kokkokk o ckokockokk  kkkkoxk * %

S1 + S2 NOT - D1 + D2
’_( }—{ 'BMVN  S1(R) S2 D1(R) D2 REP ~‘

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — — X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Base address to move from X X X X — — X Oor1l 1-99
S2 (Source 2) Offset for S1 X X X X X X X 065535 —
D1 (Destination 1) Base address to move to — X A X — — X — 1-99
D2 (Destination 2) Offset for D1 X X X X X X X 065535 —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as S2. Special internal relays cannot be designated as S2.
When T (timer) or C (counter) is used as S2 or D2, the timer/counter current value is read out.

Make sure that the last source data determined by S1+S2 and the last destination data determined by D1+D2 are within the
valid operand range. If the derived source or destination operand is out of the valid operand range, a user program execu-
tion error will result, turning on special internal relay M8004 and ERR LED on the CPU module.

Either source operand S2 or destination operand D2 does not have to be designated. If S2 or D2 is not designated, the
source or destination operand is determined by S1 or D1 without offset.

Examples: IBMVN

SOTU|BMVWN s1- s2 Di- D2 REP M20 +DIONOT - Q10 +C5
0 M20 D10 Q10  C5

Source operand S1 and destination operand D1 determine the type of operand. Source operand S2 and destination operand
D2 are the offset values to determine the source and destination operands.

If the value of data register D10 designated by source operand M37 M30 M27 M20
S2 is 8, the source data is determined by adding the offset to | | | | || | | .| | | | || | | | |
internal relay M20 designated by source operand S1. VANV

NOT  gih from M20

If the current value of counter C5 designated by destination oper-

and D2 is 10, the destination is determined by adding the offset Q27 Q22 Q20 Q17 Q10

to output Q10 designated by destination operand D1. | | | | ||:. | ” | | | ” | | | |
| VA VAW VA VA VA WA VA VAV
10th from Q10

As a result, when input 10 is on, the ON/OFF status of internal relay M30 is inverted and moved to output Q22.
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10: DATA COMPARISON INSTRUCTIONS

Introduction

Data can be compared using data comparison instructions, such as equal to, unequal to, less than, greater than, less th
equal to, and greater than or equal to. When the comparison result is true, an output or internal relay is turned on. The
repeat operation can also be used to compare more than one set of data.

Three values can also be compared using the ICMP>= instruction.

Since the data comparison instructions are executed in each scan while input is on, a pulse input from a SOTU or SOT!
instruction should be used as required.

CMP= (Compare Equal To)

When input is on, 16-bit data designated by source operands S1
and S2 are compared. When S1 data is equal to S2 data, desti-
nation operand D1 is turned on. When the condition is not met,
D1 is turned off.

kokkkk KKK KXK O kkkokk k%

’_¢ — CMP=(*) SL(R) S2(R) DL(R) REP “ S1=52 - Dlon

CMP<> (Compare Unequal To)

When input is on, 16-bit data designated by source operands S1
and S2 are compared. When S1 data is not equal to S2 data,
destination operand D1 is turned on. When the condition is not
met, D1 is turned off.

kokkkk KKK KXK O kokkokok k%

’_(|—CMP<>(*)SJ_(R) S2(R) D1(R) REP

“ S1#S2 - D1on

CMP< (Compare Less Than)

kkkkk KRR KRKK O kokokokok k%

’_¢|_CMP<(*) S1(R) S2(R) D1(R) REP

“ S1<S2 - D1on

When input is on, 16-bit data designated by source operands S1
and S2 are compared. When S1 data is less than S2 data, desti-
nation operand D1 is turned on. When the condition is not met,
D1 is turned off.

CMP> (Compare Greater Than)

When input is on, 16-bit data designated by source operands S1
and S2 are compared. When S1 data is greater than S2 data,
destination operand D1 is turned on. When the condition is not
met, D1 is turned off.

kokokskok o kckokkk o kokckokok * %k

’_(l—CMP>(*) S1(R) S2(R) D1(R) REP

“ S1>S2 - D1on

CMP<= (Compare Less Than or Equal To)

When input is on, 16-bit data designated by source operands S1
and S2 are compared. When S1 data is less than or equal to S2
data, destination operand D1 is turned on. When the condition is
not met, D1 is turned off.

kokokkk  kkokkk  kkkkk  kk

’_(|—CMP<=(*)81(R) S2(R) D1(R) REP

“ S1<S2 - D1lon

CMP>= (Compare Greater Than or Equal To)

S1>2S2 - D1lon

When input is on, 16-bit data designated by source operands S1
and S2 are compared. When S1 data is greater than or equal to
S2 data, destination operand D1 is turned on. When the condi-
tion is not met, D1 is turned off.

kokkkk  kkkkk  kkkkk  kk

’_(|—CMP>=(*)S:L(R) S2(R) D1(R) REP*
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10: DATA COMPARISON INSTRUCTIONS

Applicable CPU Modules

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Data to compare X X X X X X X X 199
S2 (Source 2) Data to compare X X X X X X X X 1-99
D1 (Destination 1) Comparison output — X A — — — — — 1-99

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.
When T (timer) or C (counter) is used as S1 or S2, the timer/counter current value is read out.

Valid Data Types
W (word) I (integer) Whgn a bit operand such as | (in_put), Q (output), M (internal_ relay), or R (shift register) is
designated as the source, 16 points are used. When repeat is designated for a bit operand, the
X X quantity of operand bits increases in 16-point increments.

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source, 1 point is used. When repeat is designated for a word operand, the quantity of oper-
and words increases in 1-point increments.

The destination uses only 1 point of output or internal relay. When repeat is designated for
the destination, outputs or internal relays as many as the repeat cycles are used.

Special Internal Relays M8150, M8151, and M8152 in CMP=

Three special internal relays are provided to indicate the comparison result of the CMP= instruction. Depending on the
result, one of the three special internal relays turns on.

When S1 > S2, M8150 (greater than) turns on. D1
When S1 = S2, M8151 (equal to) turns on. S2 Value M8150 | M8151 | M8152 | giotus
When S1 < S2, M8152 (less than) turns on. (1) S1 > S2 ON OFF OFF OFF
81 (2) S1 =52 OFF ON OFF ON
(3)S1 <S2 OFF OFF ON OFF
Small Large
When repeat is designated, the comparison result of the last

S2 (1) (2) (3) repeat cycle turns on one of the three special internal relays.

When more than one CMP= or ICMP>= instruction is used, M8150, M8151, or M8152 indicates the result of the instruc-
tion that was executed last.
Examples: CMP>=

The following examples are described using the €NBtruction. Data comparison operation for all other data compari-
son instructions is the same for the CMRstruction.

e Data Type: Word

Ss1 S2 D1
’_1 —{ CMP>=W) S1- S2- D1- REP
10

D10 D20 QO “ D10 <~—> D20 ——> QO turned on
D10 <—> D20 —> QO turned off

e Data Type: Integer

p— CMP>=(l) S1- S2- D1- REP
11

s1 Ss2 D1
D30 D40 Q1 “ D30 <—> D40 —> Q1 turned on
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10: DATA COMPARISON INSTRUCTIONS

Repeat Operation in the Data Comparison Instructions
The following examples are described using the €NiBtruction of the word data type. Repeat operation for all other
data comparison instructions and the integer data type is the same for the following examples.
Repeat One Source Operand

When only S1 (source) is designated to repeat, source operands (as many as the repeat cycles, starting with the opera
designated by S1) are compared with the operand designated by S2. The comparison results are ANDed and set to the
tination operand designated by D1.

CMP>—W) SLR S2- Di- REP S1 (Repeat = 3) S2 (Repeat = 0) D1 (Repeat = 0)
10 D10 15 M10 3 15

I_L|
15 AND M10

15

Repeat Two Source Operands

When S1 (source) and S2 (source) are designated to repeat, source operands (as many as the repeat cycles, starting \
the operands designated by S1 and S2) are compared with each other. The comparison results are ANDed and set to t
destination operand designated by D1.

— CMP>=(W) SL1R S2R DL1- REP
0 D10 D20 M10 3

“ S1 (Repeat = 3) S2 (Repeat = 3) D1 (Repeat = 0)

AND M10

Repeat Source and Destination Operands

When S1, S2 (source), and D1 (destination) are designated to repeat, source operands (as many as the repeat cycles,
ing with the operands designated by S1 and S2) are compared with each other. The comparison results are set to dest
tion operands (as many as the repeat cycles, starting with the operand designated by D1).

S1 (Repeat = 3) S2 (Repeat = 3) D1 (Repeat = 3)
|_ CMP>=(W) S1R S2R D1R REP
10 D10 D20 M10 3 —> M10 turned on

—> MJ11 turned on
—> MJ12 turned off

Comparison Output Status

The comparison output is usually maintained while the input to the data comparison instruction is off. If the comparison
output is on, the on status is maintained when the input is turned off as demonstrated by this program.

ON
’_¢|_CMP>=(W) S1- S2- Di- REP“ Input 10 e ] || |
10

D10 C1 Q0 i

Comparison D10x>C1 |—| :
Result Di10<cC1 . | |

Comparison ON
Output QO OFF

This program turns the output off when the input is off.

ON
CMP>=(W) S1- S2- D1- REP Input 10 5

0 DI0 C1 MO

Comparison D10z cC1 |—| '
] Result D10<cC1

MO Q0 Output QO (?F'\;

[
.
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10: DATA COMPARISON INSTRUCTIONS

ICMP>= (Interval Compare Greater Than or Equal To)

e i

S1>S2>S3 - D1on

When input is on, the 16-bit data designated by S1, S2, and
S3 are compared. When the condition is met, destination
operand D1 is turned on. When the condition is not met, D1 is

S1 S2

kokkskk o kokkkoxk

S3 D1

kkkkk kKKK

ICMP>=(*)

turned off.

Applicable CPU Modules

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — — X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Data to compare X X X X X X X X —
S2 (Source 2) Data to compare X X X X X X X X —
S3 (Source 3) Data to compare X X X X X X X X —
D1 (Destination 1) Comparison output — X A - — — — — —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.
When T (timer) or C (counter) is used as S1, S2, or S3, the timer/counter current value is read out.
When the data of S1 is smaller than that of S3 (S1 < S3), a user program execution error will result, turning on special
internal relay M8004 and ERR LED on the CPU module.
Valid Data Types

W (word) | (integer)

X X

When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is
designated as the source, 16 points are used.

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source, 1 point is used.

The destination uses only one output or internal relay regardless of the selected data type.

Special Internal Relays M8150, M8151, and M8152 in ICMP>=

Three special internal relays are provided to indicate the comparison result of the ICMP>= instruction. Depending on the
result, one of the three special internal relays turns on. S1 must always be greater than or equabt&33 (S1

> .
When 52 < 3, MB151 turne on. S2vae | M81S0 | MBISL | B2 | g,
When S1 > S2 > S3, M8152 turns on. (1) S2 <S3 OFF ON OFF OFF
3 o1 (2) S2 =S3 OFF OFF OFF ON
M8151 M8152 M8150 (3)S3<S2<S1 | OFF OFF ON ON
Small Large (4)S2 =51 OFF OFF OFF ON
s2 1 @ 3) ) (5) (5)S2 > S1 ON OFF OFF OFF

When more than one ICMP>= or CMP= instruction is used, M8150, M8151, or M8152 indicates the result of the instruc-
tion that was executed last.

Example: ICMP>=

B

When input 10 is turned on, data of data registers D10, D11, and D12 designated by source operands S1, S2, and S3 are
compared. When the condition is met, internal relay M10 designated by destination operand D1 is turned on. When the con-
dition is not met, M10 is turned off.

ICMP>=(W) S1

D10

S2
D11

S3 D1
D12 M10

SOTU

“ D10 =2D11 =2 D12 - M10 goes on
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11: BINARY ARITHMETIC INSTRUCTIONS

Introduction

The binary arithmetic instructions make it possible for the user to program computations using addition, subtraction, mt
tiplication, and division. For addition and subtraction operands, internal relay M8003 is used to carry or to borrow.

The ROOQT instruction can be used to calculate the square root of the value stored in a data register.

ADD (Addition)
’_H_ADD(*) S1(R) S2(R) DI(R) REP

S1+S2 - D1, CY

When input is on, 16-bit data designated by source operands S1
and S2 are added. The result is set to destination operand D1
and carry (M8003).

kokkkk KKK KXK O Kkkokk k%

—1

SUB (Subtraction)
’_(|_SUB(*) S1(R) S2(R) Di(R) REP

When input is on, 16-bit data designated by source operand S2
is subtracted from 16-bit data designated by source operand S1.
The result is set to destination operand D1 and borrow (M8003).

kokokckok o kckokkk o kokckokok *

“ S1-S2 - D1, BW

MUL (Multiplication)
’_H_MUL(*) S1(R) S2(R) D1(R) REP

When input is on, 16-bit data designated by source operand S1
is multiplied by 16-bit data designated by source operand S2.
The result is set to 32-bit data designated by destination oper-
and D1.

kokkokk o kokkokk o okokokokok k%

“ S1xS2 - D1-D1+1

DIV (Division)
’_H_DN(*) S1(R) S2(R) Di(R) REP

When input is on, 16-bit data designated by source operand S1
is divided by 16-bit data designated by source operand S2. The
quotient is set to 16-bit destination operand D1, and the remain-
der is set to the next 16-bit data.

When S2 is O (dividing by 0), the ERR LED and special internal
relay M8004 (user program execution error) are turned on.

kokokkk  kkokkok  kkkkk  kk

“ S1 + S2 - D1 (quotient), D1+1 (remainder)

A user program execution error also occurs in the following divi-
sion operation.

Data type I: -32768 + (-1)

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X
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11: BINARY ARITHMETIC INSTRUCTIONS

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Data for calculation X X X X X X X X 199
S2 (Source 2) Data for calculation X X X X X X X X 1-99
D1 (Destination 1) Destination to store results — X A X X X X — 199

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S1 or S2, the timer/counter current value is read out. When T (timer) or C
(counter) is used as D1, the data is written in as a preset value which can be 0 through 65535.

Since the binary arithmetic instructions are executed in each scan while input is on, a pulse input from a SOTU or SOTD

instruction should be used as required.

Valid Data Types

W (word) | (integer) When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is

X X

designated as the source or destination, 16 points are used. When repeat is designated for a
bit operand, the quantity of operand bits increases in 16-point increments.

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used. When repeat is designated for a word operand, the
quantity of operand words increases in 1-point increments.

Using Carry or Borrow Signals

When the D1 (destination) data is out of the valid data range as a result of addition, a carry occurs, and special internal
relay M8003 is turned on. When the D1 (destination) data is out of the valid data range as a result of subtraction, a borrow

occurs, and special internal relay M8003 is turned on.

Data Type Carry occurs when D1 is Borrow occurs when D1 is
W (word) over 65,535 below O
I (integer) below -32,768 or over 32,767 below —-32,768 or over 32,767

There are three ways to program the carrying process (see examples below). If a carry never goes on, the program does not
have to include internal relay M8003 to process carrying. If a carry goes on unexpectedly, an output can be programmed to
be set as a warning indicator. If a carry goes on, the number of times a carry occurs can be added to be used as one word

data in a specified register.

Examples: ADD
e Data Type: Word

This example demonstrates the use of a carry signal from special internal relay M8003 to set an alarm signal.

L SOTU |4 ADDW) S1- S2- Di- REP Y
10 D2 500 D2

I
Acknowledge M8003
Pushbutton

— |
11

Q Q

e Data Type: Integer

D2 + 500 - D2

When a carry occurs, output QO is set as a warning indica-
tor.

When the acknowledge pushbutton (input 11) is pressed,
the warning indicator is reset.

’_{lol_ ADD() 1~ S2- Di- REP*‘ p1o[_4 ] + p20[ 1L ]| — D30[ 15 ]
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11: BINARY ARITHMETIC INSTRUCTIONS

Example: SUB

e Data Type: Word

The following example demonstrates the use of special internal relay M8003 to process a borrow.
D12 -7000 - D12

To process borrowing so that the number of times
a borrow occurs is subtracted from D13.

When a borrow occurs, D13 is decremented by

SOTU SUBW) S1- S2- D1- REP
10 D12 7000 D12
SUBW) S1- S2- D1- REP
MS003 D13 1 D13
one.
Examples: MIUL
e Data Type: Word
—{MuLW) S1- S2- D1- REP 500 600
" D10 D20 D30 * D10V (o1Fan) | * D20 (0258h)

When input |1 is on, data of D10 is multiplied by data of D20, and the result is set to

D30 and D31.

e Data Type: Integer

MUL(l) S1-

D10

|_
11

S2 -
D20

D1 -
D30

REP

“ D10

-500
(FEOCh)

600

X D20l 9o58h)

— D30-D31

300000
(O00493EO0h)

D30

D31

(0004h)
=
37856
(93EOh)

4

— D30-D31

-300000
(FFFB6C20h)

D30

D31

65531
(FFFBh)
]
27680
(6C20h)

Note: Since the destination uses two word operands in the multiplication operation, data register D399 (10-1/0 type CPU
module) or D1299 (16- and 24-1/0 type CPU modules) cannot be used as destination operand D1. When using a bit operand
such as internal relay for destination, 32 internal relays are required; so internal relay M281 (10-1/0 type CPU module) or
M1241 (16- and 24-1/0 type CPU modules) or a larger number cannot be used as destination operand D1.

Examples: DIV

e Data Type: Word

p10[[ 50 ] + p20[_7 ] — p3o[_7 J o311 |

Quotient

Remainder

When input 12 is on, data of D10 is divided by data of D20. The quo-
tient is set to D30, and the remainder is set to D31.

|_ DIV(W) S1- S2- D1- REP
’_{Q D10 D20 D30 “
e Data Type: Integer

|_ DIV(l) S1- S2- D1- REP
’_{Q D10 D20 D30 “

p10[[ 50 ] + p20[_—7 ] —> p3o[_—7_J o311 |

Quotient

Remainder

Note: Since the destination uses two word operands in the division operation, data register D399 (10-1/0 type CPU module)
or D1299 (16- and 24-1/0 type CPU modules) cannot be used as destination operand D1. When using a bit operand such as
internal relay for destination, 32 internal relays are required; so M281 (10-1/0 type CPU module) or M1241 (16- and 24-1/0
type CPU modules) or a larger number cannot be used as destination operand D1.
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11: BINARY ARITHMETIC INSTRUCTIONS

Repeat Operation in the ADD and SUB Instructions

Source operands S1 and S2 and destination operand D1 can be designated to repeat individually or in combination. When
destination operand D1 is not designated to repeat, the final result is set to destination operand D1. When repeat is desig-
nated, consecutive operands as many as the repeat cycles starting with the designated operand are used.

Since the repeat operation works similarly on the ADD (addition) and SUB (subtraction) instructions of the word and inte-
ger data types, the following examples are described using the ADD instruction of the word data type.

Repeat One Source Operand
When only S1 (source) is designated to repeat, the final result is set to destination operand D1.

S1 (Repeat = 3) S2 (Repeat = 0) D1 (Repeat = 0)
SOTU ADDW) S1R S2 - D1 - REP
1 D10 D20 D30 3 D10 10 | + D20( 25 | — D30[ (35)
D11 15 + D20 25 —> D30| (40)
D12 20 | + p20| 25 | — D30| 45 ]

Repeat Destination Operand Only

When only D1 (destination) is designated to repeat, the same result is set to 3 operands starting with D1.

’_{ SotU ADDW) S1- 52— 1R REP “ S1 (Repeat = 0) S2 (Repeat = 0) D1 (Repeat = 3)
11 DI0 D20 D30 3 D10 + D20 — D30
D10| 10 + D20| 25 —> D31| 35
D10| 10 + D20| 25 —> D32| 35

Repeat Two Source Operands
When S1 and S2 (source) are designated to repeat, the final result is set to destination operand D1.

’_{ o1 ADDW) SLR SR D1 REP* S1 (Repeat = 3) S2 (Repeat = 3) D1 (Repeat = 0)
11 D10 D20 D30 3 D10 + D20 25 | —> D30| (35
D11 15 + D21| 35 —> D30| (50)
D12 20 + D22| 45 —> D30| 65

Repeat Source and Destination Operands

When S1 (source) and D1 (destination) are designated to repeat, different results are set to 3 operands starting with D1.

’_{ o1 ADDW) SLR 57— 1R REP “ S1 (Repeat = 3) S2 (Repeat = 0) D1 (Repeat = 3)
11 DI0 D20 D30 3 D10 + D20 —>= D30
D11| 15 + D20| 25 —> D31| 40
D12| 20 + D20|_ 25 —> D32| 45

Repeat All Source and Destination Operands
When all operands are designated to repeat, different results are set to 3 operands starting with D1.

’_{ o1 ADDW) SLR SR 1R REP “ S1 (Repeat = 3) S2 (Repeat = 3) D1 (Repeat = 3)
11 DI0 D20 D30 3 D10 + D20 —>= D30
D11| 15 + D21| 35 — D31| 50
D12| 20 + D22| 45 —> D32| 65

Note: Special internal relay M8003 (carry/borrow) is turned on when a carry or borrow occurs in the last repeat operation.
When a user program execution error occurs in any repeat operation, special internal relay M8004 (user program execution
error) and the ERR LED are turned on and maintained while operation for other instructions is continued.

11-4
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11: BINARY ARITHMETIC INSTRUCTIONS

Repeat Operation in the MUL Instruction

Since the MUL (multiplication) instruction uses two destination operands, the result is stored to destination operands as
described below. Source operands S1 and S2 and destination operand D1 can be designated to repeat individually or il
combination. When destination operand D1 is not designated to repeat, the final result is set to destination operand D1 ¢
D+1. When repeat is designated, consecutive operands as many as the repeat cycles starting with the designated oper
are used.

Since the repeat operation works similarly on the word and integer data types, the following examples are described usi
the word data type.

Repeat One Source Operand
When only S1 (source) is designated to repeat, the final result is set to destination operands D1 and D1+1.

S1 (Repeat =3) S2 (Repeat = 0) D1 (Repeat = 0)

’_( MULW S1R S2 - D1 - REP
11 SoT W D10 D20 D30 3 “ D10 x D20 — (D30) (D31)
D11 X D20 — (D30) (D31)

D12 X D20 — D30 D31

Repeat Destination Operand Only
When only D1 (destination) is designated to repeat, the same result is set to 6 operands starting with D1.

S1 (Repeat = 0) S2 (Repeat = 0) D1 (Repeat = 3)
’_‘I A SOTU [— MULW) %116 SD225 %%g REP “ D10 x D20 —> D30 D31
D10 X D20 — D32 D33

D10 X D20 —> D34 D35

Repeat Two Source Operands
When S1 and S2 (source) are designated to repeat, the final result is set to destination operands D1 and D1+1.

S1 (Repeat =3) S2 (Repeat = 3) D1 (Repeat = 0)

MULW S1R S2 R D1 - REP
’_{Il SoT W D10 D20 D30 3 “ D10 X D20 — (D30) (D31)
D11 X D21 — (D30) (D31)

D12 X D22 — D30 D31

Repeat Source and Destination Operands
When S1 (source) and D1 (destination) are designated to repeat, different results are set to 6 operands starting with D

S1 (Repeat =3) S2 (Repeat = 0) D1 (Repeat = 3)
’_‘I L SOTU [— MULW) ,SD%L(F; %225 %%g REP “ D10 x D20 — D30 D31
D11 X D20 —> D32 D33

D12 x D20 —> D34 D35

Repeat All Source and Destination Operands
When all operands are designated to repeat, different results are set to 6 operands starting with D1.

S1 (Repeat =3) S2 (Repeat = 3) D1 (Repeat = 3)
’_‘I A SOTU [— MULW) ,33115 %223 oy REP “ D10 x D20 —» D30 D31
D11 X D21 — D32 D33

D12 x D22 —> D34 D35
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Repeat Operation in the DIV Instruction
Since the DIV (division) instruction uses two destination operands, the quotient and remainder are stored as described
below. Source operands S1 and S2 and destination operand D1 can be designated to repeat individually or in combination.
When destination operand D1 is not designated to repeat, the final result is set to destination operand D1 (quotient) and
D+1 (remainder). When repeat is designated, consecutive operands as many as the repeat cycles starting with the desig-
nated operand are used.

Since the repeat operation works similarly on the word and integer data types, the following examples are described using
the word data type.

Repeat One Source Operand
When only S1 (source) is designated to repeat, the final result is set to destination operands D1 and D1+1.

S1 (Repeat =3) S2 (Repeat = 0) D1 (Repeat = 0)
DIV(W S1R S2 - D1- REP
’—‘I Jsom M6 b0 b0 s “ DIO  + D20  —» (D30) (D31)
D11 + D20 —> (D30) (D31)
D12 + D20 —> D30 D31

Quotient Remainder

Repeat Destination Operand Only
When only D1 (destination) is designated to repeat, the same result is set to 6 operands starting with D1.

S1 (Repeat = 0) S2 (Repeat = 0) D1 (Repeat = 3)

h soruj{ovw)  si- sa- DiR Rep { o0 - b0 = b0 D33
D10 + D20 — D31 D34

D10 + D20 —> D32 D35

Quotient Remainder

Repeat Two Source Operands
When S1 and S2 (source) are designated to repeat, the final result is set to destination operands D1 and D1+1.

S1 (Repeat =3) S2 (Repeat = 3) D1 (Repeat = 0)

DIV(W S1R S2 R D1- REP
D11 + D21 —> (D30) (D31)
D12 + D22 —> D30 D31

Quotient Remainder

Repeat Source and Destination Operands
When S1 (source) and D1 (destination) are designated to repeat, different results are set to 6 operands starting with D1.

S1 (Repeat =3) S2 (Repeat = 0) D1 (Repeat = 3)

HA T S B % TH omo - om0 o
D11 + D20 —> D31 D34

D12 + D20 —> D32 D35

Quotient Remainder

Repeat All Source and Destination Operands
When all operands are designated to repeat, different results are set to 6 operands starting with D1.

S1 (Repeat =3) S2 (Repeat = 3) D1 (Repeat = 3)

’_‘I A SOTU [— DIVIW) %115 %225 e REP “ D10 - D20 —> D30 D33
D11 + D21 —> D31 D34

D12 + D22 —> D32 D35

Quotient Remainder

Note: When a user program execution error occurs in any repeat operation, special internal relay M8004 (user program exe-
cution error) and the ERR LED are turned on and maintained while operation for other instructions is continued.
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11: BINARY ARITHMETIC INSTRUCTIONS

ROOT (Root)
’_1 —[rooTW) s1 D1 “ Js1 - D1

Hokokkok kR kokx When input is on, the square root of operand designated by S1 is extracted and
is stored to the destination designated by D1.

Valid values are O to 65535. The square root is calculated to two decimals, omit-
ting the figures below the second place of decimals.

Applicable CPU Modules

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Binary data _ - = — — — X X —
D1 (Destination 1) Destination to store results _ = = — — X — —

For the valid operand number range, see pages 6-1 and 6-2.

Since the ROOT instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

The ROQT instruction cannot be used in an interrupt program. If used, a user program execution error will result, turnin
on special internal relay M8004 and the ERR LED on the CPU module.

Valid Data Types
W (word) | (integer) When a word operand 'such as D (data register) is designated as the source or destination, 1
point (word data type) is used.

X —

Examples: ROOT

Before Execution After Execution

_||o RooTW) Dsllo DDzlo | /D10 - D20 D10 ——p20[ 141 | =141

— FRooTw st SR e - o p1a[ 3 ] —— 021173 ] 3-173

™ O s PI2 - D22 p12[_a | — 022[200 ] =200

ROOTW) s1_ D1 |
_||3|_ W St s /D13 - D23 D13 — p23[ 741 ] /55 = 7.4161

ROOTW) sS1 DI |
_||4|_ w st DL /D14 - D24 D14 [9997 | —— p24[9998] /5997 - 99.98

—[rooTw) si b1 |
_||5 D15 D25 /D15

. D25 D15 — D25 /9998 = 99.98
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12: BOOLEAN COMPUTATION INSTRUCTIONS

Introduction

Boolean computations use the AND, OR, and exclusive OR statements as carried out by the ANDW, ORW, and XORW
instructions in the word data type, respectively.

ANDW (AND Word)

S1-S2 - D1

When input is on, 16-bit data designated by source operands S1
and S2 are ANDed, bit by bit. The result is set to destination

kokokckok o kckokkk o kokckokok k%

’_{l—ANDW(W) S1(R) S2(R) D1(R) REP

—1

operand D1.
s1=[1]1]1]o][/[0]1] s1 S2 D1
0 0 0

s2=[1]o]o]o[/]1]1
[2[o[olo[T2[1] : x S
p1=[1|0]0]0]/|0[1] 1 0 0
1 1 1
ORW (OR Word)
S1+S2 - D1

kkkkk KRR KRKXK O kokokokok k%

’_(|_ORW(W) S1(R) S2(R) Di(R) REP“

When input is on, 16-bit data designated by source operands S1
and S2 are ORed, bit by bit. The result is set to destination oper-

and DA1.
s1=[1][1[1]0]/|O[1] s1 s2 D1
0 0 0

s2=[1]0[0[0[}]1]1
[1[oJofo[{11]1] 5 . .
D1=[1[1]1[0[}[1]1] 1 0 1
1 1 1

XORW (Exclusive OR Word)

s105S2 - D1

When input is on, 16-bit data designated by source operands S1
and S2 are exclusive ORed, bit by bit. The result is set to desti-
nation operand D1.

kokkkk KKK KXK O kokkokk k%

’_H_XORW(W) S1(R) S2(R) DI(R) REP

—1

s1=|[1][1]1]0][0]1] s1 s2 D1
s2=[1]ofofo¢[1]1]
D1 =[0[1]1][0]¢[1]O]

Rl O|O
R O|r|O
OO

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X
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Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Data for computation X X X X X X X X 199
S2 (Source 2) Data for computation X X X X X X X X 1-99
D1 (Destination 1) Destination to store results — X A X X X X — 199

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S1 or S2, the timer/counter current value is read out. When T (timer) or C
(counter) is used as D1, the data is written in as a preset value which can be 0 through 65535.

Since the Boolean computation instructions are executed in each scan while input is on, a pulse input from a SOTU or
SOTD instruction should be used as required.

Valid Data Types

W (word) I (integer) When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is
designated as the source or destination, 16 points are used. When repeat is designated for a
bit operand, the quantity of operand bits increases in 16-point increments.

X —

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used. When repeat is designated for a word operand, the
quantity of operand words increases in 1-point increments.

Example: XORW

To convert optional output status among a series of 10 output points, use the XORW instruction in combination with 10
internal relay points.

Q11 Q10 Q7 Qf

—

|
}47 10 pointsH

loJofofo][o]o]of1]|[of1][o[1][o]1]0]1]

I

| | | | This program will invert the status of the shaded outputs at the
left from on to off, and those not shaded from off to on.

M17 M10 M7 MO
L Ten outputs QO through Q11 are assigned to 10 internal
M81|20 relays MO through M11.

Five internal relays MO, M2, M4, M6, and M10 are set by
initialize pulse special internal relay M8120.

9 59 5 5 %0

When input I1 is turned on, the XORW instruction is exe-

— SOTU XORW(W) S1- S2- Di1- REP cuted to invert the status of outputs QO, Q2, Q4, Q6,
1 MO Q0 QO and Q10.
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Repeat Operation in the ANDW, ORW, and XORW Instructions

Source operands S1 and S2 and destination operand D1 can be designated to repeat individually or in combination. Wi
destination operand D1 is not designated to repeat, the final result is set to destination operand D1. When repeat is des
nated, consecutive operands as many as the repeat cycles starting with the designated operand are used.

Since the repeat operation works similarly on the ANDW (AND word), ORW (OR word), and XORW (exclusive OR
word) instructions of the word and integer data types, the following examples are described using the ANDW instruction
of the word data type.

Repeat One Source Operand
When only S1 (source) is designated to repeat, the final result is set to destination operand D1.

S1 (Repeat =3) S2 (Repeat = 0) D1 (Repeat = 0)
SOTU ANDW(W) S1R S2- Di1- REP
11 D10 D20 D30 3 D10 : D20 - (D30)
D11 . D20 e (D30)
D12 . D20 — D30

Repeat Destination Operand Only
When only D1 (destination) is designated to repeat, the same result is set to 3 operands starting with D1.

S1 (Repeat = 0) S2 (Repeat = 0) D1 (Repeat = 3)
SOTU ANDW(W) S1- S2- D1R REP
11 D10 D20 D30 3 D10 : D20 - D30
D10 . D20 — D31
D10 . D20 — D32

Repeat Two Source Operands
When S1 and S2 (source) are designated to repeat, the final result is set to destination operand D1.

S1 (Repeat =3) S2 (Repeat = 3) D1 (Repeat = 0)
SOTU ANDWMW) S1R S2R Di1- REP
11 D10 D20 D30 3 D10 - D20 — (D30)
D11 . D21 — (D30)
D12 . D22 — D30

Repeat Source and Destination Operands
When S1 (source) and D1 (destination) are designated to repeat, different results are set to 3 operands starting with D

S1 (Repeat =3) S2 (Repeat = 0) D1 (Repeat = 3)
SOTU ANDW(W) S1R S2- D1R REP .
’_‘u 26 b2o Db 5 D10 D20 — D30
D11 . D20 e D31
D12 . D20 — D32

Repeat All Source and Destination Operands
When all operands are designated to repeat, different results are set to 3 operands starting with D1.

S1 (Repeat =3) S2 (Repeat = 3) D1 (Repeat = 3)
SOTU ANDW(W) S1R S2R D1R REP
11 D10 D20 D30 3 D10 : D20 - D30
D11 . D21 — D31
D12 . D22 — D32

dﬂ[: « MICROSMART USER’S MANUAL » 12-3



12: BOOLEAN COMPUTATION INSTRUCTIONS

124 « MICROSMART USER’S MANUAL »



13: SHIFT / ROTATE INSTRUCTIONS

Introduction

Bit shift and rotate instructions are used to shift the 16-bit data in the designated source operand S1 to the left or right &
the quantity of bits designated. The result is set to the source operand S1 and a carry (special internal relay M8003).

The BCD left shift instruction shifts the BCD digits in two consecutive data registers to the left.

The word shift instruction is used to move 16-bit data to a destination data register and shifts down the data of subsequ
data registers as many as designated.

SFTL (Shift Left)

CY - S1

}— SFTL(W) 81 bits
Hokkokk kK When input is on, 16-bit data of the designated source operand S1 is shifted to
the left by the quantity of bits designated by operand bits.

The result is set to the source operand S1, and the last bit status shifted out is
set to a carry (special internal relay M8003). Zeros are set to the LSB.

When bits to shift = 1

cy MSB s1 LsB
Before shift: [ |<—[1]o[0[1][1]o]1]0][1][1]1]0][0]1]1]0]<—]0O]
M8003 -<—  Shift to the left
cy MSB Ss1 LsB
After shift: [olo]1]1][o[1]o]1][1]1]0]0][1]1]0]O]
M8003

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Data for bit shift — X A X — — X — —
bits Quantity of bitstoshit === @ — — — — — — — 1-15 —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as S1. Special internal relays cannot be designated as S1.
The quantity of bits to shift can be 1 through 15.

Since the SFTL instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Valid Data Types
W (word) | (integer)
X I

When a bit operand such as Q (output), M (internal relay), or R (shift register) is designated
as the source, 16 points are used.

When a word operand such as D (data register) is designated as the source, 1 point is used.
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Example: SFTL

M8120 is the initialize pulse special internal relay.

p— MOV(W) S1- D1- REP
M8120 43690 D10 When the CPU starts operation, the MOV (move) instruction sets 43690
to data register D10.
SFTL(W)  S1 bits
10 SOTU W) D10 |1 Each time input 10 is turned on, 16-bit data of data register D10 is shifted
to the left by 1 bit as designated by operand bits. The last bit status

shifted out is set to a carry (special internal relay M8003). Zeros are set

to the LSB.
Bits to shift = 1
cYy MSB D10 LSB
Before shift: D10 = 43690 |:| [1]o]1]o][1]o]1]0][1]0]1]0][1]0]1]0]
M8003 <«— Shift to the left
cYy MSB D10 LSB
After first shift: D10 = 21844 [o]1]o]1][o]1]o]1][o]1]0]1][0]1]0]O]
M8003
cYy MSB D10 LSB
After second shift: D10 = 43688 @ [1]o]1]o][1]o]1]o][1]0]1]0][1]0]0]O]
M8003
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SFTR (Shift Right)

S1 - CY
}—] SFTRW)  s1 bits
okkokk Kk When input is on, 16-bit data of the designated source operand S1 is shifted to
the right by the quantity of bits designated by operand bits.

The result is set to the source operand S1, and the last bit status shifted out is
set to a carry (special internal relay M8003). Zeros are set to the MSB.

When bits to shift =1
MSB Ss1 LSB cY
Before shift:  [0]——[1]0[o]1][1]o]1[0][1]1]1]o][o]1]1]0]—] ]
Shift to the right ——— M8003
MSB Ss1 LSB cy
After shift: [o]1]ofo][1]1]o[1][o]1]1[1][0o]0]1]1] [0]
M8003

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Data for bit shift — X A X — — X — —
bits Quantity of bitstoshit === @ — — — — — — — 1-15 —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as S1. Special internal relays cannot be designated as S1.

The quantity of bits to shift can be 1 through 15.
Since the SFTR instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Valid Data Types
W (word) | (integer)
X -

When a bit operand such as Q (output), M (internal relay), or R (shift register) is designated
as the source, 16 points are used.

When a word operand such as D (data register) is designated as the source, 1 point is used.

Example: SFTR

M8120 is the initialize pulse special internal relay.

When the CPU starts operation, the MOV (move) instruction sets 29 to
data register D10.

SoTu SFTRW) S1 bits Each time input |0 is turned on, 16-bit data of data register D10 is shifted

—{mov(w) si- Di- REP
M8120 29 D10

D10 2
0 to the right by 2 bits as designated by operand bits. The last bit status
shifted out is set to a carry (special internal relay M8003). Zeros are set
to the MSB.
Bits to shift = 2
MSB D10 LSB cYy
Before shift: D20 =29 [0|0] [o]lo]o]o][o]o|o]o][o]o]o]1][1]1]0]1] |:|
Shift to the right —— M8003
MSB D10 LSB cy
After first shift: D20 =7 [0]0] [o[o]o]o][o]o]o]o][o]o]o]o][0]1]1]1] [0]
M8003
MSB D10 LSB cy
After second shift: D20 = 1 [o]o]o]o][o]o]o[o][o][o]o]0][0]0]0O[1]
M8003
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BCDLS (BCD Left Shift)

When input is on, the 32-bit binary data designated by S1 is converted into 8
p—BCOLS S1 82 BCD digits, shifted to the left by the quantity of digits designated by S2, and con-
XA * verted back to 32-bit binary data.

