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Introduction

Introduction

Thank you for purchasing an NJ/NX-series CPU Unit.

This manual contains information that is necessary to use the NJ/NX-series CPU Unit. Please read
this manual and make sure you understand the functionality and performance of the NJ/NX-series
CPU Unit before you attempt to use it in a control system.

Keep this manual in a safe place where it will be available for reference during operation.

Intended Audience

This manual is intended for the following personnel, who must also have knowledge of electrical sys-
tems (an electrical engineer or the equivalent).

» Personnel in charge of introducing FA systems.

» Personnel in charge of designing FA systems.

» Personnel in charge of installing and maintaining FA systems.

» Personnel in charge of managing FA systems and facilities.

For programming, this manual is intended for personnel who understand the programming language
specifications in international standard IEC 61131-3 or Japanese standard JIS B 3503.

Applicable Products

This manual covers the following products.

* NX-series CPU Units * NJ-series CPU Units
* NX701-1000 * NJ501-00000
* NX502-1000 * NJ301-1000
* NX102-1000 * NJ101-1000O
* NX102-90011 * NJ101-900001

* NX1P2-100000
* NX1P2-9000000

Part of the specifications and restrictions for the products may be given in other manuals.
Refer to Relevant Manuals on page 2 and Related Manuals on page 26.
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Relevant Manuals

Relevant Manuals

The following table provides the relevant manuals for the NJ/NX-series CPU Units. Read all of the

manuals that are relevant to your system configuration and application before you use the NJ/NX-ser-

ies CPU Unit.

Most operations are performed from the Sysmac Studio Automation Software. Refer to the Sysmac

Studio Version 1 Operation Manual (Cat. No. W504) for information on the Sysmac Studio.

Manual

NJ/NX-series
Troubleshooting Manual

NJ/NY-series NC Integrated Controller
User’s Manual

NJ-series NJ Robotics CPU Unit
User's Manual

NJ-series Robot Integrated CPU Unit
User’s Manual

NJ-series SECS/GEM CPU Units
User's Manual

NJ/NX-series Database Connection CPU Units
User's Manual

NX-series CPU Unit
FINS User’s Manual

NJ/NX-series CPU Unit OPC UA
User’s Manual

NJ/NX-series CPU Unit
Built-in EtherNet/IP Port User’s Manual

NJ/NX-series CPU Unit
Built-in EtherCAT Port User’'s Manual

NJ/NX-series
Motion Control Instructions Reference Manual|

NJ/NX-series CPU Unit
Motion Control User’s Manual

Basic information

NJ/NX-series
Instructions Reference Manual

NX-series NX1P2 CPU Unit
Built-in 1/0 and Option Board User's Manual

NJ/NX-series CPU Unit
Software User’s Manual

NJ-series CPU Unit
Hardware User’s Manual

NX-series NX1P2 CPU Unit
Hardware User’s Manual

NX-series NX102 CPU Unit
Hardware User’s Manual

NX-series NX502 CPU Unit
Hardware User’s Manual

NX-series CPU Unit
Hardware User’s Manual

O]l O] O |0 | O

Purpose of use

Introduction to NX701

CPU Units

Introduction to NX502

CPU Units

Introduction to NX102

CPU Units

Introduction to NX1P2

CPU Units

Introduction to NJ-series

Controllers

Setting devices and hard-

ware

Using motion control
Using EtherCAT
Using EtherNet/IP

Using robot control for

OMRON robots
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NJ/NX-series
Troubleshooting Manual

NJ/NY-series NC Integrated Controller
User’s Manual

NJ-series NJ Robotics CPU Unit
User's Manual

NJ-series Robot Integrated CPU Unit
User’s Manual

Relevant Manuals

NJ-series SECS/GEM CPU Units
User's Manual

NJ/NX-series Database Connection CPU Units
User's Manual

NX-series CPU Unit
FINS User’s Manual

NJ/NX-series CPU Unit OPC UA
User’s Manual

NJ/NX-series CPU Unit
Built-in EtherNet/IP Port User’s Manual

NJ/NX-series CPU Unit
Built-in EtherCAT Port User’s Manual

Manual

NJ/NX-series
Motion Control Instructions Reference Manual|

NJ/NX-series CPU Unit
Motion Control User’s Manual

NJ/NX-series
Instructions Reference Manual

NX-series NX1P2 CPU Unit
Built-in 1/0 and Option Board User's Manual

NJ/NX-series CPU Unit
Software User’s Manual

Basic information

NJ-series CPU Unit
Hardware User’s Manual

NX-series NX1P2 CPU Unit
Hardware User’s Manual

NX-series NX102 CPU Unit
Hardware User’s Manual

NX-series NX502 CPU Unit
Hardware User’s Manual

NX-series CPU Unit
Hardware User’s Manual

Purpose of use

Using robot control by
NJ Robotics function
Using the NX1P2 CPU
Unit functions

Using the NX1P2 CPU

Using robot control for
Unit functions

Using the GEM Serv-
OMRON robots

ices
Using robot control by

NJ Robotics function
Using numerical con-

trol

Programming error

Using motion control
processing

Using numerical con-
Using EtherCAT
Using EtherNet/IP
Using OPC UA
Using FINS

trol

Using robot control for

Using the GEM Serv-
OMRON robots

Using motion control
Using EtherCAT
Using EtherNet/IP
Using OPC UA

ices

Using the database
connection service

Using FINS
Using the database

connection service

Writing the user program

Software settings
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NJ/NX-series
Troubleshooting Manual

NJ/NY-series NC Integrated Controller
User’s Manual

NJ-series NJ Robotics CPU Unit
User's Manual

NJ-series Robot Integrated CPU Unit
User’s Manual

NJ-series SECS/GEM CPU Units
User's Manual

NJ/NX-series Database Connection CPU Units
User's Manual

NX-series CPU Unit
FINS User’s Manual

NJ/NX-series CPU Unit OPC UA
User’s Manual

NJ/NX-series CPU Unit
Built-in EtherNet/IP Port User’s Manual

NJ/NX-series CPU Unit
Built-in EtherCAT Port User’s Manual

Manual

NJ/NX-series
Motion Control Instructions Reference Manual|

AlA|lA|AA|A]A]O
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NJ/NX-series CPU Unit
Motion Control User’s Manual

NJ/NX-series
Instructions Reference Manual

NX-series NX1P2 CPU Unit
Built-in 1/0 and Option Board User's Manual

NJ/NX-series CPU Unit
Software User’s Manual

Basic information

NJ-series CPU Unit
Hardware User’s Manual

NX-series NX1P2 CPU Unit
Hardware User’s Manual

NX-series NX102 CPU Unit
Hardware User’s Manual

NX-series NX502 CPU Unit
Hardware User’s Manual

NX-series CPU Unit
Hardware User’s Manual

Relevant Manuals

Purpose of use

O] O] O |0 |O

refer to the manuals that are indicated with triangles for details on errors corresponding to the products with the manuals that are indi-

Refer to the NJ/NX-series Troubleshooting Manual (Cat. No. W503) for the error management concepts and the error items. However,
cated with triangles.

Using robot control by
Using numerical con-
trol

Using the NX1P2 CPU
Unit functions

Using motion control
Using EtherCAT

Using robot control for
NJ Robotics function

Using the GEM Serv-
OMRON robots

Using motion control
Using EtherCAT
Using EtherNet/IP
Using OPC UA

ices

Using FINS
Using the database

connection service
Using EtherNet/IP

bugging

Learning about error
management and correc-
Maintenance

Testing operation and de-

tions™?
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Manual Structure

Manual Structure

Page Structure

The following page structure is used in this manual.

4 Installation and Wiring ———————— LeVeI 1 head|ng
Level 2 heading

Level 2 heading——— 1 4-3  Mounting Units — Level 3 heading

Gives the current
4-3-1  Connecting Controller Components headings.
The Units that make up an NJ-series Controller can be connected simply by pressing the Units together

and locking the sliders by moving them toward the back of the Units. The End Cover is connected in the
same way to the Unit on the far right side of the Controller.

A step in a procedure ————————1 in the nis sothat the connectors it exacty

Level 3 heading——

Indicates a procedure.

suun Bununow ¢

— Page tab

Gives the number
of the main section.

2 The yellow sliders at the top and bottom of each Unit lock the Units together. Move the sliders
toward the back of the Units as shown below until they click into place.

Move the sliders toward the back
until they lock into place.

$1BU0AWOD 900D BURAUOD 16+ T

Special information B procatons o Corc e

The sliders on the tops and bottoms of the Power Supply Unit, CPU Unit, I/O Units, Special /0
. . Units, and CPU Bus Units must be completely locked (until they click into place) after connecting

ICOnS |nd|Cate the adjacent Unit connectors.

precautions, additional

information, or reference

information.

Jul=Y
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Manual name

This illustration is provided only as a sample. It may not literally appear in this manual.
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Manual Structure

Special Information

Special information in this manual is classified as follows:

Precautions for Safe Use

Precautions on what to do and what not to do to ensure safe usage of the product.

MPrecautions for Correct Use

Precautions on what to do and what not to do to ensure proper operation and performance.

@Additional Information

Additional information to read as required.
This information is provided to increase understanding or make operation easier.

Version Information

Information on differences in specifications and functionality for Controller with different unit versions
and for different versions of the Sysmac Studio is given.

Precaution on Terminology

In this manual, "download" refers to transferring data from the Sysmac Studio to the physical Control-
ler and "upload" refers to transferring data from the physical Controller to the Sysmac Studio.

For the Sysmac Studio, "synchronization" is used to both "upload" and "download" data. Here,
"synchronize" means to automatically compare the data for the Sysmac Studio on the computer with
the data in the physical Controller and transfer the data in the direction that is specified by the user.
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Sections in this Manual

Sections in this Manual

Introduction to

NJ/NX-series Controllers Communications Setup

CPU Unit
Operation

Example of Actual
Application Procedures

1/0O Ports, Slave
Configuration, and

Troubleshooting
Unit Configuration

Controller Setup Appendices

Designing Tasks Index

SN

Programming

Checking Operation and
Actual Operation

CPU Unit Functions

Backup Functions

EEaEEERERD R
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Terms and Conditions Agreement

Terms and Conditions Agreement

Warranty, Limitations of Liability

I Warranties

® Exclusive Warranty
Omron’s exclusive warranty is that the Products will be free from defects in materials and work-
manship for a period of twelve months from the date of sale by Omron (or such other period ex-
pressed in writing by Omron). Omron disclaims all other warranties, express or implied.

® Limitations
OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, ABOUT
NON-INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OF
THE PRODUCTS. BUYER ACKNOWLEDGES THAT IT ALONE HAS DETERMINED THAT THE
PRODUCTS WILL SUITABLY MEET THE REQUIREMENTS OF THEIR INTENDED USE.

Omron further disclaims all warranties and responsibility of any type for claims or expenses based
on infringement by the Products or otherwise of any intellectual property right.

® Buyer Remedy
Omron’s sole obligation hereunder shall be, at Omron’s election, to (i) replace (in the form originally
shipped with Buyer responsible for labor charges for removal or replacement thereof) the non-com-
plying Product, (ii) repair the non-complying Product, or (iii) repay or credit Buyer an amount equal
to the purchase price of the non-complying Product; provided that in no event shall Omron be re-
sponsible for warranty, repair, indemnity or any other claims or expenses regarding the Products
unless Omron’s analysis confirms that the Products were properly handled, stored, installed and
maintained and not subject to contamination, abuse, misuse or inappropriate modification. Return
of any Products by Buyer must be approved in writing by Omron before shipment. Omron Compa-
nies shall not be liable for the suitability or unsuitability or the results from the use of Products in
combination with any electrical or electronic components, circuits, system assemblies or any other
materials or substances or environments. Any advice, recommendations or information given orally
or in writing, are not to be construed as an amendment or addition to the above warranty.

See https://www.omron.com/global/ or contact your Omron representative for published informa-
tion.

I Limitation on Liability; Etc

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL, OR CON-
SEQUENTIAL DAMAGES, LOSS OF PROFITS OR PRODUCTION OR COMMERCIAL LOSS IN ANY
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Terms and Conditions Agreement

WAY CONNECTED WITH THE PRODUCTS, WHETHER SUCH CLAIM IS BASED IN CONTRACT,
WARRANTY, NEGLIGENCE OR STRICT LIABILITY.

Further, in no event shall liability of Omron Companies exceed the individual price of the Product on
which liability is asserted.

Application Considerations

I suitability of Use

Omron Companies shall not be responsible for conformity with any standards, codes or regulations
which apply to the combination of the Product in the Buyer’s application or use of the Product. At Buy-
er’s request, Omron will provide applicable third party certification documents identifying ratings and
limitations of use which apply to the Product. This information by itself is not sufficient for a complete
determination of the suitability of the Product in combination with the end product, machine, system, or
other application or use. Buyer shall be solely responsible for determining appropriateness of the par-
ticular Product with respect to Buyer’s application, product or system. Buyer shall take application re-
sponsibility in all cases.

NEVER USE THE PRODUCT FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE OR
PROPERTY OR IN LARGE QUANTITIES WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE
HAS BEEN DESIGNED TO ADDRESS THE RISKS, AND THAT THE OMRON PRODUCT(S) IS
PROPERLY RATED AND INSTALLED FOR THE INTENDED USE WITHIN THE OVERALL EQUIP-
MENT OR SYSTEM.

I Programmable Products

Omron Companies shall not be responsible for the user’s programming of a programmable Product, or
any consequence thereof.

Disclaimers

I Performance Data

Data presented in Omron Company websites, catalogs and other materials is provided as a guide for
the user in determining suitability and does not constitute a warranty. It may represent the result of
Omron’s test conditions, and the user must correlate it to actual application requirements. Actual per-
formance is subject to the Omron’s Warranty and Limitations of Liability.

I Change in Specifications

Product specifications and accessories may be changed at any time based on improvements and oth-
er reasons. It is our practice to change part numbers when published ratings or features are changed,
or when significant construction changes are made. However, some specifications of the Product may
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be changed without any notice. When in doubt, special part numbers may be assigned to fix or estab-
lish key specifications for your application. Please consult with your Omron’s representative at any
time to confirm actual specifications of purchased Product.

I Errors and Omissions

Information presented by Omron Companies has been checked and is believed to be accurate; how-
ever, no responsibility is assumed for clerical, typographical or proofreading errors or omissions.

Statement of security responsibilities for assumed use cases and
against threats

OMRON SHALL NOT BE RESPONSIBLE AND/OR LIABLE FOR ANY LOSS, DAMAGE, OR EX-
PENSES DIRECTLY OR INDIRECTLY RESULTING FROM THE INFECTION OF OMRON PROD-
UCTS, ANY SOFTWARE INSTALLED THEREON OR ANY COMPUTER EQUIPMENT, COMPUTER
PROGRAMS, NETWORKS, DATABASES OR OTHER PROPRIETARY MATERIAL CONNECTED
THERETO BY DISTRIBUTED DENIAL OF SERVICE ATTACK, COMPUTER VIRUSES, OTHER
TECHNOLOGICALLY HARMFUL MATERIAL AND/OR UNAUTHORIZED ACCESS.

It shall be the users sole responsibility to determine and use adequate measures and checkpoints to
satisfy the users particular requirements for (i) antivirus protection, (ii) data input and output, (iii) main-
taining a means for reconstruction of lost data, (iv) preventing Omron Products and/or software instal-
led thereon from being infected with computer viruses and (v) protecting Omron Products from unau-
thorized access.
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Safety Precautions

Refer to the following manuals for safety precautions.

» NX-series CPU Unit Hardware User's Manual (Cat. No. W535)

» NX-series NX502 CPU Unit Hardware User’s Manual (Cat. No. W629)
» NX-series NX102 CPU Unit Hardware User's Manual (Cat. No. W593)
» NX-series NX1P2 CPU Unit Hardware User's Manual (Cat. No. W578)
NJ-series CPU Unit Hardware User’s Manual (Cat No. W500)
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Precautions for Safe Use

Refer to the following manuals for precautions for safe use.

* NX-series CPU Unit Hardware User's Manual (Cat. No. W535)

* NX-series NX502 CPU Unit Hardware User’s Manual (Cat. No. W629)
* NX-series NX102 CPU Unit Hardware User's Manual (Cat. No. W593)
* NX-series NX1P2 CPU Unit Hardware User's Manual (Cat. No. W578)
* NJ-series CPU Unit Hardware User’s Manual (Cat No. W500)
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Precautions for Correct Use

Precautions for Correct Use

Refer to the following manuals for precautions for correct use.

» NX-series CPU Unit Hardware User's Manual (Cat. No. W535)

» NX-series NX502 CPU Unit Hardware User’s Manual (Cat. No. W629)
» NX-series NX102 CPU Unit Hardware User's Manual (Cat. No. W593)
» NX-series NX1P2 CPU Unit Hardware User's Manual (Cat. No. W578)
NJ-series CPU Unit Hardware User’s Manual (Cat No. W500)
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Regulations and Standards

Refer to the following manuals for regulations and standards.

* NX-series CPU Unit Hardware User's Manual (Cat. No. W535)

* NX-series NX502 CPU Unit Hardware User’s Manual (Cat. No. W629)
* NX-series NX102 CPU Unit Hardware User's Manual (Cat. No. W593)
* NX-series NX1P2 CPU Unit Hardware User's Manual (Cat. No. W578)
* NJ-series CPU Unit Hardware User’s Manual (Cat No. W500)

Software Licenses and Copyrights

Products that support the secure socket service or secure communication include the following third-
party software. The license and copyright information associated with this software is available at
http://www.fa.omron.co.jp/nj_info_e/.

* OpenSSL
This product includes software developed by the OpenSSL Project for use in the OpenSSL Toolkit
(http://www.openssl.org/).
Copyright (C) 1998-2019 The OpenSSL Project. All rights reserved.
Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com) All rights reserved.
This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com)

For the products that support secure socket service, refer to 8-6-6 Secure Socket Services on page
8-49.

For the products that support secure communication, refer to 8-6-5 Secure Communication Function
on page 8-49.
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Versions

Versions

Hardware revisions and unit versions are used to manage the hardware and software in NJ/NX-series
Units and EtherCAT slaves. The hardware revision or unit version is updated each time there is a
change in hardware or software specifications. Even when two Units or EtherCAT slaves have the
same model number, they will have functional or performance differences if they have different hard-
ware revisions or unit versions.

Refer to the following manuals for versions.

» NX-series CPU Unit Hardware User's Manual (Cat. No. W535)

» NX-series NX502 CPU Unit Hardware User’s Manual (Cat. No. W629)
» NX-series NX102 CPU Unit Hardware User's Manual (Cat. No. W593)
» NX-series NX1P2 CPU Unit Hardware User's Manual (Cat. No. W578)
» NJ-series CPU Unit Hardware User’s Manual (Cat No. W500)

Unit Versions of CPU Units and Sysmac Studio Versions

The functions that are supported depend on the unit version of the NJ/NX-series CPU Unit. The ver-
sion of Sysmac Studio that supports the functions that were added for an upgrade is required to use
those functions.

Refer to A-20 Version Information for NX-series Controllers on page A-307 and A-21 Version Information
for NJ-series Controllers on page A-313 for the relationship between the unit versions of the CPU Units
and the Sysmac Studio versions, and for the functions that are supported by each unit version.
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Related Manuals

Related Manuals

The followings are the manuals related to this manual. Use these manuals for reference.

Manual name Cat. No. Model numbers Application Description
NX-series CPU Unit W535 NX701-0000 Learning the basic An introduction to the entire NX701 system
Hardware User's Manual specifications of the is provided along with the following infor-
NX701 CPU Units, mation on the CPU Unit.
including introductory | ¢ Features and system configuration
information, design- * Introduction
ing, installation, and | « Part names and functions
maintenance. * General specifications
Mainly hardware in- | « |nstallation and wiring
formation is provided. | « \aintenance and inspection
NX-series W629 NX502-0000 Learning the basic An introduction to the entire NX502 system
NX502 CPU Unit specifications of the is provided along with the following infor-
Hardware NX502 CPU Units, mation on the CPU Unit.
User’s Manual including introductory | ¢ Features and system configuration
information, design- * |Introduction
ing, installation, and | ¢ Part names and functions
maintenance. * General specifications
Mainly hardware in- | o |stallation and wiring
formation is provided. | « pjaintenance and inspection
NX-series W593 NX102-0000 Learning the basic An introduction to the entire NX102 system
NX102 CPU Unit specifications of the is provided along with the following infor-
Hardware NX102 CPU Units, mation on the CPU Unit.
User’s Manual including introductory | * Features and system configuration
information, design- * Introduction
ing, installation, and | « Part names and functions
maintenance. * General specifications
Mainly hardware in- | « |nstallation and wiring
formation is provided. | « \jaintenance and inspection
NX-series W578 NX1P2-0000 Learning the basic An introduction to the entire NX1P2 system
NX1P2 CPU Unit specifications of the is provided along with the following infor-
Hardware NX1P2 CPU Units, mation on the CPU Unit.
User’s Manual including introductory | ¢ Features and system configuration
information, design- * |Introduction
ing, installation, and | ¢ Part names and functions
maintenance. * General specifications
Mainly hardware in- | o |stallation and wiring
formation is provided. | o Maintenance and inspection
NJ-series CPU Unit W500 NJ501-0000 Learning the basic An introduction to the entire NJ-series sys-
Hardware User's Manual NJ301-00000 specifications of the | tem is provided along with the following in-
NJ101-0000 NJ-series CPU Units, | formation on the CPU Unit.

including introductory
information, design-
ing, installation, and
maintenance.

Mainly hardware in-
formation is provided.

