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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 Motion Control Function Module of an
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

« NX701-1000

« NX502-1000

« NX102-1000

+ NX102-9000

« NX1P2-100000

« NX1P2-90J0000

NJ-series CPU Units
« NJ501-00000
« NJ301-1000
* NJ101-10000O

Part of the specifications and restrictions for the CPU Units are given in other manuals. Refer to Rele-
vant Manuals on page 2 and Related Manuals on page 22.
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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 the NX1P2 CPU

Unit functions
Using the NX1P2 CPU

Using robot control by
Unit functions

NJ Robotics function
Using numerical con-

trol

Using robot control for

Using the GEM Serv-
OMRON robots

ices
Programming error

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

Using numerical con-
Using FINS

trol

Using robot control for
Using robot control by
NJ Robotics function

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

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
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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™?

1.



Manual Structure

Manual Structure

Page Structure

The following page structure is used in this manual.

4 Installation and Wiring ———— Level 1 heading
Level 2 heading
Level 2 heading——— 1 4-3 Mounting Units — Level 3 heading
Gives the current
Level 3 heading— 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 unis sothat the connectors it exacty

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.

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.
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Manual Structure

@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 the
Motion Control

Function Module Sample Programming

Motion Control

Configuration and Troubleshooting

Principles

Configuring Axes _
and Axes Groups Appendices
Checking Wiring from Index

the Sysmac Studio

SN\

Motion Control Parameters

Motion Control Programming

Manual Operation

Homing

Motion Control Functions

oo ~Jofofafofnl -
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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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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

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

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)
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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 also required to
use those functions.

Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for the relationship be-
tween the unit versions of CPU Unit and the Sysmac Studio versions.

Refer to A-7 Version Information on page A-34 for the functions that are supported by each unit ver-

sion.
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Related Manuals

The following 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 is
Hardware User's Manual specifications of the provided along with the following information on
NX701 CPU Units, the CPU Unit.
including introductory | ¢ Features and system configuration
information, design- ¢ |ntroduction
ing, installation, and | ¢ Part names and functions
maintenance. * General specifications
Mainly hardware in- * Installation and wiring
formation is provided. | Maintenance and inspection
NX-series W629 NX502-0000 Learning the basic An introduction to the entire NX502 system is
NX502 CPU Unit specifications of the provided along with the following information on
Hardware NX502 CPU Units, the CPU Unit.
User’s Manual including introductory | ¢ Features and system configuration
information, design- * |ntroduction
ing, installation, and | ¢ Part names and functions
maintenance. * General specifications
Mainly hardware in- * Installation and wiring
formation is provided. | Maintenance and inspection
NX-series W593 NX102-0000 Learning the basic An introduction to the entire NX102 system is
NX102 CPU Unit specifications of the provided along with the following information on
Hardware NX102 CPU Units, the CPU Unit.
User’s Manual including introductory | ¢ Features and system configuration
information, design- * |ntroduction
ing, installation, and | ¢ part names and functions
maintenance. * General specifications
Mainly hardware in- * Installation and wiring
formation is provided. | Maintenance and inspection
NX-series W578 NX1P2-0J000 Learning the basic An introduction to the entire NX1P2 system is
NX1P2 CPU Unit specifications of the provided along with the following information on
Hardware NX1P2 CPU Units, the CPU Unit.
User’s Manual including introductory | ¢ Features and system configuration
information, design- * |ntroduction
ing, installation, and | ¢ Part names and functions
maintenance. * General specifications
Mainly hardware in- * Installation and wiring
formation is provided. | , Maintenance and inspection
NJ-series CPU Unit W500 NJ501-0000 Learning the basic An introduction to the entire NJ-series system is
Hardware User's Manual NJ301-0000 specifications of the provided along with the following information on
NJ101-0000 NJ-series CPU Units, | the CPU Unit.
including introductory | ¢ Features and system configuration
information, design- * |ntroduction
ing, installation, and | e part names and functions
maintenance. * General specifications
Mainly hardware in- * Installation and wiring
formation is provided. | , Maintenance and inspection
NJ/NX-series CPU Unit W501 NX701-0000 Learning how to pro- | The following information is provided on a Con-
Software User’s Manual NX502-0000 gram and set up an troller built with an NJ/NX-series CPU Unit.
NX102-0000 NJ/NX-series CPU * CPU Unit operation
NX1P2-0000 Unit. * CPU Unit features
NJ501-0000 Mainly software infor- | e |nitial settings
NJ301-0080 mation is provided. * Programming based on IEC 61131-3 language
NJ101-0000

specifications
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Manual name Cat. No. Model numbers Application Description
NX-series NX1P2 CPU Unit W579 NX1P2-0000 Learning about the Of the functions for an NX1P2 CPU Unit, the fol-
Built-in 1/0 and Option Board details of functions lowing information is provided.
User’s Manual only for an NX-series | * Built-in /O
NX1P2 CPU Unitand | ¢ Serial Communications Option Boards
an introduction of * Analog I/0O 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 NX502-00000 specifications on the | 61131-3 specifications) are described.
NX102-0000 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 and
Motion Control User’s Manual NX502-0J000 tion control settings programming concepts for motion control are de-
NX102-0000 and programming scribed.
NX1P2-0000 concepts.
NJ501-0000
NJ301-0000
NJ101-0000
NJ/NX-series W508 NX701-0000 Learning about the The motion control instructions are described.
Motion Control Instructions NX502-00000 specifications of the
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 pro-
CPU Unit NX502-0000 EtherCAT porton an | vided.
Built-in EtherCAT® Port NX102-0000 NJ/NX-series CPU This manual provides an introduction and pro-
User’s Manual NX1P2-0000 Unit. vides information on the configuration, features,
NJ501-0000 and setup.
NJ301-0000
NJ101-0000
NJ/NX-series W506 NX701-0000 Using the built-in Information on the built-in EtherNet/IP port is pro-
CPU Unit NX502-0000 EtherNet/IP port on vided.
Built-in EtherNet/IP™ Port NX102-0J000 an NJ/NX-series Information is provided on the basic setup, tag
User’s Manual NX1P2-0000 CPU Unit. 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 NJ501-1CJ00
NX-series W596 NX701-00020 Using the FINS func- | Describes the FINS function of an NX-series CPU
CPU Unit NX502-0000 tion of an NX-series Unit.
FINS Function NX102-0000 CPU Unit.
User’s Manual
NJ/NX-series w527 NX701-0020 Using the database Describes the database connection service.
Database Connection CPU NX502-0000 connection service
Units NX102-0020 with NJ/NX-series
User’s Manual NJ501-000J20 Controllers.
NJ101-0J020
NJ-series W528 NJ501-1340 Using the GEM Serv- | Provides information on the GEM Services.

SECS/GEM CPU Units
User’s Manual

ices with NJ-series
Controllers.
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Manual name Cat. No. Model numbers Application Description
NJ-series 0037 NJ501-ROOIO Using the NJ-series Describes the settings and operation of the CPU
Robot Integrated CPU Unit Robot Integrated Unit and programming concepts for OMRON ro-
User’s Manual CPU Unit. bot control.
Sysmac Studio W595 SYSMAC-SE2000 Learning about the Describes the operating procedures of the Sys-
Robot Integrated System Build- O operating procedures | mac Studio for Robot Integrated CPU Unit.
ing Function with Robot Inte- SYSMAC- and functions of the
grated CPU Unit Operation SE200D-64 Sysmac Studio to
Manual configure Robot Inte-
grated System using
Robot Integrated
CPU Unit.
Sysmac Studio w621 SYSMAC-SE2[1] Learning about the Describes the operating procedures of the Sys-
Robot Integrated System Build- O operating procedures | mac Studio for IPC Application Controller.
ing Function with IPC Applica- SYSMAC- and functions of the
tion Controller Operation Man- SE200D-64 Sysmac Studio to
ual configure Robot Inte-
grated System using
IPC Application Con-
troller.
Sysmac Studio W618 SYSMAC-SE2[11] Learning about an Describes an outline, execution procedures, and
3D Simulation Function Opera- O outline of the 3D sim- | operating procedures for the 3D simulation func-
tion Manual SYSMAC-SA40 ulation function of the | tion of the Sysmac Studio.
0-64 Sysmac Studio and
how to use the func-
tion.
NJ-series W539 NJ501-4000 Controlling robots Describes the functionality to control robots.
NJ Robotics CPU Unit NJ501-ROOO with NJ-series CPU
User’s Manual Units.
NJ/NY-series 0030 NJ501-5300 Performing numerical | Describes the functionality to perform the numeri-
NC Integrated Controller NY532-5400 control with NJ/NY- cal control.
User’s Manual series Controllers.
NJ/NY-series 0031 NJ501-5300 Learning about the The G code/M code instructions are described.
G code NY532-5400 specifications of the
Instructions Reference Manual G code/M code in-
structions.
NJ/NX-series W503 NX701-0000 Learning about the Concepts on managing errors that may be detect-
Troubleshooting Manual NX502-0000 errors that may be ed in an NJ/NX-series Controller and information
NX102-0000 detected in an on individual errors are described.
NX1P2-00000 NJ/NX-series Con-
NJ501-0000 troller.
NJ301-0000
NJ101-0000
Sysmac Studio Version 1 W504 SYSMAC Learning about the Describes the operating procedures of the Sys-
Operation Manual -SE200000 operating procedures | mac Studio.
and functions of the
Sysmac Studio.
CNC Operator 0032 SYSMAC-RTNCOLI | Learning an introduc- | An introduction of the CNC Operator, installation
Operation Manual 0JoD tion of the CNC Op- procedures, basic operations, connection opera-
erator and how to tions, and operating procedures for main func-
use it. tions are described.
NX-series W519 NX-ECCOOO Learning how to use | The following items are described: the overall
EtherCAT® Coupler Unit the NX-series Ether- | system and configuration methods of an Ether-

User’s Manual

CAT Coupler Unit
and EtherCAT Slave
Terminals.

CAT Slave Terminal (which consists of an NX-ser-
ies EtherCAT Coupler Unit and NX Units), and in-
formation on hardware, setup, and functions to
set up, control, and monitor NX Units through
EtherCAT.
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Manual name Cat. No. Model numbers Application Description
NX-series W525 NX-OOO0ooo Referencing lists of Lists of the power consumptions, weights, and
Data Reference Manual the data that is re- other NX Unit data that is required to configure
quired to configure systems with NX-series Units are provided.
systems with NX-ser-
ies Units.
NX-series W521 NX-IDOOOO Learning how to use Describes the hardware, setup methods, and
NX Units NX-IACOOO NX Units. functions of the NX Units.
User’s Manual NX-OcOOOOd Manuals are available for the following Units.
NX-ODOOOO Digital 1/0 Units, Analog I/O Units, System Units,
NX-MDOOOO Position Interface Units, Communications Inter-
W522 NX-ADOIOIOO face Units, Load Cell Input Unit, and 10-Link Mas-
NX-DACICIOO ter Units.
W592 NX-HADOOO
W566 NX-TSOOOO
NX-HBOOOO
W523 NX-PD10O0OO
NX-PFOCIOC
NX-PCoCIOO
NX-TBX01
W524 NX-ECoCIOI0
NX-ECSOOO
NX-PGoOOIO
W540 NX-CIFOOO
W565 NX-RSOOOO
W567 NX-ILMOOO
GX-series EtherCAT Slave w488 GX-IDOOOO Learning how to use Describes the hardware, setup methods and
Units GX-obooond the EtherCAT remote | functions of the EtherCAT remote 1/O terminals.
User’s Manual GX-ocooono 1/0 terminals.
GX-MDOOOO
GX-ADOOOO
GX-DAOOOO
GX-ECOOOO
XWT-IDOO
XWT-0DOO
AC Servomotors/Servo Drives 1586 R88M-10J Learning how to use Describes the hardware, setup methods and
1S-series with R88D-1SNI-ECT the Servomotors/ functions of the Servomotors/Servo Drives with
Built-in EtherCAT® Communi- 1621 R88M-1AL/ -1AM | Servo Drives with built-in EtherCAT Communications.
cations User's Manual O built-in EtherCAT
R88D-1SANCI-ECT | Communications.
AC Servomotors/Servo Drives 1576 R88M-K[J Learning how to use Describes the hardware, setup methods and
G5 Series with R88D-KNI-ECT the AC Servomotors/ | functions of the AC Servomotors/Servo Drives
Built-in EtherCAT® Communi- 1577 R88L-EC-J Servo Drives with with built-in EtherCAT Communications.

cations User's Manual

R88D-KNO-ECT-L

built-in EtherCAT
Communications.

The Linear Motor Type models and dedicated
models for position control are available in G5-
series.
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A manual revision code appears as a suffix to the catalog number on the front and back covers of the

manual.

| Cat. No.

W507-E1-29 |

t

Revision code

R(::::m Date Revised content

01 July 2011 Original production

02 January 2012 | « Added information on the NJ301-C101C10C0.
* Made changes accompanying release of unit version 1.01 of the CPU Unit.

03 May 2012 * Made changes accompanying release of unit version 1.02 of the CPU Unit.
* Corrected mistakes.

04 August 2012 | Made changes accompanying release of unit version 1.03 of the CPU Unit.

05 February 2013 | Made changes accompanying release of unit version 1.04 of the CPU Unit.

06 April 2013 * Made changes accompanying release of unit version 1.05 of the CPU Unit.
* Corrected mistakes.

07 June 2013 * Made changes accompanying release of unit version 1.06 of the CPU Unit.
* Corrected mistakes.

08 December * Made changes accompanying release of unit version 1.08 of the CPU Unit

2013 * Corrected mistakes.

09 July 2014 * Made changes accompanying release of unit version 1.09 of the CPU Unit.
* Corrected mistakes.

10 January 2015 | « Made changes accompanying release of unit version 1.10 of the CPU Unit.
* Corrected mistakes.

1 January 2015 | = Made changes accompanying release of the NX-series NX701-0J000 CPU

Unit and the NJ-series NJ101-100JJ CPU Unit.

* Corrected mistakes.

12 April 2016 * Made changes accompanying release of unit version 1.11 of the CPU Unit.
* Corrected mistakes.

13 July 2016 * Made changes accompanying release of unit version 1.12 of the CPU Unit.
* Corrected mistakes.

14 October 2016 | = Made changes accompanying addition of NX-series NX1P2 CPU Units.
* Made changes accompanying release of unit version 1.13 of the CPU Unit.
* Corrected mistakes.

15 January 2017 | Corrected mistakes.

16 October 2017 | Corrected mistakes.

17 April 2018 * Made changes accompanying addition of NX-series NX102 CPU Units.
* Made changes accompanying the transfer of explanation for event codes

and errors to the NJ/NX-series Troubleshooting Manual.

* Corrected mistakes.

18 July 2018 Corrected mistakes.

19 January 2019 | Corrected mistakes.
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code Date Revised content
20 April 2019 * Made changes accompanying addition of the 1S-series AC Servomotor/
Servo Drive models.

* Made changes accompanying addition of functions.

21 July 2019 Corrected mistakes.

22 October 2019 | » Made changes accompanying addition of NX1P2-9BCIC1C1C].
* Corrected mistakes.

23 August 2020 | Made changes accompanying addition of NJ501-ROICICI.

24 April 2022 Added information to Terms and Conditions Agreement.

25 April 2023 Made changes accompanying addition of NX502-10010].

26 July 2023 Corrected mistakes.

27 December Made changes accompanying the upgrade to Sysmac Studio version 1.57.

2023

28 April 2024 Made changes accompanying the addition of the NX502-1700 and
NX502-1600.

29 October 2024 | Corrected mistakes.
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Introduction to the Motion Control

Function Module
]

This section describes the features, system configuration, and application flow for the
Motion Control Function Module.

1 B =Y 1 F T = 1-2
1-2 System Configuration.........cccceviieeceeii e 1-3
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1 Introduction to the Motion Control Function Module

1-1

Features

The Motion Control Function Module (sometimes abbreviated to “MC Function Module”) is a software
function module that is built into the CPU Unit.

The MC Function Module can perform motion control for up to 256 axes through the EtherCAT port
that is built into the CPU Unit.

Cyclic communications are performed with Servo Drives and other devices that are connected to the
EtherCAT port to enable high-speed, high-precision machine control.

I Motion Control Instructions Based on PLCopen®

The motion control instructions of the MC Function Module are based on motion control function

blocks that are standardized by PLCopen®.

These instructions allow you to program single-axis PTP positioning, interpolation control, synchron-
ized control (e.g., of electronic cams), velocity control, and torque control.

You can set the velocity, acceleration rate, deceleration rate, and jerk each time a motion control in-
struction is executed to flexibly control operation according to the application.

@ Additional Information

PLCopen®
PLCopen® is an association that promotes IEC 61131-3. It has its headquarters in Europe

and a world-wide membership. PLCopen® standardizes function blocks for motion control to
define a program interface for the languages specified in IEC 61131-3 (JIS B 3503).

Jerk
Jerk is the rate of change in the acceleration rate or deceleration rate. If you specify the jerk,
the velocity graph will form an S-curve for acceleration and deceleration.

I Data Transmission Using EtherCAT Communications

This function module can be combined with OMRON 1S-series Servo Drives with built-in EtherCAT
communications or G5-series Servo Drives with built-in EtherCAT communications to enable ex-
change of all control information with high-speed data communications.

The various control commands are transmitted via data communications. That means that the Servo-
motor's operational performance is maximized without being limited by interface specifications, such
as the response frequency of the encoder feedback pulses.

You can use the Servo Drive's various control parameters and monitor data on a host controller to uni-
fy management of system information.

@ Additional Information

What Is EtherCAT?
EtherCAT is an open high-speed industrial network system that conforms to Ethernet (IEEE
802.3). Each node achieves a short communications cycle time by transmitting Ethernet
frames at high speed. A mechanism that allows sharing clock information enables high-pre-
cision synchronized control with low communications jitter.
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1 Introduction to the Motion Control Function Module

1-2 System Configuration

The MC Function Module receives sensor signal status from devices and control panels. It receives
commands from the motion control instructions that are executed in the user program. It uses both of
these to perform motion control with the Servo Drives, Encoder Input Terminals, and NX-series Posi-

uoneinbyuon waysAs z-1

tion Interface Units.

I Motion Control Configuration on EtherCAT Network

The EtherCAT network configuration, the Slave Terminal configurations for EtherCAT Coupler Units,
and the Sysmac Studio are used for the MC Function Module.

@ EtherCAT Network Configuration
The MC Function Module performs control for Servo Drives and Encoder Input Terminals through
the EtherCAT master port that is built into the CPU Unit.
The EtherCAT network configuration is used to perform precise motion control in a fixed period with
very little deviation.

@ Slave Terminal Configurations of EtherCAT Coupler Units
The MC Function Module uses the Position Interface Units that are mounted under an EtherCAT
Coupler Unit to output motor control pulses and read encoder inputs.
You can also use this configuration to perform precise motion control in a fixed period with very little
deviation.

® Sysmac Studio

The Sysmac Studio is connected to the peripheral USB port on the CPU Unit with a commercially
available USB cable. You can also connect it to the built-in EtherNet/IP port on the CPU Unit with
Ethernet cable.

Sysmac Studio |  _ _ _ _ _ _ _ _ _ _

\
. Peripheral USB port
NX701/NJ-series Controller |

|
Power Supply Unit CPU Unit |

I
< S ‘\m H @ EtherCAT Network

I
I

I

I

I

|

I

I

: L ___ Configuration
|

I

I

I

I

I

I

I

I

I

EtherNet/IP

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

Positive limit input
Negative limit input
Immediate stop input
Home proximity input
Home input 1S-series Servo Drives with Built-in Encoder Input

External latch input, etc. Slave Terminal EtherCAT Communications Terminal

G5-series Servo Drives with Built-in
EtherCAT Communications

—_— e e —— e = -
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1 Introduction to the Motion Control Function Module

M Precautions for Correct Use

Some of the functions of the MC Function Module are different when NX-series Position Inter-
face Units are used. Refer to the NX-series Position Interface Units User’s Manual (Cat. No.
W524) for details.

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 the NX-series Position Interface Units.

I Motion Control Configuration on CPU Unit

The Position Interface Unit and Sysmac Studio are used for the MC Function Module.

® Position Interface Unit
The MC Function Module uses the Position Interface Units to output motor control pulses and read
encoder inputs.

® Sysmac Studio
The Sysmac Studio is connected to the built-in EtherNet/IP port on the CPU Unit with an Ethernet
cable.

Sysmac Studio

Position Interface Units

-

LAN [ EtherNet/IP

Built-in EtherNet/IP port

Lo

| G5-series Servo Drives

M Precautions for Correct Use

Some of the functions of the MC Function Module are different when NX-series Position Inter-
face Units are used. Refer to the NX-series Position Interface Units User’s Manual (Cat. No.
W524) for details.
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1 Introduction to the Motion Control Function Module

1-3 Basic Flow of Operation

This section provides the basic procedure to perform motion control with the MC Function Module.

START

Setup | Create a project. " ‘

\A

| Create the EtherCAT Network Configuration.™ 3 ‘

A

|Add axes. 4 ‘

A

| Assign the axes. ‘

uonesadQ Jo mo|4 diseg ¢-1

| Set the axis parameters. ‘

|Set the Controller Setup. 3 ‘

A

Transferring |Transfer the project to the Controller. ‘

Checking Wiring |Open the MC Test Run Tab Page. ‘

Checking Operation | Monitor input signals to check the wiring. ‘

| Perform jogging. ‘

Continues to on next page.

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

*2. If actual slave devices are connected, you can apply the actual EtherCAT network configuration to the config-
uration setup online.
If no slave devices are connected, you can select EtherCAT slave devices offline to set up the EtherCAT net-
work configuration.

*3. Refer to NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501).

*4. Refer to Section 3 Configuring Axes and Axes Groups on page 3-1.

*5. Refer to Section 4 Checking Wiring from the Sysmac Studio on page 4-1.

@ Additional Information

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for the proce-
dures for the NX-series Position Interface Units.
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1 Introduction to the Motion Control Function Module

A)

Programming |Write a program to perform jogging. 1 |

Manual operation |Jog the axes with the user program. 2 |

-

Homing Define the homes of the Servomotor axes to
control. *3

—
1

Programming | Program the motion controls. "1 "4
) Yes

Debugging Error?

| Read the error code. |

No \|/

|Remove the cause of the error and clear the error.|
Operation | Operate the Controller and the machine. " |
Maintenance | Perform periodic maintenance. |

END

*1. Refer to Section 6 Motion Control Programming on page 6-1.
*2. Refer to Section 7 Manual Operation on page 7-1.

*3. Refer to Section 8 Homing on page 8-1.

*4. Refer to Section 10 Sample Programming on page 10-1.

*5. Refer to Section 11 Troubleshooting on page 11-1.

*6. Refer to Section 9 Motion Control Functions on page 9-1.
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1 Introduction to the Motion Control Function Module

1-4 Specifications

This section gives the specifications of the MC Function Module.

suonesyveds -1

m Precautions for Correct Use

The NX102-90U11 Units and NJ101-900L11 Units do not provide the Motion Control Function
Module.

1-4-1  General Specifications

General specifications conform to the general specifications of the CPU Unit.
Refer to the following manuals for details.

» 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)

suoneoloadg [eisuss) |-p-|

1-4-2  Performance Specifications

The following table describes the performance specifications for each type of CPU Unit.

- NX701-
170003 160
Number of Maximum number of controlled axes™! 256 axes 128 axes
controlled ax-
es
Motion control axes"? 256 axes 128 axes
Single-axis position control axes™
Maximum number of used real axes™ 256 axes 128 axes
Used motion control servo axes 256 axes 128 axes
Used single-axis position control -
servo axes
Maximum number of axes for linear interpolation axis control 4 axes per axes group
Number of axes for circular interpolation axis control 2 axes per axes group
Maximum number of axes groups 64 axes groups
Override factors 0.00% or 0.01% to 500.00%
Motion control period The same control period as that is used
for the process data communications
cycle for EtherCAT.
Multi-motion Supported.
Cams Number of cam data Maximum points per cam table 65,535 points
points Maximum points for all cam tables | 1,048,560 points
Maximum number of cam tables 640 tables

*1.  This is the total for all axis types. Refer to Axis Types on page 5-10 for details on axis types.
*2.  This means the axes for which all motion control functions can be used.
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1 Introduction to the Motion Control Function Module

*3. This means the axes for which only single-axis position control can be used among motion control functions. Refer to
Control Function on page 5-11 for details on a single-axis position control axis.
*4. This is the total number of axes whose axis type is set to Servo Axis or Encoder Axis and axis use is set to Used

axis.

NX502-
Item
1700 16001 15000 1400 13000
Number Maximum number of controlled axes? | 256 axes 128 axes 128 axes 64 axes 32 axes
of control-
led axes
Motion control ax- 256 axes 128 axes 128 axes 64 axes 32 axes
es™
Single-axis position | ---
control axes™
Maximum number of used real axes™ | 256 axes 128 axes 64 axes 32 axes 16 axes
Used motion control | 256 axes 128 axes 64 axes 32 axes 16 axes
servo axes
Used single-axis -
position control ser-
VO axes
Maximum number of axes for linear in- | 4 axes per axes group
terpolation axis control
Number of axes for circular interpola- 2 axes per axes group
tion axis control
Maximum number of axes groups 64 axes groups 32 axes groups

Override factors

0.00%, or 0.01% to 500.00%

Motion control period

The same control period as that is used for the process data com-
munications cycle for EtherCAT.

Multi-motion

Not supported.

Cams Number of cam | Maximum points per
data points cam table

65,535 points

Maximum points for
all cam tables

1,048,560 points

Maximum number of cam tables

640 tables

*1.  Models added from the CPU Unit version 1.66.

*2.  This is the total for all axis types. Refer to Axis Types on page 5-10 for details on axis types.

*3.  This means the axes for which all motion control functions can be used.

*4.  This means the axes for which only single-axis position control can be used among motion control functions. Refer to
Control Function on page 5-11 for details on a single-axis position control axis.

*5. This is the total number of axes whose axis type is set to Servo Axis or Encoder Axis and axis use is set to Used

axis.
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1 Introduction to the Motion Control Function Module

NX102-
Item =
1200 1100 10000 901 3
Number of controlled | Maximum number of controlled axes”! 15 axes 4 axes }g.
axes =
Motion control axes 2 11 axes - 5
Single-axis position control | 4 axes %
axes’3
Maximum number of used real axes 12 axes 8axes | 6axes | 4axes
Used motion control servo 8 axes 4 axes 2 axes -
axes N
Used single-axis position 4 axes 4:,3
control servo axes >
Maximum number of axes for linear interpolation ax- | 4 axes per axes group - g
is control L
Number of axes for circular interpolation axis control | 2 axes per axes group - i
Maximum number of axes groups 8 axes groups - §
Override factors 0.00% or 0.01% to 500.00% g
Motion control period Same as the period for primary periodic task %
Multi-motion Not supported.
Cams Number of cam data | Maximum points per cam 65,535 points
points table
Maximum points for all cam | 262,140 points
tables
Maximum number of cam tables 160 tables

*1. This is the total for all axis types. Refer to Axis Types on page 5-10 for details on axis types.

*2.  This means the axes for which all motion control functions can be used.

*3. This means the axes for which only single-axis position control can be used among motion control functions. Refer to
Control Function on page 5-11 for details on a single-axis position control axis.
*4.  This is the total number of axes whose axis type is set to Servo Axis or Encoder Axis and axis use is set to Used

Axis.
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1 Introduction to the Motion Control Function Module

NX1P2-
Item
100 10000 901 | 9BOO
Number of controlled | Maximum number of controlled axes”! 12 axes 10 axes | 4 axes |2 axes
axes
Motion control axes™ 8 axes 6 axes
Single-axis position control 4 axes 2 axes
axes’3
Maximum number of used real axes™ 8 axes Gaxes | 4axes |2axes
Used motion control servo 4 axes 2 axes -—
axes
Used single-axis position 4 axes 2 axes
control servo axes
Maximum number of axes for linear interpolation ax- | 4 axes per axes group
is control
Number of axes for circular interpolation axis control | 2 axes per axes group -
Maximum number of axes groups 8 axes groups
Override factors 0.00% or 0.01% to 500.00%
Motion control period Same as the period for primary periodic task
Multi-motion Not supported.
Cams Number of cam data | Maximum points per cam 65,535 points
points table
Maximum points for all cam | 262,140 points -
tables
Maximum number of cam tables 80 tables -—-

*1. This is the total for all axis types. Refer to Axis Types on page 5-10 for details on axis types.

*2.  This means the axes for which all motion control functions can be used.

*3.  This means the axes for which only single-axis position control can be used among motion control functions. Refer to
Control Function on page 5-11 for details on a single-axis position control axis.

*4. This is the total number of axes whose axis type is set to Servo Axis or Encoder Axis and axis use is set to Used
axis.
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1 Introduction to the Motion Control Function Module

NJ501-
Item
s 0400 300
Number of control- | Maximum number of controlled axes”’ 64 axes 32 axes 16 axes
led axes Motion control axes™2 64 axes 32 axes 16 axes
Single-axis position con- -
trol axes”™3
Maximum number of used real axes™ 64 axes 32 axes 16 axes
Used motion control ser- 64 axes 32 axes 16 axes
VO axes

Used single-axis position
control servo axes

Maximum number of axes for linear interpola-
tion axis control

4 axes per axes group

Number of axes for circular interpolation axis
control

2 axes per axes group

Maximum number of axes groups

32 axes groups

Override factors

0.00% or 0.01% to 500.00%

Motion control period

The same control period as that is used for the
process data communications cycle for EtherCAT.

Multi-motion

Not supported.

Cams Number of cam da- | Maximum points per cam
ta points table

65,535 points

Maximum points for all
cam tables

1,048,560 points

Maximum number of cam tables

640 tables

*1. This is the total for all axis types. Refer to Axis Types on page 5-10 for details on axis types.

*2.  This means the axes for which all motion control functions can be used.

*3. This means the axes for which only single-axis position control can be used among motion control functions. Refer to
Control Function on page 5-11 for details on a single-axis position control axis.

*4. This is the total number of axes whose axis type is set to Servo Axis or Encoder Axis and axis use is set to Used

Axis.
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1 Introduction to the Motion Control Function Module

NJ301- NJ101-
Item
1200 1100 1000
Number of control- | Maximum number of controlled axes" 15axes2"3 | 15axes?™ 6 axes
led axes
Motion control axes™ 15 axes™? "3 15 axes™2 ™ 6 axes
Single-axis position con- -
trol axes™®
Maximum number of used real axes'’ 8 axes 4 axes 2 axes
Used motion control ser- 8 axes 4 axes 2 axes
VO axes
Used single-axis position
control servo axes
Maximum number of axes for linear interpola- | 4 axes per axes group
tion axis control
Number of axes for circular interpolation axis 2 axes per axes group
control
Maximum number of axes groups 32 axes groups
Override factors 0.00% or 0.01% to 500.00%
Motion control period The same control period as that is used for the
process data communications cycle for EtherCAT.
Multi-motion Not supported.
Cams Number of cam da- | Maximum points per cam | 65,535 points
ta points table
Maximum points for all 262,140 points
cam tables
Maximum number of cam tables 160 tables
*1. This is the total for all axis types. Refer to Axis Types on page 5-10 for details on axis types.

2.

*3.

*4.

*5.
*6.

*7.

Functions with asterisks were added for an upgraded version of the CPU Unit. Refer to A-7 Version Information on
page A-34 for information on version upgrades.

This number of axes is achieved in a combination of a CPU Unit with unit version 1.06 or later and Sysmac Studio
version 1.07 or higher. In other combinations, this is 8 axes.

This number of axes is achieved in a combination of a CPU Unit with unit version 1.06 or later and Sysmac Studio
version 1.07 or higher. In other combinations, this is 4 axes.

This means the axes for which all motion control functions can be used.

This means the axes for which only single-axis position control can be used among motion control functions. Refer to
Control Function on page 5-11 for details on a single-axis position control axis.

This is the total number of axes whose axis type is set to Servo Axis or Encoder Axis and axis use is set to Used
Axis.

1-4-3  Function Specifications

The following table describes the functions that are supported for connections to OMRON control devi-

ces.
Item Description
Controllable Servo Drives OMRON 18S-series Servo Drives with built-in EtherCAT com-
munications or G5-series Servo Drives with built-in EtherCAT
communications™ "2
Controllable encoder input terminals OMRON GX-series GX-EC0211/EC0241 EtherCAT Remote
/0 Terminals™
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1 Introduction to the Motion Control Function Module

Item

Description

Controllable Position Interface Units 2"

OMRON NX-ECOOIOO Incremental Encoder Input Units
OMRON NX-ECSOOIO SSI Input Units
OMRON NX-PGOOO Pulse Output Units

Control method

Control commands using EtherCAT communications

Control modes

Position control,
Velocity control,
and Torque control

Unit conversions

Position units

Pulse, mm, ym, nm, degree, and inch

Electronic gear ratio

Pulse per motor rotation/travel distance per motor rotation, or
(Pulse per motor rotation x Motor gear ratio)/(Work travel dis-
tance per rotation x Work gear ratio)

Positions that can be managed

Command positions and actual positions

Axis types

Servo axes, Virtual servo axes, Encoder axes, and Virtual en-
coder axes

Position command values

Negative or positive long reals (LREAL) or 0

(command units"®)

Velocity command values

Negative or positive long reals (LREAL) or 0
(command units/s)

Acceleration command values and deceleration command

values

Positive long reals (LREAL) or O

(command units/s?)

Jerk command values

Positive long reals (LREAL) or 0

(command units/s3)

Single axes
sition control

Single-axis po-

Absolute positioning

Positioning is performed for a target position that is specified
with an absolute value.

Relative positioning

Positioning is performed for a specified travel distance from
the command current position.

Interrupt feeding

Positioning is performed for a specified travel distance from
the position where an interrupt input was received from an ex-
ternal input.

Cyclic synchronous abso-

lute positioning 2

A command position is output each control period in Position
Control Mode.

locity control

Single-axis ve-

Velocity control

Velocity control is performed in Position Control Mode.

Cyclic synchronous veloc-
ity control

A velocity command is output each control period in Velocity
Control Mode.

que control

Single-axis tor-

Torque control

The torque of the motor is controlled.

Single-axis
synchronized
control

Starting cam operation

A cam motion is performed using the specified cam table.

Ending cam operation

The cam motion for the axis that is specified with the input pa-
rameter is ended.

Starting gear operation

A gear motion with the specified gear ratio is performed be-
tween a master axis and slave axis.

Positioning gear operation

A gear motion with the specified gear ratio and sync position
is performed between a master axis and slave axis.

Ending gear operation

The specified gear motion or positioning gear motion is
ended.

Synchronous positioning

Positioning is performed in sync with a specified master axis.

Master axis phase shift

The phase of a master axis in synchronized control is shifted.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)
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1 Introduction to the Motion Control Function Module

Item

Description

Combining axes

The command positions of two axes are added or subtracted
and the result is output as the command position.

Single-axis
manual opera-
tion

Powering the Servo

The Servo in the Servo Drive is turned ON to enable axis mo-
tion.

Jogging

An axis is jogged at a specified target velocity.