Valid values for each of S1 and S1+1 are O through 9999.
The quantity of digits to shift can be 1 through 7.

Zeros are set to the lowest digits as many as the digits shifted.

When S2 = 1 (digits to shift) s1 S1+1
Before shift: [o]1]2]3][4]5]6]7]<—]0]
<— Shift to the left
Aftershit:  [0]~——[1]2][3[4][5]6]7]0] (0]
MSD LSD

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — — X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Data forBCDshit === — — — — — — X — —
S2 (Source 2) Quantity of digits to shift X X X X X X X 1-7 —

For the valid operand number range, see pages 6-1 and 6-2.
When T (timer) or C (counter) is used as S2, the timer/counter current value is read out.
The quantity of digits to shift designated as S2 can be 1 through 7.

Make sure that the source data determined by S1 and S1+1 is between 0 and 9999 for each data register. If either source
data is over 9999, a user program execution error will result, turning on special internal relay M8004 and the ERR LED on
the CPU module. When S2 is over 7, a user program execution error will also result.

Example: BCDLS

M8120 is the initialize pulse special internal relay.

— | MOV(W) S1- D1- REP H
M8120 123 D10 When the CPU starts operation, the MOV (move) instructions set 123 and
4567 to data registers D10 and D11, respectively.

{mMOov(w) S1- Di1- REP L

4567 D11 Each time input 10 is turned on, the 32-bit binary data of data registers
D10 and D11 designated by S1 is converted into 8 BCD digits, shifted to
—] SOTU BCDLS S1 S2 |4 the left by 1 digit as designated by operand S2, and converted back to 32-
10 D10 1 bit binary data.

Zeros are set to the lowest digits as many as the digits shifted.

Before shift: |O|1|2|3||4|5|6|7|‘_@

<— Shift to the left

After first shift: @<—|1|2|3|4||5|6|7|O|<—@

After second shift: <—|2|3|4|5||6|7|O|O|
mMSD LSD
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WSFT (Word Shift)

designated by D1 are shifted up to the next 16-bit positions. At the
same time, the data designated by operand S1 is moved to operand
designated by D1. S2 specifies the quantity of blocks to move.

kokkkk  kokokokk o okokokokok

’_¢ — WSFT  s1  s2 D1

“ When input is on, N blocks of 16-bit word data starting with operand

When S2 = 3 (quantity of blocks to shift)

s1 | 16-bit data | s1 | 16-bit data
D1+0 First 16-bit data _I_> D1+0 S1 data
D1+1 Second 16-bit data D1+1 First 16-bit data
D1+2 Third 16-bit data —I—> D1+2 Second 16-bit data
D1+3 Fourth 16-bit data 3 blocks (S2) D1+3 Third 16-bit data
D1+4 Fifth 16-bit data D1+4 Fifth 16-bit data

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — — X
Valid Operands
Operand Function I Q T C D Constant Repeat
S1 (Source 1) Source data for word shift X X X X X X X X —
S2 (Source 2) Quantity of blocks to shift X X X X X X —
D1 (Destination 1) First operand number to shift _ = = - — X — —

For the valid operand number range, see pages 6-1 and 6-2.
When T (timer) or C (counter) is used as S1 or S2, the timer/counter current value is read out.

Valid Data Types
W (word) | (integer)
X —

When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is
designated as source S1 or S2, 16 points are used.

When a word operand such as T (timer), C (counter), or D (data register) is designated as
source S1 or S2, 1 point is used.

Special Internal Relay M8024: BMOV/WSFT Executing Flag

While the BMOV or WSFT is executed, M8024 turns on. When completed, M8024 turns off. If the CPU is powered down
while executing BMOV or WSFT, M8024 remains on when the CPU is powered up again.

Example: WSFT

’—1 SOTU j—{ WSFT S1 s2 D1 “ Before shift: After first shift:
10

D10 3 D100
D10

D100 through D102 - D101 through D103

D10 - D100 D100
i ) ) ) ) D101

When input 10 is turned on, data of 3 data registers starting with

D100 designated by destination operand D1 is shifted to the next D102

data registers. Data of data register D10 designated by source oper- D103

and S1 is moved to D100 designated by destination operand D1. D104
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ROTL (Rotate Left)
’_( }—{ ROTL(W) S1 bits

the left by the quantity of bits designated by operand bits.

The result is set to the source operand S1, and the last bit status rotated out is
set to a carry (special internal relay M8003).

When input is on, 16-bit data of the designated source operand S1 is rotated to
% %k %k k % k%

When bits to rotate = 1 cy MSB S1 LSB
Before rotation: 1]lolo[1][a]o[a]o][1]a][1]0][0[1][1]0O
M8003 -<—— Rotate to the left
cy MSB Ss1 LSB
After rotation: [o]o]1]1][o]1]o[1][1]1]0]0][1]1]0]1]
M8003

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Data for bit rotation — X A X — — X — —
bits Quantity of bits to rotate === @ — — — — — — — 1-15 —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as S1. Special internal relays cannot be designated as S1.

The quantity of bits to rotate can be 1 through 15.

Since the ROTL instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Valid Data Types
W (word) | (integer)
X J—

When a bit operand such as Q (output), M (internal relay), or R (shift register) is designated
as the source, 16 points are used.

When a word operand such as D (data register) is designated as the source, 1 point is used.

Example: ROTL
M8120 is the initialize pulse special internal relay.

—{MOV(W) S1- Di1- REP
M8120 40966 D10 When the CPU starts operation, the MOV (move) instruction sets 40966
- to data register D10.
P Sl ROTL(W)  S1 bits Each time input I0 is turned on, 16-bit data of data register D10 is rotated
to the left by 1 bit as designated by operand bits.
The status of the MSB is set to a carry (special internal relay M8003).
Bits to rotate = 1
cY MSB D10 LSB
Before rotation: D10 = 40966 | | [1]o]1]o][o]o]o]o][o]o]o]0][0[1]1]0O]
M8003
Y Y
cy MSB D10 LSB
After first rotation: D10 = 16397 [o][1]o]o][o]o|o]o][o]o]o]o][1]1]0]1]
M8003
Y Y
cYy MSB D10 LSB
After second rotation: D10 = 32794 [0 [1]o]o]o][o]o|o]o][o]o]o]1][1]0][1]0]
M8003
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ROTR (Rotate Right)
’_( |_ ROTR(W) S1 bits

the right by the quantity of bits designated by operand bits.

The result is set to the source operand S1, and the last bit status rotated out is
set to a carry (special internal relay M8003).

When input is on, 16-bit data of the designated source operand S1 is rotated to
k >k %k >k %k * %

When bits to rotate = 1 MSB s1 LSB cy
Before rotation: 1|ofo]1]|[a]o]1]o][1][2]1]0][0]1][1]O
Rotate to the right ——— M8003
MSB s1 LSB cy
After rotation: [o]1]ofo][1]1]o]1][o]1]a]1][o]0]1]1] [0]
M8003

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

X X X X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Data for bit rotation — X A X — — X — —
bits Quantity of bits to rotate === @ — — — — — — — 1-15 —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as S1. Special internal relays cannot be designated as S1.

The quantity of bits to rotate can be 1 through 15.
Since the ROTR instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Valid Data Types
W (word) I (integer)
X -

When a bit operand such as Q (output), M (internal relay), or R (shift register) is designated
as the source, 16 points are used.

When a word operand such as D (data register) is designated as the source, 1 point is used.

Example: ROTR

M8120 is the initialize pulse special internal relay.

When the CPU starts operation, the MOV (move) instruction sets 13 to
data register D20.

Each time input I1 is turned on, 16-bit data of data register D20 is rotated

— MOV(W) S1 - D1 - REP
M8120 13 D20

SOTU — ROTRW) S1  bits

11 D20 2
to the right by 2 bits as designated by operand bits.
The last bit status rotated out is set to a carry (special internal relay
M8003).
Bits to rotate = 2 MSB D20 LSB cY
Before rotation: D20 = 13 |O|O|O|O||0|O|O|O||O|0|O|O||1|1|O|:I_| |:|
M8003
MSB ¢ D20 LsB cy
After first rotation: D20 = 16387 |O|1|O|O||O|0|O|O||O|O|O|O||O|O|1|1| @
M8003
MSB D20 LSB cY
After second rotation: D20 = 53248 |[1[1]0|1]|[0o]0]0]0]|[0]0|0]0][0]0O]O]O]
M8003
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Introduction
Data conversion instructions convert data format among binary, BCD, and ASCII.

The ENCO (encode), DECO (decode), and BCNT (bit count) instructions processes bit operand data.
The ALT (alternate output) instruction turns on and off an output each time an input button is pressed.

HTOB (Hex to BCD)
S1 - D1
’_¢ —{HTOBW) s1 D1 “

Skokkok  kokkokk When input is on, the 16-bit data designated by S1 is converted into BCD and
stored to the destination designated by operand D1.

Valid values for the source operand are O through 9999.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Binary data to convert X X X X X X X X —
D1 (Destination 1) Destination to store conversion results — X A X X X X — —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S1, the timer/counter current value is read out. When T (timer) or C (counter) i
used as D1, the data is written in as a preset value which can be 0 through 65535.

Valid values for the source operand are 0 through 9999 (270Fh). Make sure that the source designated by S1 is within |
valid value range. If the source data is out of the valid range, a user program execution error will result, turning on speci
internal relay M8004 and the ERR LED.

Since the HTOB instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Valid Data Types
W (word) | (integer) Whgn a bit operand such as | (input)z Q (outpu_t), M (internal relay), or R (shift register) is
designated as the source or destination, 16 points are used.

X —

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used.

Example: HTOB

Binary BCD

’_1 sotu {ATOBW) s1 b1 “ S S
11 D10 D20 D101 0000h) > D201 ©o00h)
1234 4660
D10 04D2h) > D20l 1o34n)
9999 39321
D10 270Fh) > D201 9999h)
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BTOH (BCD to Hex)
S1 - D1
’_¢ —{BTOHW) s1 D1 “

Sokkkok ok kokk When input is on, the BCD data designated by S1 is converted into 16-bit binary
data and stored to the destination designated by operand D1.

Valid values for the source operand are O through 9999 (BCD).

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function |
S1 (Source 1) BCD data to convert X
D1 (Destination 1) Destination to store conversion results —

D Constant Repeat
X X —
X

x| x| O
> | <=
x| X| A
XX | -
X[ X0

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S1, the timer/counter current value is read out. When T (timer) or C (counter) is
used as D1, the data is written in as a preset value which can be 0 through 65535.

Valid values for the source operand are 0 through 9999 (BCD). Make sure that each digit of the source designated by S1 is
0 through 9. If the source data is out of the valid range, a user program execution error will result, turning on special inter
nal relay M8004 and the ERR LED.

Since the BTOH instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Valid Data Types
W (word) I (integer) Whgn a bit operand such as | (input)3 Q (outpu.t), M (internal relay), or R (shift register) is
designated as the source or destination, 16 points are used.

X —

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used.

Example: BTOH

BCD Binary
’_( SOTU BTOH(W) S1 D1 ~‘ 0 0

11 D10 D20 D10 | 0oooh) > D20 ooooh)
4660 1234

D10 | (1234h) > D20 94pon)

39321 9999

D10 |l 9999h) > D20 570Fn)
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14: DATA CONVERSION INSTRUCTIONS

HTOA (Hex to ASCII)

’_( |— HTOAW)  S1 S2 D1

kokskkk  kkkkk o okokokokok

When input is on, the 16-bit binary data designated by S1 is read from

Applicable CPU Modules

“ S1 - D1, D1+1, D1+2, D1+3

the lowest digit as many as the quantity of digits designated by S2, con-
verted into ASCII data, and stored to the destination starting with the
operand designated by D1.

The quantity of digits to convert can be 1 through 4.

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

X X X X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Binary data to convert X X X X X X X X —
S2 (Source 2) Quantity of digits to convert X X X X X X X 1-4 —
D1 (Destination 1) Destination to store conversion results = — — — — — — X — —

For the valid operand number range, see pages 6-1 and 6-2.

When T (timer) or C (counter) is used as S1 or S2, the timer/counter current value is read out.

The quantity of digits to convert can be 1 through 4. Make sure that the quantity of digits designated by S2 is within the
valid range. If the S2 data is out of the valid range, a user program execution error will result, turning on special interna

relay M8004 and the ERR LED.

Since the HTOA instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction

should be used as required.

Valid Data Types

W (word) I (integer) When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is

X —

designated as the source, 16 points are used.
When a word operand such as T (timer), C (counter), or D (data register) is designated as the

source or destination, 1 point is used.
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14: DATA CONVERSION INSTRUCTIONS

Examples: HTOA
e Quantity of Digits: 4

’—1 SOTU HTOA(W)
10

Binary

e Quantity of Digits: 3

4660
(1234h)

Binary

’—1 SOTU HTOA(W)
11

e Quantity of Digits: 2

4660
(1234h)

Binary

’—1 SOTU —{ HTOA(W)
12

¢ Quantity of Digits: 1

4660
(1234h)

’—1 SOTU HTOA(W)
13

Binary

14-4

4660
(1234h)
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D21

D22

D23

D20

D21

D22

D20

D21

ASCII

49
(0031h)

50
(0032h)

51
(0033h)

52
(0034h)

ASCII

50
(0032h)

51
(0033h)

52
(0034h)

ASCII

51
(0033h)

52
(0034h)

ASCII

52
(0034h)




14: DATA CONVERSION INSTRUCTIONS

ATOH (ASCII to Hex)

When input is on, the ASCII data designated by S1 as many as the quan-
tity of digits designated by S2 is converted into 16-bit binary data, and
stored to the destination designated by operand D1.

kokskkk  kkkkk o okokokokok

’_( — ATOH(W)  S1 S2 D1

“ S1, S1+1, S1+2, S1+3 - D1

Valid values for source data to convert are 30h to 39h and 41h to 46h.

The quantity of digits to convert can be 1 through 4.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) ASCIl data to convert ~  — — — — — — X — —
S2 (Source 2) Quantity of digits to convert X X X X X X X 1-4 —
D1 (Destination 1)  Destination to store conversion results — A X X X X — —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S2, the timer/counter current value is read out. When T (timer) or C (counter) |
used as D1, the data is written in as a preset value which can be 0 through 65535.

Valid values for source S1 data to convert are 30h to 39h and 41h to 46h. Make sure that the values for each source de
nated by S1 and the quantity of digits designated by S2 are within the valid range. If the S1 or S2 data is out of the valic
range, a user program execution error will result, turning on special internal relay M8004 and the ERR LED.

Since the ATOH instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Valid Data Types

When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is

W (word I (integer - M .
( ) (integer) designated as the source or destination, 16 points are used.

X —

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used.
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14: DATA CONVERSION INSTRUCTIONS

Examples: ATOH
e Quantity of Digits: 4

ASCII Binary
49 4660
’_ﬁo D10 | 0031h) > D20l 1234n)
St
50
D11} 0032h)
—_—
51
D12 0033n)
- 52 |
D13 | 0034h)
e Quantity of Digits: 3
ASCII Binary
49 201
’_{u D10 0031n)| = P20 (0123n)
Sl
50
D111 0032h)
9o
51
D12 0033h)
e Quantity of Digits: 2
ASCII Binary
49 18
’_{m D10 | 0031h) > D20}l 0o12n)
[t
50
D111 0032n)
¢ Quantity of Digits: 1
ASCII Binary
49 1
’_ﬂs D10 0031n) > D20} 0001n)

14-6
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14: DATA CONVERSION INSTRUCTIONS

BTOA (BCD to ASCII)

KkkKE  KEKKKK  Kokokkok When input is on, the 16-bit binary data designated by S1 is converted
into BCD, and converted into ASCII data. The data is read from the low-
est digit as many as the quantity of digits designated by S2. The result
is stored to the destination starting with the operand designated by D1.

S1 - D1, D1+1, D1+2, D1+3, D1+4
’_( |— BTOA(W)  S1 S2 D1 ~‘

The quantity of digits to convert can be 1 through 5.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Binary data to convert X X X X X X X X —
S2 (Source 2) Quantity of digits to convert X X X X X X X 1-5 —
D1 (Destination 1) Destination to store conversion results = — — — — — — X — —

For the valid operand number range, see pages 6-1 and 6-2.
When T (timer) or C (counter) is used as S1 or S2, the timer/counter current value is read out.

The quantity of digits to convert can be 1 through 5. Make sure that the quantity of digits designated by S2 is within the
valid range. If the S2 data is out of the valid range, a user program execution error will result, turning on special internal
relay M8004 and the ERR LED.

Since the BTOA instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Valid Data Types
W (word) | (integer) Whgn a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is
designated as the source, 16 points are used.

X —

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used.

dan « MICROSMART USER’S MANUAL » 14-7



14: DATA CONVERSION INSTRUCTIONS

Examples: BTOA
¢ Quantity of Digits: 5

B

¢ Quantity of Digits: 4

s

¢ Quantity of Digits: 3

.

¢ Quantity of Digits: 2

B

e Quantity of Digits: 1

-

14-8

D10

D10

D10

D10

D10

BCD
Binary

12345
(3039h)

BCD
Binary

12345
(3039h)

BCD
Binary

12345
(3039h)

BCD
Binary

12345
(3039h)

BCD
Binary

12345
(3039h)
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—> D20

D21

D22

D23

D24

D20

D21

D22

D23

D20

D21

D22

D20

D21

—> D20

ASCII

49
(0031h)

50
(0032h)

51
(0033h)

52
(0034h)

53

(0035h)

ASCII

50
(0032h)

51
(0033h)

52
(0034h)

53
(0035h)

ASCII

51
(0033h)

52
(0034h)

53
(0035h)

ASCII

52
(0034h)

53
(0035h)

ASCII

53
(0035h)




14: DATA CONVERSION INSTRUCTIONS

ATOB (ASCII to BCD)

When input is on, the ASCII data designated by S1 as many as the quan-
tity of digits designated by S2 is converted into BCD, and converted into
16-bit binary data. The result is stored to the destination designated by
operand D1.

kokskkk  kkkkk o okokokokok

’_( |— ATOB(W)  S1 S2 D1

“ S1, S1+1, S1+2, S1+3, S1+4 - D1

Valid values for source data to convert are 30h through 39h.

The quantity of digits to convert can be 1 through 5.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) ASCIl data to convert ~ — — — — — — X — —
S2 (Source 2) Quantity of digits to convert X X X X X X X 1-5 —
D1 (Destination 1)  Destination to store conversion results — A X X X X — —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S2, the timer/counter current value is read out. When T (timer) or C (counter) i
used as D1, the data is written in as a preset value which can be 0 through 65535.

Valid values for source S1 data to convert are 30h through 39h. Make sure that the values for each source designated by
and the quantity of digits designated by S2 are within the valid range. If the S1 or S2 data is out of the valid range, a us
program execution error will result, turning on special internal relay M8004 and the ERR LED.

Since the ATOB instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Valid Data Types
W (word) I (integer) Wh(_an a bit operand such as | (input)3 Q (outpu_t), M (internal relay), or R (shift register) is
designated as the source or destination, 16 points are used.

X —

When a word operand such as T (timer), C (counter), or D (data register) is designated as the
source or destination, 1 point is used.
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14: DATA CONVERSION INSTRUCTIONS

Examples: ATOB

¢ Quantity of Digits: 5

B

B

.

B

soTu|JAT0BW) si  s2 D1 *
D10 5 D20 D10
D11
D12
D13
D14
¢ Quantity of Digits: 4
SOTU ATOB(W) S1 S2 D1 ﬂ‘
D10 4 D20 D10
D11
D12
D13
e Quantity of Digits: 3
soTul{AT0BW) st s2 D1 *
D10 3 D20 D10
D11
D12
e Quantity of Digits: 2
soTu|JAToBW) si  s2 D1 *
D10 2 D20 D10
D11
e Quantity of Digits: 1
SOTU ATOB(W) S1 S2 D1 ﬂ‘
D10 1 D20 D10

-

14-10

ASCII

49
(0031h)

50
(0032h)

51
(0033h)

52
(0034h)

53
(0035h)

ASCII

49
(0031h)

50
(0032h)

51
(0033h)

52
(0034h)

ASCII

49
(0031h)

50
(0032h)

51
(0033h)

ASClI
49
(0031h)

50
(0032h)

ASCII

49
(0031h)
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—> D20

—> D20

—> D20

BCD
Binary

12345
(3039h)

BCD
Binary

1234
(04D2h)

BCD
Binary

123
(007Bh)

BCD
Binary

12
(0018h)

BCD
Binary

1
(0001h)




14: DATA CONVERSION INSTRUCTIONS

ENCO (Encode)

’—H—

ENCO
Bits

S1 D1
kKKK KKKk

Applicable CPU Modules

When input is on, a bit which is on is sought. The search begins at S1 until the
first point which is set (on) is located. The quantity of points from S1 to the first
set point (offset) is stored to the destination designated by operand D1.

If no point is on in the searched area, 65535 is stored to D1.

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — — X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) First bit to start search X X X X — — X — —
D1 (Destination 1) Destination to store search results — X A X — — X — —
Bits Quantity of bits searched _— = — — — — 1-256 —

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

Valid values for Bits to designate the quantity of bits searched are 1 through 256. Make sure that the search area design:
by S1 plus Bits is within the valid value range. If the source data is out of the valid range, a user program execution errc
will result, turning on special internal relay M8004 and the ERR LED.

Since the ENCO instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Examples: ENCO

When input 10 is on, a bit which is on is sought in 64 bits starting at internal

— ENCO S1 D1 relay M4 designated by operand S1.

’_ﬂo 64 M4 D100 “ ) Y ) & Y ) ] ) ) )
Since internal relay M30 is the first point that is on, the offset from the first
search point is 20, and 20 is stored to data register D100 designated by oper-
and D1.

M17 MO
M37 M20 ——3 D100
M57 [ | M40
M77 B M60 o
M97 M80
M117 M100 [[] searched area
When input 11 is on, a bit which is on is sought in 64 bits starting at bit O of data
— ENCO S1 D1 register D10 designated by operand S1.

’_{Il 64 D10 D100 “ .g ) & ) y ] ] ) ]

Since bit 8 of data register D11 is the first point that is on, the offset from the
first search point is 24, and 24 is stored to data register D100 designated by
operand D1.
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

D10 H

D11 —g 100

D12 [ |

D13 [ | B o

D14

D15 D Searched area
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14: DATA CONVERSION INSTRUCTIONS

DECO (Decode)

’—H—

Applicable CPU Modules

DECO S1

%k %k %k %k X%

D1

% % Xk % X%

i

When input is on, the values contained in operands designated by S1 and D1 are
added to determine the destination, and the bit so determined is turned on.

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
— — — — X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Offset X X X X — — X 0-255 —
D1 (Destination 1) First bit to count offset — X A X — — X — —

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

Valid values for the offset designated by source operand S1 are 0 through 255. Make sure that the offset designated by S1
and the last bit of destination data determined by the sum of S1 and D1 are within the valid value range. If the offset or
destination data is out of the valid range, a user program execution error will result, turning on special internal relay

M8004 and the ERR LED.

Since the DECO instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction

should be used as required.

Examples: DECO

When input 10 is on, the destination bit is determined by adding the value con-
tained in data register D20 designated by operand S1 to internal relay M104 des-
ignated by destination operand D1.

Since 19th bit from internal relay M104 is internal relay M127, the bit so deter-
mined is turned on.

M117 M100
M137 H M120
M157 M140
M177 M160
M197 M180
M217 M200

When input 11 is on, the destination bit is determined by adding the value con-
tained in data register D10 designated by operand S1 to data register D30 desig-
nated by destination operand D1.

Since 39th bit from data register D30 bit O is data register D32 bit 7, the bit so
determined is turned on.

|— DECO S1 D1
’_ﬂo D20 M104 “
D20 —_—
[[] First bit
o
DECO S1 D1
11 D10 D30
D10 ——

14-12

Bit 15 14 13 12 11 10 9 8

7

6 5 4 3 2 1 O

D30

D31

D32

D33

D34

D35
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14: DATA CONVERSION INSTRUCTIONS

BCNT (Bit Count)

tive bits starting at the point designated by source operand S1. Source
operand S2 designates the quantity of bits searched. The quantity of
bits which are on is stored to the destination designated by operand D1.

kokkkk  kokkkk o kokokokok

’_¢ —BCNT  s1 s2 D1

“ When input is on, bits which are on are sought in an array of consecu-

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — — X
Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) First bit to start search X X X X — — X — —
S2 (Source 2) Quantity of bits searched — X X X X X X 1-256 —
D1 (Destination 1) Destination to store quantity of ON bits — X A X X X X — —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S2, the timer/counter current value is read out. When T (timer) or C (counter) i
used as D1, the data is written in as a preset value which can be 0 through 65535.

Valid values for S2 to designate the quantity of bits searched are 1 through 256. Make sure that the search area design
by S1 plus S2 is within the valid value range. If the source data is out of the valid range, a user program execution errol
will result, turning on special internal relay M8004 and the ERR LED.

Since the BCNT instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Examples: BCNT

|— BCNT S1 S2 D1 starting at internal relay M4 designated by source operand S1.
10

M4 64 D100

“ When input is on, bits which are on are sought in an array of 64 bits

Since 3 bits are on in the searched area, the quantity is stored to data
register D100 designated by destination operand D1.

M17 MO
M37 H M20 —— D100
M57 M40
M77 M60
ON
M7 M80 .
M117 M100 I:l Searched area

When input 10 is on, bits which are on are sought in 60 bits starting
’—{ |— BNCT S1 S2 D1 H at bit O of data register D10 designated by operand S1.
11

D10 60 D100

Since 2 bits are on among the 60 bits, 3 is stored to data register
D100 designated by operand D1.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

D10

D11 H e D100
D12 ||
b13 H B o

D14
D15 . D Searched area
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14: DATA CONVERSION INSTRUCTIONS

ALT (Alternate Output)

When input is turned on, output, internal relay, or shift register bit designated by
’_( SOTU ALT D1 ~‘

D1 is turned on and remains on after the input is turned off.

%k >k %k %k %

When input is turned on again, the designated output, internal relay, or shift reg-
ister bit is turned off.

The ALT instruction must be used with a SOTU or SOTD instruction, otherwise the
designated output, internal relay, or shift register bit repeats to turn on and off in
each scan.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
— — — — X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
D1 (Destination 1) Bit to turn on and off — X X X — — — — —

For the valid operand number range, see pages 6-1 and 6-2.

Since the ALT instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction must
be used.

Example: ALT
When input 10 is turned on, output QO designated by operand D1 is turned on and
’_( SOTU ALT D1 ~‘
10

Q0 remains after input 10 is turned off.

When input 10 is turned on again, output QO is turned off.

mao | [ M M M

ON
Output QO oFF | | | |
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15: WEEK PROGRAMMER INSTRUCTIONS

Introduction

WKTIM instructions can be used as many as required to turn on and off designated outputs and internal relays at prede
mined times and days of the week.

Once the internal calendar/clock is set, the WKTIM instruction compares the predetermined time with the clock data in th
clock cartridge. When the preset time is reached, internal relay or output designated as destination operand is turned o
off as scheduled. For setting the calendar/clock, see page 15-5.

For the specifications of the clock cartridge, see page 2-56.

WKTIM (Week Timer)

When input is on, the WKTIM compares the S1 and S2 preset
’_( — WKTIM S1 S2 S3 D1 ~‘

MODE erekk Erass week krseE data with the current day and time.

When the current day and time reach the presets, an output or
internal relay designated by operand D1 is turned on, depend-
ing on the week table output control designated by MODE.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
MODE Week table output contotk === 00— — — — — — — 0-2 —
S1 (Source 1) Day of week comparisondata === 0— — — — — — X 0-127 —
S2 (Source 2) Hour/minute comparison data to turnon . — — — — — — X 0-2359 —
S3 (Source 3) Hour/minute comparison data to turn off - — — — — — — X 0-2359 —
D1 (Destination 1) Comparison ON output — X A - — — — — —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

MODE — Week table output control (O through 2)
0: Disable the week table

When the current day and time reach the presets for S1, S2, and S3, the designated output or internal relay is turn
on or turned off. Set 0 for MODE when the WKTBL is not used; the WKTBL instruction is ignored even if it is pro-
grammed.

1. Additional days in the week table

When the current time reaches the hour/minute comparison data set for S2 or S3 on the special day programmed |
the WKTBL, the designated output or internal relay is turned on (S2) or turned off (S3).

2:  Skip days in the week table

On the special day programmed in the WKTBL, the designated output or internal relay is not turned on or off, even
when the current day and time reach the presets for S1, S2, and S3.

Note: When 1 or 2 is set for MODE, program special days in the week table using the WKTBL instruction, followed by
the WKTIM instruction. If the WKTBL instruction is not programmed when 1 or 2 is set for MODE in the WKTIM instruc-
tion, a user program execution error will result, turning on special internal relay M8004 and the ERR LED on the CPU
module. The same error also occurs if the WKTIM instruction is executed before the WKTBL instruction.
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S1 — Day of week comparison data (0 through 127)
Specify the days of week to turn on the output or internal relay designated by D1.

Day of Week Sunday Monday Tuesday Wednesday Thursday Friday

Saturday

Value 1 2 4 8 16 32

64

Designate the total of the values as operand S1 to turn on the output or internal relay.

Example: To turn on the output on Mondays through Fridays, designate 62 as S1 because 2 +4 + 8 + 16 + 32 = 62.

S2 — Hour/minute comparison data to turn on
S3 — Hour/minute comparison data to turn off

Specify the hours and minutes to turn on (S2) or to turn off (S3) the output or internal relay designated by D1.

Hour

Minute

Disable Comparison

00 through 23

00 through 59

10000

Example: To turn on the output or internal relay at 8:30 a.m. using the WKTIM instruction, designate 830 as S2. To
turn off the output or internal relay at 5:05 p.m., designate 1705 as S3.

When 10000 is set to hour/minute comparison data, the comparison data is ignored. For example, if 10000 is set to
the hour/minute comparison data to turn off (S3), the WKTIM instruction compares only the hour/minute comparison

data to turn on (S2).

When the hour/minute comparison data to turn on (S2) is larger than the hour/minute comparison data to turn off
(S3), the comparison ON output (D1) turns on at S2 on the day designated by S1, remains on across 0 a.m., and turns
off at S3 on the next day. For example, if S2 is 2300, S3 is 100, and Monday is included in S1, then the output desig-
nated by D1 turns on at 23 p.m. on Monday and turns off at 1 a.m. on Tuesday.

Make sure that the values set for MODE, S1, S2, and S3 are within the valid ranges. If any data is over the valid value, a
user program execution error will result, turning on special internal relay M8004 and the ERR LED on the CPU module.

WKTBL (Week Table)

|—WKTBL S1 S2 S3 -
kokokkk  kkkkk  kkkkk  kkkkK

S1, 82, S3, ..., SN -~ Week Table (N < 20)
“ When input is on, N blocks of special month/day data in oper-

Applicable CPU Modules

ands designated by S1, S2, S3, ..., SN are set to the week
table.

The quantity of special days can be up to 20.

The special days stored in the week table are used to add or
skip days to turn on or off the comparison outputs pro-
grammed in subsequent WKTIM instructions.

The WKTBL must precede the WKTIM instructions.

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C

FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

X X

X X

Valid Operands

Operand

Function

I Q M R T C D Constant Repeat

S1 (Source 1)

Special month/day data

X 1011231 —

For the valid operand number range, see pages 6-1 and 6-2.
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S1 through SV — Special month/day data

Specify the months and days to add or skip days to turn on or off the comparison outputs programmed in WKTIM
instructions.

Month
01 through 12

Day
01 through 31

Example: To set July 4 as a special day, designate 704 as S1.

Make sure that the values set for S1 througta® within the valid ranges. If any data is over the valid value, a user pro-
gram execution error will result, turning on special internal relay M8004 and the ERR LED on the CPU module.

Examples: WKTIM and WKTBL

e Without Special Days (MODE = 0)
This example is the basic program for week programmer application without using the WKTBL (week table) instruction.
While the CPU is running, the WKTIM compares the S1, S2, and S3 preset data with the current day and time.

When the current day and time reach the presets, an output designated by operand D1 is turned on and off.

WKTIM
0

S1
62

S2
830

S3
1715

D1
QO

ct
mM8125

S1 (62) specifies Monday through Friday.

“ M8125 is the in-operation output special internal relay.

The WKTIM turns on output QO at 8:30 and turns off output QO at
17:15 on Monday through Friday.

e With Additional Days in the Week Table (MODE = 1)

When the current time reaches the hour/minute preset time on the special days programmed in the WKTBL, the designa
output is turned on or turned off. In addition, the designated output is turned on and off every week as designated by or
and S1 of WKTIM.

In normal execution, when the current day and time coincide with the preset day (S1) and time (S2 or S3) of the WKTIV
the designated output is turned on or off. Execution on the special days has precedence over execution on normal days

This example demonstrates operation on special days in addition to regular weekends. The output is turned on from 10.
a.m. to 11:10 p.m. on every Saturday and Sunday. Without regard to the day of week, the output is also turned on Dece
ber 31 through January 3.

M8120 is the initialize pulse special internal relay.
WKTBL S1 S2 S3 S4
M8120 1231 101 102 103 WKTBL designates Dec. 31 to Jan. 3 as special days.
| WKTIM S1 S2 S3 D1 MODE (1) adds special days.
M8125 |1 65 1030 2310 QO S1 (65) specifies Saturday and Sunday.

e With Skip Days in the Week Table (MODE = 2)

WKTIM turns on output QO at 10:30 and turns off at 23:10 on
every Saturday, Sunday, and special days.

On the special days programmed in the WKTBL, the designated outmtitisned on or off, while the designated output
is turned on and off every week as designated by operand S1 of WKTIM.

In normal execution, when the current day and time coincide with the preset day (S1) and time (S2 or S3), the designat
output is turned on or off. Execution on the special days has precedence over execution on normal days.

This example demonstrates operation aborted on special days. The output is turned on from 10:00 a.m. to 8:00 p.m. on
every Monday through Friday, but is not turned on from May 2 through May 5.

WKTBL S1 52 S3 sa WKTBL designates May 2 to May 5 as special days.
M8120 502 503 504 505 MODE (2) skips special days.
WKTIM 51 D) 53 D1 S1 (62) specifies Monday to Friday.
M8125 |2 62 1000 2000 QO WKTIM turns on output QO at 10:00 and turns off at 20:00 on
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e Keep Output ON across 0 a.m.

When the hour/minute comparison data to turn on (S2) is larger than the hour/minute comparison data to turn off (S3), the
comparison ON output (D1) turns on at S2 on the day designated by S1, remains on across 0 a.m., and turns off at S3 on
the next day. This example demonstrates a program to keep the designated output on across 0 a.m. and turn off the output
on the next day.

| WKTIM S1 52 sS3 D1 M8125 is the in-operation output special internal relay.
mg125 |0 38 2000 600 QO S1 (38) specifies Monday, Tuesday, and Friday.

The WKTIM turns on output QO at 20:00 on Monday, Tuesday, and
Friday, and turns off output QO at 6:00 on the next day.

20:00 6:00 20:00 6:00 20:00 6:00

Output QO ON ON ON
putQ | | | | | | | |

| Sun | Mon | Tue Wed Thu Fri Sat

e Keep Output ON for Several Days
Multiple WKTIM instructions can be used to keep an output on for more than 24 hours. This example demonstrates a pro-
gram to keep the designated output on from 8 a.m on every Monday to 7 p.m. on every Friday.

WKTIM S1 S92 S3 D1 U M8125 is the in-operation output special internal relay.
m8125| | O 2 800 10000 MO S1 (2) specifies Monday.
WKTIM S1 S2 S3 D1 LI S1(28) specifies Tuesday, Wednesday, and Thursday.
0 28 10000 10000 M1 S1 (32) specifies Friday.
WKTIM S1 S2 S3 D1 H S2(10000) and S3 (10000) disable comparison of hour and
0 32 10000 1900 M2 minute data.
— | O— While internal relay MO, M1, or M2 is on, output QO remains on.
MO Qo0
M1
M2
20:00 19:00
Output QO ON
putQ | | | | | | | |
| Sun | Mon Tue Wed Thu Fri | Sat |
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Setting Calendar/Clock Using WindLDR

Before using the clock cartridge for the first time, the calendar/clock data in the clock cartridge must beWetdi£iRg
or executing a user program to transfer correct calendar/clock data from special data registers allocated to the calenda
clock. Once the calendar/clock data is stored, the data is held by the backup battery in the clock cartridge.

1.

2.

SelectOnline from thewindLDR menu bar, then seleBtonitor. The screen display changes to the monitor window.

From theOnline menu, seledPLC Status. The MicroSmart PLC Status dialog box is displayed. The current calendar/
clock data is read out from the clock cartridge and displayed in the Calendar box.

Click theChangebutton in the Calendar box. The Set Calendar and Time dialog box comes up with the date and time
values read from the computer internal clock.

Cakends [l 1210

Tew [F1075E40 = o Carced |

ER I |

Click theDown Arrow button on the right o€alendar, then a calendar is displayed where you can change the year,
month, and date. Enter or select new values.

To change hours and minutes, click in Thme box, and type a new value or use the up/down keys. When new values
are entered, click th@K button to transfer the new values to the clock cartridge.

Setting Calendar/Clock Using a User Program

Another way of setting the calendar/clock data is to store the values in special data registers dedicated to the calendar
clock and to turn on special internal relay M8016, M8017, or M8020. Data registers D8015 through D8021 do not hold th
current values of the calendar/clock data but hold unknown values before executing a user program.

Special Data Registers for Calendar/Clock Data

Data Register No. Data Value Read/Write Updated

D8008 Year (current data) 0to 99

D8009 Month (current data) 1to 12

D8010 Day (current data) 1to31

D8011 Day of week (current data) 0 to 6 (Note) Read only ﬁgqoe rxﬁﬁz%g\l;:rniz T:ragrér
D8012 Hour (current data) Oto 23

D8013 Minute (current data) 0 to 59

D8014 Second (current data) 0 to 59

D8015 Year (new data) 0 to 99

D8016 Month (new data) 1to 12

D8017 Day (new data) 1to 31

D8018 Day of week (new data) 0 to 6 (Note) Write only Not updated
D8019 Hour (new data) 0to 23

D8020 Minute (new data) 0 to 59

D8021 Second (new data) 0 to 59

Note: The day of week value is assigned for both current and new data as follows:

0

1

2 3

4

6

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday
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Special Internal Relays for Calendar/Clock Data

When M8016 is turned on, data in data registers D8015 through D8018 (calendar
new data) are set to the clock cartridge installed on the CPU module.