* Features and system configuration
¢ Introduction

* Part names and functions

* General specifications

* Installation and wiring

* Maintenance and inspection
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Related Manuals

Manual name Cat. No. Model numbers Application Description
NJ/NX-series CPU Unit W501 NX701-0000 Learning how to pro- | The following information is provided on a
Software User’s Manual NX502-00000 gram and set up an Controller built with an NJ/NX-series CPU
NX102-0000 NJ/NX-series CPU Unit.
NX1P2-0000 Unit. ¢ CPU Unit operation
NJ501-00000 Mainly software infor- | ¢ CPU Unit features
NJ301-0000 mation is provided. * Initial settings
NJ101-0000 * Programming based on IEC 61131-3
language specifications
NX-series NX1P2 CPU Unit W579 NX1P2-0J000 Learning about the Of the functions for an NX1P2 CPU Unit,
Built-in /0 and Option Board details of functions the following information is provided.
User’s Manual only for an NX-series | ® Built-in 1/0
NX1P2 CPU Unitand | « Serial Communications Option Boards
an introduction of * Analog I/O Option Boards
functions for an An introduction of following functions for an
NJ/NX-series CPU NJ/NX-series CPU Unit is also provided.
Unit. * Motion control functions
¢ EtherNet/IP communications functions
¢ EtherCAT communications functions
NJ/NX-series Instructions W502 NX701-0000 Learning detailed The instructions in the instruction set (IEC
Reference Manual NX502-0000 specifications on the | 61131-3 specifications) are described.
NX102-00000 basic instructions of
NX1P2-0000 an NJ/NX-series
NJ501-0000 CPU Unit.
NJ301-0000
NJ101-0000
NJ/NX-series CPU Unit W507 NX701-0000 Learning about mo- The settings and operation of the CPU Unit
Motion Control User’s Man- NX502-00000 tion control settings and programming concepts for motion con-
ual NX102-0000 and programming trol are described.
NX1P2-0JO00 concepts.
NJ501-0000
NJ301-0000
NJ101-0000
NJ/NX-series W508 NX701-0000 Learning about the The motion control instructions are descri-
Motion Control Instructions NX502-00000 specifications of the bed.
Reference Manual NX102-0000 motion control in-
NX1P2-0000 structions.
NJ501-0000
NJ301-0000
NJ101-0000
NJ/NX-series W505 NX701-0000 Using the built-in Information on the built-in EtherCAT port is
CPU Unit NX502-00000 EtherCAT port on an | provided.
Built-in EtherCAT® Port NX102-0000 NJ/NX-series CPU This manual provides an introduction and
User’s Manual NX1P2-0000 Unit. provides information on the configuration,
NJ501-00000 features, and setup.
NJ301-0000
NJ101-0000
NJ/NX-series W506 NX701-0000 Using the built-in Information on the built-in EtherNet/IP port
CPU Unit NX502-00000 EtherNet/IP port on is provided.
Built-in EtherNet/IP™ Port NX102-0000 an NJ/NX-series Information is provided on the basic setup,
User’s Manual NX1P2-0000 CPU Unit. tag data links, and other features.
NJ501-0000
NJ301-0000
NJ101-0000
NJ/NX-series W588 NX701-0000 Using the OPC UA. Describes the OPC UA.
CPU Unit NX502-0000
OPC UA NX102-0000
User’s Manual NJ501-1C3J00

NJ/NX-series CPU Unit Software User’s Manual (W501)

27



Related Manuals

Manual name Cat. No. Model numbers Application Description
NX-series W596 NX701-00020 Using the FINS func- | Describes the FINS function of an NX-ser-
CPU Unit NX502-0000 tion of an NX-series ies CPU Unit.
FINS Function NX102-0000 CPU Unit.
User’s Manual
NJ/NX-series W527 NX701-0J020 Using the database Describes the database connection serv-
Database Connection CPU NX502-0000 connection service ice.
Units NX102-0J020 with NJ/NX-series
User’s Manual NJ501-C120 Controllers.
NJ101-0020
NJ-series W528 NJ501-1340 Using the GEM Serv- | Provides information on the GEM Services.
SECS/GEM CPU Units ices with NJ-series
User’s Manual Controllers.
NJ-series 0037 NJ501-ROCO Using the NJ-series Describes the settings and operation of the
Robot Integrated CPU Unit Robot Integrated CPU Unit and programming concepts for
User’s Manual CPU Unit. OMRON robot control.
NJ-series W539 NJ501-4000 Controlling robots Describes the functionality to control ro-
NJ Robotics CPU Unit NJ501-ROOIO with NJ-series CPU bots.
User’s Manual Units.
NJ/NY-series 0030 NJ501-5300 Performing numerical | Describes the functionality to perform the
NC Integrated Controller NY532-5400 control with NJ/NY- numerical control.
User’s Manual series Controllers.
NJ/NY-series 0031 NJ501-5300 Learning about the The G code/M code instructions are descri-
G code NY532-5400 specifications of the bed.
Instructions Reference Man- G code/M code in-
ual structions.
NJ/NX-series W503 NX701-0000 Learning about the Concepts on managing errors that may be
Troubleshooting Manual NX502-0000 errors that may be detected in an NJ/NX-series Controller and
NX102-0000 detected in an information on individual errors are descri-
NX1P2-0000 NJ/NX-series Con- bed.
NJ501-0000 troller.
NJ301-0000
NJ101-0000
Sysmac Studio Version 1 W504 SYSMAC Learning about the Describes the operating procedures of the
Operation Manual -SE200000 operating procedures | Sysmac Studio.
and functions of the
Sysmac Studio.
Sysmac Studio W595 SYSMAC-SE200000 | Learning about the Describes the operating procedures of the
Robot Integrated System SYSMAC- operating procedures | Sysmac Studio for Robot Integrated CPU
Building Function with Robot SE200D-64 and functions of the Unit.
Integrated CPU Unit Opera- Sysmac Studio to
tion Manual configure Robot Inte-
grated System using
Robot Integrated
CPU Unit.
Sysmac Studio W621 SYSMAC-SE201 | Learning about the Describes the operating procedures of the
Robot Integrated System SYSMAC- operating procedures | Sysmac Studio for IPC Application Control-
Building Function with IPC SE200D-64 and functions of the ler.
Application Controller Opera- Sysmac Studio to
tion Manual configure Robot Inte-
grated System using
IPC Application Con-
troller.
Sysmac Studio W618 SYSMAC-SE2000J0 | Learning about an Describes an outline, execution proce-

3D Simulation Function Op-
eration Manual

SYSMAC-SA400
0-64

outline of the 3D sim-
ulation function of the
Sysmac Studio and
how to use the func-
tion.

dures, and operating procedures for the 3D
simulation function of the Sysmac Studio.
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Manual name Cat. No. Model numbers Application Description
CNC Operator 0032 SYSMAC Learning an introduc- | An introduction of the CNC Operator, in-
Operation Manual -RTNCOOIOOD tion of the CNC Op- stallation procedures, basic operations,
erator and how to connection operations, and operating pro-
use it. cedures for main functions are described.
NX-series W519 NX-ECCOOO Learning how to use | The following items are described: the
EtherCAT® Coupler Unit the NX-series Ether- | overall system and configuration methods
User’s Manual CAT Coupler Unit of an EtherCAT Slave Terminal (which con-
and EtherCAT Slave | sists of an NX-series EtherCAT Coupler
Terminals. Unit and NX Units), and information on
hardware, setup, and functions to set up,
control, and monitor NX Units through
EtherCAT.
NX-series W525 NX-OOOOOO Referencing lists of Lists of the power consumptions, weights,
Data Reference Manual the data that is re- and other NX Unit data that is required to
quired to configure configure systems with NX-series Units are
systems with NX-ser- | provided.
ies Units.
NX-series W521 NX-IDOOOO Learning how to use | Describes the hardware, setup methods,
NX Units NX-lAC OO0 NX Units. and functions of the NX Units.
User’s Manual NX-OCcOOOO Manuals are available for the following
NX-ObOOOd Units.
NX-MDOOOO Digital I/O Units, Analog I/O Units, System
W522 NX-ADCIOOC] Units, Position Interface Units, Communi-
NX-DACICIOIC] cations Interface Units, Load Cell Input
W592 NX-HADOICICI Unit, 10-Link Master Units, and High-speed
W566 NX-TSOOOO Counter Units.
NX-HBOOOO
W523 NX-PD10O00O
NX-PFOOOO
NX-PCoOIOO
NX-TBXO01
W524 NX-ECOOI0OO
NX-ECSOOO
NX-PGOOIOO
W540 NX-CIFOOO
W565 NX-RSOOOO
W567 NX-ILMOOO
W647 NX-CTOOOO
NX-series Z930 NX-SLOOOO Learning how to use | Describes the hardware, setup methods,
Safety Control Unit NX-SIOO0O0O NX-series Safety and functions of the NX-series Safety Con-
User's Manual NX-sooOood Control Units. trol Units.
Vision System Z340 FH-1000O Learning how to use | Describes the software functions, setup
FH/FZ5 Series Vision System FH-3000O the FH/FZ5-series Vi- | and operating methods required for using
User’s Manual Fz5-L.350 sion Systems. the FH/FZ5-series system.
Fz5-6010]
Fz5-1100
Vision Sensor FQ-M-series Z314 FQ-MS12[0 Learning how to use | Describes the hardware, setup methods
Specialized Vision Sensor for the Specialized Vi- and functions of the Specialized Vision
Positioning sion Sensors for Po- | Sensors for Positioning.
User’s Manual sitioning.
Vision Sensor FZ3 Series Z290 Fz3-0000 Learning how to use | Describes the software functions, setup

User’s Manual

the FZ3-series Vision
Sensors.

and operating methods of the FZ3-series
Vision Sensors.
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Manual name Cat. No. Model numbers Application Description
Displacement Sensor ZW- 2332 ZW-CE10 Learning how to use | Describes the hardware, setup methods
series the ZW-series Dis- and functions of the ZW-series Displace-
Confocal Fiber Type Dis- placement Sensors. ment Sensors.
placement Sensors
User’s Manual
CJ-series W490 CJ1W-ADOOO Learning how to use | The methods and precautions for using
Special Unit Manuals CJ1W-DAOIOO CJ-series Units with CJ-series Units with an NJ-series CPU
For NJ-series CPU Unit CJ1W-MAD42 an NJ-series CPU Unit are described, including access meth-
W491 CJ1W-TCOOO Unit. ods and programming interfaces.
W492 CJIW-CT021 Manuals are available for the following
Units.
498 gﬂx:ig;ﬁ Analog I/0 Units, Insulated-type Analog I/O
CJ1W-ADOAU Units, Temperature Control Units, ID Sen-
sor Units, High-speed Counter Units, Serial
Wags CJ1W-CRM21 Communications Units, DeviceNet Units,
w494 cJ1w-scut EtherNet/IP Units and CompoNet Master
W495 CJ1W-EIP21 Units.
CJ1W-EIP21S
W497 CJ1W-DRM21
Z317 CJ1w-ve80000
NA-series Programmable V118 NA5-OJOWOOOO | Learning about NA- Describes the pages and object functions
Terminal (-vO) series PT pages and | of the NA-series Programmable Terminals.
Software User’s Manual object functions.
NS-series Programmable V073 NS15-00000 Learning how to use | Describes the setup methods, functions,
Terminals NS12-00000 the NS-series Pro- etc. of the NS-series Programmable Termi-
Programming Manual NS10-00000 grammable Termi- nals.
NS8-00000 nals.
NS5-00000
CX-Designer V099 --- Learning to create Describes operating procedures for the

User’s Manual

screen data for NS-
series Programmable
Terminals.

CX-Designer.
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AT

One of the attributes of a variable.
This attribute allows the user to specify what is assigned to a variable. An I/O
port or an address in memory used for CJ-series Units can be specified.

CJ-series Unit

Any of the CJ-series Units that can be used with an NJ-series Controller.

memory used for CJ-series Units

One type of /0O memory that contains addresses to which variables can be as-
signed, for example, when accessing a CJ-series Unit or CJ-series network. It
can be accessed only with variables with an AT attribute.

CPU Unit

The Unit that serves as the center of control for a Machine Automation Control-
ler. The CPU Unit executes tasks, refreshes I/O for other Units and slaves, etc.
The NJ/NX-series CPU Units include the NX701-C1CC1C], NX102-001010,
NX1P2-0000, NJ501-01000.

EtherCAT Master Function Module

One of the function modules. This function module controls the EtherCAT slaves
as the EtherCAT master.

EtherNet/IP Function Module

One of the function modules. This function module controls the built-in
EtherNet/IP port.

FB An acronym for "function block."
FUN An abbreviation for "function."
I/O port A logical interface that is used by the CPU Unit to exchange data with an exter-

nal device (slave or Unit).

I/O map settings

Settings that assign variables to 1/O ports. Assignment information between I/O
ports and variables.

I/O refreshing

Cyclic data exchange with external devices that is performed with predetermined
memory addresses.

MC Test Run A function to check motor operation and wiring from the Sysmac Studio.
NX bus An internal bus of the NX-series Controller.
NX Units Any of the NX-series Units that perform I/O processing with connected external

devices. The Communications Coupler Units are not included with the NX Units.

PDO communications

An abbreviation for process data communications. Data is exchanged between
the master and slaves on a process data communications cycle. (The process
data communications cycle is the same as the task period of the primary periodic
task.)

PLC Function Module

One of the function modules. This function module executes the user program,
sends commands to the Motion Control Function Module, and provides an inter-
face to the USB and SD Memory Card.

POU

An acronym for "program organization unit". A POU is a unit in a program execu-
tion model that is defined in IEC 61131-3.

A POU contains an algorithm and a local variable table and forms the basic unit
used to build a user program.

There are three types of POUs: programs, functions, and function blocks.

SDO communications

One type of EtherCAT communications in which service data objects (SDOs) are
used to transmit information whenever required.

Sysmac Studio

A computer software application for setting, programming, debugging, and trou-
bleshooting NJ/NX-series Controllers. It also provides operations for motion con-
trol and a Simulator.

X Bus

An internal bus of the NX-series Controller.
A bus that can transfer data with a higher speed and larger capacity than the NX
bus.
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X Bus Function Module

One of the function modules. This function module controls X Bus Units mounted
to the left side of the CPU Unit.

X Bus Units Units that can connect to the X Bus.

upload To transfer data from the Controller to the Sysmac Studio with the synchroniza-
tion operation of the Sysmac Studio.

information One of the event levels for Controller events or user-defined events. These are
not errors, but appear in the event log to notify the user of specific information.

Event Setup Settings that define user-defined errors and user-defined information.

event task A task that executes a user program only once when the task execution condi-
tions are met.

event log A function that recognizes and records errors and other events.

inline ST ST programming that is included within a ladder diagram.

edge One of the attributes of a variable.

This attribute makes a BOOL variable pass TRUE to a function block when the
variable changes from FALSE to TRUE or when it changes from TRUE to
FALSE.

cam data variable

A variable that represents the cam data as a structure array.
A cam data variable is an array structure that consists of phases and displace-
ments.

observation

One of the event levels for Controller events or user-defined events.
These are minor errors that do not affect control operations, but appear in the
event log to notify the user of specific information.

function module

One of the functional units of the software configuration of the CPU Unit.

basic data type

Any of the data types that are defined by IEC 61131-3.

They include Boolean, bit string, integer, real, duration, date, time of day, date
and time, and text string data types.

"Basic data type" is used as opposed to derivative data types, which are defined
by the user.

forced refreshing

Forcing the refreshing of an input from an external device or an output to an ex-
ternal device, e.g., when the user debugs a program.

Addresses that are subject to forced refreshing can still be overwritten from the
user program.

union

One of the derivative data types. It allows you to handle the same data as differ-
ent data types.

global variable

A variable that can be read or written from all POUs (programs, functions, and
function blocks).

minor fault level Controller error

An error for which some of the control operations for one of the function modules
in the NJ/NX-series Controller stop.

An NJ/NX-series CPU Unit continues operation even after a minor fault level
Controller error occurs.

Special Unit Setup

A generic term for the settings for a Special Unit, including the settings in allocat-
ed DM Area words.

structure One of the derivative data types. It consists of multiple data types placed togeth-
er into a layered structure.
Constant One of the attributes of a variable.
If you specify the Constant attribute for a variable, the value of the variable can-
not be written by any instructions, ST operators, or CIP message communica-
tions.
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Controller

The range of devices that are directly controlled by the CPU Unit.

In the NX-series System, the Controller includes the CPU Rack and EtherCAT
slaves (including general-purpose slaves and Servo Drives).

In the NJ-series System, the Controller includes the CPU Rack, Expansion
Racks, and EtherCAT slaves (including general-purpose slaves and Servo
Drives).

Controller error

Errors that are defined by the NJ/NX-series System.
“Controller error” is a collective term for major fault level, partial fault level, minor
fault level, and observation Controller events.

Controller event

One of the events in the NJ/NX-series System. Controller events are errors and
information that are defined by the system for user notification. A Controller
event occurs when the system detects a factor that is defined as a Controller
event.

Controller information

Information that is defined by the NJ/NX-series System that is not an error. It rep-
resents an information Controller event.

Servo Drive/encoder input slave

Any of the EtherCAT slaves that is assigned to an axis. In the NJ/NX-series Sys-
tem, it would be a Servo Drive or Encoder Input Slave Unit.

axis A functional unit within the Motion Control Function Module. An axis is assigned
to the drive mechanism in an external Servo Drive or the sensing mechanism in
an external Encoder Input Slave Unit.

axes group A functional unit that groups together axes within the Motion Control Function

Module.

Axes Group Variable

A system-defined variable that is defined as a structure and provides status in-
formation and some of the axes parameters for an individual axes group.

An Axes Group Variable is used to specify an axes group for motion control in-
structions and to monitor the command interpolation velocity, error information,
and other information for the axes group.

Axis Variable

A system-defined variable that is defined as a structure and provides status in-
formation and some of the axis parameters for an individual axis.

An Axis Variable is used to specify an axis for motion control instructions and to
monitor the command position, error information, and other information for the
axis.

system common processing

System processing that is performed by the CPU Unit to perform I/O refreshing
and the user program execution within a task. Exclusive control of variables be-
tween tasks, data trace processing, and other processing is performed.

system service

Processing that is performed by the CPU Unit in unused time between task proc-
essing. The system service includes communications processing, SD Memory
Card access processing, self-diagnosis processing, and other processing.

system-defined variable

A variable for which all attributes are defined by the system and cannot be
changed by the user.

Initial Value

One of the attributes of a variable. The variable is set to the initial value in the
following situations.

* When power is turned ON

* When the CPU Unit changes to RUN mode

* When you specify to initialize the values when the user program is transferred
* When a major fault level Controller error occurs

slave

A device that performs remote I/O for a master.

Slave Terminal

A building-block remote 1/0 terminal to which a Communications Coupler Unit
and NX Units are mounted. A Slave Terminal is one type of slave.

slave and Unit configurations

A generic term for the EtherCAT configuration and Unit configuration.
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absolute encoder home offset

This data is used to restore in the CPU Unit the actual position of a Servo Drive
with an absolute encoder. The offset is the difference between the command po-
sition after homing and the absolute data that is read from the absolute encoder.

project unit version

A unit version to be set for the project. It is set for the project in the Select Device
Area of the Project Properties Dialog Box on the Sysmac Studio.

major fault level Controller error

An error for which all NJ/NX-series Controller control operations stop. The CPU
Unit immediately stops user program execution and turns OFF the loads for all
slaves and Units (including remote 1/O).

download To transfer data from the Sysmac Studio to the Controller with the synchroniza-
tion operation of the Sysmac Studio.

task An attribute that defines when a program is executed.

task period The interval at which the primary periodic task or a periodic task is executed.

Communications Coupler Unit

The generic name of an interface unit for remote I/O communications on a net-
work between NX Units and a host network master. For example, an EtherCAT
Coupler Unit is a Communications Coupler Unit for an EtherCAT network.

periodic task

A tasks for which user program execution and /O refreshing are performed each
period.

device

A general term for any Unit or slave that is refreshed by the 1/O refreshing that is
performed by the CPU Unit. Specifically, it refers to EtherCAT slaves, NX Units
on the CPU Unit, built-in I/O, Option Boards, and CJ-series Units.

device output

An output for any Unit or slave that is refreshed by the I/O refreshing that is per-
formed by the CPU Unit.

device variable

A variable that is used to access a specific device through an 1/O port.

synchronization

A function that automatically compares the information in the NJ/NX-series Con-
troller with the information in the Sysmac Studio, displays any differences and lo-
cations in a hierarchical form, and can be used to synchronize the information.

namespace

A system that is used to group and nest the names of functions, function block
definitions, and data types.

Network Publish

One of the attributes of a variable.
This attribute allows you to use CIP message communications or tag data links
to read/write variables from another Controller or from a host computer.

array specification

One of the variable specifications. An array variable contains multiple elements
of the same data type. The elements in the array are specified by serial numbers
called subscripts that start from the beginning of the array.

derivative data type

A data type that is defined by the user. Structures, unions, and enumerations are
derivative data types.

Range Specification

One of the variable specifications. You can specify a range for a variable in ad-
vance. The variable can take only values that are in the specified range.

general-purpose slave

Any of the EtherCAT slaves that cannot be assigned to an axis.

function

A POU that is used to create an object that determines a unique output for the
same input, such as for data processing.

function block

A POU that is used to create an object that can have a different output for the
same input, such as for a timer or counter.

partial fault level Controller error

An error for which all of the control operations for one of the function modules in
the NJ/NX-series Controller stop.

An NJ/NX-series CPU Unit continues operation even after a partial fault level
Controller error.

primary periodic task

The task with the highest priority.

program Along with functions and function blocks, one of the three types of POUs.
Programs are assigned to tasks to execute them.
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process data communications

One type of EtherCAT communications in which process data objects (PDOs)
are used to exchange information cyclically and in realtime. Process data com-
munications are also called PDO communications.

variable

A representation of data, such as a numeric value or character string, that is
used in a user program.

You can change the value of a variable by assigned the required value. “Varia-
ble” is used as opposed to “constant,” for which the value does not change.

variable memory

A memory area that contains the present values of variables that do not have AT
specifications. It can be accessed only with variables without an AT attribute.

Retain

One of the attributes of a variable. The values of variables with a Retain attribute

are held at the following times. (Variables without a Retain attribute are set to

their initial values.)

* When power is turned ON after a power interruption

* When the CPU Unit changes to RUN mode

* When you specify to not initialize the values when the user program is trans-
ferred

instruction

The smallest unit of the processing elements that are provided by OMRON for
use in POU algorithms.

There are ladder diagram instructions (program inputs and outputs), function in-
structions, function block instructions, and ST statements.

main memory

The memory inside the CPU Unit that is used by the CPU Unit to execute the OS
and user program.

Motion Control Function Module

One of the function modules. The MC Function Module performs motion control
based on commands from the motion control instructions that are executed in
the user program.

motion control instruction

A function block instruction that executes motion control.

The Motion Control Function Module supports instructions that are based on
function blocks for PLCopen® motion control as well as instructions developed
specifically for the Motion Control Function Module.

user-defined event

One of the events in the NJ/NX-series System. These events are defined by the
user. “User-defined events” is a generic term for user-defined errors and user-
defined information.

user-defined variable

A variable for which all of the attributes are defined by the user and can be
changed by the user.

user program

All of the programs in one project.

Unit

A device that mounts to the CPU Rack or an Expansion Rack.

Unit configuration

The configuration information for the Units that are set on the Sysmac Studio.
This information tells what Unit models are connected to the CPU Unit and
where they are connected.

literal A constant expression that is used in a user program.

enumeration One of the derivative data types. This data type takes one item from a prepared
name list of enumerators as its value.

enumerator One of the values that an enumeration can take expressed as a character string.
The value of an enumeration is one of the enumerators.

local variable A variable that can be accessed only from inside the POU in which it is defined.

“Local variable” is used as opposed to “global variable.”
Local variables include internal variables, input variables, output variables, in-out
variables, and external variables.
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A manual revision code appears as a suffix to the catalog number on the front and back covers of the
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[Cat. No.

W501-E1-53]

E—

Revision code

Revision
code

Date

Revised content

01

July 2011

Original production

02

March 2012

Added information on the NJ301-JOCI.

Added information on the functions supported by unit version 1.01
of the CPU Units.

Corrected mistakes.

03

May 2012

Added information on the functions supported by unit version 1.02
of the CPU Units.
Corrected mistakes.

04

August 2012

Added information on the functions supported by unit version 1.03
of the CPU Units.
Corrected mistakes.

05

February 2013

Added information on the functions supported by unit version 1.04
of the CPU Units.
Corrected mistakes.

06

April 2013

Added information on the functions supported by unit version 1.05
of the CPU Units.

Added information on the NX Series.

Corrected mistakes.

07

June 2013

Added information on the functions supported by unit version 1.06
of the CPU Units.
Corrected mistakes.

08

September 2013

Added information on the functions supported by unit version 1.07
of the CPU Units.
Corrected mistakes.

09

December 2013

Added information on the functions supported by unit version 1.08
of the CPU Units.
Corrected mistakes.

10

July 2014

Corrected mistakes.

11

January 2015

Added information on the functions supported by unit version 1.10
of the CPU Units.
Corrected mistakes.

12

April 2015

Added information on the NX701-CJ0O00and NJ101-000.
Corrected mistakes.

13

October 2015

Added information on the hardware revision.
Corrected mistakes.
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April 2016

Added information on the functions supported by unit version 1.11
of the CPU Units.
Corrected mistakes.

15

July 2016

Added information on the functions supported by unit version 1.12
of the CPU Units.

16

October 2016

Added information on the NX1P2-C1CCCOC.
Added information on the functions supported by unit version 1.13
of the CPU Units.

17

January 2017

Corrected mistakes.

18

April 2017

Added information on the functions supported by unit version 1.14
of the CPU Units.
Corrected mistakes.

19

June 2017

Corrected mistakes.

20

June 2017

Added information on the functions supported by unit version 1.15
of the CPU Units.

21

October 2017

Added information on the functions supported by unit version 1.16
of the CPU Units.
Corrected mistakes.

22

January 2018

Added information on the functions supported by unit version 1.17
of the CPU Units.

23

April 2018

Added information on the functions supported by unit version 1.18
of the CPU Units.
Corrected mistakes.

24

April 2018

Added information on the NX102-0J00C7.

Added information on the functions supported by unit version 1.30
of the CPU Units.

Made changes accompanying the transfer of explanation for event
codes and errors to theNJ/NX-series Troubleshooting Manual.

25

July 2018

Added information on the hardware revision.

Added information on the functions supported by unit version 1.19
of the NJ-series CPU Units.

Added information on the functions supported by unit version 1.31
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Corrected mistakes.

26

January 2019

Added information on the functions supported by unit version 1.20
of the NJ-series CPU Units.
Corrected mistakes.

27

April 2019

Added information on the functions supported by unit version 1.32
of the NX102-OJO1OIC.

Added information on the functions supported by unit version 1.21
of the NX1P2-0000000, NJ501-1000, NJ301-0000, and
NJ101-J0J00.

Corrected mistakes.

28

July 2019

Added information on the functions supported by unit version 1.40
of the NX102-00J00, NX1P2-0000000, NJ501-10J00, NJ301-O0
0O, and NJ101-03200.

Added information on the functions supported by unit version 1.21
of the NX701-000017, NJ501-4J00, NJ501-4[310, NJ501-1340,
and NJ501-5300.