Auxiliary func-
tions for single-

Resetting axis errors

Axes errors are cleared.

axis control

Homing A motor is operated and the limit signals, home proximity sig-
nal, and home signal are used to define home.

Homing with parameters™ | The parameters are specified, the motor is operated, and the
limit signals, home proximity signal, and home signal are
used to define home.

High-speed homing Positioning is performed for an absolute target position of 0 to
return to home.

Stopping An axis is decelerated to a stop.

Immediately stopping An axis is stopped immediately.

Setting override factors The target velocity of an axis can be changed.

Changing the current po- | The command current position or actual current position of an

sition axis can be changed to any position.

Enabling external latches | The position of an axis is recorded when a trigger occurs.

Disabling external latches | The current latch is disabled.

Zone monitoring You can monitor the command position or actual position of
an axis to see when it is within a specified range (zone).

Enable Digital Cam The digital outputs are turned ON or turned OFF depending

Switch™2 on the axis position.

Monitoring axis following | You can monitor whether the difference between the com-

error mand positions or actual positions of two specified axes ex-
ceeds a threshold value.

Resetting the following er- | The error between the command current position and actual

ror current position is set to 0.

Torque limit The torque control function of the Servo Drive can be enabled
or disabled and the torque limits can be set to control the out-
put torque.

Changing axis use "2 The Axis Use axis parameter can be temporarily changed.

Start velocity 2 You can set the initial velocity when axis motion starts.

Axes Multi-axes co- | Absolute linear interpola- | Linear interpolation is performed to a specified absolute posi-
groups ordinated con- | tion tion.
trol

Relative linear interpola- | Linear interpolation is performed to a specified relative posi-

tion tion.

Circular 2D interpolation Circular interpolation is performed for two axes.

Axes group cyclic syn- A positioning command is output each control period in Posi-

chronous absolute posi- tion Control Mode.

tioning 2

Auxiliary func- | Resetting axes group er- | Axes group errors and axis errors are cleared.
tions for multi- | rors
axes coordinat-
ed control
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1 Introduction to the Motion Control Function Module

Item

Description

Enabling axes groups

Motion of an axes group is enabled.

Disabling axes groups

Motion of an axes group is disabled.

Changing the axes in an

axes group 2

The Composition Axes parameter in the axes group param-
eters can be overwritten temporarily.

Stopping axes groups

All axes in interpolated motion are decelerated to a stop.

Immediately stopping ax-
es groups

All axes in interpolated motion are stopped immediately.

Setting axes group over-
ride factors

The blended target velocity is changed during interpolated
motion.

Reading axes group posi-

The command current positions and actual current positions

tions 2 of an axes group can be read.
Common Cams’® Setting cam table proper- | The end point index of the cam table that is specified in the
items ties input parameter is changed.
Saving cam tables The cam table that is specified with the input parameter is
saved in non-volatile memory in the CPU Unit.
Generating cam tables? | The cam table that is specified with the input parameter is
generated from the cam property and cam node.
Parameters Writing MC settings Some of the axis parameters or axes group parameters are
overwritten temporarily.
Changing axis parame- You can access and change the axis parameters from the
ters™2 user program.
Auxiliary Count modes You can select either Linear Mode (finite length) or Rotary
functions Mode (infinite length).

Unit conversions

You can set the display unit for each axis according to the
machine.

Acceleration/
deceleration

Automatic acceleration/
deceleration control

Jerk is set for the acceleration/deceleration curve for an axis
motion or axes group motion.

control

Changing the acceleration
and deceleration rates

You can change the acceleration or deceleration rate even
during acceleration or deceleration.

In-position check

You can set an in-position range and in-position check time to
confirm when positioning is completed.

Stop method

You can set the stop method to the immediate stop input sig-
nal or limit input signal.

Re-execution of motion control instructions

You can change the input variables for a motion control in-
struction during execution and execute the instruction again
to change the target values during operation.

Multi-execution of motion control instruc-

You can specify when to start execution and how to connect

tions the velocities between operations when another motion con-
(Buffer Mode) trol instruction is executed during operation.

Monitoring Software limits The movement range of an axis is monitored.

functions The error between the command current value and the actual

Following error

current value is monitored for an axis.

Velocity, acceleration rate,
deceleration rate, torque,
interpolation velocity, in-
terpolation acceleration
rate, and interpolation de-
celeration rate

You can set and monitor warning values for each axis and
each axes group.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)
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1 Introduction to the Motion Control Function Module

Item Description

Absolute encoder support You can use an OMRON 1S-series Servomotor or G5-series
Servomotor with an Absolute Encoder to eliminate the need

to perform homing at startup.””

Input signal logic inversion™2 You can inverse the logic of immediate stop input signal, posi-
tive limit input signal, negative limit input signal, or home
proximity input signal.

External interface signals The Servo Drive input signals given below are used.

* Home signal, home proximity signal, positive limit signal,
negative limit signal, immediate stop signal, and interrupt
input signal

1.

*2.

*3.
*4.

*5.
*6.

*7.

Unit version 2.1 or later is recommended for G5-series Cylinder-type Servo Drives. Unit version 1.1 or later is recom-
mended for G5-series Linear Motor Types.

Functions were added for an upgraded version of the CPU Unit. Refer to A-7 Version Information on page A-34 for
information on version upgrades.

The recommended unit version is 1.1 or later.

Some of the functions of the MC Function Module are different when NX-series Position Interface Units are used. Re-
fer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for details.

Positions can be set within a 40-bit signed integer range when converted to pulses.

You can create the cam table with the Cam Editor in the Sysmac Studio or with the Generate Cam Table instruction in
the user program. Specify the master axis phase and the slave axis displacement. You can change the phase pitch for
each range. Cam data can be overwritten from the user program.

Application is possible when you use an absolute external scale for an OMRON G5-series Linear Motor Type Servo
Drive with built-in EtherCAT communications.
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Motion Control Configuration and

Principles
]

This section outlines the internal structure of the CPU Unit and describes the configu-
ration and principles of the MC Function Module.

2-1 Internal Configuration of the CPU Unit .......cccoccviiiiiiiiin s 2-2
2-2  Motion Control Configuration ...........ccccceeeecierincccree e 2-3
2-3  Motion Control PrinCiples.......cccccoeiiiiiiiccccccneeeerrer s s s ssssssres e e e s es s s s nsnns 2-5
2-3-1 CPU UNit TASKS ..ttt ettt e e snee e 2-5
2-3-2 Example of Task Operations for Motion Control............ccccooviiiiieiiiic e, 2-12
2-4 EtherCAT Communications and Motion Control.............cccooormriiiinnnnnnnnne. 2-19
2-4-1 CAN Application Protocol over EtherCAT (COE) ........coviiiiiiiiiiiiiiiieeeees 2-19
2-4-2 Relationship between EtherCAT Master Function Module and MC
FUNCHON MOAUIE ... 2-19
2-4-3 Relationship between Process Data Communications Cycle and Mo-
tiON CoNtrol PO ... 2-23
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2 Motion Control Configuration and Principles

2-1

Internal Configuration of the CPU Unit

This section provides an overview of the internal mechanisms of the NJ/NX-series CPU Unit.
The CPU Unit has the following software configuration.
The Motion Control Function Module is a software module that performs motion control.

Motion Control Function | EtherCAT Master Func- Other Function Modules”
Module tion Module
PLC Function Module
oS
*1. Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for details on other Function

Modules.

The PLC Function Module runs on top of the OS. The other Function Modules run on top of the PLC
Function Module.
A description of each Function Module is given in the following table.

Function Module Abbrevi- o
i Description
name ation

PLC Function Module | PLC This module manages overall scheduling, executes the user program,
sends commands to the Motion Control Function Module, and provides in-
terfaces to USB and the SD Memory Card.

Motion Control Func- | MC This module performs motion control according to the commands from mo-

tion Module tion control instructions that are executed in the user program. It sends da-
ta to the EtherCAT Master Function Module.

EtherCAT Master ECAT This module communicates with the EtherCAT slaves as the EtherCAT

Function Module master.

Note Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for details on other Function
Modules.

This manual provides the specifications and operating procedures for the Motion Control Function
Module (sometimes abbreviated to “MC Function Module”).

Refer to the other NJ/NX-series user’s manuals as required when using the MC Function Module in an
application.
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2 Motion Control Configuration and Principles

2-2 Motion Control Configuration

A control system built with Servo Drives generally controls motor operation with a semi-closed loop.
The semi-closed loop uses an encoder attached to the motor to detect the amount of rotation that has
been performed by the motor in response to the command value. This is provided as feedback of the
machine's travel distance. The following error between the command value and actual motor rotation
is calculated and control is performed to bring the following error to zero.

In a machine configuration that uses the MC Function Module, no feedback information is provided for
the commands from the user program in the CPU Unit. A feedback system is built into the Servo Drive.

I Configuration on EtherCAT Network

NJ/XN-series CPU Unit Servo Drive
User program MC Function ~ EtherCAT Master JS——
Module Function Module tions
processing
; Command
S L st inforprotation Communications interpretation "
instruction Data processing processing Status Position _____ H
/| P control v
: Velocity ____._
EtherCAT ' E control H
communications ' 0 \/
! | O Torque O
' ' i control T
< E
— _ — _
TN TN

A feedback system is not configured. A feedback system is configured.

» When motion control instructions are executed in the user program, the MC Function Module inter-
prets the resulting commands.

» The MC Function Module then performs motion control processing at a fixed period based on the
results of the command interpretation. It generates command values to send to the Servo Drive. The
following command values are generated: target position, target velocity, and target torque.

» The command values are sent by using PDO communications during each process data communi-
cations cycle of EtherCAT communications.

» The Servo Drive performs position loop control, velocity loop control, and torque loop control based
on the command values received during each process data communications cycle of EtherCAT
communications.

» The encoder's current value and the Servo Drive status are sent to the CPU Unit during each proc-
ess data communications cycle of EtherCAT communications.

@ Additional Information

» Motion control processing and process data communications in EtherCAT communications
are performed during the same time period.

» The MC Function Module controls the Servo Drive, which contains the position control loop,
velocity control loop, and torque control loop.

» Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information
on the configuration to use the NX-series Position Interface Units.
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2 Motion Control Configuration and Principles

I Configuration on CPU Unit

NX502 CPU Unit, NX102 CPU Unit or NX1P2 Position Interface
CPU Unit Unit Servo Drive
User MC Function NX Bus Function
program Module Module
_| |_ Motion Command

control interpretation Position
instructions Data processing -----
Pulse trains ' Velooty
< > < > < > — : T

' .
' control

— _/
——
A feedback system is not configured.

A feedback system is configured.
When motion control instructions are executed in the user program, the MC Function Module inter-
prets the resulting commands.

The MC Function Module then performs motion control processing at a fixed period based on the
results of the command interpretation. It generates command values to send to the Position Inter-

face Unit (Pulse Output Unit). The following command values are generated: target position and tar-
get velocity.

» Generated command values are output to the Servo Drive as pulse trains.

The Servo Drive performs position loop control and velocity loop control based on the command val-
ues which are output as pulse trains.

@ Additional Information

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information
on the configuration to use the NX-series Position Interface Units.
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2 Motion Control Configuration and Principles

2-3 Motion Control Principles

This section provides information on the CPU Unit tasks and how they relate to motion control.

2-3-1 CPU Unit Tasks

Tasks are attributes of programs that determine the execution conditions and sequence of the pro-

so|dIdulid [013U0D UOIOW £-Z

grams.
The NJ/NX-series CPU Unit support the following tasks.

Type of task Task name
Tasks that execute programs at a fixed period Primary periodic task

Priority-5"1, -16"2, -17, and -18 periodic tasks

Tasks that execute programs only once when the execution Event task (execution priority: 8 and 48)"3
conditions for the tasks are met
*1. You can use the priority-5 periodic task only with NX701 CPU Units.
*2. You cannot use the priority-16 periodic task on NX102 CPU Units and NX1P2 CPU Units.
*3. A CPU Unit with unit version 1.03 or later and Sysmac Studio version 1.04 or higher are required to use
event tasks.

s¥ysel yun NdO L-€-¢

Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for details on programs,
tasks, and setting methods.

I Types of Tasks and Task Priority

The NX701 CPU Unit can execute the primary periodic task and the priority-5 periodic task in parallel
with a multi-core processor.

The NX502 CPU Unit, NX102 CPU Unit, NX1P2 CPU Unit, and NJ-series CPU Unit cannot execute
more than one task in parallel.

Tasks have an execution priority. Tasks with the highest execution priority are executed first. If the exe-
cution conditions are met for another task with a higher execution priority while a task is under execu-
tion, the task with the higher execution priority is given priority in execution.

The following table lists the tasks in which you can use motion control instructions and the task priori-
ties for the NJ/NX-series CPU Unit. You cannot use motion control instructions in event tasks.

Number | Priori-
of tasks ty
Primary periodic task 1 4 This task executes /O refreshing, programs, and motion con-
trol in the specified task period.

This task has the highest execution priority of all tasks and
can be executed quickly and precisely. Therefore, this task is
best suited for situations when synchronized control or highly
responsive control is required.

Use the primary periodic task to execute all control with a sin-
gle task.

Type of task Operation
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2 Motion Control Configuration and Principles

Number | Priori-

Type of task of tasks -

Operation

Periodic tasks Oor1 5*1 This task executes 1/O refreshing, programs, and motion con-

trol in the specified task period.

The priority-5 periodic task has the second highest execution
priority after the primary periodic task and can be executed
quickly and precisely.

The priority-5 periodic task is used when you want to divide
functions configuring the device for separate control, those
functions that need high-speed control with the primary peri-
odic task and others with the priority-5 periodic task.

The primary periodic task and priority-5 periodic task are used

for the multi-task motion control. 2

1673 This task executes programs and 1/O refreshing in the speci-
fied task period.

The execution period for the priority-16 periodic task is longer
than the execution period of the primary periodic task and pri-
ority-5 periodic task. Therefore, this periodic task is used to
execute programs.

In the priority-16 periodic task, you can write the user pro-
gram for some slaves and Units that refresh I/O in the primary
periodic task.

For example, synchronized control and control requiring a fast
response time are placed in the primary periodic task or prior-
ity-5 periodic task. Overall device control is separately placed
in a priority-16 periodic task.

*1.
*2.

*3.

Note

14}

32

You can use the priority-5 periodic task only with NX701 CPU Units.

The multi-motion performs the motion controls in parallel using both the primary periodic task and the priori-
ty-5 periodic task.

You cannot use the priority-16 periodic task on NX102 CPU Units and NX1P2 CPU Units.

The NJ/NX-series CPU Unit has priority-17 and -18 periodic tasks. However, you cannot use motion control
instructions in these tasks. These tasks also do not perform I/O refreshing.

Precautions for Correct Use

Motion control instructions can be used in the primary periodic task and in a priority-5 or a prior-
ity-16 periodic task.

If motion control instructions are used in any other tasks, an error will occur when the user pro-
gram is built on the Sysmac Studio.

Additional Information

The NX701 CPU Unit allows you to execute the 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 priori-

ty-5 periodic task is called motion control 2.

I Task Assignment

* Axes and axes groups can be assigned to either of the primary periodic task and the priority-5 peri-
odic task. The I/O device task that is assigned to an axis must be the same type of task that is as-
signed to the axis.

2-6
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2 Motion Control Configuration and Principles

Assignment possible I/O device Assignment NOT possible 1/O device
(Primary (Primary
periodic task) periodic task)
|Axis 1: Primary periodic task ~ |—— CH1 | Axis 1: Primary periodic task  F—— CH1
|Axis 2: Primary periodic task. . |—— CH2 | Axis 2: Priority-5 periodie task — CH2

* You can execute motion control instructions from the user program that is operated in the priority-16
periodic task for the axes and axes groups that are assigned to the primary periodic task.

M Precautions for Correct Use

* You cannot execute motion control instructions from the user program that is operated in the
priority-5 periodic task for the axes and axes groups that are assigned to the primary periodic
task.

If you perform the execution, depending on whether the axes that are assigned to the priori-

ty-5 periodic task exist or not, the operation differs as follows.

a) If the axes that are assigned to the priority-5 periodic task exist, an lllegal Axis Specifica-
tion (event code: 54600000 hex) occurs.

b) If the axes that are assigned to the priority-5 periodic task do not exist, motion control in-
structions are executed, however, do not use the instructions due to the variations of exe-
cution timing.

Similarly, you cannot execute motion control instructions from the user program that is oper-

ated in the primary periodic task for the axes and axes groups that are assigned to the priori-

ty-5 periodic task.

* You cannot execute motion control instructions from the user program that is operated in the
priority-16 periodic task for the axes and axes groups that are assigned to the priority-5 peri-
odic task. If you perform the execution, an lllegal Axis Specification (event code: 54600000
hex) occurs.

@ Additional Information

Refer to Section 3 Configuring Axes and Axes Groups on page 3-1 for details on axes and
axes groups.

I Basic Operation of Tasks

@ Overall Task Operation
The primary periodic task and periodic tasks operate based on the task period of the primary peri-
odic task (also called the primary period).
The primary periodic task and priority-5 periodic task include operations such as system common
processing and motion control in addition to 1/0 refreshing and user program execution.
Processing of motion control instructions in the programs is executed during the next motion con-
trol (MC) period after the END instruction is executed in the task.
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2 Motion Control Configuration and Principles

Primary period (t)

Primary = = = = =
periodic task | |'°|UPE|S Io|uPG|S I0|UPG|S Io|uPG|S I0|UPG|S
Task period (tx2) ! : : :
peﬁ{;%ﬁgytfsk o | upc | MC o | upc | MC o | upG
< o | © |
(") : ' Task peripd (tx4) | | :
_____ . |
Priority-16 L
periodic task 10 |UPG UPG UPG 10 [UPG
(B)
Symbol Description
10 I/O refreshing
UPG User program execution
MC Motion control
(A) A dotted line represents a transition to another task.
(B) A dashed-dotted line means that processing for that task has been interrupted.
(©) A double line means that all processing for that task has been completed.

@ Operation of the Primary Periodic Task

Task period (= primary period) |
Task execution time !
I/O refresh Control processing
— Y
2 2le =
n 0 | % — | @
4 3|8 2|8
S o8 c|e
= o | & o| &
a | Refresh 5|2 User program 3| s
£ | executed. |g 2 execution s|E
e Qo
2 S|8 3|38
E 5|5 2|s
> @ D
©) i 123 &
Processing Processing contents

Output data processing

Output refresh data is created for Output Units that execute 1/O refreshing.
If forced refreshing is set, the forced refreshing values are reflected in the output
refresh data.

Refresh execution

This process exchanges data with I/O.

Input data processing

Whether the condition expression for event task execution is met or not is deter-
mined.

Input refresh data is loaded from Input Units that execute 1/O refreshing.

If forced refreshing is set, the forced refreshing values are reflected in the input
refresh data that was read.

System common proc-
essing 1

Processing for exclusive control of variables in tasks is performed when access-
ing tasks are set.

Motion input processing is performed. 1

Data tracing processing (sampling and trigger checking) is performed.

2-8
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2 Motion Control Configuration and Principles

Processing

Processing contents

User program execu-
tion

Programs assigned to tasks are executed in the order that they are assigned.

Motion control 12

The motion control commands from the motion control instructions in the programs
in the primary periodic task and priority-16 periodic task are executed.

Motion output processing is performed. "3

System common proc-
essing 2

* Processing for exclusive control of variables in tasks is performed when refresh-
ing tasks are set.

* Processing for variables accessed from outside of the Controller is performed to
maintain concurrency with task execution (executed for the variable access time
that is set in the Task Settings).

* If there is processing for EtherNet/IP tag data links and refreshing tasks are set
for the tags (i.e., variables with a Network Publish attribute), variable access
processing is performed.

*1. The Servo Drive status, axis current values, and other motion control system-defined variables are up-
dated according to data received from the Servo Drives.

*2.  For the system-defined variables of the axes that are assigned to Motion control 1 _MC_AX]0-255], or
_MC1_AX[0-255] are used. Similarly, for the system-defined variables of the axes groups,

_MC_GRPJ[0-63] or

_MC1_GRP[0-63] are used.

Refer to 3-1-3 Introduction to Axis Variables on page 3-6 for the system-defined variables of axes and
3-3-3 Introduction to Axes Group Variables on page 3-24 for the system-defined variables of axes

groups.

*3. Data is sent to the Servo Drives during I/O refreshing in the next primary periodic task.

Operation of a Priority-5 Periodic Task

A

Task execution time

\

Task period |
|

A

/O refresh Control processing
— N
2 2le e
3 a2 sl 2
S Q18 E|8
o gle c|g
o | Refresh 52| Userprogram |8 =
S| executed. | |8 execution c| €
S 3|g 2§
— T | o ol ©
2 3|5 2|5
3 £\l &
Processing Processing contents

Output data process-
ing

* Output refresh data is created for Output Units that execute 1/0 refreshing.
* If forced refreshing is set, the forced refreshing values are reflected in the output
refresh data.

Refresh execution

This process exchanges data with I/O.

Input data processing

* Input refresh data is loaded from Input Units that execute 1/O refreshing.
 If forced refreshing is set, the forced refreshing values are reflected in the input
refresh data that was read.

System common proc-
essing 1

* Processing for exclusive control of variables in tasks is performed when access-
ing tasks are set.

* Motion input processing is performed.”

» Data tracing processing (sampling and trigger checking) is performed.

User program execu-
tion

Programs assigned to tasks are executed in the order that they are assigned.
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2 Motion Control Configuration and Principles

Processing Processing contents

Motion control 2°2 * The motion control commands from the motion control instructions in the pro-
grams in the primary periodic task and priority-5 periodic task are executed.

* Motion output processing is performed.”

System common proc- | * Processing for exclusive control of variables in tasks is performed when refresh-

essing 2 ing tasks are set.

* Processing for variables accessed from outside of the Controller is performed to
maintain concurrency with task execution (executed for the variable access time
that is set in the Task Settings).

*1.  The Servo Drive status, axis current values, and other motion control system-defined variables are up-
dated according to data received from the Servo Drives.

*2.  For the system-defined variables of the axes that are assigned to Motion control 2, _MC2_AX]0-255] are
used. Similarly, for the system-defined variables of the axes groups, _MC2_GRP[0-63] are used.
Refer to 3-1-3 Introduction to Axis Variables on page 3-6 for the system-defined variables of axes and
3-3-3 Introduction to Axes Group Variables on page 3-24 for the system-defined variables of axes
groups.

*3. Datais sent to the Servo Drives during I/O refreshing in the next priority-5 periodic task.

® Operation of a Priority-16 Periodic Task
You can refresh I/O in the priority-16 periodic task.

Task period

Task execution time

Task processing time Task processing time
| < >
4 R —
I/O refresh | Control Control
processing processing
=3 c
= j=4 [
7] = o o
% ZIE_| & § |Ea
S S - = o
s 3 = o| Oc Dc | QD
s|lcB| 2|35 25 oS|oL
S|185|&8| Eal &5 a5 Ea
HEF IR EIR-E 3|88
Slek|E|2g| 28 o Q|29
13 To|s|[ds[Do| S0 |dha

*1. The CPU Unit will temporarily interrupt the execution of a task in order to execute a task with a higher
execution priority.

I Task Period

For a single task, the primary period, which is the task period for the primary periodic task, is the
standard period for execution.

In this case, the primary period is automatically used as the motion control period. (It is also the same
as the process data communications cycle for EtherCAT communications.)

The NX502 CPU Unit, NX102 CPU Unit, NX1P2 CPU Unit, and NJ-series CPU Unit support only the
single task control.

For multi-motion, two kinds of period, the primary period and the task period of priority-5 periodic task
are the standard periods for execution.

In this case, the motion control takes two kinds of period, while the process data communications cy-
cle for EtherCAT communications automatically takes each of the task periods.
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2 Motion Control Configuration and Principles

Periodic task execution is synchronized with the primary period. Set the task period of a periodic task
as an integer multiple of the primary period.

For example, if the primary period is 1 ms, then you can set the task period of a priority-5 periodic task
to 2 ms and the task period of a priority-16 periodic task to 4 ms. In that case, the start of the period
for the primary periodic task and the priority-5 periodic task will match once every two primary periods.
Similarly, the start of the period for the primary periodic task and the priority-16 periodic task will match
once every four primary periods.

so|dIdulid [013U0D UOIOW £-Z

Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for details on the task
period.

@ Additional Information

If 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 communica-
tions cycle for the priority-5 periodic task is called process data communications cycle 2.

@ Valid Task Periods for NX701 CPU Unit
For the NX701 CPU Unit, valid task periods depend on the type of task as shown below.
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Task Valid task periods

Primary periodic task 125 ps, 250 ps to 8 ms (specify in increments of 250 ps)
Priority-5 periodic task | 125 ps, 250 ps to 100 ms (specify in increments of 250 ps)
Priority-16 periodic task | 1 ms to 100 ms (specify in increments of 250 us)

Note The setting conditions of task periods of the primary periodic task and the periodic tasks.
The task periods for periodic tasks must be set to integer multiples of the task period of the primary peri-

odic task.
Set the task period so that the least common multiple of task periods of each task must be less than or

equal to 600 ms.

@ Valid Task Periods for NX502 CPU Unit
For the NX502 CPU Unit, valid task periods depend on the type of task as shown below.

Task Valid task periods

Primary periodic task 250 ps to 8 ms (specify in increments of 250 us)
Priority-16 periodic task | 1 ms to 100 ms (specify in increments of 250 ps)

Note The setting conditions of task periods of the primary periodic task and the periodic tasks.
The task periods for periodic tasks must be set to integer multiples of the task period of the primary peri-

odic task.
et the task period so that the least common multiple of task periods of each task must be less than or

equal to 600 ms.

@ Valid Task Periods for NX102 CPU Unit
Only the primary periodic task is valid for an NX102 CPU Unit. Valid task periods are as follows.

Task Valid task periods

Primary periodic task | 1 ms to 32 ms (specify in increments of 250 ps)

@ Valid Task Periods for NX1P2 CPU Unit
Only the primary periodic task is valid for an NX1P2 CPU Unit. Valid task periods are as follows.
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2 Motion Control Configuration and Principles

Task Valid task periods

Primary periodic task | 2 ms to 8 ms (specify in increments of 250 ps)

@ Valid Task Periods for NJ-series CPU Unit
The following table lists the possible combinations of primary periodic task and priority-16 periodic
task periods for the NJ-series CPU Unit.

Prlmz—:)r;l pert- Valid task periods for periodic tasks

500 US*1 1ms,2ms,3ms,4ms, 5ms, 8 ms, 10 ms, 15 ms, 20 ms, 25 ms, 30 ms, 40 ms, 50 ms,
60 ms, 75 ms, or 100 ms

1ms 1ms,2ms,3ms,4ms, 5ms, 8 ms, 10 ms, 15 ms, 20 ms, 25 ms, 30 ms, 40 ms, 50 ms,
60 ms, 75 ms, or 100 ms

2ms 2 ms, 4 ms, 8 ms, 10 ms, 20 ms, 30 ms, 40 ms, 50 ms, 60 ms, or 100 ms

4 ms 4 ms, 8 ms, 20 ms, 40 ms, 60 ms, or 100 ms

*1.  Unit version 1.03 or later is required to use this setting on the NJ301 CPU Unit.
You cannot use this setting on the NJ101-100101.
2-3-2  Example of Task Operations for Motion Control

Motion control instructions can be used in the primary periodic task, in a priority-5 periodic task, or in a
priority-16 periodic task.
This section provides examples of task operations.

I Using Motion Control Instructions in the Primary Periodic Task

If high-speed motion control is required, place the motion control instructions (FB) in the primary peri-

odic task.
IN Execution command
Primary period Primary period |
R LI i
Primary IO|UPG |MC IO|UPG [MC
periodic task

B
A v
Execution of motion control instructions

1 Loading Data
The input data from the EtherCAT slaves (slave A) is loaded during the 1/O refresh (10).

2 Instruction Execution
The motion control instructions (FB) are executed based on the data that was loaded during
user program execution (UPG).

The output variables of the motion control instructions are refreshed at this point.

3 Command Generation
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2 Motion Control Configuration and Principles

Motion processing according to the motion control instructions (FB) that were executed is per-
formed during motion control (MC) immediately after user program execution in the primary pe-
riodic task. During this processing, execution commands for the Servo Drives and other devi-
ces are generated.

4 Sending Commands
The execution commands that were generated are sent to the Servo Drive or other device dur-
ing the 1/0O refresh (10) in the next period.

@ Additional Information

All instructions from inputs to execution command outputs to the Servo Drive or other device
are processed quickly in this task. We recommend placing all motion control instructions in the
primary periodic task.

I Using Motion Control Instructions in a Priority-5 Periodic Task

If second high-speed motion control after the primary periodic task is required, place the motion con-
trol instructions (FB) in a priority-5 periodic task.
The basic operation is the same as that of the primary periodic task.

@ Timing of Processing

IN Execution command

Task period | Task period |

l0[upPG [mMC

Priority-5 IO|UPG|MC
periodic task
A \\/‘
Execution of motion control instructions

1 Loading Data
The input data from the EtherCAT slaves (slave A) is loaded during the 1/O refresh (10).

2 Instruction Execution
The motion control instructions (FB) are executed based on the data that was loaded during
user program execution (UPG).
The output variables of the motion control instructions are refreshed at this point.

3 Command Generation
Motion processing according to the motion control instructions (FB) that were executed is per-
formed during motion control (MC) immediately after user program execution in the primary pe-
riodic task. During this processing, execution commands for the Servo Drives and other devi-
ces are generated.

4 Sending Commands

NJ/NX-series CPU Unit Motion Control User’s Manual (W507) 213

so|dIdulid [013U0D UOIOW £-Z

|0J1U0D) uonop Joj suonesadQ ysel 1o sjdwexy z-¢-z



2 Motion Control Configuration and Principles

The execution commands that were generated are sent to the Servo Drive or other device dur-
ing the 1/O refresh (I0) in the next period.

@ Additional Information

* You can use the priority-5 periodic task only with NX701 CPU Units.

» The priority-5 periodic task is used when you want to divide functions configuring the device
for separate control, those functions that need high-speed control with the primary periodic
task and others with the priority-5 periodic task.

® Axis Variable Update Timing in Multi-motion
The multi-motion refers to execution of parallel control using the primary periodic task and the prior-
ity-5 periodic task.
In the multi-motion, the user program for the priority-5 periodic task can access the values of an
Axis Variable of an axis that is controlled in the primary periodic task. The reverse is possible: the
user program for the primary periodic task can access the values of an Axis Variable of an axis that
is controlled in the priority-5 periodic task.

@ Additional Information

» Refer to 3-1-4 Synchronizing Axis Variables on page 3-8 for details on synchronization of
axis variables.

» The user program for the priority-16 periodic task can access the values of an Axis Variable
of an axis that is controlled in the primary periodic task. Refer to Using Motion Control In-
structions in a Priority-16 Periodic Task on page 2-16 and 3-7-4 Synchronizing Axis Varia-
bles on page 3-8 for details.

The values of an Axis Variable are updated synchronizing to the task period of accessing task.
The values of an Axis Variable that is accessed are not overwritten during the user program execu-
tion for the task that accesses the values of an Axis Variable.

The timing that the values of an Axis Variable in the primary periodic task update to the priority-5
periodic task is shown below.

Servo

Primary period (t A Execution comlmand
I

Primary
periodic task

O
O

I0|UPG|S I0|UPG|§ I0|UPG Io|UPG I0|UPG|S

Task period (tx2) \

Priority-5
periodic task 10| UPG e (A)S o | urG | MC 0 | UPG
(B)
Sym -
bol Description

(A) | Axis Variable updated.

Regardless of where the user program execution for the priority-5 periodic task starts, the Axis Varia-
ble is updated with the execution result of the primary periodic task immediately before the start of
the task periods matched.

(B) | The values of an Axis Variable are not overwritten during the user program execution.

The update timing is similar if two task periods are the same.
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2 Motion Control Configuration and Principles

Servo

Primary period (1 A Execution command | >

I =

Primary = = = = = S
periodic task IO|UPG|S IO|UPGI& IO|UPGI& IO|UPGIE IO|UPG|S 5
: ' : : o

Task period (t) : \ ' ' : | %

| —_—

Priority-5 = = \\ = = = 3
periodic task | |'°[VP¢|& I0|UPGIS 10]UPGIS Io|uPG(§ Io|uPG(3 3
T

o

(7]

@ Additional Information

If a Task Period Exceeded error occurs, the Axis Variable is updated with the execution result of

the one before the preceding primary periodic task period immediately before the start of the N
task periods matched, instead of the execution result of the preceding one. R
m

Primary period(t) Task Period Exceeded occurred. §>

| | S

| @

Primary = ] = =3
periodic task | |'°|YPC|S IE ﬂ = I0|UPGIS -

. S) 2

: ! o}

\wsk period (tx2) ' | k]

I g

Priority-5 > 5]
periodic task 10 UPG | MC " 5 10 UIiG MC Z
(B) =

)

5

0O

Sg::- Description %

(A) Axis Variable updated.
If a Task Period Exceeded error occurs, the Axis Variable is updated with the value of the pri-
mary periodic task period before the error.

(B) The values of an Axis Variable are not overwritten during the user program execution.

The timing that the values of an Axis Variable in the priority-5 periodic task update to the primary
periodic task is shown below.

Servo

Primrary period (1) (/B) A& Execution command |
7 |
Primary Io|uPG(E oluralE—7ToluPalE 10|uPGlE IoluPG|E
periodic task O i o o o
. (A) i
Task period/(tx2)
[
pePrir(I)(zjriI(t:yt-assk 10 UPG | MC 10 UPG | MC 10 UPG
Sym
byol Description

(A) Axis Variable updated.
The Axis Variable is updated with the execution result of the priority-5 periodic task immediately be-
fore the start of the task periods matched.

(B) The values of an Axis Variable are not overwritten during the user program execution.
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2 Motion Control Configuration and Principles

I Using Motion Control Instructions in a Priority-16 Periodic Task

If high speed motion control is not required and/or your user program is too large, place motion control
instructions in a priority-16 periodic task.

® Timing of Processing
Motion control processing (MC) for the motion control instructions (FB) that are executed in the
same task period as the priority-16 periodic task are performed at the same time.
Therefore, processing for multiple axes can be simultaneously executed or stopped.

| Slave A | | Servo |
IN } Execution command

Primary period |

- > Ll B Ll B L B Vl

A

Primary IO|UPG[MC IO|UPG|MC
periodic task

N~ 4 v
Priority-16 || l‘» UPG J‘

periodic task

A
Execution of motion control instructions

o|urPG MC" I0|UPG MC"

olurG MC"

Task period (primary period x 3)

| Slave A | |Servo|

A .
IN Execution command
Primary period |

Primary 10|UPG|MC 10|UPG|MC I0|JUPG|MC
periodic task

~A ./
Priority-16 [ UPG |

periodictask || | [ | | AAF)(1 L1
A
Execution of motion control instructions

Task period (primary period x 3)

oluPG MC" 10|UPG MC"

1 Loading Data
The input data from the EtherCAT slaves (slave A) is loaded during the 1/O refresh (10).

2 Instruction Execution
The motion control instructions (FB) are executed based on the data that was loaded during
user program execution (UPG) in the priority-16 periodic task.
The output variables of the motion control instructions are refreshed at this point.