When M8017 is turned on, data in data registers D8019 through D8021 (clock
new data) are set to the clock cartridge installed on the CPU module.

Calendar/Clock Data When M8020 is turned on, data in data registers D8015 through D8021 (calen-
Write Flag dar/clock new data) are set to the clock cartridge installed on the CPU module.

M8016 | Calendar Data Write Flag

M8017 | Clock Data Write Flag

M8020

Example: Setting Calendar/Clock Data

This example demonstrates how to set calendar/clock data using a ladder program. After storing new calendar/clock data
into data registers D8015 through D8021, special internal relay M8020 (calendar/clock data write flag) must be turned on
to set the new calendar/clock data to the clock cartridge.

| MOV(W) S1- D1- Rep I MB8120 is the initialize pulse special internal relay.

I
M8120 0 DO When the CPU starts, seven MOV(W) instructions store calendar/
| Movw)  s1- D1- Rep L clock data to data registers DO through D6.

10 D1

L IMOV(W) S1- D1- REP M
10 D2

L IMOV(W) S1- D1- REP M
2 D3

| MOV(W) S1- D1- REP H
9 D4

{ MOV(W) S1- D1- REP H
30 D5

L MOV(W) S1- D1- REP H
0 D6

- SOTU MOVW) S1R DIR REP When input 10 is turned on, new calendar data (year, month, day,

10 DO D8015 4 and day of week) are moved to data registers D8015 through
D8018, and internal relay MO is turned on for 1 scan time.
MO
When input I1 is turned on, new clock data (hour, minute, and
— SOTU f MOV(W) SDl4R DDS%):IF.29 REP | second) are moved to data registers D8019 through D8021, and
11 internal relay M1 is turned on for 1 scan time.
M1
—| : O_ When either MO or M1 is turned on, calendar/clock data write flag

MO M8020|  special internal relay M8020 is turned on to set the new calen-
dar/clock data to the clock cartridge.
—
M1

M8125 is the in-operation output special internal relay.

VélIQS MOVIW) Dsgj(')gg DDjig REP | While the CPU is running, the MOV(W) moves current calendar/

clock data to data registers D10 through D16.

Adjusting Clock Using a User Program

Special internal relay M8021 (clock data adjust flag) is provided for adjusting the clock data. When M8021 is turned on,
the clock is adjusted with respect to secondsectinds are between 0 and 29 for current time, adjustmersetonds will

be set to 0 and minutes remain the saneectinds are between 30 and 59 for current time, adjustmesefonds will be

set to 0 andninutes are incremented one. M8021 is useful for precise timing which starts at zero seconds.

Example: Adjusting Calendar/Clock Data to 0 Seconds
When input |12 is turned on, clock data adjust flag special internal relay M8021 is turned on
2 SOTU MS521 and the clock is adjusted with respect to seconds.
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Adjusting Clock Cartridge Accuracy
The optional clock cartridge (FC4A-PT1) has an initial monthly error of £2 minutes at 25°C. The accuracy of the clock
cartridge can be improved to +30 seconds using Enable Clock Cartridge Adjustment in the Function Area Settings.

Before starting the clock cartridge adjustment, confirm the adjustment value indicated on the clock cartridge. This value
an adjustment parameter measured on each clock cartridge at factory before shipment.

Adjustment Value

The adjustment value indicated on the clock cartridge was measured at
25°C to achieve the best accuracy. When using the clock cartridge at other
temperatures, the clock cartridge accuracy may be impaired.

Programming WindLDR

1. From thewindLDR menu bar, sele@onfigure > Function Area Settings The Function Area Setting dialog box
appears.

2. Select theDthers tab.

Funfiop | feep | Boscialingut | Commoncaton D |

b Filsr
(a1 [0 ™ -
o 2111} Iﬁ
Goe 312 im -
(i il [REFT] I -

R - Eruabole Cioacd Cotciom il srimmrd
Elptirard Vshem J01I7) ?-1

Foiact Lism Frograe
I||I|:I|'\'l|-\. st -|-| |
A5 dreermne Maps

& s AT drsitars Myas Uoikis

e | Mo | wowws | B | s |

3. Click the check box to enable the clock cartridge adjustment, and type the adjustment value found on the clock car-
tridge in the Adjustment Value field.

4. Click theOK button.

5. Download the user program to the CPU module, and turn off and on the power to the CPU module.

Clock Cartridge Backup Duration
The clock cartridge data is backed up by a lithium battery in the clock cartridge and held for approximately 30 days at
25°C. If the CPU module is not powered up for a period longer than the backup duration, the clock data is initialized to th

following values.

Calendar: 00/01/01
Time: 0:00:00 AM
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Introduction

The DISP (display) instruction is used to display 1 through 5 digits of timer/counter current values and data register dat:
on 7-segment display units.

The DGRD (digital read) instruction is used to read 1 through 5 digits of digital switch settings to a data register. This
instruction is useful to change preset values for timers and counters using digital switches.

DISP (Display)

| DISP S1 AT _DAT When input is on, data designated by source operand S1 is
BCD4 . **8** L L set to outputs or internal relays designated by operand Q.
This instruction is used to output 7-segment data to display
Quantity of digits: 5 A units.
1 to 5 (decimal) ata phase: : . . .
1 to 4 (hex) Low or High Eight DISP instructions can be used in a user program.
Display data can be O through 65535 (FFFFh).
Conversion: Latch phase:
BCD or BIN Low or High

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
— — X X X

Note: The DISP instruction requires transistor output terminals. When using all-in-one 24-1/0 type CPU module FC4A-C24R2
or FC4A-C24R2C, connect a transistor output module.

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Data to display —_ - — — X X X — —
Q (Output) First output number to display data — X A - — — — — —

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as Q. Special internal relays cannot be designated as Q.
When T (timer) or C (counter) is used as S1, the timer/counter current value is read out.

Conversion

BCD: To connect BCD (decimal) display units
BIN:  To connect BIN (hexadecimal) display units

Latch Phase and Data Phase

Select the latch and data phases to match the phases of the display units in consideration of sink or source output of th
output module.

Output Points

The quantity of required output points is 4 plus the quantity of digits to display. When displaying 4 digits with output QO
designated as the first output number, 8 consecutive output points must be reserved starting with QO through Q7.
Display Processing Time

Displaying one digit of data requires 3 scan times after the input to the DISP instruction is turned on. Keep the input to tt
DISP instruction for the period of time shown below to process all digits of the display data.

Display Processing Time
3 scan times x Quantity of digits

When the scan time is less than 2 msec, the data cannot be displayed correctly. When the scan time is too short to ens
normal display, set a value of 3 or more (in msec) to data register D8022 (constant scan time preset value). See page &
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Example: DISP

The following example demonstrates a program to display the 4-digit current value of counter CNT10 on 7-segment dis-
play units (IDEC’s DD3S-F31N) connected to the transistor sink output module.

’_{ | DISP S1 Q LAT DAT “ When input 10 is on, the 4-digit current value of counter C10 is dis-
10

BCD4 C10 Q30 L H played on 7-segment digital display units.

Output Wiring Diagram

8-Transistor Sink
Output Module
FC4A-TOSK1

Q30
Q31
Q32
Q33
Q34
Qb p——
Q36 p———
Q37 p———————
COM(-) p—
+V p—

(+) 24V DC
) Power
Supply

103 102 10 10°
Upper Digit Lower Digit
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DGRD (Digital Read)

When input is on, data designated by operands | and Q is set
}— DGRD I Q D1

BCD4 KRk KRRk kA to a data register designated by destination operand D1.

This instruction can be used to change preset values for timer
First output number and counter instructions using digital switches. The data that
can be read using this instruction is O through 65535 (5 dig-
its), or FFFFh.

First input number
Quantity of digits:

1 to 5 (decimal)

1 to 4 (hex)

Conversion:
BCD or BIN

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
— — X X X

Note: The DGRD instruction requires transistor output terminals. When using all-in-one 24-1/0 type CPU module FC4A-C24R2
or FC4A-C24R2C, connect a transistor output module.

Valid Operands

Operand Function I Q M R T C D Constant Repeat
| First input number to read X — - = — — — — —
Q First output number for digit selection —- X - - — — — — —
D1 (Destination 1) Destination to store results === @ — — — — — — X — —

For the valid operand number range, see pages 6-1 and 6-2.

The DGRD instruction can read 65535 (5 digits) at the maximum. When the read value exceeds 65535 with the quantity
digits set to 5, a user program execution error will result, turning on special internal relay M8004 and the ERR LED.
Note: The DGRD instruction can be used up to 16 times in a user program. When transferring a user program containing

more than 16 DGRD instructions to the CPU, a user program syntax error occurs, turning on the ERR LED. The user program
cannot be executed.

Conversion

BCD: To connect BCD (decimal) digital switches
BIN:  To connect BIN (hexadecimal) digital switches

Input Points
Inputs are used to read the data from digital switches. The quantity of required input points is always 4. Four input poin

must be reserved starting with the input number designated by operand |. For example, when input 10 is designated as
operand I, inputs 10 through I3 are used.

Output Points

Outputs are used to select the digits to read. The quantity of required output points is equal to the quantity of digits to ree
When connecting the maximum of 5 digital switches, 5 output points must be reserved starting with the output number
designated by operand Q. For example, when output QO is designated as operand Q to read 3 digits, outputs QO throut
Q2 are used.

Digital Switch Data Reading Time

Reading digital switch data requires the following time after the input to the DGRD instruction is turned on. Keep the
input to the DGRD instruction for the period of time shown below to read the digital switch data. For example, when reac
ing data from 5 digital switches to the destination operand, 14 scans are required

Digital Switch Data Reading Time
2 scan times x (Quantity of digits + 2)
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Adjusting Scan Time
The DGRD instruction requires a scan time longer than the filter time plus 6 msec.

Minimum Required Scan Time
(Scan time) = (Filter time) + 6 msec

The filter time depends on the input terminal used as shown below.

Input Terminals Filter Time

Filter value selected in the Function Area Settings (default 3 msec)

10 through 17 on CPU Modules See Input Filter on page 5-24.

110 through 115 on CPU Modules
(except slim 40-1/0 type CPU Module)

110 through 127 on slim 40-1/0 type CPU Module | 4 msec (fixed)

Inputs on Expansion Input Modules 4 msec (fixed)

3 msec (fixed)

When the actual scan time is too short to execute the DGRD instruction, use the constant scan function. When the input fil-
ter time is set to 3 msec, set a value of 9 or more (in msec) to special data register D8022 (constant scan time preset value).
See page 5-27. When the input filter time is changed, set a proper value to D8022 to make sure of the minimum required
scan time shown above.

Example: DGRD

The following example demonstrates a program to read data from four digital switches (IDEC's DFBN-031D-B) to a data
register in the CPU module, using a 8-point DC input module and a 16-point transistor sink output module.

— DGRD | Q D1 When input 15 is on, the 4-digit value from BCD digital switches is read to
15 BCD4 130 Q30 D10 data register D10.

1/0 Wiring Diagram

16-point Transistor
8-point DC Input Module Sink Output Module

FC4A-NOSB1 FC4A-T16K3 Digital
Switches
o 130 Q30 o-—cc:>——v\0—0<—c:>i—<
o 131 Q31 o I S 0
o 132 Q32 o S ) 10
o 133 Q33 of— | oot
134 Q4 | ||| Tt
135 Q35 [ ' 8
136 Q36 0 e
137 Q37 D : 52 10*
to COM oCOM(-) 1 ol
[ ] o COM o +V R .
C; """" — :481
: »—O\O—H—¢2 102
! 1
HA
e
(+) 24V DC oo o2 103
0 Power I
Supply ettty !
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Introduction

This chapter describes the user communication function for communication betwkkerdSenart and external devices
with an RS232C port. ThdicroSmart uses user communication instructions for transmitting and receiving communica-
tion to and from external devices.

Upgrade Information

Upgraded CPU modules of slim 20-1/0 relay output types and 40-1/O types can also use the user communication throug
the RS485 port and three additional BCC calculation formulas; ADD-2Comp, Modbus ASCII, and Modbus RTU. Applica-
ble CPU modules and system program version are shown in the table below. For the procedure to confirm the system
gram version of the CPU module, see page 28-1.

All-in-One Type Slim Type

FC4A-D20RK1

CPU Module FC4A-C1OR2 | FC4A-C16R2 | FC4A-C24R2 | FC4A-D20K3 | FC4A-D20RS1

FC4A-C10R2C | FC4A-C16R2C | FC4A-C24R2C | FC4A-D20S3 FC4A-D40K3

FC4A-D40S3

RS485 User Communication

Compatibility

User Communication BCC . - . - 202 or higher

Upgrade

(ADD-2Comp, Modbus ASCII,

and Modbus RTU)

Using the RS485 user communication, kieroSmart CPU module can communicate with a maximum of 31 RS485
devices.

The upgraded CPU modules can use three new BCC calculation formulas of ADD-2comp, Modbus ASCII, and Modbus
RTU for transmit instructions TXD1 and TXD2 and receive instructions RXD1 and RXD2NIdgeDR ver. 4.40 or
higher to program the new BCC. For calculation examples, see page 17-36.

New BCC Calculation Formulas

BCC Name Description
ADD-2com Add the characters in the range from the BCC calculation start position to the byte immediately before
P the BCC, then invert the result bit by bit, and add 1.
Modbus ASCII Calculate the BCC using LRC (longitudinal redundancy check) for the range from the BCC calculation
start position to the byte immediately before the BCC.
Modbus RTU Calculate the BCC using CRC-16 (cyclic redundancy checksum) for the range from the BCC calculation
start position to the byte immediately before the BCC. The generation polynomial is: X1€ + X5+ X% + 1.

User Communication Overview

The user communication mode is used for linkingMiioSmart to an RS232C communication device such as a com-
puter, modem, printer, or barcode reader.

The all-in-one 10-1/0 type CPU module has one RS232C port. The 16- and 24-1/0 type CPU modules have one RS232
port and port 2 connector as standard. By installing an optional RS232C communication adapter (FC4A-PC1) to the por
connector, the 16- and 24-1/0 type CPU modules can communicate with two external devices simultaneously.

Every slim type CPU module has one RS232C port. An optional RS232C communication module can be attached to ar
slim type CPU module to use port 2 for additional RS232C communication. When an optional HMI base module is
attached to a slim type CPU module, an optional RS232C communication adapter can be installed to the port 2 connec
on the HMI base module.

User communication transmit and receive instructions can be programmed to match the communication protocol of the
equipment to communicate with. Possibility of communication using the user communication mode can be determined
referring to the user communication mode specifications described below.
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17: USER COMMUNICATION INSTRUCTIONS

User Communication Mode Specifications

Type RS232C User Communication RS485 User Communication
Communication Port Port 1 and Port 2 Port 2

Connection Device Quantity 1 per port 31 maximum

Standards EIA RS232C EIA RS485

Baud Rate 1200, 2400, 4800, 9600, 19200 bps

Data Bits 7 or 8 bits

Parity 0Odd, Even, None

Stop Bits 1 or 2 bits

Receive Timeout

10 to 2540 msec (10-msec increments) or none
(Receive timeout is disabled when 2550 msec is selected.)
The receive timeout has an effect when using RXD1/RXD2 instructions.

Communication Method

Start-stop synchronization system half-duplex

Maximum Cable Length 2.4m 200m
Maximum Transmit Data 200 bytes
Maximum Receive Data 200 bytes

BCC Calculation

XOR, ADD, ADD-2comp *, Modbus ASCII *, Modbus RTU *

Note *: WindLDR 4.0 or higher is needed to use these BCC calculation formulas.

Connecting RS232C Equipment through RS232C Port 1 or 2

When using port 2 for RS232C communication on the all-in-one 16- or 24-1/0O type CPU module, install the RS232C com-

munication adapter (FC4A-PC1) to the port 2 connector.

When using port 2 for RS232C communication on the slim type CPU module, mount the RS232C communication module

(FC4A-HPC1) next to the CPU module.

When using port 2 for RS232C communication on the slim type CPU module with the optional HMI module, install the

RS232C communication adapter (FC4A-PC1) to the port 2 connector on the HMI base module.

To connect an RS232C communication device to the RS232C port 1 or 2Mierbtemart CPU module, use the user

communication cable 1C (FC2A-KP1C). One end of the user communication cable 1C is not provided with a connector,
and can be terminated with a proper connector to plug in to communicate with the RS232C port. See the figure on

page 17-3.

172
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17: USER COMMUNICATION INSTRUCTIONS

RS232C User Communication System Setup

Attach a proper connector to the
open end referring to the cable
connector pinouts shown below.

17
User Communication Cable 1C

FC2A-KP1C

2.4m (7.87 ft.) long

RS232C Communication Adapter

et

RS232C Communication Module

-

RS232C Communication Adapter
FC4A-PC1

C{NE |

RS232C Equipment

] m——

To RS232C Port

To Port 1 (RS232C)

C{INE |

>

i

To Port 2

FC4A-PC1

To Port 1 (RS232C)

To Port 2

FCAA-HPC1

To Port 1 (RS232C)

C{INE |

To Port 2

HMI Base Module

FCAA-HPH1
Cable Connector Pinouts

Pin Port 1 Port 2 AWGH Color | Signal Direction
1 NC (no connection) RTS (request to send) 28 Twisted Black +>

2 NC (no connection) DTR (data terminal ready) | 28 Yellow p————+—>

3 TXD (transmit data) TXD (transmit data) 28 Blue —::—»

4 RXD (receive data) RXD (receive data) 28 Green 4—':—

5 NC (no connection) DSR (data set ready) 28 Brown 4—:—|—

6 CMSW (communication switch) | SG (signal ground) 28 Gray —::—

7 SG (signal ground) SG (signal ground) 26 Twisted Red —:—:—

8 NC (no connection) NC (no connection) 26 White —————
Cover — — — Shield —I—

Note: When preparing a cable for port 1, keep pins 6 and 7 open. If pins 6 and 7 are connected together, user com-
munication cannot be used.
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17: USER COMMUNICATION INSTRUCTIONS

Connecting RS485 Equipment through RS485 Port 2

Upgraded slim type CPU modules can use the RS485 user communication function. Using the RS485 user communica-
tion, a maximum of 31 RS485 devices can be connected Mi¢theSmart CPU module.

When using port 2 for RS485 communication on the slim type CPU module, mount the RS485 communication module
(FC4A-HPC3) next to the CPU module.

When using port 2 for RS485 communication on the slim type CPU module with the optional HMI module, install the
RS485 communication adapter (FC4A-PC3) to the port 2 connector on the HMI base module (FC4A-HPH1).

Connect RS485 device to the RS485 terminals A, B, and SG of port 2 Mittb8mart CPU module using a shielded
twisted pair cable as shown below. The total length of the cable for the RS485 user communication can be extended up to
200 meters (656 feet).

RS485 User Communication System Setup

| —]

[ ]

O O O O ||oooo|g

Port 2 31 devices maximum
RS485 Communication Adapter

FC4APC3 [ Rses Device |

=t e |
/ :.
HMI Base Module '
FC4A-HPH1 . | RS485 Device |
]

I Shielded twisted pair cable
I 200 meters (656 feet) maximum
0 Core wire 0.3 mm?

POV RVRDR DD

| I00000000000000,

[

Port 2 ::
RS485 Communication Module I
FC4A-HPC3 0
Iy
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17: USER COMMUNICATION INSTRUCTIONS

Programming WindLDR

When using the user communication function to communicate with an external RS232C or RS485 device, set the comn
nication parameters for tidicroSmart to match those of the external device

Note: Since communication parameters in the Function Area Settings relate to the user program, the user program must be
downloaded to the MicroSmart CPU module after changing any of these settings.

1. SelectConfigure from theWindLDR menu bar, then seletinction Area Settings
The Function Area Setting dialog box appears.

2. Click theCommunication tab.

3. SelectUser Protocolin the Port Jor Port 2list box. (Click theConfigure button when changing previous settings.)
The Communication Parameters dialog box appears.

When2550 msis selected in the Receive Timeout box, the receive timeout function is disabled.
4. Select communication parameters to the same values for the device to communicate with.

5. Click theOK button.
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17: USER COMMUNICATION INSTRUCTIONS

TXD1 (Transmit 1)

format and transmitted through port 1 to a remote terminal with an
RS232C port.

1 kokokkk o kokokokok o skokokockok

’_¢ — TXD st DL D2

“ When input is on, data designated by S1 is converted into a specified

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

TXD2 (Transmit 2)

format and transmitted through port 2 to a remote terminal with an
RS232C. Upgraded CPU modules can also use the RS485 port.

2 kkokkk  kkkkk  kkkkk

’_1 — TXD st DL D2

“ When input is on, data designated by S1 is converted into a specified

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— X X X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Transmitdata = - — — — — — X X —
D1 (Destination 1) Transmit completion output — X A — — — — — —
D2 (Destination 2) Transmit status register === = — — — — — — X — —

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.
Transmit data designated by operand S1 can be a maximum of 200 bytes.

When transmission is complete, an output or internal relay, designated by operand D1, is turned on.

Destination 2 occupies two consecutive data registers starting with the operand designated by D2. The transmit status data
register, DO through D1298 or D2000 through D7998, stores the status of transmission and error code. The next data regis-
ter stores the byte count of transmitted data. The same data registers can not be used as transmit status registers for TXD1/
TXD2 instructions and receive status registers for RXD1/RXD2 instructions.

The TXD1/TXD2 instructions cannot be used in an interrupt program. If used, a user program execution error will result,
turning on special internal relay M8004 and the ERR LED on the CPU module.

Precautions for Programming TXD Instruction

* The MicroSmart has five formatting areas each for executing TXD1 and TXD2 instructions, so five TXD1 and five TXD2
instructions can be processed at the same time. If inputs to more than five TXD1 or TXD2 instructions are turned on at the
same time, an error code is set to the transmit status data register, designated by operand D2, in the excessive TXD
instructions that cannot be executed.

e |f the input for a TXD instruction is turned on while another TXD instruction is executed, the subsequent TXD instruction is
executed 2 scan times after the preceding TXD instruction is completed.

¢ Since TXD instructions are executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction should
be used as required.
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17: USER COMMUNICATION INSTRUCTIONS

User Communication Transmit Instruction Dialog Box in WindLDR

I - |
T st 1] o 0
7 TeD Adocabion Mnbwt | [Sif | H
™ e
e TqI'J-—I:-I-
" Fmif
L S ot | h—l i |
[ o | 2 cws | 7t ]

Selections and Operands in Transmit Instruction Dialog Box

TXD Transmit instruction
Type — -
RXD Receive instruction
Port Port 1 Transmit user communication through port 1 (TXD1)
Port 2 Transmit user communication through port 2 (TXD2)
s1 Source 1 Enter the data to transmit in this area.

Transmit data can be constant values (character or hexadecimal), data registers, or BCC.
D1 Destination 1 Transmit completion output can be an output or internal relay.

Transmit status register can be data register DO through D1298 or D2000 through D7998.
The next data register stores the byte count of transmitted data.

D2 Destination 2

Transmit Data

Transmit data is designated by source operand S1 using constant values or data registers. BCC code can also be calcu
automatically and appended to the transmit data. One TXD instruction can transmit 200 bytes of data at the maximum.

S1 (Source 1)

Transmit Data Operand Conversion Type Tran(an;lti;I:;glts Repeat | BCC Calculation SS;?:T:;;EH
Constant 0Oh-7Fh (FFh) No conversion 1 — — —
A: Binary to ASCIl | 1-4
Data Register Bg_()Dolo%SS;ggg B: BCD tyo ASCIl | 15 1-99 — —
—: No conversion 1-2
X: XOR
A: ADD

>

BCC _ +Binary to ASCIl | — C: Add2comp | 115

: No conversion M: Modbus ASCII
M: Modbus RTU

Designating Constant as S1

When a constant value is designated as source operand S1, one-byte data is transmitted without conversion. The valid
transmit data value depends on the data bits selected in the Communication Parameters dialog box, which is called fro
Configure > Fun Area Settings> Communication, followed by selectindgJser Protocolin Port 1 or Port #ist box and

clicking theConfigure button. When 7 data bits are selected as default, 00h through 7Fh is transmitted. When 8 data bits
are selected, 00h through FFh is transmitted. Constant values are entered in character or hexadecimal notation into the
source data.

Constant (Character)
Any character available on the computer keyboard can be entered. One character is counted as one byte.

Constant (Hexadecimal)

Use this option to enter the hexadecimal code of any ASCII character. ASCII control codes NUL (00h) through US (1Fh
can also be entered using this option.
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Example:
The following example shows two methods to enter 3-byte ASCII data “1” (31h), “2” (32h), “3” (33h).
(1) Constant (Character)

a1 pzr Goberian

o o=
& Covitard (Dhsedel hy

™ Conmd } sssdecomal) Gl
Bt S T 1
i

(2) Constant (Hexadecimal)

T

i T e

I Comturt iChewetnd B

¥ Cormsnd s = Careeal

2 s xows | [ Foe ] ewes |
e

Designating Data Register as S1

When a data register is designated as source operand S1, conversion type and transmit digits must also be designated. The
data stored in the designated data register is converted and a designated quantity of digits of the resultant data is transmit-
ted. Conversion types are available in Binary to ASCII, BCD to ASCII, and no conversion.

When repeat is designated, data of data registers as many as the repeat cycles are transmitted, starting with the designated
data register. Repeat cycles can be up to 99.

Conversion Type
The transmit data is converted according to the designated conversion type as described below:

Example: D10 stores 000Ch (12)

(1) Binary to ASCII conversion
ASCII data

“” 1 “0" | “0" | “C”
D10 [[000Ch | o ASCI conversion | (30m | 30m | 30m [ 43h)

When transmitting 4 digits

(2) BCD to ASCII conversion
ASCII data

Tl “”" 1 “o” | ‘0" | “a" | “2”
D10[/000Ch Decimal value 100012 o5 15 ASCIl conversion | (30m){(30m| (30m){(31m|(32n)

When transmitting 5 digits

(3) No conversion
ASCII data

NUL FF
D10{/000Ch No conversion (0oh)|(och)

) —

When transmitting 2 digits
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17: USER COMMUNICATION INSTRUCTIONS

Transmit Digits (Bytes)
After conversion, the transmit data is taken out in specified digits. Possible digits depend on the selected conversion tyy
Example: D10 stores 010Ch (268)

(1) Binary to ASCII conversion, Transmit digits = 2

ASCII data Transmitted data

“0” | “a7 | “0” | “C” “0” | “C”
p10 [010Ch] Binary to ASCIl conversion  |(30m | 31m [30m [43n) (30h)|(43h)
Lowest 2 digits

(2) BCD to ASCII conversion, Transmit digits = 3

ASCII data Transmitted data
Thaaall “0”" 1 “o0” | “2” | “e” | “8” “2" 1 “e” | “8”
D10 [[010Ch | 1199268 550 Ascil ~(30h)|30n)|(32h)|36h) | (38h) (32h)|(36n)(38N)

value conversion .
Lowest 3 digits

(3) No conversion, Transmit digits = 1
ASCII data Transmitted data

SOH | FF FF
D10 [010Ch No conversion (01h)|(0Ch) (OCh)

Lowest 1 digit

Repeat Cycles
When a data register is designated to repeat, consecutive data registers, as many as the repeat cycles, are used for tra
data in the same conversion type and transmit digits.

Example:

p10 [oooch Data register No.: D10

D11 [0022h Transmit digits: 2
D12 [0038h Conversion type: BCD to ASCII

Data of data registers starting with D10 is converted in BCD to ASCII and is transmitted according to the designated repe
cycles.

(1) Repeat cyles =2 ASCII data

TN RTTE TR T
(31h)[(32n)|(33n)|(34n)

3 3

Repeat 1
o10 [000ch]— P - 00012
epea ,%l
D11 [0022h Decimal value % BCD to ASCII conversion
(2) Repeat cyles =3 ASCII data
“" 1 “2" | “3" | “4” | “5" | “6”
(31h)](32h)[(33h)|(34h)|(35h)|(36h)
\ \ \
Repeat 1 —_—
D10 |[000Ch . O »100012
epea —_—
D11 | 0022h . P O >100034
epea ,%l
D12]0038h Decimal value % BCD to ASCII conversion
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17: USER COMMUNICATION INSTRUCTIONS

BCC (Block Check Character)

Block check characters can be appended to the transmit data. The start position for the BCC calculation can be selected
from the first byte through the 15th byte. The BCC, calculated in either XOR or ADD, can be 1 or 2 digits.

Upgraded CPU modules can also use ADD-2comp, Modbus ASCII, and Modbus RTU to calculate the BCC.

1st 2nd 3rd 4th 5th 6th 15th 16th 17th 18th 19th

sTX] A" 1B 1< || E 0" | crR | LF IBcclBce
~ " 7 N—
' BCC calculation start position can be selected from this range. ! ! BCC !
' ' 1 (2 digits)
. 1

BCC Calculation Start Position

The start position for the BCC calculation can be specified from the first byte through the 15th byte. The BCC is calculated
for the range starting at the designated position up to the byte immediately before the BCC of the transmit data.

BCC calculation range when starting with the 1st byte of the data.

Example: Transmit data consists of 17 bytes plus 2 BCC digits.

(1) Calculation start position = 1

N
I

1st 2nd 3rd 4th 5th 6th 15th 16th 17th 18th 19th
sTX] A" 1B 1< || E 0" | cr | LF IBcclBce

BCC calculation range BCC

(2 digits)

(2) Calculation start position = 2

1st 2nd 3rd 4th 5th 6th 15th 16th 17th 18th 19th
STX | “A” | “B” | “C” | “D" | “E” “0” | CR LF | BCC | BCC

BCC calculation range BCC

(2 digits)

BCC Calculation Formula

BCC calculation formula can be selected from XOR (exclusive OR) or ADD (addition) operation. ADD-2comp, Modbus
ASCII, and Modbus RTU can also be selected for the upgraded CPU module$yiusitioR ver. 4.40 or higher.

Example: Conversion results of transmit data consist of 41h, 42h, 43h, 44h, and 45h.

ASCII data

“pA”
(41h)

“g”

(42h)

“gr

(43h)

“D”

(44h)

“g”
(45h)

(1) BCC calculation formula = XOR
Calculation result = 4101 42h00 43h0 44h 45h = 41h
(2) BCC calculation formula = ADD
Calculation result = 41t 42h+ 43h+ 44h+ 45h = 14Fh- 4Fh (Only the last 1 or 2 digits are used as BCC.)
(3) BCC calculation formula = ADD-2comp

Calculation result = B1

(4) BCC calculation formula = Modbus ASCII

Calculation result = A4

(5) BCC calculation formula = Modbus RTU
Calculation result = 91h F6h

1710
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Conversion Type
The BCC calculation result can be converted or not according to the designated conversion type as described below:

Example: BCC calculation result is 0041h.
(1) Binary to ASCII conversion

ASCII data
| 1 Note: On WindLDR, Modbus ASCI! is
0041h Binary to ASCI conversion | (34h)|(31h) defaulted to binary to ASCII conversion.
) EEEE——
2 digits
(2) No conversion
ASCII data
NUL | “A” Note: On WindLDR, Modbus RTU is
0041h No conversion (00h)|(41h) defaulted to no conversion.
) EEEE——
2 digits

BCC Digits (Bytes)
The quantity of digits (bytes) of the BCC code can be selected from 1 or 2.

Example:
ASCII data
L “47 | “1” “gr | o«qr Note: On WindLDR, Modbus ASCII and
(1) BCC digits = 2 | 541)(31n) ™1(34h)|(31h) Modbus RTU are defaulted to 2 digits.
o g |1 “17 -
(2) BCCdigits =1 (3an)|(31h) (31n)| Lower digit

Transmit Completion Output

Designate an output, QO through Q107, or an internal relay, MO through M1277, as an operand for the transmit completi
output. Special internal relays cannot be used.

When the start input for a TXD instruction is turned on, preparation for transmission is initiated, followed by data trans-
mission. When a sequence of all transmission operation is complete, the designated output or internal relay is turned o

Transmit Status

Designate a data register, DO through D1298 or D2000 through D7998, as an operand to store the transmit status infor
tion including a transmission status code and a user communication error code.

Transmit Status Code

Transmit .
Status Code Status Description
16 Preparing transmission From turning on the start input for a TXD instruction, until the transmit
paring data is stored in the internal transmit buffer

32 Transmitting data From ehapllng data transmission by an END processing, until all data
transmission is completed

48 Data transmission complete From completing all da'Fa transmlss,lon, until the END processing is
completed for the TXD instruction

64 Transmit instruction complete All transmls_smn operation is completed and the next transmission is
made possible

If the transmit status code is other than shown above, an error of transmit instruction is suspected. See User Communi
tion Error Code on page 17-27.
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Transmit Data Byte Count

The data register next to the operand designated for transmit status stores the byte count of data transmitted by the TXD
instruction. When BCC is included in the transmit data, the byte count of the BCC is also included in the transmit data byte
count.

Example: Data register D100 is designated as an operand for transmit status.

D100 «—  Transmit status

D101 ~«—————— Transmit data byte count

Programming TXD Instruction Using WindLDR

The following example demonstrates how to program a TXD instruction including a start delimiter, BCC, and end delim-
iter usingWindLDR.

TXD sample program:

Communication port: Port 1
SOTU TXD S1 D1 D2
10

1 12 M10 D100 Transmit completion output: ~ M10
Transmit status register: D100
Transmit data byte count: D101

Data register contents:

D10|04D2h| = 1234

D11 ||162Eh|| = 5678
Transmit data example:

BCC calculation range

STX “qr “gr “37 “qr “5” “e” “rr “8” B(S)C B(?)C ETX
(02h)|(31h)[(32h)|(33h)|(34h)|(35h)|(36h)|(37h)|(38h)|(41h)|(36h)|(03h)

Constant D10 D11 BCC Constant
(hex) (hex)

1. Start to program a TXD instruction. Move the cursor where you want to insert the TXD instruction, ansiDyp®u
can also insert the TXD instruction by clicking the User Communication icon in the menu bar and clicking where you
want to insert the TXD instruction in the program edit area.

The Transmit instruction dialog box appears.

T s 11 ik} 0z
& TeD Aloralion Fhonbw | Eli [T
| e
Fre Tl et |
" Faif
L T owt | ke | i |
[ o | e | Fim |
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17: USER COMMUNICATION INSTRUCTIONS

2. Check tha’XD is selected in the Type box and clietirt 1 in the Port box. Then, clidksert.

The Data Type Selection dialog box appears. You will program source operand S1 using this dialog box.

3. Click Constant (Hexadecimal)in the Type box and clic®K. Next, in the Constant (Hexadecimal) dialog box, type
02 to program the start delimiter STX (02h). When finished, €lisk

Tr=
™ Corvitard iChmestesl
I Varaisa F
rxT

IEJ-H-II

[

[ o ] Mows |

4. Since the Transmit instruction dialog box reappears, repeat the above procedure. In the Data Type Selection dialog b
click Variable (DR) and clickOK. Next, in the Variable (Data Register) dialog box, tid® in the DR No. box and
click BCD to ASCII to select the BCD to ASCII conversion. EMén the Digits box (4 digits) an?lin the REP box

(2 repeat cycles). When finished, cliok .

Trm

o]

e T
™ Lo (H sasdecoad]
& Mt {iF]
e

IEJ-H-II

DRI M Diwwasis Thos
fooee e
& AT m kOl
I~ Rl
Digi iy
3 =
[ o | e |

5. Again in the Data Type Selection dialog box, cBIRC and clickOK. Next, in the BCC dialog box, entein the Cal-
culation Start Position box, cligkDD for the Calculate Type, clicBIN to ASCII for the Conversion Type, and click

2 for the Digits. When finished, clidRK.

Trem

[ ]

™ Corvitar i

™ Corsmn (} sascdecomal] W Cownd I

™ Viaralsia {IH|

=

Comdston 5wl Posdims  Cidoadiatn Type:
fi ABD =
Carrer i, T Digs
= AR AL i
i~ Marm r:E-
P
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6. Once again in the Data Type Selection dialog box, €iekstant (Hexadecimal)and clickOK. Next, in the Constant
(Hexadecimal) dialog box, tyg# to program the end delimiter ETX (03h). When finished, cD&k

Trot
I Corvtard iCha edes

 Corwan Hinssiecma| K Canel
Sy _ Mowed | [ o ] Mows |

r

5

7. In the Transmit instruction dialog box, typEL0 in the destination D1 box and typd.00in the destination D2 box.
When finished, cliclOK.

Tres 51 o oz

& TeD .:I::'mna:rr Adccsion Munbst. 01 5§ I B
Il e -lﬁ.'-'\.-'-?'ll

Pk T Mars - cvrwerd ]

" Falfl

L ot | feiew | Em |

[ o | Hewe | Fim |

Programming of the TXD1 instruction is complete and the transmit data is specified as follows:

BCC calculation range

STX “qr “gr “37 “qr “5” “B” “r7r “g” B(E)C B((E)C ETX
(02h)|(31h)[(32h)|(33h)|(34h)|(35h)|(36h)|(37h)|(38h)|(41h)|(36h)|(03h)

Constant D10 D11 BCC Constant
(hex) (hex)
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RXD1 (Receive 1)

converted and stored in data registers according to the receive format
designated by S1.

1 kokkkk o kkRKkkk o kokokokok

’_¢ — RXD ST DI D2

“ When input is on, data received through port 1 from a remote terminal is

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

RXD2 (Receive 2)

XD S1 D1 Do When input is on, data received through port 2 from a remote terminal is
(o 2 Rtk AR kA converted and stored in data registers according to the receive format
designated by S1.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— X X X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Receive format _ - — = — X X _
D1 (Destination 1) Receive completion output — X A — — — — — _
D2 (Destination 2) Receive status - - - - - — X — —

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.
Receive format designated by operand S1 can be a maximum of 200 bytes.

When data receive is complete, an output or internal relay, designated by operand D1, is turned on.

Destination 2 occupies two consecutive data registers starting with the operand designated by D2. The receive status d
register, DO through D1298 or D2000 through D7998, stores the status of data receive and error code. The next data re
ter stores the byte count of received data. The same data registers can not be used as transmit status registers for TXC
TXD2 instructions and receive status registers for RXD1/RXD2 instructions.

While RXD1/RXD2 instructions are ready for receiving data after a receive format is complete, turning on the user com-
munication receive instruction cancel flag M8022 or M8023 cancels all RXD1/RXD2 instructions.

The RXD1/RXD2 instructions cannot be used in an interrupt program. If used, a user program execution error will resuls
turning on special internal relay M8004 and the ERR LED on the CPU module.