Corrected mistakes.
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29 October 2019 | * Added information on the NX1P2-9B1I.
* Corrected mistakes.
30 July 2020 * Added information on the functions supported by unit version 1.35
of the NX102-J0J20.
* Added information on the functions supported by unit version 1.23
of the NX701-0000, NJ501-10020, NJ501-4320, and NJ101-J
20.
31 August 2020 * Added information on the NJ501-RJ00.
32 October 2020 | » Added information on the functions supported by unit version 1.42

of the NX102-0000, NX1P2-000000, NJ501-10100, NJ301-0
004, and NJ101-010100.

33 January 2021 * Added information on the functions supported by unit version 1.43
of the NX102-1CJ00 and NJ501-1100.

* Added information on the functions supported by unit version 1.36
of the NX102-1C120.

* Added information on the functions supported by unit version 1.24
of the NX701-10J0[.

34 July 2021 * Added information on the HMC-SD292, HMC-SD492, and HMC-
SD1A2 SD Memory Cards.

* Added information on the functions supported by unit version 1.46
of the NX102-JJ00, NX1P2-0J00, NJ501-10J00, NJ501-ROI
00, NJ301-0000, and NJ101-03000.

* Added information on the functions supported by unit version 1.26
of the NJ501-100J20, NJ501-1340, NJ501-5300, NJ501-430001,
NJ101-1020, and NX701-00000C1.

* Added information on the functions supported by unit version 1.37
of the NX102-120.

35 October 2021 * Added information related to the hardware revision A of the
NX701-0000.

36 November 2021 | = Added information related to the hardware revision D of the NJ-ser-
ies CPU Unit.

37 April 2022 * Added information on the functions supported by unit version 1.48

of the NX102-J000 and NJ501-10J00.

* Added information on the functions supported by unit version 1.47
of the NJ501-1020, J501-4000101, NJ501-1340, NJ501-5300, and
NJ101-03020.

* Added information on the functions supported by unit version 1.28
of NX701-00010.

38 April 2022 * Added information to Terms and Conditions Agreement.

39 June 2022 * Added information on the hardware revision B of NX701-CJCCC.
* Added information on the hardware revision E of NJ501-CJC1CIC.
* Changed descriptions on the accuracy of the built-in clock.

* Corrected mistakes.

40 October 2022 | + Made changes accompanying the release of unit version 1.50 of
the NJ-series, NX102, and NX1P2 CPU Units.
* Corrected mistakes.

41 November 2022 | « Added information on the functions supported by unit version 1.60
of the NJ-series, NX102, and NX1P2 CPU Units.

* Added information on the functions supported by unit version 1.32
of the NX701 CPU Units.

42 January 2023 | ¢ Corrected mistakes.
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43

April 2023

Added information on the NX502-1C1J[1.

44

July 2023

Added information on the functions supported by unit version 1.63
of the NX502 CPU Unit.
Corrected mistakes.

45

October 2023

Added information on the functions supported by unit version 1.64
of the NX502 CPU Units.

Changed description of OPC UA server in specifications.
Corrected mistakes.

46

January 2024

Added precaution for correct use of SD Memory Card.

Added information on the functions supported by unit version 1.65
of the NX502 CPU Units.

Corrected mistakes.

47

April 2024

Added information on the functions supported by unit version 1.66
of the NX502 CPU Units.
Corrected mistakes.

48

October 2024

Changed description on specifications of the CJ-series EtherNet/IP
Unit CJTW-EIP218S.

49

February 2025

Added information on the functions supported by unit version 1.68
of the NX102-JJ00.

50

April 2025

Added information on the functions supported by unit version 1.68
of the NX502-0J1010, and NX102-01120.

Added information on the functions supported by unit version 1.35
of the NX701-JJ20.

51

July 2025

Added information on the functions supported by unit version 1.69
of the NJ-series, NX502, NX102, and NX1P2 CPU Units.

Added information on the functions supported by unit version 1.36
of the NX701 CPU Units.

52

April 2026

Added information on the functions supported by unit version 1.70
of the NJ-series, NX502, NX102, and NX1P2 CPU Units.

Added information on the functions supported by unit version 1.37
of the NX701 CPU Units.

Corrected mistakes.

53

July 2026

Added information on the functions supported by unit version 1.71
of the NX502 CPU Units.
Corrected mistakes.
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Introduction to NJ/NX-series Con-

trollers
]

This section describes the features, basic system configuration, specifications, and
overall operating procedure of an NJ/NX-series Controller.
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1 Introduction to NJ/NX-series Controllers

1-1

The NJ/NX-series Controllers

The SYSMAC NJ/NX-series Controllers are next-generation machine automation controllers that pro-
vide the functionality and high-speed performance that are required for machine control. They provide
the safety, reliability, and maintainability that are required of industrial controllers.

The NJ/NX-series Controllers provide the functionality of previous OMRON PLCs, and they also pro-
vide the functionality that is required for motion control. Synchronized control of I/O devices on high-
speed EtherCAT can be applied to safety devices, vision systems, motion equipment, discrete 1/0, and
more.

OMRON offers the new Sysmac Series of control devices designed with unified communications spec-
ifications and user interface specifications. The NJ/NX-series Machine Automation Controllers are part
of the Sysmac Series. You can use them together with EtherCAT slaves, other Sysmac products, and
the Sysmac Studio Automation Software to achieve optimum functionality and ease of operation.

With a system that is created from Sysmac products, you can connect components and commission
the system through unified concepts and usability.

Sysmac Studio
Automation Software

Multitasking, Synchronized Control
Sequence control  Motion control

|—u—o

IEC programming

EtherCAT control network

Ey
always in control Emm—L
% gé
Safety devices 1/0O controls Servo Drives and Machine vision

Inverters

1-1-1 Features

I Hardware Features

® Standard-feature EtherCAT Control Network Support
All CPU Units provide an EtherCAT master port for EtherCAT communications.
EtherCAT is an advanced industrial network system that achieves faster, more-efficient communi-
cations. It is based on Ethernet. Each node achieves a short fixed communications cycle time by
transmitting Ethernet frames at high speed.
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The standard-feature EtherCAT control network allows you to connect all of the devices required
for machine control (e.g., /0 systems, Servo Drives, Inverters, and machine vision) to the same
network.

@ Support for EtherCAT Slave Terminals
You can use EtherCAT Slave Terminals to save space. You can also flexibly build systems with the
wide variety of NX Units.

@ Achieving a Safety Subsystem
You can use NX-series Safety Control Units to integrate safety controls in a sequence and motion
control system.

L~ Version Information

A CPU Unit with unit version 1.06 or later and Sysmac Studio version 1.07 or higher are re-
quired to use the NX-series Safety Control Units.

@ NX Units (Only for the NX502, NX102, and NX1P2)

The NX502 CPU Units, NX102 CPU Units, and NX1P2 CPU Units allow you to mount NX-series
Digital /0 Units, Analog I/O Units and other Units to the CPU Unit, in addition to EtherCAT network
slaves.

m Precautions for Correct Use

* You cannot mount NX-series Safety Control Units on the NX1P2 CPU Unit and use them.
Use NX-series Safety Control Units as a subsystem on EtherCAT.

@ X Bus Units (Only for the NX502)
The NX502 CPU Units allow you to mount EtherNet/IP Units and other X Bus Units to the CPU
Unit, in addition to EtherCAT network slaves and NX Units.

@ CJ-series Units (Only for the NJ[L101)
NJ-series CPU Units allow you to mount CJ-series Basic I/0O Units and Special Units on the I/O
bus, in addition to EtherCAT network slaves.

@ Standard-feature EtherNet/IP Communications Port

All CPU Units provide an EtherNet/IP port for EtherNet/IP communications.

EtherNet/IP is a multi-vendor industrial network that uses Ethernet. You can use it for networks be-
tween Controllers or as a field network. The use of standard Ethernet technology allows you to con-
nect to many different types of general-purpose Ethernet devices.

@ Standard-feature USB Port (Only for the NJL101)
You can connect a computer that runs the Support Software directly to the CPU Unit with a USB
connection.

M Precautions for Correct Use

The NX701 CPU Units with hardware revision A or later, NX502, NX102, and NX1P2 CPU Units
do not provide a USB port.

NJ/NX-series CPU Unit Software User’s Manual (W501) 1-3
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1 Introduction to NJ/NX-series Controllers

® Standard-feature SD Memory Card Slot

You can access an SD Memory Card that is mounted in the CPU Unit from the user program.

Highly Reliable Hardware

The NJ/NX-series Controllers provide the hardware reliability and RAS functions that you expect of
a PLC.

Parallel Execution of Tasks with a Multi-core Processor (NX701, NX502,
NX102, and NX1P2)

The NX701-CJ0C0O CPU Unit has a multi-core processor that can execute more than one task in
parallel. This enables high-speed control of even large-scale devices including an improvement of
performance for large capacity data communications.

The NX502-000J010 CPU Unit, NX102-JC0C CPU Unit, and NX1P2-CJCCC CPU Unit have a
multi-core processor that can execute the tasks, tag data link service, and system services in paral-
lel. This maintains communications performance with the Sysmac Studio, an HMI, or other devices.

I Software Features

@ Integrated Sequence Control and Motion Control

A CPU Unit can perform both sequence control and motion control. You can simultaneously ach-
ieve both sequence control and multi-axes synchronized control. Sequence control, motion control,
and /O refreshing are all executed in the same control period.

The same control period is also used for the process data communications cycle for EtherCAT. This
enables precise sequence and motion control in a fixed period with very little deviation.

Multitasking

You assign I/O refreshing and programs to tasks and then specify execution conditions and execu-
tion order for them to flexibly combine controls that suit the application.

Programming Languages Based on the IEC 61131-3 International Standard
The Controllers support language specifications that are based on IEC 61131-3. To these, OMRON

has added our own improvements. Motion control instructions that are based on PLCopen® stand-
ards and an instruction set (POUs) that follows IEC rules are provided.

Programming with Variables to Eliminate Worrying about the Memory Map

You access all data through variables in the same way as for the advanced programming languag-
es that are used on computers. Memory in the CPU Unit is automatically assigned to the variables
that you create so that you do not have to remember the physical addresses.

A Wealth of Security Features

The many security features of the NJ/NX-series Controllers include operation authority settings and
restriction of program execution with IDs.

Complete Controller Monitoring

The CPU Unit monitors events in all parts of the Controller, including mounted Units and EtherCAT
slaves.
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Troubleshooting information for errors is displayed on the Sysmac Studio or on an NS-series PT.
Events are also recorded in logs.

® Sysmac Studio Automation Software
The Sysmac Studio provides an integrated development environment that covers not only the Con-
troller, but also covers peripheral devices and devices on EtherCAT. You can use consistent proce-
dures for all devices regardless of the differences in the devices. The Sysmac Studio supports all
phases of Controller application, from designing through debugging, simulations, commissioning,
and changes during operation.

$J9]10)U0D SALIBS-XN/IN dUL L-L

® A Wealth of Simulation Features
The many simulation features include execution, debugging, and task execution time estimates on
a virtual controller.

1-1-2  Introduction to the System Configurations

This section describes the system configurations of the NX-series and NJ-series Controllers.

I Introduction to the System Configurations of the NX701 CPU Units
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The NX701 CPU Unit supports the following system configurations.

® Basic System Configurations

The NX701 basic configurations include the EtherCAT network configuration and the Support Soft-

ware.

» EtherCAT network configuration
You can use the built-in EtherCAT port to connect to EtherCAT Slave Terminals, to general-
purpose slaves for analog and digital 1/0, and to Servo Drives and encoder input slaves. An
EtherCAT network configuration enables precise sequence and motion control in a fixed cycle
with very little deviation.

* Support Software
You can connect the Support Software through an Ethernet cable that is connected to the
built-in EtherNet/IP port.
Refer to 10-2 Connection with Sysmac Studio on page 10-9 for details on the connection
configuration of the Support Software.
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EtherCAT Network
Configuration

P o C— P e——

| Support Software |
Sysmac Studio | _ _ _ _ _ _ _ _ _ _ _ _ _ -
NX-series Controller |
Power |
Supply Unit CPU Unit |
PR
LAN |
|
|
EtherNet/IP %r @ iy
ﬁ |
|

Built-in EtherNet/IP port
Built-in EtherCAT port

Servo Drive/encoder
input slaves

M Precautions for Correct Use

* NX Units should be connected to Slave Terminals. The NX bus connector of the CPU Unit is
provided for future expansion so that it cannot be used to connect any NX Unit.
* The NX701 CPU Unit of hardware revision A or later does not provide a USB port.

@ Additional Information

You can connect the Sysmac Studio directly to the Communications Coupler Unit to set up the
Slave Terminal. Refer to the NX-series EtherCAT Coupler Units User’s Manual (Cat. No. W519)
for details.

® Network Configurations

* Host computers, HMIs, and other NJ/NX-series Controllers are connected to the built-in Ether-
Net/IP port.
* An NX701 CPU Unit has two built-in EtherNet/IP ports.
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Refer to Section 10 Communications Setup on page 10-1 for details on the network config-
uration.

@ Support Software

You can use the following Support Software to set up, monitor, and debug an NX701 CPU Unit.

» Sysmac Studio
The Sysmac Studio is the main Support Software that you use for an NX701 CPU Unit. On it,
you can set up the Controller configurations, parameters, and programs, and you can debug
and simulate operation.

» Other Support Software
The following Support Software is also included in the Sysmac Studio Software Package
Standard Edition.
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Configuration software Application

Network Configurator | The Network Configurator is used for tag data links on EtherNet/IP ports.”

*1. If the NJ/NX-series Controller is a target device, you may also use Sysmac Studio version 1.10 or
higher. Use the Network Configurator if a CS/CJ-series PLC operates as the originator device.

M Precautions for Correct Use

For the NX701 CPU Unit with unit version 1.29 or later, use Sysmac Studio on Windows 10 ver-
sion 1803 or higher OS on the computer. Sysmac Studio on Windows 10 version 1709 or lower
cannot connect online to the Controller.

I Introduction to the System Configurations of the NX502 CPU Units

The NX502 CPU Unit supports the following system configurations.

@ Basic System Configurations
The NX502 basic configurations include the EtherCAT network configuration, NX Unit configura-
tion, X Bus Unit configuration, and the Support Software.
» EtherCAT Network Configuration
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You can use the built-in EtherCAT port to connect to EtherCAT Slave Terminals, to general-
purpose slaves for analog and digital 1/0, and to Servo Drives and encoder input slaves. An

EtherCAT network configuration enables precise sequence and motion control in a fixed cycle
with very little deviation.
* NX Unit Configuration

You can mount NX-series Digital 1/0 Units, Analog I/O Units and other Units.
« X Bus Unit Configuration
You can mount EtherNet/IP Units and other X Bus Units.
» Support Software

You can connect the Support Software through an Ethernet cable that is connected to the

built-in EtherNet/IP port.
Refer to 10-2 Connection with Sysmac Studio on page 10-9 for details on the connection
configuration of the Support Software.

Support Software

X Bus Unit
Configuration

Built-in EtherNet/IP port 2

NX Unit
T T T T T T Configuration
Built-in EtherNet/IPport 1 ' _ _ _ _ _ _ _ _ _ _ _ |
| \
_______ : | NX-series NX502 | '
[0 CPU Unit | :
It Y !

I L AL L I I
| [
| [

L U I
T — :
/ | NX Units | |
|
] CPU Rack | !
o N Lo !
Built-in EtherCAT port | |
| EtherCAT —~ T T 77
: |
N AEEEE
| O
| g
|
[
[
[
[
|

EtherCAT Network
Configuration

Slave Terminal

Servo Drives/
Encoder input slaves

General-purpose
slaves

@ Precautions for Correct Use

An NX502 CPU Unit does not provide a USB port.
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@ Additional Information

You can connect the Sysmac Studio directly to the Communications Coupler Unit to set up the
Slave Terminal. Refer to the NX-series EtherCAT Coupler Units User’s Manual (Cat. No. W519)
for details.
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® Network Configurations
» Host computers, HMIs, and other NJ/NX-series Controllers are connected to the built-in Ether-
Net/IP port or the EtherNet/IP port on the NX-series EtherNet/IP Unit.

. Host computer :
HMI =
4 =
| EtherNet/IP 3
e
28
_ S
L b L] . Host computer 8
T o | | HMI 3
o | | &
NJ/NXosorios | EtherNet/IP 2
CPU Unit I 3
_ Q)
L[ L 2
Built-in EtherNet/IP port = €
= . o | | [ g
NX-series = IGaasamaasl NJ/NX-series §
NX502 CPU CPU Unit
Unit I N
~ NX-series Communications
X Bus Units NX Units Interface Unit

NX-series EtherNet/IP Unit Serial communications devices

B/ &,

General-purpose components or OMRON components

Refer to Section 10 Communications Setup on page 10-1 for details on the network configu-
ration.

® Support Software

You can use the following Support Software to set up, monitor, and debug an NX502 CPU Unit.

» Sysmac Studio
The Sysmac Studio is the main Support Software that you use for an NX502 CPU Unit. On it,
you can set up the Controller configurations, parameters, and programs, and you can debug
and simulate operation.

» Other Support Software
The following Support Software is also included in the Sysmac Studio Software Package

Standard Edition.

Configuration software Application
Network Configurator | The Network Configurator is used for tag data links on the built-in EtherNet/IP
port and EtherNet/IP port of the NX-series EtherNet/IP Unit.

*1.  If the NJ/NX-series Controller is a target device, you may also use Sysmac Studio version 1.10 or
higher. Use the Network Configurator if a CS/CJ-series PLC operates as the originator device.
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@ Precautions for Correct Use

For the NX502 CPU Unit, use Sysmac Studio on Windows 10 version 1803 or higher OS on the
computer. Sysmac Studio on Windows 10 version 1709 or lower cannot connect online to the
Controller.

I Introduction to the System Configurations of the NX102 CPU Units

The NX102 CPU Unit supports the following system configurations.

® Basic System Configurations

The NX102 basic configurations include the EtherCAT network configuration, NX Unit configura-

tion, and the Support Software.

» EtherCAT Network Configuration
You can use the built-in EtherCAT port to connect to EtherCAT Slave Terminals, to general-
purpose slaves for analog and digital 1/0, and to Servo Drives and encoder input slaves. An
EtherCAT network configuration enables precise sequence and motion control in a fixed cycle
with very little deviation.

* NX Unit Configuration
In addition to the EtherCAT network, you can mount NX-series Digital I/O Units, Analog 1/0
Units and other Units.

» Support Software
You can connect the Support Software through an Ethernet cable that is connected to the
built-in EtherNet/IP port.
Refer to 10-2 Connection with Sysmac Studio on page 10-9 for details on the connection
configuration of the Support Software.
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M Precautions for Correct Use

An NX102 CPU Unit does not provide a USB port.

@ Additional Information

You can connect the Sysmac Studio directly to the Communications Coupler Unit to set up the
Slave Terminal. Refer to the NX-series EtherCAT Coupler Units User’s Manual (Cat. No. W519)

for details.

® Network Configurations

» Host computers, HMIs, and other NJ/NX-series Controllers are connected to the built-in Ether-

Net/IP port.

* An NX102 CPU Unit has two built-in EtherNet/IP ports.
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Built-in EtherNet/IP port
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Refer to Section 10 Communications Setup on page 10-1 for details on the network configu-

ration.

® Support Software
You can use the following Support Software to set up, monitor, and debug an NX102 CPU Unit.

* Sysmac Studio
The Sysmac Studio is the main Support Software that you use for an NX102 CPU Unit. On i,
you can set up the Controller configurations, parameters, and programs, and you can debug
and simulate operation.

» Other Support Soft
The following Support Software is also included in the Sysmac Studio Software Package

Standard Edition.

Configuration software Application

Network Configurator | The Network Configurator is used for tag data links on EtherNet/IP ports.”

*1. If the NJ/NX-series Controller is a target device, you may also use Sysmac Studio version 1.10 or
higher. Use the Network Configurator if a CS/CJ-series PLC operates as the originator device.

M Precautions for Correct Use

For the NX102 CPU Unit with unit version 1.49 or later, use Sysmac Studio on Windows 10 ver-
sion 1803 or higher OS on the computer. Sysmac Studio on Windows 10 version 1709 or lower

cannot connect online to the Controller.

I Introduction to the System Configurations of the NX1P2 CPU Units

The NX1P2 CPU Unit supports the following system configurations.

® Basic System Configurations
The NX1P2 basic configurations include the EtherCAT network configuration, NX Unit configura-

tion, and the Support Software.
» EtherCAT network configuration
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You can use the built-in EtherCAT port to connect to EtherCAT Slave Terminals, to general-
purpose slaves for analog and digital 1/0, and to Servo Drives and encoder input slaves. An
EtherCAT network configuration enables precise sequence and motion control in a fixed cycle
with very little deviation.

» NX Unit configuration
In addition to the EtherCAT network, you can mount NX-series Digital /0 Units, Analog I/O
Units and other Units.

» Support Software
You can connect the Support Software through an Ethernet cable that is connected to the
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Refer to 10-2 Connection with Sysmac Studio on page 10-9 for details on the connection ;
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m Precautions for Correct Use

An NX1P2 CPU Unit does not provide a USB port.

@ Additional Information

You can connect the Sysmac Studio directly to the Communications Coupler Unit to set up the
Slave Terminal. Refer to the NX-series EtherCAT Coupler Units User’s Manual (Cat. No. W519)
for details.

® Network Configurations
» Host computers, HMIs, and other NJ/NX-series Controllers are connected to the built-in Ether-
Net/IP port.
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. Host computer HMI
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Serial NJ/NX-series CPU Unit

NX-series

Communications > ]
Communications Interface Unit

Option Board

Serial-communications devices

= &,

General-purpose components or OMRON components

Refer to Section 10 Communications Setup on page 10-1 for details on the network configu-

ration.

® Support Software
You can use the following Support Software to set up, monitor, and debug an NX1P2 CPU Unit.

* Sysmac Studio
The Sysmac Studio is the main Support Software that you use for an NX1P2 CPU Unit. On it,

you can set up the Controller configurations, parameters, and programs, and you can debug
and simulate operation.

» Other Support Software
The following Support Software is also included in the Sysmac Studio Software Package

Standard Edition.

Configuration software Application

Network Configurator | The Network Configurator is used for tag data links on EtherNet/IP ports.”’

*1.  If the NJ/NX-series Controller is a target device, you may also use Sysmac Studio version 1.10 or
higher. Use the Network Configurator if a CS/CJ-series PLC operates as the originator device.

@ Precautions for Correct Use

For the NX1P2 CPU Unit with unit version 1.49 or later, use Sysmac Studio on Windows 10 ver-
sion 1803 or higher OS on the computer. Sysmac Studio on Windows 10 version 1709 or lower

cannot connect online to the Controller.

Introduction to the System Configurations of the NJ-series Control-
lers

The NJ-series supports the following system configurations.

® Basic System Configurations
The NJ-series basic configurations include the EtherCAT network configuration, CJ-series Unit con-

figuration, and the Support Software.
» EtherCAT network configuration

NJ/NX-series CPU Unit Software User’s Manual (W501)



1 Introduction to NJ/NX-series Controllers

You can use the built-in EtherCAT port to connect to EtherCAT Slave Terminals, to general-
purpose slaves for analog and digital 1/0, and to Servo Drives and encoder input slaves. An
EtherCAT network configuration enables precise sequence and motion control in a fixed cycle
with very little deviation.

» CJ-series Unit configuration
In addition to the EtherCAT network, you can mount CJ-series Basic I/0 Units and Special
Units. CJ-series Units can be mounted both to the CPU Rack where the CPU Unit is mounted
and to Expansion Racks.

» Support Software
The Support Software is connected to the peripheral USB port on the CPU Unit with a com-
mercially available USB cable. You can also connect it through an Ethernet cable that is con-
nected to the built-in EtherNet/IP port.
Refer to 10-2 Connection with Sysmac Studio on page 10-9 for details on the connection
configuration of the Support Software.
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@ Additional Information

You can connect the Sysmac Studio directly to the Communications Coupler Unit to set up the
Slave Terminal. Refer to the NX-series EtherCAT Coupler Units User’s Manual (Cat. No. W519)
for details.

® Network Configurations

* Host computers, HMIs, and other NJ-series Controllers are connected to the built-in EtherNet/IP
port or to an EtherNet/IP Unit (CJ1W-EIP21 or CJ1W-EIP21S).

» A DeviceNet network is connected to a DeviceNet Unit. A CompNet network is connected to a
CompNet Unit. A serial communications network is connected to a Serial Communications Unit.

NJ/NX-series CPU Unit Software User’s Manual (W501) 1-15



1 Introduction to NJ/NX-series Controllers
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Refer to Section 10 Communications Setup on page 10-1 for details on the network config-
uration.