3 Command Generation

Motion control instructions (FB) are executed in the task period of the priority-16 periodic task
according to the motion control instructions (FB) that were executed.
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2 Motion Control Configuration and Principles

Motion processing is performed during motion control processing (MC) in the next primary peri-
odic task after the periodic task. During this processing, execution commands for the Servo
Drives or other devices are generated.

4 Sending Commands
The execution commands that were generated are sent to the Servo Drive or other device dur-
ing the 1/O refresh (10) in the next period.

so|dIdulid [013U0D UOIOW £-Z

® Axis Variable Update Timing
Axis Variables are system-defined variables for some of the axis parameters and for the monitor
information, such as the actual position and error information, for the axes controlled by the MC
Function Module.

If you access an Axis Variable of the primary periodic task during the priority-16 periodic task, the >
values of the variable that were read at the start of the priority-16 periodic task are used. :
Also, the values of an Axis Variable are not written when a motion control instruction (FB) is execut- §
ed. They are written in motion control processing (MC) at the start of the next priority-16 periodic 5
(o]
task. &
2
[ vo ] [Servo | o
(]
rout } Execution 3
Primary period command | S
(2]
- > > Ll B L :l §~
Primary lo|uPG|MC lo|UPG|MC I0|UPG|MC I0|UPG|MC lI0|UPG|MC 5
periodic task 3 g'
. N
Priority-16 || aees o ~[uPG UPG 5
periodic task Varable— L | =
are read " A
Execution of motion control instructions "2
b Task period (primary period x 3) 1

*1. The values of an Axis Variable of the primary periodic task are read at the start of user program execution
for the priority-16 periodic task.

*2. The values of an Axis Variable are not written when a motion control instruction (FB) is executed in the
priority-16 periodic task.

*3. The values are written during this motion control processing (MC).

m Precautions for Correct Use

* When motion control instructions are placed in a priority-16 periodic task, the response time
of the Servo Drive or other device will increase if the task period of the priority-16 periodic
task is lengthened.

» Make sure that all axes can be stopped safely for emergency stops, including emergency
stops commanded from external devices.

» The execution timing of motion control instructions in a priority-16 periodic task is not the
same as the execution timing for 1/0 control. Design the user program to allow for this.

* You cannot use the priority-16 periodic task on NX102 CPU Units and NX1P2 CPU Units.

@ Additional Information

For information on Axis Variables, refer to 3-71-3 Infroduction to Axis Variables on page 3-6.
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2 Motion Control Configuration and Principles

I Using Motion Control Instructions in Two Different Types of Tasks

If you have processes that require high-speed motion control and processes that do not require high-
speed motion control for the same axis, you can place the motion control instructions (FB) both in the
primary periodic task and in a priority-16 periodic task.

If motion control instructions (FB) are executed in both tasks within the period of the priority-16 period-
ic task, the MC Function Module will perform motion processing for instructions in the primary periodic
task first.

For example, the MC_MoveAbsolute instruction is executed in the priority-16 periodic task. Then, the

MC_MoveRelative is executed for the same axis in the primary periodic task. The operation for this is

shown below.

* The MC Function Module will execute MC_MoveRelative first. MC_MoveAbsolute is executed with
multi-execution of instructions.

| Servo |

4 Execution command for MC_MoveRelative
Primary period

\i

Primary io|uPG MC" 10 l(JP% MC" 10 l(JP_% MC" 10 l(JP_% MC|| ) L[JJ% MC"
periodic task FB2 FB2 FB2 FB2
A ~—_ 4
— A FB2: MC_MoveRelative
PI’I.OI'It.y-16 UPG ‘ The instruction is buffered for
periodic task FB1 multi-execution of instructions.

218

A FB1: MC_MoveAbsolute

Task period (primary period x 3)

The values of output variables for a motion control instruction and the values of system-defined varia-
bles for motion control will change during the I/O refresh of the task that executed the instruction.
Therefore, you may notice different behavior depending on the task if you use motion control instruc-
tions for the same axis in different tasks.

Make sure that you thoroughly understand the processes of each task before you start to develop your
user program.

@ Precautions for Correct Use

« If you include motion control instructions for the same axis in both the primary periodic task
and the priority-16 periodic task, pay close attention to the following when you develop your
user program: the execution order of the motion control instructions, the timing of updates for
system-defined variables for motion control, and the output timing of command values.

* If you use system-defined variables for motion control for the same axis in multiple tasks, pay
close attention to the differences in timing for updating system-defined variables for motion
control when you develop your user program.

* You cannot use the priority-16 periodic task on NX102 CPU Units and NX1P2 CPU Units.

@ Additional Information

For information on multi-execution of instructions, refer to 9-5-7 Multi-execution of Motion Con-
trol Instructions (Buffer Mode) on page 9-49.
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2-4 EtherCAT Communications and Mo-
tion Control

The MC Function Module controls Servo Drives, counters, and NX-series Position Interface Units
through the PDO communications of the EtherCAT Master Function Module in the CPU Unit.
This section describes EtherCAT communications and other items related to the MC Function Module.

2-41 CAN Application Protocol over EtherCAT (CoE)

The MC Function Module exchanges data with the slaves on EtherCAT using the CAN application pro-
tocol over EtherCAT (CoE).

With CoE, the parameters and control information held by the slaves are specified according to data
specifications of the object dictionary (OD).

To communicate the data between the Controller (communications master) and slaves, two methods
are used: process data objects (PDOs), which periodically exchange data in realtime, and service data
objects (SDOs), which exchange data when required.

The MC Function Module uses PDO communications for commands to refresh 1/0O data, such as data
for Servomotor position control, on a fixed control period.

It uses SDO communications for commands to read and write data at specified times, such as for pa-
rameter transfers.

Controller
(communications master) EtherCAT
communications lines

Slaves

PDO communications Executed periodically.

Output data

v

Input data

Write data

v

Read data

Executed for requests.

2-4-2  Relationship between EtherCAT Master Function Module and MC
Function Module

The NJ/NX-series CPU Unit can perform sequence control and motion control through connections to
EtherCAT slaves.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507) 2-19

UOIOI\ puUe suonesIuNWWo) 18y -2

josu0)

(300) 1vD48uy1g Jeno |000j0.d uoneolddy NVO L-t-¢



2 Motion Control Configuration and Principles

I Sequence Control

* 1/O ports for configuration slaves are automatically created when you create the EtherCAT Configu-
ration in EtherCAT Tab Page in the Sysmac Studio.

* You use the I/0O Map Tab Page in the Sysmac Studio to assign device variables.

» Perform sequence control through instructions other than motion control instructions.

I Motion Control

» 1/O ports for configuration slaves are automatically created when you create the EtherCAT Configu-
ration in EtherCAT Tab Page in the Sysmac Studio.

» Create Axis Variables in Motion Control Setup View and assign the EtherCAT slaves for which mo-
tion control is performed.

» Perform motion control through motion control instructions.

The following devices can be assigned to Axis Variables: EtherCAT slave Servo Drives, Encoder Input
Terminals, and NX-series Position Interface Units.

@ Additional Information

« Commands are not sent directly through PDO communications to an EtherCAT slave or NX-
series Position Interface Unit that is assigned to an Axis Variable for instructions other than
motion control instructions. However, the status of such an EtherCAT slave can be accessed
indirectly through the Axis Variables.

* You can use SDO communications to read and write the objects of EtherCAT slaves and NX-
series Position Interface Units that are assigned to Axis Variables.

However, do not use SDO communications to write objects that are mapped to PDO commu-
nications. If you do, the operation of the slaves will depend on slave specifications. For OM-
RON slaves, SDO communications will result in errors.

 |If EtherCAT slave Servo Drives, Encoder Input Terminals, and NX-series Position Interface
Units are not assigned to Axis Variables, you must execute sequence control for them in the
same way as for general-purpose EtherCAT slaves.

L~ Version Information

With the Sysmac Studio version 1.09 or higher, you can assign device variables to the I/O ports

of slaves and Units that are assigned to the Axis Variables.

The following are the conditions of 1/0 ports to which you can assign device variables.

 1/O ports with Read/Write attribute set to Read (R: Read only).

 1/O ports with Read/Write attribute set to Write (W: Write only). Also, for these 1/O ports, <Not
assigned> must be set for the process data field under Detailed Settings on the Axis Basic
Settings Display in the Sysmac Studio.

If you used the Sysmac Studio version 1.09 or higher to create a project and assign device vari-

ables to the Axis Variables, and open the project with the Sysmac Studio version 1.08 or lower,

the assignment of the device variables will be cleared.
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@ NX701 CPU Unit
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@ NX102 CPU Unit
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N
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2-4-3  Relationship between Process Data Communications Cycle and
Motion Control Period

The PLC Function Module sends motion control commands to the MC Function Module when motion
control instructions are executed in the user program. The MC Function Module then performs motion
control processing based on those commands and sends the results of processing as commands to
the EtherCAT’s Servo Drive or other device.

This type of data exchange is updated as shown in the following processing period.

@ NX701 CPU Unit
» Primary period = Motion control 1 period = Process data communications cycle for EtherCAT
communications 1
» Task period of the priority-5 periodic task = Motion control 2 period = Process data communica-
tions cycle for EtherCAT communications 2

poLISd [04]U0D) UOIO\ PUB 8940 SUOIEOIUNWWOY Ble(] SS8001d Usamiaq diysuone|ay s-y-z

CPU Unit
I
Execution of user Motion control processing Slaves
program in PLC by MC Function Module
Function Module EtherCAT Processing in slave

= :>‘ )
— -
Zhlher S \3

/

Sequence control period I Motion control period Communications cycle Data refresh
period in slave
(depends on the slave)

*1. If the sequence control period is primary period, the motion control period and the communications cycle
are primary period.
If the sequence control period is the task period of the priority-5 periodic task, the motion control period
and the communications cycle are the task period of the priority-5 periodic task.
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® NX502 CPU Unit, NX102 CPU Unit, NX1P2 CPU Unit, and NJ-series CPU

Unit
» Primary period = Motion control period = Process data communications cycle for EtherCAT com-
munications
CPU Unit Sequence control period
) ) (primary periodic task period or
Basic /O Units and periodic task period)
| ::f Special Units
% |
Execution of user N
program in PLC
Function Module
Slaves
Motion control processing o
by MC Function Module EtherCAT Processing in slave
Ty
/ / — / «— \
Sequence control period Motion control period Communications cycle Data refresh
(primary periodic task) = Primary periodic (EtherCAT data communi- period in slave
task period cations cycle = Primary (depends on
periodic task period) the slave)
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Configuring Axes and Axes

Groups
]

This section describes the concept of axes and axes groups, the settings for axes that
are required for the MC Test Run function to operate on the Sysmac Studio, and the
instructions for creating and configuring axes and axes groups using the Sysmac Stu-

dio.
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3 Configuring Axes and Axes Groups

3-1

AXxes

3-1-1

This section describes the axes that are used in a MC Function Module.

Introduction to Axes

In a motion control system, the targets of motion control are called axes.
An axis can be an actual Servo Drive, encoder, or other device connected via EtherCAT communica-
tions or it can be a virtual Servo Drive or encoder within the MC Function Module.

Although all axes of NX701, NX502, and NJ-series CPU Units are motion control axes, NX102 CPU
Units and NX1P2 CPU Units allow the use of single-axis position control axes in addition to motion
control axes. You can set each axis to Single-axis Position Control Axis in Control function in the Ax-
is Basic Settings.

Refer to Control Function on page 5-11 for details on the Control function.

The MC Function Module supports the axis types that are given in the following table.

Axis type Description

Servo axis These axes are used by the EtherCAT slave Servo Drives and NX-series Position Inter-

face Units.” They are assigned to actual Servo Drives or other devices.

One Servomotor is used as one axis.

If you use NX-series Position Interface Units, you can assign more than one device, such
as a Pulse Output Unit and Digital Input Unit, to the same axis.

Virtual servo axis These virtual axes exist only inside the MC Function Module. They are not used by actual
Servo Drives. For example, they are used as master axes for synchronizing control.

Encoder axis These axes are used by the EtherCAT slave Encoder Input Terminals and NX-series Posi-

tion Interface Units.”! An encoder axis is assigned to an actual encoder input terminal or
other device.

If one encoder input terminal contains two encoder inputs, the individual encoder inputs
will act as one axis.

Virtual encoder ax- | These axes are used virtually for encoder operation. A virtual encoder axis is used tempo-

1S rarily in place of an encoder axis when there is no physical encoder. 2

*1. Refer to 1-4-3 Function Specifications on page 1-12 for the controllable devices.

*2.  Virtual encoder axes are used in combination with motion control instructions that update the actual position
of the virtual encoder axis.
Counting cannot be used with versions of the MC Function Module that do not support these instructions.

The following elements are related to the axes of the MC Function Module.

The number of elements provided is the same as the maximum number of controlled axes for each
model. The maximum number of controlled axes varies depending on the model.

Refer to 1-4-2 Performance Specifications on page 1-7 for details.

Configuration ele-

D ipti P
- escription age

Axis parameters The axis parameters set the maximum velocity, jogging, homing, and oth- | page 3-3
er items for the axes operations controlled by the MC Function Module.
Use the Sysmac Studio to set the axis parameters.
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Configuration ele-

Description Page
ment L 9

Axis Variables Axis Variables are system-defined variables for the actual position, error | page 3-6
information, and other monitor information for axes controlled by the MC
Function Module.

Axis Variables are created when you add an axis from the Multiview Ex-
plorer of the Sysmac Studio. The names of the Axis Variables (called the
Axis Variable names) are set here.

Specifying axes in In the user program, motion control is implemented with motion control page 3-9
the user program instructions. Motion control instructions that perform single-axis control
are used to create axis commands.

To control an axis with axis commands, specify the Axis Variable name of
the system-defined variable or the Axis Variable name that was set with
the Sysmac Studio for the Axis in-out variable of the instruction.

S9XY L-¢

3-1-2 Introduction to Axis Parameters

® Axis Parameters

Classification Parameter name

Axis Basic Settings Axis Number

Motion Control™’

Axis Use

Axis Type

Control Function™

sisjaweled SIXy 0] UONONPOIU| Z-1-€

Input Device/Output Device

Unit Conversion Settings | Unit of Display
Command Pulse Count Per Motor Rotation

Work Travel Distance Per Motor Rotation

Reducer Use™

Work Travel Distance Per Rotation”
Work Gear Ratio™
Motor Gear Ratio™
Operation Settings Maximum Velocity

Start Velocity™
Maximum Jog Velocity

Maximum Acceleration

Maximum Deceleration

Acceleration/Deceleration Over

Operation Selection at Reversing

Velocity Warning Value

Acceleration Warning Value

Deceleration Warning Value

Positive Torque Warning Value™

Negative Torque Warning Value™

Actual Velocity Filter Time Constant

In-position Range

In-position Check Time
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Classification Parameter name

Zero Position Range

Other Operation Settings | Immediate Stop Input Stop Method
Limit Input Stop Method
Drive Error Reset Monitoring Time

Maximum Positive Torque Limit

Maximum Negative Torque Limit

Immediate Stop Input Logic Inversion™

Positive Limit Input Logic Inversion™

Negative Limit Input Logic Inversion™

Home Proximity Input Logic Inversion™

Limit Settings Software Limits

Positive Software Limit

Negative Software Limit

Following Error Over Value

Following Error Warning Value

Position Count Settings | Count Mode

Modulo Maximum Position Setting Value

Modulo Minimum Position Setting Value

Encoder Type

Servo Drive Settings Modulo Maximum Position Setting Value

Modulo Minimum Position Setting Value
PDS State Control Method
Homing Settings Homing Method

Home Input Signal

Homing Start Direction

Home Input Detection Direction

Operation Selection at Positive Limit Input

Operation Selection at Negative Limit Input

Homing Velocity

Homing Approach Velocity

Homing Acceleration

Homing Deceleration

Homing Jerk

Home Input Mask Distance
Home Offset
Homing Holding Time

Homing Compensation Value

Homing Compensation Velocity

*1. Set this parameter when using the NX701 CPU Unit.

*2.  Set this parameter when using the NX102 CPU Unit and NX1P2 CPU Unit.

*3. A CPU Unit with unit version 1.11 or later and Sysmac Studio version 1.15 or higher are required to use
this parameter.

*4. A CPU Unit with unit version 1.05 or later and Sysmac Studio version 1.06 or higher are required to use
this parameter.

*5.  This parameter is enabled only for torque control.

Refer to 5-2 Axis Parameters on page 5-5 for details on axis parameters.
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@ Settings Required to Use Axes
The following settings must be made to use the axes that are created with the Sysmac Studio.

Classification Parameter name

Setting

Page

Axis Basic Set- Axis Number

tings

Axis numbers are automatically set in the order that
the axes are created.

Motion Control™

Select Primary periodic task.

Axis Use

Select Used axis.

Axis Type

Select the type of axis to control.

Control Function™

Select All. "3

Input Device/
Output Device

Specify the node address of the EtherCAT slave de-
vice that is assigned to the axis.

The Node Address parameter cannot be selected if
the Axis Type parameter is set to use a virtual axis.

page 5-8

*1.  Set this parameter when using the NX701 CPU Unit.

*2.  Set this parameter when using the NX102 CPU Unit and NX1P2 CPU Unit.

*3. To use the axis as a motion control axis, select All. To use the axis as a single-axis position control axis,
select Single-axis position control only.

® Required Settings to Perform a Servo Drive Test Run from the Sysmac

Studio

Make the following settings to operate an EtherCAT-connected Servo Drive or other device using
the MC Test Run function of the Sysmac Studio.

Classification | Parameter name Setting Page
Axis Basic Set- Axis Number Axis numbers are automatically set in the order that page 5-8
tings the axes are created.

Motion Control™ Select Primary periodic task.
Axis Use Select Used axis.
Axis Type Select Servo axis.
Control Function™ | Select All. "3
Input Device/ Specify the node address of the EtherCAT slave de-
Output Device vice that is assigned to the axis.
The Node Address parameter cannot be selected if
the Axis Type parameter is set to use a virtual axis.
Unit Conversion | Unit of Display Select the display unit (mm, degrees, etc.). page 5-13

Settings

Command Pulse
Count Per Motor
Rotation

Set the number of command pulses per motor rota-

tion according to the encoder resolution. "

Work Travel Dis-
tance Per Motor
Rotation

Set the workpiece travel distance per motor rotation
according to the machine specifications.

Reducer Use™

Specify whether to use the reducer setting or not.

Work Travel Dis-
tance Per Rota-

tion™

Set the work travel distance per rotation.

Work Gear Ratio™

Set the gear ratio for the workpiece.

Motor Gear Ra-
tio™

Set the gear ratio of the motor.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)
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3-1-3

3-6

Classification | Parameter name Setting Page
Position Count Count Mode Set this parameter according to the machine specifi- | page 5-26
Settings cations.

Limit Settings Software Limits Set this parameter according to the device specifica- | page 5-25
tions.

*1. Set this parameter when using the NX701 CPU Unit.

*2.  Set this parameter when using the NX102 CPU Unit and NX1P2 CPU Unit.

*3. To use the axis as a motion control axis, select All. To use the axis as a single-axis position control axis,
select Single-axis position control only.

*4.  For example, if the encoder resolution is 10,000 pulses/rotation, set 70,000.

*5. A CPU Unit with unit version 1.11 or later and Sysmac Studio version 1.15 or higher are required to use
this parameter.

M Precautions for Correct Use

» Select the appropriate values based on the machine's operating conditions for parameters
such as the maximum velocity, maximum acceleration/deceleration, or stop settings when the
motor is actually operated.

* OMRON 1S-series Servo Drives and G5-series Servo Drives can be set to specific node ad-
dresses by using the rotary switches on the front panels.

If the rotary switches are set to 00, the node address will be determined by the settings made
in the EtherCAT Editor of the Sysmac Studio.

If the rotary switches are set to 00 for all connected Servo Drives, errors will not occur even if
the Servo Drive's connection position is changed. Set the node addresses on the rotary
switches to assign specific Servo Drives for each machine control.

Introduction to Axis Variables

Axis Variables are system-defined variables for some of the axis parameters and for the monitor infor-
mation, such as the actual position and error information, for the axes controlled by the MC Function
Module.

When you create axes with the Sysmac Studio, Axis Variables are registered in the variable table in
the order that the axes are created.

Axis variables are structures with a data type of _sAXIS_REF.

I Axis Variable Names

Each Axis Variable in the MC Function Module has two variable names: The Axis Variable name in the
system-defined variables and the Axis Variable name that is assigned when the axis is added on the
Sysmac Studio.

The Axis Variable names in the system-defined variables are _ MC_AX|[0] to _ MC_AX[255],

_MC1_AX][0] to _MC1_AX[255], _MC2_AX][0] to _MC2_AX[255].

When you add axes on the Sysmac Studio, the MC_Axis000 to MC_Axis255 are set by default for

_MC_AX[0] to _MC_AX[255].

The numbers are assigned in the order that the axes are added. You can change each of these Axis
Variables as required from the Sysmac Studio.

You can use either the Axis Variables for the system-defined variables or the Axis Variables that are
added on the Sysmac Studio to specify the Axis Variables in the user program.
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@ Example When _MC_AX][0-255] Is Used

Axis Variable name in the system-de-
fined variables Default Axis Variable name when axis | Axis number ex-
(AT specification in global variable ta- is added on the Sysmac Studio ample
ble™)
_MC_AX]|0] MC_Axis000 Axis 0
_MC_AX[1] MC_Axis001 Axis 1
_MC_AX[255] MC_Axis255 Axis 255
*1.  An error will occur if you change the names in the AT column in the global variable table on the Sysmac ®
Studio. >
@

@ Additional Information

« MC _AX[0-255] or _MC1_AX[0-255], and _MC2_AX]|0-255] are available for the NX701 CPU
Unit.
Only _MC_AX[0-127] is available for the NX502 CPU Unit.
Only _MC_AX[0-14] is available for the NX102 CPU Unit.
Only _MC_AX][0-11] is available for the NX1P2 CPU Unit.
Only _MC_AX[0-63] is available for the NJ-series CPU Unit.

» For the NX701 CPU Unit, you can access the same values of _MC_AX[0-255] and
_MC1_AX]J0-255] if the axis numbers of them are the same. You can use either of the Axis
Variables, or both of them at the same time.

» The Axis Variable assigned to primary periodic task is _ MC_AX[0-255] or _MC1_AX][0-255].
The Axis Variable assigned to priority-5 periodic task is _ MC2_AX[0-255].

Examples of Axis Variable Levels and Changing Axis Variable

Names

In the descriptions below, _MC_AX]0] is used as an example. The same information applies to the oth-

er variables.

_MC_AX]|0]
_MC_AX]|0].Status
_MC_AX][0].Status.Ready
_MC_AX]|0].Status.Disabled

_MC_AX][0].Details
_MC_AX]|0].Details.ldle
_MC_AX[0].Details.InPosWaiting

_MC_AX[0].Cmd
_MC_AX[0].Cmd.Pos
_MC_AX[0].Cmd.Vel
_MC_AX[0].Cmd.AccDec

_MC_AX][0].Act
_MC_AX[0].Act.Pos
_MC_AX[0].Act.Vel

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)

Axis Variable

Level that indicates the axis status

Variable that indicates that the axis is ready for operation
Variable that indicates when the axis is disabled

Level that indicates the axis control status
Variable that indicates when the axis is idle
Variable that indicates in-position waiting

Level that indicates the axis command values

Variable that indicates the command current position
Variable that indicates the command current velocity
Variable that indicates the command current acceleration/
deceleration rate in the axis monitor

Level that indicates the axis current values

Variable that indicates the actual current position
Variable that indicates the actual current velocity
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3-1-4

3-8

_MC_AX|0].Cfg Level that indicates the axis basic settings
_MC_AX[0].Cfg.AxNo Variable that indicates the axis number
_MC_AX|0].Cfg.AxEnable Variable that indicates when the axis is enabled
_MC_AX|0].Cfg.AxType Variable that indicates the axis type
_MC_AX]|0].Scale.Units Variable that indicates the display unit

_MC_AX[1] Axis Variable

® Example:

If MC_Axis000 is changed to MyAxis1, then either MyAxis1.Act.Pos or _MC_AX]|0].Act.Pos can be
used as the variable that indicates the actual current position.

Refer to Axis Variables on page 6-25 for details on Axis Variables.

Synchronizing Axis Variables

The user program for the priority-5 periodic task can access the values of an Axis Variable of an axis
that is controlled in the primary periodic task. The reverse is possible: the user program for the primary
periodic task can access the values of an Axis Variable of an axis that is controlled in the priority-5
periodic task.

Also, the user program for the priority-16 periodic task can access the values of an Axis Variable that
is controlled in the primary periodic task.

The following table shows the relationship between the types of accessing tasks and the Axis Varia-

bles.
O: Access possible, X: Access not possible
Axis Variable for motion control 1 | Axis Variable for motion control 2
Task type " N . N
User defined™ | System defined | User defined™ | System defined"3
Primary periodic task O O O X
Priority-5 periodic task o' X (@) (@)
Priority-16 periodic task o 06 o4 X
Priority-17 or priority-18 periodic o5 o7 o o8
task
Priority-8 or priority-48 event task o' o7 0™ o8
*1. The user-defined Axis Variables, such as MC_Axis000 and Loader1, that are automatically generated when
you create the axes on the Sysmac Studio. We recommend that you use the user-defined Axis Variables.
*2.  _MC_AX[*]or _MC1_AX[*]
*3. _MC2_AX[*]
*4. The Axis Variable for axis 1 is processed every task period of the priority-5 periodic task.
*5.  The Axis Variable for axis 1 is processed every primary task period.
*6. The Axis Variables for the maximum number of axes are processed every primary task period. It is not rec-
ommended because the task execution time of the primary periodic task is increased.
*7. The Axis Variables for the maximum number of axes are processed every primary task period.
*8. The Axis Variables for the maximum number of axes are processed every task period of the priority-5 peri-

odic task.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)



3 Configuring Axes and Axes Groups

3-1-5  Specifying an Axis in the User Program

In the user program, an Axis Variable name is specified for the in-out variable Axis in motion control
instructions.

In the following example, the Axis Variable name for the axis that was added for the system-defined
Axis Variable name of _MC_AX]0] has been changed to MyAxis1 in the Sysmac Studio.

In-out Variable [AXIS]
Specified by Axis \ MC_Power_instance
Variable name. _\ N MC_Power
MyAxis1 == Axis AXis = MyAxis1
= Enable Status = MyAxis10nStatus
Busy f= MyAxis10nBusy
Error p= MyAxis1OnError

ErrorID f= MyAxis1OnErrorID

S9XY L-¢

You can also use the _MC_AX]0] system-defined variable in place of MyAxis1.
Refer to 6-2 Motion Control Instructions on page 6-5 for details on motion control instructions.

Refer to the instruction descriptions in the NJ/NX-series Motion Control Instructions Reference Manual
(Cat. No. W508) for details on motion control instructions.

weibold Josn 8y} ul sixy ue BuiAyoedg G-1-¢
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3-2 Axis Setting Procedure

This section gives the procedures to set servo axes that are newly created with the Sysmac Studio.

3-2-1  Axis Configuration Procedure

| Create a project. |

A

| Create the EtherCAT Network Configuration. |

A

|Add axes. |

A

| Assign the axes. |

| Set the axis parameters. |

| Go online and synchronize the data. |

| Transfer the project to the Controller. |

END

3-2-2  Setting Procedure

This section describes how to set an axis.

I Starting the Sysmac Studio

1 Start the Sysmac Studio and click the New Project Button.

2 Set the project properties, select the device, and click the Create Button.
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(8 symacstudio el |

ainpaosold Bunleg sixy z-¢

w

A new project is displayed.

ainpasold bumes z-z-¢

I Creating the EtherCAT Network Configuration

There are two methods to create an EtherCAT Network Configuration: online and offline.

® Online Method

1 Double-click EtherCAT in the Multiview Explorer.
The EtherCAT Tab Page is displayed.

2 Select Online from the Controller Menu. The Sysmac Studio goes online with the Controller.

3 Right-click the Master Icon in the EtherCAT Tab Page and select Compare and Merge with
Actual Network Configuration from the menu.
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F5] Sysmac Studio

New Projes - All vend
S R A, Configurations and Setup I enda
) Groups.
1] Ecm—
Node AddressiNetwork configuration | 1] Servo Drives
¥ Configurations and Setup — [ Frequency Inverter
——— Item name = bigital 10
» =) CPUfExpansion Racks
< /O Map

vice nz = Analog 10
todel = Encoder Input
roduct name 7 Vision Sensor
[ B Gl iobex s lumber of Slaves
» {} Motion Control Setup DO Communications Cycle Time
&’ Cam Data Settings otal Cable Length
> Event Seltings ail-soft Operation Setting
B, Task Settings Vait Time for Slave Startup
 Data e DO communications timeout detection ¢ B Show hidden siaves
- ‘evision Check Method 1

» Programming Compare and Merge vith Actual Netviork Configuration PR VAN e e G V=TIt

Get Slave Serial Numbers

=
|
i
i

Display Diagnosis/Statistics Information
Display Production Information

Display Packet Monitor

Display ESI Library.

R
R
R
R
R
R
R
R
R
®

.88D-KNOBH-ECT Rew:2.1

]
]
]
]
]
[
[17%
[
]
]
]
]
]

JR.0/dx3 MANINW &

2B 28 28 28 28

T
KNOLH-EC

ON Corporation
0V/100W ServoDri

~Device name ———————————————
Set a name for the master.
Status Monitor

ONLINE 192.168.250.1
ERR/ALM PROGRAM mode

When obtaining the information is completed, the physical slave configuration of the EtherCAT
slaves is displayed.
Right-click the displayed physical configuration and select Apply actual network configuration.

@ Offline Method

1 Double-click EtherCAT in the Multiview Explorer.
The EtherCAT Tab Page is displayed.
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F=] sysmac Studio
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e Product name
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» 2} Motion Control Setup PDO Communications Cycle Time
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ion Check Method

Revi
Serial Number Check Method
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E] RBED-KNDBH-ECT Revi2.1
RESD-KNOSH-EC
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RBAD-KN10H-ECT Rev:2.1
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w
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EI RBAD-KN15F-ECT Rev:2.1
RBSD-KN15F-ECT G5

I:I RBAD-KN15H-ECT Rev:2.1

® SH-ECT G

[] RBED-KN20F-ECT Revi2.1
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Model

Product name : RB3D-KNO1H-EC

evision : 2.1

Vendor : OMRON Corporation

Comment : 200V/100W ServaDri
~Device name

Set a name for the master.
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L]
- All vendors.
New Project A, Configurations and Setup o Groups

new_NI501_0 v ‘ ‘ ‘ ! 3 =
Node Address|Network configuration | [ Servo Drives
0 eency
mper— ___ fremmame ||| =pito
» = CPU/Expansion Racks - i il
e Product name
IR Contioaer seiuy Number of Slaves
» 2} Motion Control Setup PDO Communications Cycle Time
& Cam Data Settings Total Cable Length
> Event Seitings Fail-soft Operation Setting
I, Task Seftings Wait Time for Slave Startup
7] Data Trace Settings PDO communications timeout detection ¢
Revision Check Method
Serial Number Check Method

KNOH-ECT Rev:2.1
NOGH-EX

= =
RBAD-KNDBH-ECT Rev:
REED-KNOEH-E

-«
z
g

RBAD-KN150H-ECT Revi2.1
RESD-K

EI RBAD-KN15F-ECT Rev:2.1
RBSD-KN15F ECT G5 Seri

I:I RBAD-KN15H-ECT Rev:2.1
® SH-ECT G

[] RBED-KN20F-ECT Revi2.1
Ras £CT G5 Ses

ev2.1

Model
Product name : R8D-KNO1H-EC

Vendor : OMRON Corporation
= Comment : 200V/100W ServoDr
~Devicename ————————————— r URL :

Set a name for the master.

The slave is inserted on the display.
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F5] Sysmac Studio

New Project
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"Model

Product name

Revision
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Reference Cl
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Setting

Setting Parameters

~Device name
Set a name for the slave.

Edit Setting |
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[ Servo Drives
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= Digital IO

= Analog 10

™= Encoder Input

[ Vision Sensor

REBD-KN1DH-ECT Rev:2.1
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I Adding Axes

1 Right-click Axis Settings in the Multiview Explorer and select Motion Control Axis or Single-
axis Position Control Axis from the Add Menu.

@ Additional Information

» Single-axis Position Control Axis is displayed for the NX102 CPU Unit and NX1P2 CPU

Unit.
» Refer to Control Function on page 5-11 for details on the differences between Motion

Control Axis and Single-axis Position Control Axis.

ainpaosold Bunleg sixy z-¢

D New Project - new_Controller_0 - Sysmac Studio (32bit)

w

rork configuration
= “ Master
Master
= E0O1
RBED-1SNOTH-ECT Rev:1.0

E0D2
R8ED-1SNOTH-ECT Rev:1.0
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Single-ax

An axis is added to the Multiview Explorer. The default name for the new axis is MC_Axis000.

@ Additional Information

Changing Axis Variable Names in the User Program

Perform the following two procedures to change Axis Variable names that are already used.
» Change the Axis Variable name in the variable table in the variable declarations.

» Change the Axis Variable name in the user program.

Even if you change the Axis Variable names in the variable table, the Axis Variable names in
the user program do not change.

An error will occur if you use a variable name that is not declared in the variable table, in the
user program. Always change the names in both places.
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0 New Project - new_Controlle.0 - Sysmac Studio

Sl |

new Controler0 v |

4] covisionsons e —|
i

Description

R88D-15N01H-E(]

GX-ID1611+1D08

Serial Number

3 Toolbox
= Alvendors

All groups.
O] Terminal Coupler
H Servo Drive:

0x6120:01 257th transmit PDO M.

0:2002:01 512th transmit PDO
Edit PDO M

PDO Map Settings

Edit Sefting Parameters

Setting

[

] G111 Rev.

] GHID1611+0003 Revit
] GH1611+00081 Revid
] GH1611-0D16 Revit

] 616110016 1 Revid

Model name

] G111 0161 Revid

o

® Adding an Axis by Import

You can also add axis settings by importing a previously created file of axis settings.
You can create the file of axis settings by exporting the axis settings.
Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for details.

L~ Version Information

Import and export are available in Sysmac Studio Ver.1.57 or higher.

® Copying an Axis

You can also add an axis by copying the axis settings for an existing axis.

I Assigning an Axis

1 Right-click an axis in the Multiview Explorer and select Edit from the menu.

| /B8] New Project - new_Controller_0 - Sysmac Studio

File Edit View Insert Project

new_Controller 0 v

‘¥ Configurations and Setup

» <1 Node3 : GX-ID1611+ID(
» [ CPU/Expansion Racks
& /O Map
» & Controller Setup
¥ £ Motion Control Setup
¥ % Axis Settings
(m Asis
% Axes Group Settings
¢/ Cam Data Settings
> Event Settings
W, Task Settings
7] Data Trace Settings

H Fiter

Cut
Copy
Delete

Rename

Output

Master
Master
EO01
R88D-KNO1H-ECT Rev:2.1
E002

1D1611+1D08 Rev:1.1 _|

Item name Value
.