Precautions for Programming the RXD Instruction

* The MicroSmart can execute a maximum of five RXD1 and five RXD2 instructions that have a start delimiter at the same
time. If a start delimiter is not programmed in RXD1/RXD2 instructions, the MicroSmart can execute only one RXD1 and
one RXD2 instructions at a time. If the start input for a RXD1/RXD2 instruction is turned on while another RXD1/RXD2
instruction without a start delimiter is executed, a user communication error occurs.

* Since RXD instructions are executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction should
be used as required.

* Once the input to the RXD instruction is turned on, the RXD is activated and ready for receiving incoming communication
even after the input is turned off. When the RXD completes data receiving, the RXD is deactivated if the input to the RXD is
off. Or, if the input is on, the RXD is made ready for receiving another communication. M8022/M8023 deactivate all RXD
instructions waiting for incoming communication.

dan « MICROSMART USER’S MANUAL » 17-15



17: USER COMMUNICATION INSTRUCTIONS

User Communication Receive Instruction Dialog Box in WindLDR
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Selections and Operands in Receive Instruction Dialog Box

TXD Transmit instruction
Type RXD Receive instruction
Port Port 1 Receive user communication through port 1 (RXD1)
Port 2 Receive user communication through port 2 (RXD2)
Enter the receive format in this area.
S1 Source 1 The receive format can include a start delimiter, data register to store incoming data, end
delimiter, BCC, and skip.
D1 Destination 1 Receive completion output can be an output or internal relay.
D2 Destination 2 Receive status register can be data register DO through D1298 or D2000 through D7998.

The next data register stores the byte count of received data.

Receive Format

Receive format, designated by source operand S1, specifies data registers to store received data, data digits for storing
data, data conversion type, and repeat cycles. A start delimiter and an end delimiter can be included in the receive format to
discriminate valid incoming communication. When some characters in the received data are not needed, “skip” can be
used to ignore a specified number of characters. BCC code can also be appended to the receive format to verify the
received data. One RXD instruction can receive 200 bytes of data at the maximum.

S1 (Source 1)

Receive Relct?ive . ) Calculation Skip
Format Operand Digits Conversion Type | Repeat | BCC Calculation St:aft Bytes
(Bytes) Position
1-4 A: ASCII to Binary
Data Register 8250102 83999 1-5 B: ASCII to BQD 1-99 — — —
1-2 —: No conversion
Start Delimiter | OOh-7Fh (FFh) — No conversion — — — —
End Delimiter 00h-7Fh (FFh) — No conversion — — — —
X: XOR
) A: ADD
BCC — 12 f\ ﬁ:)”igymt/‘;éiﬁ” — C: Add-2comp 115 —
M: Modbus ASCII
M: Modbus RTU
Skip — — — — — — 1-99

Designating Data Register as S1
When a data register is designated as source operand S1, receive digits and conversion type must also be designated. The
received data is divided into a block of specified receive digits, converted in a specified conversion type, and stored to the
designated data register. Conversion types are available in ASCII to Binary, ASCII to BCD, and no conversion.

When repeat is designated, received data is divided, converted, and stored into data registers as many as the repeat cycles,
starting with the designated data register. Repeat cycles can be up to 99.

1716
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17: USER COMMUNICATION INSTRUCTIONS

Receive Digits
The received data is divided into a block of specified receive digits before conversion as described below:

Example: Received data of 6 bytes are divided in different receive digits. (Repeat is also designated.)

(1) Receive digits = 2 (2) Receive digits = 3
“m 1 27| “3” | ‘47| “B" | “©” “7 1 27| “3" | “47 | “B" | “©”
(31h)|(32h)|(33h)|(34h)|(35h)|(36h) (31h)|(32h)|(33h)|(34h)|(35h)|(36h)
2 digits 2 digits 2 digits 3 digits 3 digits
1st block  2nd block  3rd block 1st block 2nd block

Conversion Type

The data block of the specified receive digits is then converted according to the designated conversion type as describe
below:

Example: Received data has been divided into a 2-digit block.

(1) ASCII to Binary conversion

1 |2
(31h)|(32h) ASCII to Binary conversion 0012h

(2) ASCII to BCD conversion

A IRRRTE)
(31h)|(32h) ASCII to BCD conversion 'l% Hexadecimal value >{L000Ch

(3) No conversion

T
(31h)|(32n) No conversion 3132h

Repeat Cycles
When a data register is designated to repeat, the received data is divided and converted in the same way as specified,
the converted data is stored to consecutive data registers as many as the repeat cycles.

Example: Received data of 6 bytes is divided into 2-digit blocks, converted in ASCII to Binary, and stored to data register:
starting at D20.

(1) Repeat cycles =2

“7 | w2r [ 43 | 4
(31h)|(32n)|(33h)|(34h)

2 digits 2 digits
1st block  2nd block

ASCII to Binary conversion D20

Repeat 1

Repeat 2

dan « MICROSMART USER’S MANUAL » 17-17



17: USER COMMUNICATION INSTRUCTIONS

(2) Repeat cycles = 3

“ar | 27| “37 | “47 | “57 | “6”
(31h)|(32h)[(33h)|(34h)|(35h)[(36h)

2 digits 2 digits 2 digits
1st block  2nd block  3rd block

ASCII to Binary conversion D20 [0o12h
D21 {0034h
D22 | 0056h

Repeat 1

Repeat 2

Repeat 3

Designating Constant as Start Delimiter

A start delimiter can be programmed at the first byte in the receive format of a RXD1/RXD2 instructiicrdBenart
will recognize the beginning of valid communication, although a RXD1/RXD2 instruction without a start delimiter can
also be executed.

When a constant value is designated at the first byte of source operand S1, the one-byte data serves as a start delimiter to
start the processing of the received data. The valid start delimiter value depends on the data bits seleéCtedritutiie

cation Parametersdialog box, which is called froi@onfigure > Fun Area Settings> Communication, followed by

selectingUser Protocolin Port 1 or Port 2 list box and clicking th&€onfigure button. When 7 data bits are selected as

default, start delimiters can be 00h through 7Fh. When 8 data bits are selected, start delimiters can be 00h through FFh.
Constant values are entered in character or hexadecimal notation into the source data.

A maximum of five RXD1 and five RXD2 instructions with different start delimiters can be executed at the same time.
When the first byte of the incoming data matches the start delimiter of a RXD1/RXD2 instruction, the received data is pro-
cessed and stored according to the receive format specified in the RXD1/RXD?2 instruction. If the first byte of the incom-
ing data does not match the start delimiter of any RXD1/RXD2 instruction that is executdityti$enart discards the

incoming data and waits for the next communication.

While a RXD1/RXD2 instruction without a start delimiter is executed, any incoming data is processed continuously
according to the receive format. Only one RXD1 and one RXD2 instructions without a start delimiter can be executed at a
time. If start inputs to two or more RXD1/RXD2 instructions without a start delimiter are turned on simultaneously, one at
the smallest address is executed and the corresponding completion output is turned on.

Example:
(1) When a RXD1/RXD2 instruction without a start delimiter is executed

Incoming Data When D100 is designated as the first data register
uon uln uzn u3n ----- -
* %k k k)
(30n)|(31h)|(32n)|(33h) D100 | ***x*h]
----- o D101 || ****h
1st '
character §

.

D100+n

The incoming data is divided, converted, and stored to data registers according to the receive format.
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17: USER COMMUNICATION INSTRUCTIONS

(2) When RXD1/RXD2 instructions with start delimiters STX (02h) and ENQ (05h) are executed

Incoming Data

sl > [ >
(02n)|(31h)|(32n)|(33h)

ENQ | “A” | “B” | “C”
(05h)|(41h)|(42h)|(43h)

D100 || ****h
RXD Instruction 1

STX (02h) D101 || ****h
When D100 is designated as the first data register

D100+n || ****h
Compare

RXD Instruction 2

ENQ (05h) D20
When D200 is designated as the first data register

D200 || ****h
1

* %% xh

I"".II I“".I I

D200+n | ****h

The incoming data is divided, converted, and stored to data registers according to the receive format.
Start delimiters are not stored to data registers.

Designating Constant as End Delimiter

An end delimiter can be programmed at other than the first byte in the receive format of a RXD instruddimno-the
Smart will recognize the end of valid communication, although RXD instructions without an end delimiter can also be
executed.

When a constant value is designated at other than the first byte of source operand S1, the one- or multiple-byte data se
as an end delimiter to end the processing of the received data. The valid end delimiter value depends on the data bits
selected in the Communication Parameters dialog box, which is calle€Cnfiyure > Fun Area Settings> Commu-

nication, followed by selectindgyser Protocolin Port 1 or Port #ist box and clicking th€onfigure button. When 7 data

bits are selected as default, end delimiters can be 00h through 7Fh. When 8 data bits are selected, end delimiters can |
00h through FFh. Constant values are entered in character or hexadecimal notation into the source data.

If a character in incoming data matches the end delimiter, the RXD instruction ends receiving data at this point and star
subsequent receive processing as specified. Even if a character matches the end delimiter at a position earlier than
expected, the RXD instruction ends receiving data there.

If a BCC code is included in the receive format of a RXD instruction, an end delimiter can be positioned immediately
before or after the BCC code. If a data register or skip is designated between the BCC and end delimiter, correct receivi
is not ensured.

When a RXD instruction without an end delimiter is executed, data receiving ends when the specified bytes of data in tt
receive format, such as data registers and skips, have been received. In addition, data receiving also ends when the inte
between incoming data characters exceeds the receive timeout value specified in the Communication Parameters dialc
box whether the RXD has an end delimiter or not. The character interval timer is started when the first character of incol
ing communication is received and restarted each time the next character is received. When a character is not received
within a predetermined period of time, timeout occurs and the RXD ends data receive operation.
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Example:

(1) When a RXD instruction without an end delimiter is executed

Incoming data When D100 is designated D100 || ****h
ol 12131 as the first data register D101 [F#%h
(30h)|(31h)|(32h)|(33h)

Total of received characters
D100+n || ****h

The incoming data is divided, converted, and stored to data registers according to the receive format.
Receive operation is completed when the total characters programmed in RXD are received.

I"".I I

(2) When a RXD instruction with end delimiter ETX (03h) and without BCC is executed

Incoming data When D100 is designated D100
""" the first dat ist
T 5 =3 =y as the first data register D101
(31h)|(32h)|(33h) (03h) :
End delimiter —1 :
End of receiving data D100+n

The incoming data is divided, converted, and stored to data registers according to the receive format.
The end delimiter is not stored to a data register.
Any data arriving after the end delimiter is discarded.

(3) When a RXD instruction with end delimiter ETX (03h) and one-byte BCC is executed

Incoming data When D100 is designated D100
- as the first data register
1 | o ETx T B i gi D101
(31h)|(32h) (03h)|Code :
{ :
End delimiter J .
End of receiving data D100+n

The incoming data is divided, converted, and stored to data registers according to the receive format.
The end delimiter and BCC code are not stored to data registers.
After receiving the end delimiter, tidicroSmart receives only the one-byte BCC code.

Skip

When “skip” is designated in the receive format, a specified quantity of digits in the incoming data are skipped and not
stored to data registers. A maximum of 99 digits (bytes) of characters can be skipped continuously.

Example: When a RXD instruction with skip for 2 digits starting at the third byte is executed

Incoming Data

“r 27| “3" | “4” | “5" | “6" | “7" | “8

(31h)](32n)|(33h)|(34h)|(35h)|(36h)|(37h)|(38h)
D102 |0035h

Skipped
Ppe D103 [0036h
D104 |0037h
D105 | 0038h
When D100 is designated
as the first data register D100 |0031h
D101 |0032h
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BCC (Block Check Character)
TheMicroSmart has an automatic BCC calculation function to detect a communication error in incoming data. If a BCC
code is designated in the receive format of a RXD instructioidreSmart calculates a BCC value for a specified start-
ing position through the position immediately preceding the BCC and compares the calculation result with the BCC cod
in the received incoming data. The start position for the BCC calculation can be specified from the first byte through the
15th byte. The BCC, calculated in either XOR or ADD, can be 1 or 2 digits.

Upgraded CPU modules can also use ADD-2comp, Modbus ASCII, and Modbus RTU to calculate the BCC.

When an end delimiter is not used in the RXD instruction, the BCC code must be positioned at the end of the receive fc
mat designated in Source 1 operand. When an end delimiter is used, the BCC code must be immediately before or after
end delimiter. ThéMicroSmart reads a specified number of BCC digits in the incoming data according to the receive for-
mat to calculate and compare the received BCC code with the BCC calculation results.

BCC Calculation Start Position

The start position for the BCC calculation can be specified from the first byte through the 15th byte. The BCC is calculate
for the range starting at the designated position up to the byte immediately before the BCC of the receive data.

Example: Received data consists of 17 bytes plus 2 BCC digits.
(1) Calculation start position = 1

1st 2nd 3rd 4th 5th 6th 15th 16th 17th 18th 19th

STX | “A” | “B”" | “C”" | “D" | “E” “0” | CR | LF | BCC|BCC
BCC calculation range BCC

(2 digits)

(2) Calculation start position = 2

1st 2nd 3rd 4th 5th 6th 15th 16th 17th 18th 19th

STX | “A” | “B” | “C” | “D” | “E” “0” | CR | LF | BCC|BCC
BCC calculation range BCC

(2 digits)

BCC Calculation Formula
BCC calculation formula can be selected from XOR (exclusive OR) or ADD (addition) operation. ADD-2comp, Modbus

ASCII, and Modbus RTU can also be selected for the upgraded CPU modules.
Example: Incoming data consists of 41h, 42h, 43h, 44h, and 45h.
(1) BCC Calculation formula = XOR
Calculation result = 41h1 42h(0 43hJ 44h 45h = 41h
(2) BCC Calculation formula = ADD
Calculation result = 41 42h+ 43h+ 44h+ 45h = 14Fh- 4Fh (Only the last 1 or 2 digits are used as BCC.)
(3) BCC calculation formula = ADD-2comp
Calculation result = B1
(4) BCC calculation formula = Modbus ASCII
Calculation result = A4
(5) BCC calculation formula = Modbus RTU
Calculation result = 91h F6h
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Conversion Type
The BCC calculation result can be converted or not according to the designated conversion type as described below:

Example: BCC calculation result is 0041h.
(1) Binary to ASCII conversion

| 1 Note: On WindLDR, Modbus ASCII is
0041h Binary to ASCIl conversion  |(34h)|(31h) defaulted to binary to ASCII conversion.
) —
2 digits

(2) No conversion

NUL T “A Note: On WindLDR, Modbus RTU is
0041h - defaulted t .
No conversion (00h)|(41h) erfaulted to no conversion.
~
2 digits

BCC Digits (Bytes)
The quantity of digits (bytes) of the BCC code can be selected from 1 or 2.

Example:
o | 1 agr | w17 Note: On WindLDR, Modbus ASCII and
(1) BCC digits = 2 | 34[ (31 34n)|(31n) Modbus RTU are defaulted to 2 digits.
o “a4 | “1r | 1 -
(2) BCC digits =1 3an|31n) (31h)| Lower digit

Comparing BCC Codes

TheMicroSmart compares the BCC calculation result with the BCC code in the received incoming data to check for any
error in the incoming communication due to external noises or other causes. If a disparity is found in the comparison, an
error code is stored in the data register designated as receive status in the RXD instruction. For user communication error
code, see page 17-27.

Example 1:BCC is calculated for the first byte through the sixth byte using the XOR format, converted in binary to
ASCII, and compared with the BCC code appended to the seventh and eighth bytes of the incoming data.

Incoming Data

|2 [“3" | “a” | 5" | “6" | “0” | “7"
(31h)|(32h)|(33h)|(34h)|(35h)[(36h)|(30h)|(37h)

BCC Calculation Range BCC

Comparison result is true to indicate
that data is received correctly.

BCC Calculation Result
31h 0 32h 00 33h [ 34h 0 35h [0 36h = 07h

Binary to ASCII Conversion l

e
(30n)[(37h)
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Example 2:BCC is calculated for the first byte through the sixth byte using the ADD format, converted in binary to
ASCII, and compared with the BCC code appended to the seventh and eighth bytes of the incoming data.

Incoming Data

“v | 27| “37 | “4” | “5" | “e” | ‘0" | ‘77
(31h)[(32h)[(33h)|(34h)|(35h)](36h)|(30h)|(37h)

BCC Calculation Range BCC

Comparison result is false.
BCC Calculation Result

31h + 32h + 33h + 34h + 35h + 36h = 135h
Binary to ASCII Conversion l

Error code 9 is stored in the receive
status data register.

= | 5
(33n)[(35h)

Receive Completion Output

Designate an output, QO through Q107, or internal relay, MO through M1277, as an operand for the receive completion
output.

When the start input for a RXD instruction is turned on, preparation for receiving data is initiated, followed by data con-
version and storage. When a sequence of all data receive operation is complete, the designated output or internal relay
turned on.

Conditions for Completion of Receiving Data

After starting to receive data, the RXD instruction can be completed in three ways:

* When an end delimiter is received (except when a BCC exists immediately after the end delimiter).
* When receive timeout occurs.

* When a specified byte count of data has been received.

Data receiving is completed when one of the above three conditions is met. To abort a RXD instruction, use the user co
munication receive instruction cancel flag M8022 or M8023. See page 17-24.

Receive Status

Designate a data register, DO through D1298 or D2000 through D7998, as an operand to store the receive status inforn
tion including a receive status code and a user communication error code.

Receive Status Code

Receive

Status Code Status Description

From turning on the start input for a RXD instruction to read the
16 Preparing data receive receive format, until the RXD instruction is enabled by an END pro-
cessing

From enabling the RXD instruction by an END processing, until incom-

32 Receiving data ing data is received
48 Data receive complete From receiving incoming data, until the received data is converted and
P stored in data registers according to the receive format
o . All data receive operation is completed and the next data receive is
64 Receive instruction complete .
made possible

User communication receive RXD instructions are cancelled by special internal relay M8022 or
128 . . .

instruction cancel flag active M8023

If the receive status code is other than shown above, an error of receive instruction is suspected. See User Communica
Error Code on page 17-27.
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Receive Data Byte Count

The data register next to the operand designated for receive status stores the byte count of data received by the RXD
instruction. When a start delimiter, end delimiter, and BCC are included in the received data, the byte counts for these
codes are also included in the receive data byte count.

Example: Data register D200 is designated as an operand for receive status.

D200 «—  Receive status

D201 ~«——— Receive data byte count

User Communication Receive Instruction Cancel Flag M8022,/M8023

Special internal relays M8022 and M8023 are used to cancel all RXD1 and RXD2 instructions, respectively. While the
MicroSmart has completed receive format and is ready for receiving incoming data, turning on M8022 or M8023 cancels
all receive instructions for port 1 or port 2, respectively. This function is useful to cancel receive instructions onfy, witho
stopping theMicroSmart.

To make the cancelled RXD instructions active, turn off the flag and turn on the input to the RXD instruction again.

Programming RXD Instruction Using WindLDR

The following example demonstrates how to program a RXD instruction including a start delimiter, skip, BCC, and end
delimiter usingWindLDR. Converted data is stored to data registers D20 and D21. Internal relay M20 is used as destination
D1 for the receive completion output. Data register D200 is used as destination D2 for the receive status, and data register
D201 is used to store the receive data byte count.

Receive data example:

BCC calculation range

STX | “47 | “27 | “3" | “4” | “B” | “6” | “7" | “8" | “9” | “O" | “A” | “B” B(E)C B((E)C ETX
(02h)[(31h)|(32h)(33h)](34h)|(35n)|(36h)|(37h)|(38N)|(39h)|(30h)|(41h)|(42h)|(39h)|(32h)|(O3h)

Start Skip Stored to D20 Stored to D21 BCC End
Delimiter Delimiter

RXD sample program:

Communication port: Port 1
SOTU RXD S1 D1 D2
10 1 16 M20 D200 Receive completion output: M20
Receive status register: D200
Receive data byte count: D201

1. Start to program a RXD instruction. Move the cursor where you want to insert the RXD instruction, dRdDype
You can also insert the RXD instruction by clicking the User Communication icon in the menu bar and clicking where
you want to insert the RXD instruction in the program edit area, then the Transmit dialog box appedRX[Tliok
change the dialog box to the Receive dialog box.

The Receive instruction dialog box appears.
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2. Check thaRXD is selected in the Type box and cletrt 1 in the Port box. Then, clidksert.
The Data Type Selection dialog box appears. You will program source operand S1 using this dialog box.

3. Click Constant (Hexadecimal)in the Type box and clic®K. Next, in the Constant (Hexadecimal) dialog box, type
02to program the start delimiter STX (02h). When finished, €k

e - |
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4. Since the Receive instruction dialog box reappears, repeat the above procedure. In the Data Type Selection dialog b
click Skip and clickOK. Next, in the Skip dialog box, tygkin the Digits box and clicloK.

T - |
Trm
 Conmet M sesciecoml] X Coneel X el |
I Vi A "‘_I
i
= B

5. Again in the Data Type Selection dialog box, chéeiable (DR) and clickOK. Next, in the Variable (Data Register)
dialog box, type>20in the DR No. box and clickKSCII to BIN to select ASCII to binary conversion. Enden the
Digits box (4 digits) an@ in the REP box (2 repeat cycles). When finished, @ik

T - [Varisbis s flogiml |
s T ] | [
e
I Bk G mr
d
(o | e |
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6. Again in the Data Type Selection dialog box, cBRC and clickOK. Next, in the BCC dialog box, entein the Cal-
culation Start Position box, cligkDD for the Calculation Type, clicRIN to ASCII for the Conversion Type, and
click 2 for the Digits. When finished, cliaRK.

= - | e H|
Trem
Camdon il Posdins  Caliadann Type:

I Covterd iIDhe el I'_ Iﬁ"b rrs

™ Conmnd i easdecma) K Camel I

I Varalde A Coarpvd L Top gy

S = IR AL ri

T B M @

FE e

7. Once again in the Data Type Selection dialog box, €iekstant (Hexadecimal)and clickOK. Next, in the Constant
(Hexadecimal) dialog box, tyg# to program the end delimiter ETX (03h). When finished, cD&k

T - |
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™ Vs IIA|
rEr
L

8. In the Receive instruction dialog box, tyjg0 in the destination D1 box and typ200in the destination D2 box.
When finished, cliclOK.
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Programming of the RXD1 instruction is complete and the receive data will be stored as follows:

D20 | 5678h| =22136
D21 | 90ABh| = 37035
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User Communication Error

When a user communication error occurs, a user communication error code is stored in the data register designated as
transmit status in the TXD instruction or as a receive status in the RXD instruction. When multiple errors occur, the final

error code overwrites all preceding errors and is stored in the status data register.

The status data register also contains transmit/receive status code. To extract a user communication error code from th
status data register, divide the value by 16. The remainder is the user communication error code. See pages 17-11 and

17-23.

To correct the error, correct the user program by referring to the error causes described below:

User Communication Error Code

User
Communication Error Cause Transmit/Receive Completion Output
Error Code
Start inputs to more than 5 TXD instructions are Transml.t completion outputs of the first 5 XD
1 . instructions from the top of the ladder diagram
on simultaneously.
are turned on.
2 Transmission destination busy timeout Goes on after busy timeout.
Among the first 5 RXD instructions from the top
3 Start inputs to more than 5 RXD instructions with | of the ladder diagram, receive completion out-
a start delimiter are on simultaneously. puts of RXD instructions go on if the start delim-
iter matches the first byte of the received data.
Wh"e a RXD instruction WI.thOUt a.start.dellmlt.er The receive completion output of the RXD instruc-
4 is executed, another RXD instruction with or with- )
S tion at a smaller address goes on.
out a start delimiter is executed.
5 — Reserved — —
6 — Reserved — —
No effect on the receive completion output.
The first byte of received data does not match If incoming data with a matching start delimiter
the specified start delimiter. is received subsequently, the receive completion
output goes on.
When ASCII to binary or ASCII to BCD conversion
8 is specified in the receive format, any code other The receive completion output goes on
than O to 9 and A to F is received. (These codes ’
are regarded as O during conversion.)
BCC calculated from the RXD instruction does
9 not match the BCC appended to the received The receive completion output goes on.
data.
The end delimiter code specified in the RXD
10 instruction does not match the received end The receive completion output goes on.
delimiter code.
Receive timeout between characters
(After receiving one byte of data, the next byte is . .
11 not received ir%the period specified for the The receive completion output goes on.
receive timeout value.)
Overrun error
12 (Before the receive processing is completed, the | The receive completion output goes on.
next data is received.)
Framing error .
13 (Detection error of start bit or stop bit) No effect on the completion output.
Parity check error .
14 (Error is found in the parity check.) No effect on the completion output.
TXD1/RXD1 (or TXD2/RXD2) instruction is exe-
15 cuted while user protocol is not selected for port | No effect on the completion output.

1 (or port 2) in the Function Area Settings.

« MICROSMART USER’S MANUAL »

1727



17: USER COMMUNICATION INSTRUCTIONS

ASCII Character Code Table

Upper
Bit
o|1|2|3|4|5|6/|7|8]|09 F
Lower
Bit
0 [Ny |Pg|sp| o] @] P| | p
‘ Decimal 0 16 32 48 64 80 96 112 12§ 144 16 176 192 D8 224 7
1 |SoyPcy| r |1 AlQ | alq
l Decimal 1 17 33 49 65 81 97 113 129 14% 16 177 193 D9 225 4
2 |ST¢|Pcyl " |2 /B[R | Db |
l Decimal 2 18 34 50 66 82 98 114 13Q 14¢ 16 178 194 10 226 4
3 |Bry|Pcgl # | 3| c| s| c| s
‘ Decimal 3 19 35 51 67 83 99 115 131 147 16 179 195 11 227 4
4 |For|Pcyl s | 4| D T| d]|t
l Decimal 4 20 36 52 68 84 100 116 132 148 16 140 196 12 228 y
5 |“NoMAk| % | 5| E| U| e u
l Decimal 5 21 37 53 69 85 101 117, 133 149 16 181 197 13 229 y
6 |AcklSryl & | 6 | F |V v
l Decimal 6 22 38 54 70 86 102 118 134 150 16 182 198 L4 230 y
7 |Bg|Frg| " |7 |G W] g|w
‘ Decimal 7 23 39 55 71 87 103 119 135 151 16| 183 199 15 231 y
8 |BS|CAyl (| 8| H| X | h|x
l Decimal 8 24 40 56 72 88 104 120 136 152 16| 184 200 L6 232 Y
9 |HT|EM| ) | 9| 1 |Y y
l Decimal 9 25 41 57 73 89 105 121 137 153 16 185 201 g 233 y
A | LF [Sug| * J |z z
l Decimal 10 26 42 58 74 90 106 122 138 154 17) 186 202 (L8 434
B VT |Bsg| + | i | K| |k
‘ Decimal 11 27 43 59 75 91 107 123 139 155 17 187 203 9 435
C |FF|FS| | <| L[ V] 1]
l Decimal 12 28 44 60 76 92 108 124 14( 156 17 188 204 RO 436
D |[CR|GS| -| =| M| 1| m|}
l Decimal 13 29 45 61 7 93 109 125 141 15y 17 189 205 p1 437
E |SO|Rs > N| ~| n| -
l Decimal 14 30 46 62 78 94 110 126 142 158 17 190 206 p2 438
- stfus| /| 2 o _| o
‘ Decimal 15 31 47 63 79 95 111 127 143 159 17 191 207 g3 439
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17: USER COMMUNICATION INSTRUCTIONS

RS232C Line Control Signals

While theMicroSmart is in the user communication mode, special data registers can be used to enable or disable DSR at
DTR control signal options for port 2. Port 2 is available on the 16- and 24-1/0 type CPU modules only, and an optional
RS232C adapter must be installed on the port 2 connector to enable the RS232C communication. The DSR and DTR c
trol signal options cannot be used for port 1.

The RTS signal line of port 2 remains on.

Special Data Registers for Port 2 RS232C Line Control Signals
Special data registers D8104 through D8106 are allocated for RS232C line control signals.

RS232C Port DR No. Data Register Function DR Value Updated R/W
D8104 Control signal status Every scan R

Port 2 D8105 DSR input control signal option When sending/receiving data R/W

D8106 DTR output control signal option When sending/receiving data R/W

Control Signal Status D8104

Special data registers D8104 stores a value to show that DSR and DTR are on or off at port 2. The data of D8104 is
updated at every END processing.

D8104 Value DSR DTR Description
0 OFF OFF Both DSR and DTR are off
1 OFF ON DTR is on
2 ON OFF DSR is on
3 ON ON Both DSR and DTR are on

DSR Control Signal Status in RUN and STOP Modes

icati DSR (Input) Stat
Communication D8105 Value (Input) Status
Mode RUN Mode STOP Mode
0 (default) No effect No effect (TXD/RXD disabled)
1 ON: - Enable TXD/RXD No effect (TXD/RXD disabled)

OFF: Disable TXD/RXD

ON: Disable TXD/RXD

User 2 OFF: Enable TXD/RXD
Communication
ON: Enable TXD

Mod i
ode 3 OFF: Disable TXD No effect (TXD/RXD disabled)

ON: Disable TXD

No effect (TXD/RXD disabled)

4 OFF: Enable TXD No effect (TXD/RXD disabled)
5 or more No effect No effect (TXD/RXD disabled)
Maintenance Mode — No effect No effect

DTR Control Signal Status in RUN and STOP Modes

Communication D8106 Value DTR (Output) Status
Mode RUN Mode STOP Mode

0 (default) ON OFF

User 1 OFF OFF

Communication 9 RXD enabled: ON OFF

Mode RXD disabled: OFF
3 or more ON OFF

Maintenance Mode — ON ON
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17: USER COMMUNICATION INSTRUCTIONS

DSR Input Control Signal Option D8105

Special data register D8105 is used to control data flow betwestictlo&mart RS232C port 2 and the remote terminal
depending on the DSR (data set ready) signal sent from the remote terminal. The DSR signal is an infiotd8rtizet

to determine the status of the remote terminal. The remote terminal inforMgtb®@mart using DSR whether the
remote terminal is ready for receiving data or is sending valid data.

The DSR control signal option can be used only for the user communication through the RS232C port 2.
D8105 = 0 (system default):

DSR is not used for data flow control. When DSR control is not needed, set 0 to D8105.
D8105 = 1: When DSR is on, th®licroSmart can transmit and receive data.

) ON
DSR signal OFF

Transmit/receive Impossible Possible Impossible
D8105 = 2: When DSR is off, thélicroSmart can transmit and receive data.
. ON
DSR signal __ | |
Transmit/receive Impossible [ Possible [ Impossible
D8105 = 3: When DSR is on, th®licroSmart can transmit data. This function is usually called “Busy Control”

and is used for controlling transmission to a remote terminal with a slow processing speed, such as a
printer. When the remote terminal is busy, data input to the remote terminal is restricted.

DSR si ION
signal |

Transmit Impossible Possible Impossible
D8105 = 4: When DSR is off, thélicroSmart can transmit data.
. ON
DSR signal __ | |
Transmit Impossible [ Possible [ Impossible

D8105 =5 or more: Same as D8105 = 0. DSR is not used for data flow control.

DTR Output Control Signal Option D8106

Special data register D8106 is used to control the DTR (data terminal ready) signal to indidate8reart operating
status or transmitting/receiving status.

The DTR control signal option can be used only for the user communication through the RS232C port 2.
D8106 = 0 (system default):

While theMicroSmart is running, DTR is on whether tihicroSmart is transmitting or receiving
data. While thevlicroSmart is stopped, DTR remains off. Use this option to indicatévlkeoSmart
operating status.

MicroSmart Stopped Running Stopped

. ON
DTR signal OFF
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D8106 = 1: Whether theMicroSmart is running or stopped, DTR remains off.

MicroSmart Stopped [ Running [ Stopped

DTR signal
signal

D8106 = 2: While theMicroSmart can receive data, DTR is turned on. WhileNtieroSmart can not receive
data, DTR remains off. Use this option when flow control of receive data is required.

Receive Impossible Possible Impossible

DTR si | N
signal |

D8106 = 3 or more: Same as D8106 = 0.
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17: USER COMMUNICATION INSTRUCTIONS

Sample Program — User Communication TXD

This example demonstrates a program to send data to a printer using the user communication TXD2 (transmit) instruction,
with the optional RS232C communication adapter installed on the port 2 connector of the 24-1/0 type CPU module.

System Setup
Printer
I
°eeeERee®] R§232C Communication Adapter |_ —|
FCAAPCL ) To RS232C Port <=
< b CHEE[l)m »
1 i1 To Port 2 (RS232C)  User Communication Cable 1C

FC2A-KP1C Attach a proper connector to the open

7 2.4m (7.87 ft.) long end of the cable referring to the cable

connector pinouts shown below.

Cable Connection and Pinouts

Mini DIN Connector Pinouts D-sub 9-pin Connector Pinouts
Description Color Pin Pin Description

Shield — Cover -o- -o- 1 NC No Connection
NC No Connection Black 1 2 NC No Connection
NC No Connection Yellow 2 3 DATA Receive Data
TXD  Transmit Data Blue 3 4 NC No Connection
NC No Connection Green 4 5 GND Ground
DSR Data Set Ready Brown 5 6 NC No Connection
NC No Connection Gray 6 7 NC No Connection
SG Signal Ground Red 7 8 BUSY Busy Signal
NC No Connection White 8 ¥ ¥ 9 NC No Connection

The name of BUSY terminal differs depending on printers, such as DTR. The function of this terminal is to send a signal
to remote equipment whether the printer is ready to print data or not. Since the operation of this signal may differ depend-
ing on printers, confirm the operation before connecting the cable.

é Caution ° D0 notconnect any wiring to the NC (no connection) pins; otherwis#jitheSmart and the
printer may not work correctly and may be damaged.

Description of Operation Printout Example

The data of counter C2 and data register D30 are printed every minute. A printout --- PRINT TEST ---
example is shown on the right.

11H 00M
Programming Special Data Register ONT2. . 0050

Special data register D8105 is used to monitor the BUSY signal and to control the D030. . . 3854
transmission of print data.

--- PRINT TEST ---
Special DR | Value Description
While DSR is on (not busy), the CPU sends data. 11H 01M
While DSR is off (busy), the CPU stops data transmission.
If the off duration exceeds a limit (approx. 5 sec), a trans- CNT2... 0110
D8105 3 S . . - D030. .. 2124
mission busy timeout error will occur, and the remaining
data is not sent. The transmit status data register stores
an error code. See pages 17-11 and 17-27.

TheMicroSmart monitors the DSR signal to prevent the receive buffer of the printer from overflowing. For the DSR sig-
nal, see page 17-30.
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17: USER COMMUNICATION INSTRUCTIONS

Setting User Communication Mode in WindLDR Function Area Settings

Since this example uses the RS232C port 2, select User Protocol for Port 2 in the Function Area SettiNigsiLiBihg
See page 17-5.

Setting Communication Parameters

Set the communication parameters to match those of the printer. See page 17-5. For details of the communication para
ters of the printer, see the user's manual for the printer. An example is shown below:

Communication Parameters:

Baud rate 9600 bps
Data bits 8

Parity check None
Stop bits 1

Note: The receive timeout value is used for the RXD instruction in the user communication mode. Since this example uses
only the TXD instruction, the receive timeout value has no effect.

Ladder Diagram

The second data stored in special data register D8014 is compared with 0 using the CMP= (compare equal to) instructi
Each time the condition is met, the TXD2 instruction is executed to send the C2 and D30 data to the printer. A counting
circuit for counter C2 is omitted from this sample program.

| MOV(W) S1-— D1- REP M8120 is the initialize pulse special internal relay.

I
M8120 3  D8105 3 - D8105 to enable the DSR option for busy control.
| | CMP=(W) S1- S2- D1- REP H M8125 is the in-operation output special internal relay.
M8125 D8oi4 0O MO CMP=(W) compares the D8014 second data with O.
— | MOV(W) S1- Di1- REP 4 When the D8014 data equals O second, MO is turned on.
MO c2 D31 Counter C2 current value is moved to D31.
MOV(W) S1- D1- REP H D8012 hour data is moved to D20.
D8012 D20
MOV(W)  S1 - D1- REP H D8013 minute data is moved to D21.
D8013 D21
SOTU XD S1 D1 D2 4 TXD2is executed to send 73-byte data through the RS232C
MO 2 73 M1 DO port 2 to the printer.
SP SP SP - - - SP P R | N T SP T
20h 20h 20h 2Dh 2Dh 2Dh 20h 50h 52h 49h 4Eh 54h 20h 54h
E 8§ T S - - - CR LF CR LF SP SP SP

45h 53h 54h 20h 2Dh 2Dh 2Dh ODh OAh ODh OAh 20h 20h 20h
D20 Conversion: BCD - ASCIl Digits: 2 REP: 01

D20 hour data is converted from BCD to ASCII, and 2 digits
are sent.

H sP
48h 20h

D21 Conversion: BCD - ASCII Digits: 2 REP: 01

M CR LF CR LF
4Dh ODh OAh ODh OAh

SP SP SP C N T 2 . . .
20h 20h 20h 43h 4Eh 54h 32h 2Eh 2Eh 2Eh

D31 Conversion: BCD - ASCIl Digits: 4 REP: 01

CR LF sp SP SP D O 3 O . . .
ODh OAh 20h 20h 20h 44h 30h 33h 30h 2Eh 2Eh 2Eh

D30 Conversion: BCD - ASCII Digits: 4 REP: 01

CR LF CR LF
ODh OAh ODh OAh

D21 minute data is converted from BCD to ASCII, and 2 dig-
its are sent.

D31 counter C2 data is converted from BCD to ASCII, and 4
digits are sent.

D30 data is converted from BCD to ASCII, and 4 digits are
sent.

END
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Sample Program — User Communication RXD

This example demonstrates a program to receive data from a barcode reader with a RS232C port using the user communi-
cation RXD1 (receive) instruction.

System Setup

User Communication Cable 1C

FC2AKPLC
To RS232C Port 1
1 ToRS232CPort 2.4m (7.87 ft.) long To R$232C Port

EIE = St

Attach a p’Foper connector to the open
end of the cable referring to the cable

Barcode Reader

EEEEEEE connector pinouts shown below.
il Il
\\ava/s
Mini DIN Connector Pinouts D-sub 25-pin Connector Pinouts
Description Color Pin Pin Description

Shield — Cover e e 1 FG Frame Ground
NC No Connection Black 1 2 TXD1 Transmit Data
NC No Connection Yellow 2 3 RXD1 Receive Data
TXD  Transmit Data Blue 3 7 GND Ground

RXD Receive Data Green 4

NC No Connection Brown 5

NC No Connection Gray 6

SG Signal Ground Red 7

NC No Connection White 8

A Caution ° Do notconnect any wiring to the NC (no connection) pins; otherwis#itheSmart and the
barcode reader may not work correctly and may be damaged.