L~ Version Information

* The CJ1W-EIP21 can be mounted on the NJ-series CPU Unit in the following combinations.
a) CJ1W-EIP21: Unit version 2.1 or later
b) NJ-series CPU Unit: Unit version 1.01 or later
c) Sysmac Studio: Version 1.02 or higher

* The CJ1W-EIP21S can be mounted on the NJ-series CPU Unit in the following combinations.
a) CJ1W-EIP21S: Lot. number: 24100101 or later
b) NJ-series CPU Unit: Unit version 1.67 or later
c) Sysmac Studio: Version 1.60 or higher

® Support Software

You can use the following Support Software to set up, monitor, and debug an NJ-series Controller.

* Sysmac Studio
The Sysmac Studio is the main Support Software that you use for an NJ-series Controller. On
it, you can set up the Controller configurations, parameters, and programs, and you can de-
bug and simulate operation.

* Other Support Software
The following Support Software is also included in the Sysmac Studio Software Package
Standard Edition.

Configuration software Application

Network Configurator | The Network Configurator is used for tag data links on EtherNet/IP ports or
Units. 1

CX-Integrator The CX-Integrator is used for remote 1/0O communications with a DeviceNet
Unit or CompoNet Master Unit.

CX-Protocol The CX-Protocol is used for protocol macros with Serial Communications
Units.
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Configuration software Application
CX-Designer The CX-Designer is used to create screens for NS-series PTs.

*1.  If the NJ/NX-series Controller is a target device, you may also use Sysmac Studio version 1.10 or
higher. Use the Network Configurator if a CS/CJ-series PLC operates as the originator device.
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M Precautions for Correct Use

For the NJ-series CPU Unit with unit version 1.49 or later, use Sysmac Studio on Windows 10
version 1803 or higher OS on the computer. Sysmac Studio on Windows 10 version 1709 or
lower cannot connect online to the Controller.
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1-2 Main Specifications

This section gives the main specifications of the NJ/NX-series Controllers. Refer to A-1 Specifications on page
A-4 for general specifications, performance specifications, and function specifications.

80 MB 80 MB 5 MB 1.5 MB*2 20MB | 5MB 3 MB

6,000 3,000 450 3,000 750 450

48,000 9,000 1,800 9,000 3,000 1,800
*) ")

4 MB 4MB™ 1.5MB™ 32 KB 2 MB 0.5 MB

40,000 10,000 5,000 10,000 | 5,000 (*)

256 MB 256MB™4 32MB™ oMB™4 4 MB 2 MB

360,000 90,000 90,000 180,00 | 90,000 | 22,500
0(") *)

8,000 1,000 1,000 2,000 1,000

6,144 words (CIO 0 to CIO 6143)® 6,144 words (CIO 0 to CIO
6143)

-—- 512 words (W0 to W511)8 512 words (WO to W511)

— 1,536 words (HO to H1535)*7 1,536 words (HO to H1535)
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NX701- NX502- NX102- NX1P2- NJ501- | NJ301- | NJ101- %
ttem oooo | oooo | oooo DDDDDDD OOO0 | 0000 | 0000 %
DM Area - 32,768 words (DO to 16,000 32,768 words (DO to %
D32767)*7 words (DO D32767) g‘.
to 7
D15999)7
EM Area - 32,768 32,768 --- 32,768 | 32,768 words x 4
words x 25 | words x 25 words % | banks (E0_00000
banks banks 25 to E3_32767)
(EO0_00000 | (EO_00000 banks
to to (EO_OO
E18_32767 | E18_32767 000 to
) ) E18_32
7 *7*8 767)
Motion control Refer to Performance Specifications of Motion Control for Each Type of CPU Units
on page A-12.
Pe- Supported services -9 --- Sysmac Studio connection
riph= Physical layer .9 - USB 2.0-compliant B-type
eral connector
(UsSB)
port
Transmission distance .9 - 5 m max.
Secure Communication (*) Supported.
Built- | Number of ports 2 2 2 1
in Physical layer 10BASE-T/100BASE-TX/ | 10Base-T or 100Base-TX
Ether 1000BASE-T
Net/IP
port
Frame length 1,514 bytes max.
Media access method CSMA/CD
Modulation Baseband
Topology Star
Baud rate 1 Gbps (1000BASE-T) | 100 Mbps (100BASE-TX)

Transmission media

Shielded twisted-pair (STP) cable, Category 5, 5e, or higher

Maximum transmission
distance between Ether-
net switch and node

100 m

Maximum number of
cascade connections

There is no limitation when an Ethernet switch is used.

CIP
serv-
ice:
Tag
data
links
(cyclic
com-
muni-
cati-
ons)

Maximum num- | 256 per 64 per port | 32 per port | 32
ber of connec- | port 128 total 64 total
tions 512 total
Packet inter- Can be set | Canbe set | Canbeset | Canbe set | Can be set for each connec-
val*10 for each for each for each for each tion.
connection. | connection. | connection. | connection. | 1 to 10,000 ms in 1-ms in-
0.5to 1t0 10,000 | 1to 10,000 |2 to 10,000 | crements (*)
10,000ms |[msin1-ms |msin1-ms | msin 1-ms
in 0.5-ms increments | increments | increments
increments
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1-20

40,000 20,000 12,000 3,000 pps ™! (including heartbeat) (*)
pps™M (in- | pps™ (in- | pps™ (in-
cluding cluding cluding
heartbeat) heartbeat, heartbeat,
CIP Safety | CIP Safety
routing) (*) | routing) (*)
256 per 64 per port | 32 per port | 32
port 128 total 40 total 12
512 total
Network Network variables, CIO, Network Network variables, CIO,
variables Work, Holding, DM, and variables, Work, Holding, DM, and EM
EM Areas ClO, Work, | Areas
Holding,
and DM
Areas
8 (7 tagsif | 64 (63 tags | 8 (7 tags if Controller status is included in the tag set.)
Controller if Controller
status is in- | status is in-
cluded in cluded in
the tag set.) | the tag set.)
256 per 256 per 256 per 256
port port port
512 total 512 total 512 total
369,664 92,416 19,200 19,200 bytes
bytes per bytes per bytes per
port port port
739,328 184,832 38,400
bytes total | bytes total | bytes total
1,444 bytes 600 bytes
256 per 64 per port | 32 per port | 32 (1 connection = 1 tag set)
port 128 total 40 total 12
512 total (1 connec- | (1 connec-
(1 connec- | tion=1tag | tion = 1 tag
tion = 1tag | set) set)

set)

1,444 bytes (Two bytes
are used if Controller sta-
tus is included in the tag

set.)

600 bytes (Two bytes are used if Controller status is in-
cluded in the tag set.)

Supported.
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%
=
8,
=
%
©
8

128 per port 32 per port | 32 (clients plus server) g-

256 total 64 total g—

(clients plus server) (clients plus 7

server)

32 per port 32

64 total

32 per port 32

64 total

- 128 total 16 total -

32 bytes

IEC 61158 Type12

Class B (Feature Pack Motion Control compliant)

100BASE-TX

Baseband

100 Mbps (100BASE-TX)
Auto
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Line, daisy | Line, daisy chain, branching, and ring™'®
chain, and
branching

Twisted-pair cable of category 5 or higher (double-shielded straight cable with alumi-
num tape and braiding)

100 m

512 256 64 16"16 192 64

- Half duplex | ---
(when con-
nected to
the Serial
Communi-
cations Op-
tion Board)

- Start-stop -—-
synchroni-
zation
(when con-
nected to
the Serial
Communi-
cations Op-
tion Board)

— 1.2/2.4/4.8] | ---
9.6/19.2/38.
4/57.6/115.
2 kbps
(when con-
nected to
the Serial
Communi-
cations Op-
tion Board)
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NX701- NX502- NX102- NX1P2- NJ501- | NJ301- | NJ101- %
ttem oooo | oooo | oooo DDDDDDD OOO0 | 0000 | 0000 @
(1
Maximum num- | --- 40 %
ber of CJ Units g-
for entire con- 7
troller
Maximum num- | 4,096 432 24 4,096 400
ber of NX Units
for entire con-
troller
Maximum num- | --- 4 ---
ber of X Bus
Units for entire
controller
Maximum number of Ex- | 0 3
pansion Racks
I/0 ca- | Maximum num- | --- 2,560
pacity | ber of /O
points on CJ-
series Units
Power | Model NX-PA9001 | A non-isolated power supply for DC in- | NJ-P[J3001
Sup- NX- put is built into the CPU Unit.
ply PD7001
Unit Power | AC 30to45ms | - 30 to 45 ms
for OFF power
CPU | detec- | supply
Rack | tion DC 5t020ms |2to4ms |2to8ms 22to 25 ms
and time | power
ex- supply
pan-
sion
Racks
Maximum NX Bus I/O - Inputs: 8,192 bytes ---
data size Outputs: 8,192 bytes

*1.  Execution objects and variable tables (including variable names)

*2.  The size of program capacity is 1.0 MB for an NX1P2-9BO IO CPU Unit.

*3. Does not include Holding, DM, and EM Area memory for CJ-series Units.

*4.  Memory for CJ-series Units is included.

*5.  Does not include CIO and Work Area memory for CJ-series Units.

*6. Variables without a Retain attribute are used. The value can be set for each word.

*7. Variables with a Retain attribute are used. The value can be set for each word.

*8.  For the NX102 CPU Unit, creating all banks simultaneously at the maximum number of words is not possible, because
the capacity of the retain variable memory is limited to 1.5 MB.

*9.  An NX701 CPU Unit without hardware revision provides a peripheral (USB) port of the following specifications.
* Supported service: Sysmac Studio connection
* Physical layer: USB 2.0-compliant B-type connector
e Transmission distance: 5 m max.

*10. Data will be refreshed at the set interval, regardless of the number of nodes.

*11. “pps” means packets per second, i.e., the number of communications packets that can be sent or received in one sec-
ond.

*12. If more than 40 tag sets are set in total, a Number of Tag Sets for Tag Data Links Exceeded (840E0000 hex) event will
occur.
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*13. As the EtherNet/IP port implements the IGMP client, unnecessary multi-cast packets can be filtered by using an Ether-
net switch that supports IGMP Snooping.

*14. If CIP Safety routing is used with the NX502 CPU Unit, it cannot be used when the task period of the primary periodic
task is less than 500 ps.

*15. Aring topology can be used for project unit version 1.40 or later.

*16. The maximum number of slaves is 8 for an NX1P2-9BOJOCO CPU Unit.

Note Items that are marked with asterisks in the table are improvements that were made during version upgrades. Refer to
A-20 Version Information for NX-series Controllers on page A-307 and A-21 Version Information for NJ-series Control-
lers on page A-313 for information on version upgrades.
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1-3 Overall Operating Procedure for the
NJ/NX-series

ainpasold BunesadQ |jesanQ g-1

SaLIas-XN/IN 33 10}

This section gives the overall operating procedure of the NJ/NX-series and then describes it in more
detail.

1-3-1 Overall Procedure

The overall procedure to use an NJ/NX-series Controller is given below.

Step 1. Software Design
Design the overall system configuration, task configuration, programs, and variables.

Step 1-1 Designing 1/0 and Processing

2InNpadonld |[elaAQ L-¢-|

Step 1-2 Designing Tasks

Step 1-3 Designing Programs

Step 2. Software Setups and Programming
Create the system configurations that you designed in step 1 on the Support Software and assign the
variables. Create the tasks and programs, and debug them, e.g., with simulations.

Step 2-1 Slave and Unit Configurations
Step 2-2 Controller Setup

Step 2-3 Programming

Step 2-4 Offline Debugging

Step 3. Mounting and Setting Hardware
Mount the Units and make the required hardware settings.

Step 4. Wiring
Connect the network cables and wire the 1/O.

Step 5. Checking Operation and Starting Operation on the Actual System
Connect the Support Software to the physical system and download the project. Check operation on
the physical system and then start actual system operation.
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* External I/0 devices and Unit configuration NX-series CPU Unit
* Refresh periods for external devices Hardware User's

* Program contents Manual (Cat. No.
W535)

NX-series NX502
CPU Unit Hardware
User’s Manual (Cat.
No. W629)
NX-series NX102
CPU Unit Hardware
User’s Manual (Cat.
No. W593)
NX-series NX1P2
CPU Unit Hardware
User's Manual (Cat.
No. W578)
NJ-series CPU Unit
Hardware User's
Manual (Cat. No.
W500)

» Task configuration 4-2-3 Task Settings on
* Relationship between tasks and programs page 4-7

* Task periods

* Slave and Unit refresh times

* Exclusive control methods for variables between tasks

* Programs Section 6 Program-
* Functions and function blocks ming on page 6-1
* Determining the algorithm languages

* Defining variables that you can use in more than one POU and varia- | 6-3 Variables on page
bles that you use in only specific POUs 6-29

* Defining the variables names for the device variables that you use to
access slaves and Units

» Defining the attributes of variables, such as the Name and Retain at-
tributes

* Designing the data types of variables
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Step 2. Software Setup and Programming

Step

Description

Sysmac Studio Op-
erations

Reference

Project Creation

1. Create a project in the Sysmac Studio.

2. |Insert a Controller.

New Project Button
Insert—Controller

Sysmac Studio
Version 1 Operation
Manual (Cat. No.
W504)

The following Controller Configurations and Setup and the Programming and Task Settings can be performed in either or-

der.

STEP2-1
Slave and Unit con-
figurations

1) Creating the Slave
and Unit Configura-
tions

1. Creating the slave configuration and Unit
configuration either offline or online. (For
online configuration, make the online con-
nection that is described in step 5.)

2. Setting up any Slave Terminals that are
used.

EtherCAT Slave Set-
ting Editor
Unit Editor

3-2-1 Creating the
EtherCAT Slave Con-
figuration on page

3-5

3-2-2 Creating the Unit
Configuration on page
3-6

NX-series EtherCAT
Coupler Unit User’s
Manual (Cat. No.
W519)

2) Assigning Device
Variables to 1/0
Ports

Registering device variables in variable tables
(Variable names are user defined or automati-
cally created.)

I/O Map

3-3 I/O Ports and De-
vice Variables on page
3-8

(The following step is for motion control.)

3) Creating the Axes
and Assigning Them
to the Servo Drive/
Encoder Input
Slaves

Creating the axes and setting them as real ax-
es or virtual axes.

Creating axes groups to perform interpolated
axes control.

Configurations and
Setup - Motion
Control Setup

3-5 Creating the Axes
and Assigning Them to
the Servo Drives/
Encoder Input
Slaves/NX Units on
page 3-19

NJ/NX-series CPU Unit Software User’s Manual (W501)

1-27

ainpasold BunesadQ |jesanQ g-1

SaLIas-XN/IN 33 10}

s|le}oQ ainpadold z-¢-1



1 Introduction to NJ/NX-series Controllers

STEP2-2
Controller Setup

Setting the following parameters from the Sys-
mac Studio

Section 4 Controller
Setup on page 4-1

Setting the initial values for the PLC
Function Module

Configurations and
Setup - Controller
Setup - Operation
Settings

4-2 Initial Settings for
the PLC Function
Module on page 4-4

For NX502 CPU Units

» Setting the clock data with clock
function when a Battery is mounted

» Configuration and Setup for NX Units

* Initial Settings for NX Units

* Configuration and Setup for X Bus
Units

* Initial Settings for X Bus Units

* Memory settings for CJ-series Units

For NX1P2 CPU Units

» Setting the clock data with clock
function when a Battery is mounted

* Configuration and Setup for NX Units

* Initial Settings for NX Units

* Initial settings for built-in I/O

* Initial settings for Option Boards

* Memory settings for CJ-series Units

Each setting is given

below.

* Controller -
Controller Clock

* Configurations
and Setup - CPU/
Expansion Racks -
CPU Rack: NX Bus

* Configurations
and Setup - CPU/
Expansion Racks -
CPU Rack: X Bus

* Configurations
and Setup -
Controller Setup -
Built-in 1/0
Settings

* Configurations
and Setup -
Controller Setup -
Option Board
Settings

* Configurations
and Setup -
Controller Setup -
Memory Settings
for CJ-series Units

8-1-2 Clock on page
8-3

4-2-4 Configuration
and Setup for NX Units
on page 4-13

4-3 Initial Settings for
NX Units on page

4-21

4-4 Initial Settings for
X Bus Units on page
4-25

4-2-5 Configuration
and Setup for X Bus
Units on page 4-16
NX-series NX1P2 CPU
Unit Built-in I/O and
Option Board User's
Manual (Cat. No.
W579)

For NJ-series CPU Units
Initial Settings for Special Units

Configurations and
Setup - CPU/
Expansion Racks

4-5 Initial Settings for
Special Units on page
4-26

To use motion control
Setting the initial settings for the Motion
Control Function Module

Configurations and
Setup - Motion
Control Setup

4-6 Initial Settings for
the Motion Control
Function Module on
page 4-28

Setting the initial values for the Ether-
CAT Function Module

Configurations and
Setup - EtherCAT

4-7 Initial Settings for
the EtherCAT Master
Function Module on
page 4-30

Setting the initial values for the Ether-
Net/IP Function Module

Configurations and
Setup - Controller
Setup - Built-in
EtherNet/IP Port
Settings

4-8 Initial Settings for
the EtherNet/IP Func-
tion Module on page
4-31

1-28
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STEP2-3
Programming

1) Registering Varia-
bles

* Registering the variables used by more than
one POU in the global variable table with
Sysmac Studio

* Registering the local variable table for each
program

* Registering the local variable table for each
function block and function

Global Variable Table
Editor

Local Variable Table
Editor

Sysmac Studio
Version 1 Operation
Manual (Cat. No.
W504)

6-3 Variables on page
6-29

2) Writing Algo-
rithms for POUs

Writing the algorithms for the POUs (programs,
function blocks, and functions) in the required
languages

Programming Editor

Section 6 Program-
ming on page 6-1
NJ/NX-series
Instructions Reference
Manual (Cat. No.
W502) and NJ/NX-
series Motion Control
Instructions Reference
Manual (Cat. No.
Ww508)

3) Setting the Tasks

Making task settings

Task Settings

4-2-3 Task Settings on
page 4-7

STEP2-4
Offline Debugging

Checking the algorithms and task execution
times on the Simulator (virtual controller)

Section 7 Checking
Operation and Actual
Operation on page
7-1

Step 3. Mounting and Setting Hardware

Step

Description

Reference

1. Mounting

* Connecting adjacent Units
* Mounting to DIN Track

NX-series CPU Unit
Hardware User's
Manual (Cat. No.
W535)

NX-series NX502
CPU Unit Hardware
User’s Manual (Cat.
No. W629)
NX-series NX102
CPU Unit Hardware
User’s Manual (Cat.
No. W593)
NX-series NX1P2
CPU Unit Hardware
User’s Manual (Cat.
No. W578)
NJ-series CPU Unit
Hardware User's
Manual (Cat. No.
W500)
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2. Setting Hardware | » Setting the node addresses of the EtherCAT slaves Operation manuals for
* Setting unit numbers on the rotary switches on the front of the Special | the EtherCAT slaves
Units and Special Units
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o
o
8
2
g8
3%
* Connecting the built-in EtherCAT port NX-series CPU Unit gé
¢ Connecting the built-in EtherNet/IP port Hardware User's I§§
Manual (Cat. No. 88
W535) 23
NX-series NX502
CPU Unit Hardware
User’s Manual (Cat.
No. W629)
NX-series NX102 i
CPU Unit Hardware o
User’s Manual (Cat. g
No. W593) 8
NX-series NX1P2 5
CPU Unit Hardware &
User’s Manual (Cat. %
No. W578)

NJ-series CPU Unit
Hardware User's
Manual (Cat. No.

W500)
e Wiring I/0O to EtherCAT slaves Operation manuals for
¢ Wiring Basic I/0 Units and Special Units the EtherCAT slaves

NX-series CPU Unit
Hardware User's
Manual (Cat. No.
W535)

NX-series NX502
CPU Unit Hardware
User’s Manual (Cat.
No. W629)
NX-series NX102
CPU Unit Hardware
User’s Manual (Cat.
No. W593)
NX-series NX1P2
CPU Unit Hardware
User’s Manual (Cat.
No. W578)
NJ-series CPU Unit
Hardware User's
Manual (Cat. No.
W500)

* Checking wiring Sysmac Studio
Version 1 Operation
Manual (Cat. No.

W504)

* Connecting the USB cable™’ Sysmac Studio

* Connecting the built-in EtherNet/IP port Version 1 Operation
Manual (Cat. No.
W504)
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*1. The NX701 CPU Units with hardware revision A or later, NX502, NX102, and NX1P2 CPU

Units do not provide a USB port.

Step 5. Checking Operation and Starting Operation on the Actual System

Step

Description

Sysmac Studio Op-
erations

Reference

1. Online Connection
to Sysmac Studio
and Project Down-
load

Turn ON the power supply to the Controller and
place the Sysmac Studio online. Then, down-
load the project.

Perform this before you create the slave config-
uration from the mounted Units, which is ex-
plained in STEP 2-1: Creating the Slave and
Unit Configurations.

Controller -
Communications
Setup
Controller—
Synchronization

Section 7 Checking
Operation and Actual
Operation on page
71

2. Operation Check
on Controller

1. Check the wiring by using forced refreshing
of real I/O from the I/O Map or Watch Tab
Page.

2. For motion control, use the MC Test Run
operations in PROGRAM mode to check
the wiring. Then check the motor rotation
directions for jogging, travel distances for
relative positioning (e.g., for electronic gear
settings), and homing operation.

3. Change the Controller to RUN mode and
check the operation of the user program.

Section 7 Checking
Operation and Actual
Operation on page
7-1

3. Actual Controller
Operation

Start actual operation.

*1.  Use the Synchronize Menu of the Sysmac Studio to download the project.
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CPU Unit Operation

This section provides information that is necessary to use the CPU Unit, including how
the CPU Unit works and the operations that it performs depending on the status of the

CPU Unit.

2-1  Overview of CPU Unit Operation .........ccccoceiiiiiinnieinnnere s 2-2
2-1-1 Introduction to CPU UNit..........coiiiiiiiic e 2-2
2-1-2 Overview of Operation According to CPU Unit Status ..........cccoccooiiiiiien. 2-3

2~ Yo i .- T - 2-4
2-2-1 Software Configuration...............oooiiiiiiiii e 2-4
2-2-2 Operation of SOfIWArE ........cocueiiiiiii s 2-4

2-3  AcCESSING IO ...t 2-14
2-3-1 Type Of VariabIes ..........oooiiiiiie e 2-14
2-3-2 Accessing 1/0 with Variables ..o 2-17

2-4 /0 Refreshing of NX Bus Function Module..........cccceermrmrrrrsereernnssneeennnns 2-27
2-4-1 1/O Refreshing Methods .........cooiiiiiiiiiiee e 2-27
2-4-2 I/O Refreshing Method Operation ..........coccvviiiiiiiiiie i 2-28

2-5 1/0 Refreshing of X Bus Function Module ............ccconiiiiiiiiininincienenn, 2-31

2-6 Sequence Control and Motion Control...........ccccceciiiiniiiiiicr e 2-33
2-6-1 OVErvieW Of CONMIOL......ccuviiiiiiie e 2-33
2-6-2 Sequence Control SYSEM........cocuii i 2-34
2-6-3 Motion Control SYStEM ..........viiiiiiiiiiee e 2-36
2-6-4 Synchronizing Sequence Control and Motion Control...........ccccceevieeiiieennes 2-38

2-7 Overview of CPU Unit Data .........cccoceieimriniiiirier e 2-40

2-8 Operation for CPU Unit Status ........coooiiiiiiiiiiee e 2-42
2-8-1 CPU UNit SEAUS ..ot 2-42
2-8-2 Operation for CPU Unit Status .........ccceeiiiiiiiiiiic e 2-43
2-8-3 Operating MOAES .........uviiiieeeecee e e e e e 2-45
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2 CPU Unit Operation

2-1

Overview of CPU Unit Operation

2-1-1

This section describes the operation of the CPU Unit and gives an overview of how it operates de-
pending on the status of the CPU Unit.

Introduction to CPU Unit

The NJ/NX-series CPU Unit executes the user program for sequence control and motion control. It al-
so performs other processing, such as I/O refreshing and external communications. These processes
are performed by the software in the CPU Unit.

The CPU Unit also contains settings, the user program, variables, and other data. The CPU Unit uses
this data to perform processing. Of this data, variables are used to access the CPU Unit and I/O, and
for external communications.

The internal software and the use of variables for I/O access enable the CPU Unit to execute both se-
quence control and motion control.