Model name

Product name

Revision

PDO Communications...
Node Address
Enable/Disable Settings
Serial Number

PDO Map Settings

Enable Distributed Clo...
Reference Clock

Setting Parameters

Backup Parameter Set...

Device name

{E003
GX-ID1611+ID08
GX-ID1611 + XWT-L..
11
PDO Communicatio...
3
Enabled v
0x00000000
0x6120:01 257th tra...
0x2002:01 512th tra.
Edit PDO Map Settin
Exist
Setting

Edit Setting Paramet

Setting
Edit Backup Paramet

Set a name for the slave.

Toolbox ~ 1
Allvendors

v
All groups
[ Terminal Coupler
[ Servo Drives
[ Frequency Inverter
0

= Analog 10

g GX-ID1611+ID08-1 Rev:1.1
g GX-ID1611+ID16 Rev:L.1
g GX-ID1611+ID16-1 Rev:1.1
g GX-ID1611+0D03 Rev:1.1
g GX-ID1611+0D08-1 Rev:1.1
g GX-ID1611+0D16 Rev:1.1

E GX-ID1611+0D16-1 Rev:l.1

Model name : GX-ID1
L Product name : GX-ID.
LFL Revision: 1.1

Vendor: OMRON Cor

Comment: 2-tier term
o1

The Axis Basic Settings are displayed in the Axis Parameter Settings Tab Page.
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ainpaosold Bunleg sixy z-¢

w

@ Additional Information
Control function is displayed for the NX102 CPU Unit and NX1P2 CPU Unit.

2 Select Primary periodic task or Priority-5 periodic task from Motion control.

ainpasold bumes z-z-¢

Axis number
Motion control |MCI: Pimary periodic task_v
Adis use
Axis type
Feedback control
Input device 1 Channel
Input device 2 d> Channel
Input device 3 g Channel

@ Additional Information
The setting is available for the NX701 CPU Unit.

3 Select Servo axis in the Axis type.

Axis number
Motion control ~ [MCI: Primary periodic task 'v
Axis use Used axis v
Axis type  |Virtual Sevo axis| v

Feedback control  FEMLNS
Encoder ax

Input device 1 |virtual Servo axis Channel

Input device 2 | Virtual encoder axis Channel

Input device 3 [SiNotassigned Channel

4 Select All in the Control function.

Axis number
Motion control M
Used

Axistype | Virtual servo axis
Control function  [All

Feedback control
Input device 1 Channel
Input device 2 Channel
Input device 3 Channel
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@ Additional Information

* You can select this parameter for the NX102 CPU Unit and NX1P2 CPU Unit.

» To use the axis as a motion control axis, select All. To use the axis as a single-axis position

control axis, select Single-axis position control only.

Select the Servo Drive to use.
Select the Servo Drive to use in Output device 1.
This setting allows you to use the EtherCAT slave Servo Drive as an axis.

[
New Project - new_Controller_0 - Sysmac Studio

oo

Multiview Explorer

new_Controller 0 | v

‘v Configurations and Setup

¥ 5§ EtherCAT
» (© Nodel : R88D-KNO1H-E
» (© Node2 : R88D-KNO1H-E
» 1 Node3 : GX-ID1611+ID(
» = CPU/Expansion Racks
& /0 Map
» 7 Controller Setup
¥ £ Motion Control Setup
¥ £ Axis Settings

Axis number
Motion control
Axis use Used axis v
Axis type
Feedback control
Input device 1
Input device 2
Input device 3
Output device1 !
Output device 2
Output device 3

Servo axis

v
No control loop v
v

<Not assigned
Not ssicneds
<Not assigned> v

<Not assigned>
¢ Cam Data Settings > Detailed Settings
> Event Settings
W, Task Settings

7] Data Trace Settings

» Programming

H Filter

MCI: Primary periodic task v

'Node 1
Node : 2 R88D-KNOL1

»| Toolbox

T

Channel
Channel
Channel
Channel
Channel

ECTEORY)
FECTERN)  Channel

I Setting Axis Parameters

Click each of the icons in the Axis Parameter Settings Tab Page.
The settings for each icon are displayed on the Axis Parameter Settings Tab Page.
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t - new_Contraller.0 - Sysmac Studio

Fillsis Edit Vi

¥ Unit

Unit of display © pulse

¥ Travel Distance

o—— e T

® mm ® um

travel distance per motor rotation BT pulse/re

’— Referenc

@ Use reducers

HFier

ion formula
(1) Command pu

~ Toolbox

<Search> v

Right-click Axis Settings in the Multiview Explorer and select Axis Setting Table to enable setting the
axis parameters for all axes at the same time.

iow Project

Axis Name

v AXiS Basic Settings

s use

s type

Feedback control

Input device 1

Channel

Input device 2

Channel

Input device 3

Channel

Output device 1

iR

Output device 2

Channel

Output device 3

Channel
v Unit Conversion Settings

Unit of display.

Command pulse count per motor rotation

Work travel distance per motor rotation
v Operation Settings

Maximum velocity

Velocity warning value

start velocity

Maximum jog velocity

H
E
2

Maximum acceleration
Acceleration warning value
Maximum deceleration
Deceleration warning value
Acceleration/deceleration over
Operation selection at Reversing
Positive torque warning value
Negative torque waming value
In-position range
In-position check time
Actual velocity filter time constant
B Fiter = Zero position range

Toolbox

1 MC_Axis000(0)

Used axis

Servo axis

No control loop

pulse

10000 pulse/rev

10000 pulse/rev

0 pulse/s"2

0%

[Use rapid acceleration/deceleration (8lending is changed to Buffered)
Deceleration stop

Precautions for Correct Use

When making operation settings such as the display unit, electronic gear (unit conversion for-
mula), maximum velocity, or maximum acceleration/deceleration, be sure to use appropriate
values for the operating conditions of the device.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)
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@ Additional Information

Changing Axis Variable Names in the User Program

Perform the following two procedures to change Axis Variable names that are already used.
« Change the Axis Variable name in the variable table in the variable declarations.

» Change the Axis Variable name in the user program.

Even if you change the Axis Variable names in the variable table, the Axis Variable names in
the user program do not change.

An error will occur if you use a variable name that is not declared in the variable table, in the
user program. Always change the names in both places.

I Downloading to the CPU Unit

Use the Synchronization menu command of the Sysmac Studio to download the project to the NJ/NX-
series CPU Unit.

1
2

3-20

Select Online from the Controller Menu. The Sysmac Studio goes online with the Controller.
Select Synchronization from the Controller Menu and then click the Transfer to Controller
Button.

B New Project - new_Controller 0 - Sysmac Studio = (B

File Edit View Insert Project Controller ation  Tools  Help

er: Update Date ller: Data Name

b Communications
b Comparison

b Conversion

* Counter

[ Data Movement

[ Data Type Conversion
b Fcs

P Ladder Tools

Lontroller Status

ONLINE 192.168.250.1
ERRAALM RUN mode
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@ Additional Information

The MC Function Module connects to OMRON 1S-series Servo Drives with built-in EtherCAT
communications, G5-series Servo Drives with built-in EtherCAT communications, or NX-series
Pulse Output Units.

Connectable Servo Drive Models

* You can connect the R88D-1SNOICI-ECT, R88D-1SANCICIC-ECT, R88D-KNOI-ECT,
and R88D-KNLOII-ECT-L Servo Drives.

» The R88D-KNLILII-ECT-R Servo Drives support only Position Control Mode (Cyclic Syn-
chronous Position Control Mode). Therefore, any functions that use Velocity Control Mode
(Cyclic Synchronous Velocity Control Mode) or Torque Control Mode (Cyclic Synchronous
Torque Control Mode) cannot be used.

Servo Drive Settings

* The MC Function Module uses some of the input signals and functions of the Servo Drives.
Servo Drive signal wiring and object setting are required to use the MC Function Module
properly.

Refer to A-1 Connecting the 1S-series Servo Drive on page A-2 or A-2 Connecting the G5-
series Servo Drive on page A-11 for specific settings.

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for the settings

to use NX-series Pulse Output Units.

ainpaosold Bunlag sixy z-¢
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3-3 Axes Groups

This section describes the axes groups of the MC Function Module.

3-31 Introduction to Axes Groups

Use axes groups to perform complex operations on multiple axes, such as linear or circular interpola-
tion.

An axes group consists of multiple axes.

Use the Sysmac Studio to set Axes Group Variables to enable execution of axes group motion control
instructions or to enable access of the status of the axes group.

The MC Function Module can handle up to 64 groups.

The specifications for axes groups are shown in the following table.

Specifications
NX502-
item NX701 1700 Le8s NX102 NX1P2 NJ-series
“ 1401

1611 130000
Number of 64 groups 64 groups 32 groups 8 groups 8 groups 32 groups
axes groups | max. max. max. max. max. max.
Number of 4 axes max. per axes group
composition
axes

*1.  Models added from the CPU Unit version 1.66.

The following elements are related to the axes groups of the MC Function Module.

Configuration ele-

ment Description Page
Axes group parameters | The axes group parameters set the maximum interpolation velocity, page 3-23
maximum interpolation acceleration/deceleration, and other items for the
axes groups controlled by the MC Function Module.
Use the Sysmac Studio to set the axes group parameters.
Axes Group Variables | Axes Group Variables are system-defined variables that include a por- page 3-24

tion of the axes group parameters as well as the command interpolation
velocity, error information, and other monitor information for the axes
groups controlled by the MC Function Module.

Axes Group Variables are created when you add an axes group from the
Multiview Explorer of the Sysmac Studio. The names of the Axes Group
Variables (called the Axes Group Variable names) are set here.

Specifying axes groups | In the user program, motion control is implemented with motion control page 3-25
in the user program instructions. Motion control instructions that perform multi-axes coordi-
nated control are called axes group commands.

To control an axes group with axes group commands, specify the axes
group variable name of the system-defined variable or the axes group
variable name that was set with the Sysmac Studio for the AxesGroup
in-out variable of the instruction.
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m Precautions for Correct Use

Do not configure an axes group with axes on the EtherCAT network and axes on the CPU Unit.
The timing of commands may not be synchronized because the synchronization between the
networks is not performed. This may result in unintended operation.

3-3-2  Introduction to Axes Group Parameters

® Axes Group Parameters

Classification Parameter name

Axes Group Basic Settings Axes Group Number

Motion Control”’

Axes Group Use

Composition

Composition Axes

Axes Group Operation Settings | Maximum Interpolation Velocity

Maximum Interpolation Acceleration

Maximum Interpolation Deceleration

Interpolation Acceleration/Deceleration Over

Interpolation Velocity Warning Value

Interpolation Acceleration Warning Value

Interpolation Deceleration Warning Value

Axes Group Stop Method

Correction Allowance Ratio
*1. Set this parameter when using the NX701 CPU Unit.

Refer to 5-3 Axes Group Parameters on page 5-34 for details on axes group parameters.

@ Settings Required to Use an Axes Group
The following settings must be made to use the axes groups that are created with the Sysmac Stu-

dio.
Classification Parameter name Setting Page
Axes Group Basic | Axes Group Num- | Axes group numbers are automatically set in the or- | page
Settings ber der that the axes groups are created. 5-35

Motion Control™! Select Primary periodic task.

Axes Group Use Select Use.

Composition Select the axis composition to control.

Composition Axes | This parameter sets the axes to assign to the axes
group.
*1. Set this parameter when using the NX701 CPU Unit.

m Precautions for Correct Use

» Set appropriate values for the maximum interpolation velocity, stop method, and other items
based on the operating conditions.

» An axis for which Control function is set to Single-axis position control only cannot be
allocated as an axis in an axes group.
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3 Configuring Axes and Axes Groups

3-3-3

Introduction to Axes Group Variables

Axes Group Variables are system-defined variables for the setting information and the monitoring in-
formation, such as the actual position and error information, for the axes groups controlled by the MC
Function Module.

When you create axes groups with the Sysmac Studio, Axes Group Variables are registered in the var-
iable table in the order that the axes groups are created. Axes Group Variables are structures with a
data type of _sGROUP_REF.

Axes Group Variable Names

3-24

Each Axes Group Variable in the MC Function Module has two variable names: The Axes Group Vari-
able name in the system-defined variables and the Axes Group Variable that is assigned when the ax-
es group is added on the Sysmac Studio.

The Axes Group Variable names in the system-defined variables are _ MC_GRP[0] to _ MC_GRP[63],

_MC1_GRP[0] to _MC1_GRP[63], _MC2_GRP[0] to _MC2_GRP[63].

When you add axes groups on the Sysmac Studio, MC_Group000 to MC_Group063 are set by default
for _MC_GRP[0] to _MC_GRP[63].

The numbers are assigned in the order that the axes are added. You can change each of these Axes
Group Variable names as required from the Sysmac Studio.

You can use either the Axes Group Variable names for the system-defined variables or the Axes
Group Variable names that are set on the Sysmac Studio to specify the Axes Group Variables in the
user program.

® Example When _MC_GRP[0-63] Is Used

Axes Group Variable name in the sys-
. . Default Axes Group Variable
tem-defined variables . Axes group number ex-
T . name when axes group is add-
(AT specification in global variable ta- ) ample
. ed on Sysmac Studio
ble™)
_MC_GRPI0] MC_Group000 Axes group 0
~MC_GRP[1] MC_Group001 Axes group 1
~MC_GRP[63] MC_Group063 Axes group 63
*1.  An error will occur if you change the names in the AT column in the global variable table on the Sysmac

Studio.

% Additional Information

* _MC_GRP[0-63], _MC1_GRP[0-63], and _MC2_GRP[0-63] are available for the NX701 CPU

Unit.

Only _MC_GRP[0-31] is available for the NX502 CPU Unit.

Only _MC_GRP[0-7] is available for the NX102 CPU Unit and NX1P2 CPU Unit.
Only _MC_GRP[0-31] is available for the NJ-series CPU Unit.

* For the NX701 CPU Unit, you can access the same values of  MC GRP[0-63] and
_MC1_GRP|[0-63] if the axes group numbers of them are the same. You can use either of the
Axes Group Variables, or both of them at the same time.

* The Axes Group Variable assigned to primary periodic task is _ MC GRP[0-63] or
_MC1_GRP[0-63].

The Axes Group Variable assigned to priority-5 periodic task is _ MC2_GRP[0-63].
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Examples of Axes Group Variable Levels and Changing Axes

Group Variable Names

In the descriptions below, MC_GRP[0] is used as an example. The same information applies to the

other axes group variables.

_MC_GRPI0]
_MC_GRPI[0].Status

_MC_GRPI[0].Cmd
_MC_GRP[0].Cmd.Vel
_MC_GRPJ[0].Cmd.AccDec

_MC_GRPJ0].Cfg
_MC_GRPI[0].Cfg.GrNo
_MC_GRPJ0].Cfg.GrEnable

_MC_GRPI0].Kinematics
_MC_GRPJ0].Kinematics.GrType
_MC_GRPJ[0].Kinematics.Axis[0]

_MC_GRPJ[0].Kinematics.Axis[3]
_MC_GRPI[1]

® Example:

Axes Group Variable
Level that indicates the axes group status

Level that indicates the axes group command values

Variable that indicates the command interpolation velocity
Variable that indicates the command interpolation acceleration/
deceleration rate

Level that indicates the axes group basic settings
Variable that indicates the axes group number

Variable that indicates when the axes group is enabled
Level that indicates the kinematics transformation settings
Variable that indicates the axis composition

Variable that indicates the axis AO composition axis

Variable that indicates the axis A3 composition axis
Axes Group Variable

If MC_Group000 is changed to MyGroup1, then either MyGroup1.Cmd. Vel or
_MC_GRP[0].Cmd. Vel can be used as the variable that indicates the command interpolation veloci-

ty.

Refer to Axes Group Variables on page 6-33 for details on Axes Group Variables.

3-3-4

Specifying an Axes Group in the User Program

In the user program, an axes group variable name is specified for the in-out variable AxesGroup in

motion control instructions.

In the following example, the Axes Group Variable name for the axes group that was added for the
system-defined Axes Group Variable name of _ MC_GRP[0] has been changed to MyGroup1 in the

Sysmac Studio.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)
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3-26

In-out variable AxesGroup
\ MC_Movelinear_instance

Specify an Axes

Group Variable \ MC_MovelLinear

name. MyGroup1 == AxesGroup —— —— AxesGroup = MyGroup1
= Execute Done f= MyGroup10nDone
= Position Busy f= MyGroup10nBusy
= VVelocity Active = MyGroup10OnActive
= Acceleration CommandAborted = MyGroup1OnCA
= Deceleration Error p= MyGroup1OnError
= Jerk ErrorID f= MyGroup1OnErrorlD

= CoordSystem
= BufferMode

= TransitionMode
= MoveMode

You can also use the _MC_GRPJ0] system-defined variable in place of MyGroup1.
Refer to 6-2 Motion Control Instructions on page 6-5 for details on motion control instructions.

Refer to the instruction descriptions in the NJ/NX-series Motion Control Instructions Reference Manual
(Cat. No. W508) for details on motion control instructions.
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3-4 Setting Procedures for Axes Groups

This section gives the procedures to use the Sysmac Studio to set up an axes group.
No configuration is required if you are not going to use any axes group command instructions, such as
linear interpolation or circular interpolation.

3-4-1  Setting Procedure for an Axes Group

| Start the Sysmac Studio. |

sdnoug saxy 10} sainpasoid Bues p-¢

|Add an axes group. |

| Set the axes group parameters. |

| Go online and synchronize the data. |

| Transfer the project to the Controller. |

END

dnoJg) saxy ue Joj ainpasoid Bumas |-y-¢

3-4-2  Setting Procedure

This section gives the procedures to use the Sysmac Studio to set up an axes group in a project that
already contains the axes.

I Starting the Sysmac Studio

Start the Sysmac Studio and open the project.

e EE=]

8/1/2016 24222 PM
ied 8/1/2016 24502 PM

Properties Compare Delete

|
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I Adding an Axes Group

Right-click Axes Group Settings in the Multiview Explorer and select Axes Group Settings from the

Add Menu.

|§| New Project - new_Controller_0 - Sysmac Studio (32bit)

a
Multiview Explorer

new_Controller 0 v |

)

¥ | Axes Group Settings

An axes group is added to the Multiview Explorer.

The default name for the new axes group is MC_Group000.

B8 New Project - new_Controler0 - Sysmac Studio

new_Controller 0 | v

Configurations and Setup

W 5 EtherCAT
» (© Nodel : R88D-KNOIH-EC
» (5) Node2 : R88D-KNOIH-EC
> Node3 : GX-ID1611+ID08
» = CPU/Expansion Racks
& /O Map
» 7 Controller Setup
Motion Control Setup
is Settings
¥ MC_Axis000 (0,MC1)

W % Axes Group Settings
'm _MC_Group000 (0,MC1}
¢/ Cam Data Settings

> Event Settings
W Task Settings
Data Trace Settings

Output

H Filter

Toolbox

<Search> v

® Adding an Axes Group by Import

You can also add axes group settings by importing a previously created file of axes group set-

tings.

3-28

You can create the file of axes group settings by exporting the axes group settings.
Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for details.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)



3 Configuring Axes and Axes Groups

L~ Version Information

Import and export are available in Sysmac Studio Ver.1.57 or higher.

® Copying and Adding an Axes Group
You can also create an axes group by copying and pasting an axes group from a project.

I Setting Axes Group Parameters

1 Right-click an axes group in the Multiview Explorer and select Edit from the menu.

sdnoug saxy 10} sainpasoid Bues p-¢

F New Project - new_Controller_0 - Sysmac Studio Ej

w

Toolbox

<Search> v

new_Controller 0 v I

¥ [ EtherCAT
» (© Nodel : R88D-KNO1H-EC
» (© Node2 : R88D-KNO1H-EC
» = Node3 : GX-ID1611+1D08
» = CPU/Expansion Racks
& /O Map
» A Controller Setup
v & ion Control Setup
is Settings
C_Axis000 (0,MC1)

ainpasold bumes z-y-¢

¥ £ Axes Group Settings

¢/ Cam Data Settings A
C

|> Event Settings
W, Task Settings Copy

Data Trace Settings Delete

> Programming Rename

Output

The Axes Group Basic Settings are displayed in the Axes Group Parameter Settings Tab
Page.
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3-30

i )
New Project - new_Controller_0 - Sysmac Studio

- File  Edi
|+ =

Multiview Explorer

¥ Configurations and Setup
¥ 5 EtherCAT
» (© Nodel : R88D-KNO1H-EC'
» (&) Node2 : R88D-KNO1H-EC'
» <1 Node3 : GX-ID1611+ID08
» =i CPU/Expansion Racks
& /O Map
» @ Controller Setup
¥ £} Motion Control Setup
W £ Axis Settings
3 MC_Axis000 (O, MC1)
roup Settin
[0 % MC Group000 O MC1)
¢ Cam Data Settings
> Event Settings
¥, Task Settings
Data Trace Settings

> Programming

H Filter

new_Controller 0 v ‘ I | E :i

e )

Output

» Toolbox

<Search> v

—

Motion control  [MCI: Primary periodic task v
Axesgroupuse  |Unised axes group| v
Composition 2@

Select the axes composing an interpolation axes group.

Axis A0
Axis A1

Axes group number

Motion control [ MCI: Primary periodic task v

Axes group use
Composition

MC2: Priority-5 periodic task

Select the axes composing an interpolation axes group.

Logical axe§ Composition axes
Axis A0 ot
AxsAl  [<Not

Additional Information

The setting is available for the NX701 CPU Unit.

Select Used axes group in the Axes group use Box.
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New Project - new_Controller 0 - Sysmac Studio =)

» Toolbox

Multiview Explorer

s
[Seocr> g
new_Controller 0 | v ‘H m w
onfigurations and Setup
therCAT Axes group number [T

MCI: Primary periodic task v

» © Nodel : R88D-KNOIH-EC /W Motion control
» (3 Node2 : R88D-KNOLH-EC Axes group use  |Unused axes group| v
» 1 Node3 : GX-ID1611+ID08 Composition | Unused axes group
» i CPU/Expansion Racks Select the axes composing S e porToI NAEE group.
& 1O Map
» 7 Controller Setup
¥ & Motion Control Setup
#* Axis Settings
MC_Axis000 (0,MC1)

Logical axe§ Composition axes
Axis AO
Axis AL

¢/ Cam Data Settings
| Event Settings
W Task Settings

Data Trace Settings

> Programming

sdnoug saxy 10} sainpasoid Bues p-¢

w

Output

H Fiter

4 Select the composition of the axes group in the Composition Box. A 2-axis composition is se-
lected in the following example.

ainpasold bumes z-y-¢

New Project - new_Controller.0 - Sysmac Studio

File Edit View Insert Project i i Tools  Hel

Toolbox

_(Search> v

Multiview Explorer

)
new_Controller 0 v ‘ I ‘ Q@ ]
N

onfigurations and Setup
therCAT Aces group number (I

» (3 Nodel : R88D-KNOIH-EC /M Motion control  [MCI: Primary periodic task v
» @ Node2 : R88D-KNOIH-EC Axesgroupuse  |Usedaxes group| v
» < Node3 : GX-ID1611+1D08 Composition  [2axes v

» = CPU/Expansion Racks Select the axes composit Se S NS, group.
& VO Map e

Logical axe§ C!
- E
> a Controller Setup AisA0  [ENotassigneds| v

! AdsAl  [<Notassigned> ¥

MC_Axis000 (,MC1)
es Group S

[> Event Settings
¥, Task Settings
Data Trace Settings

> Programming

Output

H Filter

5 Assign the axis to use in the Logical axes Box.
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o) o=

File Edit View Insert Project
Iy

| a il

Multiview Explorer

new_Controller 0 | v

¥ Configurations and Setup

W 7 EtherCAT
» (© Nodel : R88D-KNO1H-EC'
» (&) Node2 : R88D-KNO1H-EC'
» <1 Node3 : GX-ID1611+ID08
» =i CPU/Expansion Racks
& /O Map
» @ Controller Setup
! ¥ £} Motion Control Setup
W £ Axis Settings
MC_Axis000 (0,MC1)
'
am
¢ Cam Data Settings
> Event Settings
¥, Task Settings
Data Trace Settings

> Programming

H Filter

[a -~ .
New Project - new_Controller.0 - Sysmac Studio

Output

[l output

» Toolbox

<Search> v

MCL: Primary periodic task v

Axes group number

Motion control
Used axes group | ¥
Zaxes v

Axes group use
Composition

Select the axes composing an interpolation axes group.

Logical axed Composition axes
[+ ASEONN |<Not assigneds| v

! aisAl G AGaN
<Not assigned>

6 Click the bottom icon. The Axes Group Operation Settings Display is displayed.
Set appropriate values for the settings based on the operating conditions of the device.

[] sysmac Studio

New Project

new_NJ501_0

Ais AD: MC_AYis000 (
Aods ALz MC_Axis001 (
& Cam Data Seftings
- Event Settings
I, Task Settings
7 Data Trace Settings

[
Z
g
3

*, Configurations and Setup W Toolbox
TR, .

¥ Interpolation Velocity/Interpolation Acceleration/Interpolation Deceleration
Maximum interpolation velocity pulse/s
Maximum interpolation acceleration pulse/s~2 Interpolation accelerat
Maximum interpolation deceleration |[L Pulse/s~2 Interpolation decelerat
Interpolation acceleration/deceleration over Use rapid acceleration/deceleration{Blending is changed t
Axes group stop method Immediate stop. v

Interpolation veloc

¥ Interpolation

Correction allowance ratio [N %

@ Additional Information

Changing Axes Group Variable Names in the User Program
Perform the following two procedures to change Axes Group Variable names that are already

used.

3-32

» Change the Axes Group Variable name in the variable table in the variable declarations.
» Change the Axes Group Variable name in the user program.

Even if you change the Axes Group Variable names in the variable table, the Axes Group Varia-

ble names in the user program do not change.
An error will occur if you use a variable name that is not declared in the variable table, in the
user program. Always change the names in both places.
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I Downloading to the CPU Unit

Use the Synchronization menu command of the Sysmac Studio to download the project to the NJ/NX-
series CPU Unit.

1 Select Online from the Controller Menu. The Sysmac Studio goes online with the Controller.

2 Select Synchronization from the Controller Menu and then click the Transfer to Controller
Button.

sdnoug saxy 10} sainpasoid Bues p-¢

New Project

w

Synchronizatio

[+ Confgurtons anch

| | Computer: Data Name  |Computer: Update DatController: Update Date|  Controller: Data Name  {Compare|

> Event Setti
I, Task Settin
7 Data Trace

‘

ainpasold bumes z-y-¢

-«
Z
i
i
5

Legend: | Synchronized
W Clear the present values of variables with Retain attribute ( Transfer to Controler).

B Do ot transfer the: program source: (Vaiid for Transfer to . All data will be re-transfesred when this option & changed.
K Do ot transfer Spetial Unit parameters and backup parameters of EtherCAT slaves (out of synchronization scope).

[F) A dota will be transferred bocause the projects in the computer and the controller ae different.
Transfer To Controller Transfer From Controller

| Status Monitor

ONLINE 192.168.250.1
| | ERR/ALM PROGRAM mode
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Checking Wiring from the Sysmac
Studio

This section describes the MC Test Run function of the Sysmac Studio. You can use
the MC Test Run function to monitor sensor signals and check motor wiring without
any programming.

4-1 MC Test RUN FUNCLION ... snmn e 4-2
4-1-1 List of MC Test Run FUNCLIONS .........ooiiiiiiiii e 4-2
4-1-2 ApPlication ProCeAUIE .........ooviiiiieiece et 4-3
4-1-3 Axis Parameter Setting EXample.........cccoooiieiiiiiie e 4-4
4-1-4 Starting the MC Test Run FUNCHON ..........oooiiiiiiiiiiec e 4-5

4-2 Monitoring Sensor Signals.........ccccccicrriirisieirrirrr e 4-7

4-3 Checking Motor Operation ..........ccccccvimiinnnnnierinsrr e 4-8
4-3-1 Turning ON the SEIVO........uviiiiiiiii e 4-8
4-3-2 Jogging
4-3-3 Homing
4-3-4 ADSOIULtE POSItIONING ... 4-10
4-3-5 Relative POSItIONING ........oiiiiiiiiii e 4-11
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4 Checking Wiring from the Sysmac Studio

4-1 MC Test Run Function

This section describes how to use the MC Test Run function to check wiring and basic settings.
You can use the MC Test Run function in the Sysmac Studio to check wiring without any programming.

M Precautions for Correct Use

You can use the MC Test Run function for OMRON 1S-series Servo Drives, G5-series Servo
Drives, or NX-series Pulse Output Units. Do not use it with servo drives from any other manu-
facturer.

@ Additional Information

» Refer to A-1 Connecting the 1S-series Servo Drive on page A-2 for the procedure to con-
nect to the OMRON 1S-series Servo Drive.

* Refer to A-2 Connecting the G5-series Servo Drive on page A-11 for the procedure to con-
nect to the OMRON G5-series Servo Drive.

4-1-1 List of MC Test Run Functions

The MC Test Run function supports the following functions.
You can check the wiring of sensors for monitoring and the operations of Servo ON, jogging, and hom-
ing for axis operation to check the wiring between the CPU Unit and Servo Drives.

Cat:;go- Function Description Setting/monitor item
Axis op- | Servo ON/OFF The Servo is turned ON and OFF. -
eration
Jogging Jogging is performed in the positive or | Target Velocity
negative direction. Acceleration/Deceleration
Homing Homing is performed using the homing | Homing Parameters
parameter settings.
Absolute positioning | Absolute positioning is performed. *1 Target Position
Target Velocity
Acceleration/Deceleration
Jerk
Relative positioning | Relative positioning is performed. Travel Distance
Target Velocity
Acceleration/Deceleration
Jerk
Deceleration stop A deceleration stop is performed during -
the MC Test Run.
Resetting errors The errors in the MC Function Module -
are reset.
Monitor- | Servo Drive status The status of the Servo Drive is moni- | Servo ON/OFF
ing tored. Servo Ready
Main Power
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Catego- Function Description Setting/monitor item

Input signals The status of the input signals are Positive Limit Input/Negative Limit
monitored. Input

Immediate Stop Input

Home Proximity Input

Home Input

External Latch Inputs 1 to 2

Actual position The actual position is monitored. Command and Actual Current Posi- -
monitor tions -
Actual velocity mon- | The actual velocity is monitored. Command and Actual Current Ve- %
itor locities g
Axis status The status of the axes is monitored. Axis Ready-to-execute 2
Standstill 2
Discrete Motion §
Continuous Motion §"

Homing

Deceleration Stopping

Home Defined

In Home Position

Error list The errors in the MC Function Module | MC Common Errors

are monitored. Axis Errors

Axes Group Errors

*1.  When the Count Mode of the axis is set to Rotary Mode, positioning is performed toward the target posi-
tion in the positive direction.
For details, refer to the MC_MoveAbsolute (Absolute Positioning) instruction in the NJ/NX-series Motion
Control Instructions Reference Manual (Cat. No. W508).

2Inpaoold uoneolddy z-1-v

4-1-2  Application Procedure

Before you perform an MC Test Run, check the following two items.
» Are the Sysmac Studio and Controller connected and are they online?
* |s the MC Test Run Mode currently not in use from any other copy of the Sysmac Studio?

After you have confirmed these two items, perform the following operations as instructed.

START

Setup Create the EtherCAT slave configuration, add axes,
assign the axes, and set the axis parameters. 1

|

Starting the MC |Start the MC test run function. "2 |
test run function

Checking wiring |Confirm sensor wiring. |

Checking motor
operation | Use jogging to check the direction of the motor. |

Checking electronic

gear settings | Perform relative positioning to check the travel distance. |

Confirming homing | Perform homing to check the homing operation. |
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4-1-3

*1. Refer to Section 3 Configuring Axes and Axes Groups on page 3-1.
*2. Refer to 4-1-4 Starting the MC Test Run Function on page 4-5.

M Precautions for Correct Use

* When one of the following operations is performed for a command from the Sysmac Studio,
the Servomotor will operate at the set velocity: Servo ON, jogging, relative positioning, abso-
lute positioning, or homing.

Always confirm that it is safe for the Servomotor to operate before executing any of these op-
erations.

* When you operate the Controller from the Sysmac Studio, always install external emergency
circuits so that the Servomotor can be stopped safely whenever necessary. The Sysmac Stu-
dio may not be able to send commands under some circumstances, e.g., if an error occurs in
the computer.

» Set the EtherCAT communications and establish communications before you attempt to per-
form operation from the Sysmac Studio.

» Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for the proce-
dures for the NX-series Position Interface Units.

@ Additional Information

You can perform the following operations to end the MC Test Run function at any time.

» Select MC Test Run - Stop from the Controller Menu of the Sysmac Studio.

* Right-click the axis in the Multiview Explorer of the Sysmac Studio and select Stop MC Test
Run from the menu.

* Close the MC Test Run Tab Page on the Sysmac Studio.

» Exit the Sysmac Studio.

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for specific procedures.

Axis Parameter Setting Example

Set the following axis parameters before you execute the MC Test Run Mode in the Sysmac Studio.
The following setting example is for a one-axis device.

Servomotor

Encoder resolution: 20 bits/rotation 1 rotation

10mm Ball screw
l Ball screw pitch: 10 mm

M[m R O R |

J

Encoder Output Pulse Count per Motor Rotation
20 bits = 1,048,576

Parameter name Setting
Axis Variable Name Axis1™1
Axis Number 1°2
Axis Use Used axis
Axis Type Servo axis
Input Device/Output Device 13
Unit of Display um
Command Pulse Count Per Motor Rotation | 1 048 576
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Parameter name Setting
Work Travel Distance Per Motor Rotation | 109 000"
Maximum Velocity 500,000"5
Maximum Jog Velocity 50,0006
Maximum Acceleration 5.000,0007
Maximum Deceleration 5,000,000"7
Software Limits Immediate stop for command position
Positive Software Limit 500,000"8
Negative Software Limit 0'8
Count Mode Linear Mode

*1. If there is more than one axis, a different variable name is set for each axis.

*2.  If there is more than one axis, a different value is set for each axis.

*3. Set the same node address as for the Servo Drive. If there is more than one axis, a different value is set for
each axis.

*4.  The position command unit will be 1 pm.

*5. The maximum velocity will be 3,000 r/min = 30 m/min = 0.5 m/s = 500,000 pm/s.

*6.  The maximum jog velocity will be 10% of the maximum velocity, i.e., 0.05 m/s = 50,000 pym/s.

*7. The maximum acceleration and the maximum deceleration will be 5 m/s2. The acceleration time to the maxi-

mum velocity (3,000 r/min) will be 0.1 s.
*8. Set a positioning that is within the movable range of the device. The positive software limit is set to 50 cm =

500,000 pm.

uonoung uny 3sal O L-¥

4-1-4  Starting the MC Test Run Function

The MC Test Run Mode is started from the Sysmac Studio.

1 Start the Sysmac Studio and open a project in which the axis settings are completed.

uoiouUN UNY 181 DI 8U} BUILEBIS p-L-1

2 Select Online from the Controller Menu. The Sysmac Studio goes online with the Controller.

3 Select MC Test Run — Start from the Controller Menu.

F] Sysmac Studio
Filz. dit ie

Crl+W
Crl+shift+w
| Toolbox

<Clear search> v

g | BCD Conversion

¥ Bit String Processing

» Communications
» Comparison

» Conversion

» Counfer

b Data Movement

Controller Clock...
Release Access Right... » Data Type Conversion

S Updat= CPU Unit Name...