Description of Operation

A barcode reader is used to scan barcodes of 8 numerical digits. The scanned data is d¢ietdSriteet through the
RS232C port 1 and stored to data registers. The upper 8 digits of the data are stored to data register D20 and the lower 8
digits are stored to data register D21.

Setting User Communication Mode in WindLDR Function Area Settings
Since this example uses the RS232C port 1, select User Protocol for Port 1 in the Function Area SettiigsiLiBihg

See page 17-5.
Setting Communication Parameters

Set the communication parameters to match those of the barcode reader. See page 17-5. For details of the communication
parameters of the barcode reader, see the user’s manual for the barcode reader. An example is shown below:

Communication Parameters:

Baud rate 9600 bps
Data bits 7
Parity check Even
Stop bits 1
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Configuring Barcode Reader

The values shown below are an example of configuring a barcode reader. For actual settings, see the user's manual for
barcode reader.

Synchronization mode Auto
Read mode Single read or multiple read
Communication parameter Bagd rate: 9600 bps Data b.its: !
Parity check: Even Stop bit: 1
Header: 02h Terminator: 03h
Data echo back: No BCR data output: Yes
Other communication settings Output timing: Output priority 1 Character suppress: No
Data output filter: No Main serial input: No
Sub serial: No
Comparison preset mode Not used
Allocation Numbers
M100 Input to start receiving barcode data
M101 Receive completion output for barcode data
M8120 Initialize pulse special internal relay
D20 Store barcode data (upper 4 digits)
D21 Store barcode data (lower 4 digits)
D100 Receive status data register for barcode data
D101 Receive data byte count data register

Ladder Diagram

When theMicroSmart starts operation, the RXD1 instruction is executed to wait for incoming data. When data receive is
complete, the data is stored to data registers D20 and D21. The receive completion signal is used to execute the RXD1
instruction to wait for another incoming data.

: ©_ M8120 is the initialize pulse special internal relay used to set M100.
M8120 M100

At the rising edge of M100, RXD1 is executed to be ready for receiving
— | RXD S1 D1 D2 H gata.
M100 | |1 10 M101 D100
Even after M100 is reset, RXD1 still waits for incoming data.
®—
M100
} ©_ When data receive is complete, M101 is turned on, then M100 is set to
M101 M100 execute RXD1 to receive the next incoming data.
®—
M101
END
RXD1 Data

STX | D20 B4 2| ETX
(02h)|Data Register|(03h)

1 A End Delimiter

D20, ASCII to BCD Conversion (4 digits), Repeat: 2
Start Delimiter
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New BCC Calculation Examples

The upgraded CPU modules can use three new BCC calculation formulas of ADD-2comp, Modbus ASCII, and Modbus
RTU for transmit instructions TXD1 and TXD2 and receive instructions RXD1 and RXD2NIdgeDR ver. 4.40 or
higher to program the new BCC. These block check characters are calculated as described below.

ADD-2comp
1. Add the characters in the range from the BCC calculation start position to the byte immediately before the BCC.
2. Invert the result bit by bit, and add 1 (2's complement).

3. Store the result to the BCC position according to the designated conversion type (Binary to ASCII conversion or No
conversion) and the designated quantity of BCC digits.

Example: Binary to ASCII conversion, 2 BCC digits
When the result of stepis 175h, the BCC will consist of 37h, 35h.

Modbus ASCII — Calculating the LRC (longitudinal redundancy check)

1. Convert the ASCII characters in the range from the BCC calculation start position to the byte immediately before the
BCC, in units of two characters, to make 1-byte hexadecimal data. (Example: 37h,735)

2. Add up the results of stelp
3. Invert the result bit by bit, and add 1 (2's complement).
4. Convert the lowest 1-byte data to ASCII characters. (Example-78Hih, 35h)

5. Store the two digits to the BCC (LRC) position.

Modbus RTU — Calculating the CRC-16 (cyclic redundancy checksum)
1. Takethe exclusive OR (XOR) of FFFFh and the first 1-byte data at the BCC calculation start position.

2. Shift the result by 1 bit to the right. When a carry occurs, take the exclusive OR (XOR) of AOO1h, then g8.to step
If not, directly go to stef.

3. Repeat steg, shifting 8 times.
4. Takethe exclusive OR (XOR) of the result and the next 1-byte data.
5. Repeat ste@ through ste@ up to the byte immediately before the BCC.

6. Swap the higher and lower bytes of the result of Stemd store the resultant CRC-16 to the BCC (CRC) position.
(Example: 1234h- 34h, 12h)
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18: PROGRAM BRANCHING INSTRUCTIONS

Introduction

The program branching instructions reduce execution time by making it possible to bypass portions of the program whe
ewer certain conditions are not satisfied.

The basic program branching instructions are LABEL and LIMP, which are used to tag an address and jump to the addr
which has been tagged. Programming tools include “either/or” options between numerous portions of a program and th
ability to call one of several subroutines which return execution to where the normal program left off.

The DI or El instruction disables or enables interrupt inputs and timer interrupt individually.

LABEL (Label)

This is the label number, from O to 127, used at the program address where the execution of pro-
’7 LABEL “ gram instructions begins for a program branch.

%k %k

An END instruction may be used to separate a tagged portion of the program from the main pro-
gram. In this way, scan time is minimized by not executing the program branch unless input condi-
tions are satisfied.

Note: The same label number cannot be used more than once.

Applicable CPU Modules

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
Label number Tag for LJMP and LCAL —_— = = — — — 0-127 —

LJMP (Label Jump)

TP <1 When input is on, jump to the address with label O through 127 designated by S1.
’_{ I *ok ok ok k “ When input is off, no jump takes place, and program execution proceeds with the next
instruction.

The LJMP instruction is used as an “either/or” choice between two portions of a program.
Program execution does not return to the instruction following the LJMP instruction, after
the program branch.

Applicable CPU Modules

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3  FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Label number to jump to _ - = - — — X 0-127 —

For the valid operand number range, see pages 6-1 and 6-2.

Since the LIMP instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Note: Make sure that a LABEL instruction of the label number used for a LJMP instruction is programmed. When designating
S1 using other than a constant, the value for the label is a variable. When using a variable for a label, make sure that all
probable LABEL numbers are included in the user program. If a matching label does not exist, a user program execution
error will result, turning on special internal relay M8004 and the ERR LED on the CPU module.
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18: PROGRAM BRANCHING INSTRUCTIONS

Example: LIMP and LABEL
The following example demonstrates a program to jump to three different portions of program depending on the input.

| LMP s1 |l Wheninput IO is on, program execution jumps to label O.
10 Y
— — LMP 511 - When input I1 is on, program execution jumps to label 1.
11
— — LMP 821 - When input 12 is on, program execution jumps to label 2.
12
END
LABEL H
0
| O_ M8121 is the 1-sec clock special internal relay.
M8121 Q0 When jump occurs to label O, output QO oscillates in 1-sec increments.
END
LABEL H
1
| M8122 is the 100-msec clock special internal relay.
I
M8122 Q1 When jump occurs to label 1, output Q1 oscillates in 100-msec increments.
END
LABEL |-
2
— | (O— M8123is the 10-msec clock special internal relay.
mM8123 Q2

When jump occurs to label 2, output Q2 oscillates in 10-msec increments.

END

Using the Timer Instruction with Program Branching

When the timer start input of the TML, TIM, TMH or TMS instruction is already on, timedown begins immediately at the
location jumped to, starting with the timer current value. When using a program branch, it is important to make sure that
timers are initialized when desired, after the jump. If it is necessary to initialize the timer instruction (set to the preset
value) after the jump, the timer’s start input should be kept off for one or more scan cycles before initialization. Otherwise,
the timer input on will not be recognized.

Using the SOTU/SOTD Instructions with Program Branching

Check that pulse inputs of counters and shift registers, and input of single outputs (SOTU and SOTD) are maintained dur-
ing the jump, if required. Hold the input off for one or more scan cycles after the jump for the rising or falling edge transi-
tion to be recognized.

ABEL L Although normally, the SOTU in§truction produces a
0 pulse for one scan, when used in a program branch
the SOTU pulse will last only until the next time the 01 Internal oN i i
— | SOTU O_ same SOTU instruction is executed. Memory OFF | |
11 Q1 In the example on the left, the program branch will 01 output O | |
L —{uwe s1 U loop as long as internal relay MO remains on. How- OFF —
MO ever, the SOTU produces a pulse output only during END END

the first loop.
Since the END instruction is not executed as long as MO remains on, output Q1 is not turned on even if input |11 is on.
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LCAL (Label Call)

When input is on, the address with label O through 127 designated by S1 is called. When
’-‘ — LCAL **S*l** “ input is off, no call takes place, and program execution proceeds with the next instruc-
tion.

The LCAL instruction calls a subroutine, and returns to the main program after the branch
is executed. A LRET instruction (see below) must be placed at the end of a program
branch which is called, so that normal program execution resumes by returning to the
instruction following the LCAL instruction.

Note: The END instruction must be used to separate the main program from any subrou-
tines called by the LCAL instruction.

A maximum of four LCAL instructions can be nested. When more than four LCAL instruc-
tions are nested, a user program execution error will result, turning on special internal
relay M8004 and the ERR LED on the CPU module.

Applicable CPU Modules

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Label number to call _ - = - — — X 0-127 —

For the valid operand number range, see pages 6-1 and 6-2.

Since the LCAL instruction is executed in each scan while input is on, a pulse input from a SOTU or SOTD instruction
should be used as required.

Note: Make sure that a LABEL instruction of the label number used for a LCAL instruction is programmed. When designating
S1 using other than a constant, the value for the label is a variable. When using a variable for a label, make sure that all
probable LABEL numbers are included in the user program. If a matching label does not exist, a user program execution
error will result, turning on special internal relay M8004 and the ERR LED on the CPU module.

LRET (Label Return)

This instruction is placed at the end of a subroutine called by the LCAL instruction. When the subrou-

LRET tine is completed, normal program execution resumes by returning to the instruction following the
LCAL instruction.

The LRET must be placed at the end of the subroutine starting with a LABEL instruction. When the
LRET is programmed at other places, a user program execution error will result, turning on special
internal relay M8004 and the ERR LED on the CPU module.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
X X X X X

Valid Operands

Operand Function I Q M R T C D Constant Repeat
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18: PROGRAM BRANCHING INSTRUCTIONS

Correct Structure for Calling Subroutine

When a LCAL instruction is executed, the remaining program instructions on the same rung may not be executed upon
return, if input conditions are changed by the subroutine. After the LRET instruction of a subroutine, program execution
begins with the instruction following the LCAL instruction, depending on current input condition.

When instructions following a LCAL instruction must be executed after the subroutine is called, make sure the subroutine
does not change input conditions unfavorably. In addition, include subsequent instructions in a new ladder line, separated
from the LCAL instruction.

C t | t
et 1y —dmovw) si- Dpi- Repr | neommeet |y —Imovw) si- Dpi- Rep |
10 DO D1 10 DO D1
L| LCAL S1 | LCAL S1
0 0
— | O O—
10 MO MO
L MOV(W) S1- D1- REP H LI MOV(W) S1- D1- REP H
D20 D21 D20 D21
Separate the ladder line for each LCAL instruction. 10 status may be changed by the subroutine upon return.

Example: LCAL and LRET

The following example demonstrates a program to call three different portions of program depending on the input. When
the subroutine is complete, program execution returns to the instruction following the LCAL instruction.

]} LCAL s1 Ll Wheninput IO is on, program execution jumps to label O.
10 0
— LCAL 811 —|  When input I1 is on, program execution jumps to label 1.
11
— — LCAL 321 H  When input |2 is on, program execution jumps to label 2.
12
END
LABEL
0
M8121 is the 1-sec clock special internal relay.
| _ . R
M8121 d0 When jump occurs to label O, output QO oscillates in 1-sec increments.
LRET Program execution returns to the address of input I11.
LABEL H
1
| M8122 is the 100-msec clock special internal relay.
M81|22 8_ When jump occurs to label 1, output Q1 oscillates in 100-msec increments.
LRET Program execution returns to the address of input 12.
LABEL H
2
Iy O_ M8123 is the 10-msec clock special internal relay.
M81I23 Q2 When jump occurs to label 2, output Q2 oscillates in 10-msec increments.
LRET Program execution returns to the address of END.
184 « MICROSMART USER’S MANUAL »



18: PROGRAM BRANCHING INSTRUCTIONS

IOREF (1/0 Refresh)

IOREF

S1

%k >k %k % %

’—H—

When input is on, 1-bit |/0 data designated by source operand S1 is refreshed immedi-
ately regardless of the scan time.

When | (input) is used as S1, the actual input status is immediately read into an internal
relay starting with M300 allocated to each input available on the CPU module.

When Q (output) is used as S1, the output data in the RAM is immediately written to the

actual output available on the CPU module.

Applicable CPU Modules

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3

FC4A-D20RK1/RS1 & FC4A-D40K3/S3

X X X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) 1/0 for refresh X X - — - — — _

Only input or output numbers available on the CPU module can be designated as S1. Input and output numbers for exf
sion 1/0 modules cannot be designated as S1. For the valid operand number range, see pages 6-1 and 6-2.

Input Operand Numbers and Allocated Internal Relays

Input Operand Internal Relay Input Operand Internal Relay Input Operand Internal Relay
10 M300 15 M305 112 * M312
11 M301 16 M306 113 * M313
12 M302 17 M307 114 * M314
13 M303 110 * M310 115 * M315
14 M304 111 * M311

Note *: Slim type CPU modules FC4A-D40K3 and FC4A-D40S3 cannot use 110 through 115 as source operand S1; only 10
through 17 can be designated as source operand S1 for the FC4A-D4A0K3 and FC4A-D40S3.

During normal execution of a user program, I/O statuses are refreshed simultaneously when the END instruction is exe
cuted at the end of a scan. When a real-time response is needed to execute an interrupt, the IOREF instruction can be u
When the input to the IOREF instruction is turned on, the status of the designated input or output is read or written imm
diately.

When the IOREF instruction is executed for an input, the filter does not take effect and the input status at the moment i
read to a corresponding internal relay.

The actual input status of the same input number is read to the internal input memory when the END instruction is exe-
cuted as in the normal scanning, then the filter value has effect as designated in the Function Area Settings. See page !
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18: PROGRAM BRANCHING INSTRUCTIONS

Example: IOREF

The following example demonstrates a program to transfer the input 10 status to output QO using the IOREF instruction.
Input 12 is designated as an interrupt input. For the interrupt input function, see page 5-20.

| MOV(W) S1- Di1- REP || M8120 is the initialize pulse special internal relay.
M8120 0 D8032 D8032 stores O to designate jump destination label O for interrupt input
12.
Main Program
END
(L)ABEL H  When input 12 is on, program execution jumps to label 0.
| IOREF s1 U M8125 is the in-operation output special internal relay.
M8125 10 IOREF immediately reads input 10 status to internal relay M300.
— | (O—{ MB00 turns on or off the output QO internal memory.
M300 QO

L IOREF s1 L ?;233;:%EEFulth”(])edlately writes the output QO internal memory status
M8125 Q0 put &5

LRET Program execution returns to the main program.
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18: PROGRAM BRANCHING INSTRUCTIONS

DI (Disable Interrupt)

oI S1 When input is on, interrupt inputs and timer interrupt designated by source operand S1
(o . are disabled.
El (Enable Interrupt)
o S1 When input is on, interrupt inputs and timer interrupt designated by source operand S1
| . are enabled.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
— — — — X

Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1)  Interrupt inputs and timer interrupt 00| — — — — — — — 1-31 —

Interrupt inputs and timer interrupt

Interrupt inputs 12 through 15 and timer interrupt selected in the Function Area Settings are normally enabled when the
CPU starts. When the DI instruction is executed, interrupt inputs and timer interrupt designated as source operand S1 ¢
disabled even if the interrupt condition is met in the user program area subsequent to the DI instruction. When the El
instruction is executed, disabled interrupt inputs and timer interrupt designated as source operand S1 are enabled agai
the user program area subsequent to the El instruction. Different operands can be selected for the DI and El instructions
disable and enable interrupt inputs selectively.

Make sure that interrupt inputs and timer interrupt designated as source operand S1 are selected in the Function Area
tings. Otherwise, when the DI or El instruction is executed, a user program execution error will result, turning on specia
internal relay M8004 and the ERR LED on the CPU module.

The DI and El instructions cannot be used in an interrupt program. If used, a user program execution error will result, tur
ing on special internal relay M8004 and the ERR LED on the CPU module.
Special Internal Relays M8140-M8144: Interrupt Status

Special internal relays M8140 through M8144 are provided to indicate whether interrupt inputs and timer interrupt are
enabled or disabled.

Interrupt Interrupt Enabled Interrupt Disabled
Interrupt Input 12 M8140 ON M8140 OFF
Interrupt Input 13 M8141 ON M8141 OFF
Interrupt Input 14 M8142 ON M8142 OFF
Interrupt Input 15 M8143 ON M8143 OFF
Timer Interrupt M8144 ON M8144 OFF

Programming WindLDR

In the Disable Interrupt (DI) or Enable Interrupt (El) dialog box, click the check box on the left of Interrupt Inputs 12
through I5 or Timer Interrupt to select source operand S1. The example below selects interrupt inputs 12, 13, and timer
interrupt for the DI instruction, and a 19 will be shown as source operand S1.

= - | 1o o1 The total_of selected interrupt inputs and timer
T 2 i 19 interrupt is shown as source operand S1.
I Lruaboe iy (1 = P Interrupt $1 Value
17 Digabls | i {111 ™ iommest gt 14 Interrupt Input 12 1
il EEEE T Interrupt Input 13 2
[T ke Interrupt Input 14 4
[ oo | ocas | 7o% | Interrupt Input 15 8
Timer Interrupt 16
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18: PROGRAM BRANCHING INSTRUCTIONS

Example: DI and El

The following example demonstrates a program to disable and enable interrupt inputs and timer interrupt selectively. For
the interrupt input and timer interrupt functions, see pages 5-20 and 5-22. In this example, inputs 12 and 13 are designated
as interrupt inputs and timer interrupt is used with interrupt intervals of 100 msec.

| MOV(W) S1- Di1- REP || M8120 is the initialize pulse special internal relay.
M8120 0 D8032
D8032 stores jump destination label number O for interrupt input 12.
MOV(W) S%__ D%(l)§3 REP 1 D8033 stores jump destination label number 1 for interrupt input 13.
MOVW) 51 o1 = D8036 stores jump destination label number 2 for timer interrupt.
> D8036 |
When input 110 is on, DI disables interrupt inputs 12, I3, and timer inter-
— | DI % - rupt, then M8140, M8141, and M8144 turn off.
110
When input 111 is on and 110 is off, El enables interrupt inputs 12 and 13,
| 1 /| El S1
_||1 i 5[] then M8140 and M8141 turn on.
_| : V: El s1 Kl Wheninput 112 is on and 110 is off, El enables timer interrupt, then
112 110 16 M8144 turns on.
END End of the main program.
LABEL H  When input I2 is on, program execution jumps to label O.
0
: AT D1 M8125 is the in-operation output special internal relay.
%1'25 Q2 1 ALT turns on or off the output Q2 internal memory.
immediately writes the outpu internal memory status to actua
L IOREF S1 IOREF i diatel ites th tput Q2 int | tatus t tual
M81I25 Q2 output Q2.
LRET Program execution returns to the main program.
LABEL LI When input 13 is on, program execution jumps to label 1.
: ALT D1 U M8125 is the in-operation output special internal relay.
M8125 Q3 ALT turns on or off the output Q3 internal memory.
| IOREF 31 || IOREFimmediately writes the output Q3 internal memory status to actual
M8125 Q3 output Q3.
LRET Program execution returns to the main program.
LABEL H Timer interrupt occurs every 100 msec, then program execution jumps to
2 label 2.
V&g1=25 ALT 81 | M8125 is the in-operation output special internal relay.
ALT turns on or off the output Q4 internal memory.
1
V&L1I25 IOREF (S)lll | IOREF immediately writes the output Q4 internal memory status to actual
output Q4.
LRET Program execution returns to the main program.
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19: COORDINATE CONVERSION INSTRUCTIONS

Introduction

The coordinate conversion instructions convert Y
one data point to another value, using a linear
relationship between values of X and Y.

(X2,Y2)
(X1, Y1)

(X0, YO)
Upgrade Information
Upgraded CPU modules of slim 20-1/O relay output types and 40-1/0O types can use an expanded range of X and Y valu
Word and integer data types can be designated for the Y values. Applicable CPU modules and system program version
shown in the table below. For the procedure to confirm the system program version of the CPU module, see page 28-1.

All-in-One Type Slim Type
FC4A-D20RK1
CPU Module FC4A-C10R2 FC4A-C16R2 FC4A-C24R2 FC4A-D20K3 | FC4A-D20RS1
FC4A-C10R2C | FC4A-C16R2C | FC4A-C24R2C | FC4A-D20S3 | FC4A-D40K3
FC4A-D40S3
System Program Version — — — — 203 or higher

UseWindLDR ver. 4.50 or higher to program the upgraded coordinate conversion instructions.

XYFS (XY Format Set)
’_1 — XYFS(*) S1

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3

When input is on, the format for XY conversion is set.
The number of XY coordinates, defining the linear rela-
tionship between X and Y, can be 2 to 5 points.
(0sn<4)

X0 YO Xn Yn

kokokkk  kkkkk  kkkkk  kkkkK

FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — X X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Format numper === @ — - — — — — — Otob —
0 to 32767
X0 through Xn X value X X X X X X X 0 to 65535
0 to 65535

YO through Yn Y value X X X X X X X

-32768 to 32767

For the valid operand number range, see pages 6-1 and 6-2.
When T (timer) or C (counter) is used as X0 through Xn or YO through Yn, the timer/counter current value is read out.

S1 (Format number)

Select a format number 0 through 5. A maximum of 6 formats for XY conversion can be set.
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19: COORDINATE CONVERSION INSTRUCTIONS

Xn (X value), Yn (Y value)

Enter values for the X and Y coordinates. Three different data ranges are available depending on the system program
version and the data type.

System Program Old System Program Versions Upgraded System Program Versions
Data Type Integer Word Integer
Xn (X value) 0 to 32767 0 to 65535 0 to 65535
Yn (Y value) -32768 to 32767 0 to 65535 -32768 to 32767
Y Y Y
A
32767 65535 32767
X X
0 32767 0 65535
Valid Coordinates 32768 X 32768
Y 65535
If the X value becomes nega-
tive, a user program execution
error will result, turning on spe-
cial internal relay M8004 and
the ERR LED.

Valid Data Types
W (word) I (integer) Wh_en a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is
designated as Xn or Yn, 16 points are used.

w X

When a word operand such as T (timer), C (counter), or D (data register) is designated as Xn
orYn, 1 point is used.

CVXTY (Convert X to Y)

into corresponding Y value according to the linear relationship defined in
the XYFS instruction. Operand S1 selects a format from a maximum of
six XY conversion formats. The conversion result is set to the operand
designated by D1.

* kokokokok o kokokokok

’_1 — CVXTY(*) Ss1  s2 D1

“ When input is on, the X value designated by operand S2 is converted

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — X X X
Valid Operands
Operand Function Il Q M R T C D Constant Repeat
S1 (Source 1) Format numper === @ — — — — — — — Otob —
0 to 32767
S2 (Source 2) X value X X X X X X X 0 to 65535 —
D1 (Destination 1) Destination to store results — X A X X X X — —

For the valid operand number range, see pages 6-1 and 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S2, the timer/counter current value is read out. When T (timer) or C (counter) is
used as D1, the data is written in as a preset value which can be 0 through 65535.
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19: COORDINATE CONVERSION INSTRUCTIONS

S1 (Format number)

Select a format number 0 through 5 which have been set using the XYFS instruction. When an XYFS instruction witl
the corresponding format number is not programmed, or when XYFS and CVXTY instructions of the same format

number have different data type designations, a user program execution error will result, turning on special internal
relay M8004 and the ERR LED.

S2 (X value)

Enter a value for the X coordinate to convert, within the range specified in the XYFS instruction. Any value out of the
range specified in the XYFS results in a user program execution error, turning on special internal relay M8004 and tt
ERR LED. Three different data ranges are available depending on the system program version and the data type.

D1 (Destination to store results)

The conversion result of the Y value is stored to the destination. The data range depends on the available data type

System Program

Old System Program Versions

Upgraded System Program Versions

Data Type Integer Word Integer
S2 (X value) 0 to 32767 0 to 65535 0 to 65535
D1 (Y value) -32768 to 32767 0 to 65535 -32768 to 32767
Y Y Y
32767 65535 32767
Valid Coordinates X X
0 32767 0 65535
-32768 > X -32768
0 65535

Valid Data Types

W (word) | (integer)

X X

Data Conversion Error

or D1, 1 point is used.

The data conversion error is +0.5.

CVYTX (Convert Y to X)

*

kKKK kK KKK XKX

’_¢ —] CVYTX(¥)

When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is
designated as S2 or D1, 16 points are used.

When a word operand such as T (timer), C (counter), or D (data register) is designated as Sz

into corresponding X value according to the linear relationship defined in

When input is on, the Y value designated by operand S2 is converted
S1 S2 D1
the XYFS instruction. Operand S1 selects a format from a maximum of

six XY conversion formats. The conversion result is set to the operand
designated by D1.

Applicable CPU Modules

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3

FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— X

X

X
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19: COORDINATE CONVERSION INSTRUCTIONS

Valid Operands

Operand Function Il Q M R T C D Constant Repeat
S1 (Source 1) Format numper === @ — — — — — — — Otob —
S2 (Source 2) Y value X X X X X X X 010 65535

-32768 to 32767

D1 (Destination 1)

Destination to store results — X A X X X X — —

For the valid operand number range, see pages 6-1 and 6-2.

A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

When T (timer) or C (counter) is used as S2, the timer/counter current value is read out. When T (timer) or C (counter) is
used as D1, the data is written in as a preset value which can be 0 through 65535.

S1 (Format number)

Select a format number 0 through 5 which have been set using the XYFS instruction. When an XYFS instruction with
the corresponding format number is not programmed, or when XYFS and CVYTX instructions of the same format
number have different data type designations, a user program execution error will result, turning on special internal
relay M8004 and the ERR LED.

S2 (Y value)

Enter a value for the Y coordinate to convert, within the range specified in the XYFS instruction. Any value out of the
range specified in the XYFS results in a user program execution error, turning on special internal relay M8004 and the
ERR LED. Three different data ranges are available depending on the system program version and the data type.

D1 (Destination to store results)

The conversion result of the X value is stored to the destination. The integer value of the conversion results can be 0
through +32767. The data range depends on the available data type.

System Program Old System Program Versions Upgraded System Program Versions
Data Type Integer Word Integer
S2 (Y value) -32768 to 32767 0 to 65535 -32768 to 32767
D1 (X value) 0 to 32767 0 to 65535 0 to 65535
Y Y Y
A
32767 65535 32767
Valid Coordinates - X -X
0 32767 0 65535
-32768 X -32768
Y 65535

Valid Data Types

W (word) I (integer) When a bit operand such as | (input), Q (output), M (internal relay), or R (shift register) is

X X

designated as S2 or D1, 16 points are used.

When a word operand such as T (timer), C (counter), or D (data register) is designated as S2
or D1, 1 point (integer data type) is used.

Data Conversion Error
The data conversion error is £0.5.
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19: COORDINATE CONVERSION INSTRUCTIONS

Example: Linear Conversion

The following example demonstrates setting up two coordinate points to define the linear relationship between X and Y.
The two points are (X0, Y0) = (0, 0) and (X1, Y1) = (8000, 4000). Once these are set, there is an X to Y conversion, as we
as a'Y to X conversion.

XYFS()) S1 X0 YO X1 vy1i L M8120 is the initialize pulse special internal relay.
M8120 0 0 0 8000 4000 At startup, XYFS specifies two points.
—| — CVXTY(l) S1 S2 D1 When input 10 is on, CVXTY converts the value in D10
10 0 D10 D20 and stores the result in D20.
_I CVYTX(I) 51 S0 51 When input 11 is on, CVYTX converts the value in D11
I1I 0 D11 D21 and stores the result in D21.
END
The graph shows the linear relationship that is defined
Y (X1, Y1)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ; by the two points:
| Y = %x
D11 (2500) > !
If the value in data register D10 is 2000, the value
B ! assigned to D20 is 1000.
D20 (1000) (< ( 1 . , , o
! For Y to X conversion, the following equation is used:
0 ' 1 X =2Y
(X0, YO) D10 D21 8000 X . . .
(2000) (5000) If the value in data register D11 is 2500, the value

assigned to D21 is 5000.
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19: COORDINATE CONVERSION INSTRUCTIONS

Example: Overlapping Coordinates
In this example, the XYFS instruction sets up three coordinate points, which define two different linear relationships
between X and Y. The three points are: (X0, YO) = (0, 100), (X1, Y1) = (100, 0), and (X2, Y2) = (300, 100). The two line
segments define overlapping coordinates for X. That is, for each value of Y within the designated range, there would be
two X values assigned.

—| |— XYFS(1) s1 X0 YO X1 Y1 X2 vyo LU M8120 is the initialize pulse special

M8120 0 0 100 100 0 300 100 internal relay.

| CVXTY() 51 So D1 At startup, XYFS specifies three points.
10 0 C10 D90 CVXTY converts the value in C10 and

stores the result in D9O.

— CVYTX(I S1 S2 S1
_Ill 0 0 D95 D30 CVYTX converts the value in D95 and

stores the result in D30.

END
vs (%0, Y0) (X2, Y2)
(0, 100) (300, 100)
100 \ ””””””””””””””””””””””””””””” :
D90 (75) | ( }
DO5 (40) !
(X1, Y1) ;
(100, 0) !
o !
D30 100 c10 300 X
(60) (250)

The first line segment defines the following relationship for X to Y conversion:
Y = —X+100

The second line segment defines another relationship for X to Y conversion:
vy = Ix_s0
2

For X to Y conversion, each value of X has only one corresponding value for Y. If the current value of counter C10 is 250, the
value assigned to D90 is 75.

For Y to X conversion, the XYFS instruction assigns two possible values of X for each value of Y. The relationship defined by the
first two points has priority in these cases. The line between points (X0, YO) and (X1, Y1), that is, the line between (0, 100)
and (100, 0), has priority in defining the relationship for Y to X conversion (X = =Y + 100).

Therefore, if the value in data register D95 is 40, the value assigned to D30 is 60, not 180.

Exactly the same two line segments might also be defined by the XYFS instruction, except that the point (300, 100) could be
assigned first, as (X0, YO), and the point (100, 0) could be defined next, as (X1, Y1). In this case, this linear relationship would
have priority.

In this case, if the value in data register D95 is 40, the value assigned to D30 is 180, not 60.
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20: PULSE INSTRUCTIONS

Introduction

The PULS (pulse output) instruction is used to generate pulse outputs of 10 Hz through 20,000 Hz which can be used t
control pulse motors for simple position control applications.

The PWM (pulse width modulation) instruction is used to generate pulse outputs of 6.81, 27.26, or 217.86 Hz with a vau
able pulse width ratio between 0% and 100%, which can be used for illumination control.

The RAMP instruction is used for trapezoidal control, and the ZRN instruction for zero-return control.

The PULS, PWM, and RAMP instructions can be used on all slim type CPU modules, and the ZRN instructions on the
FC4A-D20RK1, FC4A-D20RS1, FC4A-D40K3, and FC4A-D40S3 only.

Upgrade Information

Upgraded CPU modules of slim 20-1/O relay output types and 40-1/O types have an additional option of operation mode
to select a frequency range from 10 Hz to 20 kHz for the PULS and RAMP instructions, and also have special data regi
ters D8055 and D8056 to store the current output pulse frequency of the PULS and RAMP instructions. Applicable CPL
modules and system program versions are shown in the table below. For the procedure to confirm the system program
sion of the CPU module, see page 28-1.

All-in-One Type Slim Type
FC4A-D20RK1
CPU Module FC4A-C10R2 FC4A-C16R2 FC4A-C24R2 FC4A-D20K3 | FC4A-D20RS1
FC4A-C10R2C | FC4A-C16R2C | FC4A-C24R2C | FC4A-D20S3 | FC4A-D40K3
FC4A-D40S3
System Program Version — — — — 202 or higher

UseWindLDR ver. 4.50 or higher to program the additional option for the PULS and RAMP instructions.

PULSA (Pulse Output 1)
When input is on, the PULS1 instruction sends out a pulse output from output
’_( }— PULS S1 D1 “

Q0. The output pulse frequency is determined by source operand S1. The output

1 prakr Rk | pulse width ratio is fixed at 50%.

PULS1 can be programmed to generate a predetermined number of output
pulses. When pulse counting is disabled, PULS1 generates output pulses while
the start input for the PULS1 instruction remains on.

PULS2 (Pulse Output 2)

When input is on, the PULS2 instruction sends out a pulse output from output
’_( }— PULS S1 D1 “

Q1. The output pulse frequency is determined by source operand S1. The output
pulse width ratio is fixed at 50%.

kokkkk o kkkxkxk

PULS2 generates output pulses while the start input for the PULS2 instruction
remains on. PULS2 cannot be programmed to generate a predetermined number
of output pulses.

Note: The PULS1 and PULS2 instructions can be used only once in a user program. When PULS1 or PULS2 is not used,
unused output QO or Q1 can be used for another pulse instruction or ordinary output.
Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
— — — X X
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20: PULSE INSTRUCTIONS

Valid Operands

Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Control register ~ — — — — — — X _ _
D1 (Destination 1) Status relay _ — X = = — — _ _

Source operand S1 (control register) uses 8 data registers starting with the operand designated as S1. Data registers DO
through D1292 and D2000 through D7992 can be designated as S1. For details, see the following pages.

Destination operand D1 (status relay) uses 3 internal relays starting with the operand designated as D1. Internal relays MO
through M1270 can be designated as D1. The least significant digit of the internal relay number designated as D1 must be
0. Special internal relays cannot be designated as D1. For details, see page 6-2.

Source Operand S1 (Control Register)

Store appropriate values to data registers starting with the operand designated by S1 before executing the PULS instruction
as required, and make sure that the values are within the valid range. Operands S1+5 through S1+7 are for read only.

Operand Function Description R/W
0: 10 to 1,000 Hz

1: 100 to 10,000 Hz

2: 1,000 to 20,000 Hz

3: 10 to 20,000 Hz (upgraded CPU only)

When S1+0 (operation mode) = 0 or 1: 1 to 100 (%)

(1% to 100% of the maximum frequency of selected mode S1+0)
S1+1 Output pulse frequency When S1+0 (operation mode) = 2: 1 to 20 (x5%) R/W
(5% to 100% of the maximum frequency of selected mode S1+0)
When S1+0 (operation mode) = 3: 10 to 20,000 (Hz)

0: Disable pulse counting

S1+0 Operation mode R/W

S1+2 Pulse counting 1: Enable pulse counting (PULS1 only) R/W
S1+3 Preset value (high word)

1 to 100,000,000 (05F5 E100h) (PULS1 only) R/W
S1+4 Preset value (low word)
S1+5 Current value (high word)

1 to 100,000,000 (05F5 E100h) (PULS1 only) R
S1+6 Current value (low word)
S1+7 Error status Oto5 R

S1+0 Operation Mode
The value stored in the data register designated by operand S1+0 determines the frequency range of the pulse output.

0: 10 to 1,000 Hz

1: 100 to 10,000 Hz

2: 1,000 to 20,000 Hz

3: 10 to 20,000 Hz (upgraded CPU only)

S1+1 Output Pulse Frequency

When S1+0 is set to 0 through 2, the value stored in the data register designated by operand S1+1 specifies the frequency
of the pulse output in percent of the maximum of the frequency range selected by S1+0. When S1+0 is set to 0 (10 to 1,000
Hz) or 1 (100 to 10,000 Hz), valid values for operand S1+1 are 1 through 100, thus the output pulse frequency can be 10 to
1,000 Hz or 100 to 10,000 Hz, respectively. When S1+0 is set to 2 (1,000 to 20,000 Hz), valid values for operand S1+1 are
1 through 20 and the S1+1 value multiplied by 5 determines the output pulse frequency, thus the output pulse frequency
can be 1,000 to 20,000 Hz.

When S1+0 is set to 3, the value stored in the data register designated by operand S1+1 determines the frequency of the
pulse output directly. Valid values are 10 through 20,000.

Operation Mode Output Pulse Frequency (Hz)
Oor1l Maximum frequency (Hz) selected by S1+0 x S1+1 value (%)
2 Maximum frequency (Hz) selected by S1+0 x S1+1 value (x5%)
3 Output pulse frequency (Hz) selected by S1+1
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20: PULSE INSTRUCTIONS

S$1+2 Pulse Counting

Pulse counting can be enabled for the PULS1 instruction only. With pulse counting enabled, PULS1 generates a predet
mined number of output pulses as designated by operands S1+3 and S1+4. With pulse counting disabled, PULS1 or
PULS2 generates output pulses while the start input for the PULS instruction remains on.

0: Disable pulse counting

1: Enable pulse counting (PULS1 only)

When programming PULS2, store 0 to the data register designated by S1+2.
S$1+3 Preset Value (High Word)
S1+4 Preset Value (Low Word)

With pulse counting enabled as described above, PULS1 generates a predetermined number of output pulses as desigr
by operands S1+3 and S1+4. The preset value can be 1 through 100,000,000 (05F5 E100h) stored in two consecutive
registers designated by S1+3 (high word) and S1+4 (low word).

When pulse counting is disabled for PULS1 or when programming PULS2, store O to data registers designated by S1+
and S1+4.

S1+5 Current Value (High Word)

S$1+6 Current Value (Low Word)

While the PULSL1 instruction is executed, the output pulse count is stored in two consecutive data registers designated |
operands S1+5 (high word) and S1+6 (low word). The current value can be 1 through 100,000,000 (05F5 E100h) and i
updated in every scan.

S1+7 Error Status

When the start input for the PULS1 or PULS2 instruction is turned on, operand values are checked. When any error is
found in the operand values, the data register designated by operand S1+7 stores an error code.

Error Code Operation Modes O through 2 Operation Mode 3

0 Normal

1 Operation mode designation error Operation mode designation error
(S1+0 stores other than O through 2) (S1+0 stores other than O through 3)

5 Output pulse frequency designation error Output pulse frequency designation error
(S1+1 stores other than 1 through 100) (S1+1 stores other than 10 through 20,000)

3 Pulse counting designation error (S1+2 stores other than O and 1)
Preset value designation error (S1+3 and S1+4 store other than 1 through 100,000,000)

5 Invalid pulse counting designation for PULS2 (S1+2 stores 1)

Destination Operand D1 (Status Relay)

Three internal relays starting with the operand designated by D1 indicate the status of the PULS instruction. These ope
ands are for read only.