NJ/NX-series CPU Unit

Software Data

’ User program execution‘ Settings
Sequence control

Accessing I/0

User program

g

Motion control

’ 1/0 refreshing ‘

| EtherCAT slaves

Variables

|NX Units on the CPU Unit

’ External communications ‘

|x Bus Units

|Bui|t-in /0

|Analog 1/O Option Boards

| CJ-series Units

Other Controllers,
host computers, etc.

External communications

Note You can use CJ-series Units only on the NJ-series CPU Units.

Note You can use NX Units on the CPU Unit only with the NX502 CPU Units, NX102 CPU Units, and NX1P2
CPU Units. You can use the built-in I/Os and Analog I/O Option Boards only with the NX1P2 CPU Units.

Note You can use X Bus Units only on the NX502 CPU Units.

This section describes the following items to provide you with a basic understanding of how the CPU
Unit performs sequence control and motion control.

Description Reference
Software page 2-4
Accessing 1/0 page 2-14
Sequence control and motion control page 2-33
Overview of CPU Unit data page 2-40
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2 CPU Unit Operation

Description Reference

Operation for CPU Unit status page 2-42

@ Additional Information

Refer to the following manuals for details on the use of variables for external communications.

Communication Manual

EtherNet/IP * For information on using variables with the built-in EtherNet/IP port, refer to the
NJ/NX-series CPU Unit Built-in EtherNet/IP Port User's Manual (Cat. No. W506).

* For information on using variables with a CJ-series EtherNet/IP Unit, refer to the
CJ-series EtherNet/IP Units Operation Manual for NJ-series CPU Unit (Cat. No.
WA495).

* For information on using variables with an NX-series EtherNet/IP Unit, refer to the
NX-series EtherNet/IP Unit User's Manual (Cat. No. W627).

Serial communi- | CJ-series Serial Communications Units Operation Manual for NJ-series CPU Unit
cations (Cat. No. W494).

uoyesad HUN NdD O MBIAIBAQ L-Z

2-1-2  Overview of Operation According to CPU Unit Status

The status of the CPU Unit changes when an error occurs or when you change the operating mode.
Changes in the status of the CPU Unit affect user program execution, 1/0 refreshing, and the process-
ing of external communications.

The CPU Unit operation according to the status of the CPU Unit is described in 2-8 Operation for CPU
Unit Status on page 2-42.

snjeis Hun NdHD o1 BU!pJOOOV UO!lBJedO JO MBIAIBAQ 2-1-C
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2 CPU Unit Operation

2-2

Software

2-2-1

This section describes the software configuration of the CPU Unit, and how the software components

operate.

Software Configuration

The software in the CPU Unit is divided into six modules. These functional units are called function

modules.

The function modules and the processing that they perform are described in the following table.

Function module name

Processing

PLC Function Module

Performs the following services: task scheduling, commands for other function
modules, event logging, execution of the user program, I/0 refreshing™! for the

CJ-series Units, USB port services 2, SD Memory Card services, and data
trace processing.

NX Bus Function Module™3

Performs processing such as event logging and /O refreshing for the NX Units
that are connected to the NX bus of the CPU Unit.

X Bus Function Module™

Performs processing such as I/O refreshing for the X Bus Units that are con-
nected to the X Bus of the CPU Unit.

Motion Control Function Mod-
ule

Performs motion control processing.

EtherCAT Master Function
Module

Performs communications with EtherCAT slaves as the EtherCAT master, in-
cluding 1/O refreshing™® for the EtherCAT slaves, EtherCAT message communi-
cations™7, etc.

EtherNet/IP Function Module

Performs processing for EtherNet/IP communications, including tag data link

processing, built-in EtherNet/IP port servicing, etc.

*1. Some CJ-series Units can also be connected to an NJ-series CPU Unit.

*2. The NX701 CPU Units with hardware revision A or later, NX502, NX102, and NX1P2 CPU Units do not pro-
vide a USB port.

*3.  Only the NX502 CPU Units, NX102 CPU Units, and NX1P2 CPU Units have the NX Bus Function Module.

*4.  Only the NX502 CPU Units have the X Bus Function Module.

*5.  This function module executes motion processing based on target values (such as the position or velocity
target value) from the motion control instructions. It outputs command values, controls status, and obtains
information through the EtherCAT Master Function Module.

*6. /O refreshing for EtherCAT slaves is performed by using process data communications (also called PDO
communications). In PDO communications, the master and slaves exchange data cyclically at regular inter-
vals.

*7.  This module communicates with the EtherCAT slaves as the EtherCAT master.

2-2-2  Operation of Software

The software in the CPU Unit performs the following four processes. Which process is performed de-
pends on the status of the CPU Unit and the execution conditions of the process itself.

Type of CPU
Unit processing

Status of CPU
Unit
Startup state

Execution conditions Processing example

Initialization Initialization is performed only when the

power supply is turned ON.

Self diagnosis at startup
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Type of CPU
Unit processing

Status of CPU
Unit

Execution conditions

Processing example

Processing exe-
cuted with tasks

Tag data link
service

Option board

service™!

Communications

bridge service?

Tag data link re-
fresh service for

X Bus Units™3

Tag data link var-
iable access

service™

System services

Normal operation
and error states

The processing is executed within the
assigned task. These tasks are execut-
ed either periodically or only once when
the specified condition is met.

User program execution and
I/O refreshing

These services are performed only
upon requests from the hardware or
other external devices.

Tag data links for the built-in
EtherNet/IP port

1/O refreshing for Analog Op-
tion Boards

CIP Safety communications
on the built-in EtherNet/IP
port

Tag data links on NX-series
EtherNet/IP Units

Access to network variables
for tag data link on the built-in
EtherNet/IP port

USB port service™, SD Mem-
ory Card service, and com-
munications processing for
Serial Communications Op-

tion Boards®

*1.  The option board service is executed only by an NX1P2 CPU Unit.

*2. The communications bridge service is executed in the following unit versions of the CPU Units.
* NX502 CPU Unit: Version 1.64 or later
* NX102 CPU Unit: Version 1.31 or later

*3. The tag data link refresh service for X Bus Units is performed in the following unit versions of the CPU Unit.
* NX502 CPU Unit: Version 1.66 or later

*4. The tag data link variable access service is executed in the NX701 and NX502 CPU Units.

*5.  The NX701 CPU Units with hardware revision A or later, NX502, NX102, and NX1P2 CPU Units do not pro-
vide a USB port.

*6.  Only the NX1P2 CPU Units support Serial Communications Option Boards.

Refer to 2-8-1 CPU Unit Status on page 2-42 for information on the CPU Unit status.

This section describes the operation of the processes.

| initialization

Initialization is performed only when the power supply is turned ON.
The following processing is performed for initialization.

Processing

Description

Self diagnosis at startup

Operation is monitored for the following errors: Power Supply Error, CPU
Unit Reset, CPU Unit Watchdog Timer Error, and Incorrect Power Supply

Unit Connected. ™!
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2-6

Processing Description

Data check The _RetainFail (Retention Failure Flag) system-defined variable and the

_RetainUnexec (Retention Inexecution Flag)™ system-defined variable
change to TRUE at the following time: when the values of variables for
which the Retain attribute was set to retain the values and the values in
DM, EM, and HR Areas in the memory used for CJ-series Units"2 were
not retained after a power interruption.

Also, if the processing for retention during power interruptions is not exe-
cuted at last power interruption, the _RetainUnexec (Retention Inexecu-

tion Flag)™ system-defined variable changes to TRUE.

Detecting X Bus Units™® The X Bus Units mounted in the Controller are detected.
Detecting NX Units® The NX Units mounted in the Controller are detected.
Detecting CJ-series Units™” The CJ-series Units mounted in the Controller are detected.

Recording Power Turned ON and The Power Turned ON and Power Interrupted events are recorded.

Power Interrupted events

1.

2.

*3.

*4,

*5.
*B.
7.

Refer to Types of Fatal Errors in the NJ/NX-series Troubleshooting Manual (Cat. No. W503) for information

on the following errors: Power Supply Error, CPU Unit Reset, CPU Unit Watchdog Timer Error, and Incorrect

Power Supply Unit Connected.

You can use the memory used for CJ-series Units only with the NJ-series CPU Units, NX502 CPU Units,

NX102 CPU Units, and NX1P2 CPU Units.

This system-defined variable was added for unit versions of the following CPU Units.

* NJ-series, NX502, NX102, NX1P2 CPU Unit: Version 1.64

* NX701 CPU Unit: Version 1.35

If the _RetainUnexec (Retention Inexecution Flag) system-defined variable changes to TRUE, perform the

followings.

* Check the values of the retained variables and the retained areas in the memory used for CJ-series Units
and change them to the correct values.

* If a Servomotor with an absolute encoder is used, turn ON the Servo after the power supply is turned ON
and check the actual current position of the axis.

* After you perform the corrections, change the Retention Inexecution Flag to FALSE. This flag does not
change to FALSE automatically.

You can use X Bus Units only on the NX502 CPU Units.

You can use NX Units only on the NX502 CPU Units, NX102 CPU Units, and NX1P2 CPU Units.

You can use CJ-series Units only on the NJ-series CPU Units.

Precautions for Safe Use

To prevent the user program from operating with an unintended value in the retained variables
or the retained areas in the memory used for CJ-series Units or in the absolute encoder home
offset position, use the _RetainUnexec (Retention Inexecution Flag) system-defined variable in
the user program as an interlock condition as required.

I Processing Executed with Tasks

® Types of Processing That Are Executed with Tasks

The following processing is performed with tasks.

Processing Description

I/O refreshing Data I/0 for EtherCAT slaves, NX Units on the CPU Unit™!, X Bus Units™2"3, 1/10

built in the CPU Unit™, Analog I/0 Option Boards in the CPU Unit™®, CJ-series®
Basic I/O Units, and CJ-series Special Units is input and output.
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Processing

Description

User program execution

The user programming for sequence control is executed. It also sends com-
mands to the motion control process.

Motion control

Motion control is executed based on commands from the user program.

System common proc-
essing

System common processing, such as data trace processing and tag data link
processing for the built-in EtherNet/IP port, is performed.

*1.  You can use NX Units only on the NX502 CPU Units, NX102 CPU Units, and NX1P2 CPU Units.
*2. You can use X Bus Units only on the NX502 CPU Units.

*3. For NX-series EtherNet/IP Units, tag data link processing is performed.
*4.  You can use built-in I/O only with the NX1P2 CPU Units.

*5.  You can use Analog Option Boards only with the NX1P2 CPU Units.
*6. You can use CJ-series Units only on the NJ-series CPU Units.

Refer to 5-3-3 Basic Operation of Tasks for NX701 CPU Units on page 5-12, 5-4-3 Basic Opera-
tion of Tasks for NX502 CPU Units on page 5-32, 5-5-3 Basic Operation of Tasks for NX102 CPU
Units and NX1P2 CPU Units on page 5-52, and 5-6-3 Basic Operation of Tasks for NJ-series Con-
trollers on page 5-70 for details on the processing that is executed with tasks.

Task Operation

Processing is assigned to tasks. There are three kinds of tasks, as shown in the following table.
They are defined by their execution priorities and execution conditions.

Type of periodic task

Execution priority
(smaller values indi-
cate higher priority)

Execution conditions

Main processing con-
tent

Primary periodic task

4
The task has the highest
execution priority.

The periodic task is peri-
odically executed.

I/O refreshing, user pro-
gram execution, and mo-
tion control

Periodic task

51

This task has the next
highest execution priority
after the primary periodic
task.

The periodic task is peri-
odically executed.

The task period is an in-
teger multiple of the task
period of the primary pe-
riodic task.

I/O refreshing, user pro-
gram execution, and mo-
tion control

162,17, or 18

The periodic task is peri-
odically executed.

The task period is an in-
teger multiple of the task
period of the primary pe-
riodic task.

The processing that can
be performed depends
on the task execution pri-
ority.

Execution priority 16: 1/0
refreshing and user pro-
gram execution
Execution priority 17 or
18: User program execu-
tion

Event task

8 or48

An event task is execut-
ed only once when the
specified condition is
met.

User program execution

*1.  You can use the priority-5 periodic task only with the NX701 CPU Units.
*2. You cannot use the priority-16 periodic task with the NX102 CPU Unit or NX1P2 CPU Unit.
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2-8

The CPU Unit executes the task with the highest execution priority first. The following operation ex-
ample is for the primary periodic task and a periodic task. If the primary periodic task is executed
while a periodic task is in execution, execution of the primary periodic task is prioritized.

Task period of primary ~ Task period of primary  Task period of primary

periodic task periodic task periodic task
Primary Task Task Task
periodic task ! ! —
P Task period of periodic task | _ |, Task period of periodic task
Periodic task Task Task Task

The operation of tasks with lower priority during the execution of higher priority tasks differs be-
tween the NX701 CPU Units, NX502 CPU Units, NX102 CPU Units, NX1P2 CPU Units, and NJ-
series CPU Units. Refer to 5-2 Overview of Tasks on page 5-6 for details on task operation.

Operation of Processing with Tasks

Processing that is assigned to a task is executed within the task in the order shown in the following
diagram. If the program contains a motion control instruction, the execution process for the pro-
gram in the task will send a command to the motion control process. The motion control process is
executed based on commands.

Task period Task period
> <

' S =——

H _—

oo T .

: Processing  "TT=-a

O T ..

< e

/O System ) ) System
. common User program execution Motion control common
— : prooessmg l\_’/ prooeSSIng
/1 Command

Motion control instruction

Note The CPU Unit executes motion control in the primary periodic task and in the priority-5 periodic task.
Refer to 5-12-3 System Input and Output Response Times on page 5-146 for details.

@ Additional Information

With an NX701 CPU Unit, you can execute motion control in the primary periodic task and in
the priority-5 periodic task. If these two motion controls need to be identified, the motion control
in the primary periodic task is called motion control 1, while the motion control in the priority-5
periodic task is called motion control 2.

I Tag Data Link Service

® Processing Performed by the Tag Data Link Service

The tag data link service processes communications that use tags with other controllers or devices
on an EtherNet/IP network. You can use the built-in EtherNet/IP port in the CPU Unit or CJ-series
CJ1W-EIP21 or CJ1W-EIP21S EtherNet/IP Unit.
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Note 1. You can use the CJ-series CJ1W-EIP21 and CJ1W-EIP21S EtherNet/IP Units only with NJ-series
CPU Units.

Note 2. The CJ1W-EIP21 can be mounted on the NJ-series CPU Unit in the following combinations.
* CJ1W-EIP21: Unit version 2.1 or later
* NJ-series CPU Unit: Unit version 1.01 or later
* Sysmac Studio: Version 1.02 or higher

Note 3. The CJ1W-EIP21S can be mounted on the NJ-series CPU Unit in the following combinations.
e CJ1W-EIP21S: Lot. number: 2410010 or later
* NJ-series CPU Unit: Unit version 1.67 or later
* Sysmac Studio: Version 1.60 or higher

Note 4. For the NX-series NX-EIP201 EtherNet/IP Unit, tag data link processing is performed by the 1/O re-
freshing in the task, not by the tag data link service. Data exchange of network variables for tag data
link communications is performed between the X Bus Units and the CPU Unit.

2Jemyos z-¢

@ Operation of the Tag Data Link Service
The tag data link service is executed periodically. The period and the time that is required for each
execution depend on the model of the CPU Unit and on the tag data link settings.

The execution priority of the tag data link service for an NJ-series CPU Unit is between the execu-
tion priorities of the priority-16 periodic task and the priority-17 periodic task. Therefore, the tag da-
ta link service will be given priority over execution of the priority-17 periodic task, but if the primary
periodic task or the priority-16 periodic task is executed, the execution of the primary periodic task
or the priority-16 periodic task is prioritized.

alemyjos Jo uonessdo z-z-2

Task period of Task period of Task period of
primary periodic task primary periodic task primary periodic task

< P« L Dl »

*

Primary Task Task Task B
periodic task 1 i

Task period of periodic taslk Task period of periodic, task

< " : > < '
Priority-16 periodic Task | Task
task \ :
1
1
Tag data link I:l X
service , '
/ | Task period of periodic task R

Priority-17 periodic |~ /= --------
task I: Task

The tag data link service is executed with a priority that is between the execution
priorities of the priority-16 periodic task and the priority-17 periodic task.

The tag data link service for an NX-series CPU Unit is executed in parallel with the execution of

tasks.
For details on the tag data link service, refer to 5-7 Services Other Than Tasks on page 5-87.

I Option Board Service

® Processing Performed by the Option Board Service
The option board service processes the I/O refreshing for an Analog Option Board that is mounted
on the NX1P2 CPU Unit.
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Note The option board service is executed only by an NX1P2 CPU Unit.

@ Operation of the Option Board Service

The option board service for an NX1P2 CPU Unit is executed in parallel with the execution of tasks.
However, during execution of the tag data link service, the option board service is not executed.

Task period of Task period of Task period of
primary periodic task primary periodic task primary periodic task

< L Dl Ll Bl Ll

Primary Task Task Task ]
periodic task

Tag data link
service

Option boad
service

AN | 1 A O e A

/ Task period of periodic task

y 3
\ 4

Jra | |
/

The option board service is executed in parallel with the execution of tasks.

Priority-17 periodic
task

Refer to 5-7 Services Other Than Tasks on page 5-87 for details on the option board service.

I Communications Bridge Service

® Processing Performed by the Communications Bridge Service

The communications bridge service performs processing to relay CIP Safety communications be-
tween CIP Safety on EtherNet/IP devices and the NX-SL5LIIL] Safety CPU Unit that is mounted
to the CPU Unit.

Refer to the NX-series Safety Control Unit User’s Manual (Cat. No. Z930-E1-12 or later) for infor-
mation on the CIP Safety communications.

L~ Version Information

The communications bridge service is executed in the following CPU Units of the stated unit
versions.

* NX502 CPU Unit: Version 1.64 or later

* NX102 CPU Unit: Version 1.31 or later

@ Operation of the Communications Bridge Service

The communications bridge service is executed in parallel with the execution of tasks. The tag data
link service is not executed during execution of the communications bridge service.
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Task period of Task period of Task period of
primary periodic task primary periodic task primary periodic task

< 1l 1l »

Primary Task Task Task
periodic task —

t

1
1
|
Communications
bridge service
1
Tag data link i I:I I:I
service !
1
| Task period of periodic task
Priority-17 periodic  ——————
.

The communications bridge service is executed in parallel with the execution of tasks.

\ 4

Refer to 5-7 Services Other Than Tasks on page 5-87 for details on the communications bridge

service.

I Tag Data Link Refresh Service for X Bus Units

The tag data link refresh service for X Bus Units is the process of exchanging tag data link data be-
tween the CPU Unit and the X Bus Unit. The data is used for EtherNet/IP of the X Bus Unit. This serv-
ice uses NX-series EtherNet/IP Units.

L~ Version Information

The tag data link refresh service for X Bus Units is executed when the NX502 CPU Unit with
unit version 1.66 or later and the NX-series EtherNet/IP Unit with unit version 1.01 or later are
used together.

@ Operation of the Tag Data Link Refresh Service for X Bus Units

The tag data link refresh service for X Bus Units is executed in parallel with task execution. Refer to
5-7 Services Other Than Tasks on page 5-87 for details on the tag data link refresh service for X

Bus Units.

I Tag Data Link Variable Access Service

The tag data link variable access service writes tag data values to network variables assigned to tags,
or reads tag data values from variables assigned to tags, for tag sets that are not assigned to the re-
freshing task.

@ Operation of the Tag Data Link Variable Access Service

The tag data link variable access service is executed in parallel with task execution. Refer to
5-7 Services Other Than Tasks on page 5-87 for details on the tag data link variable access serv-

ice.
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I System Services

® System Services

System services include the following processing.

Processing

Contents

USB port service™

Processing of service requests from the Sysmac Studio or host computers

Built-in EtherNet/IP port serv-
ice

Processing of message service requests, such as CIP commands, from
the Sysmac Studio, an HMI, host computers, or other Controllers
Execution of communications instructions for CIP and socket communica-
tions

Built-in EtherCAT port serv-
ice

Execution of EtherCAT message communications

Communications processing
for a Serial Communications

Option Board™

Execution of communications processing for a Serial Communications
Option Board

CJ-series Special Unit serv-

ice™

Event servicing for CJ-series Special Units
Execution of communications instructions (CIP)

SD Memory Card service

Access from FTP client
SD Memory Card operations from the Sysmac Studio
Execution of SD Memory Card instructions

Self-diagnosis

Hardware error detection

*1.  The NX701 CPU Units with hardware revision A or later, NX502, NX102, and NX1P2 CPU Units do not

provide a USB port.

*2. The communications processing for a Serial Communications Option Board is executed only by an

NX1P2 CPU Unit.

*3.  The CPU Unit exchanges data between CJ-series Special Units and the memory words that are allocat-
ed to them during I/O refreshing.
You can use CJ-series Special Units only with NJ-series CPU Units.

® System Service Operations

For the NX701 CPU Unit and NX502 CPU Unit, if a request comes from the hardware or from out-
side of the CPU Unit, system services are executed in parallel with other processes. System serv-
ices are executed at the require time in parallel with the task execution.

For the NX102 CPU Unit, if a request comes from the hardware or from outside of the CPU Unit,
system services are executed in parallel with other processes. System services are executed at the
require time in parallel with the task execution. However, during execution of the tag data link serv-
ice, system services are not executed.

For the NX1P2 CPU Unit, if a request comes from the hardware or from outside of the CPU Unit,
system services are executed in parallel with other processes. System services are executed at the
require time in parallel with the task execution. However, during execution of the tag data link serv-
ice or option board service, system services are not executed.

For NJ-series CPU Units, if a request comes from the hardware or from outside of the CPU Unit,
system services are executed during the unused time between the execution of all tasks.
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Refer to 5-7 Services Other Than Tasks on page 5-87 for details on the system services.
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2-3 Accessing /O

The CPU Unit uses variables to access I/0O. This section describes how variables are used to access

I/0.

In this manual, 1/0 on EtherCAT slaves, NX Units on the CPU Unit, X Bus Units, built-in 1/0, Analog
I/0 Option Boards, and CJ-series Units are treated as 1/0. Refer to the NJ/NX-series CPU Unit Built-in
EtherNet/IP Port User's Manual (Cat. No. W506) for details on how to access data in other Controllers

with tag data links.

2-3-1  Type of Variables
In an NJ/NX-series CPU Unit, you use variables in the user program to access 1/0 and memory in the
CPU Unit.
The type of a variable depends on whether it has attributes that are set by the user, and what it can
access.
Variables Attril.:aute set- Accessed data
tings
User-defined variables All attributes can | CPU Unit
be set.
Semi-user-defined | Device Varia- Device variables | Some attributes EtherCAT slaves™2'3
variables bles for EtherCAT can be set. ™!
slaves

Device variables
for NX Units™

Device variables
for X Bus Units"®

Device variables
for built-in 1/0"6

Device variables
for Option

Boards™®

Device variables
for CJ-series

Units™”

Cam data variables

NX Units on the CPU Unit

X Bus Units

Built-in 1/0

Analog I/0 Option Boards

CJ-series Basic I/O Units and
CJ-series Special Units

Servo Drives, encoder input
slaves, and CPU Unit

System-defined
variables

214

System-defined variables for PLC
Function Module

MC Common Vari-
able

System-defined
variables for

motion control Axis Variables

Axes Group Varia-
bles

System-defined variables for Ether-
Net/IP

System-defined variables for Ether-
CAT master

No attributes can
be set.

CPU Unit

Servo Drives, encoder input
slaves, and CPU Unit

Built-in EtherNet/IP Port

Built-in EtherCAT master port

NJ/NX-series CPU Unit Software User’s Manual (W501)



2 CPU Unit Operation

Variables Attril_)ute set- Accessed data
tings
System-defined variables for X Bus™® CPU Unit
System-defined variables for NX CPU Unit
bus™®

*1. Refer to Device Variable Attributes on page 3-12 for the attributes that can be set.

*2.  “EtherCAT slaves” includes any NX Units on EtherCAT Slave Terminals.

*3.  With the Sysmac Studio version 1.08 or lower, the EtherCAT slaves that are assigned to axes cannot be
accessed via EtherCAT slave device variables.

*4. You can use device variables for NX Units only with the NX502 CPU Units, NX102 CPU Units, and NX1P2
CPU Units.

*5.  You can use device variables for X Bus Units only with the NX502 CPU Units.

*6. You can use device variables for built-in I/Os and Option Boards only with the NX1P2 CPU Units.

*7. You can use device variables for CJ-series Units only with NJ-series CPU Units.

*8.  You can use system-defined variables for NX bus only with the NX502 CPU Units, NX102 CPU Units, and
NX1P2 CPU Units.

*9.  You can use system-defined variables for X Bus only with the NX502 CPU Units.