Securiy (i)

Clear A1l Memory... ¥ Ladder Tools
DAt Resst Controller... g

* Event Settings -
I Task s .

7] Data Trace Settings | A

» Motion Control

| » e Mamnn card

192.168.250.1
PROGRAM mode
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4 Checking Wiring from the Sysmac Studio

When the following caution dialog box appears, read the message carefully. After you confirm
safety, click the OK Button.

L] Test Run

Caution!

A cial care must be taken for this function because the motor rotates. Be sure to carefully read the
operation manual before executing this function. Especially, pay attention to the following:

‘When you press the Start operation button, the motor will actually rotates at the specified velocity. Carefully
confirm that the motor operation does not cause any danger, and then press the button.

The motors may not be stopped by the operations from the computer. Install an external emergency stop device
so that you can stop the motor im |rned|ateh-' when required.

Perform the operation under the conditions where you can check the motor operation so that you can
immediately take appropriate actions if motor operation causes a dangerous situation.

If you attempt to start the operation before establishing the EtherCAT communications, a communications emor
will oocur. Be sure to establish the EtherCAT communications in advance.

During the operation, only the commands from Sysmac Studio are accepted. All commands from the CPU Unit
will become invalid.

Before executing the operation, confimm that the axis numbers of the target axes are comect.
Operation will be started. Are you sure to start the operation?

oK Cancel

The MC Test Run Tab Page is displayed.

5 Sysmac Studio

New Praject ; Ibox
-

Axis selection [MC_Axis000(0)(Node 10) v
Status
#xis ready-to-execute Axis disabled
Standstill Discrete motion Continuous motion Homing
Stopping Error stopping Home defined In home position
Motion error list

Event LevellSourcelMessage Namel | Message details

Countermeasur

& Cam Data Settings e and remedy

> Event Settings

| Data Trace Settings

T

4
Z
:
g

Servo ON

Status Monitor

ONLINE 162.168.250.1
ERR/ALM RUN mode
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4 Checking Wiring from the Sysmac Studio

4-2 Monitoring Sensor Signals

You can use the input signal display to check sensor signal wiring.

1 Select the axis to check on the MC Test Run Tab Page.

== |, Configurations and Setup SO
f[e=== -

Axis selection T

¥ Configurations and Setup MC_Axis000(0)(Node 10]

Continuous motion Homing

Stopping Erfor stopping Home defined In home position
¥ {i Motion Control Setup
Motion error list

MC_Axis000 (0) Event LevellSourcelMessage Namel | Message defails

MC_fors001 (1)
ces Group Settings
&’ Cam Data Settings
> Event Setfings
rak Settings
Data Trace Seitings

I

v i Pous Servo ON

sjeubig Josuag Buuoyuoy z-v

Countermeasur
e and remedy

2
E
g
]

'V 5] Programs. Drive status

MEc command current posito > s> Fostve Imit input Home input

4 SectionC
actual current position |- 's>  Negative limit input Servo ready
command current velocit |- 's2/s  Immediate stop input Main power

Actual current velocity | LY 's2/s Home proximity input Drive error input
Latch input 1 Drive waming input < OFF

Latch input 2

2 Check to see if the signals turn ON and OFF properly on the monitor screen by turning ON and
OFF the sensor connected to each input signal.
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4-3 Checking Motor Operation

Use the functions of the MC Test Run to check motor operation.

4-3-1

Turning ON the Servo

You can use the Servo ON Button to turn the Servo ON and OFF.

1

Select the axis for which to turn ON the Servo.

£=] Sysmac Studio
_Fi Insert Project Controller_ Simulation Tools_Help

| New Project

w Configurations and Setup
» 7l EtherCAT
» =) CPU/Expansion Racks

#Axis selection | MC_axis000(0)(Node 10) v
Status .
Axis ready’
Standstill
Stopping
Motion error list

«* /O Map
» [ Controller Setup
W £} Mation Control Setup

Discrete motion Continuous motion

Home defined

Homing
Error stopping In home position

Event LevellSourcelMessage Namel | Message details

Countermeasur
e and remedy

]
F
:
g
]

Test Run
Servo ON
Drive status

Command current positio ] >
Actual current position [ 152

Command current velocit| L - s/ s
Actual current velocity [ U</

Positive limit input
Negative limit input
Immediate stop input
Home proximity input
Latch input 1

Latch input 2

Home input
Servo ready

Main power

Drive error input

Drive waming input < OFF

Click the Servo ON Button to turn ON the Servo.

Click the Servo OFF Button to turn OFF the Servo.

Precautions for Correct Use

* When one of the following operations is performed for a command from the Sysmac Studio,

the Servomotor will operate at the set velocity: Servo ON, jogging, relative positioning, abso-
lute positioning, or homing.

Always confirm that it is safe for the Servomotor to operate before executing any of these op-
erations.

* When you operate the Controller from the Sysmac Studio, always install external emergency

circuits so that the Servomotor can be stopped safely whenever necessary. The Sysmac Stu-
dio may not be able to send commands under some circumstances, e.g., if an error occurs in
the computer.

» Set the EtherCAT communications and establish communications before you attempt to per-

form operation from the Sysmac Studio.

 If you use an NX-series Pulse Output Unit, you must provide a separate means to turn the

power supply to the motor drive ON and OFF. Refer to the NX-series Position Interface Units
User’s Manual (Cat. No. W524) for details.
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4-3-2 Jogging
1 Select the axis to jog on the Jogging Tab Page of the MC Test Run Tab Page.

2 Click the Servo ON Button to turn ON the Servo.

3 Enter the target velocity, acceleration rate, and deceleration rate, and then press the Apply

Button.

4 Click the or Button.

The motor will operate in either the positive or negative direction while one of these buttons is

uonesadQ Jojo\ Bunoayo ¢-

clicked.
Check to see if the motor operates in the set direction.

4-3-3 Homing

To perform homing with the MC Test Run function, you must make the Homing Settings for axis pa- 3
N
rameters. &
«Q
For details on homing, refer to Section 8 Homing on page 8-1 and 5-2-9 Homing Settings on page <
«
5-29.

1 Set the homing parameters in the Homing Settings on the Axis Parameter Settings Tab Page.

2 Click the Homing Tab on the MC Test Run Tab Page.
The following dialog box is displayed.
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New Project

| oiis A2k, +
Axis selection =
¥ Configurations and Setup MC_Axis000(0)(Node 10)
- c Status
Axis ready-to-execute Axis disabled

Standstill Discrete motion Continuous motion Homing
er Setup

= Stopping Error stopping Home defined In home position
W 3} Mation Control Setup

Motion error list

Event LevellSourcelMessage Namel | Message details

Countermeasur
e and remedy

Test un
w @ Pous Servo ON
¥ = Programs Drive status

T bow=r command current positio | Y- v'se  Positive limit input ON  Home input
i Actual current position |- v'se  Negative limitinput  ON  Servo ready
command current velocit| Y v'se/s  Immediate stop input C OFF > Main power
Actual current velocity | - u'se/5  Home proximity input ('OFF " Drive error input
Latch input 1 OFF ©  Drive waming input < OFF
Latch input 2 oFF

"
g

Homing is performed according to axis parameter settings on the Homing page.

Homing Settings

Select the axis to home.
Click the Servo ON Button to turn ON the Servo.

Click the Apply homing parameters Button.

OO O A W

Click the @ Button.

Check to see if the homing operation agrees with the settings.

@ Additional Information

* When you click the Homing Settings Button, the Homing Settings are displayed on the
Axis Parameter Settings Tab Page. Set the homing parameters.

» If the homing parameters were set in advance, click the Apply homing parameters Button
to apply those settings.

4-3-4  Absolute Positioning

1 Click the Absolute positioning Tab on the MC Test Run Tab Page.
The following dialog box will appear.
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2, Configurations and Setup =
‘ i ‘ [MC Test Run n

Axis selectiol . -
v Configurations and Setup s selection 'MC_Axis000(0)(Node 10)

Status
Axis ready-to-execute Axis disabled
Standstill Discrete motion Continuous motion Homing
Stopping Error stopping Home defined In home position
Mtion error list
MC_Axis000 (0) Event LevellSourcelMessage Name| | Message details
MC_Axis001 (1)

Countermeasur
e and remedy

=TT
¥ i POUs
¥ (2] Programs Drive status
command current positio/| - 52 Positive limit input Home input
Actual current position | ruse  Negative limit input Servo ready
command current velocit || '52/s  Immediate stop input Main power
Actual current velocity | IRy U 'se/s  Home proximity input Drive error input

Latch input 1 Drive waming input
Latch input 2

Servo ON

-«
g

Target position| pulse

uonesadQ Jojo\ Bunoayo ¢-

Target velocity| pulsefs

Acceleration “pulse/s~2
Deceleration | pulse/s2
Jerk I ~ lpuisefs~3

2 Select the axis to perform absolute positioning.

Buluonisod aAneoY G-¢-

3 Click the Servo ON Button to turn ON the Servo.

4 Enter the target position, target velocity, acceleration rate, deceleration rate, and jerk, and then
click the Apply Button.

5 Click the @ Button. Absolute positioning will start.

Check to see if positioning agrees with the settings.

4-3-5 Relative Positioning

1 Click the Relative positioning Tab on the MC Test Run Tab Page.
The following dialog box will appear.
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4-12

F5] Sysmac Studio

w Configurations and Setup
» 7] EtherCAT
» [ CPUjBxpansion Racks

> Event Settings
I, Task Settings
7] Data Trace Settings

Axis selection MC_Axis000(0)(Node 10) v
Status
Axis ready-to-execute Axis disabled
Standstill Discrete motion Continuous motion
Stopping Error stopping Home defined
Motion error list

Event LevellSourcelMessage Namel | Message details

Homing
In home position

Countermeasur
e and remedy

Test Run
Servo ON
Drive status

Command current positio [ L -uise  Positive limit input
Actual current position | R -ulse  Negative limit input
Command current velocit| L - ulse/s  Immediate stop input
Actual current velocity | -ulse/s  Home proximity input

Home input
Servo ready
Main power
Drive error input

"
:
g

Target distance]

Target velocity
Acceleration
Deceleration |
Jerk

pulse

Ipulse/s

pulse/s~2

pulse/s~2

pulse/s~3

Latch input 1 Drive waming input
Latch 2

Select the axis to perform relative positioning.

Click the Servo ON Button to turn ON the Servo.

Enter the target travel distance, target velocity, acceleration rate, deceleration rate, and jerk,

and then click the Apply Button.

Click the @ Button. Relative positioning will start.

Check to see if the travel distance agrees with the settings.
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Motion Control Parameters

This section explains about axis parameters and axes group parameters used for mo-

tion control.

5-1  INtrodUCtioN ... 5-2
5-2  AXiS Parameters ... s e 5-5
5-2-1 AXIS Parameters .......oooiiiiiiiiiiii e 5-5
5-2-2 AXIS BaSIC SENGS .....vvieiiiiiiiiiiie e 5-8
5-2-3 Unit Conversion SetliNgS.......ccoouiiiiiiieiiiee e 5-13
5-2-4 Operation SettiNgS.......coocuiiiiiii 5-21
5-2-5 Other Operation SettingsS..........eiiiiiii e 5-24
5-2-6 Limit SEHINGS .. veeeeeiie e e s 5-25
5-2-7 Position Count Settings ..........coviiiiiiiiiiic e 5-26
5-2-8 SEervo Drive SEtliNGS....cccveiiiiiieiiie e 5-28
5-2-9 HOMING SeNGS ..o 5-29
5-2-10 Axis Parameter Setting EXample.........ccccoooiiiiiiiiiiii e 5-31
5-3 AXxes Group Parameters ... s 5-34
5-3-1 AXES Group Parameters.........ccuviiiieiiiiiiee et 5-34
5-3-2 Axes Group Basic SettingsS..........oeiiiiiiiiiiie e 5-35
5-3-3 Axes Group Operation SettingsS........coccoiiiiiiiiii e 5-37
5-3-4 ENnabling @n AXES GroUD .......coiiiiiiiiiie ittt 5-38
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5-1

Introduction

You can use motion control instructions to perform single-axis operations and multi-axes operations on
axes groups with the NJ/NX-series CPU Unit's MC Function Module.

A
A

xis and axes group parameters are used to set these operations.
xis parameters must be set, but axes group parameters are not required if you do not use multi-axes

operations for axes groups.

These parameters are called motion control parameter settings (MC parameter settings).

e

Uploaded.*

Sysmac Studio

CPU Unit
™
Non-volatile memory « After the setting —— Main memory —— Temporary — User program —
are downloaded changes to some . :
« When power is parameters MC_Write instruction
MC common parameter settings*2 turned %N MC common parameter settings*2 || ~""""""""""""" ~1 or other instructions
Axis parameter settings [[~"" """ ™| Axis parameter settings |[* T »| MC_WriteAxisP
oo -] Axes ar rameter settin Axes ar rameter settings || T€MpPorarily arameter/MC_R
es group parameter settings ©5 9roup parameter Setings || changes/reads to eadAxisParame
1 Some axis ) ter instruction*3
parameter settings
LT T T »{ Data movement or
Accessing some other instructions
parameters as
\_ variables

1.

Use the Synchronization menu command of the Sysmac Studio to upload and download the project.

*2. There are no MC Common Parameter Settings for the current version of the MC Function Module.
*3. A CPU Unit with unit version 1.08 or later and Sysmac Studio version 1.09 or higher are required to use the

MC_WriteAxisParameter (Write Axis Parameters) and MC_ReadAxisParameter (Read Axis Parameters) in-
structions.

I Data Flow for Setting MC Parameters

Download your MC Parameter Settings to the CPU Unit using the Sysmac Studio to save those set-
tings in the CPU Unit's non-volatile memory.

When you upload the MC Parameter Settings to the Sysmac Studio, the MC Parameter Settings
that were saved in the non-volatile memory are uploaded.

The settings that were saved in the non-volatile memory are applied to the main memory after you
download them or when the power is turned ON.

If there are no problems with the saved settings, the MC Function Module executes control based
on the settings in the main memory.

The settings of some of the parameters can be accessed as system-defined variables for motion
control.

You can upload and download MC parameter settings regardless of the CPU Unit mode or the sta-
tus of the MC Function Module.
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* When you start the download process, all axes in motion will stop immediately.

|~ Version Information

If a CPU Unit with unit version 1.13 or later and Sysmac Studio version 1.17 or higher are com-
bined, commands to the I/O devices can continuously be sent even when the download process
is in progress.
For the CPU Unit with unit version 1.12 or earlier, sending commands to the I/O devices is stop-
ped when the download process is executed.
Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for how to set to
stop or continue sending commands to the I/O devices when the download process starts.
Stopping sending commands to 1/0 devices
Servo is turned OFF during the download, and the axis status will be Disable (Axis Disa-
bled).
Continuing sending commands to 1/O devices
The following status immediately before downloading is maintained during the download: the
Servo ON state for the MC_Power instruction and the output torque limit for the MC_SetTor-
queLimit instruction.
The Servo ON state and torque limit are maintained even if the MC_Power and MC_SetTor-
queLimit instructions are deleted from the user program after the program is updated by
downloading.

uoionpoauj L-g

I Overwriting MC Parameters with Programming Instructions

* You can use motion control instructions like the MC_Write (Write MC Setting), MC_ChangeAxe-
sInGroup (Change Axes in Group) or MC_WriteAxisParameter (Write Axis Parameters) instruction
to change the settings of some of the MC parameters in the main memory while the user program is
running.

« If the specified set value is outside the valid range, the Error output variable from the instruction
changes to TRUE and the MC parameter setting is not changed.

» Changes to MC parameter settings become valid in either of the following two situations.

a) The axis or axes group is stopped and you execute an instruction for an axis command or axes
group command.

b) You set the Buffer Mode Selection for the instruction to Aborting and execute more than one in-
struction.

» For details on MC_Write (Write MC Setting), MC_ChangeAxesInGroup (Change Axes in Group),
MC_WriteAxisParameter (Write Axis Parameters) and other instructions, refer to the NJ/NX-series
Motion Control Instructions Reference Manual (Cat. No. W508).
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M Precautions for Correct Use

* Changes to the MC Parameter Settings that are made with the MC_Write (Write MC Setting)

instruction are saved in the main memory in the CPU Unit. They are not saved in the built-in
non-volatile memory in the CPU Unit.
Therefore, if you cycle the power supply or download the settings from the Sysmac Studio,
the parameter settings in the non-volatile memory are restored. Also, you cannot upload the
data in the main memory from the Sysmac Studio.
If you need to save settings to the non-volatile memory, use the Sysmac Studio to change the
parameter settings and then download those settings to the CPU Unit.
To maintain the MC_Power (Power Servo) and MC_SetTorqueLimit instructions after down-
loading, set Retain attribute of the input bits for the instructions to Retain.
You can use the following instructions to change the settings of the MC parameters.
MC_Write (Write MC Setting) instruction
MC_ChangeAxesInGroup (Change Axes in Group) instruction
MC_ChangeAxisUse (Change Axis Use) instruction
MC_WriteAxisParameter (Write Axis Parameters) instruction
Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information
on using the NX-series Position Interface Units.
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5-2 Axis Parameters

The axis parameters set the maximum velocity, jerk, homing, and other items for the axes controlled
by the MC Function Module.
The number of axis parameters provided is the same as the maximum number of controlled axes for
each model. The maximum number of controlled axes varies depending on the model.
Refer to 7-4-2 Performance Specifications on page 1-7 for details.
The same parameter settings are provided for each axis. This section describes only the parameters

for axis 1.

5-2-1

Axis Parameters

Use the Sysmac Studio to set the axis parameters for each axis.

R
- Temporary changes Reading
Classification Parameter name Sup- . . Page
Applicable instruction variables
port

Axis Basic Axis Number OK page 5-8
Settings

Motion Control™3 oK™

Axis Use 0oK'5 | MC_ChangeAxisUse OK

Axis Type OK

Control Function’®

Input Device/Output Device OK
Unit Conver- | Unit of Display OK'7 | MC WriteAxisParameter'® OK page 5-13
sion Settings | Command Pulse Count Per Motor OK

Rotation

Work Travel Distance Per Motor OK

Rotation

Reducer Use™

Work Travel Distance Per Rota-

tion™®

Work Gear Ratio™

Motor Gear Ratio™

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)
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5 Motion Control Parameters

Classification

Parameter name

Temporary changes”!

Sup-
port

Applicable instruction

Reading
variables™

Page

Operation Set-
tings

Maximum Velocity

Start Velocity 10

Maximum Jog Velocity

Maximum Acceleration

Maximum Deceleration

Acceleration/Deceleration Over

Operation Selection at Reversing

OK'7

MC_WriteAxisParameter'8

Velocity Warning Value

Acceleration Warning Value

Deceleration Warning Value

Positive Torque Warning Value™!"

Negative Torque Warning Value™!

OK

In-position Range

OK
*12

In-position Check Time

OK

MC_Write
MC_WriteAxisParameter'8

Actual Velocity Filter Time Constant

Zero Position Range

OK'7

MC_WriteAxisParameter'8

page 5-21

Other Opera-
tion Settings

Immediate Stop Input Stop Method

Limit Input Stop Method

Drive Error Reset Monitoring Time

Maximum Positive Torque Limit

Maximum Negative Torque Limit

Immediate Stop Input Logic Inver-

sion™10

Positive Limit Input Logic Inver-

sion™10

Negative Limit Input Logic Inver-

sion™10

Home Proximity Input Logic Inver-

sion™10

OK'7

MC_WriteAxisParameter'8

page 5-24

Limit Settings

Software Limits

Positive Software Limit

Negative Software Limit

Following Error Over Value

Following Error Warning Value

OK

MC_Write
MC_WriteAxisParameter '8

page 5-25

Position Count
Settings

Count Mode

Modulo Maximum Position Setting
Value

Modulo Minimum Position Setting
Value

OK'7

MC_WriteAxisParameter'8

OK™

OK™

Encoder Type

page 5-26

5-6
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5 Motion Control Parameters

Temporary changes”?

. Reading
Classification Parameter name Sup- . . Page
Applicable instruction variables
port
Servo Drive Modulo Maximum Position Setting page 5-28
Settings Value
Modulo Minimum Position Setting
Value
PDS State Control Method™
Homing Set- | Homing Method OK'7 | MC_WriteAxisParameter8 page 5-29
tings Home Input Signal

Homing Start Direction

Home Input Detection Direction

Operation Selection at Positive Lim-
it Input

Operation Selection at Negative
Limit Input

Homing Velocity

siojaweled SIXY Z-G

Homing Approach Velocity

Homing Acceleration

Homing Deceleration

Homing Jerk

Home Input Mask Distance
Home Offset
Homing Holding Time

Homing Compensation Value

Homing Compensation Velocity

*1.  This column indicates if you can use instructions to temporarily change the settings.

*2. Indicates whether you can access the parameter with a system-defined variable for motion control in the user program.

*3. Set this parameter when using the NX701 CPU Unit.

*4. A CPU Unit with unit version 1.10 or later and Sysmac Studio version 1.12 or higher are required to use this parameter.

*5. A CPU Unit with unit version 1.04 or later and Sysmac Studio version 1.05 or higher are required for temporary
changes.

*6. Set this parameter when using the NX102 CPU Unit and NX1P2 CPU Unit.

*7. A CPU Unit with unit version 1.08 or later and Sysmac Studio version 1.09 or higher are required for temporary
changes.

*8. A CPU Unit with unit version 1.08 or later and Sysmac Studio version 1.09 or higher are required to use the MC_Write-
AxisParameter instruction.
The parameters that can be temporarily changed with the MC_WriteAxisParameter instruction can be read with the
MC_ReadAxisParameter instruction.

*9. A CPU Unit with unit version 1.11 or later and Sysmac Studio version 1.15 or higher are required to use this parameter.

*10. A CPU Unit with unit version 1.05 or later and Sysmac Studio version 1.06 or higher are required to use this parameter.

*11. This parameter is enabled only for torque control.

*12. A CPU Unit with unit version 1.01 or later and Sysmac Studio version 1.02 or higher are required for temporary
changes using the MC_Write instruction.
A CPU Unit with unit version 1.08 or later and Sysmac Studio version 1.09 or higher are required for temporary
changes using the MC_WriteAxisParameter instruction.

siajsweled SIXY L-¢-9

Refer to 3-2 Axis Setting Procedure on page 3-10 for details on how to set axis parameters.
Refer to 6-6 System-defined Variables for Motion Control on page 6-21 for information on system-
defined variables for motion control.
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5-2-2

5-8

For details on instructions including the MC_Write (Write MC Setting) instruction, refer to the NJ/NX-
series Motion Control Instructions Reference Manual (Cat. No. W508).

Axis Basic Settings

The Axis Basic Settings are used to set whether to use the axis. If you use the axis, set the axis type
and the node address of the EtherCAT slave device.

Parameter name Function

Setting De-
range fault

Axis Number Set the logical number of the axis. This number indicates the axis - -

number of the corresponding system-defined variable,
_MC_AX[0-255], _MC1_AX][0-255], and _MC2_AX][0-255].

Motion Control™! Assign to either of the primary periodic task or priority-5 periodic task. | 1to 2 1

1: Primary periodic task
2 Priority-5 periodic task

Axis Use Set whether to enable or disable the axis. 2 Oto2 0

0: Undefined axis

1: Unused axis™>
2: Used axis

Axis Type Set the axis type. Oto3 2

I/O wiring is not required for virtual axes.
0: Servo axis

1: Encoder axis

2: Virtual servo axis

3: Virtual encoder axis

Control Function™ | Select the function of axis to control. 0,1 0
0: All
1: Single-axis position control only
Input Device/Out- | Specify the node address of the EtherCAT slave device that is as- 0to -
put Device signed to the axis. © 65535

The Node Address parameter cannot be selected if the Axis Type pa-
rameter is set to use a virtual axis.

1.
*2.

*3.

4.,
*5.

*B.

Set this parameter when using the NX701 CPU Unit.

Busy (Executing) changes to TRUE if you execute a motion control instruction for an undefined or unused
axis.

Busy changes to FALSE when Execute or Enable changes to FALSE.

You can set axes as unused axes to enable using the same user program for different axis configurations
without the need to delete programming for axes that are not used.

With a CPU Unit with unit version 1.04 or later and Sysmac Studio version 1.05 or higher, Unused axis
(changeable to used axis) and Unused axis (unchangeable to used axis) are displayed by the Sysmac
Studio.

If you set Unused axis (changeable to used axis), you can set the axis parameters and use the
MC_ChangeAxisUse (Change Axis Use) instruction to temporarily change the setting of the Axis Use axis
parameter.

Refer to 9-8-10 Changing Axis Use on page 9-85 for details.

Set this parameter when using the NX102 CPU Unit and NX1P2 CPU Unit.

To use the axis as a motion control axis, select All. To use the axis as a single-axis position control axis,
select Single-axis position control only.

For an NX-series Position Interface Unit, select the node address of the EtherCAT Coupler Unit and the NX
Unit number of the Position Interface Unit.
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Using Absolute Encoders
When absolute encoders are used, the absolute encoder home offset for each axis is saved

to the CPU Unit along with the axis number.
The saved offset is lost if the axis number is changed. If you change the axis number, set the

Homing Settings again.

I Axis Numbers

You can set the number for axis numbers up to the maximum number of controlled axes. You can
change the number of real axes to used axes up to the maximum number of used real axes.

Item NX701-17 | NX701-161] &
Settable axis numbers 0 to 255 0to 127 ,_3:
Maximum number of used real axes | 256 axes 128 axes %
Item NX502-1701001 | NX502-1611"1 | NX502-15011 | NX502-1411 | NX502-1301[] %
Settable axis numbers 0 to 255 0to 127 0to 63 0 to 31 0to 15 ’
Maximum number of used | 256 axes 128 axes 64 axes 32 axes 16 axes
real axes
*1.  Models added from the CPU Unit version 1.66.
$
Item NX102-1200 | NX102-11000 | NX102-10CJ | NX102-9011 g
Settable axis numbers 0to 14 0to 14 0to 14 Oto3 g
Maximum number of used real axes 12 axes 8 axes 6 axes 4 axes §
Used motion control servo axes 8 axes 4 axes 2 axes - g
Used single-axis position control servo axes | 4 axes 4 axes 4 axes 4 axes é

NX1P2-9B
Item NX1P2-110000007 | NX1P2-10C1000000 | NX1P2-9001000100 é HEH
Settable axis numbers Oto 11 Oto9 Oto3 Oor1
Maximum number of used 8 axes 6 axes 4 axes 2 axes
real axes
Used motion control servo | 4 axes 2 axes - -
axes
Used single-axis position 4 axes 4 axes 4 axes 2 axes
control servo axes
Item NJ501-0150000 NJ501-040000 NJ501-C13C000
Settable axis numbers 0to 63 0to 31 Oto 15
Maximum number of used | 64 axes 32 axes 16 axes
real axes
Item NJ301-1200 NJ301-110 NJ101-10C01
Settable axis numbers 0to 14" 0to 1472 Oto5
Maximum number of used | 8 axes 4 axes 2 axes
real axes

*1.  Therange is 0 to 7 for a CPU Unit with unit version 1.05 or earlier.
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*2.  Therange is 0 to 3 for a CPU Unit with unit version 1.05 or earlier.

I Motion Control

For the NX701 CPU Unit, the axes to use are assigned to either of the primary periodic task or priori-
ty-5 periodic task.

@ Additional Information

The Motion control setting is not provided for the NX502 CPU Unit, NX102 CPU Unit, NX1P2
CPU Unit, and NJ-series CPU Unit, which support only the primary periodic task.

I Axis Types

The following table describes the different axis types that you can select in the Axis Type parameter.

Axis type Description

Servo axis These axes are used by the EtherCAT slave Servo Drives and NX-series Position In-

terface Units.”! They are assigned to actual Servo Drives or other devices.

One Servomotor is used as one axis.

If you use NX-series Position Interface Units, you can assign more than one device,
such as a Pulse Output Unit and Digital Input Unit, to the same axis.

Virtual servo axis These virtual axes exist only inside the MC Function Module. They are not used by
actual Servo Drives.
For example, they are used as master axes for synchronizing control.

Encoder axis These axes are used by the EtherCAT slave Encoder Input Terminals and NX-series
Position Interface Units."! An encoder axis is assigned to an actual encoder input ter-
minal or other device.

If one encoder input terminal contains two counters, each counter will act as one axis.

Virtual encoder axis These virtual axes are used for encoder operation. A virtual encoder axis is used tem-

porarily in place of an encoder axis when there is no physical encoder. 2

*1. Refer to 1-4-3 Function Specifications on page 1-12 for the controllable devices.
*2. Virtual encoder axes are used in combination with motion control instructions that update the actual position
of the virtual encoder axis.

They cannot be used in place of encoder axes for versions of the MC Function Module that do not support
such instructions.

® Virtual Servo Axes

A virtual servo axis does not have a physical encoder or external I/O signals.

Therefore, virtual servo axes differ from servo axes in the following ways.

* They are always in Servo ON state.

* The actual current position equals the command current position.
However, there is sometimes calculation error because processing is performed with long reals
in the MC Function Module.

» The actual current velocity equals the command current velocity.
However, there is sometimes calculation error because processing is performed with long reals
in the MC Function Module.

» External input signals cannot be used.
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+ If the MC_Home or MC_HomeWithParameter instruction is executed, the instruction is process-
ed as a zero position preset regardless of the setting of the Homing Method axis parameter.

« If a motion control instruction that uses a latch function is executed, you must set the trigger input
condition to Controller Mode. An error does not occur if you set it to Drive Mode, but a latch trig-
ger will not occur, so execution of the instruction will not end.

Latches are used by the following instructions: MC_TouchProbe (Enable External Latch),
MC_MoveFeed (Interrupt Feeding), MC_MoveLink (Synchronous Positioning), and other instruc-
tions.

» Errors do not occur for immediate stop inputs or positive/negative limit inputs because the input

signals do not exist.

® Encoder Axes and Virtual Encoder Axes
Encoder and virtual encoder axes differ from servo and virtual servo axes in the following ways.
* They do not have command positions. They have only actual positions.
* You cannot use motion-type motion control instructions for them.

siojaweled SIXY Z-G

M Precautions for Correct Use

You cannot set the axis type of a single-axis position control axis to Encoder axis or Virtual en-
coder axis.

= o

I Control Function o

N

Select the function of axis to control. 5

This setting is selectable only when you use an NX102 CPU Unit or NX1P2 CPU Unit. g

o

»

Control Function Description 2

All Sets the axis to a motion control axis for which all controls can be used. é
Single-axis position control Sets the axis to a single-axis position control axis for which only single-axis po-

only sition control can be used.

The following table shows the axis types that are available with the selected Control Function.

X Control Function
Axis type . . o
All | Single-axis position control only
Servo axis O O
Virtual servo axis O O
Encoder axis O X
Virtual encoder axis | O X

The following table shows the enabled functions.

Control Function

Motion control function
All | Single-axis position control only
Single-axis position control O O
Single-axis synchronized control | O X
Single-axis velocity control O o1
Single-axis torque control O X
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5-12

Motion control function

Control Function

Al

Single-axis position control only

Multi-axes coordinated control

O

X

*1. You can use only the MC_MoveVelocity (Velocity Control) instruction.

Refer to Section 9 Motion Control Functions on page 9-1 for details on motion control functions.

@ Additional Information

Select Single-axis position control only when you use NX102-900U1] or NX1P2-901011CIL.

I Input Device/Output Device

For a servo or encoder axis, the node address specifies the node address of the EtherCAT slave de-

vice that is assigned to the axis.

For an NX-series Position Interface Unit, select the node address of the EtherCAT Coupler Unit and
the NX Unit number of the Position Interface Unit.
The Node Address parameter cannot be selected if the Axis Type parameter is set to a virtual axis.

M Precautions for Correct Use

* OMRON 1S-series Servo Drives and G5-series Servo Drives can be set to specific node ad-
dresses by using the node address switches on the front panels.
If the node address switches are set to 00, the node address will be determined by the set-
tings made in the EtherCAT Editor of the Sysmac Studio.
If the node address switches are set to 00 for all connected Servo Drives, errors will not occur
even if the Servo Drive's connection position is changed. Set the node addresses on the
node address switches to assign specific Servo Drives for each machine control.

* The value set on the Servo Drive's node address switches is loaded only once when the Ser-
vo Drive's control power is turned ON.
Such changes are enabled only after the power supply is turned ON again.
Do not change the setting on the node address switches after the power supply has been

turned ON.

« An error occurs if the same node address is used more than once.
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@ Additional Information

» The following example shows the EtherCAT device’s node address setting for an OMRON
1S-series Servo Drive with built-in EtherCAT communications.

7-segment display

ID switch

CN7
<

Status indicators

» The rotary switches in the display area on the Servo Drive are used to set the EtherCAT node

address.

Rotary switch setting

Node address setting range

OMRON slaves

Non-OMRON slaves"

00

Value set from the Sysmac Studio
(1t0512"2)

01to FF

Node address switch setting

Value set from the Sysmac

Studio
(1to 512"2)

*1.  The value set from the Sysmac Studio will be used for all non-OMRON slaves, regardless of any
setting at the slave.
*2.  For the NJ-series CPU Unit, the set value is 1 fo 192. However, only for the NJ101 CPU Unit, the
maximum number of slaves which can be connected is 64.
For the NX502 CPU Unit, the set value is 1 to 256, and the maximum number of slaves which can
be connected is 256.
For the NX102 CPU Unit, the set value is 7 to 192, and the maximum number of slaves which can
be connected is 64.
For the NX1P2 CPU Unit, the set value is 71 to 192, and the maximum number of slaves which can
be connected is 16.

5-2-3  Unit Conversion Settings

These parameters set position units.

Parameter name Function Setting range Default

Unit of Display Set the unit for command positions. Oto5 0

* pulse

° mm

« um

°* nm

* degree

* inch
Command Pulse Count Per | Set the number of pulses per motor rotation for 1 to 4,294,967,295 | 10,000
Motor Rotation™ command positions according to the encoder res-

olution. 2

The command value is converted to a number of

pulses based on the electronic gear ratio.

5-13
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5-14

Parameter name Function Setting range Default
Work Travel Distance Per Set the workpiece travel distance per motor rota- | 0.000000001 to 10,000
Motor Rotation™3 tion for command positions. 4,294,967,295
Reducer Use™ *5 Specify whether to use the reducer setting or not. | TRUE or FALSE FALSE

TRUE: Used.

FALSE: Not used.