Operand Function Description R/W
D1+0 | Pulse output ON 2 ﬁﬂ:ii gﬂim 8,le R
D1+1 Pulse output complete g EE::E 23:23: ggki?gslete R
D1+2 | Pulse output overflow 2 8:2:2% ggzlj)riggrzggLSl only) R

D1+0 Pulse Output ON

The internal relay designated by operand D1+0 remains on while the PULS instruction generates output pulses. When 1
start input for the PULS instruction is turned off or when the PULS1 instruction has completed generating a predetermine
number of output pulses, the internal relay designated by operand D1+0 turns off.
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20: PULSE INSTRUCTIONS

D1+1 Pulse Output Complete
The internal relay designated by operand D1+1 turns on when the PULS1 instruction has completed generating a predeter-
mined number of output pulses or when either PULS instruction is stopped to generate output pulses. When the start input
for the PULS instruction is turned on, the internal relay designated by operand D1+1 turns off.

D1+2 Pulse Output Overflow

The internal relay designated by operand D1+2 turns on when the PULS1 instruction has generated more than the prede-
termined number of output pulses. When the start input for the PULS instruction is turned on, the internal relay designated
by operand D1+2 turns off.

Special Data Register for Pulse Outputs
Upgraded CPU modules have two additional special data registers to store the current frequency of pulse outputs.

Allocation No. Function Description
While the PULS1 or RAMP instruction is executed, D8055 stores the cur-

Current Pulse Frequency

D8055 of PULS1 or RAMP (QO) rent pulse.frequency of output QO.
The value is updated every scan.
Current Pulse Frequenc While the PULS2 or RAMP (reversible control dual-pulse output) instruction
D8056 q y is executed, D8056 stores the current pulse frequency of output Q1.

of PULS2 or RAMP (Q1)

The value is updated every scan.

Timing Chart for Enable Pulse Counting
This program demonstrates a timing chart of the PULS1 instruction when pulse counting is enabled.

}— PULS S1 D1
10 1 D200 M50

“ D202 = 1 (enable pulse counting)

Start Input 10 |

FR1 X
PV1 X
Output Pulse QO | | | | | | | |

! PV1
«—

Output Pulse Frequency D201 FR2

Preset Value D203-D204

Pulse Output ON M50 |

Pulse Output Complete M51 | | |

e When input 10 is turned on, PULS1 starts to generate output pulses at the frequency designated by the value
stored in data register D201. While the output pulses are sent out from output QO, internal relay M50 remains on.

e When the quantity of generated output pulses reaches the preset value designated by data registers D203 and
D204, PULS1 stops generating output pulses. Then internal relay M50 turns off, and internal relay M51 turns on.

e |f the output pulse frequency value in D201 is changed while generating output pulses, the change takes effect in
the next scan. When changing the pulse frequency, make sure that the timing of the change is much slower than
the output pulse frequency, so that the pulse frequency is changed successfully.

e If input 10 is turned off before reaching the preset value, PULS1 stops generating output pulses immediately, then
internal relay M50 turns off and internal relay M51 turns on.
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Timing Chart for Disable Pulse Counting
This program demonstrates a timing chart of the PULS2 instruction without pulse counting.

PULS S1 D1 D102 = O (disable pulse counting)
11

2 D100 M20

Start Input 11 I

Output Pulse Frequency D101 FR1 >< FR2

>< FR3
ouutpuseor [T LT LT
FR1 FR2

Pulse Output ON M20

Pulse Output Complete M21

e When input I1 is turned on, PULS2 starts to generate output pulses at the frequency designated by the value
stored in data register D101. While the output pulses are sent out from output Q1, internal relay M20 remains on.

e When input 11 is turned off, PULS2 stops generating output pulses immediately, then internal relay M20 turns off
and internal relay M21 turns on.

e |If the output pulse frequency value in D101 is changed while generating output pulses, the change takes effect in
the next scan. When changing the pulse frequency, make sure that the timing of the change is much slower than
the output pulse frequency, so that the pulse frequency is changed successfully.
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20: PULSE INSTRUCTIONS

Sample Program: PULS1

This program demonstrates a user program of the PULS1 instruction to generate 1,000 pulses at a frequency of 3 kHz from
output QO, followed by 3,000 pulses at a frequency of 5 kHz.

Operand Settings

Operand Function Description Allocation No. (Value)
S1+0 Operation mode Frequency range 100 to 10,000 Hz DO (1)
S1+1 Output pulse frequency 10,000 Hz x 30% (50%) = 3,000 Hz (5,000 Hz) D1 (30) - (50)
S1+2 Pulse counting Enable pulse counting D2 (1)
S1+3 Preset value (high word) D3 (0)
1,000 (3,000)
S1+4 Preset value (low word) D4 (1000) - (3000)
S1+5 Current value (high word) D5
0 to 3,000
S1+6 Current value (low word) D6
S1+7 Error status D7
0: Pulse output OFF
D1+0 Pulse output ON 1: Pulse output ON M100
D1+1 Pulse output complete O Pulse output not complete M101
1: Pulse output complete
D1+2 Pulse output overflow 0: Overflow not occurred M102
P 1: Overflow occurred (PULS1 only)
| MOV(W) S1-— D1—- REP U M8120 is the initialize pulse special internal relay.
I
M8120 1 DO When the CPU starts, five MOV(W) instructions store first-stage
| Movw)  s1- b1-  Rrer L parameters to data registers DO through D4.
30 D1 DO (operation mode): 1 (100 to 10,000 Hz)
 [Movw)  s1- D1- REP L D1 (output pulse frequency): 30 (10,000 Hz x 30% = 3,000 Hz)
1 D2 D2 (pulse counting): 1 (enable pulse counting)
| MOV(W) S1-— D1- REP L1 D3 (preset value high word): O
0 D3 D4 (preset value low word): 1,000
LI MOV(W) S1- D1- REP
1000 D4
®— Pulse data update flag M1 is reset (pulse data not updated).
M1
®_ Pulse output complete flag M101 is turned off.
M101
SOTU o4 MOV(W) S1- Di- REP W When M101 is turned on, three MOV (W) instructions store sec-
M101 50 D1 ond-stage parameters to data registers D1, D3, and D4.
 [Movw)  s1- D1- REP L D1 (output pulse frequency): 50 (10,000 Hz x 50% = 5,000 Hz)
0 D3 D3 (preset value high word): O
LI MOV(W)  S1-— D1 — REP WU D4 (preset value low word): 3,000
3000 D4
@— Pulse data update flag M1 is reset (pulse data not updated).
M1
When start input 10 is turned on, PULS1 starts to generate
_||0| Mll/OI:L EU LS Sé M?%O 3,000Hz output pulses in the first stage.
SOTU ®_ Pulse output complete M101 is turned off.
M1 M101
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20: PULSE INSTRUCTIONS

PWMZ1 (Pulse Width Modulation 1)

When input is on, the PWM1 instruction generates a pulse output. The output
’_( }— PWM S1 D1 “

pulse frequency is selected from 6.81, 27.26, or 217.86 Hz, and the output

1 TREEE RRwwx pulse width ratio is determined by source operand S1.

PWM1 sends out output pulses from output QO.

PWM1 can be programmed to generate a predetermined number of output
pulses. When pulse counting disabled, PWM1 generates output pulses while the
start input for the PWM1 instruction remains on.

PWM2 (Pulse Width Modulation 2)
When input is on, the PWM2 instruction generates a pulse output. The output
’_( —{ PWM S1 D1 ~‘

pulse frequency is selected from 6.81, 27.26, or 217.86 Hz, and the output

2 PRAAE xrEEE pulse width ratio is determined by source operand S1.

PWM2 sends out output pulses from output Q1.

PWM2 generates output pulses while the start input for the PWM2 instruction
remains on. PWM2 cannot be programmed to generate a predetermined number
of output pulses.

Note: The PWM1 and PWM2 instructions can be used only once in a user program. When PWM1 or PWM2 is not used,
unused output QO or Q1 can be used for another pulse instruction or ordinary output.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Control register - - - = = X _ _
D1 (Destination 1) Status relay _ — X = = = — — _

Source operand S1 (control register) uses 8 data registers starting with the operand designated as S1. Data registers L
through D1292 and D2000 through D7992 can be designated as S1. For details, see below.

Destination operand D1 (status relay) uses 3 internal relays starting with the operand designated as D1. Internal relays
through M1270 can be designated as D1. The least significant digit of the internal relay number designated as D1 must
0. Special internal relays cannot be designated as D1. For details, see page 6-2.

Source Operand S1 (Control Register)

Store appropriate values to data registers starting with the operand designated by S1 before executing the PWM instruct
as required, and make sure that the values are within the valid range. Operands S1+5 through S1+7 are for read only.

Operand Function Description R/W
0:6.81 Hz
S1+0 Output pulse frequency 1: 27.26 Hz R/W
2:217.86 Hz
) . 1 to 100
Si+l Pulse width ratio (1% to 100% of the period determined by output pulse frequency S1+0) R/W
) 0: Disable pulse counting
S14+2 Pulse counting 1: Enable pulse counting (PWM1 only) R/W
S1+3 Preset value (high word
(hig ) 1 to 100,000,000 (05F5 E100h) (PWM1 only) R/W
S1+4 Preset value (low word)
S1+5 Current value (high word)
1 to 100,000,000 (05F5 E100h) (PWM1 only) R
S1+6 Current value (low word)
S1+7 Error status Otob R
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20: PULSE INSTRUCTIONS

S$1+0 Output Pulse Frequency
The value stored in the data register designated by operand S1+0 determines the pulse output frequency.

0: 6.81 Hz (146.84 msec period)
1: 27.26 Hz (36.68 msec period)
2: 217.86 Hz (4.59 msec period)

S1+1 Pulse Width Ratio

The value stored in the data register designated by operand S1+1 specifies the pulse width ratio of the pulse output in per-
cent of the period determined by the output pulse frequency selected with S1+0. Valid values for operand S1+1 are 1
through 100.

Pulse Width = Period x Pulse Width Ratio (%)

Pulse Width = Period x 2ulse Width Ratio - <
100
_ 1 . Pulse Width Ratio | | |
Output Pulse Frequency 100

Period (146.84, 36.68, or 4.59 msec)

S1+2 Pulse Counting

Pulse counting can be enabled for the PWMZ1 instruction only. With pulse counting enabled, PWM1 generates a predeter-
mined number of output pulses as designated by operands S1+3 and S1+4. With pulse counting disabled, PWM1 or
PWM2 generates output pulses while the start input for the PWM instruction remains on.

0: Disable pulse counting

1: Enable pulse counting (PWM1 only)

When programming PWM2, store 0 to the data register designated by S1+2.
S1+3 Preset Value (High Word)
S1+4 Preset Value (Low Word)

With pulse counting enabled as described above, PULS1 generates a predetermined number of output pulses as designated
by operands S1+3 and S1+4. The preset value can be 1 through 100,000,000 (05F5 E100h) stored in two consecutive data
registers designated by S1+3 (high word) and S1+4 (low word).

When pulse counting is disabled for PWM1 or when programming PWM2, store 0 to data registers designated by S1+3
and S1+4.

S1+5 Current Value (High Word)

S$1+6 Current Value (Low Word)

While the PWML instruction is executed, the output pulse count is stored in two consecutive data registers designated by
operands S1+5 (high word) and S1+6 (low word). The current value can be 1 through 100,000,000 (05F5 E100h) and is
updated in every scan.

S1+7 Error Status

When the start input for the PWM1 or PWMZ2 instruction is turned on, operand values are checked. When any error is
found in the operand values, the data register designated by operand S1+7 stores an error code.

Error Code Description
0 Normal
1 Output pulse frequency designation error (S1+0 stores other than O through 2)
2 Pulse width ratio designation error (S1+1 stores other than 1 through 100)
3 Pulse counting designation error (S142 stores other than 0 and 1)
4 Preset value designation error (S1+3 and S1+4 store other than 1 through 100,000,000)
5 Invalid pulse counting designation for PWM2 (S1+2 stores 1)
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20: PULSE INSTRUCTIONS

Destination Operand D1 (Status Relay)

Three internal relays starting with the operand designated by D1 indicate the status of the PWM instruction. These opel
ands are for read only.

Operand Function Description R/W
D1+0 Pulse output ON 2 Ez:zz 23:23: gEF R
D1+1 Pulse output complete g E::zz gﬂ:gﬂ: Qg:n%?g:glete R
0142 | Puse outputoverfow | 310/ E% T M oy R

D1+0 Pulse Output ON

The internal relay designated by operand D1+0 remains on while the PWM instruction generates output pulses. When t
start input for the PWM instruction is turned off or when the PWML instruction has completed generating a predetermine
number of output pulses, the internal relay designated by operand D1+0 turns off.

D1+1 Pulse Output Complete

The internal relay designated by operand D1+1 turns on when the PWML1 instruction has completed generating a prede
mined number of output pulses or when either PWM instruction is stopped to generate output pulses. When the start iny
for the PWM instruction is turned on, the internal relay designated by operand D1+1 turns off.

D1+2 Pulse Output Overflow

The internal relay designated by operand D1+2 turns on when the PWML1 instruction has generated more than the prec
termined number of output pulses. When the start input for the PWM instruction is turned on, the internal relay designate
by operand D1+2 turns off.
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20: PULSE INSTRUCTIONS

Timing Chart for Enable Pulse Counting

This program demonstrates a timing chart of the PWM1 instruction when pulse counting is enabled.

PWM
’_‘IOI_ 1

S1 D1
D200 M50

“ D202 = 1 (enable pulse counting)

Preset Value D203-D204

Start Input 10 I

Pulse Width Ratio D201

Output Pulse QO |||||||| | || || || ” ” |

Pulse Output ON M50 I

L

| PWR1 X | PWR2

o PVL ! | PV2
PWRL | ! ' PWR2
—_— L

PVl |

I I
I I
I I
-~ :
| | |
I I I
I I I

PV2

Pulse Output Complete M51 | |

e When input 10 is turned on, PWM1 starts to generate output pulses at the frequency designated by the value

stored in data register D200. The pulse width is determined by the value stored in data register D201. While the
output pulses are sent out from output QO, internal relay M50 remains on.

e When the quantity of generated output pulses reaches the preset value designated by data registers D203 and
D204, PWM1 stops generating output pulses. Then internal relay M50 turns off, and internal relay M51 turns on.

e |f the pulse width ratio value in D201 is changed while generating output pulses, the change takes effect in the
next scan. When changing the pulse width ratio, make sure that the timing of the change is much slower than the

output pulse frequency, so that the pulse width ratio is changed successfully.

e |f input 10 is turned off before reaching the preset value, PWM1 stops generating output pulses immediately, then
internal relay M50 turns off and internal relay M51 turns on.
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Timing Chart for Disable Pulse Counting
This program demonstrates a timing chart of the PWM2 instruction without pulse counting.

WM S1 D1 D102 = O (disable pulse counting)
11

2 D100 M20

Pwrt X PWR2

X PwR3

Pulse Output ON M20

Pulse Output Complete M21

e When input 11 is turned on, PWM2 starts to generate output pulses at the frequency designated by the value
stored in data register D100. The pulse width is determined by the value stored in data register D101. While the
output pulses are sent out from output Q1, internal relay M20 remains on.

e When input |1 is turned off, PWM2 stops generating output pulses immediately, then internal relay M20 turns off
and internal relay M21 turns on.

e |f the pulse width ratio value in D101 is changed while generating output pulses, the change takes effect in the
next scan. When changing the pulse width ratio, make sure that the timing of the change is much slower than the
output pulse frequency, so that the pulse width ratio is changed successfully.
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Sample Program: PWM1

This program demonstrates a user program of the PWML instruction to generate pulses from output QO, with an ON/OFF
ratio of 30% while input 10 is off or 60% when input 10 is on.

Operand Settings

Operand Function Description Allocation No. (Value)
S1+0 Output pulse frequency 217.86 Hz DO (2)
S1+1 Pulse width ratio 30% or 60% D1 (30 or 60)
S1+2 Pulse counting Disable pulse counting D2 (0)
S1+3 Preset value (high word) D3
Not used
S1+4 Preset value (low word) D4
S1+5 Current value (high word) D5
Not used
S1+6 Current value (low word) D6
S1+7 Error status D7
0: Pulse output OFF
D1+0 Pulse output ON 1: Pulse output ON M100
D1+1 Pulse output complete 0: Pulse output not complete M101
1: Pulse output complete
0: Overflow not occurred
D1+2 Pulse output overflow 1: Overflow occurred (PULS1 only) M102
MOV(W) S1 - D1—- REP U M8120 is the initialize pulse special internal relay.
M8120 2 DO When the CPU starts, MOV(W) instructions store parameters to data regis-
ters DO and D2.
MOVW) sSi- Di- Rep | oo @n
0 D2 DO (output pulse frequency): 2 (217.86 Hz)
—p MOV(W) S1-— D1- REP L D2 (pulse counting): O (disable pulse counting)
10 30 D1 : . . .
When input 10 is off, D1 (pulse width ratio) stores 30 (30%).
_|IO|_ MOV(W) 5610‘ DDll_ REP H  When input 10 is on, D1 (pulse width ratio) stores 60 (60%).
|| PWM S1 D1 When input 11 is on, PWM1 generates output pulses of a 30% or 60%
11 1 DO  M100 pulse width ratio from output QO depending whether input |0 is off or on,
respectively.
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20: PULSE INSTRUCTIONS

RAMP (Ramp Control)

output pulses whose frequency changes in a trapezoidal pattern determined by
source operand S1. After starting the RAMP instruction, the output pulse fre-
quency increases linearly to a predetermined constant value, remains constant
at this value for some time, and then decreases linearly to the original value.

kokkkk o kkkkxk

’_¢ — RAMP  S1 D1

“ When input is on, the RAMP instruction sends out a predetermined number of

The frequency change rate or the frequency change time can be selected for
acceleration and deceleration of the movement.

When input is off, the pulse output remains off. When input is turned on again,
the RAMP instruction starts a new cycle of generating output pulses.

Note: The RAMP instruction can be used only once in a user program. When RAMP is used with reversible control disabled,
unused output Q1 can be used for another pulse instruction PULS2, PWM2, or ZRN2 or ordinary output.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — X X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Control register - - - - — — X — —
D1 (Destination 1) Status relay _ — X = = = — — _

Source operand S1 (control register) uses 11 data registers starting with the operand designated as S1. Data registers
through D1289 and D2000 through D7989 can be designated as S1. For details, see the following pages.

Destination operand D1 (status relay) uses 4 internal relays starting with the operand designated as D1. Internal relays
through M1270 can be designated as D1. The least significant digit of the internal relay number designated as D1 must
0, otherwise the RAMP instruction does not operate correctly. Special internal relays cannot be designated as D1. For
details, see page 6-2.

Source Operand S1 (Control Register)

Store appropriate values to data registers starting with the operand designated as S1 before executing the RAMP instrt
tion as required, and make sure that the values are within the valid range. Operands S1+8 through S1+10 are for read

Operand Function Description R/W

0: 10 to 1,000 Hz

1: 100 to 10,000 Hz

2: 1,000 to 20,000 Hz

3: 10 to 20,000 Hz (upgraded CPU only)

When S1+0 (operation mode) = 0 or 1: 1 to 100 (%)

(1% to 100% of the maximum frequency of selected mode S1+0)
S1+1 Steady pulse frequency When S1+0 (operation mode) = 2: 1 to 20 (x5%) R/W
(5% to 100% of the maximum frequency of selected mode S1+0)
When S1+0 (operation mode) = 3: 10 to 20,000 (Hz)

When S1+0 (operation mode) = 0 or 1: 1 to 100 (%)

(1% to 100% of the maximum frequency of selected mode S1+0)
S1+2 Initial pulse frequency When S1+0 (operation mode) = 2: 1 to 20 (x5%) R/W
(5% to 100% of the maximum frequency of selected mode S1+0)
When S1+0 (operation mode) = 3: 10 to 20,000 (Hz)

When S1+0 (operation mode) = 0 or 1: 1 to 100 (%)

Frequency change rate (1% to 100% of the maximum frequency of selected mode S1+0)
S1+3 When S1+0 (operation mode) = 2: 1 to 20 (x5%) R/W
(5% to 100% of the maximum frequency of selected mode S1+0)

Frequency change time When S1+0 (operation mode) = 3: 10 to 10,000 (msec)

S1+0 Operation mode R/W
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20: PULSE INSTRUCTIONS

Operand Function Description R/W
0: Reversible control disabled
S1+4 Reversible control enable | 1: Reversible control (single-pulse output) R/W
2: Reversible control (dual-pulse output)
S1+5 | Control direction O: Forward R/W
1: Reverse
S1+6 Preset value (high word)
1 to 100,000,000 (05F5 E100h) R/W
S1+7 Preset value (low word)
S1+8 Current value (high word)
1 to 100,000,000 (05F5 E100h) R
S1+9 Current value (low word)
S1+10 Error status Oto 10 R

S$1+0 Operation Mode
The value stored in the data register designated by operand S1+0 determines the frequency range of the pulse output.

0: 10 to 1,000 Hz

1: 100 to 10,000 Hz

2: 1,000 to 20,000 Hz

3: 10 to 20,000 Hz (upgraded CPU only)

S1+1 Steady Pulse Frequency

When S1+0 is set to 0 through 2, the value stored in the data register designated by operand S1+1 specifies the frequency
of the steady pulse output in percent of the maximum of the frequency range selected by S1+0. When S1+0 is set to 0 (10
to 1,000 Hz) or 1 (100 to 10,000 Hz), valid values for operand S1+1 are 1 through 100, thus the steady pulse frequency can
be 10 to 1,000 Hz or 100 to 10,000 Hz, respectively. When S1+0 is set to 2 (1,000 to 20,000 Hz), valid values for operand
S1+1 are 1 through 20 and the S1+1 value multiplied by 5 determines the steady pulse frequency, thus the steady pulse fre-
quency can be 1,000 to 20,000 Hz.

When S1+0 is set to 3, the value stored in the data register designated by operand S1+1 determines the frequency of the
steady pulse output directly. Valid values are 10 through 20,000.

Operation Mode Steady Pulse Frequency (Hz)
Oor1l Maximum frequency (Hz) selected by S1+0 x S1+1 value (%)
2 Maximum frequency (Hz) selected by S1+0 x S1+1 value (x5%)
3 Steady pulse frequency (Hz) selected by S1+1

S1+2 Initial Pulse Frequency

When S1+0 is set to 0 through 2, the value stored in the data register designated by operand S1+2 specifies the frequency
of the initial pulse output in percent of the maximum of the frequency range selected by S1+0. When S1+0 is set to 0 (10
to 1,000 Hz) or 1 (100 to 10,000 Hz), valid values for operand S1+2 are 1 through 100, thus the initial pulse frequency can
be 10 to 1,000 Hz or 100 to 10,000 Hz, respectively. When S1+0 is set to 2 (1,000 to 20,000 Hz), valid values for operand
S1+2 are 1 through 20 and the S1+2 value multiplied by 5 determines the initial pulse frequency, thus the initial pulse fre-
quency can be 1,000 to 20,000 Hz.

When S1+0 is set to 3, the value stored in the data register designated by operand S1+2 determines the frequency of the
initial pulse output directly. Valid values are 10 through 20,000.

Operation Mode Initial Pulse Frequency (Hz)
Oor1l Maximum frequency (Hz) selected by S1+0 x S1+2 value (%)
2 Maximum frequency (Hz) selected by S1+0 x S1+2 value (x5%)
3 Initial pulse frequency (Hz) selected by S1+1
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20: PULSE INSTRUCTIONS

S$1+3 Frequency Change Rate / Frequency Change Time

When S1+0 is set to 0 through 2, the value stored in the data register designated by operand S1+3 specifies the rate of
pulse output frequency change for a period of 10 msec in percent of the maximum of the frequency range selected by
S1+0. When S1+0 is set to 0 (10 to 1,000 Hz) or 1 (100 to 10,000 Hz), valid values for operand S1+3 are 1 through 10C
thus the frequency change rate can be 10 to 1,000 Hz or 100 to 10,000 Hz, respectively. When S1+0 is set to 2 (1,000 1
20,000 Hz), valid values for operand S1+3 are 1 through 20 and the S1+3 value multiplied by 5 determines the frequen
change rate, thus the frequency change rate can be 1,000 to 20,000 Hz.

When S1+0 is set to 3, the value stored in the data register designated by operand S1+3 determines the frequency cha
time. Valid values are 10 through 10,000 in increments of 10, thus the frequency change time can be 10 to 10,000 mse«
Mode 0 or 1: Frequency change rate in 10 msec (Hz) = Maximum frequency (Hz) selected by S1+0 x S1+3 value (%)
Mode 2: Frequency change rate in 10 msec (Hz) = Maximum frequency (Hz) selected by S1+0 x S1+3 value (x5%)
Mode 3: Frequency change time (msec) = Frequency change time (msec) selected by S1+3

The same frequency change rate and frequency change time apply to the accelerating and decelerating periods of the
ezoidal frequency change pattern.

Modes 0 through 2 Mode 3

Steady Pulse Frequency —>---

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Initial Pulse Frequency —>f----------------------------

" _Frequency Change Rate
| 10 msec ]
Frequency Change Time

S1+4 Reversible Control Enable
The value stored in the data register designated by operand S1+4 specifies one of the output modes.

Output Pulse

S1+4 Value Reversible Control Description

Output QO generates output pulses; used for single-direction control.

0 Reversible control
disabled Output QO | | | | | | | | | | | | | |
Output Q1 can be used for PULS2, PWM2, ZRN2, or ordinary output.

Output QO generates output pulses, and output Q1 generates a direction con-
trol signal.

Outut0||||||||||||||
Reversible control put Q

1 (Single-pulse output)
Output Q1 Forward | Reverse
Output Q1 turns on or off depending on the value stored in data register des-
ignated by operand S1+5 (control direction): O for forward or 1 for reverse.
Output QO generates forward output pulses, and output Q1 generates reverse
output pulses.
“oare | LI LT LI
(Forward)
2 Reversible control

(Dual-pulse output) Output Q1 |_| |—| |—|
(Reverse)

Output QO or Q1 generates output pulses alternately depending on the value
stored in data register designated by operand S1+5 (control direction): O for
forward or 1 for reverse.

If the value stored in the data register designated by operand S1+4 is changed after the start input for the RAMP instru
tion has been turned on, the change can take effect only after the CPU starts again.
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20: PULSE INSTRUCTIONS

S1+5 Control Direction

When S1+4 is set to 1 or 2 to enable reversible control, the value stored in the data register designated by operand S1+5
specifies the control direction.

0: Forward

1: Reverse

S1+6 Preset Value (High Word)
S1+7 Preset Value (Low Word)

The RAMP instruction generates a predetermined number of output pulses as designated by operands S1+6 and S1+7. The
preset value can be 1 through 100,000,000 (05F5 E100h) stored in two consecutive data registers designated by S1+6
(high word) and S1+7 (low word).

S$1+8 Current Value (High Word)
S1+9 Current Value (Low Word)

While the RAMP instruction is executed to generate output pulses from output QO or Q1, the output pulse count is stored
in two consecutive data registers designated by operands S1+8 (high word) and S1+9 (low word). The current value can be
1 through 100,000,000 (O5F5 E100h) and is updated in every scan.

S1+10 Error Status

When the start input for the RAMP instruction is turned on, operand values are checked. When any error is found in the
operand values, the data register designated by operand S1+10 stores an error code.

Error Code Operation Modes O through 2 Operation Mode 3
0 Normal
1 Operation mode designation error Operation mode designation error
(S1+0 stores other than O through 2) (S1+0 stores other than O through 3)
5 Initial pulse frequency designation error Initial pulse frequency designation error
(S1+2 stores other than 1 through 100) (S1+2 stores other than 10 through 20,000)

Preset value designation error
(S1+46 and S1+7 store other than 1 through

100,000,000) Preset value designation error
3 The number of pulses for the frequency change (S1+6 and S1+7 store other than 1 through
area calculated from the steady pulse frequency 100,000,000)

(S1+1), initial pulse frequency (S1+2), and fre-
quency change rate (S1+3) is O.

4 Steady pulse frequency designation error Steady pulse frequency designation error
(S1+1 stores other than 1 through 100) (S1+1 stores other than 10 through 20,000)
5 Frequency change rate designation error Frequency change time designation error
(S1+3 stores other than 1 through 100) (S1+3 stores other than 10 through 10,000)
6 Reversible control enable designation error
(S1+4 stores other than O through 2)
7 Control direction designation error

(S1+5 stores other than O and 1)

The number of pulses for the frequency change areas calculated from the steady pulse frequency (S1+1),
initial pulse frequency (S1+2), and frequency change rate (S1+3) exceeds the preset value (S1+6/7) of the
8 total output pulses.

To correct this error, reduce the value of the steady pulse frequency (S1+1) or initial pulse frequency
(S1+2), or increase the frequency change rate (S1+3).

The initial pulse frequency (S1+2) is larger than the steady pulse frequency (S1+1).
Reduce the initial pulse frequency (S1+2) to a value smaller than the steady pulse frequency (S1+1).

The frequency change rate (S1+3) is larger than the
difference between the initial pulse frequency

10 (S1+2) and the steady pulse frequency (S1+1). —
Reduce the frequency change rate (S1+3) or the ini-
tial pulse frequency (S1+2).
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20: PULSE INSTRUCTIONS

Destination Operand D1 (Status Relay)

Four internal relays starting with the operand designated by D1 indicate the status of the RAMP instruction. These oper
ands are for read only.

Operand Function Description R/W

0: Pulse output OFF

D1+0 Pulse output ON 1: Pulse output ON R
0: Pulse output not complete

D1+1 Pulse output complete 1: Pulse output complete R
0: Steady pulse output

D1+2 Pulse output status 1: Changing output pulse frequency R

D1+3 Pulse output overflow 0: Overflow not occurred R
1: Overflow occurred

D1+0 Pulse Output ON

The internal relay designated by operand D1+0 remains on while the RAMP instruction generates output pulses. When t
start input for the RAMP instruction is turned off or when the RAMP instruction has completed generating a predeter-
mined number of output pulses, the internal relay designated by operand D1+0 turns off.

D1+1 Pulse Output Complete

The internal relay designated by operand D1+1 turns on when the RAMP instruction has completed generating a prede
mined number of output pulses or when the RAMP instruction is stopped to generate output pulses. When the start inpi
for the RAMP instruction is turned on, the internal relay designated by operand D1+1 turns off.

D1+2 Pulse Output Status

The internal relay designated by operand D1+2 turns on while the output pulse frequency is increased or decreased, ar
turns off when the output pulse frequency reaches the steady pulse frequency (S1+2). While the pulse output is off, the
internal relay designated by operand D1+2 remains off.

D1+3 Pulse Output Overflow

The internal relay designated by operand D1+3 turns on when the RAMP instruction has generated more than the pred
termined number of output pulses (S1+6/7). When an overflow occurs, the current value (S1+8/9) stops at the preset va
(S1+6/7). When the start input for the RAMP instruction is turned on, the internal relay designated by operand D1+3 turr
off.

Special Data Register for Pulse Outputs
Upgraded CPU modules have two additional special data registers to store the current frequency of pulse outputs.

Allocation No. Function Description
While the PULS1 or RAMP instruction is executed, D8055 stores the cur-

Current Pulse Frequency

D8055 of PULS1 or RAMP (QO) rent pulse_frequency of output QO.
The value is updated every scan.
Current Pulse Frequenc While the PULS2 or RAMP (reversible control dual-pulse output) instruction
D8056 q y is executed, D8056 stores the current pulse frequency of output Q1.

of PULS2 or RAMP (Q1)

The value is updated every scan.
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20: PULSE INSTRUCTIONS

Timing Chart for Reversible Control Disabled
This program demonstrates a timing chart of the RAMP instruction when reversible control is disabled.

RAMP S1 D1 D204 = O (reversible control disabled)
10

D200 M50

Start Input 10 I

Steady Pulse Frequency —>/ \
Initial Pulse FreqUeNnGy — 3 - - b =< <o m oo -

Output Pulse QO

Pulse Output Complete M51

Pulse Output ON M50 ‘

Pulse Output Status M52

e When input |0 is turned on, RAMP generates output pulses starting at the initial frequency designated by the value
stored in data register D202. While the output pulses are sent out from output QO, internal relay M50 remains on.

e Operation modes O through 2: The pulse frequency increases according to the frequency change rate value stored
in data register D203.

e Operation mode 3: The pulse frequency increases as long as the frequency change time stored in data register
D203.

e While the output pulse frequency is on the increase, internal relay M52 remains on.

e When the output pulse frequency reaches the steady pulse frequency designated by the value stored in data regis-
ter D201, internal relay M52 turns off. When the output pulse frequency starts to decrease, internal relay M52
turns on again.

e When the quantity of generated output pulses reaches the preset value designated by data registers D206 and
D207, RAMP stops generating output pulses. Then internal relay M50 and M52 turn off, and internal relay M51
turns on.

e |f the parameter values in D200 through D207 (except for D204) are changed while generating output pulses, the
change takes effect when start input 10 is turned on for the next cycle.

e |f the value stored in D204 is changed after start input 10 has been turned on, the change can take effect only
after the CPU starts again.

e |f start input 10 is turned off before reaching the preset value, RAMP stops generating output pulses immediately,
then internal relay M50 turns off and internal relay M51 turns on. When input 10 is turned on again, RAMP restarts
to generate output pulses for another cycle, starting at the initial pulse frequency.
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Timing Chart for Reversible Control with Single Pulse Output

This program demonstrates a timing chart of the RAMP instruction when reversible control is enabled with single pulse
output.

D204 = 1 (reversible control with single pulse output)
— RAMP S1 D1
10 D200 M50

Start Input 10 I

Control Direction D205 | 0 (Forward) | X

Steady Pulse Frequency —>+---

Initial Pulse Frequency

Output Pulse QO

e When input 10 is turned on, RAMP generates output pulses starting at the initial frequency designated by the value
stored in data register D202. While the output pulses are sent out from output QO, internal relay M50 remains on.

e Operation modes O through 2: The pulse frequency increases according to the frequency change rate value stored
in data register D203.

e Operation mode 3: The pulse frequency increases as long as the frequency change time stored in data register
D203.

e While the output pulse frequency is on the increase, internal relay M52 remains on.

e Depending on the control direction designated by the value stored in data register D205, control direction output
Q1 turns off or on while D205 stores O (forward) or 1 (reverse), respectively.

e When the output pulse frequency reaches the steady pulse frequency designated by the value stored in data regis-
ter D201, internal relay M52 turns off. When the output pulse frequency starts to decrease, internal relay M52
turns on again.

e When the quantity of generated output pulses reaches the preset value designated by data registers D206 and
D207, RAMP stops generating output pulses. Then internal relay M50 and M52 turn off, and internal relay M51
turns on.

e |f the parameter values in D200 through D207 (except for D204) are changed while generating output pulses, the
change takes effect when start input 10 is turned on for the next cycle.

e |f the value stored in D204 is changed after start input 10 has been turned on, the change can take effect only
after the CPU starts again.

e |f start input 10 is turned off before reaching the preset value, RAMP stops generating output pulses immediately,
then internal relay M50 turns off and internal relay M51 turns on. When input 10 is turned on again, RAMP restarts
to generate output pulses for another cycle, starting at the initial pulse frequency.
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Timing Chart for Reversible Control with Dual Pulse Output

This program demonstrates a timing chart of the RAMP instruction when reversible control is enabled with dual pulse
output.

RAMP S1 D1 D204 = 2 (reversible control with dual pulse output)
10

D200 M50

Control Direction D205 0 (Forward) 1 (Reverse)

Steady Pulse Frequency —----,

Initial Pulse Frequency

Forward (CW) Output Pulse QO

Steady Pulse Frequency —»

|

Initial Pulse Frequency —»----

Reverse (CCW) Output Pulse Q1

e When input 10 is turned on, RAMP generates output pulses starting at the initial frequency designated by the value
stored in data register D202. While the output pulses are sent out from output QO or Q1, internal relay M50
remains on.

Operation modes O through 2: The pulse frequency increases according to the frequency change rate value stored
in data register D203.

Operation mode 3: The pulse frequency increases as long as the frequency change time stored in data register
D203.

While the output pulse frequency is on the increase, internal relay M52 remains on.

Depending on the control direction designated by the value stored in data register D205, output QO or Q1 sends
out output pulses while D205 stores O (forward) or 1 (reverse), respectively.

e When the output pulse frequency reaches the steady pulse frequency designated by the value stored in data regis-
ter D201, internal relay M52 turns off. When the output pulse frequency starts to decrease, internal relay M52
turns on again.

When the quantity of generated output pulses reaches the preset value designated by data registers D206 and
D207, RAMP stops generating output pulses. Then internal relay M50 and M52 turn off, and internal relay M51
turns on.

If the parameter values in D200 through D207 (except for D204) are changed while generating output pulses, the
change takes effect when start input 10 is turned on for the next cycle.

If the value stored in D204 is changed after start input 10 has been turned on, the change can take effect only
after the CPU starts again.

e |f start input 10 is turned off before reaching the preset value, RAMP stops generating output pulses immediately,
then internal relay M50 turns off and internal relay M51 turns on. When input 10 is turned on again, RAMP restarts
to generate output pulses for another cycle, starting at the initial pulse frequency.
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Sample Program: RAMP — Reversible Control Disabled
This program demonstrates a user program of the RAMP instruction to generate 10,000 pulses from output QO.