O/l Buissedoy ¢-Z
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I User-defined Variables

The user defines all of the attributes of a user-defined variable. Refer to 6-3 Variables on page 6-29
for details on user-defined variables.

I Semi-user-defined Variables

Semi-user-defined variables have some attributes that you can set. These variables are used to ac-
cess specific data. A semi-user-defined variable can either be a device variable or a cam data varia-
ble, depending on what it can access.

@ Device Variables
Device variables are used to access data in devices. A device is a general term for any Unit or
slave that is refreshed by the 1/O refreshing that is performed by the CPU Unit. Specifically, it refers
to EtherCAT slaves, NX Units on the CPU Unit, X Bus Units, built-in I/O, Analog 1/0 Option Boards,
and CJ-series Units.
The device and the data to access in that device determine the type of device variable, as shown

below.
Type of device variable Device Accessed data
Device variables for EtherCAT slaves™ Process data for EtherCAT slaves 2
EtherCAT slaves
Device variables for NX NX Units on the CPU I/O data for NX Units
Units™3 Unit
Device variables for X X Bus Units I/O data for X Bus Units
Bus Units™®
Device variables for built- | Built-in 1/0O I/O data for built-in I/O
in 1/0™
Device variables for Op- | Analog I/O Option I/0O data for Analog Option Boards
tion Boards "™ Boards
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216

Type of device variable Device Accessed data
Device variables for CJ-series Basic I/0 Units | Real I/O data in Basic I/O Units
ClJseries Units™ CJ-series Special Units | Operating data™ and setup data’” for Special Units
*1.  With the Sysmac Studio version 1.08 or lower, the EtherCAT slaves that are assigned to axes cannot be
accessed via EtherCAT slave device variables.
*2.  This refers to /0O data that is exchanged during the process data communications cycle between the
master and slaves.
*3.  You can use device variables for NX Units only with the NX502 CPU Units, NX102 CPU Units, and
NX1P2 CPU Units.
*4.  You can use device variables for built-in I/Os and Option Boards only with the NX1P2 CPU Units.
*5.  You can use device variables for CJ-series Units only with NJ-series CPU Units.
*6. This data is used in the operation of CJ-series Units. The CIO Area portion of the memory used for CJ-
series Units is used.
*7. This data is used to set up the CJ-series Units. The DM Area portion of the memory used for CJ-series
Units is used.
*8.  You can use device variables for X Bus Units only with the NX502 CPU Units.

Device variables are used to access data for EtherCAT slaves, NX Units on the CPU Unit, X Bus
Units, built-in I/0O, Analog I/O Option Boards, and CJ-series Units through the 1/0O ports. The 1/0
ports are logical ports that are used to access devices.

CPU Unit

\//

User program

4"7  —

. . Instruction —
Device variable-

EtherCAT slave, NX
Unit, X Bus Unit, or CJ-series Unit

A 4

1/0 port
L

Refer to 3-3-1 I/O Ports on page 3-8 for details on 1/0O ports and device variables.

® Cam Data Variables

Cam data variables are used to access data in cam tables, which are used for motion control. For
details, refer to the NJ/NX-series CPU Unit Motion Control User's Manual (Cat. No. W507).

I System-defined Variables

System-defined variables are provided in advance in an NJ/NX-series Controller. The names and all
attributes are defined by the system. They have specific functions. You cannot change the variable
names or any other attributes.

The system-defined variables are specific to a function module. There are system-defined variables
for each function module. The types of system-defined variables are listed in the following table.

Function module Type of system-defined variable
PLC Function Module System-defined variables for PLC Function Module
NX Bus Function Module™! System-defined variables for NX bus
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Function module Type of system-defined variable
X Bus Eunction Module *2 System-defined variables for X Bus
Motion Control Function Module System-defined variables for motion control
EtherNet/IP Function Module System-defined variables for EtherNet/IP
EtherCAT Master Function Module System-defined variables for EtherCAT master

*1.  Only the NX502 CPU Units, NX102 CPU Units, and NX1P2 CPU Units have the NX Bus Function Module.
*2. Only the NX502 CPU Units have the X Bus Function Module.

O/l Buissedoy ¢-Z

The system-defined variables for motion control are classified according to what the Motion Control
Function Module does, as listed in the following table.

System-defined variables for mo- o
. Description
tion control
MC Common Variables Common processing for the entire Motion Control Function Module
Axis Variables Control of individual axes
Axes Group Variables Control of axes groups

*1.  An axes group consists of multiple axes. An axes group is used for interpolation.

Refer to A-8 System-defined Variables on page A-93 for details on system-defined variables.
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2-3-2  Accessing I/O with Variables

In the CPU Unit, variables are used in the user program. Variables access the data of the assigned
I/O. The following table shows how I/O and variables are assigned in the CPU Unit. The type of varia-
ble that is used by a CJ-series Special Unit depends on the data to access.

/10 Data Variables
EtherCAT slaves EtherCAT slaves that Device variables for EtherCAT
are not assigned to slaves
axes
EtherCAT slaves that --- * Device variables for Ether-
are assigned to axes *1 CAT slaves
* Axis Variables
NX Units on the CPU | NX Units that are not - Device variables for NX Units
Unit'2 assigned to axes
NX Units that are as- - * Device variables for NX
signed to axes Units
* Axis variables
X Bus Units”™”? --- * Device variables for X Bus
Units
* Network variables"®
Built-in 1/0™3 --- Device variables for built-in I/O
Analog I/0 Option Boards™ - Device variables for Option
Boards
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CJ-series Units™

110 Data Variables
Basic I/0O Units Device variables for CJ-series
Units
Special Units * Operating data Device variables for CJ-series
e Setup data Units

data™®

Assigned memory area

User-defined variables

*1.

accessed via EtherCAT slave device variables.

*2.
*3.
*4.
*5.
*B.

cannot access assigned memory area data with device variables.

*7.
*8.

You can use X Bus Units only on the NX502 CPU Units.
For NX-series EtherNet/IP Units, the data is used for tag data links.

With the Sysmac Studio version 1.08 or lower, the EtherCAT slaves that are assigned to axes cannot be

You can use NX Units only on the NX502 CPU Units, NX102 CPU Units, and NX1P2 CPU Units.
You can use built-in 1/0 only with the NX1P2 CPU Units.
You can use Analog Option Boards only with the NX1P2 CPU Units.
You can use CJ-series Units only on the NJ-series CPU Units.

This data is for extended functions and slave I/O that you assign by specifying addresses in memory. You

CPU Unit

User program

v

Variables

Axis variables| | Device variables | | Device variables || Device variables| | Device variables [ | Device variables | | Device variables User-defined
for for NX Units for X Bus Units || for built-in /0 for for CJ-series Units variables
EtherCAT slaves and Network Option Boards
variables
*1 *1
re- - .4- —-—g=-- -“-g=-- - - - —-—ge-- -
I/0
A 4 A 4 Y A 4 A 4 A 4

‘| EtherCAT EtherCAT NX Units to X Bus Built-in Analog /O | |Basic I/O Y !
slaves or NX slaves to which | | which axes are Units I/0 Option Units Assigned H

Units to which axes are not not assigned Boards memory areas

axes are assigned

! assigned ==t Operating data
Setup data H

Special Units

-

I Accessing EtherCAT Slaves

The method that is used to access an EtherCAT slave depends on the type of EtherCAT slave.
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NJ/NX-series CPU Unit Software User’s Manual (W501)



2 CPU Unit Operation

Type of EtherCAT slave Access method
« Servo Drive and encoder input slaves™’ These slaves are accessed through I/O
* General-purpose slaves ports by using device variables for Ether-
CAT slaves.
Servo Drive and encoder input slaves that are assigned to axes These slaves are accessed directly with
axis variables.™?

*1.  With the Sysmac Studio version 1.08 or lower, the EtherCAT slaves that are assigned to axes cannot be
accessed via EtherCAT slave device variables.

*2.  For a Servo Drive, one Servomotor is assigned as one axis to one axis variable. For an encoder input slave,
one counter is assigned as one axis to one axis variable.

O/l Buissedoy ¢-Z

Note EtherCAT slaves that cannot be assigned to axes are called general-purpose slaves. EtherCAT slaves that
can be assigned to axes are called Servo Drive and encoder input slaves. Refer to the NJ/NX-series CPU
Unit Motion Control User's Manual (Cat. No. W507) for details on Servo Drive and encoder input slaves.

® Accessing Servo Drive, Encoder Input, and General-purpose Slaves That
Are Not Assigned to Axes

These slaves are accessed through 1/O ports for device variables for EtherCAT slaves. PDO com-
munications are used to access data from 1/O ports.

sa|geleA Yum O/| Buisseody z-¢-z

CPU Unit
Example: General-purpose slave
Device variables
for EtherCAT slaves I/O ports
| PDO communications
Variable |« J@r =~ 00
InBit00
to
to L
PDO communications
Variable |« - O: > 15
InBit15

® Accessing Servo Drive and Encoder Input Slaves That Are Assigned to
Axes
Servo Drive and encoder input slaves that are assigned to axes are accessed directly through the
axis variable. PDO communications are used to access data from axis variables.
For example, if a Servomotor is controlled with a Servo Drive, the control commands for the Servo-
motor that is assigned to an axis variable are sent to the Servo Drive. The feedback from the Ser-
vomotor is sent from the Servo Drive to the CPU Unit by using the axis variable.
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CPU Unit
. - Dri
System-defined variables Servo Drive
PDO communications
=
Servomotor
Servo Drive

PDO communications

Servomotor

Refer to 3-5-2 Axis Variables and Axes Group Variables on page 3-19 for details on axis varia-
bles.

v

Version Information

With the Sysmac Studio version 1.09 or higher, device variables can be assigned to the 1/0

ports of Servo Drive and encoder input slaves that are assigned to axes.

The 1/0O port to which a device variable can be assigned must meet either of the following condi-

tions.

» The value of the R/W attribute is R (Read only).

» The value of the R/W attribute is W (Write only), and <Not assigned> is set for the process
data field under Detailed Settings on the Axis Basic Settings Display in the Sysmac Studio.

Precautions for Correct Use

If you perform the following steps, the system will clear the assignment of the device variable to

the 1/0 port of a Servo Drive and encoder input slave that is assigned to an axis. Perform it with

caution.

1. With the Sysmac Studio version 1.09 or higher, assign device variables to the I/O ports of
Servo Drive and encoder input slaves that are assigned to axes.

2. Save the project data.

3. Open the saved project data with the Sysmac Studio version 1.08 or lower.

Additional Information

There are two types of EtherCAT communications, PDO communications and SDO communi-
cations. PDO communications are used for commands to refresh I/O data, such as data for Ser-
vomotor position control, on a fixed control period. SDO communications are used for com-
mands to read and write data at specified times, such as for parameter transfers. Refer to the
NJ/NX-series CPU Unit Built-in EtherCAT Port User's Manual (Cat. No. W505) for details.

I Accessing NX Units on the CPU Unit

The method that is used to access an NX Unit on the NX502 CPU Unit, NX102 CPU Unit, and NX1P2
CPU Unit depends on the type of NX Unit.

2-20
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Type of NX Unit on the CPU Unit"! Access method

NX Units that are not assigned to axes These Units are accessed through 1/O ports by using
device variables for NX Units.

NX Units that are assigned to axes These Units are accessed directly with axis variables.

These Units are accessed through 1/O ports by using
device variables for NX Units.

*1. You can use NX Units only on the NX502 CPU Units, NX102 CPU Units, and NX1P2 CPU Units.

O/l Buissedoy ¢-Z

® Accessing NX Units That Are Not Assigned to Axes

These Units are accessed through 1/O ports for device variables for NX Units.

CPU Unit Digital Output Unit Digital Input Unit

Device variables o
for NX Units I/O ports &
N
) _ _ >
Variable > O »: 00 %
Output Bit 00 73
: 3
Variable o i Mm S
O :
Output Bit mm =
<
5 < (W)
Variable < O < 00 s
Input Bit 00 &
. w

Variable < O < nn

Input Bit nn

® Accessing NX Units That Are Assigned to Axes

NX Units that are assigned to axes are accessed directly through the axis variable.
You can also assign the device variables to the 1/0O ports of NX Units that are assigned to axes.
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CPU Unit
System-defined variables Example: Pulse Output Unit ~ Servo Drive
> Object :—b
Axis variable
Servomotor
Device variables Example: Digital Input Unit
for NX Units /O ports
Variable <I O: 00
Input Bit 00
to
to
Variable |+ O: 01
Input Bit 01

Refer to 3-5-2 Axis Variables and Axes Group Variables on page 3-19 for details on axis varia-
bles.

@ Precautions for Correct Use

The 1/0O port to which a device variable can be assigned in the NX Unit that is assigned to an

axis must meet either of the following conditions.

* The value of the R/W attribute is R (Read only).

* The value of the R/W attribute is W (Write only), and <Not assigned> is set for the process
data field under Detailed Settings on the Axis Basic Settings Display in the Sysmac Studio.

I Accessing X Bus Units

X Bus Units are accessed through the 1/O ports for network variables and device variables for X Bus
Units.
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X Bus Unit CPU Unit
Unique to the X Bus Unit Network variables

»  Variable
N
] &
< Variable >
(2]
(2]
@
Device variables for g
1/0O ports X Bus Units @
o

>O »| Variable

Example: ETN_ErrSta

*04 Variable
X Bus Unit Common 5
Function Module ';
o ) ; 8
»_) »| Variable §
Example: XBU_ErrSta é
(e Variable S
(@)
YA =
5
)
=3
o
)

I Accessing Built-in 1/0

You access /O that is built in an NX1P2 CPU Unit through the 1/O ports for device variables for built-in

1/0.
CPU Unit
Device variables
for built-in 1/0 I/O ports Built-in 1/0

Variable > O »: 00
Output Bit 00

Variable > > mm
Output Bit mm

Variable |4 O+ 00
Input Bit 00

Variable < O < nn
Input Bit nn

Refer to 3-3-1 1/O Ports on page 3-8 for details.

I Accessing Analog I/O Option Boards

You access Analog I/O Option Boards in an NX1P2 CPU Unit through the 1/O ports for device varia-
bles for Option Boards.
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CPU Unit Option Board
Device variables
for Option Boards I/O ports
Variable > > 00
Ch1 Analog Output Value
Variable > »[ mm
Ch2 Analog Output Value
Variable |« (O 00
Ch1 Analog Input Value
Variable < O < nn
Ch2 Analog Input Value

Refer to 3-3-1 I/O Ports on page 3-8 for details.

I Accessing Basic I/0 Units

With an NJ-series CPU Unit, you access Basic 1/0 Units through the 1/0 ports for device variables for
the CJ-series Unit.

CPU Unit Basic Output Unit Basic Input Unit
Device variables
for CJ-series Units 1/O ports
Variable > O »: 00
Ch1_In00
Variable B O pi 15
Ch1_In15
Variable | (O 00
Ch2_In00
Variable |« (O 15
Ch2_In15

Refer to 3-3-1 I/O Ports on page 3-8 for details.

I Accessing Special Units

With an NJ-series CPU Unit, there are two methods that you can use to access Special I/0 Units.
Which method is used depends on the data to access.

Access method Data

Accessing Special Units through 1/O ports by using device varia- * Operating data
bles for CJ-series Units * Setup data

Accessing Special Units by using user-defined variables with AT Assigned memory area data
specifications
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@ Accessing Special Units through 1/0O ports by Using Device Variables for
CJ-series Units

The operating data and setup data are accessed through the 1/O ports for the device variables for
the CJ-series Unit. The data is exchanged during 1/O refreshing.

N
CPU Unit Example: Analog Input Unit >
Device variables §
"
for CJ-series Unit VO ports s
. «
Operating data Operating data 5
Variable |4 01 Input 1 converted
Ch1_RdAl value
Variable |« O: Input 1 disconnection o
Ch1_SensErr detection :S
>
3
Setup data Setup data é
M 3
Variable Q> > Input 1 enable setting o)
Ch1_InChUseCfg %
<
Variable > Q < » Input 1 mean value s
rocessing settin =2
Ch1_AveCfg P 9 9 ]

Refer to 3-3-1 I/O Ports on page 3-8 for details.

@ Accessing Special Units by Using User-defined Variables with AT Specifi-
cations
The assigned memory area addresses are accessed by using AT specifications for user-defined
variables to the memory addresses that are used for the CJ-series Units. The data in the memory
used for CJ-series Units is exchanged with the data in the CJ-series Units during 1/O refreshing.

CPU Unit Example: DeviceNet Unit
. _ Memory used Fixed allocations
User-defined variables for (_DJ:s,er_les_Urllts for remote 1/0
P ClO
! %3200.00 . >
Variable 7 ¥ 3200.00 [ > Slave
) %3201.00| ! :
Variable —>| 3201.00 [ z Slave
Variables that are assigned to memory Assigned memory addresses within
addresses with AT specifications the fixed allocations for remote I/O

The assigned memory addresses including the following addresses.

» Addresses in fixed allocations for DeviceNet Units

» Addresses in user-specified allocations for DeviceNet Units or CompoNet Master Units from the
CX-Integrator (A CompoNet Master Unit must be set to communications mode 8 to use the CX-
Integrator.)
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» Addresses in expansion memory for High-speed Counter Units
» Addresses in expansion memory for Process I/O Units

Refer to A-11 Contents of Memory Used for CJ-series Units on page A-261 for information on the
memory used for CJ-series Units. Refer to 6-3-8 Variable Attributes on page 6-61 for information
on AT specifications.
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2-4 1/O Refreshing of NX Bus Function
Module

This section describes I/O refreshing of the NX Bus Function Module for the NX502 CPU Units, NX102
CPU Units, and NX1P2 CPU Units.

The NX Bus Function Module of the NX502 CPU Unit, NX102 CPU Unit, and NX1P2 CPU Unit per-
forms the data exchange cyclically with the NX Units on the CPU Unit.

The data exchange is executed by 1/O refreshing in the primary periodic task. Therefore, the period of
I/0O refreshing is the task period of the primary periodic task.

-PoIN uondun4y sng XN Jo Buiysaiyey O/l -2
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M Precautions for Correct Use

Only the NX502 CPU Units, NX102 CPU Units, and NX1P2 CPU Units have the NX Bus Func-
tion Module.

2-4-1 /O Refreshing Methods

The 1/0O refreshing methods of NX Units that are mounted on the NX502 CPU Unit, NX102 CPU Unit,
and NX1P2 CPU Unit are listed below.

spouia|N Bulyseey O/l L--¢

1/0 refreshing method for NX Units Actual operation

NX Units that support both Free-Run refreshing and synchronous | Operates with synchronous 1/O refreshing.
I/O refreshing

NX Units that support Free-Run refreshing, synchronous 1/O re-
freshing, and task period prioritized refreshing

NX Units that support only time stamp refreshing Operates with time stamp refreshing.

NX Units that support only Free-Run refreshing Operates with Free-Run refreshing.

Note NX Units with different I/O refreshing methods can be mixed on the NX502 CPU Unit, NX102 CPU Unit, and
NX1P2 CPU Unit.

Note You cannot change the 1/O refreshing methods for NX Units on the NX502 CPU Unit, NX102 CPU Unit, or
NX1P2 CPU Unit.

An outline of the I/O refreshing methods that are actually operated in the NX502 CPU Unit, NX102
CPU Unit, and NX1P2 CPU Unit is listed below.

1/0 refreshing method Outline
Synchronous I/O refreshing With this I/O refreshing method, the timing to read inputs or to re-
fresh outputs is synchronized on a fixed interval between more than
one NX Units.
Time stamp refreshing With this 1/O refresh method, the NX Units record the DC times” "' of

the input change asynchronously with the refresh cycle of the NX
bus or outputs at the specified DC time. Data exchange between the
NX Units and CPU Unit are performed cyclically on the NX bus re-
fresh cycles.

Input refreshing with input With this 1/O refreshing method, the Input Units record the DC times
changed times when inputs change.

Output refreshing with specified | With this I/O refreshing method, the Output Units refresh outputs at
time stamps specified DC times.
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1/0 refreshing method Outline

With this I/O refreshing method, the refresh cycle of the NX bus and
the I/0 refresh cycles of the NX Units are asynchronous.

Free-Run refreshing

*1.  The slaves or Units that support distributed clock synchronization have a clock that is shared by the slaves

and Units. The time that is based on this distributed clock is called the DC time.

The 1/0O refreshing methods that you can use depend on the model of the NX Unit. Select the NX Units
according to the 1/O refreshing method to use.

Refer to the manuals for the specific Units for the I/O refreshing methods that are supported by individ-
ual NX Units.

2-4-2 /O Refreshing Method Operation

This section describes the operation of each I/O refreshing method in the NX502 CPU Unit, NX102
CPU Unit, and NX1P2 CPU Unit.

The detailed operation of the 1/0O refreshing methods depends on the NX Units. Refer to the manuals
for the NX Units.

I Operation of Synchronous I/0 Refreshing

All NX Units that support synchronous /O refreshing on the NX502 CPU Unit, NX102 CPU Unit, and
NX1P2 CPU Unit read their inputs at the same time that is synchronized with the 1/O refreshing in the
primary periodic task. Outputs are also refreshed simultaneously, but at a separately set timing from
inputs.

M Precautions for Correct Use

The NX Units on the CPU Unit, EtherCAT slaves, and EtherCAT Slave Terminals do not read
inputs or refresh outputs simultaneously.

@ Operation Example of Synchronous I/O Refreshing

All NX Units that support synchronous /O refreshing read their inputs at the same time.
All NX Units that support synchronous 1/O refreshing refresh their outputs at the same time.

2-28

inputs simultaneously

refreshing refresh their

outputs simultaneously|

NJ/NX-series CPU Unit Software User’s Manual (W501)

Primary period Primary period
Primary Output data ) Input data Output data ; Input data
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NX Unit (N1) !:, I:T M I

, : ' : ' ON/OFF response time +
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I Operation of Time Stamp Refreshing

The following describes the operation of time stamp refreshing.

@ Operation of Input Refreshing with Input Changed Times
All NX Units that support input refreshing with input changed times on the NX502 CPU Unit, NX102
CPU Unit, and NX1P2 CPU Unit record the DC times when inputs change (called input changed
times). Then, the input changed times are read at the time that is synchronized with the 1/O refresh-
ing in the primary periodic task. The most recent values are always read as the input values.

-PoIN uondun4y sng XN Jo Buiysaiyey O/l -2
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@ Additional Information

The timing when the input changed times are read is the same as that for reading the inputs for
NX Units that support synchronous input refreshing.

@ Operation of Output Refreshing with Specified Time Stamps
All NX Units that support output refreshing with specified time stamps on the NX502 CPU Unit,
NX102 CPU Unit, and NX1P2 CPU Unit change the outputs at the specified DC times for each NX
Unit.

® Operation Example of Time Stamp Refreshing
All NX Units that support input refreshing with input changed times record the DC times when in-
puts change for each NX Unit and read the input changed times at the same time. All NX Units that
support output refreshing with specified time stamps change the outputs at the specified DC times
for each NX Unit.

uonesadQ pousel Bulysaley O/l Z--2

Primary period Primary period

Primary Output data " Input data Output data ; Input data
periodic task processing Refreshing processing i processing Refreshing processing ure

DC time when input ! [All Units that support i
A ! pport input
changed is recorded. ' _Arefreshing with input

NX Units in Input
Refreshing with Input

Changed Time (N1)

changed time read their
. input changed times
' simultaneously.

ON/OFF response time ' '

Output at specified
DC time.

NX Units in Output
Refreshing with
Specified Time Stamp
(N2)

I Operation of Free-Run Refreshing

With Free-Run refreshing, the refresh cycle of the NX bus and the 1/O refresh cycle of the NX Units
operate asynchronously.

@ Operation Example of Free-Run Refreshing
An example of operation for Free-Run refreshing method in the NX502 CPU Unit, NX102 CPU
Unit, and NX1P2 CPU Unit is provided in the following figure.
The NX Units that support Free-Run refreshing perform /O processing based on their own unique
timings that is asynchronous with the 1/O refreshing in the primary periodic task.
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Primary period Primary period
Primary Output data : Input data Output data : Input data
periodic task processing Refreshing processing ure processing Refreshing processing ure
Free-run Internal processing of NX Unit (N1) | Internal processing of NX Unit (N1) | Internal processing of NX Unit (N1)
NX Unit (N1) T 1_, T 1_, R l—' O 1_
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2-5 1/0 Refreshing of X Bus Function

Module

This section describes I/O refreshing of the X Bus Function Module for the NX502 CPU Unit.
When the X Bus Unit accesses the network variables of the CPU Unit, processing for data exchange

and variable access is executed between the CPU Unit and the X Bus Unit. As shown in the table be-

low, the tasks and services to be executed differ depending on the combination of the CPU Unit ver-
sion and the NX-series EtherNet/IP Unit version, and the type of communications.