Work Travel Distance Per Set the work travel distance per rotation. Positive long reals | 10,000

Rotation™ "¢ *7

Work Gear Ratio™ *6 Set the gear ratio for the workpiece. 110 4,294,967,295 | 1
Motor Gear Ratio™ *6 Set the gear ratio of the motor. 110 4,294,967,295 | 1
*1.  This is the numerator of the electronic gear ratio (unit conversion formula).
*2.  For example, if the encoder resolution is 10,000 pulses/rotation, set 70,000.
*3. This is the denominator of the electronic gear ratio (unit conversion formula) when you set not to use the
reducer.
This parameter is disabled when you set to use the reducer.
*4. A CPU Unit with unit version 1.11 or later and Sysmac Studio version 1.15 or higher are required to use this
parameter.
*5. When you set to use the reducer, some conditions must be met to make the unit conversion settings.
Refer to Conditions to Use Reducers on page 5-15 for the conditions.
*6. This parameter is enabled when you set to use the reducer.
*7. The setting is possible only when the Count Mode is Linear Mode. When the Count Mode is Rotary Mode,

14}

the parameter value is calculated from the modulo maximum position setting value and modulo minimum
position setting value.

Precautions for Correct Use

» Set to use the reducer if you use the Count Mode to Rotary Mode.

When you set not to use the reducer, the number of pulses for one cycle of the ring counter
may not be an expected integer because of a calculation error for one cycle of the ring coun-
ter when converted to pulses. The unexpected integer may cause the position offset.

* When you make a change in the unit conversion settings, except for a change in the unit of
display conversion, there are some differences between the physical position of the machine
and the command current position of the MC Function Module. Therefore, if you made a
change in the unit conversion settings, execute the Home instruction to define the home
again.

Positions are generally given in pulses between the MC Function Module and Servo Drives or encoder
input terminals.

Use a display unit of millimeters or degrees for motion control instructions so that you can easily un-
derstand the operation.

User

roaram f control Function N—
| nemen Mol

Pulses Servo

Position Motion MC Drive

instructions

N v Encoder
K > Input

Terminal

Pulses

You can use the Unit of Display parameter and electronic gear (unit conversion formula) settings to
change from a pulse unit to millimeters or degrees.
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@ Additional Information

For a virtual servo axis, the command current value is converted to pulses and then that value
is converted to the unit of display. The resulting value is used as the actual current value.

User Position Motion MC
program increment | control Function Pulses Command
1 Ninstruction [ Module 1 N position
N——— N—1
< Actual
position

I Unit of Display

[3,]
You can use the Unit of Display parameter to set the unit to display on the Sysmac Studio. The display E
shows the position's display unit. :’1’:
The following table describes the units you can set. g
]
Unit Description g
pulse | Use this unit to express values in pulses.
mm Use this unit for comparatively long-distance direct operation.
um Use this unit for precise direct operation.
nm Use this unit for more precise direct operation than pm.

degree | Use this unit for rotary tables or other rotating axes.

inch Use this unit for direct operation.

I Conditions to Use Reducers

When you set to use the reducer, the following condition must be met to use the unit conversion set-

sBumas UOISIBAUOD UM €-2-G

tings.
» The result of the following calculation must be equal to or between 0.000000001 and 4,294,967,295:
Work travel distance per rotation x Work gear ratio + Motor gear ratio.

When the Count Mode is Rotary Mode, the following condition must also be met.
» The result of the following calculation must be equal to or less than 1,099,511,627,775: Command
pulse count per motor rotation x Motor gear ratio.

The work gear ratio and the motor gear ratio in the above calculations are determined from the divi-

sion by the highest common factor of the two.
Therefore, even if the condition is not met by the calculation with the set values, the condition may be

met in actual operation.

® Example
When the work gear ratio is 4 and the motor gear ratio is 6, you assume the work gear ratio to be 2
and the motor gear ratio to be 3 in the calculation.
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I Electronic Gear Ratio (Unit Conversion Formula)

Use the electronic gear to set the relationship between the display unit and pulse unit in the MC Func-
tion Module.
Use the Sysmac Studio and set the electronic gear ratio.

MC Function Servo
Command position Module Drive Y pulses
(X units) | | Electronic . :ll
e [ I
Actual position |

(X units)

X units

Command position value (pulses) = Command position (X units) x Electronic gear ratio

® When Not Using a Reducer
When you set not to use the reducer, the following formula is used to express the electronic gear

ratio.

Command Pulse Count Per Motor Rotation*1 (Y Pulses)
Work Travel Distance Per Motor Rotation*2 (X Units)

Electronic gear ratio =

*1. For an encoder axis, this is the number of pulses per encoder rotation.
*2. For an encoder axis, this is the travel distance per encoder rotation.

M Precautions for Correct Use

The electronic gear converts units to the values that are used for positioning by the MC Func-
tion Module and motion control instructions.

Motion control instructions specify the target position as LREAL data. However, an instruction
error will occur if the command position after conversion to pulses by the electronic gear ex-
ceeds 40 bits.

In this example, an OMRON 1S-series Servomotor with a 23-bit absolute encoder is used.
Mechanically, the reduction ratio of the reducer is 1/5 and the workpiece moves 10 mm for every
rotation of the ball screw.

Workpiece

Servomotor encoder
resolution: 23 bits/rotation
(8,388,608 pulses per rotation) Reduction ratio: 1/5  Ball screw pitch: 10 mm

The Unit of Display parameter is set to millimeters. The Command Pulse Count Per Motor Rotation
is set to the resolution of the encoder on the Servomotor.

A reducer with a reduction ratio of 1/5 is used, so the ball screw turns once for every five rotations
of the Servomotor. The workpiece moves 2 mm (10 mm x 1/5), so the Work Travel Distance Per
Motor Rotation is set to 2.
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Parameter name Setting
Unit of Display mm
Command Pulse Count Per Motor Rotation | 8,388,608
Work Travel Distance Per Motor Rotation 2

With these settings, the command unit for positions in the user program is 1 mm.
For example, to move to an absolute position of 100.5 mm, the Position (Target Position) input vari-
able to the MC_MoveAbsolute (Absolute Positioning) instruction is set to 700.5.

@ Additional Information

Parameter Settings for a Reduction Ratio of 1/9 for the Example

The travel distance of the workpiece for one rotation of the Servomotor is 10 mm x 1/9, or
1.1111... mm (a repeating decimal number).

For numbers that do not divide evenly, multiply the command pulse count per motor rotation
and the work travel distance per motor rotation by the same coefficient and set the parame-
ters to the results.

Here, the reduction ratio is 1/9, so we use 9 as our coefficient.

+ Command Pulse Count Per Motor Rotation: 75,497,472 (8,388,608 x 9)

* Work Travel Distance Per Motor Rotation: 10 (10 x 1/9 x 9)

siojaweled SIXY Z-G

® When Using a Reducer and the Count Mode Is Linear Mode
When you set to use a reducer and the Count Mode is Linear Mode, the following calculation for-
mula is used to have the electric gear ratio.

Command Pulse Count Per Motor Rotation x Motor Gear Ratio
Work Travel Distance Per Rotation x Work Gear Ratio

Electronic gear ratio =

m Precautions for Correct Use

sBumas UOISIBAUOD UM €-2-G

The electronic gear converts units to the values that are used for positioning by the MC Func-
tion Module and motion control instructions.

Motion control instructions specify the target position as LREAL data. However, an instruction
error will occur if the command position after conversion to pulses by the electronic gear ex-
ceeds 40 bits.

In this example, an OMRON 1S-series Servomotor with a 23-bit absolute encoder is used.
Mechanically, the reduction ratio of the reducer is 3/5 and the workpiece moves 10 mm for every

rotation of the ball screw.

Workpiece

D
Servomotor encoder
resolution: 23 bits/rotation
(8,388,608 pulses per rotation) Reduction ratio: 3/5 Ball screw pitch: 10 mm

The Unit of Display parameter is set to millimeters. The Command Pulse Count Per Motor Rotation
is set to the resolution of the encoder on the Servomotor.
The Work Travel Distance Per Rotation is set to 10 mm, which equals to the ball screw pitch.
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A reducer with a reduction ratio of 3/5 is used, so the ball screw turns three times for every five
rotations of the Servomotor. For this reduction ratio setting, the work gear ratio is set to 3 and the
motor gear ratio is set to 5.

Parameter name Setting
Unit of Display mm
Command Pulse Count Per Motor Rotation | 8,388,608
Work Travel Distance Per Rotation 10
Work Gear Ratio 3
Motor Gear Ratio 5

With these settings, the command unit for positions in the user program is 1 mm.
For example, to move to an absolute position of 100.5 mm, the Position (Target Position) input vari-
able to the MC_MoveAbsolute (Absolute Positioning) instruction is set to 700.5.

® When Using a Reducer and the Count Mode Is Rotary Mode
When you set to use a reducer and the Count Mode is Rotary Mode, the following calculation for-
mula is used to have the electric gear ratio.
In Rotary Mode, the Work Travel Distance Per Rotation is automatically determined and set by the
result of “Modulo maximum position - Modulo minimum position”.

Command Pulse Count Per Motor Rotation x Motor Gear Ratio
Work Travel Distance Per Rotation x Work Gear Ratio

Electronic gear ratio =

: Command Pulse Count Per Motor Rotation x Motor Gear Ratio
(Modulo maximum position - Modulo minimum position) x Work Gear Ratio

M Precautions for Correct Use

The electronic gear converts units to the values that are used for positioning by the MC Func-
tion Module and motion control instructions.

Motion control instructions specify the target position as LREAL data. However, an instruction
error will occur if the command position after conversion to pulses by the electronic gear ex-
ceeds 40 bits.
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In this example 1, an OMRON 1S-series Servomotor with a 23-bit absolute encoder is used.
Mechanically, the reduction ratio of the reducer is 3/5 and the workpiece moves 360 degree for ev-
ery rotation of the turntable.

Turntable
360 degree/rotation

S —

ﬂ Reduction ratio: 3/5

Servomotor encoder
resolution: 23 bits/rotation
(8,388,608 pulses per rotation)
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The Unit of Display parameter is set to degree. The Command Pulse Count Per Motor Rotation is
set to the resolution of the encoder on the Servomotor.

The Work Travel Distance Per Rotation is automatically determined and set by the result of “Modu-
lo maximum position - Modulo minimum position”.

A reducer with a reduction ratio of 3/5 is used, so the turntable (or workpiece) turns three times for
every five rotations of the Servomotor. For this reduction ratio setting, the work gear ratio is set to 3
and the motor gear ratio is set to 5.

sBumas UOISIBAUOD UM €-2-G

Parameter name Setting
Unit of Display degree
Command Pulse Count Per Motor Rotation | 8,388,608
Work Travel Distance Per Rotation Modulo maximum position - Modulo minimum position
Work Gear Ratio 3
Motor Gear Ratio 5

With these settings, the command unit for positions in the user program is 1 degree.
For example, to move to an absolute position of 100.5 degree, the Position (Target Position) input
variable to the MC_MoveAbsolute (Absolute Positioning) instruction is set to 700.5.
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In this example 2, an OMRON 1S-series Servomotor with a 23-bit absolute encoder is used.
Mechanically, the reduction ratio of the reducer is 3/5 and the conveyor moves 80 mm for every
rotation of the pulley. The travel distance per conveyor rotation is 360 mm.

Servomotor encoder resolution: 23 bits/rotation

(8,388,608 pulses per rotation) Travel distance per conveyor
) rotation = 360 mm
Travel distance per pulley (Modulo maximum position/Modulo

rotation = 80 mm minimum position: O to 360)

Reducer
Reduction Mechanical
ratio: 3/5 ratio: 80/360
N J
Y
Final ratio:

3 x 80 Work Gear Ratio
T 5x360 ~ Motor Gear Ratio

The Unit of Display parameter is set to millimeters. The Command Pulse Count Per Motor Rotation
is set to the resolution of the encoder on the Servomotor.

The travel distance per conveyor rotation is automatically set by the result of “Modulo maximum po-
sition - Modulo minimum position”.

Parameter name Setting

Modulo Maximum Position | 360

Modulo Minimum Position | 0

A reducer with a reduction ratio of 3/5 is used, so the pulley turns three times for every five rota-
tions of the Servomotor. The conveyor travel distance per pulley rotation is 80 mm and the travel
distance per conveyor rotation is 360. For this reduction ratio setting, the work gear ratio is set to
240 (3 x 80) and the motor gear ratio is set to 1,800 (5 x 360).

Parameter name Setting
Unit of Display mm
Command Pulse Count Per Motor Rotation | 8,388,608
Work Travel Distance Per Rotation Modulo maximum position - Modulo minimum position
Work Gear Ratio 240
Motor Gear Ratio 1,800

@ Additional Information

« If the travel distance per pulley rotation is not an integer (e.g. 80.1 mm), use a ratio multiplied
by the coefficient of 10, which converts values to integers, to calculate the work gear ratio
and the motor gear ratio. When the above example is used, the work gear ratio is set to 2,403
(3 x 80.1 x 10), and the motor gear ratio is set to 18,000 (5 x 360 x 10).

* In the same way as the above example 2, when a multi-step reducer is used, multiply several
ratios together and use a final ratio to set the work gear ratio and the motor gear ratio.
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5 Motion Control Parameters

These parameters set items for axis operation, such as the maximum velocity and maximum accelera-
tion/deceleration rate. Set them according to the specifications of the device you are controlling.

Parameter name

Function

Setting range

Default

Maximum Velocity

Set the maximum velocity for each axis. ™
Do not set a value that exceeds the maxi-
mum speed of the motor that you are using.
(Unit: command units/s)

Positive long reals?

400,000,000

Start Velocity™

Set the start velocity for each axis.
Set a value that does not exceed the maxi-
mum velocity. (Unit: command units/s)

Positive long reals

Maximum Jog Veloci-
ty

Set the maximum jog velocity for each axis.
4

Set a value that does not exceed the maxi-
mum velocity. (Unit: command units/s)

Positive long reals

1,000,000

Maximum Accelera-
tion

Set the maximum acceleration rate for an ax-
is operation command.
There will be no limit to the acceleration rate

if 0 is set. (Unit: command units/s?)

Non-negative long reals

Maximum Decelera-
tion

Set the maximum deceleration rate for an ax-
is operation command.
There will be no limit to the deceleration rate

if 0 is set. (Unit: command units/s?)

Non-negative long reals

Acceleration/Deceler-
ation Over

Set the operation for when the maximum ac-
celeration/deceleration rate would be ex-
ceeded after excessive acceleration/deceler-
ation during acceleration/deceleration control
of the axis because stopping at the target po-
sition is given priority.

0: Use rapid acceleration/deceleration.
(Blending is changed to Buffered.) "

1: Use rapid acceleration/deceleration.

2: Minor fault stop "®

Oto2

Operation Selection
at Reversing

Specify the operation for reversing rotation
for multi-execution of instructions, re-execu-
tion of instructions, and interrupt feeding. 7
0: Deceleration stop

1: Immediate stop

Oto1

Velocity Warning Val-
ue

Set the percentage of the maximum velocity
at which to output a velocity warning for the
axis.

No velocity warning is output if 0 is set.
(Unit: %)

0to 100

Acceleration Warning
Value

Set the percentage of the maximum acceler-
ation rate at which to output an acceleration

warning for the axis.

No acceleration warning is output if 0 is set.

(Unit: %)

0to 100
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5-22

Parameter name Function Setting range Default
Deceleration Warning | Set the percentage of the maximum deceler- | 0 to 100 0
Value ation rate at which to output a deceleration

warning for the axis.

No deceleration warning is output if 0 is set.

(Unit: %)
Positive Torque Set the torque command value at which to 0 to 1,000 0
Warning Value™® output a positive torque warning.

No positive torque warning is output if 0 is

set. (Unit: %)
Negative Torque Set the torque command value at which to 0 to 1,000 0
Warning Value™® output a negative torque warning.

No negative torque warning is output if 0 is

set. (Unit: %)
Actual Velocity Filter | Set the time period to calculate the average | 0to 100 0

Time Constant

travel of the actual velocity in milliseconds.
The average travel is not calculated if 0 is
set.

(Unit: ms)

Use this to reduce variations in the actual
current velocity when axis velocity is slow.

In-position Range"®

Set the in-position width.
(Unit: command units)

Non-negative long reals | 10

In-position Check

Time"®

Set the in-position check time in millisec- 0 to 10,000 0
onds.

Set 0 to check for the end of positioning only
when you define the home position during
homing and not check positioning at other

times. (Unit: ms)

Zero Position Range

Set the home position detection width.
(Unit: command units)

Non-negative long reals | 10

1.

*2.

*3.

*4.

*5.

*6.

*7.

*8.
*9.

The maximum velocity is used as the command velocity if you specify a velocity command value that is
greater than the maximum velocity. This parameter also applies to interpolation control operation.

Do not set any value that exceeds the motor maximum velocity (maximum rotation speed) that can be out-
put by the Servomotor/Servo Drive connected to the axis. Check the specifications of the connected Servo-
motor/Servo Drive before you set this parameter.

The maximum value that you can set is as follows when the value is converted to pulses:

For a CPU Unit with unit version 1.11 or later, the value is 2,147,483,647 [pulses/s]. For a CPU Unit with unit
version 1.03 or later and 1.10 or earlier, the value is 500,000,000 [pulses/s]. For a CPU Unit with unit ver-
sion 1.02 or earlier, the value is 400,000,000 [pulses/s].

A CPU Unit with unit version 1.05 or later and Sysmac Studio version 1.06 or higher are required to use this
parameter.

The maximum jog velocity is used as the command velocity if you specify a velocity command value that is
greater than the maximum jog velocity.

For a CPU Unit with unit version 1.10 or later, Blending is not changed to Buffered.

Refer to 9-5-7 Multi-execution of Motion Control Instructions (Buffer Mode) on page 9-49 for details.

For a CPU Unit with unit version 1.10 or later, the axis does not stop with an error when Blending is used for
operation.

Refer to 9-5-7 Multi-execution of Motion Control Instructions (Buffer Mode) on page 9-49 for details.

Refer to 9-5-6 Re-executing Motion Control Instructions on page 9-44 and 9-5-7 Multi-execution of Motion
Control Instructions (Buffer Mode) on page 9-49 for details on the Operation Selection at Reversing param-
eter.

This parameter is enabled only for torque control.

The in-position check is processed by the MC Function Module. The function in the Servo Drive is not used.
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I Maximum Velocity

This section provides a setting example for the maximum velocity.

@ Setting Example for the Maximum Velocity
The same machine as in When Not Using a Reducer on page 5-16 is described here for a Servo-
motor with a maximum speed of 6,000 r/min.

Workpiece

Servomotor encoder

resolution: 23 bits/rotation
(8,388,608 pulses per rotation) Reduction ratio: 1/5 Ball screw pitch: 10 mm

The Maximum Velocity is set to 200 based on a calculation for the conditions (maximum speed:
6,000 r/min, reduction ratio: 1/5, ball screw pitch: 10 mm; 6,000 r/min x 1/5 x 10 mm = 12,000

mm/min = 200 mm/s).
The default setting of 400,000,000 would exceed the maximum speed of the motor, so you must

change the setting.

siojaweled SIXY Z-G

Parameter name Setting

Unit of Display mm &
Command Pulse Count Per Mo- | 8,388,608 g
tor Rotation 3
Work Travel Distance Per Motor | 2 g—
Rotation %
Maximum Velocity 200 g

(7]

I Start Velocity

Set the start velocity to 0 when you use a servomotor.
If you use a stepper motor, use 10% to 50% of the maximum self-start frequency to prevent loosing
the sync at startup. However, this depends on the load, so refer to the manual for the stepper motor.

Not Specifying Jerk Specifying Jerk

Velocity , Velocity

Target velocity | _ _ _ _ Target velocity

Start velocity | _ /_ oo e _x Start velocity |

» Time 0

» Time

Acceleration Deceleration Acceleration Deceleration

If the target velocity is less than or equal to the start velocity, acceleration/deceleration are not per-
formed and the axis moves at the target velocity.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507) 5-23



5 Motion Control Parameters

Velocity .

Start veloCitY | o e e e e e e e e e e e e e m e m—————

Target velocity |

0 » Time

If the target velocity changes as the result of re-executing the motion control command or as the result
of performing multi-execution of instructions for it during motion, the start velocity is used. If the target
velocity is greater than the start velocity, acceleration/deceleration are performed at the specified ac-
celeration/deceleration rates. If the target velocity is less than or equal to the start velocity, accelera-
tion/deceleration are not performed and the axis moves.

Velocity ynstruction Instruction Instruction

executed. execYuted. exec?ted.

Start velocity

» Time

The start velocity is also used if the velocity is changed by the MC_SetOverride instruction. If the tar-
get velocity is greater than the start velocity, acceleration/deceleration are performed at the specified
acceleration/deceleration rates. If the target velocity is less than or equal to the start velocity, accelera-
tion/deceleration are not performed and the axis moves.

Velocity
100%—180% 180%—50% Override factor

Start velocity

The start velocity is not used in the following cases.
» Torque Control Mode
» Cyclic synchronous velocity control
» Cyclic synchronous positioning
» Synchronized control
However, the start velocity is used for the MC_GearOut and MC_CamOut instructions.
* Multi-axes coordinated control
However, the start velocity for each axis is used to decelerate the axes to a stop.

5-2-5  Other Operation Settings

These parameters are used to set the stopping methods and torque limits to use when the input sig-
nals are enabled.
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5-2-6

Parameter name Function Setting range Default
Immediate Stop In- | Set the stopping method in the MC Function Module when 0,2,0r3 0
put Stop Method the immediate stop input is enabled.

0: Immediate stop

2: Immediate stop and error reset

3: Immediate stop and Servo OFF
Limit Input Stop Set the stopping method in the MC Function Module when Oto3 0
Method the positive limit input or negative limit input is enabled.

0: Immediate stop

1: Deceleration stop

2: Immediate stop and error reset

3: Immediate stop and Servo OFF
Drive Error Reset | Set the monitor time for a drive error reset. (Unit: ms) 1to 1,000 200
Monitoring Time After the monitor time has elapsed, reset processing will

end even if the drive error is not yet reset.
Maximum Positive | Set the maximum value of the positive torque limit. *! 0.0to0 1000.0 | 300.0
Torque Limit (Unit: %)
Maximum Nega- | Set the maximum value of the negative torque limit. ! 0.0 to 1000.0 | 300.0
tive Torque Limit (Unit: %)
Immediate Stop In- | Set whether to reverse the logic of the immediate stop input | FALSE or FALSE'3
put Logic Inver- signal. TRUE
sion™2 FALSE: Do not reverse.

TRUE: Reverse.
Positive Limit Input | Set whether to reverse the logic of the positive limit input FALSE or FALSE™3
Logic Inversion™ | signal. TRUE

FALSE: Do not reverse.

TRUE: Reverse.
Negative Limit In- | Set whether to reverse the logic of the negative limit input FALSE or FALSE™3
put Logic Inver- signal. TRUE
sion™2 FALSE: Do not reverse.

TRUE: Reverse.
Home Proximity In- | Set whether to reverse the logic of the home proximity input | FALSE or FALSE
put Logic Inver- signal. TRUE

sion"?

FALSE: Do not reverse.
TRUE: Reverse.

*1. If Positive Torque Limit Value (60E0 hex) and Negative Torque Limit Value (60E1 hex) are mapped as
PDOs, the set values of these parameters are sent with EtherCAT process data communications.
If a torque limit is enabled with the MC_SetTorqueLimit instruction, the value that is specified with the input
variable to the instruction is sent.

*2. A CPU Unit with unit version 1.05 or later and Sysmac Studio version 1.06 or higher are required to use this
parameter. You cannot reverse the logic for a CPU Unit with a unit version of 1.04 or earlier.
This parameter is set for devices, such as NX-series Digital Input Units, for which the logic of the input sig-
nals cannot be set. For devices, such as OMRON 1S-series Servo Drives, for which you can set the input
signal logic, set this parameter to not reverse the signal.

*3.  If you assign an NX-series Pulse Output Unit to an axis, the default is TRUE.

Limit Settings

Use the following parameters to select functions for limiting the following error and for software limits.
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5-2-7

5-26

Parameter name

Function

Setting range

Default

Software Limits™

Select the software limit function.

0: Disabled.

1: Deceleration stop for command position
2: Immediate stop for command position
3: Deceleration stop for actual position

4: Immediate stop for actual position

Oto4

Positive Software Set the software limit in the positive direction. Long reals 2,147,483,647
Limit (Unit: command units)
Negative Software Set the software limit in the negative direction. Long reals -2,147,483,648

Limit

(Unit: command units)

Following Error Over | Set the excessive following error check value. Non-negative 0
Value Set 0 to disable the excessive following error long reals

check. (Unit: command units)
Following Error Set the following error warning check value. Non-negative 0

Warning Value

Set 0 to disable the following error warning check.
(Unit: command units)

long reals that
are less than or
equal to the Fol-
lowing Error
Over Value

*1.  This function is enabled only when the Count Mode is Linear Mode and the home is defined.
Refer to 9-8-5 Software Limits on page 9-79 for details on software limits.

Position Count Settings

Set the count mode for the position.
Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information on us-
ing the NX-series Position Interface Units.

Parameter name

Function

Setting range

Default

Count Mode

Set the count mode for the position.
0: Linear Mode (finite length)
1: Rotary Mode (infinite length)

Oto1

Modulo Maximum Set the modulo maximum position when the Count | Long reals 2,147,483,647
Position Setting Val- | Mode is set to Rotary Mode.

ue (Unit: command units)

Modulo Minimum Set the modulo minimum position when the Count | Long reals -2,147,483,648
Position Setting Val- | Mode is set to Rotary Mode.

ue (Unit: command units)

Encoder Type Oto1 0

Set the encoder type. 12
0: Incremental encoder (INC)
1: Absolute encoder (ABS)

*1. Set the encoder type to 1 (absolute encoder (ABS)) when you use any of the following.
* When an OMRON 1S-series Servomotor/Servo Drive is used
* When an OMRON G5-series Servomotor with an absolute encoder is used
* When an OMRON G5-series Servomotor/Servo Drive with an absolute external scale for fully-closed con-

trol is used

* When an OMRON G5-series Linear Motor Type Servomotor/Servo Drive with built-in EtherCAT communi-
cations is used with an absolute external scale
*2.  The settings are as follows when you use an OMRON Gb5-series Servomotor/Servo Drive with an external
scale for fully-closed control, or when you use an OMRON G5-series Linear Motor Type Servomotor/Servo
Drive with built-in EtherCAT communications.
0: Incremental external scale
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1: Absolute external scale

I Count Modes

The Count Mode is the feed mode for the axis.

Select the count mode for the command positions for each axis.

There are two Count Modes: Linear Mode, which has a finite axis feed range and Rotary Mode,
which has an infinite axis feed range.

@ Linear Mode (Finite Length Axis)

» The linear mode is centered around O.

This mode is used for devices with a mechanically limited range of motion, such as an XY stage.

» The setting range when the value is converted to pulses is 40 bits (signed integer:
0x8000000000 to Ox7FFFFFFFFF).

* You cannot specify a target position for relative or absolute positioning that exceeds this range.

* A command position overflow or underflow observation will occur if this range is exceeded for op-
erations that do not have a target position, such as velocity control, homing, or torque control.
Command position output will continue, but the actual position is not updated and will be fixed to
either the upper limit or the lower limit.

» While the value of the actual position is fixed, you can execute commands and stop the axis with
any operation that does not have a target position in the direction toward the linear range. Any
command that specifies a direction away from the range will cause an error on execution of the
instruction.

» The actual position does not update until the overflow or underflow status is cleared.
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0x8000000000 "o Ox7FFFFFFFFF
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@ Rotary Mode (Infinite Length Axis)
» This mode repeatedly counts with a ring counter for an infinite amount within the set range.
Use this mode for rotary tables or winding shafts.
» Use the Sysmac Studio to set the modulo maximum position and the modulo minimum position
to define the range of the ring counter.
» The setting range when the value is converted to pulses is 40 bits (signed integer:
0x8000000000 to Ox7FFFFFFFFF).

Count value
Ox7FFFFFFFFF -----===============m-mmmmmmmm oo

Modulo MaXiMUM === = — o o oo e e e e e
position

0 J/ V J/
Modulo minimum f---=====-= e e M e e

position

0XB00000000Q ===~~~ === === oo ooooooooooeoooooooooo
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» The number of pulses for one cycle of the ring counter may not be an expected integer because
of a calculation error for one cycle of the ring counter when converted to pulses. The unexpected
integer may cause the position offset.

L~ Version Information

Set to use the reducer to cancel the cause of the above position offset when you use a CPU
Unit with unit version 1.11 or later.
Refer to 5-2-3 Unit Conversion Settings on page 5-13 on use of reducers.

Modulo Maximum Position and Modulo Minimum Position Setting
Values

The settings of these parameters are enabled when the Count Mode is set to Rotary Mode.
Set the upper and lower limits of the ring counter.

M Precautions for Correct Use

» If 0 is not included between the upper and lower limits of the ring counter, an error occurs
when the MC_MoveZeroPosition (High-speed Home) instruction is executed.

» When you perform absolute positioning with a MC_MoveAbsolute or MC_Move instruction,
make sure that the target position is within the range of the ring counter. An error occurs if the
target position is not within the range of the ring counter.

If the Direction input variable to the instruction is set to No direction specified, you can set a
target position that is not within the range of the ring counter. If that occurs, relative position-
ing is performed using the difference between the target position and the command current
position as the target distance.

* When you make a change in the position count settings, there are some differences between
the physical position of the machine and the command current position of the MC Function
Module. Therefore, if you made a change in the position count settings, execute the Home
instruction to define the home again.

I Encoder Type

Set the type of encoder to use for feedback input.

Set the encoder type to 1 (absolute encoder (ABS)) when you use any of the following.

* When an OMRON 1S-series Servomotor/Servo Drive is used

* When an OMRON G5-series Servomotor with an absolute encoder is used

* When an OMRON G5-series Servomotor/Servo Drive with an absolute external scale for fully-closed
control is used

* When an OMRON Gb5-series Linear Motor Type Servomotor/Servo Drive with built-in EtherCAT
communications is used with an absolute external scale

5-2-8  Servo Drive Settings

Set the value that is set on the Servo Drive or the Encoder Input Terminal that is connected.

Parameter name Function Setting range Default™
Modulo Maximum Set the modulo maximum position that is set on the | 263 {5 263_1 2,147,483,647
Position Setting Val- | Servo Drive or the Encoder Input Terminal. "2 (Unit: pulses)
ue
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Parameter name Function Setting range Default™
Modulo Minimum Set the modulo minimum position that is set on the | _963 {5 963_1 -2,147,483,648
Position Setting Val- | servo Drive or the Encoder Input Terminal. 2 (Unit: pulses)
ue
PDS State Control Set the state to which PDS state changes when Ser- | 0 to 1 0
Method"3 vo is turned OFF by the MC_Power instruction.

0: Switched on by Servo OFF
1: Ready to switched on by Servo OFF

*1.  The default range is all DINT integers. You can use the default range with OMRON 1S-series Servo Drives
or G5-series Servo Drives.
Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information on using the
NX-series Position Interface Units.

*2.  If you use an OMRON GX-series EtherCAT Slave Encoder Input Terminal, the maximum value of the ring
counter (index 0x4003) of the Encoder Input Terminal must agree with the Modulo Maximum Position Set-
ting Value. The modulo minimum position setting value must be set to 0.

*3. A CPU Unit with unit version 1.10 or later and Sysmac Studio version 1.12 or higher are required to use this
parameter.

*4. If you set this parameter to 7, the Servo Ready (Switched on) status of OMRON G5-series Servo Drives
cannot be used. To use the Servo Ready (Switched on) status, set this parameter to 0. Refer to A-5 PDS
State Transition on page A-28 for details on the PDS state transition.
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5-2-9  Homing Settings

0: Proximity reverse turn/home proximity input OFF or 11 to 14
1: Proximity reverse turn/home proximity input ON
4: Home proximity input OFF
5
8

Set the motor operation to use to determine home. q
©

Parameter name Function Setting range | Default z

3

Homing Method™1*2 Set the homing operation. 0,1,4,5,8,9, 14 a
o

§

(2]

: Home proximity input ON

: Limit input OFF
9: Proximity reverse turn/home input mask distance
11: Limit inputs only
12: Proximity reverse turn/holding time
13: No home proximity input/holding home input
14: Zero position preset

Home Input Signal Select the input to use for the home input signal. Oor1 0
0: Use Z-phase input as home

1: Use external home input "3

Homing Start Direc- Set the start direction for when homing is started. Oor2 0
tion 0: Positive direction

2: Negative direction
Home Input Detection | Set the home input detection direction for homing. Oor2 0
Direction 0: Positive direction

2: Negative direction

Operation Selection Set the stopping method when the positive limit input Oto2 1
at Positive Limit Input | turns ON during homing.

0: No reverse turn/minor fault stop

(Stop according to Limit Input Stop Method parameter.)
1: Reverse turn/immediate stop

2: Reverse turn/deceleration stop
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5-30

Parameter name Function Setting range | Default
Operation Selection Set the stopping method when the negative limit input Oto2 1
at Negative Limit In- turns ON during homing.
put 0: No reverse turn/minor fault stop
(Stop according to Limit Input Stop Method parameter.)
1: Reverse turn/immediate stop
2: Reverse turn/deceleration stop
Homing Velocity Set the homing velocity. Positive long re- | 10,000
(Unit: command units/s) als
Homing Approach Ve- | Set the velocity to use after the home proximity input turns | Positive long re- | 1,000
locity ON. als
(Unit: command units/s)
Homing Acceleration | Set the acceleration rate for homing. Non-negative 0
If the homing acceleration is set to 0, the homing velocity | long reals
or other target velocity is used without any acceleration.
(Unit: command units/s?)
Homing Deceleration | Set the deceleration rate for homing. Non-negative 0
If the homing deceleration is set to 0, the homing ap- long reals
proach velocity or other target velocity is used without any
deceleration. (Unit: command units/s2)
Homing Jerk Set the jerk for homing. Non-negative 0
Set 0 for no jerk. long reals
(Unit: command units/s3)
Home Input Mask Set the home input mask distance when you set the Hom- | Non-negative 10,000
Distance ing Operation Mode to a proximity reverse turn/home in- long reals
put mask distance.
(Unit: command units)
Home Offset Preset the actual position for the value that is set after Long reals 0
homing. (Unit: command units)
Homing Holding Time | Set the holding time in milliseconds when you set the 0 to 10,000 100
Homing Operation Mode to a proximity reverse turn/hold-
ing time. (Unit: ms)
Homing Compensa- Set the homing compensation value that is applied after Long reals 0
tion Value the home is defined.
(Unit: command units)
Homing Compensa- Set the velocity to use for homing compensation. Positive long re- | 1,000
tion Velocity (Unit: command units/s) als

*1.  These parameters are for homing operation.
Refer to Section 8 Homing on page 8-1 for details.
*2. You cannot map the Z-phase input to a PDO for an OMRON G5-series Linear Motor Type Servo Drive.

*3.

Therefore, if you set the Homing Method to the No home proximity input/holding home input, which can
use a Z-phase input mapped to a PDO, do not select the Z-phase input for the home input signal.

This setting can be used for an OMRON 1S-series Servo Drive or G5-series Servo Drive. The input allocat-
ed to latch 1 for the Servo Drive is used as the external home input. In the default setting of the OMRON 1S-
series Servo Drives or G5-series Servo Drives, the external latch input 1 is allocated to latch 1.