Steady pulse frequency:
Initial pulse frequency:
Frequency change rate:
Reversible control enable:
Preset value:

Operand Settings

3,000 Hz

1,000 Hz

500 Hz / 10 msec
Reversible control disabled
10,000 pulses total

« MICROSMART USER’S MANUAL »

Operand Function Description Allocation No. (Value)
S1+0 Operation mode Frequency range 100 to 10,000 Hz DO (1)
S1+1 Steady pulse frequency 10,000 Hz x 30% = 3,000 Hz D1 (30)
S1+2 Initial pulse frequency 10,000 Hz x 10% = 1,000 Hz D2 (10)
S1+3 Frequency change rate 10,000 Hz x 5% = 500 Hz D3 (5)
S1+4 Reversible control enable Reversible control disabled D4 (0)
S1+5 Control direction Not used (no effect) D5
S1+6 Preset value (high word) 10.000 D6 (0)
S1+7 Preset value (low word) ' D7 (10000)
S1+8 Current value (high word D8

(hig ) 0 to 10,000
S1+9 Current value (low word) D9
S1+10 Error status D10
0: Pulse output OFF
D1+0 Pulse output ON 1: Pulse output ON M100
D1+1 Pulse output complete 0 Pulse output not complete M101
1: Pulse output complete
D1+2 | Pulse output status 0: Steady pulse output M102
1: Changing output pulse frequency
D1+3 | Pulse output overflow 0: Overflow not occurred M103
1: Overflow occurred
L | MOV(W) S1-— D1- REP | MB8120 is the initialize pulse special internal relay.
mM8120 1 Y When the CPU starts, seven MOV(W) instructions store parameters to
| [Movw)  s1- D1- ReP L data registers DO through D7.
30 D1 DO (operation mode): 1 (100 to 10,000 Hz)
[Mov(w)  s1- D1—- REP L D1 (steady pulse frequency): 30 (10,000 Hz x 30% = 3,000 Hz)
10 D2 D2 (initial pulse frequency): 10 (10,000 Hz x 10% = 1,000 Hz)
LI Mov(W) S1- Di1- Rep || D3(frequency change rate): 5 (10,000 Hz x 5% = 500 Hz)
S b3 D4 (reversible control enable): O (reversible control disabled)
L MOV(W) S1 - D1- REP | D6 (preset value high word): O
0 D4 D7 (preset value low word): 10,000
LI MOV(W) S1- D1- REP H
0 D6
LI MOV(W) S1- D1- REP H
10000 D7
Sy RAMP S1 D1 When start input |0 is turned on, RAMP starts to generate 10,000 output
10 DO M100 pulses.
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Sample Program: RAMP — Reversible Control with Single Pulse Output
This program demonstrates a user program of the RAMP instruction to generate 30,000 pulses from output Q0. Control
direction output Q1 turns off or on while input I1 is off or on to indicate the forward or reverse direction, respectively.
Steady pulse frequency: 5,000 Hz
Initial pulse frequency: 2,000 Hz
Frequency change rate: 100 Hz / 10 msec
Reversible control enable:  Reversible control with single pulse output
Preset value: 30,000 pulses total

Operand Settings

Operand Function Description Allocation No. (Value)
S1+0 Operation mode Frequency range 100 to 10,000 Hz DO (1)
S1+1 Steady pulse frequency 10,000 Hz x 50% = 5,000 Hz D1 (50)
S1+2 Initial pulse frequency 10,000 Hz x 20% = 2,000 Hz D2 (20)
S1+3 Frequency change rate 10,000 Hz x 1% = 100 Hz D3 (1)
S1+4 Reversible control enable Reversible control with single output D4 (1)
S1+5 Control direction 0 (forward) or 1 (reverse) D5 (0 or1)
S1+6 Preset value (high word) 30.000 D6 (0)
S1+7 Preset value (low word) ' D7 (30000)
S1+8 Current value (high word D8

(hig ) 0 to 30,000

S1+9 Current value (low word) D9

S1+10 Error status D10
0: Pulse output OFF

D1+0 Pulse output ON 1: Pulse output ON M100

D1+1 Pulse output complete 0: Pulse output not complete M101
1: Pulse output complete

D1+2 | Pulse output status O: Steady pulse output M102
1: Changing output pulse frequency

D1+3 | Pulse output overflow O: Overflow not occurred M103
1: Overflow occurred

: MOV(W) S1 - D1—- REP U M8120 is the initialize pulse special internal relay.
M8120 1 Do When the CPU starts, seven MOV(W) instructions store parameters to

| [MOvVW) Si- Di- Rep M data registers DO through D7.
50 D1 DO (operation mode): 1 (100 to 10,000 Hz)

 TMovw)  s1- D1- REP L D1 (steady pulse frequency): 50 (10,000 Hz x 50% = 5,000 Hz)
20 D2 D2 (initial pulse frequency): 20 (10,000 Hz x 20% = 2,000 Hz)
LI MOV(W) S1- Di- REP || D3(frequency change rate): 1 (10,000 Hz x 1% = 100 Hz)
1 D3 D4 (reversible control enable): 1 (reversible control with single output)
LI MOV(W) S1- Di1- REP | D6 (preset value high word): O
1 b4 D7 (preset value low word): 30,000
LI MOV(W) S1- D1- REP
0 D6
LI MOV(W) S1- D1- REP K
30000 D7
L /— MOV(W) Si- Di- REP H When input 11 is off, D5 (control direction) stores O (forward).
11 0 D5
—| |— MOV(W) S1 - D1— REP Il WheninputlIlis on, D5 (control direction) stores 1 (reverse).
11 1 D5
|| —]rave S1 D1 When start input 10 is turned on, RAMP starts to generate 30,000 output
10 DO  M100 pulses.
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Sample Program: RAMP — Reversible Control with Dual Pulse Output
This program demonstrates a user program of the RAMP instruction to generate 30,000 pulses from output QO (forware
pulse) or Q1 (reverse pulse) while input 11 is off or on, respectively.
Steady pulse frequency: 5,000 Hz
Initial pulse frequency: 2,000 Hz
Frequency change rate: 100 Hz / 10 msec
Reversible control enable: Reversible control with dual pulse output
Preset value: 30,000 pulses total

Operand Settings

Operand Function Description Allocation No. (Value)
S1+0 Operation mode Frequency range 100 to 10,000 Hz DO (1)
S1+1 Steady pulse frequency 10,000 Hz x 50% = 5,000 Hz D1 (50)
S1+2 Initial pulse frequency 10,000 Hz x 20% = 2,000 Hz D2 (20)
S1+3 Frequency change rate 10,000 Hz x 1% = 100 Hz D3 (1)
S1+4 Reversible control enable Reversible control with dual output D4 (2)
S1+5 Control direction O (forward) or 1 (reverse) D5 (0 or1)
S1+6 Preset value (high word) 30.000 D6 (0)
S1+7 Preset value (low word) ' D7 (30000)
S1+8 Current value (high word D8

(hig ) 0 to 30,000
S1+9 Current value (low word) D9
S1+10 Error status D10
0: Pulse output OFF
D1+0 Pulse output ON 1: Pulse output ON M100
D1+1 Pulse output complete 0: Pulse output not complete M101
1: Pulse output complete
D1+2 | Pulse output status 0: Steady pulse output M102
1: Changing output pulse frequency
D1+3 | Pulse output overflow 0: Overflow not occurred M103
1: Overflow occurred
| MOV(W) S1 - D1—- REP U M8120 is the initialize pulse special internal relay.
I
M8120 1 Y When the CPU starts, seven MOV(W) instructions store parameters to
[MOVW) Si- Di- Rep M data registers DO through D7.
50 D1 DO (operation mode): 1 (100 to 10,000 Hz)
 TMovw)  s1- D1- REP L D1 (steady pulse frequency): 50 (10,000 Hz x 50% = 5,000 Hz)
20 D2 D2 (initial pulse frequency): 20 (10,000 Hz x 20% = 2,000 Hz)
LI MOV(W) S1- Di- REp || D3(frequency change rate): 1 (10,000 Hz x 1% = 100 Hz)
1 b3 D4 (reversible control enable): 2 (reversible control with dual output)
L MOV(W)  S1 - D1- REP || D6 (preset value high word): O
1 D4 D7 (preset value low word): 30,000
LI MOV(W) S1- D1- REP
0 D6
LI MOV(W) S1- D1- REP
30000 D7
m—p MOV(W) S1-— D1—- REP Ll Wheninput Il is off, D5 (control direction) stores O (forward).
11 0 D5
—| | MOV(W) S1 - D1— REP Il WheninputlIlis on, D5 (control direction) stores 1 (reverse).
11 1 D5

L RAMIP S1 D1 When start input 10 is turned on, RAMP starts to generate 30,000 output
IOI DO M100 pulses.
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ZRN1 (Zero Return 1)

predetermined high frequency from output QO. When a deceleration
input turns on, the output frequency decreases to a creep frequency.
When the deceleration input turns off, the ZRN1 instruction stops gener-
ating output pulses.

1 kokokkk o kokokokok o skokokokok

’_¢ — ZRN st s2 D1

“ When input is on, the ZRN1 instruction sends out a pulse output of a

The output pulse width ratio is fixed at 50%.

ZRN2 (Zero Return 2)

predetermined high frequency from output Q1. When a deceleration
input turns on, the output frequency decreases to a creep frequency.
When the deceleration input turns off, the ZRN2 instruction stops gener-
ating output pulses.

2 kKKK kK  kkkkk o kokkokk

’_¢ — ZRN st s2 D1

“ When input is on, the ZRN2 instruction sends out a pulse output of a

The output pulse width ratio is fixed at 50%.
Note: The ZRN1 and ZRN2 instructions can be used only once in a user program. When ZRN1 or ZRN2 is not used, unused
output QO or Q1 can be used for another pulse instruction or ordinary output.
Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — — X
Valid Operands
Operand Function I Q M R T C D Constant Repeat
S1 (Source 1) Control register = @ — — — — — — X — —
S2 (Source 2) Deceleration input X — A — — — — _ _
D1 (Destination 1) Status relay —_ — A — — — — _ _

Source operand S1 (control register) uses 5 data registers starting with the operand designated as S1. Data registers DO
through D1295 and D2000 through D7995 can be designated as S1. For details, see the following pages.

Source operand S2 (deceleration input) can designate inputs 10 through 1307 and internal relays MO through M1277. Spe-
cial internal relays cannot be designated as S2.

Destination operand D1 (status relay) uses 2 internal relays starting with the operand designated as D1. Internal relays MO
through M1276 can be designated as D1. Special internal relays cannot be designated as D1. For details, see page 6-2.
Source Operand S1 (Control Register)

Store appropriate values to data registers starting with the operand designated by S1 before executing the ZRN instruction
as required, and make sure that the values are within the valid range. Operand S1+4 is for read only.

Operand Function Description R/W
0: 10 to 1,000 Hz
S1+0 Initial operation mode 1: 100 to 10,000 Hz R/W
2: 1,000 to 20,000 Hz

When S1+0 (initial operation mode) = 0 or 1: 1 to 100 (%)

(1% to 100% of the maximum frequency of selected mode S1+0)
When S1+0 (initial operation mode) = 2: 1 to 20 (x5%)

(5% to 100% of the maximum frequency of selected mode S1+0)
0: 10 to 1,000 Hz

S1+2 Creep operation mode 1: 100 to 10,000 Hz R/W
2: 1,000 to 20,000 Hz

When S1+0 (creep operation mode) = 0 or 1: 1 to 100 (%)

(1% to 100% of the maximum frequency of selected mode S1+2)
When S1+0 (creep operation mode) = 2: 1 to 20 (x5%)

(5% to 100% of the maximum frequency of selected mode S1+2)
S1+4 Error status Oto2 R

S1+1 Initial pulse frequency R/W

S1+3 Creep pulse frequency R/W
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20: PULSE INSTRUCTIONS

S$1+0 Initial Operation Mode

The value stored in the data register designated by operand S1+0 determines the frequency range of the high-frequenc
initial pulse output.

0: 10 to 1,000 Hz

1: 100 to 10,000 Hz

2: 1,000 to 20,000 Hz

S1+1 Initial Pulse Frequency

The value stored in the data register designated by operand S1+1 specifies the frequency of the initial pulse output in p
cent of the maximum of the frequency range selected by S1+0. When S1+0 is set to 0 (10 to 1,000 Hz) or 1 (100 to 10,0
Hz), valid values for operand S1+1 are 1 through 100, thus the initial pulse frequency can be 10 to 1,000 Hz or 100 to
10,000 Hz, respectively. When S1+0 is set to 2 (1,000 to 20,000 Hz), valid values for operand S1+1 are 1 through 20 at
the S1+1 value multiplied by 5 determines the initial pulse frequency, thus the initial pulse frequency can be 1,000 to
20,000 Hz.

Initial Operation Mode Initial Pulse Frequency (Hz)
Oor1l Maximum frequency (Hz) selected by S1+0 x S1+1 value (%)
2 Maximum frequency (Hz) selected by S1+0 x S1+1 value (x5%)

S1+2 Creep Operation Mode

The value stored in the data register designated by operand S1+2 determines the frequency range of the low-frequency
creep pulse output.

0: 10 to 1,000 Hz

1: 100 to 10,000 Hz

2: 1,000 to 20,000 Hz

S$1+3 Creep Pulse Frequency

The value stored in the data register designated by operand S1+3 specifies the frequency of the creep pulse output in |
cent of the maximum of the frequency range selected by S1+2. When S1+2 is set to 0 (10 to 1,000 Hz) or 1 (100 to 10,0
Hz), valid values for operand S1+3 are 1 through 100, thus the creep pulse frequency can be 10 to 1,000 Hz or 100 to
10,000 Hz, respectively. When S1+2 is set to 2 (1,000 to 20,000 Hz), valid values for operand S1+3 are 1 through 20 ar
the S1+3 value multiplied by 5 determines the creep pulse frequency, thus the creep pulse frequency can be 1,000 to
20,000 Hz.

Creep Operation Mode Creep Pulse Frequency (Hz)
Oor1l Maximum frequency (Hz) selected by S1+2 x S1+3 value (%)
2 Maximum frequency (Hz) selected by S1+2 x S1+3 value (x5%)

S1+4 Error Status

When the start input for the ZRN1 or ZRN2 instruction is turned on, operand values are checked. When any error is fout
in the operand values, the data register designated by operand S1+4 stores an error code.

Error Code Description
0 Normal
1 Operation mode designation error (S1+0 or S1+2 stores other than O through 2)
2 Output pulse frequency designation error (S1+1 or S1+3 stores other than 1 through 100)
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Source Operand S2 (Deceleration Input)

When the deceleration input turns on while the ZRN instruction is generating output pulses of the initial pulse frequency,
the pulse frequency is changed to the creep pulse frequency. When the deceleration input turns off, the ZRN instruction
stops generating output pulses.

When using the ZRN1 and ZRN2 instructions, designate different input or internal relay numbers as deceleration inputs
for the ZRN1 and ZRN2 instructions. If the same deceleration input is used and both the ZRN1 and ZRN2 instructions are
executed at the same time, the pulse outputs may not turn off when the deceleration input turns on.

The deceleration input is available in two types depending on the designated operand number.

Operand Function Description
$2 High-speed deceleration input 12,13, 14, I5
Normal deceleration input 10, 11, 16 through 1307, MO through M1277

High-speed Deceleration Input (12, 13, 14, 15)

The high-speed deceleration input uses interrupt processing to read the deceleration input signal immediately without
regard to the scan time.

When 12 through 15 are used as a deceleration input for the ZRN instruction, designate these input numbers as normal
inputs in the Function Area Settings. If I2 through 15 used as a deceleration input are designated as an interrupt input, catch
input, or high-speed counter input in the Function Area Settings, the inputs work as a deceleration input for the ZRN
instruction; the designation in the Function Area Settings will have no effect.

When using a high-speed deceleration input, make sure that the input contact does not bounce. If the input signal contains
chatter, the pulse output will be stopped immediately.
Normal Deceleration Input (10, 11, 16 through 1307, MO through M1277)

The normal deceleration input reads the deceleration input signal when the input data is updated at the END processing, so
the timing of accepting the deceleration input depends on the scan time.

Destination Operand D1 (Status Relay)

Two internal relays starting with the operand designated by D1 indicate the status of the ZRN instruction. These operands
are for read only.

Operand Function Description R/W

0: Pulse output OFF
1: Pulse output ON

D1+0 Pulse output ON

0: Pulse output not complete

D1+1 Pulse output complete 1: Pulse output complete

D1+0 Pulse Output ON

The internal relay designated by operand D1+0 remains on while the ZRN instruction generates output pulses. When the
start input or deceleration input for the ZRN instruction is turned off to stop generating output pulses, the internal relay
designated by operand D1+0 turns off.

D1+1 Pulse Output Complete

The internal relay designated by operand D1+1 turns on when the deceleration input for the ZRN instruction is turned off
to stop generating output pulses. When the start input for the ZRN instruction is turned on, the internal relay designated by
operand D1+1 turns off.
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Timing Chart for Zero-return Operation

This program demonstrates a timing chart of the ZRN1 instruction when input 12 is used for a high-speed deceleration
input.

}— ZRN S1 S2 D1
’_ﬂo 1 D200 12 M10 “

Start Input 10 I
Deceleration Input 12 | I

Initial Pulse Frequency

Creep Pulse Frequency — - ----------------------oooooo oo

Output Pulse QO

Pulse Output ON M10 I |
Pulse Output Complete M11 |

e When input 10 is turned on, ZRN1 starts to generate output pulses of the initial pulse frequency designated by the
value stored in data register D201. While the output pulses are sent out from output QO, internal relay M10
remains on.

e When deceleration input 12 is turned on, the output pulse frequency immediately reduces to the creep pulse fre-
quency designated by the value stored in data register D203.

e When deceleration input 12 is turned off, ZRN1 stops generating output pulses immediately. Then internal relay
M10 turns off, and internal relay M11 turns on.

e |f parameter values in D200 through D203 are changed while generating output pulses, the change takes effect
when start input [0 is turned on for the next cycle.

e |f start input 10 is turned off while generating output pulses of either initial or creep pulse frequency, ZRN1 stops
generating output pulses, then internal relay M10 turns off and internal relay M11 turns on. When input 10 is
turned on again, ZRN1 restarts to generate output pulses for another cycle, starting at the initial pulse frequency.

e |f deceleration input 12 is already on when start input 10 turns on, ZRN1 starts to generate pulse outputs of the
creep pulse frequency.
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Sample Program: ZRN1

This program demonstrates a user program of the ZRN1 instruction used for zero-return operation to generate output
pulses of 3 kHz initial pulse frequency from output QO while input 11 is on. When deceleration input I3 is turned on, the
output pulse frequency reduces to the creep pulse frequency of 800 Hz. When deceleration input 13 is turned off, ZRN1
stops generating output pulses.

Initial pulse frequency: 3,000 Hz
Creep pulse frequency: 800 Hz
Deceleration input: I3 (high-speed deceleration input)

Operand Settings

Operand Function Description Allocation No. (Value)
S1+0 Initial operation mode Frequency range 100 to 10,000 Hz DO (1)
S1+1 Initial pulse frequency 10,000 Hz x 30% = 3,000 Hz D1 (30)
S1+2 Creep operation mode Frequency range 10 to 1,000 Hz D2 (0)
S1+3 Creep pulse frequency 1,000 Hz x 80% = 800 Hz D3 (80)
S1+4 Error status D4
S2 Deceleration input High-speed deceleration input 13
0: Pulse output OFF
D1+0 Pulse output ON 1: Pulse output ON M100
D1+1 Pulse output complete O Pulse output not complete M101
1: Pulse output complete
Iy MOV(W) S1- D1- REP L M8120 is the initialize pulse special internal relay.
M8120 1 DO When the CPU starts, four MOV(W) instructions store parameters to data

registers DO through D3.
Ll MOV(W) S1- D1- REP H

30 D1 DO (initial operation mode): 1 (100 to 10,000 Hz)
e . 0f —
| Movw)  s1- DL-  Rep L D1 (initial pulse frequency): 30 (10,000 Hz x 30% = 3,000 Hz)
0 D2 D2 (creep operation mode): 0 (10 to 1,000 Hz)
L [MOv(w)  s1- D1—- REP U D3 (creep pulse frequency): 80 (1,000 Hz x 80% = 800 Hz)
80 D3
(®—{ Pulse output ON flag M100 is turned off.
M100
®_ Pulse output complete flag M101 is turned off.
M101
| — ZRN S1 S2 D1 K When startinput 11 is turned on, ZRN1 starts to generate output pulses
11 1 DO I3 M100 from output QO.
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Introduction

The PID instruction implements a PID (proportional, integral, and derivative) algorithm with built-in auto tuning to deter-
mine PID parameters, such as proportional gain, integral time, derivative time, and control action automatically. The PIL
instruction is primarily designed for use with an analog I/O module to read analog input data, and turns on and off a des
nated output to perform PID control in applications such as temperature control described in the application example or
page 21-14. In addition, when the output manipulated variable is converted, the PID instruction can also generate an ar

log output using an analog 1/0O module.

A Warning

« Special technical knowledge about the PID control is required to use the PID function of the
MicroSmart. Use of the PID function without understanding the PID control may cause the

MicroSmart to perform unexpected operation, resulting in disorder of the control system, dam-

age, or accidents.

« When using the PID instruction for feedback control, emergency stop and interlocking circuits

must be configured outside théicroSmart. If such a circuit is configured inside thié&roSmart,
failure of inputting the process variable may cause equipment damage or accidents.

Upgrade Information

Upgraded CPU modules of all-in-one 24-1/0 types and slim types have an additional option for the integral start coeffi-
cient (S1+10) to execute an integral action within the proportional band. Applicable CPU modules and system program
versions are shown in the table below. For the procedure to confirm the system program version of the CPU module, se

page 28-1.
All-in-One Type Slim Type
FC4A-D20RK1
CPU Module FC4A-C10R2 FC4A-C16R2 FC4A-C24R2 FC4A-D20K3 | FC4A-D20RS1
FC4A-C10R2C | FC4A-C16R2C | FC4A-C24R2C | FC4A-D20S3 | FC4A-D40K3
FC4A-D40S3
System Program Version — — 202 or higher 202 or higher 201 or higher

« MICROSMART USER’S MANUAL »

211



21: PID INSTRUCTION

PID (PID Control)

When input is on, auto tuning and/or PID action is exe-
}— PID S1 S2 S3 S4 D1

cuted according to the value (O through 2) stored in a
data register operand assigned for operation mode.

Applicable CPU Modules and Quantity of PID Instructions
A maximum of 8 or 14 PID instructions can be used in a user program, depending on the CPU module type.

FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

_ _ X (8) X (8) X (14)

Valid Operands

Operand Function | Q M R T C D Constant
S1 (Source 1) Control register — — — — — — DO-D7973 —
S2 (Source 2) Control relay — Q0-Q300 MO-M1270 — — — — —
S3 (Source 3) Set point — — — — — — DO-D7999 0-4095
S4 (Source 4) Process variable (before conversion) — — — — — — DO-D7999 —
D1 (Destination 1) Manipulated variable — — — — — — DO-D7999 —

For the valid operand number range, see pages 6-1 and 6-2.

Source operand S1 (control register) uses 27 data registers starting with the operand designated by S1. Data registers DO
through D1273 and D2000 through D7973 can be designated by S1. For details, see the following pages.

Source operand S2 (control relay) uses 8 points of outputs or internal relays starting with the operand designated by S2.
Outputs QO through Q300 and internal relays MO through M1270 can be designated by S2. For details, see page 21-11.

Source operand S3 (set point): When the linear conversion is disabled (S1+4 set to 0), the valid range of the set point (S3)
is 0 through 4095 which can be designated using a data register or constant. When the linear conversion is enabled (S1+4
set to 1), the valid range is —32768 to 32767 that is a value after linear conversion. Use a data register to designate a nega-
tive value for a set point when the linear conversion is used. For details, see page 21-12.

Source operand S4 (process variable) is designated using a data register allocated as analog input data of the connected
analog 1/0 module, such as D760 or D766. See page 24-2. To read input data from an analog I/O module, designate a
proper data register number depending on the slot position of the analog I/O module and the analog input channel number
connected to the analog input source. For details, see page 21-13.

Destination operand D1 (manipulated variable) stores —32768 through 32767 that is a calculation result of the PID action.
For details, see page 21-13.
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21: PID INSTRUCTION

Source Operand S1 (Control Register)

Store appropriate values to data registers starting with the operand designated by S1 before executing the PID instructi
as required, and make sure that the values are within the valid range. Operands S1+0 through S1+2 are for read only, ¢
operands S1+23 through S1+26 are reserved for the system program.

Operand Function Description R/W
When S1+4 (linear conversion) = 1 (enable linear conversion):
S140 Process variable Stores the process variable after conversion. R
(after conversion) When S1+4 (linear conversion) = O (disable linear conversion):
Stores the process variable without conversion.
Stores the output manipulated variable (manual mode output variable and AT
S1+1 Output manipulated variable output manipulated variable) in percent. R
0 to 100 (0% to 100%)
S1+2 Operating status Stores the operating or error status of the PID instruction. R
0: PID action
S1+3 Operation mode 1: AT (auto tuning) + PID action R/W

2: AT (auto tuning)

. . 0: Disable linear conversion
S1+4 Linear conversion . . R/W
1: Enable linear conversion

Linear conversion maximum

S1+5 -32768 to +32767 R/W
value
S1+6 t;r;;ezr conversion minimum 30768 t0 +32767 R/W

1 to 10000 (0.01% to 100.00%)

S1+7 | Proportional gain 0 designates 0.01%, >10001 designates 100.00% R/W

S1+8 Integral time 1 to 65535 (0.1 sec to 6553.5 sec), O disables integral action R/W

S1+9 Derivative time 1 to 65535 (0.1 sec to 6553.5 sec), O disables derivative action R/W
0 0, > H 0,

S1410 Integral start coefficient 1 to 100 (1% to 100%), O and =101 (except 200) designate 100% R/W

200 executes integral action within the proportional band (upgraded CPU only)
S1+11 Input filter coefficient 0 to 99 (0% to 99%), =100 designates 99% R/W
1 to 10000 (0.01 sec to 100.00 sec)

S1+12 Sampling period 0 designates 0.01 sec, 210001 designates 100.00 sec R/W
) 1 to 500 (0.1 sec to 50.0 sec)
S1+13 Control period 0 designates 0.1 sec, 2501 designates 50.0 sec R/W
When S1+4 (linear conversion) = 0: O to 4095 (=4096 designates 4095)
S1+14 High alarm value When S1+4 = 1: Linear conversion min. < High alarm < Linear conversion max. R/W

When S1+14 < S1+6 (linear conversion min.), S1+6 becomes high alarm.
When S1+14 > S1+5 (linear conversion max.), S1+5 becomes high alarm.

When S1+4 (linear conversion) = 0: O to 4095 (=4096 designates 4095)
S1+15 Low alarm value When S1+4 = 1: Linear conversion min. < Low alarm < Linear conversion max. R/W
When S1+15 < S1+6 (linear conversion min.), S1+6 becomes low alarm.

When S1+15 > S1+5 (linear conversion max.), S1+5 becomes low alarm.

Output manipulated variable

S1+16 . 0 to 100, 10001 to 10099 (other values designate 100) R/W
upper limit

s1+17 | Output manipulated variable 0 to 100 (2101 designates 100) R/W
lower limit
Manual mode output .

S1+18 0 to 100 (=101 designates 100) R/W

manipulated variable

1 to 10000 (0.01 sec to 100.00 sec)

S1+19 AT sampling period 0 designates 0.01 sec, 210001 designates 100.00 sec R/W
. 1 to 500 (0.1 sec to 50.0 sec)

S1+20 AT control period 0 designates 0.1 sec, 2501 designates 50.0 sec R/W
. When S1+4 (linear conversion) = 0: O to 4095 (24096 designates 4095)

Si+21 AT set point When S1+4 = 1: Linear conversion min. < AT set point < Linear conversion max. R/W

S1+22 AT output manipulated variable 0 to 100 (=101 designates 100) R/W

S1+23

S1+24 ) ) )

S1425 — Reserved for processing the PID instruction —

S1+26

Note: The value stored in the data register designated by S1+3 (operation mode) is checked only when the start input for
the PID instruction is turned on. Values in all other control registers are refreshed in every scan.
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S1+0 Process Variable (after conversion)

When the linear conversion is enabled (S1+4 set to 1), the data register designated by S1+0 stores the linear conversion
result of the process variable (S4). The process variable (S1+0) takes a value between the linear conversion minimum
value (S1+6) and the linear conversion maximum value (S1+5).

When the linear conversion is disabled (S1+4 is set to 0), the data register designated by S1+0 stores the same value as the
process variable (S4).
S1+1 Output Manipulated Variable

While the PID action is in progress, the data register designated by S1+1 holds 0 through 100 read from the manipulated
variable, —32768 through 32767, stored in the data register designated by D1, omitting values less than 0 and greater than
100. The percent value in S1+1 determines the ON duration of the control output (S2+6) in proportion to the control

period (S1+13).

While manual mode is enabled with the auto/manual mode control relay (S2+1) set to on, S1+1 stores 0 through 100 read
from the manual mode output manipulated variable (S1+18).

While auto tuning (AT) is in progress, S1+1 stores 0 through 100 read from the AT output manipulated variable (S1+22).

S1+2 Operating Status
The data register designated by S1+2 stores the operating or error status of the PID instruction.

Status codes 1X through 6X contain the time elapsed after starting auto tuning or PID action. X changes from O through 9
in 10-minute increments to represent 0 through 90 minutes. The time code remains 9 after 90 minutes has elapsed. When
the operation mode (S1+3) is set to 1 (AT+PID), the time code is reset to 0 at the transition from AT to PID.

Status codes 100 and above indicate an error, stopping the auto tuning or PID action. When these errors occur, a user pro-
gram execution error will result, turning on the ERR LED and special internal relay M8004 (user program execution
error). To continue operation, enter correct parameters and turn on the start input for the PID instruction.

Status Code Description Operation
1X AT in progress .
AT is normal.
2X AT completed
5X PID action in progress
6X PID set point (S3) is reached. Status code changes from 5X to 6X once the PID set pointis | PID action is normal.
reached.
100 The operation mode (S1+3) is set to a value over 2.
101 The linear conversion (S1+4) is set to a value over 1.
102 When the linear conversion is enabled (S1+4 to 1), the linear conversion maximum value

(S1+5) and the linear conversion minimum value (S1+6) are set to the same value.

The output manipulated variable upper limit (S1+16) is set to a value smaller than the out-

103 put manipulated variable lower limit (S1+17).
When the linear conversion is enabled (S1+4 set to 1), the AT set point (S1+21) is set to a PID action or AT is
104 value larger than the linear conversion maximum value (S1+5) or smaller than the linear con- stopped because of
version minimum value (S1+6). incorrect parameter
105 When the linear conversion is disabled (S1+4 set to 0), the AT set point (S1+21) is set to a | S€ttings.

value larger than 4095.

When the linear conversion is enabled (S1+4 set to 1), the set point (S3) is set to a value
106 larger than the linear conversion maximum value (S1+5) or smaller than the linear conver-
sion minimum value (S1+6).

When the linear conversion is disabled (S1+4 set to 0), the set point (S3) is set to a value
larger than 4095.

The current control action (S2+0) differs from that determined at the start of AT. To restart
AT, set correct parameters referring to the probable causes listed below:

e The manipulated variable (D1) or the control output (S2+6) is not outputted to the control
target correctly.

e The process variable is not stored to the operand designated by S4.

e The AT output manipulated variable (S1+22) is not set to a large value so that the process
variable (S4) can change sufficiently.

e A large disturbance occurred.

107

200

AT is stopped because
of AT execution error.

AT failed to complete normally because the process variable (S4) fluctuated excessively. To
201 restart AT, set the AT sampling period (S1+19) or the input filter coefficient (S1+11) to a
larger value.
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S1+3 Operation Mode

When the start input for the PID instruction is turned on, the CPU module checks the value stored in the data register d
ignated by S1+3 and executes the selected operation. The selection cannot be changed while executing the PID instruc

0: PID action
The PID action is executed according to the designated PID parameters such as proportional gain (S1+7), integral tir
(S1+8), derivative time (S1+9), and control action (S2+0).

1: AT (auto tuning) + PID action
Auto tuning is first executed according to the designated AT parameters such as AT sampling period (S1+19), AT col
trol period (S1+20), AT set point (S1+21), and AT output manipulated variable (S1+22). As a result of auto tuning, PIC
parameters are determined such as proportional gain (S1+7), integral time (S1+8), derivative time (S1+9), and contr
direction (S2+0), then PID action is executed according to the derived PID parameters.

2: AT (auto tuning)
Auto tuning is executed according to designated AT parameters to determine PID parameters such as proportional g
(S1+7), integral time (S1+8), derivative time (S1+9), and control direction (S2+0); PID action is not executed.

S1+4 Linear Conversion

0: Disable linear conversion
Linear conversion is not executed. When the linear conversion is disabled (S1+4 set to 0), the analog input data (0
through 4095) from the analog I/O module is stored to the process variable (S4), and the same value is stored to the
process variable (S1+0) without conversion.

1: Enable linear conversion
The linear conversion function is useful for scaling the process variable to the actual measured value in engineering
units.

When the linear conversion is enabled (S1+4 set to 1), the analog input data (0 through 4095) from the analog 1/0O mc
ule is linear-converted, and the result is stored to the process variable (S1+0). When using the linear conversion, sei
proper values to the linear conversion maximum value (S1+5) and linear conversion minimum value (S1+6) to specif
the linear conversion output range. When using the linear conversion function in a temperature control application,
temperature values can be used to designate the set point (S3), high alarm value (S1+14), low alarm value (S1+15),
AT set point (S1+21), and also to read the process variable (S1+0).

Linear Conversion Result
Linear Conversion Maximum Value (S1+5)

Set point (S3), AT set point (S1+21), and process
variable (S1+0) must be within this range.

Linear Conversion Minimum Value (S1+6)

Analog Input Data

S1+5 Linear Conversion Maximum Value

When the linear conversion is enabled (S1+4 set to 1), set the linear conversion maximum value to the data register de:
nated by S1+5. Valid values are —32768 through 32767, and the linear conversion maximum value must be larger than
linear conversion minimum value (S1+6). Select an appropriate value for the linear conversion maximum value to repre
sent the maximum value of the input signal to the analog I/0O module.

When the linear conversion is disabled (S1+4 set to 0), you don’t have to set the linear conversion maximum value (S1+

S$1+6 Linear Conversion Minimum Value

When the linear conversion is enabled (S1+4 set to 1), set the linear conversion minimum value to the data register des
nated by S1+6. Valid values are —32768 through 32767, and the linear conversion minimum value must be smaller than 1
linear conversion maximum value (S1+5). Select an appropriate value for the linear conversion minimum value to repre
sent the minimum value of the input signal to the analog 1/0 module.

When the linear conversion is disabled (S1+4 set to 0), you don'’t have to set the linear conversion minimum value (S1+
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Example:

When type K thermocouple is connected, the analog input data ranges from 0 through 4095. To convert the analog input
data to actual measured temperature values, set the following parameters.

Linear conversion (S1+4): 1 (enable linear conversion)
Linear conversion maximum value (S1+5): 1300 (1300°C)
Linear conversion minimum value (S1+6): 0 (0°C)

Process Variable after Conversion (S1+0)

Linear Conversion Maximum Value (S1+5): 1300 (1300°C) [~ ===~~~ ----r oo 2

Linear Conversion Minimum Value (S1+6): 0 (0°C)

0 Analog Input Data 4095

S1+7 Proportional Gain
The proportional gain is a parameter to determine the amount of proportional action in the proportional band.

When auto tuning is used by setting the operation mode (S1+3) to 1 (AT+PID) or 2 (AT), a proportional gain is determined
automatically and does not have to be specified by the user.

When auto tuning is not used by setting the operation mode (S1+3) to 0 (PID), set a required value of 1 through 10000 to
specify a proportional gain of 0.01% through 100.00% to the data register designated by S1+7. When S1+7 stores 0, the
proportional gain is set to 0.01%. When S1+7 stores a value larger than 10000, the proportional gain is set to 100.00%.

When the proportional gain is set to a large value, the proportional band becomes small and the response becomes fast, but
overshoot and hunching will be caused. In contrast, when the proportional gain is set to a small value, overshoot and
hunching are suppressed, but response to disturbance will become slow.

While the PID action is in progress, the proportional gain value can be changed by the user.

S1+8 Integral Time

When only the proportional action is used, a certain amount of difference (offset) between the set point (S3) and the pro-
cess variable (S1+0) remains after the control target has reached a stable state. An integral action is needed to reduce the
offset to zero. The integral time is a parameter to determine the amount of integral action.

When auto tuning is used by setting the operation mode (S1+3) to 1 (AT+PID) or 2 (AT), an integral time is determined
automatically and does not have to be specified by the user.

When auto tuning is not used by setting the operation mode (S1+3) to 0 (PID), set a required value of 1 through 65535 to
specify an integral time of 0.1 sec through 6553.5 sec to the data register designated by S1+8. When S1+8 is set to 0, the
integral action is disabled.

When the integral time is too short, the integral action becomes too large, resulting in hunching of a long period. In con-
trast, when the integral time is too long, it takes a long time before the process variable (S1+0) reaches the set point (S3).

While the PID action is in progress, the integral time value can be changed by the user.

S1+9 Derivative Time

The derivative action is a function to adjust the process variable (S1+0) to the set point (S3) by increasing the manipulated
variable (D1) when the set point (S3) is changed or when the difference between the process variable (S1+0) and the set
point (S3) is increased due to disturbance. The derivative time is a parameter to determine the amount of derivative action.

When auto tuning is used by setting the operation mode (S1+3) to 1 (AT+PID) or 2 (AT), a derivative time is determined
automatically and does not have to be specified by the user.

When auto tuning is not used by setting the operation mode (S1+3) to 0 (PID), set a required value of 1 through 65535 to
specify a derivative time of 0.1 sec through 6553.5 sec to the data register designated by S1+9. When S1+9 is set to O, the
derivative action is disabled.
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When the derivative time is set to a large value, the derivative action becomes large. When the derivative action is too
large, hunching of a short period is caused.

While the PID action is in progress, the derivative time value can be changed by the user.

S1+10 Integral Start Coefficient

The integral start coefficient is a parameter to determine the point, in percent of the proportional term, where to start the
integral action. Normally, the data register designated by S1+10 (integral start coefficient) stores 0 to select an integral
start coefficient of 100% and the integral start coefficient disable control relay (S2+3) is turned off to enable integral stau
coefficient. When the PID action is executed according to the PID parameters determined by auto tuning, proper control
ensured with a moderate overshoot and no offset.

It is also possible to set a required value of 1 through 100 to start the integral action at 1% through 100% to the data re
ter designated by S1+10. When S1+10 stores 0 or a value larger than 100 (except for 200), the integral start coefficient
set to 100%.

Another optional value of 200 is available on upgraded CPU modules with system program ver. 202 (FC4A-C24Rz2,
FC4A-C24R2C, FC4A-D20K3, and FC4A-D20S3) and system program ver. 201 (FC4A-D20RK1, FC4A-D20RS1,
FC4A-D40K3, and FC4A-D40S3) or higher.

When 200 is set to S1+10 in these upgraded CPU modules, the integral action is enabled only while the process variab
(S4) is within the proportional band. When the process variable runs off the proportional band due to disturbance or chat
ing of the set point, the integral action is disabled, so that adjustment of the output manipulated variable (S1+1) is
improved with little overshoot and undershoot.

To enable the integral start coefficient, turn off the integral start coefficient disable control relay (S2+3). When S2+3 is
turned on, the integral start coefficient is disabled and the integral term takes effect at the start of the PID action.