Combinations of ver-
; : Type of
sions of CPU Unit . Data exchange proc- . .
. communica- Accessing process to variables
and NX-series Ether- tions ess
Net/IP Unit
CPU Unit: Ver.1.66 or | Tag data Tag data link refresh Tag sets containing tags specified for exclu-
later links service for X Bus Units | sive control of variables in tasks: System
NX-series EtherNet/IP common processing 2 of the specified task
Unit: Ver. 1.01 or later Other than the above: Tag data link variable
access service
CIP Safety I/O refresh in the pri- Not executed because it is a bridge service
communica- | mary periodic task for NX Units.
tions
Other than the above Tag data I/O refresh of the pri- Tag sets containing tags specified for exclu-
links mary periodic task or sive control of variables in tasks: System
priority-16 periodic task | common processing 2 of the specified task
(not determined by the variable access time
setting)
Other than the above: Tag data link variable
access service
CIP Safety I/O refresh in the pri- Not executed because it is a bridge service
communica- | mary periodic task for NX Units.
tions

Refer to 5-7-5 Processing Performed and Execution Timing of the Tag Data Link Refresh Service for X

Bus Units on page 5-104 for details on the tag data link refresh service for X Bus Units.

M Precautions for Correct Use

» Only the NX502 CPU Units have the X Bus Function Module.
» The data exchange performed during a task's I/O refreshing affects task execution time.
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2-32

@ Additional Information

The method to reduce task execution time is to break the 1/O refreshing process into multiple

tasks.

The 1/O refreshing process can be carried out in both primary periodic task and priority-16 peri-
odic task separately.
Specify the tasks to perform 1/O refreshing in the settings for exclusive control of variables in

tasks.

If they are not specified in the settings for exclusive control of variables in tasks, the task that
performs 1/O refreshing is determined depending on the presence of priority-16 periodic task.
The table below shows which task performs 1/O refreshing in each case.

Priority-16 peri-

odic task

Settings for exclusive control of variables

in tasks

Task that performs /O refresh-
ing

Not present

No settings or primary periodic task

Primary periodic task

Present

No settings or priority-16 periodic task

Priority-16 periodic task

Primary periodic task

Primary periodic task

The task that performs data exchange in I/O refreshing for CIP Safety communications is al-
ways a primary periodic task. For tag data link communications, tasks to execute data ex-
change in 1/O refreshing can be specified for each tag set.

Additional Information

When the EtherNet/IP port built in the NX502 CPU Unit is used, processing for data exchange
and variable access is executed as follows.

Unit version

Type of com-

Data exchange

Accessing process to variables

of CPU Unit munications process
All project unit | Tag data links | Tag data link Tag sets containing tags specified for exclusive
versions service control of variables in tasks: System common

processing 2 of the specified task (determined by
the variable access time setting)

Other than the above: Tag data link variable ac-
cess service

Version 1.64 or
later

CIP Safety
communica-
tions

Communications
bridge service

Not executed because it is a bridge service for
NX Units.
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2-6 Sequence Control and Motion Control

This section describes the sequence control and motion control systems that are used by the CPU
Unit.

2-6-1 Overview of Control

|0J3U09D UOIOI\ PUE |0J3U0) 8duanbag 9-z

The NJ/NX-series CPU Unit can perform both sequence control and motion control.

You execute sequence control with instructions other than motion control instructions in the user pro-
gram. Sequence control is for EtherCAT slaves, NX Units on the CPU Unit, X Bus Units, built-in I/O,
Option Boards, and CJ-series Units. Control is performed by the PLC Function Module, NX Bus Func-

tion Module, X Bus Function Module, and the EtherCAT Master Function Module. &
You perform motion control with motion control instructions in the user program for EtherCAT Servo o
Drives and encoder input slaves that are assigned to axes. Control is performed by the PLC Function 3
. . . CD
Module, Motion Control Function Module, NX Bus Function Module, and the EtherCAT Master Func- §
tion Module. §
=
- - o
NJ/NX-series CPU Unit -
PLC Function Module
U ti
Ser program execution Sequence -
I CJ-series Units
o K, ‘ DK Basic /0 Units
@
Executed. s < *| Special Units
HH Instruction <:> : ‘
other the : < 5 Built-in 1/0
etruc 8 g
o ration 2 < g_ Option Boards
X Bus
<—1 on [
Function [ X Bus Units
Module | | >
NX B — NX Units on the CPU Unit
<: Functilé)sn ] > that are not assigned to
Module [ PDO axes
1 || [ communi- EtherCAT slaves
i
<::—‘, }' e IonS'\LServo Drive, encoder
N 1-Tinput, and general-purpose
— sla\{es that are not
EtherCAT assigned to axes
Moti | Master i
otion contro Function EtherCAT
communi- .
Executed. Motion Control Module || | cations | Servo Drive and encoder
H H Motion Function input slaves that are
control Commang Module b /[ assigned to axes
A . omman
instruction <: Motion control
processing | Nx units on the CPU
Unit that are assigned to
axes

Note You can use CJ-series Units only on the NJ-series CPU Units.

Note You can use the NX Bus Function Module only with the NX502 CPU Units, NX102 CPU Units, and NX1P2
CPU Units.

Note You can use the X Bus Function Module only with the NX502 CPU Units.

Note You can use the built-in I/Os and Option Boards only with the NX1P2 CPU Units.
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2-6-2

2-34

@ Additional Information

Instruction Types in Terms of Control Systems
In terms of the controls, the instructions can be broadly separated into the following two types of
instructions.

Type of instruction Definition
All instructions other These instructions are executed in the user program in the PLC Function
than motion control in- Module and processing for them is completed there.
structions

(sequence control)

Motion control instruc- These instructions are executed in the user program in the PLC Function
tions Module to send commands to the Motion Control Function Module.
MC_Home (Homing), MC_Move (Positioning), MC_Camin (Start Cam Oper-
ation), and other instructions for motion control operations

For details on motion control instructions, refer to the NJ/NX-series Motion Control Instructions
Reference Manual (Cat. No. W508). For details on other instructions, refer to the NJ/NX-series
Instructions Reference Manual (Cat. No. W502).

Version Information

With the Sysmac Studio version 1.09 or higher, device variables can be assigned to the 1/0

ports of Servo Drive and encoder input slaves that are assigned to axes.

The 1/0O port to which a device variable can be assigned must meet either of the following condi-

tions.

» The value of the R/W attribute is R (Read only).

* The value of the R/W attribute is W (Write only), and <Not assigned> is set for the process
data field under Detailed Settings on the Axis Basic Settings Display in the Sysmac Studio.

Precautions for Correct Use

If you perform the following steps, the system will clear the assignment of the device variable to

the 1/0 port of a Servo Drive and encoder input slave that is assigned to an axis. Program oper-

ations with caution.

1. With the Sysmac Studio version 1.09 or higher, assign device variables to the 1/O ports of
Servo Drive and encoder input slaves that are assigned to axes.

2. Save the project data.

3. Open the saved project data with the Sysmac Studio version 1.08 or lower.

Sequence Control System

The way that the sequence control works depends on the device to control. This section describes the
operation of the function modules and the control period as part of the sequence control system.

Sequence Control System

Device . . ;
Operation of Function Modules Control Period

Servo Drive, encoder in-

put’?, and general-purpose
slaves that are not assigned
to axes

* The PLC Function Module executes the user
program and refreshes the device variables.

* The EtherCAT Master Function Module ex-
changes data with the slaves through the 1/0
ports for device variables.

The task period of the task
to which the program is as-
signed (i.e., the task period
of the primary periodic task

or a periodic task)?
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Sequence Control System

Device - - -
Operation of Function Modules Control Period
NX Units on the CPU Unit * The PLC Function Module executes the user Primary periodic task™
that are not assigned to program and refreshes the device variables.
axes™3 ¢ The NX Bus Function Module exchanges data

with the NX Units on the CPU Unit through the
1/O ports for device variables.
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X Bus Units™10 * The PLC Function Module executes the user The task period of the task
program and refreshes the device variables. to which the program is as-
* The X Bus Function Module exchanges data signed (i.e., the task period
with the X Bus Units through the 1/O ports for of the primary periodic task
device variables. or a periodic task)
Built-in 1105 The PLC Function Module executes the user pro- | Primary periodic task

gram, refreshes the device variables, and ex-
changes data with the built-in 1/O.

Option Boards® The PLC Function Module executes the user pro- | primary periodic task’”
gram, refreshes the device variables, and ex-
changes data with the Option Boards.

CJ-series Units™® The PLC Function Module executes the user pro- | The task period of the task
gram, refreshes the device variables, and ex- to which the program is as-
changes data with the CJ-series Units. signed (i.e., the task period

wo)sAg |osuo) eousnbeg z-9-z

of the primary periodic task

or a periodic task)™

*1.  With the Sysmac Studio version 1.09 or higher, a Servo Drive and encoder input slave that is assigned to an
axis can also be a part of sequence controls if you assign the device variable to the 1/0O port of the slave.

*2.  The data refresh period in the slave depends on settings in the slave.

*3.  You can use NX Units on the CPU Unit only with the NX502 CPU Units, NX102 CPU Units, and NX1P2
CPU Units. An NX Unit on the CPU Unit to which an axis is assigned can also be a part of sequence con-
trols if you assign the device variable to the I/O port of the NX Unit.

*4.  The I/O refresh cycles of the NX Units that operate with Free-Run refreshing and the control period of the
CPU Unit are asynchronous.

*5. You can use built-in I/O only with the NX1P2 CPU Units.

*6.  You can use Option Boards only with the NX1P2 CPU Units.

*7. The primary periodic task and the data exchange period of Option Boards are asynchronous.

*8.  You can use CJ-series Units only on the NJ-series CPU Units.

*9. The data exchange period with a CJ-series Unit is the task period to which 1/O refreshing for the CJ-series
Unit is assigned.

*10. You can use X Bus Units only on the NX502 CPU Units.

Servo Drive, encoder input, and general-purpose slaves that are not assigned to axes are refreshed in
the process data communications cycle. This means that I/O refreshing takes place in the task period
of the primary periodic task or the priority-5 periodic task. However, execution of the programs and re-
freshing of the device variables take place in the task period of the task to which the programs are
assigned. Therefore, the slave values are not reflected and not controlled by the device variables until
the task period of the task to which the programs are assigned.

If it is necessary to control a slave in the process data communications cycle, assign the program that
controls the slave to the primary periodic task or the priority-5 periodic task.

Refer to 5-12-3 System Input and Output Response Times on page 5-146 for details.
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NJ/NX-series CPU Unit
NX Bus /LL NX Units on the CPU Unit that
PLC Function Module Function are not assigned to axes
<"::> Module | g
User program
execution X Bus irL :_J\> X Bus Units
Function
o <> Module Built-in 1/0 |
(0] |
<. = .
Executed. |8 S /‘ML;’> Option Board |
. /1—1\ < o
HFmstruction <18 ; Servo Drive, encoder
o + input, and general-pur-
[]
® pose slaves that are not
assigned to axes
EtherCAT |
Master PDO communications |
Function <}]
f Module (O L | <
/ I :
Sequence control period (task 1/0 refreshing in the process data communi- D f\ h
period of the primary periodic task cations cycle (i.e., task period of the primary at.acl;e. resl
or the periodic task) periodic task or the priority-5 periodic task) period in slave

@ Additional Information

* You can use the priority-5 periodic task only with the NX701 CPU Unit.

» With an NX701 CPU Unit, you can perform process data communications in the primary peri-
odic task and the priority-5 periodic task. If these two process data communications cycles
need to be identified, the communications cycle for the primary periodic task is called process
data communications cycle 1, while the communications cycle for the priority-5 periodic task
is called process data communications cycle 2.

* The NX502 CPU Units, NX102 CPU Units, NX1P2 CPU Units, and NJ-series CPU Units per-
form process data communications only in the primary periodic task.

* You can use NX Units only on the NX502, NX102, and NX1P2 CPU Units.

* You can use the built-in 1/0Os and Option Boards only with the NX1P2 CPU Units.

* You can use CJ-series Units only on the NJ-series CPU Units.

* You can use X Bus Units only on the NX502 CPU Units.

2-6-3  Motion Control System

This section describes the operation of the function modules and the control period as part of the se-
quence control system.

@ Operation of Function Modules

» The PLC Function Module executes motion control instructions in the user program and sends
commands for motion control to the Motion Control Function Module. Axis variables are used for
these commands.

» The Motion Control Function Module performs motion control processing based on commands
from the PLC Function Module. It then reflects the results of this processing in the axis variables.

» The EtherCAT Master Function Module sends the command values of the axis variable to the
Servo Drive or other slaves by using EtherCAT communications.

» The NX Bus Function Module outputs the command values of the axis variable to the NX-series
Pulse Output Unit or other Unit on the CPU Unit.
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@ Control Period
The motion control period is the task period of the primary periodic task or the priority-5 periodic
task.
Motion control processing in the Motion Control Function Module is executed in the task period of
the primary periodic task or the priority-5 periodic task. The Motion Control Function Module also
exchanges data with Servo Drive and encoder input slaves that are assigned to the axes to control
in the process data communications cycle of the primary periodic task or the priority-5 periodic
task. The process data communications cycle is synchronized with the primary periodic task or the
priority-5 periodic task.
Furthermore, in the NX502 CPU Units, NX102 CPU Units, and NX1P2 CPU Units, the Motion Con-
trol Function Module exchanges data with NX Units on the CPU Unit that are assigned to the axes
to control in the primary periodic task.
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This makes the motion control period the same as the task period of the primary periodic task or >
the priority-5 periodic task, which allows complete synchronization of multiple axes. =
[e]
However, the following restrictions apply: §’
» The motion control instruction is executed and the command for motion control is sent in the se- e
3
quence control period. 3
» The data refresh period in the EtherCAT slave depends on settings in the slave. %’
5}
3
NJ/NX-series CPU Unit
PLC Function Module Motion Control EtherCAT
i Function Master -
User program execution Module Function Servo Drive and encoder
Module input slaves that are
Exeguted. ] / EtherCAT assigned to axes
Motion @ T ('\:/Io%t{(r)cﬂ communications
- .
control processing = o
H 1 instruction  |command 5
o N
, \ T \
/ Motion control period = The process data communications ~ Data refresh
Sequence control period (task period (i.e., task period of the cycle is the same as the task period Period in slave
of the primary periodic task or the primary periodic task or  of the primary periodic task or the
priority-5, or -16 periodic task) the priority-5 periodic priority-5 periodic task.
task)

M Precautions for Correct Use

* You can use the priority-5 periodic task only with the NX701 CPU Unit.

» With an NX701 CPU Unit, you can execute motion control in the primary periodic task and in
the priority-5 periodic task. If these two motion controls need to be identified, the motion con-
trol in the primary periodic task is called motion control 1, while the motion control in the prior-
ity-5 periodic task is called motion control 2.

* The NX502 CPU Units, NX102 CPU Units, NX1P2 CPU Units, and NJ-series CPU Units per-
form motion control only in the primary periodic task.
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2-6-4

2-38

@ Additional Information

» Use the Sysmac Studio to assign an axis to an EtherCAT slave and NX Unit mounted on the
NX502, NX102, and NX1P2 CPU Units, which are controlled by the Motion Control Function
Module. This allows the PLC Function Module to send commands to the Motion Control
Function Module for motion control instructions that are executed in the user program. It also
allows the PLC Function Module to obtain information from the Motion Control Function Mod-
ule through the axis variables.

» The task to which the program that contains the motion control instructions is assigned deter-
mines the 1/O response time of the motion control system. Refer to 5-12-3 System Input and
Output Response Times on page 5-146 for details.

Synchronizing Sequence Control and Motion Control

The sequence control period is the task period of the task to which the program and I/O refreshing are
assigned. However, motion control is always executed in the task period of the primary periodic task or
the priority-5 periodic task. The process data communications cycle for the EtherCAT slave to use for
motion control is synchronized with the primary periodic task or the priority-5 periodic task.

With an NX701 CPU Unit, you can set motion control to execute motion processing for each axis and
each axes group. For axes or axes groups for which you set motion control 1, motion control and proc-
ess data communications are executed in the task period of the primary periodic task. For axes or ax-
es groups for which you set motion control 2, motion control and process data communications are
executed in the task period of the priority-5 periodic task.

The NX502 CPU Units, NX102 CPU Units, NX1P2 CPU Units, and NJ-series CPU Units perform mo-
tion control and process data communications for axes and axes groups in the task period of the pri-
mary periodic task.

If you assign the sequence control program to the task that motion control is executed, you can syn-
chronize the sequence control period and motion control period with the process data communications
cycle for EtherCAT.

The following diagram shows a program assigned to the primary periodic task. In the following dia-
gram, the sequence control period, motion control period, and process data communications cycle on
EtherCAT are all synchronized.

Sequence control
period (i.e., period of
primary periodic task) | Sequence control period | Sequence control period

—— e —— - ——

User program User program User program

Sequence control SGaEn execution execution

Motion control period Motion control period Motion control period
< < < >
\'4 Y

) Motion Motion Motion
Motion control control control control

. Process data Process data Process data
PDO communi- - P o
cations on communications cycle| communications cycle [ communications cycle

EtherCAT < =< > >

TI/O refreshing ]\ 1/0 refreshing T 1/O refreshing
V \ Vi

Slave/Unit | Slave/Unit | Slave/Unit
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2 CPU Unit Operation

» Relationship among motion controls, tasks, and process data communications cycles for the

NX701 CPU Units

Motion control Task to execute Process data communications
cycle
Motion control 1 Primary periodic task Process data communications cy-
cle 1
Motion control 2 Priority-5 periodic task Process data communications cy-
cle 2

» Relationship among motion controls, tasks, and process data communications cycles for the
NX502 CPU Units, NX102 CPU Units, NX1P2 CPU Units, and NJ-series CPU Units

Motion control Task to execute

Process data communications
cycle

Motion control Primary periodic task

Process data communications cy-
cle
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2 CPU Unit Operation

2-7 Overview of CPU Unit Data

The CPU Unit also contains settings, the user program, present values, and other data. The main data
is described in the following table.
For all data on the CPU Unit, refer to A-10 Attributes of CPU Unit Data on page A-255.

Type of data Description
Settings EtherCAT EtherCAT Slave | This is information on the EtherCAT slave configuration.
Configura- Configuration
tion EtherCAT Mas- | The EtherCAT Master Settings contain parameter settings for
ter Settings the EtherCAT Master Function Module, such as the communi-
cations cycle.

Unit Configuration and Unit
Setup

The Unit Configuration and Unit Setup contain information on
the Unit configuration that enables the CPU Unit to recognize
the Units, and the initial settings of Units.

1/0 Map The 1/0 Map contains assignment information between the
variables and the 1/O ports that are automatically created
based on the Unit configuration.

Controller Operation Set- | The Operation Settings include the Startup Mode setting, Se-

Setup tings curity Settings, and System Service Monitoring Settings.

Built-in Ether- The Built-in EtherNet/IP Port Settings contain the following set-
Net/IP Port Set- | tings:
tings TCP/IP settings, Ethernet settings, DHCP settings, DNS set-

tings, FTP settings, NTP settings, and SNMP settings

Motion Control Setup

The Motion Control Setup consists of settings for Axis Varia-
bles and Axes Group Variables for axis and axes groups, and
motion control parameter settings.

Cam Data Settings

The cam data includes cam tables that consist of phase/
displacement data for use in cam operation for motion control
instructions.

Event Settings

These settings are for user-defined errors and user-defined in-
formation.

Task Settings

The Task Settings contain settings for the task types, number
of tasks, task execution conditions, task names, programs exe-
cuted in the task, and other task settings.

Data Trace Settings

The Data Trace Settings include settings for trigger conditions.

Tag Data Link Tables

The Tag Data Link Tables contain the tag data link settings for
EtherNet/IP.

Controller Name

The Controller name is the name of the CPU Unit.

Operation Authority Verifica-
tion

This data contains the operation authority passwords to per-
form Sysmac Studio operations for the CPU Unit.

User Authentication

This function authenticates each user when Sysmac Studio is
going online with the Controller and restricts operation accord-
ing to the user's privileges.

Built-in Set Time This is the time information that is used inside the CPU Unit.
Clock Time Zone Set- | This is the time zone that is set for the clock in the CPU Unit.
ting
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Type of data Description

N
User Pro- | POUs (program organization These are the definitions of the programs, functions, and func- '5'
gram units) tion blocks. The local variable tables and the initial values of 3
the variables are also included. %
Data Data Types This data contains the definitions of the data types. ;
Global Varia- This data gives the attribute information of the global variables. 9
bles It includes the Initial Value and Retain attributes. E
Present Values of Variables This data contains the values of the variables. %
Values Contents of memory used for | These are the values of the CIO, Working, Holding, DM, and s
CJ-series Units™ EM Areas in the memory for CJ-series Units.
Other Da- | Event Logs The event logs include the error log for the Controller, and logs
ta of events other than errors, such as when the power supply

was turned ON and OFF and when operation started.

Absolute Encoder Home Off- This data is used to restore the actual position of a Servo Drive
sets with an absolute encoder in motion control. The offset is the
difference between the command position after homing and
the absolute data that is read from the absolute encoder.

*1.  You can use the memory used for CJ-series Units only with the NJ-series CPU Units, NX502 CPU Units,
NX102 CPU Units, and NX1P2 CPU Units.

NJ/NX-series CPU Unit Software User’s Manual (W501) 2-41



2 CPU Unit Operation

2-8 Operation for CPU Unit Status

This section describes the processing that is performed for user program execution, I/O refreshing,
and external communications according to the status of the CPU Unit. It also describes the operating
modes that change the execution status of the user program when the CPU Unit is in the normal oper-

ation state.

2-8-1 CPU Unit Status

The CPU Unit can be in any of three states: startup state, normal operation state, or error state. These
states are defined as follows:

State

Definition

Startup state

The software is initializing the system.

Normal operation

The software is executing processing for instructions that are executed in a task or it is ex-
ecuting a system service. A Controller error has not occurred.

Error state

A Controller error occurred when the software was executing processing for instructions
that are executed in a task or it was executing a system service.

The normal operation state has these three states for operation: PROGRAM mode, RUN mode, and
downloading. A CPU Unit in the normal operation state changes to the other states due to user inter-
action. This state is defined as follows:

State Definition
PROGRAM mode The operating mode is PROGRAM mode.
RUN mode The operating mode is RUN mode.

Downloading

Data is being downloaded from the Sysmac Studio.

Note Refer to 2-8-3 Operating Modes on page 2-45 for details on PROGRAM mode and RUN mode.

® CPU Unit Status

The CPU Unit enters the startup state after the power supply is turned ON. About 10 to 20 seconds
after the CPU Unit enters the startup state, software processing begins and the CPU Unit changes
to normal operation. If a Controller error occurs during normal operation, the CPU Unit changes to
the error state. When you reset the Controller error, the CPU Unit returns to normal operation.
When the CPU Unit changes from startup state to normal operation, it will change to the operating
mode that you specify in the Controller Setup. You can set the operating mode at startup to PRO-
GRAM mode or RUN mode. Thereafter, changing the operating mode causes the CPU Unit to
change between PROGRAM mode and RUN mode. If you download data from the Sysmac Studio
during PROGRAM mode, the CPU Unit will change to the downloading state. The CPU Unit will
return to PROGRAM mode when the download is completed.
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Power ON

Execution and comple- Startup state
tion of data download
from the Sysmac Studio. l Software processing started.

Normal operation

1 1
1 1
1
! i Controller error occurs
: mode |
/ """" Tl """ .
»
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Error state

+ Downloading | -----1.Y A Controller error is reset.
----------1 RUN mode | \

Operating mode is changed.

@ Additional Information

* You can check the operating status of the CPU Unit with the status indicators on the front
panel of the CPU Unit. Refer to the NJ/NX-series Troubleshooting Manual (Cat. No. W503)
for troubleshooting procedures using the status indicators.

» Refer to A-10 Attributes of CPU Unit Data on page A-255 for information on data operations
when the CPU Unit status changes.

» Refer to 6-3-9 Changes to Variables for Status Changes on page 6-70 for the values that
variables take when the status of the CPU Unit changes.
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2-8-2  Operation for CPU Unit Status

Changes in the status of the CPU Unit affect user program execution, 1/0 refreshing, and the operation
of external communications. The following table shows how each process operates in startup state
and during normal operation.