For details, refer to the AC Servomotors/Servo Drives 1S-series with Built-in EtherCAT Communications
User’s Manual (Cat. No. 1586), AC Servomotors/Servo Drives 1S-series with Built-in EtherCAT
Communications and Safety Functionality User’s Manual (Cat. No. 1621), AC Servomotors/Servo Drives G5-
series with Built-in EtherCAT Communications User’s Manual (Cat. No. 1576), or AC Servomotors/Servo
Drives G5-series with Built-in EtherCAT Communications Linear Motor Type User’s Manual (Cat. No. 1577).
Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information on using the
NX-series Position Interface Units.
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5-2-10 Axis Parameter Setting Example

This section provides examples of axis parameter settings related to positioning.

I Single-axis Positioning

The following example is for a device that performs single-axis positioning separately for each of two
axes.

MC Function Module

I
i | Command position -l—
I
. Gear
| Axis 1 ratio Axis 1: Servo axis o
' N
! ~ %
| | Actual position |<— z
H o
: | Command position -l— 5
]
i . Gear 3
| Axis 2 ratio Axis 2: Servo axis
! | Actual position |<—
I
o
Settings kN
Parameter name - . °©
Axis 1 Axis 2 £
Axis Variable Names Axis1 Axis2 :-9
Axis Number 1 2 %
Enabled Axes Used axis Used axis g’
Axis Type Servo axis Servo axis &
Input Device/Output Device 1 2 8
m
Unit of Display pm’? pum S,
Command Pulse Count Per Motor 1,048,576 1,048,576 z
Rotation
Work Travel Distance Per Motor 10,000 10,000
Rotation
Maximum Velocity 500,000"2 500,000"2
Maximum Jog Velocity 50,0003 50,0003
Maximum Acceleration 5,000,000 5,000,000
Maximum Deceleration 5,000,000 5,000,000
Software Limits Immediate stop for command posi- | Immediate stop for command posi-
tion tion
Positive Software Limit 500,000"5 500,000"5
Negative Software Limit 0'5 0’5
Count Mode Linear Mode Linear Mode

*1.  The position command unit will be 1 pm.

*2. The maximum velocity will be 3,000 r/min = 30 m/min = 0.5 m/s = 500,000 pym/s.

*3.  The maximum jog velocity will be 10% of the maximum velocity, i.e., 0.05 m/s = 50,000 pm/s.

4. The maximum acceleration and the maximum deceleration are 5 m/s2. The acceleration time to the maxi-
mum velocity (3,000 r/min) is 0.1 s.
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*5.  Set a positioning that is within the movable range of the device.
The positive software limit is set to 50 cm = 500,000 pm.

I Synchronized Control with Encoder as Master Axis

The following example is for a device that uses the actual position of axis 2 (an encoder), which is
attached to a conveyor, as the master axis. The Servo Drive on axis 1 is synchronized within a finite
range.

MC Function Module

o
: | Command position ‘l—
: Axis 1 ?;;r Axis 1: Servo axis (slave axis)
: | Actual position |<— I
i Axis 2 i
!L | Actual position |<—|G'ear ratiol_} Axis 2: Encoder axis (master axis)
Encoder
Parameter name Settings
Axis 1 Axis 2
Axis Variable Name Axis1 Axis2
Axis Number 1 2
Enabled Axes Used axis Used axis
Axis Type Servo axis Encoder axis
Input Device/Output Device 1 2
Unit of Display pm’’! pm’?
Command Pulse Count Per Motor 1,048,576 1,048,576
Rotation
Work Travel Distance Per Motor 10,000 10,000
Rotation
Maximum Velocity 500,000"2 ---
Maximum Jog Velocity 50,0003 -
Maximum Acceleration 5,000,000 ---
Maximum Deceleration 5,000,000 ---
Software Limits Immediate stop for command posi- | Disabled.
tion
Positive Software Limit 500,000 -
Negative Software Limit 05 -
Count Mode Linear Mode Rotary Mode
Modulo Maximum Position -— 1,000,000"6
Modulo Minimum Position - 0’6

*1.  The position command unit will be 1 ym.
*2. The maximum velocity will be 3,000 r/min = 30 m/min = 0.5 m/s = 500,000 pm/s.
*3. The maximum jog velocity will be 10% of the maximum velocity, i.e., 0.05 m/s = 50,000 ym/s.
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4. The maximum acceleration and the maximum deceleration are 5 m/s2. The acceleration time to the maxi-
mum velocity (3,000 r/min) is 0.1 s.

*5.  Set a positioning that is within the movable range of the device.
The positive software limit is set to 50 cm = 500,000 ym.

*6. The periodic range of the position is 0 to 1 m (1,000,000 pym).

@ Additional Information

You can select the axis type for the master axis according to the configuration of the device.
There are four axis types: servo axes, virtual servo axes, encoder axes, and virtual encoder ax-
es.

In this example, the axis type of the master axis is an encoder axis. Specify the actual position
for the motion control instruction input variable ReferenceType (Position Type Selection).

siajoweled SIXY Z-G
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5-3 Axes Group Parameters

Use the axes group parameters to set axes group operations related to axes groups that the MC
Function Module controls, such as the axis configuration, maximum interpolation velocity, and axes
group stopping method.

The axes group parameters are provided for each axes group. The number of axes groups depends
on the model.

Refer to 1-4-2 Performance Specifications on page 1-7 for details.

The same parameter settings are provided for each axes group. This section describes only the pa-
rameters for axes group 1.

5-3-1  Axes Group Parameters

Use the Sysmac Studio to set the axes group parameters for each axes group.

1 Readin
Classifica- Temporary changes ! g
) Parameter name varia- Page
tion Support Applicable instruction bles™2
es
Axes Group | Axes Group Number OK page 5-35
Basic Set-
tings
Motion Control™ oK™
Axes Group Use OK
Composition OK
Composition Axes OK’5 MC_ChangeAxesInGroup OK
Axes Group | Maximum Interpolation page 5-37

Operation Velocity

Settings Maximum Interpolation
Acceleration

Maximum Interpolation
Deceleration

Interpolation Accelera-
tion/Deceleration Over
Interpolation Velocity OK MC_Write
Warning Value

Interpolation Accelera-
tion Warning Value

Interpolation Decelera-
tion Warning Value

Axes Group Stop
Method

Correction Allowance
Ratio

*1.  This column indicates if you can use instructions to temporarily change the settings.

*2.  This column indicates whether you can access the parameter with a variable in the user program.

*3. Set this parameter when using the NX701 CPU Unit.

*4. A CPU Unit with unit version 1.10 or later and Sysmac Studio version 1.12 or higher are required to use this
parameter.
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*5. A CPU Unit with unit version 1.01 or later and Sysmac Studio version 1.02 or higher are required to use this

instruction.

Refer to 3-4 Setting Procedures for Axes Groups on page 3-27 for details on how to set axes group

parameters.

For details on the MC_Write (Write MC Setting) and MC_ChangeAxesInGroup instructions, refer to the
NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508).
Refer to 6-6 System-defined Variables for Motion Control on page 6-21 for information on system-
defined variables for motion control.

5-3-2  Axes Group Basic Settings

Set whether to use the axes group. If you are going to use the axes group, set the axis composition
and the axes to use.

Parameter name Function Setting Default
range
Axes Group Set the logical number of the axes group. -
Number This number indicates the axes group number of the corresponding
system-defined variable _MC_GRP[0-63], _MC1_GRP[0-63], or
_MC2_GRPJ[0-63].
Motion Control®? | Assign to either of the primary periodic task or priority-5 periodic 1lor2 1
task.
1: Primary periodic task
2: Priority-5 periodic task
Axes Group Use | Set whether to enable or disable the axes group. An error occurs if Oto2 0
you execute a motion control instruction for an undefined or unused
axes group. 2
0: Undefined axes group
1: Unused axes group
2: Used axes group
Composition Set the axis composition of the axes group. Oto2 0
0: 2 axes
1: 3 axes
2: 4 axes
Composition Ax- | Sets the axis number to assign to the axes group. 2to4ax- |0
es Set Axis Variable names from the Sysmac Studio to use for the A0 es

to A3 axes.

*1. Set this parameter when using the NX701 CPU Unit.
*2. An error occurs if you execute the MC_GroupEnable (Enable Axes Group) instruction for an axes group that
contains an unused axis.

I Composition

The following table lists the axis compositions you can use with the MC Function Module.
Use the Sysmac Studio to set the axis composition according to the actual devices.

Composition

Description

2 axes A two-axis configuration is used. For example, a machine with a two-axis Cartesian coordinate

system is used.
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Composition Description

3 axes A three-axis configuration is used. For example, a machine with a three-axis Cartesian coordi-
nate system is used.

4 axes A four-axis configuration is used. For example, a machine with a three-axis Cartesian coordi-
nate system is used with a rotary axis at the end tool.

I Composition Axes

The axes that are in an axes group are called composition axes.

To make it easier to reuse programming with interpolation instructions for axes groups commands, log-

ical axes (axis A0 to axis A3) are used instead of axis numbers (axis 0 to axis 255).
For the Composition Axes parameter, set the axis numbers and logical axis numbers for the axes in

the axes group.

Servo axes or virtual servo axes can be selected for logical axes.
Use the Sysmac Studio to assign axes from axis AO for the number of axes you selected in the axis

composition.

Set axis numbers from axis AO for each axes group if you create more than one axes group.
You can also set the same axis number in more than one axes group.

Axis composition setting Settings in Composition Axes parameter

2 axes Set Axis Variable names (axis numbers) for axis AO and axis A1.

3 axes Set Axis Variable names (axis numbers) for axis A0, axis A1, and axis A2.

4 axes Set Axis Variable names (axis numbers) for axis AO, axis A1, axis A2, and axis A3.

M Precautions for Correct Use

» Assign all of the composition axes to the same task.

 If you set the same axis number for multiple axes groups, you cannot enable these axes
groups simultaneously.

* An axis for which Control function is set to Single-axis position control only cannot be
allocated as an axis in an axes group.

|~ Version Information

With a CPU Unit with unit version 1.04 or later and Sysmac Studio version 1.05 or higher, you
can set any servo axis or virtual servo axis that is set to a Used axis or an Unused axis
(changeable to used axis) in an axes group.

® Composition Axes Setting Examples
» Example 1: Assigning Four Axes with Axis Numbers 1, 2, 5, and 8 to an Axes Group

Logical axis | Axis number
Axis AO Axis 1
Axis A1 Axis 2
Axis A2 Axis 5
Axis A3 Axis 8

« Example 2: Assigning Three Axes with Axis Numbers 1, 8, and 2 to an Axes Group

Logical axis

Axis number

Axis AO

Axis 1

5-36
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Logical axis | Axis number
Axis A1 Axis 8
Axis A2 Axis 2
Axis A3 None

5-3-3

Axes Group Operation Settings

These parameters set items for axes group operation, such as the maximum interpolation velocity and
axes group stopping method. Set them according to the specifications of the device you are control-

ling.

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information on us-
ing the NX-series Position Interface Units.

Parameter name Function Setting range Default
Maximum Interpola- Set the maximum interpolation velocity for the path. Non-negative 800,000,000
tion Velocity Set 0 for no interpolation velocity limit. long reals

If a target velocity that exceeds the maximum interpo-

lation velocity is specified for an axes group motion

instruction, the axis will move at the maximum inter-

polation velocity. (Unit: command units/s)
Maximum Interpola- Set the maximum interpolation acceleration for the Non-negative 0
tion Acceleration path. long reals

Set 0 for no interpolation acceleration limit. (Unit:

command units/s?)
Maximum Interpola- Set the maximum interpolation deceleration for the Non-negative 0
tion Deceleration path. long reals

Set 0 for no interpolation deceleration limit. (Unit:

command units/s?)
Interpolation Acceler- | Set the operation for when the maximum interpolation | 0 to 2 0
ation/Deceleration acceleration/deceleration rate would be exceeded af-
Over ter excessive acceleration/deceleration during accel-

eration/deceleration control of the axes group be-

cause stopping at the target position is given priority.

0: Use rapid acceleration/deceleration. (Blending is

changed to Buffered.)

1: Use rapid acceleration/deceleration.

2: Minor fault stop 2
Interpolation Velocity | Set the percentage of the maximum interpolation ve- | 0 to 100 0
Warning Value locity at which to output an interpolation velocity

warning.

No interpolation velocity warning is output if 0 is set.

(Unit: %)
Interpolation Acceler- | Set the percentage of the maximum interpolation ac- | 0 to 100 0
ation Warning Value | celeration rate at which to output an interpolation ac-

celeration warning.

No interpolation acceleration warning is output if 0 is

set. (Unit: %)
Interpolation Deceler- | Set the percentage of the maximum interpolation de- | 0 to 100 0
ation Warning Value | celeration rate at which to output an interpolation de-

celeration warning.

No interpolation deceleration warning is output if 0 is

set. (Unit: %)
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5-3-4

5-38

Parameter name Function Setting range Default
Axes Group Stop Set the stop method of the composition axes for 0,1,0r3 0
Method which an error did not occur when an error occurs

that forces an immediate stop of an axis thatis in a
multi-axes coordinated motion.

0: Immediate stop

1: Decelerate axes to a stop at maximum decelera-
tion rate of the axes

3: Immediate stop and Servo OFF

Correction Allowance | This parameter applies when the center designation | Single-precision | 0

Ratio method is used for a circular interpolation instruction. | floating-point
It compensates the distance when the distance be- number be-
tween the start point and the center point does not tween 0 and
equal the distance between the end point and the 100

center point. Set the allowable range for that correc-
tion as a percentage of the radius. Set the percent-
age to 0.1% or greater.

Error checking is not performed if O is set.

*1.  For a CPU Unit with unit version 1.10 or later, Blending is not changed to Buffered.
Refer to 9-5-7 Multi-execution of Motion Control Instructions (Buffer Mode) on page 9-49 for details.

*2.  For a CPU Unit with unit version 1.10 or later, the axis does not stop with an error when Blending is used for
operation.
Refer to 9-5-7 Multi-execution of Motion Control Instructions (Buffer Mode) on page 9-49 for details.

Enabling an Axes Group

Specify the number of the axes group to enable in the MC_GroupEnable (Enable Axes Group) instruc-
tion to enable operation instructions for an axes group in the user program.

An instruction error occurs if you execute a motion control instruction for an axes group that is not ena-
bled.

You can enable more than one axes group at the same time, but if you enable more than one axes
group that include the same axis, an instruction error occurs.

If you want to operate the same axis in different axes groups for each work process, create multiple
axes groups that include that axis. You can then use the MC_GroupEnable (Enable Axes Group) and
MC_GroupDisable (Disable Axes Group) instructions to enable and disable these axes groups as you
need to use them.

If you execute the MC_GroupDisable (Disable Axes Group) instruction during multi-axes operation,
the axes in the group will decelerate to a stop.
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]

This section provides the specifications of a motion control program and the operation
procedures that are required up through actual program development.

L2 SN 154 o Yo 11 Te i o) o P 6-2
6-2 Motion Control INStrUCLIONS .......coiiiiieeeiiiiiiir e e e saa e eanaas 6-5
6-2-1 Function Blocks for PLCopen® Motion CONtrol ...........ccooeeeeeeeeeeeeeeeeeeeennn. 6-5
6-2-2 Motion Control Instructions of the MC Function Module ..............ccevveveeeeenen... 6-5
6-3  State TranSItioNS ......cceeeeiiiiiiie s e sss s s sa s e e s nna s s e rennnnns 6-7
6-3-1 Status of the Motion Control Function Module ..., 6-7
6-3-2 AXIS STALES .ovveeiiii e 6-7
6-3-3 AXES GrouP StAES .....veiiiiiii e 6-9
6-4 Execution and Status of Motion Control Instructions.......ccccccoovvrivennnennns 6-12
6-4-1 Basic Rules for Execution of INStructions ... 6-12
6-4-2 Execution Timing Charts ............coociiiiieiiiiiieee e 6-14
6-4-3 Timing Chart for Re-execution of Motion Control Instructions....................... 6-17
6-4-4 Timing Chart for Multi-execution of Motion Control Instructions.................... 6-17
LT T o Y3 11 o) o 1= NS 6-19
6-5-1 TYPES Of POSItIONS ..o 6-19
6-5-2 Valid Positions for Each AXIS TYPE ...cccueieiiiieiiiie et 6-20
6-6 System-defined Variables for Motion Control ...........ccccccciererieiieccccccsnennns 6-21
6-6-1 Overview of System-defined Variables for Motion Control ............................ 6-21
6-6-2 System for System-defined Variables for Motion Control................ccc.......... 6-23
6-6-3 Tables of System-defined Variables for Motion Control..............c.ccccccoiiis 6-24
6-7 Cam Tables and Cam Data Variables.........cccccocceiiimiieenciiiiireccccerrreeeeees 6-37
6-8 Programming Motion Controls .........ccccceeeeriiicccmeersccsee e essne e 6-41
6-9 Creating Cam Tables........cccccrimiiiiiiiiicccccneer e sns e e 6-43

NJ/NX-series CPU Unit Motion Control User’s Manual (W507) 6-1



6 Motion Control Programming

6-1 Introduction

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

Write motion control instructions into the user program to perform motion control with EtherCAT slave
Servo Drives, NX-series Position Interface Units, and other devices.

Programs that contain motion control instructions are called motion control programs.

You must assign Axis Variables to EtherCAT slave Servo Drives and NX-series Position Interface
Units. If you do not assign Axis Variables, assign I/O device variables in the same way as for a gener-
al-purpose slave.

Motion control instructions can be used in the primary periodic task, in a priority-5 periodic task, and in
a priority-16 periodic task.

|~ Version Information

With the Sysmac Studio version 1.09 or higher, you can assign device variables to the I/O ports
of slaves and Units that are assigned to the Axis Variables.

Refer to 2-4-2 Relationship between EtherCAT Master Function Module and MC Function Mod-
ule on page 2-19 for details.

@ NX701 CPU Unit

User program in PLC CPU Unit
~H FunctionModule - - |- - - - - - 0 o o e e D e e e e e e e e e e e e e e e e e e e e - -
: Instructi g EtherCAT :
| b e ] Leseouen : creca |
Sequence : s > slaves I
trol 1 motion control 2 :
contro | instructions S |
| 2 EtherCAT |
] - == - — — - — _| Master - 4
! i Function !
I H Motion control 5 £|_|MC Function Module | Task period | podule EtherCAT EiherCAT I
[ instructions g o[ ] . , slaves, I
o [ Profile processing . |
; & + Synchronization Servc;| Dr.|ve5,t !
Motion control Executed. | Processing teer]r(r:T:)inZTslnpu |
l " | Other processing Lo I
| Position |
[ Interface Units |,
I I
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@ NX502 CPU Unit

CPU Unit
| User programinpPLC | 0
. || Function Module |
! _ N Bus |
I Function ™ X Bus Units |1
, Module v |
| I
: 5 ’
Instructions Executed. g O
' || H Hother than @ : :
Sequence motion control 5 NX Bus B NX Units I
control 1 instructions S, Function 3 |
| S Module I
| ® — I — |
I ¢ !
, EtherCAT [Ethercat |1
I slaves !
0 — I
I Y 1 || EthercaT — L NTuein — |
| MC Function Module Master —> NX Units, |
| . Position
Function Interface Units |
: * Profile processing | Task | Module :
| Executed. |° Synchro_nization period :
! Motion processing EtherCAT [EtherCAT |
Motion control || 1 H control Other processing slaves, ! @
: instructions Servo Drives, ! s
| encoder input : =
| terminals, | g
| Position : 3
I Interface Units |, g-
| 1 =}
S U -

® NX102 CPU Unit

User program in PLC CPU Unit

rn Function Module -] --——=-—--———=—= == : - - - =-=-=-=-=== ___ ______________

: Executed. = :

Instructions 9 o

V| HH @ !

| other than = NX Bus 3 NX Units |1

motion control ® Function = |

Sequence instructions 5 Module I

control ; 3 — . |
o

: 3 EtherCAT_ [EmercAT |

I slaves !

| — I

: MC Function Module [ EtherCAT > NX Units, !

| Maste_r Position :

| * Profile processing Task Function Interface Units |,

I « Synchronization od Module 0

! Executed. | processing perio I

] ! L H Motion control sz Other processing EtherCAT | EthercAT I

Motion control instructions po| | slaves, '

: Z Servo Drives, |

| o encoder input :

| terminals, |

I Position |

I Interface Units |,

! I

LIk - — -« - - e e e e e e e e e e e e e e e e e e e e ettt |- - - T T—T—/—T——/——/—/—T a
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@ NX1P2 CPU Unit

User program in PLC CPU Unit
~ #Function Module - = <= = = = = = — — — — — - e il S
I Instructions Executed !
1 || H H other than - o = > Built-in 1/0 !
I motion control ] .S Option Boards :
| instructions 2 NX B g . |
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: g EtherCAT  [EthercaT  |i
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| — 1
: MC Function Module [ EtherCAT > NX Units,
) . Master Position
! « Profile processing . .
: - Synchronization | Task I'\:AUZCt:O” Interface Units
: processing period odule
- < > i
I L H Motion control L x Other processing EtherCAT |EthercAT
Motion control instructions g [ slaves,
: & [ Servo Drives,
| Executed. enco_der input
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! Position
1 Interface Units
I
e
® NJ-series CPU Unit
User program in PLC CPU Unit
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6-2 Motion Control Instructions

Motion control instructions are used in the user program to execute motion controls for an NJ/NX-ser-
ies CPU Unit. These instructions are defined as function blocks (FBs).

The motion control instructions of the MC Function Module are based on the technical specifications of
function blocks for PLCopen® motion control. There are two types of motion control instructions:
PLCopen®-defined instructions and instructions that are unique to the MC Function Module.

This section provides an overview of the PLCopen® motion control function blocks and gives the spec-
ifications of the MC Function Module.

Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for basic information on
the NJ/NX-series CPU Unit function blocks (FBs).

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information on us-
ing the NX-series Position Interface Units.

|~ 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 NX-series Position Interface Units.
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6-2-1  Function Blocks for PLCopen® Motion Control

PLCopen® standardizes motion control function blocks to define a program interface for the languages
specified in IEC 61131-3 (JIS B 3503).

Single-axis positioning, electronic cams, and multi-axes coordinated control are defined along with ba-
sic procedures for executing instructions.

By using PLCopen® motion control function blocks, the user program can be more easily reused with-
out hardware dependence.

Costs for training and support are also reduced.

@ Additional Information

PLCopen®

PLCopen® is an association that promotes IEC 61131-3. It has its headquarters in Europe and
a world-wide membership.
IEC 61131-3 is an international standard for PLC programming.

+ The website of headquarters of PLCopen® in Europe is http://www.plcopen.org/.

|oJuoD Uolo guadoDd Jo} s3o0lg uonouny |-z-9

6-2-2 Motion Control Instructions of the MC Function Module

There are three types of motion control instructions. They are given in the following table.

Type Outline

Common commands Common instructions for the MC Function Module

Axis commands Instructions for MC Function Module to perform single-axis control

Axes group commands | Instructions for MC Function Module to perform multi-axes coordinated control
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6 Motion Control Programming

For a list of the instructions that you can use with the MC Function Module, refer to the NJ/NX-series
Motion Control Instructions Reference Manual (Cat. No. W508).
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6 Motion Control Programming

6-3 State Transitions

The states of axes and axes groups of the MC Function Module and state transitions caused by the

execution of instructions are based on the technical specifications of function blocks for PLCopen®

motion control.
This section provides an overall description of the MC Function Module, states, and state transitions.

6-3-1 Status of the Motion Control Function Module

The overall states of the MC Function Module are described in the following table.

State name Definition
MC Run Mode™" Motion control instructions are enabled.
The motion control instructions in the user program are interpreted and
motion control is performed.

[=2]
You can set the MC Run Mode state regardless of the operating mode of 3
the CPU Unit. 8
(]
MC Test Mode™2 In this state, you can execute a test run from the Sysmac Studio. =]
[V
Saving Cam Table File™3 This state exists while the system performs save or wait processing for a 2
cam table file. g'
(7]
Generating Cam Table™ This state exists while the system is generating the came table. ™

*1.  This state can be monitored with the MC Common Variable _MC_COM. Status.RunMode.

*2. This state can be monitored with the MC Common Variable MC_ COM.Status. TestMode.

*3. This state can be monitored with the MC Common Variable _MC_COM.Status.CamTableBusy.

*4.  This state can be monitored with the MC Common Variable _MC_COM.Status. GenerateCamBusy.

*5. When you turn OFF the power supply for the CPU Unit, make sure that generation of the cam table is not in
progress. If you turn OFF the power supply for the CPU Unit while generation of the cam table is in prog-
ress, the cam table will not be generated correctly.

6-3-2 Axis States

The operation of an axis when motion control instructions are executed for it is shown in the following

figure.
Motion control instructions are executed in sequence and axes enter one of the states listed in the fol-

lowing table.

SINPOJ\| UOHOUN [04UOD) UOHOJ BU} JO SNIEIS L-€-9
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6 Motion Control Programming

MC_Gearln (slave axis)

MC_Move MC_GearInPos (slave axis)
MC_MoveAbsolute MC_Camin (slave axis)
MC_MoveRelative MC_CombineAxes (slave axis)
MC_MoveFeed "8 MC_Movelink (slave axis) MC_SyncMoveVelocity
MC_MoveZeroPosition MC_MoveVelocity
MC_GearOut Synchronized Motion MC_TorqueControl
MC_CamOut Synchronized MC_MovelJog
(Discrete Motion Y »{ Continuous MotioD
Discrete " Continuous
MC_Stop |

Deceleration Stopping

Stopping MC_ImmediateStop
A
Error Deceleration Stopping }- - .
6 ErrorStop
MC_Home X
MC_HomeWithParameter v v 3
Homing = Standstill Axis Disabled "2
Homing Jfg----- Standstill Disabled

1.
*2.

*3.

*4.

*5.

*6.

*7.

*8.

Goordinated Motion

Coordinated *7: MC_ResetFollowingError

Transition into this state occurs when there is an axis error in any state except for Coordinated Motion state.
Transition into this state occurs when there are no axis errors and the Status output to the MC_Power instruc-
tion is FALSE. (The Servo is OFF.)

Transition into this state occurs if an error is reset with the MC_Reset or ResetMCError instruction when the
Servo is OFF.

Transition into this state occurs if an error is reset with the MC_Reset or ResetMCError instruction when the
Servo is ON.

Transition into this state occurs when the Enable input to the MC_Power instruction changes to TRUE and the
Status (Servo ON) output from the MC_Power instruction changes to TRUE. (The Servo is ON.)

Transition into this state occurs when the Done output from the MC_Stop instruction is TRUE and the Execute
input to the MC_Stop instruction changes to FALSE.

Transition into the Deceleration Stopping state occurs when the MC_ResetFollowingError instruction is exe-
cuted.

The Continuous Motion state exists from when 2: _mcVelocity (velocity control) is set for the MoveMode in-
put variable of the MC_MoveFeed instruction until a trigger input is detected.

State name Definition

Se

rvo OFF In this state, the Servo is OFF for the axis.
When this state is moved to, the buffered status for multi-execution of instructions is
cleared.

Axis Disabled In this state, the Servo is OFF for the axis, the axis is stopped, and execution prepa-
rations are completed.

Error Deceleration In this state, the Servo is OFF for the axis, the axis is stopped, and an axis error has
Stopping’ occurred.

Se

rvo ON In this state, the Servo is ON for the axis.

Stopped In this state, the Servo is ON for the axis and the axis is stopped.

Discrete Motion In this state, positioning is performed for the specified target position.
This includes when waiting the in-position status and when the velocity is 0 because

the override factor was set to 0 during a discrete motion.

6-8
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6 Motion Control Programming

State name Definition
Continuous Motion In this state, continuous motion control is executed with no specified target position.
This state exists during velocity control or torque control.
This includes when the velocity is 0 because the target velocity is set to 0 and when
the velocity is 0 due to an override factor set to 0 during continuous motion.

Synchronized Motion | In this state, the synchronized control is performed for the axis with synchronized
control commands.
This includes waiting for synchronization after changing to synchronized control in-

structions.
Deceleration Stop- In this state, the axis is stopping due to a MC_Stop or MC_TouchProbe (Enable Ex-
ping ternal Latch) instruction.

This includes when Execute is TRUE after stopping for the MC_Stop instruction.

In this state, it is not possible to execute axis operation commands.

If an attempt is made to execute one, CommandAborted for the instruction changes

to TRUE.

Error Deceleration In this state, the Servo is ON for the axis and an axis error has occurred.

This includes during execution of the MC_ImmediateStop (Immediate Stop) instruc-

tion and during a deceleration stop for an axis error.

It is not possible to execute axis operation commands in this state. The instruction

will enter the aborted (CommandAborted = TRUE) status if executed.

Homing In this state, home is being searched for by the MC_Home or MC_HomeWithPara-

meter instruction.

Coordinated Motion In this state, the axes group was enabled by an instruction for an axes group com-

mand.

In this state, the axis is in motion for an axes group state of GroupMoving,

GroupStopping, or GroupErrorStop.

*1.  The Error Deceleration Stopping state occurs both when the Servo is ON and when the Servo is OFF for the
axis.

Stopping™

suonisuel] ajels ¢-9

Note You can monitor the axis status in the member variables of the Axis Variables _MC_AX[0-255].Status.

L~ Version Information

For the NX701 CPU Unit, the variable names that start with _MC_AX[*] may apply to those with
_MC1_AX[*] and _MC2_AX["].
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Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information on us-
ing the NX-series Position Interface Units.

6-3-3  Axes Group States

The following figure shows how an axes group operates when motion control instructions are execut-
ed.
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MC_GroupStop

Deceleration Stopping
Stopping

MC_GroupEnable Y
—.(mndby 7
- Standby

MC_GroupDisable
*5

Axes Group Disabled
Disabled

*1. The axes group enters the Moving state whenever any axes group motion control instruction is executed.
*2. The axes group can move to the ErrorStop state from any other states. When an error occurs, the axes group
enters this state even if it is disabled.
*3. The axes group moves to the Standby state if the MC_GroupReset or ResetMCError instruction is executed
while it is enabled.
*4. The axes group moves to the Disabled state if the MC_GroupReset or ResetMCError instruction is executed
while it is disabled.
*5. If the MC_GroupDisable instruction is executed while the axes group is in the ErrorStop state, the axes group
will remain in the same state.
*6. The axes group moves from the Stopping state to the Standby state when the MC_GroupStop instruction has
the output variable Done set to TRUE and the input variable Execute set to FALSE.
*7. The axes group is ready to execute if the following conditions are all met while it is in the Standby state.
The Servo is ON for all composition axes.
Execution of the MC_Stop instruction is not in progress for any composition axis.
Home is defined for all composition axes.

State name Definition

Axes Group Disabled The axes group is disabled in this state.
When the axes group enters this state, the buffered status for multi-execution of
instructions is cleared.

Error Deceleration In this state, an error occurred in an axes group that is disabled.
Stopping™’
Axes Group Enabled The axes group is enabled in this state.
Standby In this state, no instructions for axes group commands are executing.
This is independent of the Servo ON/OFF status of the composition axes in the
axes group.
Moving In this state, positioning is performed for the specified target position due to a mo-

tion instruction for an axes group command.
This includes during the in-position check and when the velocity is 0 because the
override factor was set to 0 while the group was in motion.

Deceleration Stopping | In this state, the MC_GroupStop instruction is executing.

This includes when Execute is TRUE after stopping for the MC_GroupStop in-
struction.

In this state, it is not possible to execute a motion for an axes group command.
If one is executed, CommandAborted for the instruction will change to TRUE.
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State name Definition
Error Deceleration In this state, an axes group error has occurred.
Stopping’ This includes during execution of the MC_GrouplmmediateStop (Axes Group Im-

mediate Stop) instruction and during a deceleration stop for an axes group error.
It is not possible to execute multi-axes coordinated control commands in this

state.
If an attempt is made to execute one of them, CommandAborted for the instruc-

tion will change to TRUE.
*1. The Error Deceleration Stopping state occurs both when the axes group is enabled and when it is disabled.

Note You can monitor the axes group status in the member variables of the Axes Group Variables
_MC_GRP[0-63].Status, _MC1_GRP[0-63].Status, and _MC2_GRP[0-63].Status.

suonisuel] ajels ¢-9
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6 Motion Control Programming

6-4 Execution and Status of Motion Con-
trol Instructions

Variables that represent the execution status of instructions and variables that are used to execute
motion control instructions are defined in the MC Function Module.

There are two input variables that you use to execute motion control instruction functions Execute and
Enable. The following output variables indicate the execution status of an instruction Busy, Done,
CommandAborted, and Error.

6-4-1 Basic Rules for Execution of Instructions

The basic rules for the MC Function Module are listed in the following table.
You can find execution examples in 6-4-2 Execution Timing Charts on page 6-14.
Refer to these examples as well.

Item

Rule

Exclusiveness of outputs

The following output variables are mutually exclusive, and only one of them can be TRUE at
one time: Busy, Done, Error, and CommandAborted.

Similarly, only one of the following output variables can be TRUE at the same time: Active,
Done, Error, and CommandAborted.

Busy and Active may be TRUE at the same time in some cases.

Output status

The output variables Done, InGear (Gear Ratio Achieved), InSync, InVelocity (Target Velocity
Reached), and CommandAborted change to FALSE when the input variable Execute
changes to FALSE.

The actual execution of a motion control instruction is not stopped when Execute changes to
FALSE.

Even if Execute changes to FALSE before the instruction finishes execution, the correspond-
ing output variable will be TRUE for at least one period if the status of the instruction instance
changes.

The output variable Error will not reset to FALSE and the output variable ErrorlD (Error Code)
will not reset to 0 until you execute one of the following instructions: MC_Reset, MC_Group-
Reset, or ResetMCError.

If the Execute variable of the same instruction instance changes to TRUE again (i.e., if the
instruction is restarted) during the execution of a motion control instruction, the
CommandAborted variable will not change to TRUE.

Input parameters

For motion control instructions that are started with the input variable Execute, the values of
the input parameters when Execute changes to TRUE are used.

For motion control instructions that start for the input variable Enable, the current values of
the input parameters during each period when Enable is TRUE are used.

Omitting input parameters

The default value applies if you omit an input parameter for an instruction instance. 2

Position (Target Position)
and Distance (Travel
Distance)

The input variable Position is defined as a value in the coordinate system.
The input variable Distance is the relative length, i.e., it is the difference between two posi-
tions.

Sign rules The input variables Acceleration, Deceleration, and Jerk are non-negative values.
Position (Target Position), Distance (Travel Distance), and Velocity (Target Velocity) can be
positive, negative, or 0.
6-12 NJ/NX-series CPU Unit Motion Control User’s Manual (W507)
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Item Rule

Error processing There are two output variables that represent an error when a problem occurs during the exe-

cution of an instruction instance.

These outputs are defined as follows:

* Error: The output variable Error changes to TRUE to indicate that an error occurred during
the execution of the instruction instance.

* ErrorID (Error Code): This is an error code that represents the cause of the error.

The output variables Done, InVelocity (Target Velocity Reached), InGear (Gear Ratio Ach-

ieved), and InSync all represent normal completion or normal operation and therefore will

never be TRUE when the output variable Erroris TRUE.