When the integral term is enabled at the start of the PID action, a large overshoot is caused. The overshoot can be sup
pressed by delaying the execution of the integral action in coordination with the proportional term. The PID instruction i
designed to achieve proper control with a small or moderate overshoot when the integral start coefficient is set to 100%
Overshoot is most suppressed when the integral start coefficient is set to 1% and is least suppressed when the integral
coefficient is set to 100%. When the integral start coefficient is too small, overshoot is eliminated but offset is caused.

S1+11 Input Filter Coefficient

The input filter has an effect to smooth out fluctuations of the process variable (S4). Set a required value of O through 99
specify an input filter coefficient of 0% through 99% to the data register designated by S1+11. When S1+11 stores a val
larger than 99, the input filter coefficient is set to 99%. The larger the coefficient, the larger the input filter effect.

The input filter is effective for reading a process variable (S4) such as temperature data when the value changes at eac
sampling time. The input filter coefficient is in effect during auto tuning and PID action.
S1+12 Sampling Period

The sampling period determines the interval to execute the PID instruction. Set a required value of 1 through 10000 to

specify a sampling period of 0.01 sec through 100.00 sec to the data register designated by S1+12. When S1+12 store
the sampling period is set to 0.01 sec. When S1+12 stores a value larger than 10000, the sampling period is set to 100
sec.

When a sampling period is set to a value smaller than the scan time, the PID instruction is executed every scan.

Example — Sampling period: 40 msec, Scan time: 80 msec (Sampling period < Scan time)

1 scan 1 scan 1 scan 1 scan 1 scan 1 scan
4 4 \
80 msec 80 msec 80 msec 80 msec 80 msec
PID PID PID PID PID PID
Executed Executed Executed Executed Executed Executed
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Example — Sampling period: 80 msec, Scan time: 60 msec (Sampling period > Scan time)

«— 1 scan —>}<— 1 scan —»f=<— 1 scan 1 scan 1 scan 1 scan 1 scan 1 scan —>

\ \
60 msec 60 msec 60 msec 60 msec 60 msec 60 msec 60 msec

PID PID Not PID PID PID PID Not PID PID
Executed Executed Executed Executed Executed Executed Executed Executed

60 msec » (120 msec) (100 msec) 80 msec 60 msec —» (120 msec) (100 msec)

v oy 7 v/

40 msec 20 msec 0 msec 40 msec 20 msec

S1+13 Control Period

The control period determines the duration of the ON/OFF cycle of the control output (S2+6) that is turned on and off
according to the output manipulated variable (S1+1) calculated by the PID action or derived from the manual mode output
manipulated variable (S1+18). Set a required value of 1 through 500 to specify a control period of 0.1 sec through 50.0 sec
to the data register designated by S1+13. When S1+13 stores 0, the control period is set to 0.1 sec. When S1+13 is setto a
value larger than 500, the control period is set to 50.0 sec.

The ON pulse duration of the control output (S2+6) is determined by the product of the control period (S1+13) and the
output manipulated variable (S1+1).

Example - Control period: 5 sec (S1+13 is set to 50)

Output Manipulated Variable (S1+1) 80% 60% 50%
Control Output (S2+6) OFF ‘ ON (4 sec) OFF | ON (3 sec) OFF | ON (2.5 sec) OFF
Control Period (S1+13) P 5 sec P 5 sec | 5 sec _

S1+14 High Alarm Value

The high alarm value is the upper limit of the process variable (S1+0) to generate an alarm. When the process variable is
higher than or equal to the high alarm value, the high alarm output control relay (S2+4) is turned on. When the process
variable is lower than the high alarm value, the high alarm output control relay (S2+4) is turned off.

When the linear conversion is disabled (S1+4 set to 0), set a required high alarm value of 0 through 4095 to the data regis-
ter designated by S1+14. When S1+14 stores a value larger than 4095, the high alarm value is set to 4095.

When the linear conversion is enabled (S1+4 set to 1), set a required high alarm value of —32768 through 32767 to the data
register designated by S1+14. The high alarm value must be larger than or equal to the linear conversion minimum value
(S1+6) and must be smaller than or equal to the linear conversion maximum value (S1+5). If the high alarm value is set to
a value smaller than the linear conversion minimum value (S1+6), the linear conversion minimum value will become the
high alarm value. If the high alarm value is set to a value larger than the linear conversion maximum value (S1+5), the lin-
ear conversion maximum value will become the high alarm value.

S1+15 Low Alarm Value

The low alarm value is the lower limit of the process variable (S1+0) to generate an alarm. When the process variable is
lower than or equal to the low alarm value, the low alarm output control relay (S2+5) is turned on. When the process vari-
able is higher than the low alarm value, the low alarm output control relay (S2+5) is turned off.

When the linear conversion is disabled (S1+4 set to 0), set a required low alarm value of 0 through 4095 to the data register
designated by S1+15. When S1+15 stores a value larger than 4095, the low alarm value is set to 4095.

When the linear conversion is enabled (S1+4 set to 1), set a required low alarm value of —32768 through 32767 to the data
register designated by S1+15. The low alarm value must be larger than or equal to the linear conversion minimum value
(S1+6) and must be smaller than or equal to the linear conversion maximum value (S1+5). If the low alarm value is set to
a value smaller than the linear conversion minimum value (S1+6), the linear conversion minimum value will become the
low alarm value. If the low alarm value is set to a value larger than the linear conversion maximum value (S1+5), the linear
conversion maximum value will become the low alarm value.
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S$1+16 Output Manipulated Variable Upper Limit

The value contained in the data register designated by S1+16 specifies the upper limit of the output manipulated variab
(S1+1) in two ways: direct and proportional.

$1+16 Value 0 through 100

When S1+16 contains a value 0 through 100, the value directly determines the upper limit of the output manipulated va
able (S1+1). If the manipulated variable (D1) is greater than or equal to the upper limit value (S1+1), the upper limit valu
is outputted to the output manipulated variable (S1+1). Set a required value of 0 through 100 for the output manipulatec
variable upper limit to the data register designated by S1+16. When S1+16 stores a value larger than 100 (except 1000
through 10099), the output manipulated variable upper limit (S1+16) is set to 100. The output manipulated variable upp
limit (S1+16) must be larger than the output manipulated variable lower limit (S1+17).

To enable the manipulated variable upper limit, turn on the output manipulated variable limit enable control relay (S2+2)
When S2+2 is turned off, the output manipulated variable upper limit (S1+16) has no effect.

$1+16 Value 10001 through 10099 (disables Output Manipulated Variable Lower Limit S1+17)

When S1+16 contains a value 10001 through 10099, the value minus 10000 determines the ratio of the output manipula
variable (S1+1) in proportion to the manipulated variable (D1) of 0 through 100. The output manipulated variable (S1+1
can be calculated by the following equation:

Output manipulated variable (S1+1) = Manipulated variable (D1) x (N — 10000)
where N is the value stored in the output manipulated variable upper limit (S1+16), 10001 through 10099.

If the manipulated variable (D1) is greater than or equal to 100, 100 multiplied by (N — 10000) is outputted to the output
manipulated variable (S1+1). If D1 is less than or equal to 0, O is outputted to S1+1.

To enable the manipulated variable upper limit, turn on the output manipulated variable limit enable control relay (S2+2)
When S2+2 is turned off, the output manipulated variable upper limit (S1+16) has no effect.

When S1+16 is set to a value 10001 through 10099, the output manipulated variable lower limit (S1+17) is disabled.

S$1+17 Output Manipulated Variable Lower Limit

The value contained in the data register designated by S1+17 specifies the lower limit of the output manipulated variabl
(S1+1). Set a required value of 0 through 100 for the output manipulated variable lower limit to the data register desig-
nated by S1+17. When S1+17 stores a value larger than 100, the output manipulated variable lower limit is set to 100. T
output manipulated variable lower limit (S1+17) must be smaller than the output manipulated variable upper limit
(S1+16).

To enable the output manipulated variable lower limit, turn on the output manipulated variable limit enable control relay
(S2+2), and set the output manipulated variable upper limit (S1+16) to a value other than 10001 through 10099. When t
manipulated variable (D1) is smaller than or equal to the specified lower limit, the lower limit value is outputted to the ou
put manipulated variable (S1+1).

When the output manipulated variable limit enable control relay (S2+2) is turned off, the output manipulated variable
lower limit (S1+17) has no effect.

S$1+18 Manual Mode Output Manipulated Variable

The manual mode output manipulated variable specifies the output manipulated variable (0 through 100) for manual moc
Set a required value of 0 through 100 for the manual mode output manipulated variable to the data register designated
S1+18. When S1+18 stores a value larger than 100, the manual mode output manipulated variable is set to 100.

To enable the manual mode, turn on the auto/manual mode control relay (S2+1). While in manual mode, the PID action
disabled. The specified value of the manual mode output manipulated variable (S1+18) is outputted to the output maniy
lated variable (S1+1), and the control output (S2+6) is turned on and off according to the control period (S1+13) and the
manual mode output manipulated variable (S1+18).

S1+19 AT Sampling Period

The AT sampling period determines the interval of sampling during auto tuning. When using auto tuning, set a required
value of 1 through 10000 to specify an AT sampling period of 0.01 sec through 100.00 sec to the data register designat
by S1+19. When S1+19 stores 0, the AT sampling period is set to 0.01 sec. When S1+19 stores a value larger than 10C
the AT sampling period is set to 100.00 sec.
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Set the AT sampling period to a long value to make sure that the current process variable is smaller than or equal to the pre-
vious process variable during direct control action (S2+0 is on) or that the current process variable is larger thao or equal t
the previous process variable during reverse control action (S2+0 is off).

S1+20 AT Control Period

The AT control period determines the duration of the ON/OFF cycle of the control output (S2+6) during auto tuning. For
operation of the control output, see Control Period on page 21-8.

When using auto tuning, set a required value of 1 through 500 to specify an AT control period of 0.1 sec through 50.0 sec
to the data register designated by S1+20. When S1+20 stores 0, the AT control period is set to 0.1 sec. When S1+20 stores
a value larger than 500, the AT control period is set to 50.0 sec.

S1+21 AT Set Point

While auto tuning is executed, the AT output manipulated variable (S1+22) is outputted to the output manipulated variable
(S1+1) until the process variable (S1+0) reaches the AT set point (S1+21). When the process variable (S1+0) reaches the
AT set point (S1+21), auto tuning is complete and the output manipulated variable (S1+1) is reduced to zero. When PID
action is selected with operation mode (S1+3) set to 1 (AT+PID), the PID action follows immediately.

When the linear conversion is disabled (S1+4 set to 0), set a required AT set point of O through 4095 to the data register
designated by S1+21. When S1+21 stores a value larger than 4095, the AT set point is set to 4095.

When the linear conversion is enabled (S1+4 set to 1), set a required AT set point of —32768 through 32767 to the data reg-
ister designated by S1+21. The AT set point must be larger than or equal to the linear conversion minimum value (S1+6)
and must be smaller than or equal to the linear conversion maximum value (S1+5).

In the direct control action (see page 21-11), set the AT set point (S1+21) to a value sufficiently smaller than the process
variable (S4) at the start of the auto tuning. In the reverse control action, set the AT set point (S1+21) to a valuly sufficient
larger than the process variable (S4) at the start of the auto tuning.

S1+22 AT Output Manipulated Variable

The AT output manipulated variable specifies the amount of the output manipulated variable (0 through 100) during auto
tuning. When using auto tuning, set a required AT output manipulated variable of O through 100 to the data register desig-
nated by S1+22. When S1+22 stores a value larger than 100, the AT output manipulated variable is set to 100.

While auto tuning is executed, the specified value of the AT output manipulated variable (S1+22) is outputted to the output
manipulated variable (S1+1), and the control output (S2+6) is turned on and off according to the AT control period
(S1+20) and the AT output manipulated variable (S1+22). To keep the control output (S2+6) on during auto tuning, set 100
to S1+22.

Auto Tuning (AT)

When auto tuning is selected with the operation mode (S1+3) set to 1 (AT+PID) or 2 (AT), the auto tuning is executed
before starting PID control to determine PID parameters, such as proportional gain (S1+7), integral time (S1+8), derivative
time (S1+9), and control action (S2+0) automatically. MioSmart uses the step response method to execute auto tun-
ing. To enable auto tuning, set four parameters for auto tuning before executing the PID instruction, such as AT sampling
period (S1+19), AT control period (S1+20), AT set point (S1+21), and AT output manipulated variable (S1+22).

Step Response Method

TheMicroSmart uses the step response method to execute auto
tuning and determine PID parameters such as proportional gain
(S1+7), integral time (S1+8), derivative time (S1+9), and control
action (S2+0) automatically. The auto tuning is executed in the AT Set Point (S1+21)
following steps:

Process Variable (S1+0) Maximum Slope

1. Calculate the maximum slope of the process variable (S1+0)
before the process variable reaches the AT set point (S1+21).

2. Calculate the dead time based on the derived maximum slope.

3. Based on the maximum slope and dead time, calculate the four Dead Time
PID parameters.

21-10 « MICROSMART USER’S MANUAL »



21: PID INSTRUCTION

Source Operand S2 (Control Relay)

Turn on or off appropriate outputs or internal relays starting with the operand designated by S2 before executing the PII
instruction as required. Operands S2+4 through S2+7 are for read only to reflect the PID and auto tuning statuses.

Operand Function Description R/W
) ON: Direct control action
S2+0 Control action OFF: Reverse control action R/W
ON: Manual mode
S2+1 Auto/manual mode OFF: Auto mode R/W
S242 Output manipulated ON: Enable output manipulated variable upper and lower limits (S1+16 and S1+17) R/W
variable limit enable OFF: Disable output manipulated variable upper and lower limits (S1+16 and S1+17)
S243 Integral start coefficient ON: Disable integral start coefficient (S1+10) R/W
disable OFF: Enable integral start coefficient (S1+10)
. ON: When process variable (S1+0) = high alarm value (S1+14)
S2+4 | High alarm output OFF: When process variable (S1+0) < high alarm value (S1+14) R
ON: When process variable (S1+0) < low alarm value (S1+15)
S2+5 Low alarm output OFF: When process variable (S1+0) > low alarm value (S1+15) R
S2+6 Control output Goes on and off according to the AT parameters or PID calculation results
S2+7 AT complete output Goes on when AT is complete or failed, and remains on until reset

S$2+0 Control Action

When auto tuning is executed with the operation mode (S1+3) set to 1 (AT+PID) or 2 (AT), the control action is deter-
mined automatically. When auto tuning results in a direct control action, the control action control relay designated by
S2+0 is turned on. When auto tuning results in a reverse control action, the control action control relay designated by S2
is turned off. The PID action is executed according to the derived control action, which remains in effect during the PID

action.
. . . . Process Variable (S1+0)
When auto tuning is not executed with the operation mode

(S1+3) set to 0 (PID), turn on or off the control action control
relay (S2+0) to select a direct or reverse control action, respec-
tively, before executing the PID instruction.

Direct Control Action

In the direct control action, the manipulated variable (D1) is
increased while the process variable (S1+0) is larger than the
set point (S3). Temperature control for cooling is executed in
the direct control action.

Set Point (S3)

Time
. . . . Process Variable (S1+0

In the reverse control action, the manipulated variable (D1) is el )
increased while the process variable (S1+0) is smaller than the
set point (S3). Temperature control for heating is executed in
the reverse control action.

Set Point (S3) [~ =

In either the direct or reverse control action, the manipulated
variable (D1) is increased while the difference between the
process variable (S1+0) and the set point (S3) increases.

Reverse Control Action

Time
S$2+1 Auto/Manual Mode

To select auto mode, turn off the auto/manual mode control relay designated by S2+1 before or after starting the PID
instruction. In auto mode, the PID action is executed and the manipulated variable (D1) stores the PID calculation resul
The control output (S2+6) is turned on and off according to the control period (S1+13) and the output manipulated vari-
able (S1+1).

To select manual mode, turn on the auto/manual mode control relay (S2+1). When using manual mode, set a required

value to the manual mode output manipulated variable (S1+18) before enabling manual mode. In manual mode, the outj
manipulated variable (S1+1) stores the manual mode output manipulated variable (S1+18), and the control output (S2+
is turned on and off according to the control period (S1+13) and the manual mode output manipulated variable (S1+18)

While auto tuning is in progress, manual mode cannot be enabled. Only after auto tuning is complete, auto or manual
mode can be enabled. Auto/manual mode can also be switched while executing the PID instruction.
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S$2+2 Output Manipulated Variable Limit Enable

The output manipulated variable upper limit (S1+16) and the output manipulated variable lower limit (S1+17) are enabled
or disabled using the output manipulated variable limit enable control relay (S2+2).

To enable the output manipulated variable upper/lower limits, turn on S2+2.
To disable the output manipulated variable upper/lower limits, turn off S2+2.

S2+3 Integral Start Coefficient Disable
The integral start coefficient (S1+10) is enabled or disabled using the integral start coefficient disable control relay (S2+3).

To enable the integral start coefficient (S1+10), turn off S2+3; the integral term is enabled as specified by the integral start
coefficient (S1+10).

To disable the integral start coefficient (S1+10), turn on S2+3; the integral term is enabled at the start of the PID action.

S$2+4 High Alarm Output
When the process variable (S1+0) is higher than or equal to the high alarm value (S1+14), the high alarm output control
relay (S2+4) goes on. When S1+0 is lower than S1+14, S2+4 is off.

S$2+5 Low Alarm Output
When the process variable (S1+0) is lower than or equal to the low alarm value (S1+15), the low alarm output control relay
(S2+5) goes on. When S1+0 is higher than S1+15, S2+5 is off.

S$2+6 Control Output

During auto tuning in auto mode with the auto/manual mode control relay (S2+1) set to off, the control output (S2+6) is
turned on and off according to the AT control period (S1+20) and AT output manipulated variable (S1+22).

During PID action in auto mode with the auto/manual mode control relay (S2+1) set to off, the control output (S2+6) is
turned on and off according to the control period (S1+13) and the output manipulated variable (S1+1) calculated by the
PID action.

In manual mode with the auto/manual mode control relay (S2+1) set to on, the control output (S2+6) is turned on and off
according to the control period (S1+13) and the manual mode output manipulated variable (S1+18).

S$2+7 AT Complete Output

The AT complete output control relay (S2+7) goes on when auto tuning is complete or failed, and remains on until reset.
Operating status codes are stored to the operating status control register (S1+2). See page 21-4.

Source Operand S3 (Set Point)
The PID action is executed to adjust the process variable (S1+0) to the set point (S3).

When the linear conversion is disabled (S1+4 set to 0), set a required set point value of 0 through 4095 to the operand des-
ignated by S3. Valid operands are data register and constant.

When the linear conversion is enabled (S1+4 set to 1), designate a data register as operand S3 and set a required set point
value of —32768 through 32767 to the data register designated by S3. Since the PID instruction uses the word data type,
negative constants cannot be entered directly to operand S3. Use the MOV instruction with the integer (I) data type to store

a negative value to a data register. The set point value (S3) must be larger than or equal to the linear conversion minimum
value (S1+6) and smaller than or equal to the linear conversion maximum value (S1+5).

When an invalid value is designated as a set point, the PID action is stopped and an error code is stored to the data register
designated by S1+2. See Operating Status on page 21-4.
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Source Operand S4 (Process Variable before Conversion)

The PID instruction is designed to use analog input data from an analog /0O module as process variable. The analog I/(
module converts the input signal to a digital value of 0 through 4095, and stores the digital value to a data register depe
ing on the mounting position of the analog I/O module and the analog input channel connected to the analog input sour
Designate a data register as source operand S4 to store the process variable.

For example, when the analog I/O module is mounted in the first slot from the CPU module among all analog 1/0 module
(not including digital I/0O modules) and when the analog input signal is connected to analog input channel 0 of the analc
I/0 module, designate D760 as source operand S4. When the analog input is connected to analog input channel 1 of an:
I/0 module No. 3, designate D806 as source operand S4. For details about data register allocation numbers for analog
modules, see page 24-2.

Allocation Numbers for Source Operand S4

Analog 1/0 Module No.
Channel
1 2 3 4 5 6 7
Analog Input Ch 0 D760 D780 D800 D820 D840 D860 D880
Analog Input Ch 1 D766 D786 D806 D826 D846 D866 D886

When an analog 1/0 module is not used for supplying data to source operand S4, make sure that the S4 data takes a v
between 0 and 4095. When S4 stores a value larger than 4095, the process variable is set to 4095.

Destination Operand D1 (Manipulated Variable)

The data register designated by destination operand D1 stores the manipulated variable of —32768 through 32767 calc:
lated by the PID action. When the calculation result is less than —32768, D1 stores —32768. When the calculation result
greater than 32767, D1 stores 32767. While the calculation result is less than —32768 or greater than 32767, the PID act
still continues.

When the output manipulated variable limit is disabled (S2+2 set to off) while the PID action is in progress, the data regi
ter designated by S1+1 holds 0 through 100 of the manipulated variable (D1), omitting values less than 0 and greater th
100. The percent value in S1+1 determines the ON duration of the control output (S2+6) in proportion to the control
period (S1+13).

When the output manipulated variable limit is enabled (S2+2 set to on), the manipulated variable (D1) is stored to the o
put manipulated variable (S1+1) according to the output manipulated variable upper limit (S1+16) and the output manip
lated variable lower limit (S1+17) as summarized in the table below.

While manual mode is enabled with the auto/manual mode control relay (S2+1) set to on, S1+1 stores 0 through 100 of t
manual mode output manipulated variable (S1+18), and D1 stores an indefinite value.

While auto tuning is in progress, S1+1 stores 0 through 100 of the AT output manipulated variable (S1+22), and D1 stor:
an indefinite value.

Examples of Output Manipulated Variable Values

e L. | Voo ppos ook | e Lo | Mt v | O s
(S2+2) (S1+16) (S1+17) (S1+1)
> 100 100
OFF (disabled) — — 1to 99 1to 99
<0 0
> 50 50
50 25 26 to 49 26 to 49
ON (enabled) =2 2
> 100 50
10050 — 1to 99 (1to99) x 0.5
<0 0
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21: PID INSTRUCTION

Application Example

This application example demonstrates a PID control for a heater to keep the temperature at 200°C.

In this example, when the program is started, the PID instruction first executes auto tuning according to the designated AT
parameters, such as AT sampling period, AT control period, AT set point, and AT output manipulated variable, and also the
temperature data inputted to the analog input module. The control output remains on to keep the heater on until the tem-
perature reaches the AT set point of 150°C. Auto tuning determines PID parameters such as proportional gain, integral

time, derivative time, and control action.

When the temperature reaches 150°C, PID action starts to control the temperature to 200°C using the derived PID param-
eters. The heater is turned on and off according to the output manipulated variable calculated by the PID action. When the
heater temperature is higher than or equal to 250°C, an alarm light is turned on by the high alarm output.

The analog input module data is also monitored to force off the heater power switch and force on the high alarm light.

Operand Settings

Operand Function Description Allocation No. (Value)
S1+3 Operation mode AT (auto tuning) + PID action D3 (1)
S1+4 Linear conversion Enable linear conversion D4 (1)
S1+5 Linear conversion maximum value | 1300°C D5 (13000)
S1+6 Linear conversion minimum value | 0°C D6 (0)
S1+10 Integral start coefficient 100% D10 (0)
S1+11 Input filter coefficient 70% D11 (70)
S1+12 Sampling period 500 msec D12 (50)
S1+13 | Control period 1 sec D13 (10)
S1+14 | High alarm value 250°C D14 (2500)
S1+19 | AT sampling period 1.5 sec D19 (150)
S1+20 AT control period 3 sec D20 (30)
S1+21 | AT set point 150°C D21 (1500)
S1+22 AT output manipulated variable 100% (Note 1) D22 (100)
S2+1 Auto/manual mode Auto mode M1 (OFF)
S2+2 g:;ﬁtljet manipulated variable limit Disable output manipulated variable limits M2 (OFF)
S2+3 Integral start coefficient disable Enable integral start coefficient (S1+10) M3 (OFF)

. ON: When temperature = 250°C
S2+4 | High alarm output OFF: When temgerature < 250°C M4
Remains on during auto tuning;
Goes on and off according to the control
S2+6 Control output period (S1+13) and outpti manipulated vari- M6
able (S1+1) during PID action
S3 Set point 200°C D100 (2000)
. Analog input data of analog 1/0 module 1, ana-
S4 Process variable log inf)ut zhannel 0; store;,g O/through 4095 D760
Analog input operating status Stores O through 5 D761
Analog input signal type Type K thermometer D762 (2)
Analog input data type 12-bit data (0 to 4095) (Note 2) D763 (0)
D1 Manipulated variable Stores PID calculation result D102
PID start input Starts to execute the PID instruction 10
o r monitor the analog in m |
Monitor input iziat?otrohigﬁ afgrr; aeneclj 2p(;grati?1§tst;[i: ) 1
Heater power switch Turned on and off by control output M6 Q0
High alarm light Turned on and off by high alarm output M4 Q1

Note 1: The output manipulated variable during auto tuning is a constant value. In this example, the AT output manipulated
variable is set to the maximum value of 100 (100%), so the control output (S2+6) remains on during auto tuning.

Note 2: When an analog 1/0 module is used for the PID instruction, select the 12-bit data to make sure that the process
variable takes a value of O through 4095. See Notes for Using PID Instruction on page 24-5.

21-14
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21: PID INSTRUCTION

System Setup

FC4A-C24R2 FC4A-LO3AP1
1=
‘zn"glog;, ggb\AN 0 1 2 3 4 5 6 7 10 1 12 13 14 15|
ooooooooo
ooooooooo
ooooo
] +
ooo< | %
= ;J:" -
AR |2
nnnnnnnnnlwﬂ 5 | INO Type K
ooooooooo BEP [F1 | + Thermocouple
i i s
o v v v =0 (F1 |~
Bl N e e e | 4= s
=] ]
____ Heater
Output Q1 i i . . . .
Fuse put Q @ High Alarm Light
Output QO
Y

Analog Input Data vs. Process Variable after Conversion

Process Variable after Conversion (S1+0)
y

Linear Conversion Maximum Value (S1+5): 13000 (1300°C) |- --------------rmmmrmmmm oo

High Alarm Value (S1+14): 2500 (250°C) |-~~~ === === 3% oo
Set Point (S3): 2000 (200°C) |- -~~~ == 2 == oo :
AT Set Point (S1+21): 1500 (150°C) |-~~~ 27~ mmm oo ;

Linear Conversion Minimum Value (S1+6): 0 (0°C) 0 2095
Analog Input Data D760
Process Variable before Conversion (S4)

Temperature Control by Auto Tuning and PID Action

Process Variable after Conversion (S1+0)
y

High Alarm Value (S1+14): 2500 (250°C) |-~~~ ===
Set Point ($3): 2000 (200°C) |-~/ N\~ /"o
AT Set Point ($1+21): 1500 (150°C) |-~~~/

Time
PID Action

A

=‘<

Auto Tuning
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21: PID INSTRUCTION

Ladder Program

The ladder diagram shown below describes an example of using the PID instruction. The user program must be modified
according to the application and simulation must be performed before actual operation.

| MOV(W) S1— D1- REP L M8120 is the initialize pulse special internal relay.
M8120 2 D762 When the CPU starts, analog input parameters are set.
[IMOV(W) S1- Di- REp | D762 (analoginput signal type): 2 (Type K thermocouple)
0 D763 D763 (analog input data type): O (12-bit data)
_I SOTU MOV(W) ~ S1 - DIR  REP When input 10 is turned on, O is stored to 27 data registers
10 0] DO 27

DO through D26 designated as control registers.

LI MOV(W) S1- D1- REP H
1 D3 D3 (operation mode): 1 (AT+PID)

L MOV(W)  S1 - D1- REP H
1 D4 D4 (linear conversion): 1 (enable linear conversion)

LI MOV(W) S1- D1- REP U _ . ,
13000 D5 D5 (linear conversion maximum value): 13000 (1300°C)

L MOV(W) S1 - D1- REP H . ) o
0 D6 D6 (linear conversion minimum value): 0 (0°C)

LI MOV(W) S1- Di1- REP H
W) 0 D10 D10 (integral start coefficient): O (100%)

- Moviw) 5710‘ DDlﬂ‘ REP M D11 (input filter coefficient): 70 (70%)

MoV S2 - BES REP b2 (sampling period): 50 (500 msec)

HMOVW)  S1- Di- REP H  pq3 (control period): 10 (1 sec)

10 D13
LI MOV(W) S1- Di1- REP Y ; . °
5500 D14 D14 (high alarm value): 2500 (250°C)
L MOV(W) S1- D1- REP ; .
150 D19 D19 (AT sampling period): 150 (1.5 sec)
H MOV(W) S1- D1- REP H D20 (AT control period): 30 (3 sec)
30 D20
H MOV(W) S1-  Di1- REP H D21 (AT set point): 1500 (150°C)
1500 D21
L MOV(W) S1- D1- REP |H D22 (AT output manipulated variable): 100 (100%)
100 D22
{ MOV(W) S1- Di1- REP H D100 (set point): 2000 (200°C)
2000 D100
®— When input |0 is turned on, 3 internal relays M1 through M3
M1 designated as control relays are turned off.
N(FIDZ_ M1 (auto/manual mode): Auto mode
M2 (output manipulated variable limit enable): Disable
,\%_ M3 (integral start coefficient disable): Enable
Continued on the next page.
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21: PID INSTRUCTION

Ladder Program (continued)

While input 10 is on, the PID instruction is executed.
— | PID S1 S2 S3 S4 D1 H P
10 DO MO D100 D760 D102 When internal relay M6 (control output) is turned on, output
—| : =/= O_ QO (heater power switch) is turned on.
M6 M4 QO . . .

When internal relay M4 (high alarm output) is turned on, out-

—] | O— put Q1 (high alarm light) is turned on.

M4 Q1
While monitor input 11 is on, the temperature is monitored.
— | CMP>=(W) S1- S2- D1- REP
11 D760 787 M10 When the temperature is higher than or equal to 250°C,

M10 is turned on.

Ll CMP>=(W) S1- S2- D1- REP

>=W) D761 3 M11 4095 x 250/1300 = 787.5
| While the analog input operating status (D761) is 3 or
I ®— higher, M11 is turned on.
M10 11 Qo0
When M10 or M11 is on while monitor input 11 is on, QO
M1 o1 (heater power switch) is forced off and Q1 (high alarm light)

is forced on.

Notes for Using the PID Instruction:

¢ Since the PID instruction requires continuous operation, keep on the start input for the PID instruction.

e The high alarm output (S2+4) and the low alarm output (S2+5) work while the start input for the PID instruction is on.
These alarm outputs, however, do not work when a PID instruction execution error occurs (S1+2 stores 100 through 107)
due to data error in control data registers S1+0 through S1+26 or while the start input for the PID instruction is off. Pro-
vide a program to monitor the process variable (S4) separately.

When a PID execution error occurs (S1+2 stores 100 through 107) or when auto tuning is completed, the manipulated vari-
able (D1) stores 0 and the control output (S2+6) turns off.

Do not use the PID instruction in program branching instructions: LABEL, LJMP, LCAL, LRET, JMP, JEND, MCS, and MCR.
The PID instruction may not operate correctly in these instructions.

The PID instruction, using the difference between the set point (S3) and process variable (S4) as input, calculates the
manipulated variable (D1) according to the PID parameters, such as proportional gain (S1+7), integral time (S1+8), and
derivative time (S149). When the set point (S3) or process variable (S4) is changed due to disturbance, overshoot or
undershoot will be caused. Before putting the PID control into actual application, perform simulation tests by changing the
set point and process variable (disturbance) to anticipated values in the application.

e The PID parameters, such as proportional gain (S1+7), integral time (S1+8), and derivative time (S1+9), determined by the
auto tuning may not always be the optimum values depending on the actual application. To make sure of the best results,
adjust the parameters. Once the best PID parameters are determined, perform only the PID action in usual operation
unless the control object is changed.

* When a feedback control is executed using the control output (S2+6), the optimum control may not be achieved depending
on the controlled object. If this is the case, use of the manipulated variable (D1) in the feedback control is recommended.
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22: DUAL / TEACHING TIMER INSTRUCTIONS

Introduction

Dual timer instructions generate ON/OFF pulses of required durations from a designated output, internal relay, or shift
register bit. Four dual timers are available and the ON/OFF duration can be selected from 1 msec up to 65535 sec.

Teaching timer instruction measures the ON duration of the start input for the teaching timer instruction and stores the
measured data to a designated data register, which can be used as a preset value for a timer instruction.

DTML (1-sec Dual Timer)

While input is on, destination operand D1 repeats to turn on
’_1 —[DT™L ST s2 D1 D2 “ P P P

and off for a duration designated by operands S1 and S2,
kokkskok  kskokksk  skkskokk o skokokokok .
respectively.

The time range is O through 65535 sec.

DTIM (100-msec Dual Timer)

and off for a duration designated by operands S1 and S2,
respectively.

kokokkok o kckokkk o ckokckokk o ckokokkk

’_1 — DTIM ST s2 DL D2

“ While input is on, destination operand D1 repeats to turn on

The time range is O through 6553.5 sec.

DTMH (10-msec Dual Timer)

and off for a duration designated by operands S1 and S2,
respectively.

kokokkk  kkokkk  kkkkk  kkkkk

’_1 —DIMH  s1  s2 DI D2

“ While input is on, destination operand D1 repeats to turn on

The time range is O through 655.35 sec.

DTMS (1-msec Dual Timer)

and off for a duration designated by operands S1 and S2,
respectively.

kokkkk  kkokkk  kkkkk  kkkkk

’_1 —DIMS  s1  s2 DL D2

“ While input is on, destination operand D1 repeats to turn on

The time range is O through 65.535 sec.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3
— — — — X
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22: DUAL / TEACHING TIMER INSTRUCTIONS

Valid Operands

Operand Function Il Q M R T C D Constant
S1 (Source 1) ON duration —_ — = — — — X 0-65535
S2 (Source 2) OFF duration _— = = — — X 0-65535
D1 (Destination 1) Dual timer output — X A X — — — —
D2 (Destination 2) System work area — — — — — — DO0-D7998 —

For the valid operand number range, see page 6-2.
A Internal relays MO through M1277 can be designated as D1. Special internal relays cannot be designated as D1.

Destination operand D2 (system work area) uses 2 data registers starting with the operand designated as D2. Data registers
DO through D1298 and D2000 through D7998 can be designated as D2. The two data registers are used for a system work
area. Do not use these data registers for destinations of other advanced instructions, and do not change values of these data
registers using the Point Write function WindLDR. If the data in these data registers are changed, the dual timer does not
operate correctly.

The dual timer instructions cannot be used in an interrupt program. If used, a user program execution error will result,
turning on special internal relay M8004 and the ERR LED on the CPU module.

Examples: DTML, DTIM, DTMH, DTMS

While input 10 is on, four dual timer instructions turn on and off

— | DTML 821 512 |V|ID:L10 DE%O | the destination operands according to the on and off durations
10 designated by source operands S1 and S2.
L DTIM S1 S2 D1 D2 H
10 5 M20 D200

L DTMH S1 S2 D1 D2 H
50 25 M30 D300

LI DTMS S1 S2 D1 D2 H
250 125 M40 D400

ON
10 ope I I
ON 1 1
M10 o | | | [ |
E 2 sec : 1 sec : E
on| E
M20 o | | || [ | |
! lsec ! ' 0.5 sec !
oN| .
MO ol [ T T f T 1 F T [ 1
E 500 msec . \ 1 250 msec E
oN : :
Mao e | AT ][
250 msec ! ' ' 125 msec
Instruction Increments S1 ON duration S2 OFF duration
DTML 1 sec 2 1secx2=2sec 1 1secx1=1sec
DTIM 100 msec 10 100 msec x 10 = 1 sec 5 100 msec x 5 = 0.5 sec
DTMH 10 msec 50 10 msec x 50 = 500 msec 25 10 msec x 25 = 250 msec
DTMS 1 msec 250 1 msec x 250 = 250 msec 125 1 msec x 125 = 125 msec

For the timer accuracy of timer instructions, see page 7-8.
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22: DUAL / TEACHING TIMER INSTRUCTIONS

TTIM (Teaching Timer)

ot value is stored to a data register designated by destination operand D1.

While input is on, the ON duration is measured in units of 100 msec and the measured
— TTIM D1

The measured time range is O through 6553.5 sec.

Applicable CPU Modules
FC4A-C10R2/C FC4A-C16R2/C FC4A-C24R2/C FC4A-D20K3/S3 FC4A-D20RK1/RS1 & FC4A-D40K3/S3

— — — — X
Valid Operands
Operand Function Il Q M R T C D Constant
D1 (Destination 1) Measured value — — — — — — DO-D7997 —

For the valid operand number range, see page 6-2.

Destination operand D1 (measured value) uses 3 data registers starting with the operand designated as D1. Data regis
DO through D1297 and D2000 through D7997 can be designated as D1. Subsequent two data registers starting with de
nation operand D1+1 are used for a system work area. Do not use these two data registers for destinations of other
advanced instructions, and do not change values of these data registers using the Point Write finietibDRnf the

data in these data registers are changed, the teaching timer does not operate correctly.

The teaching timer instruction cannot be used in an interrupt program. If used, a user program execution error will resul
turning on special internal relay M8004 and the ERR LED on the CPU module.

Examples: TTIM

— Y D1 When input 10 is turned on, TTIM resets data register D100 to zero and starts to store the
0 D100 ON duration of input |0 to data register D100, measured in units of 100 msec.
When input 10 is turned off, TTIM stops the measurement, and data register D100 main-
tains the measured value of the ON duration.

' 1500 msec '

D100 Value

The following example demonstrates a program to measure the ON duration of input 10 and to use the ON duration as «
preset value for 100-msec timer instruction TIM.

— D1 While input 10 is on, TTIM measures the ON duration of input 10
— D100 and stores the measured value in units of 100 msec to data reg-
10 ister D100.
—] SOTD o MOV(W) S1- D1- REP B When input IO is turned off, MOV(W) stores the D100 value to
10 D100 DO data register DO as a preset value for timer TO.
— — TIM TO When input 11 is turned on, 100-msec timer TO starts to operate
11 DO with a preset value stored in data register DO.
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23: INTELLIGENT MODULE ACCESS INSTRUCTIONS

Introduction

Intelligent module access instructions are used to read or write data between the CPU module and a maximum of seve
intelligent modules while the CPU module is running or when the CPU module is stopped.

Upgrade Information

Upgraded CPU modules of slim 20-1/0O relay output types and 40-1/O types can use the intelligent module access instru
tions. Applicable CPU modules and system program version are shown in the table below. For the procedure to confirm t
system program version of the CPU module, see page 28-1.

All-in-One Type Slim Type
FC4A-D20RK1
CPU Module FC4A-C10R2 FC4A-C16R2 FC4A-C24R2