Refer to the NJ/NX-series Troubleshooting Manual (Cat. No. W503) for information on the Non-fatal

Errors.
Operation Operation during normal operation
CPU Unit processing durlnfpstart- PRgCG)::M RUN mode Downloading
User program Stopped. Stopped. Executed. Stopped.
I/O refreshing for Ether- | Stopped. Executed. EtherCAT communications
CAT slaves changes to safe-operational
state. "1"2
I/O refreshing for NX Stopped. Executed. Stopped. 2
Units on the CPU Unit,
X Bus Units, built-in I/0O,
or Analog I/0O Option
Boards
I/O refreshing for CJ- Stopped. Executed.
series Units
External communica- Stopped. Executed. Executed. 3
tions

*1.  Only the input values are refreshed.
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*2. 1/O refreshing is executed when the device output hold configuration is set to enable (16#A5A5) in the
_DeviceOutHoldCfg (Device Output Hold Configuration) system-defined variable. Refer to Device Output
Hold Configurations on page 6-73 for the device output hold configurations. A CPU Unit with unit version
1.13 or later and Sysmac Studio version 1.17 or higher are required to use the _DeviceOutHoldCfg (Device
Output Hold Configuration) system-defined variable.

*3. The tag data links remain in effect, but the values of those links are not refreshed. The output tags retain the
values from before the download was started. The values in the input tags are not reflected in the variables.

@ Values of Outputs in I/0 Refreshing
The following table shows the values of the outputs in each state after I/O refresh processing.

Operation during normal operation

Operation dur-

Outputs

ing startup

PROGRAM

RUN mode
mode

Downloading

Outputs from EtherCAT slaves

Controlled by the

slave settings. 1

The outputs have the values
of the device variables for

Controlled by the

slave settings. 23

EtherCAT slaves.
The outputs have the values

Outputs from NX Units on the | Changed to the Controlled by the Unit

CPU Unit initial values of of the device variables for NX | gettings. *3
Units. Units.
Outputs from X Bus Units Changed to the The outputs have the values Stopped /O refresh-
initial values of of the device variables for X ing. "3
Units. Bus Units.
Outputs from built-in 1/0 Turned OFF. The outputs have the values | Turned OFF. *3
of the device variables for
built-in 1/0.
Outputs from Analog I/O Op- | Turned OFF. The outputs have the values | Turned OFF. *3
tion Boards of the device variables for Op-
tion Boards.
Outputs from CJ-series Basic | Turned OFF. The outputs have the values of the device variables for

Output Units CJ-series Units. "3

*1.  Refer to the manuals for each slave for information on the slave settings that apply until EtherCAT com-
munications starts after the power supply is turned ON.

*2. When the download is completed, initialization of the EtherCAT slaves starts. When initialization is in
progress, the outputs reflect the settings for the slave.

*3. Device outputs are retained even when the operating mode changes or when downloading if the device
output hold configuration is set to enable (16#A5A5) in the _DeviceOutHoldCfg (Device Output Hold
Configuration) system-defined variable. Refer to 6-3-9 Changes to Variables for Status Changes on
page 6-70 for details.

A CPU Unit with unit version 1.13 or later and Sysmac Studio version 1.17 or higher are required to use
the _DeviceOutHoldCfg (Device Output Hold Configuration) system-defined variable.

*4.  When the download is completed and when the operating mode is changed, the values in the device
variables for CJ-series Units are initialized to the values of the Initial Value attributes.

Refer to 6-3-8 Variable Attributes on page 6-61 for information on the Initial Value attribute for var-
iables.

Refer to Device Output Hold Configurations on page 6-73 for details on the device output hold
configurations.
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m Precautions for Correct Use

* You can use NX Units only on the NX502, NX102, and NX1P2 CPU Units.

* You can use the built-in I/Os and Analog 1/0 Option Boards only with the NX1P2 CPU Units.
* You can use CJ-series Units only on the NJ-series CPU Units.

* You can use X Bus Units only on the NX502 CPU Units.

@ Additional Information
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Servo Drive Response to Changes in Operating Mode

If the operating mode changes from RUN to PROGRAM mode during a motion control opera-
tion, the axes will decelerate to a stop at the maximum deceleration rate.

Changing the Operating Mode during Initialization of EtherCAT Slaves

You can change the operating mode of the CPU Unit to RUN mode while EtherCAT slaves initi-
alization is in progress. If you do, provide programming to confirm that communications are es-
tablished before you attempt to use slave data in control operations. Your program can use the
_EC _PDSlavThbl (Process Data Communicating Slave Table) system-defined variable to see if
the process data inputs and outputs are valid for all of the slaves.

sapo|y BuneladQ ¢-8-z

2-8-3  Operating Modes

You can change the operating mode according to the purpose of operation, such as functional testing
or actual operation. You can set the operating mode to RUN mode or PROGRAM mode, depending on
the purpose. The execution status of the user program is different in each operating mode. The follow-
ing table gives the purpose for each operating mode and the execution status of the user program.

Operating mode Application User program execution status
RUN mode”" RUN mode is for trial operation or actual opera- | Executed.
tion.
PROGRAM mode PROGRAM mode is for checking 1/0 wiring and | Not executed.
other functional testing without executing the
user program.

*1.  For the default setting, the CPU Unit will enter RUN mode when the CPU Unit changes from startup state to
normal operation.

@ Additional Information

The CPU Unit performs various operations when the operating mode is changed, i.e., the axes
are stopped, and motion control instructions are aborted. For details on how the Motion Control
Function Module operates when the operating mode is changed, refer to the NJ/NX-series
Motion Control Instructions Reference Manual (Cat. No. W508).

Operations You Can Perform from the Sysmac Studio or An HMI in
Each Operating Mode

The major operations that you can perform from the Sysmac Studio or an HMI in each operating mode
are listed in the following table.
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2-46

Operation RUN mode PROGRAM mode
Sysmac Studio Synchronization Not possible. Possible.
Online editing Possible.
Forced refreshing Possible.
Changing the values of variables or memory Possible.

used for CJ-series Units”’

HMI Changing the values of variables or memory Possible.

used for CJ-series Units”’

*1.  You can use the memory used for CJ-series Units only with the NJ-series CPU Units, NX502 CPU Units,
NX102 CPU Units, and NX1P2 CPU Units.

I Retention of Variable Values during Changes in Operating Mode

The following table shows how the Retain attribute affects the variable values when the operating
mode is changed between RUN mode and PROGRAM mode.

Retain att:be:te of vari- Value of variables

Non-retain If initial values are set, the variables change to the initial values.
If no initial values are set, the variables change to the system-defined initial val-
ues."

Retain The values before the operating mode changed are retained.

*1. The system-defined initial values of variables depend on the data types of the variables. Refer to When the
Initial Value Specification Is Left Blank on page 6-67.

Refer to 6-3-9 Changes to Variables for Status Changes on page 6-70 for the values that variables
take when the status of the CPU Unit changes.

I Setting and Changing the Operating Mode

When operation starts after the power supply is turned ON, the CPU Unit operates in the operating
mode that you specify in the Controller Setup. During normal operation, you change the operating
mode for different purposes. You use the Sysmac Studio to set and change the operating mode.

® Operating Mode Setting After the Power Supply Is Turned ON
When the CPU Unit starts operating after the power supply is turned ON, the CPU Unit operates in
the operating mode that you set as the Startup Mode. Specify RUN mode or PROGRAM mode in
the Startup Mode setting in the Operation Settings in the Controller Setup. Refer to Section 4 Con-
troller Setup on page 4-1 for details on the Startup Mode setting.

® Changing the Operating Mode during Operation

You can change the operating mode from the Sysmac Studio. Select the RUN mode or PROGRAM
mode form Controller - Operating Mode on the menu bar.

Precautions for Safe Use

Always confirm the safety of the controlled system before you change the setting of the Startup
Mode or the current operating mode.
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I Checking the Operating Mode

You can check the operating mode with the RUN indicator on the CPU Unit or the Sysmac Studio.

@ Checking the RUN Indicator
The RUN indicator on the CPU Unit indicates the operating mode as given below.

RUN indicator status Operation mode
Not lit PROGRAM mode
Lit RUN mode
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@ Checking the Operating Mode from the Sysmac Studio

You can check the operating mode from the Controller Status Pane of the Sysmac Studio. The fol-
lowing Controller Status Panel indicates that the CPU Unit is in RUN mode.

Controller Status

¥ Controller Status Details (Devicel)
Normal communications
No Controller el
No user-defined error
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Controller IP address

Controller subnet mask

Operation authority —

Primary periodic task execution time 0.000 us
Primary period 1000.000 us
Etheriet/IP Tag Data Link S0

EtherCAT Process Data Communications —
Serial ID o
Variable in Forced Refreshing None

¥ List of Controllers Connected Online

CPU Unit name IController IP addreslCommunications|Operating mode| Controller error | User-defined error |l
Devicel -— Normal commL RUN mode No Controller error No user-defined er

@ Additional Information

With an NX701 CPU Unit or NJ-series CPU Unit, if you want to output a signal when the CPU
Unit is in RUN mode, use the RUN output on the Power Supply Unit. Refer to the NX-series
CPU Unit Hardware User’s Manual (Cat. No. W535) and the NJ-series CPU Unit Hardware
User's Manual (Cat. No. W500) for details on the RUN output on the Power Supply Unit.
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I/O Ports, Slave Configuration,
and Unit Configuration

This section describes how to use 1/O ports, how to create the slave and Unit configu-
rations, and how to assign functions.

3-1
3-2

3-3

3-5

Procedure to Create the Slave and Unit Configurations..............cccccviiinns 3-2
Creating and Comparing the Slave and Unit Configurations..................... 3-5
3-2-1 Creating the EtherCAT Slave Configuration............cccccoeviiieiieeiiciiiice e, 3-5
3-2-2 Creating the Unit Configuration ...........cccocueeiiiiiiiiiiiciee e 3-6
3-2-3 Verifying the Unit Configuration............cccoouieiiiiii e 3-6
/0 Ports and Device Variables .........cccooriiiiiiiiiiiiiereee e 3-8
3-3-1 7@ I o) (TS 3-8
3-3-2 1/O POt NAMES ...ttt et e et e e et e e e e e e anneeean 3-9
3-3-3 Device Variables...........oo i 3-11
Allocating Variables to Units.......ccccccciiiiiciccccimmeeriiss s ssssseee s s ee s 3-14
3-4-1 Procedure to Assign Variables to UnitS ..........ccocceeiiiiiiiiiee 3-14
3-4-2 Using Variables Assigned t0 UNitS .........cccooiiiiiiiiciiiiceieee e 3-15
Creating the Axes and Assigning Them to the Servo Drives/

Encoder Input Slaves/NX UnNits........ccccmmiiiiiiiiiiicceeeee e 3-19
3-5-1 INErOAUCHION ... 3-19
3-5-2 Axis Variables and Axes Group Variables .............cccoeveeiiiiiiiee e, 3-19
3-5-3 Creating and Using Axes and Axis Variables ...........cccccccoveiiiiieiieiiiieeee e, 3-21
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3 1/0 Ports, Slave Configuration, and Unit Configuration

3-1 Procedure to Create the Slave and
Unit Configurations

This section provides the procedures for the slave and Unit configurations.
The shaded steps in the overall procedure that is given below are for the slave and Unit configura-
tions.

Step 1. Software Design

Step 1-1 Designing 1/0 and Processing

Step 1-2 Designing Tasks

Step 1-3 Designing Programs

Step 2. Software Setups and Programming

Step 2-1 Slave and Unit Configurations

Step 2-2 Controller Setup

Step 2-3 Programming
Step 2-4 Offline Debugging

Step 3. Mounting and Setting Hardware

Step 4. Wiring

Step 5. Checking Operation and Starting Operation on the Actual System

Refer to 1-3 Overall Operating Procedure for the NJ/NX-series on page 1-25 for details.
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3 1/0 Ports, Slave Configuration, and Unit Configuration

Step 1 Create the EtherCAT slave configuration (if EtherCAT is used)
and the Unit configuration (if NX Units, X Bus Units, or CJ-series Units are used).

Reference

* Create the EtherCAT slave configuration.

EtherCAT slave configuration

Sysmac Studio

CPU
| Unit

Created with the EtherCAT slave configuration settings.

* Create the Unit configuration.

Unit configuration

Unit configuration information

e

Sysmac Studio

CPU
Unit

ECreated in the Unit Configuration and Unit Setup§

3-2-1 Creating the Ether-
CAT Slave Configuration
on page 3-5

3-2-2 Creating the Unit
Configuration on page
3-6

Step 2 Assign Device Variables to 1/O ports.

Reference

* Register the device variables.

Registering the device variables

Sysmac Studio

Slave/Unitl /O port [ Device variable

variable or a variable
from a variable table for
each I/O port. i

<j Assign a new device

Created in the 1/0 Map.

2-3-1 Type of Variables
on page 2-14

3-3 1/0 Ports and Device
Variables on page 3-8
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3 1/0O Ports, Slave Configuration, and Unit Configuration

Step 3 Create the axes and assigning them to the slaves or Units (if motion control is
used).

Reference

3-5 Creating the Axes
and Assigning Them to
the Servo Drives/Encoder

1. Create the axes.

2. Assign the axes to the slaves or Units in the EtherCAT configuration or Unit configuration.

Axis Setup EtherCAT slave configuration/Unit configuraton Input Slaves/NX Units on
Servo Drives page 3-19
Axes Assigned. oPU
Sysmac Studio > A Unit
«" .
EtherCAT

.:> ||||||il
O A o] e
e [o] ( \3@’

O Servo Drives/encoder input slaves

Encoder input slave

g

Assigned in the Axis Setup.

From EtherCAT configuration/Unit configuration
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3 1/0 Ports, Slave Configuration, and Unit Configuration

3-2 Creating and Comparing the Slave
and Unit Configurations

To enable accessing the slaves and Units in the Controller, you create a slave Configuration and a
Unit configuration on the Sysmac Studio. You can also compare the Unit configuration that was creat-
ed on the Sysmac Studio with the physical Unit configuration.

3-2-1  Creating the EtherCAT Slave Configuration

In the EtherCAT Tab Page of the Sysmac Studio, create the EtherCAT slave configuration that is rec-
ognized as “correct” by the CPU Unit.

CPU Unit

EtherCAT master

EtherCAT

1]

EtherCAT EtherCAT EtherCAT

slave slave slave
— _/
~
EtherCAT slave configuration

Created with the Sysmac Studio.

The I/O ports are automatically registered for the slaves in the configuration. Later, the user assigns
device variables to the 1/0 ports.

You can specify device variables in the user program to access the slaves.

Refer to EtherCAT Configuration and Settings in the Sysmac Studio Version 1 Operation Manual (Cat.
No. W504) for specific procedures to create the EtherCAT slave configuration.

@ Additional Information

* If you connect EtherCAT Slave Terminals, create the EtherCAT slave configuration, create the
Slave Terminal configuration, and set the operation settings. Refer to the NX-series EtherCAT
Coupler Units User’s Manual (Cat. No. W519) for information on the Slave Terminal configu-
ration and operation settings.

* If you use built-in 1/0 or Option Boards with an NX1P2 CPU Unit, make the configuration set-
tings and other settings in the Controller Setup.

L~ Version Information

A CPU Unit with unit version 1.05 or later and Sysmac Studio version 1.06 or higher are re-
quired to use EtherCAT Slave Terminals.
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3 1/0 Ports, Slave Configuration, and Unit Configuration

@ Additional Information

If the EtherCAT slaves are Servo Drives or encoder input slaves, after they are registered in the
EtherCAT slave configuration, Axis Variables are registered automatically by creating the axes.
Refer to Creating the Axes and Assigning Them to the Servo Drives/Encoder Input Slaves/NX
Units for details.

3-2-2  Creating the Unit Configuration

3-2-3

3-6

Use the Unit Editor in the Unit Configuration and Setup Tab Page of the Sysmac Studio to create the
Unit configuration that is recognized as correct by the CPU Unit.

Create the Unit configuration with
the Unit Editor of the Sysmac Studio.

X Bus Unit configuration ~ CJ-series Unit configuration or NX Unit configuration
= | =|=|= CPU Unit
[ c [= =
S| DD >

Basic I/0 Unit
Basic /O Unit
Special Unit
Special Unit

When the power is turned ON, an automatic check is performed to determine whether the correct Unit
configuration matches the physical Unit configuration.

The I/O ports are automatically registered for Units that are specified in the Unit configuration.

Later, the user assigns device variables to the I/O ports.

The device variables are used in the user program to access the Units in the Unit configuration.

Refer to CPU/Expansion Rack Configuration and Setup in the Sysmac Studio Version 1 Operation
Manual (Cat. No. W504) for specific procedures to create the Unit configuration.

M Precautions for Correct Use

* You can start the Controller without creating the Unit configuration. However, if you do so, the
I/O ports and device variables will not be registered automatically, so you will not be able to
access the Units from the user program.

» Create the Unit Configuration to use NX Units with an NX502 CPU Unit, NX102 CPU Unit,
and NX1P2 CPU Unit, to use X Bus Units with an NX502 CPU Unit, or to use CJ-series Units
with an NJ-series CPU Unit.

The NX701 CPU Units do not have the Unit configuration because any Units are not used.

Verifying the Unit Configuration

You can use either of the following two methods to compare the Unit configuration.

Comparison between the Unit Configuration on the Sysmac Studio
and the Physical Unit Configuration

You can verify if the Unit configuration on the Sysmac Studio and the physical Unit configuration are
the same.
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3 1/0 Ports, Slave Configuration, and Unit Configuration

You can compare the Unit configuration on the Sysmac Studio with the physical Unit configuration to
see if they are the same before the first time you download the Unit configuration to the CPU Unit from
the Sysmac Studio.

Unit Configuration

Sysmac Studio

Compared.

CPU Unit Configuration of physical Units
—*

-nBuo) jun pue aAe|g ay} bunuedwon pue Bueal) z-¢

suonel

Comparison between the Unit Configuration on the Sysmac Studio
and the Unit Configuration in the CPU Unit

You can verify if the Unit configuration on the Sysmac Studio and the Unit configuration that is saved
in the CPU Unit are the same.

You can compare the Unit configuration on the Sysmac Studio with the Unit configuration information
that is stored in the CPU Unit to see if they match before you download the Unit configuration to the
CPU Unit from the Sysmac Studio.

uoneinbyuo) yun ey BulkjusA €-z-¢

Sysmac Studio Unit configuration

Compared. CPU Unit

Unit configuration information
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3 1/0 Ports, Slave Configuration, and Unit Configuration

3-3

/O Ports and Device Variables

3-3-1

3-8

This section describes the I/O ports and device variables that you use to access the EtherCAT slaves,
NX Units on the CPU Unit, X Bus Units, built-in /O, Option Boards, and CJ-series Units of an NJ/NX-
series Controller.

@ Precautions for Correct Use

* You can use NX Units only on the NX502, NX102, and NX1P2 CPU Units.

* You can use the built-in 1/0s and Analog I/O Option Boards only with the NX1P2 CPU Units.
* You can use CJ-series Units only with NJ-series CPU Units.

* You can use X Bus Units only on the NX502 CPU Units.

1/0 Ports

An 1/O port is a logical interface that is used by the CPU Unit to exchange data with external devices
(slaves and Units), built-in 1/0, and Analog 1/0 Option Boards.

I/0O ports are automatically created when you create the slave and Unit configurations and other con-
figurations on the Sysmac Studio. You assign device variables to 1/O ports to enable accessing the
slaves and Units from the user program.

CPU Unit

User program (or external communications)

Variables

Device variables |

1/0 ports are logical interfaces
used by the CPU Unit to

/ exchange data with external

devices.
-4+ - - - J4-— - - - b - - - - — - — L —
I 4 v ) 4 v ) 4 v f
' 1/0 ports H
0 o  O"ro o O
I_ __________ —_ e o e e e e L e e e e M
 Enlaieiele albeielel delntelels Slaielelet dulebls
EtherCAT NX Units X Bus Built-in 1/0 Option CJ-series
slaves Units Boards Units

I/O ports are automatically registered in the 1/O Map when you create the EtherCAT slave configura-
tion, Unit configuration, and other configurations on the Sysmac Studio, or when you read either of
these configurations from the physical Controller from the Sysmac Studio.

You can check the 1/0O ports that were registered in the I/O Map of the Sysmac Studio.

I/0 Map
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3 1/0 Ports, Slave Configuration, and Unit Configuration

New Project

new_NJ501_0 v ‘ I | |

S |R/W Data Ty]  Variable I Variable Comment
R R
B 7 EtherCAT | CF ¥ “cPuRackD
» =: CPU/Expansion Racks [o ¥ C11W-0D232 (Transistor Outpt
S B TG
» 7 Controller Setup N ¥ Output CH1 bit 00
» % Motion Control Setup ||| Ch1_OutD1 Output CH1 bit 01
& Cam Data Settings [ Ch1_Out02 Output CH1 bit 02 01_Ch1_Out02
> Event Settings | Ch1_Out03 Output CH1 bit 03
¥, Task Settings Il Ch1_Out04 Output CH1 bit 04
" Data Trace Settings ||| Ch1_Out05 Output CH1 bit 05
[ Ch1_Out06 Output CH1 bit 06
Ch1_Out07 Output CH1 bit 07
Ch1_Out08 Output CH1 bit 08
[ Ch1_Out0g Output CH1 bit 09
Chi_Out10 Output CH1 bit 10
Ch1_Out11 Output CH1 bit 11
Ch1_out12 Output CH1 bit 12
Ch1_out13 Output CH1 bit 13
Ch1_Out14 Output CH1 bit 14 _Chi (
Ch1_Out15 Output CH1 bit 15 01_Ch1_Outls
¥ Ch2_Qut Qutput CH2
Ch2_0utoo Output CH2 bit 00
Ch2_0ut01 Qutput CH2 bit 01

w
:
&
=
o
v
o
=3
o
o
S
a
o
o
<
)
o
s
=
)
g
o
o

3-3-2 /O Port Names

The 1/O port names are registered automatically. The 1/0 port names differ as given below depending
on whether the device is an EtherCAT slave, NX Unit on the CPU Unit, X Bus Unit, built-in I/O, Analog
I/0O Option Board, CJ-series Basic I/O Unit, or CJ-series Special Unit.

S8WeN Hod O/l ¢-€-€

I EtherCAT Slave Devices

The following I/O port names are used for Remote I/O Terminals that are EtherCAT slave devices.
Example for a 16-point Remote 1/0 Terminal:

Bit0O to Bit15
For other slaves, all or part of the object names that are defined in the EtherCAT object dictionary are

used.

Example for Analog Input Unit:
CHO_input16-bit

Example for R88D-KN50H-ECT:
Position actual value and Digital inputs

I NX Unit Devices on the CPU Units

If the device is an NX Unit on the CPU Unit, I/0 port names are determined by the model number of
the NX Unit and the functionality.
Example for an Digital Input Unit:
Input Bit 00
Example for an Analog Output Unit:
Ch1 Analog Output Value

I X Bus Units

If the device is an X Bus Unit, there are two kinds of I/O port names, X Bus Unit common name and
unique name determined by the model number of the X Bus Unit and the functionality.
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Example for an NX-series EtherNet/IP Unit:
X Bus Unit common: PowerOnHour
Unique to EtherNet/IP Unit: ETN_Errsta

| Built-in 110 Devices

If the device is a built-in 1/0O, the I/O port names are created only for the number of bits for model num-
ber of the NX1P2 CPU Unit.
Example for an NX1P2-9024DT CPU Unit:

Input bits: Input Bit 00 to Input Bit 13

Output bits: Output Bit 00 to Output Bit 09

I Option Board Devices

If the device is an Option Board, 1/0 port names are determined by the model number of the Option
Board and the functionality.
Example for an Analog Input Option Board:
Ch1 Analog Input Value
Example for an Analog Output Option Board:
Ch1 Analog Output Value

I CJ-series Basic I/0 Unit Devices

If the device is a CJ-series Basic I/0 Unit, /0 port names are created according to the following rules.

® Rules for I/O Port Names for Basic I/O Units

Inputs Outputs
Ch_InOO Ch_Out
Terminal number: 00 to 15 Terminal number: 00 to 15
16-bit words: 1 to 4 16-bit words: 1 to 4

® Example of /0 Port Names for Specific Numbers of 1/0 Points

Number of in- 1/0 port names
put points
Number of out- Inputs Data type Outputs Data type
put points
32 points Ch1_In WORD Ch1_Out WORD
Ch1_In00 to Ch1_In15 BOOL Ch1_0Out00 to BOOL
Ch1_Out15
Ch2_In WORD Ch2_Out WORD
Ch2_In00 to Ch2_In15 BOOL Ch2_0ut00 to BOOL
Ch2_0Out15
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