Types of errors:

* Instruction instance errors (e.g., parameter out of range and illegal condition for state tran-
sition)

* Axis errors (e.g., Following Error Limit Exceeded and Servo Drive errors)

Some instruction instance errors may not cause an axis error but will cause the axis to stop.

Operation of output varia- | The output variable Done, InGear (Gear Ratio Achieved), or InSync will change to TRUE

ble Done when the instruction ends operation normally or when the commanded condition is reached.

For movement instructions for which a target position is specified, the timing of when the out-

put variable Done changes to TRUE depends on the setting of the In-position Check Time

axis parameter.

* If the In-position Check Time axis parameter is set to any value but 0, output variable Done
changes to TRUE in the next period after the period in which positioning is completed.

* If the In-position Check Time axis parameter is set to 0, output variable Done changes to
TRUE in the next period after the period in which pulse distribution is completed.

When working with multiple instructions that operate on the same axis, the output variable

Done from the first instruction will not change to TRUE if another operation instruction takes

over before the axis operation for the first instruction reaches the target position.

Operation of output varia- | The output variable CommandAborted will change to TRUE when another operation instruc-

ble CommandAborted tion interrupts the commanded operation.

For the MC Function Module, this variable will change to TRUE when a motion control in-

struction is executed and the target axis or axes group causes an error or is decelerating to a

stop.

All other output variables change to FALSE when CommandAborted changes to TRUE.
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Input variables outside of | The instruction instance will output an error when it is executed with an input variable that is
valid range outside of the valid range.

Operation of output varia- | The output variable Busy is TRUE when the instruction instance is executing.

ble Busy Busy will change to TRUE when the input variable Execute changes to TRUE, and will
change to FALSE when the output variable Done, CommandAborted, or Error changes to
TRUE.

It is impossible to know when the above output variables will change. Write your programs so

SUOIONJISU| JO UONNOSXT IO} S8|NY diseq |-7-9

that the instruction instance executes every period while Busy is TRUE so that you can
monitor for changes in the output variables.

For a single axis or single axes group, the Busy variable of more than one instruction instance
can be TRUE at the same time. However, the output variable Active of only one instruction
instance can be TRUE at one time.

However, the MC_Phasing (Shift Master Axis Phase) instruction is an exception to this rule.
Output variable Active The output variable Active changes to TRUE when the instruction instance obtains permis-
sion to control the applicable axis.

The output variable Active may change slower than the Busy variable. "

*1. This behavior is different from the PLCopen® specifications. Under the PLCopen® specifications, Error changes to
FALSE and ErrorlD changes to 0 when Execute changes to FALSE.
When Error is TRUE, the motion control instruction is not executed. Instructions are not executed after an error is
cleared even if Execute is TRUE. Execute must change from FALSE to TRUE to execute the instruction. Enable-type
motion control instructions are executed if their Enable variable is TRUE when an error is reset.
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2.

*3.

*4.

6-4-2

6-14

When you program the instruction in a ladder diagram, insert an input between the input variable Execute or Enable
and the left bus bar. If the instruction is connected directly to the left bus bar without an input, an error occurs when the

program is built.

Set the initial value for or omit any input variable that is reserved.
If the condition expressions or set values for ST Structure instructions do not match, the instructions in that statement
are not executed. For details, refer to the NJ/NX-series Motion Control Instructions Reference Manual (Cat. No.

W508).

Refer to the NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508) for an output variable timing

chart.

@ Precautions for Correct Use

» Confirm that EtherCAT process data communications are active and normal before you exe-
cute motion control instructions.
Refer to 10-2-1 Monitoring EtherCAT Communications and Turning ON Servos on page
10-3 for details.

» Write the user program so that Execute is FALSE during the first period in which the instruc-
tion is executed.

Execution Timing Charts

The motion control instructions in the MC Function Module are function blocks that are unconditionally

executed.

This section calls instructions that are executed according to the Execute input variable "execute-type
instructions" and instructions that are executed according to the Enable input variable "enable-type in-

structions."

Execution
condition

Description

Execute-type
instructions

These motion control instructions are executed when the input variable Execute to the instruc-
tion changes to TRUE.

These instructions will continue execution until one of the following status occurs.

* The specified operation is completed.

* Another motion control instruction is executed and interrupts operation.

* The instruction is restarted when Execute changes from FALSE to TRUE again.

Values for the other input variables are input when Execute changes to TRUE.

Enable-type
instructions

These motion control instructions are executed every period while the input variable Enable to
the motion control instruction is TRUE.

As long as Enable is TRUE, the other input variables are also input every period.

However, MC_MovedJog input variables Velocity, Acceleration, and Deceleration are an excep-
tion to this rule. The values when PositiveEnable or NegativeEnable changes to TRUE are
used for these input variables.

@ Precautions for Correct Use

The timing in the timing charts that are given in this manual may not necessarily be the same as
the timing displayed for data traces on the Sysmac Studio.

Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for details on da-
ta tracing.
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I Timing Charts for Execute-type Instructions

» The following timing chart shows the operation of the instruction is completed while the input varia-

ble Execute is TRUE.
In this example, no error occurs after the completion of the instruction, and then Execute is changed

to FALSE.

Execute J .

Busy

Done

CommandAborted

Error

* The following timing chart shows an example where an error occurs while the input variable Execute
is TRUE.
The output variable Error remains TRUE even after Execute changes to FALSE.

Execute J |

CommandAborted

Error I

» The following timing chart shows an example where the instruction is interrupted during execution
while the input variable Execute is true.

Execute J .

Busy

Done

CommandAborted

Error

» The following timing chart shows an example where the input variable Execute is TRUE for only one
period and an error does not occur for the instruction.
The output variable Done changes to TRUE for only one period after the instruction operation is
completed.
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Execute |_|

Busy ‘ |

Done

CommandAborted

Error

» The following timing chart shows an example where the input variable Execute is TRUE for only one

period and an error occurs for the instruction.
The output variable Error remains TRUE.

Execute |_|

Busy ‘ |

Done

CommandAborted

Error I

I Timing Charts for Enable-type Instructions

» The following timing chart shows an example where the input variable Enable changes to TRUE and

an error does not occur for the instruction.

» The following timing chart shows an example where the input variable Enable changes to TRUE and

an error occurs for the instruction.

Enable J\
Enabled | |

Busy

Error

6-16
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@ Additional Information

Enable and Enabled change at the same time for instructions such as MC_ZoneSwitch (Zone
Monitor) and MC_AxesObserve (Monitor Axis Following Error). For details on the timing of indi-
vidual instructions, refer to the NJ/NX-series Motion Control Instructions Reference Manual
(Cat. No. W508).

6-4-3  Timing Chart for Re-execution of Motion Control Instructions

If the values of the input variables to the same instance are changed while the motion control instruc-
tion is under execution and Execute is changed to TRUE, FALSE, and then back to TRUE again, oper-
ation will follow the new values.

The following timing chart shows an example where the velocity is changed for MC_MoveAbsolute
(Absolute Positioning) instruction.

Execute |_| |_|
Busy I \ : |
Active l ‘ |

Done ; |_|

Error |
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Velocity !

Target
velocity 2

Target
velocity 1

Time

For details on re-executing instructions for the MC Function Module, refer to 9-5-6 Re-executing Mo-
tion Control Instructions on page 9-44 and 9-7-4 Re-executing Motion Control Instructions for Multi-
axes Coordinated Control on page 9-67.

6-4-4 Timing Chart for Multi-execution of Motion Control Instructions

Another instance can be executed for an axis during axis motion.
Set the input variable BufferMode to specify when to start operation.

The following figure shows an example in which BufferMode (Buffer Mode Selection) is set to aborting
when MC_MoveAbsolute (Absolute Positioning) instructions are executed with multi-execution of in-
structions.

“FB1” and “FB2” in the following figure are the instance names of the instructions.
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FB1
Execute

Busy

Active

Done
CommandAborted
Error

ErrorlD

FB2
Execute

Busy

Active

Done
CommandAborted
Error

ErrorlD
Velocity
FB2 target velocity

FB1 target velocity

-1

16#0000

16#0000

FB2 travel
distance

FB1 travel
distance

Time

For details on multi-execution of instructions for the MC Function Module, refer to 9-5-7 Multi-execu-
tion of Motion Control Instructions (Buffer Mode) on page 9-49 and 9-7-5 Multi-execution of Motion
Control Instructions (Buffer Mode) for Multi-axes Coordinated Control on page 9-68.
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6-5 Positions

This section describes the positions that are used in motion control programming.

6-5-1 Types of Positions

The MC Function Module uses the following two types of positions.

Type of position Definition
Command position | This is the position that the MC Function Module outputs to control an axis.
Actual position The actual position as input from the Servo Drive or encoder input.

The following figure shows the relationship between the command position and the actual position for
an EtherCAT slave Servo Drive.

User program MC Function Module Command position Servo Drive
i Mot Command ] [Electronid] __(Pulses) = - - — |
e i posiion 1 Laea T postion Foamor © [~ [Fostion toon
instruction processing command units; ||n.p05iﬁ0n checkl - counter counter Velocity loop|
Remainder  aActyal position Current loop o
i - (pulses) 1
Actual posmqn Electronic e (3]
(command units) ear | Feedoack E g
Remainder 28
g
?
The command position and actual position share the following items.
Item Command position Actual position
Count Mode You can set Linear Mode or Rotary Mode. The same Count Mode is used as for

the command position. o
Position increment You can set one of the following: mm, pym, The unit is the same as the unit of the N
nm, inch, degree, or pulse. command position. g'
. . . . CD
Software limits You can set the range of operation of the The range is the same as the range e
software. for the command position. ;ﬁ
Changing the current You can change the actual position to any This value will be set to the same posi- %—:
position desired position. tion as the command position. ™ ?

Defining home Home is either defined or undefined. The status of home is the same as the

command position.

*1. If there is any following error before the change, the following error value is maintained in the actual posi-
tion.

@ Additional Information

» For a virtual servo axis, the command current value is converted to pulses and then that value
is converted to the unit of display. The resulting value is used as the actual current value.

1 |
User program MC Function Module Command position
| Eve——— ulses
Motion control —T>{Motion coptrol >-{Command posiltion > Electronic gear| P ) > \
instruction processing (command units) In-oosition check ;I | Actual |
p Remainder position Return
Actual position - (pulses)
O . Electronic gear|
(command units) }
Remainder

» Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information
on the NX-series Position Interface Units.
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6-5-2

Valid Positions for Each Axis Type

The following table lists the valid positions for each axis type.

. Types of positions
Axis type - —
Command position | Actual position
Servo axis Applicable Applicable
Virtual servo axis Applicable Applicable™
Encoder axis Cannot be used. Applicable
Virtual encoder axis | Cannot be used. Applicable”?

*1.  For a virtual servo axis, the actual position is the same as the command position.
However, there is sometimes calculation error because processing is performed with long reals in the MC
Function Module.

*2.  This is used when there is no actual encoder.
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6-6 System-defined Variables for Motion
Control

This section describes the variables of the MC Function Module.

6-6-1 Overview of System-defined Variables for Motion Control

The NJ/NX-series CPU Unit is compliant with the IEC 61131-3 standard.

Parameter settings, status information, and other data are handled as variables in the user program in
the NJ/NX-series CPU Unit.

Of these, system-defined variables that belong to the MC Function Module are called system-defined
variables for motion control.

I Types of System-defined Variables for Motion Control

The following table lists all of the types of system-defined variables for motion control.

Level 1 Level 2 Level 3 Description
System-defined System-defined | MC Common You can monitor the overall status of the MC Func-
variables variables for Variable tion Module.

motion control | Axis Variables You can monitor axis status and the settings of part
of the axis parameters.

Axes Group You can monitor axes group status and the settings
Variables of part of the axes group parameters.

® MC Common Variable

You can monitor the overall status of the MC Function Module with the MC Common Variable. The
variable name is _ MC_COM.

@ Axis Variables
Use these variables to handle EtherCAT slaves, Servo Drives, encoder input terminals, NX-series
Position Interface Units, virtual Servo Drives, and virtual encoder input terminals.
You can use either the system-defined variables or the variables that are set on the Sysmac Studio
to specify the Axis Variables in the user program.
You can change any of the Axis Variables that you create on the Sysmac Studio.
a. Axis Variables in the system-defined variables
+ _MC_AXJ[0] to _MC_AX[255]
 MC1_AX[0] to _MC1_AX[255]
+ _MC2_AX|[0] to _MC2_AX[255]
b. Default Axes Group Variables when axes groups are created on the Sysmac Studio
* MC_Axis000 to MC_Axis255 (default)

® Axes Group Variables

Use these variables to handle multiple axes as a single group.
You can use either the system-defined variables or the variables that are set on the Sysmac Studio
to specify the Axes Group Variables in the user program.
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6 Motion Control Programming

You can change any of the Axes Group Variables that you create on the Sysmac Studio.
a. Axes Group Variables in the system-defined variables
+ _MC_GRP[0] to _MC_GRPI[63]
+ _MC1_GRP[0] to _MC1_GRP[63]
+ _MC2_GRP[0] to _MC2_GRP[63]
b. Default Axes Group Variables when axes groups are created on the Sysmac Studio
* MC_Group000 to MC_Group063 (default)

Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for details on the var-
iables that are used by an NJ/NX-series CPU Unit.

I Data Types Used for System-defined Variables for Motion Control

System-defined variables for motion control use both basic data types and derivative data types.

@ Basic Data Types

Category Data Size Range of values Notation
type
Boolean BOOL 2*1 TRUE or FALSE TRUE or FALSE
Integer UINT 2 0 to +65,535 Binary notation: "2#" is added to the front of the
UDINT 4 0 to +4,294,967,295 number "2
Octal notation: "8#" is added to the front of the
number "3
Decimal notation: "10#" is added to the front of
the number
Hexadecimal notation: "16#" is added to the front
of the number "
If you do not add any notation to the beginning of
a number, that number is treated as a decimal
number.
Floating- LREAL 8 -1.79769313486231e+308 to Written as (sign) + integer_part + (decimal_point)
point num- -2.22507385850721e-308, + (decimal_part) + (exponent). 6
bers 0, You can omit items in parentheses.
2.22507385850721e-308 to
1.79769313486231e+308,
positive infinity, or negative infinity

*1.  BOOL data is only 1 bit in size but it takes up 2 bytes of memory.

*2.  Binary notation examples: 2#1111_1111, 2#1110_0000

*3.  Octal notation examples: 8#377, 8#340

*4. Decimal notation examples: =12, 0, 123_456, +986, 10#1234

*5. Hexadecimal notation examples: 16#FF, 16#ff, 16#E0, 16#e0

*6. Examples: 2,-12.0, 0.0, 0.4560, 3.14159 26, -1.34E-12, -1.34e-12, 1.0E+6, 1.0e+6, 1.234E6, 1.234e6

® Derivative Data Types

Type Description
Enumerated data This data type uses one item from a prepared name list as its value.
type Variables with this data type start with “_e.”
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Type Description

Structure data type | This data type consists of multiple data types placed together into a single layered
structure.
Variables with this data type start with “_s.”

Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for details on the oth-
er data types that are used by an NJ/NX-series CPU Unit.

I Attributes of System-defined Variables for Motion Control

The attributes that are shown in the following table are the same for all system-defined variables for
motion control.

Attribute Attribute of system-defined variables for motion control
Global/Local Global variable
R/W access Read only
Retain Non-retain
Network Publish | pyplish*!

*1. Variables are published on the network with the variable names of the system-defined variables. The varia-
ble names that are created when the axes or axes groups are created on the Sysmac Studio are not pub-
lished to the network.

|043U0D UOIO\ 10} SB|qeLIBA paulap-walsAg 9-9

6-6-2 System for System-defined Variables for Motion Control

System-defined variables for motion control consist of information representing the status of the MC
Function Module, status information for slave devices connected via EtherCAT communications and
NX Units mounted on the CPU Unit, and the portion of the MC parameter settings used to perform
motion control.

You can access system-defined variables for motion control as variables in the user program and
monitor them from the Sysmac Studio.
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I Update Timing of System-defined Variables for Motion Control

The update timings of the system-defined variables for motion control are different in the NX701 CPU
Unit, NX502 CPU Unit, NX102 CPU Unit, NX1P2 CPU Unit, and NJ-series CPU Unit as follows.

@ NX701 CPU Unit

When the primary periodic task and priority-5 periodic task are assigned to axes, the motion control

variables are updated as follows:

» Only the task area that is assigned to the primary periodic task and the basic setting area of the
priority-5 periodic task are updated every primary task period.

» The other area of the priority-5 periodic task is not updated from the default settings and will be
updated in the task period of priority-5 periodic task.

Variable area to update | Primary periodic task | Priority-5 periodic task
_MC_AX[0-255] (@)

_MC1_AX][0-255] (©)

_MC2_AX[0-255] O
_MC_GRPJ[0-63] (0]

_MC1_GRP[0-63] O

_MC2_GRP[0-63] @)

® NX502 CPU Unit, NX102 CPU Unit, NX1P2 CPU Unit, and NJ-series CPU

Unit

The system-defined variables for motion control are updated every primary task period.

6-6-3

Tables of System-defined Variables for Motion Control

This section provides tables that describe the system-defined variables for motion control.

I MC Common Variable

The variable name _MC_COM is used for the MC Common Variable. The data type is _sCOM-
MON_REF, which is a structure variable.
This section describes the configuration of the MC Common Variable and provides details on the

members.

Variable name

Data type

Meaning Function

_MC_COM _sCOMMON_REF MC Common Variable
Status _sCOMMON_REF_STA MC Common Status
RunMode BOOL MC Run TRUE during MC Function Module opera-
tion.
TestMode BOOL MC Test Run TRUE during test mode operation from the
Sysmac Studio.
CamTa- BOOL Cam Table File Save | TRUE while the Cam Table is being saved
bleBusy Busy or on standby.
Generate- BOOL Generating Cam Table | TRUE while the cam table is being generat-
CamBusy"! ed.
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Variable nhame Data type Meaning Function
PFaultLvl _sMC_REF_EVENT MC Common Partial
Fault
Active BOOL MC Common Partial TRUE while there is an MC common partial
Fault Occurrence fault.
Code WORD MC Common Partial Contains the code for an MC common parti-
Fault Code al fault.
The upper four digits of the event code have
the same value.
MFaultLvl _sMC_REF_EVENT MC Common Minor
Fault
Active BOOL MC Common Minor TRUE while there is an MC common minor
Fault Occurrence fault.
Code WORD MC Common Minor Contains the code for an MC common minor
Fault Code fault.
The upper four digits of the event code have
the same value.
Obsr _sMC_REF_EVENT MC Common Obser-
vation
Active BOOL MC Common Obser- TRUE while there is an MC common obser-
vation Occurrence vation.
Code WORD MC Common Obser- Contains the code for an MC common ob-
vation Code servation.
The upper four digits of the event code have
the same value.

*1. A CPU Unit with unit version 1.08 or later and Sysmac Studio version 1.09 or higher are required.

I Axis Variables

_MC_AX]0-255], _MC1_AX[0-255], and _MC2_AX][0-255] are the Axis Variables in the system-defined

variables. The data type is _sAXIS_REF, which is a structure variable.

This section describes the configuration of the Axis Variables and provides details on the members us-
ing _MC_AX[0-255] as an example.

The same information applies to _MC1_AX[0-255] and _MC2_AX[0-255].

Variable name Data type Meaning Function
_MC_AX|[0-255] _sAXIS_REF Axis Variable
Status _sAXIS_REF_STA Axis Status
Ready BOOL Axis Ready-to-exe- TRUE when preparations for axis execu-
cute tion are finished and the axis is stopped.
This variable indicates the same status
as when _MC_AX[*].Status.Standstill is
TRUE (Standstill).
Disabled BOOL Axis Disabled

TRUE while the Servo is OFF for the ax-
is.

The following axis states are mutually ex-
clusive. Only one can be TRUE at the
same time.

Disabled, Standstill, Discrete, Continu-
ous, Synchronized, Homing, Stopping,
ErrorStop, or Coordinated
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6 Motion Control Programming

Variable name

Data type

Meaning

Function

Standstill

BOOL

Standstill

TRUE while the Servo is ON for the axis.

Discrete

BOOL

Discrete Motion

TRUE while position control is executed
toward the target position.

This includes when the velocity is 0 be-
cause the override factor was set to 0
during a discrete motion.

Continuous

BOOL

Continuous Motion

TRUE during continuous motion without
a target position.

This state exists during velocity control or
torque control.

This includes when the velocity is 0 be-
cause the target velocity is set to 0 and
when the velocity is 0 due to an override
factor set to 0 during continuous motion.

Synchronized

BOOL

Synchronized Motion

TRUE during execution of synchronized
control.

This includes waiting for synchronization
after changing to synchronized control in-
structions.

Homing

BOOL

Homing

TRUE when homing for the MC_Home or
MC_HomeWithParameter instruction.

Stopping

BOOL

Deceleration Stop-
ping

TRUE until the axis stops for a MC_Stop
or MC_TouchProbe instruction.

This includes when Execute is TRUE af-
ter the axis stops for an MC_Stop in-
struction.

Axis motion instructions are not executed
while decelerating to a stop. (Comman-
dAborted is TRUE.)

ErrorStop

BOOL

Error Deceleration
Stopping

This status exists when the axis is stop-
ping or stopped for execution of the
MC_ImmdediateStop instruction or a mi-
nor fault (_ MC_AX[*].MFaultLvl.Active) is
TRUE (Axis Minor Fault Occurrence).
Axis motion instructions are not executed
in this state. (CommandAborted is
TRUE.)

Coordinated

BOOL

Coordinated Motion

TRUE when an axes group is enabled by
a multi-axes coordinated control instruc-
tion.

Details

_sAXIS_REF_DET

Axis Control Status

Gives the control status of the command.

Idle

BOOL

Idle

TRUE when processing is not currently
performed for the command value, ex-
cept when waiting for in-position state. ™!
Idle and InPosWaiting are mutually exclu-
sive. They cannot both be TRUE at the
same time.

InPosWaiting

BOOL

In-position Waiting

TRUE when waiting for in-position state.
The in-position check performed when
positioning for the in-position check.
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Variable name Data type Meaning Function
Homed BOOL Home Defined TRUE when home is defined. "2
FALSE: Home not defined
TRUE: Home is defined
InHome BOOL In Home Position TRUE when the axis is in the range for
home.
It gives an AND of the following condi-
tions.
* Home defined
* The actual current position is in the
zero position range with home as the
center.
TRUE also when the zero position is
passed by while the axis is moving in
command status.
VelLimit"3 BOOL Command Velocity TRUE while the command velocity is lim-
Saturation ited to the maximum velocity during
synchronized control.

Dir _SAXIS_REF_DIR Command Direction Gives the command travel direction.

Posi BOOL Positive Direction TRUE when there is a command in the
positive direction.
Nega BOOL Negative Direction TRUE when there is a command in the
negative direction.

DrvStatus _sAXIS_REF_STA DRV Servo Drive Status Gives the status of the Servo Drive.
ServoOn BOOL Servo ON TRUE when the Servomotor is powered.
Ready BOOL Servo Ready TRUE when the Servo is ready.™
MainPower BOOL Main Power TRUE when the Servo Drive main power

is ON.
P_OT BOOL Positive Limit Input TRUE when the positive limit input is en-
abled.
N_OT BOOL Negative Limit Input TRUE when the negative limit input is en-
abled.
HomeSw BOOL Home Proximity Input | TRUE when the home proximity input is
enabled.
Home BOOL Home Input TRUE when the home input is enabled.
*5%6
ImdStop BOOL Immediate Stop Input | TRUE when the immediate stop input is
enabled.
Latch1 BOOL External Latch Input 1 | TRUE when latch input 1 is enabled.
Latch2 BOOL External Latch Input 2 | TRUE when latch input 2 is enabled.
DrvAlarm BOOL Drive Error Input TRUE while there is a Servo Drive error.
DrvWarning BOOL Drive Warning Input TRUE while there is a Servo Drive warn-
ing.
ILA BOOL Drive Internal Limiting | TRUE when the Servo Drive limiting
function actually limits the axis. "7
CSP BOOL Cyclic Synchronous TRUE when the Servo is ON at the Ser-
Position (CSP) Con- | vo Drive and the current mode is CSP
trol Mode Mode. *8
Csv BOOL Cyclic Synchronous TRUE when the Servo is ON at the Ser-
Velocity (CSV) Con- | vo Drive and the current mode is CSV
trol Mode Mode. "8
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Variable name

Data type

Meaning

Function

CST

BOOL

Cyclic Synchronous
Torque (CST) Control
Mode

TRUE when the Servo is ON at the Ser-
vo Drive and the current mode is CST

Mode. "8

Cmd

_sAXIS_REF_CMD_DATA

Axis Command Val-
ues

Pos

LREAL

Command Current
Position

Contains the current value of the com-
mand position. (Unit: command units)
When the Servo is OFF and the mode is
not position control mode, this variable

contains the actual current position. ™

Vel

LREAL

Command Current
Velocity

Contains the current value of the com-
mand velocity. (Unit: command units/s)
A plus sign is added during travel in the
positive direction, and a minus sign dur-
ing travel in the negative direction.

The velocity is calculated from the differ-
ence with the command current position.
When the Servo is OFF and the mode is
not the position control mode, the veloci-
ty is calculated based on the actual cur-
rent position.

AccDec

LREAL

Command Current
Acceleration/Deceler-
ation

Contains the current value of the com-
mand acceleration/deceleration rate.

(Unit: command units/s?)

The acceleration/deceleration rate is cal-
culated from the difference with the com-
mand current velocity. A plus sign is add-
ed for acceleration, and a minus sign is
added for deceleration.

The value is 0 when the command accel-
eration/deceleration rate of the instruc-
tion under execution is 0.

Jerk

LREAL

Command Current
Jerk

Contains the current value of the com-

mand jerk. (Unit: command units/s3)

A plus sign is added when the absolute
value of acceleration/deceleration is in-
creasing, and a minus sign is added
when it is decreasing.

The value is 0 when the command accel-
eration/deceleration rate and command
jerk of the instruction under execution is
0.

Trg

LREAL

Command Current
Torque

Contains the current value of the com-
mand torque. (Unit: %)

A plus sign is added during travel in the
positive direction, and a minus sign dur-
ing travel in the negative direction.
Contains the same value as the actual
current torque except in torque control

mode. 10
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Variable name Data type Meaning Function
Act _sAXIS_REF_ACT_DATA | Axis Current Value
Pos LREAL Actual Current Posi- Contains the actual current position.
tion (Unit: command units)™®
Vel LREAL Actual Current Veloci- | Contains the actual current velocity.
ty (Unit: command units/s)
A plus sign is added during travel in the
positive direction, and a minus sign dur-
ing travel in the negative direction.
Trq LREAL Actual Current Torque | Contains the current value of the actual
torque. (Unit: %)
A plus sign is added during travel in the
positive direction, and a minus sign dur-
ing travel in the negative direction.
TimeStamp*1! ULINT Time Stamp Contains the time when the current posi-
tion of the axis was updated. This varia-
ble is valid for an axis for which time
stamping is operating. (Unit: ns)
MFaultLvl _sMC_REF_EVENT Axis Minor Fault
Active BOOL Axis Minor Fault Oc- | TRUE while there is an axis minor fault.
currence
Code WORD Axis Minor Fault Contains the code for an axis minor fault.
Code The upper four digits of the event code
have the same value.
Obsr _sMC_REF_EVENT Axis Observation
Active BOOL Axis Observation Oc- | TRUE while there is an axis observation.
currence
Code WORD Axis Observation Contains the code for an axis observa-
Code tion.
The upper four digits of the event code
have the same value.
Cfg _sAXIS_REF_CFG Axis Basic Settings Gives the settings of the Axis Basic Set-
tings parameters.
AxNo UINT Axis Number Contains the logical number of the axis.
AxEnable _eMC_AXIS_USE Axis Use Shows if the axis is enabled or disabled.
0: _mcNoneAxis (Undefined Axis)
1: _mcUnusedAxis (Unused Axis)
2: _mcUsedAxis (Used Axis)
AxType _eMC_AXIS_TYPE Axis Type Contains the axis type.
1/0 wiring is not required for virtual axes.
0: _mcServo (Servo Axis)
1: _mcEncdr (Encoder Axis)
2: _mcVirServo (Virtual Servo Axis)
3: _mcVirEncdr (Virtual Encoder Axis)
NodeAddress UINT Node Address Contains the EtherCAT slave address.
*12
A value of 16#FFFF indicates that there
is no address.
ExeclD™13 UINT Execution ID Contains the task execution ID.
0: Not assigned to task (undefined axis)
1: Assigned to primary periodic task
2: Assigned to priority-5 periodic task
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Variable name Data type Meaning Function
Scale _sAXIS_REF_SCALE Unit Conversions Gives settings of the electronic gear ra-
tio.
Num UDINT Command Pulse Contains the number of pulses per motor
Count Per Motor Ro- | rotation for command positions.
tation The command value is converted to a
number of pulses based on the electronic
gear ratio.
Den LREAL Work Travel Distance | Contains the workpiece travel distance
Per Motor Rotation per motor rotation for command posi-
tions. “14
Units _eMC_UNITS Unit of Display Contains the display unit for command
positions.
0: _mcPlIs (pulse)
1: _mcMm (mm)
2: _mcUm (um)
3: _mcNm (nm)
4: mcDeg (degree)
5: _mclnch (inch)
CountMode™ 13 _eMC_COUNT_MODE Count Mode Contains the count mode.
0: _mcCountModeLinear (linear mode)
1: _mcCountModeRotary (rotary mode)
MaxPos*13 LREAL Maximum Current Contains the maximum value of the cur-
Position rent position indication. “1°
MinPos™13 LREAL Minimum Current Po- | Contains the minimum value of the cur-
sition rent position indication. “16

*1.  This also includes states where processing is performed while in motion at velocity 0, during following error counter
resets, during synchronized control, and during coordinated motion.

*2.  Even if the variable is TRUE, the home must be defined again in the following cases.

When you make a change in the position count settings or the unit conversion settings.
If an error or erroneous operation occurs on the Servo Drive, which leads to loss of absolute position data. Examples
of errors and erroneous operations include breaks of encoder cables and clear of absolute encoder data.

*3.  Use VelLimit only for a slave axis that is currently in synchronized control.

*4.  This variable is TRUE when the PDS state of the Servo Drive is either Ready to switch on, Switched on or Operation
enabled and the main circuit power supply (voltage enabled) is ON. However, if Main circuit power supply OFF
detection is set to Do not detect, ON/OFF status of the main circuit power supply is ignored.

For details on the PDS state and the Main circuit power supply OFF detection, refer to A-5 PDS State Transition on
page A-28.

*5. The Detailed Settings Area on the Axis Basic Settings Display of the Sysmac Studio gives the signal that is set for
encoder Z-phase detection digital input. You may not be able to map this signal to a PDO for servo drives from
other manufacturers. Refer to the manual for the connected servo drive for details.

*6. You cannot map this signal to a PDO for an OMRON G5-series Linear Motor Type Servo Drive with built-in EtherCAT
communications.

*7. This variable gives the status of bit 11 (internal limit enabled) in the Status Word (6041 hex) that is mapped to a PDO.
The conditions for this variable changing to TRUE depend on the specifications of the Servo Drive. Refer to the manual
for the connected servo drive for details.

For an OMRON 1S-series Servo Drive or G5-series Servo Drive, this variable gives an OR of the following four: torque
limits, velocity limits, drive prohibit inputs, and software limits.

*8. This variable gives the value of the Modes of Operation Display (6061 hex) that is mapped to a PDO. The conditions
for CSP, CSV, and CST changing to TRUE depend on the specifications of the Servo Drive. Refer to the manual for the
connected servo drive for details.

If the Modes of Operation Display (6061 hex) is not mapped to a PDO, the values of these variables depend on the
unit version of the CPU Unit as follows:
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For a CPU Unit with unit version 1.10 or later, they are TRUE when the status of the Statusword (6041 hex) that was
mapped to a PDO is Operation Enabled.

For a CPU Unit with unit version 1.09 or earlier, they are always FALSE.

If the process data communications between the CPU Unit and an EtherCAT slave or NX Unit that is assigned to an
axis changed to a non-established state, the variables contain different values as follows depending on the unit version
of the CPU Unit.

For a CPU Unit with unit version 1.10 or later, the actual current position and the command current position axis varia-
bles will contain the actual current position output that is just before process data communications change to a non-
established state.

For a CPU Unit with unit version 1.09 or earlier, the actual current position and the command current position axis vari-
ables will contain 0 or the lower limit. The lower limit is contained when the Count Mode is set to Rotary Mode and 0 is
not included in the range of position.

If you display a data trace that compares the command current torque and the actual current torque in any mode other
than Torque Control Mode, the command current torque will change after one task period. This is caused by the timing
of processing the data trace. Refer to Data Tracing in the NJ/NX-series CPU Unit Software User’s Manual (Cat. No.
W501) for information on the timing of processing data tracing.

Data Trace Display Example

A

Actual current torque

AN

Torque

~— Command current torque

Time ~
Changes in the display of the command current torque
are delayed in respect to the actual current torque.

A CPU Unit with unit version 1.06 or later and Sysmac Studio version 1.07 or higher are required to use this variable.
For an NX-series Position Interface Unit, this is the node address of the EtherCAT Coupler Unit under which the Posi-
tion Interface Unit is mounted.

A CPU Unit with unit version 1.10 or later and Sysmac Studio version 1.12 or higher are required to use this variable.
The parameter is disabled if you set to use a reducer in the unit conversion settings, which is the function added for
CPU Units with unit version 1.11 or later.

To confirm alternatively enabled parameters, i.e. Work Travel Distance Per Rotation, Work Gear Ratio, and Motor
Gear Ratio, use the MC_ReadAxisParameter (Read Axis Parameters) instruction.

If the Count Mode is set to Linear Mode, the position just before an overflow is given. In Rotary Mode, the modulo
maximum position is given.

If the Count Mode is set to Linear Mode, the position just before an underflow is given. In Rotary Mode, the modulo
minimum position is given.

@ Relationship between Axis Variables and Axis Types

Axis Variables are enabled or disabled according to the axis type. Disabled members are FALSE or
0.

In the descriptions, _MC_AX[0-255] is used as an example. The same information applies to
_MC1_AX][0-255] and _MC2_AX[0-255].
Also, the following table shows which members are enabled for each axis type.

O: Enabled, ---: Disabled

Virtual Virtual
. . Servo Encod-
Variable name Data type Meaning . servo ' encoder
axis . er axis .
axis axis
_MC_AX[0-255] _SAXIS_REF Axis Variable
Status _SAXIS_REF_STA Axis Status
| Ready BOOL Axis Ready-to-execute O O | - | ---
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Virtual Virtual
Variable name Data type Meaning Ser_vo servo EncoFI- encoder
axis . er axis .
axis axis
Disabled BOOL Axis Disabled (@) @) ©) ©)
Standstill BOOL Standstill O O --- ---
Discrete BOOL Discrete Motion O O - -
Continuous BOOL Continuous Motion O O --- ---
Synchronized | BOOL Synchronized Motion O O - -
Homing BOOL Homing O O -— -—
Stopping BOOL Deceleration Stopping O O -—- -—-
ErrorStop BOOL Error Deceleration Stop- O O -—- -—-
ping
Coordinated BOOL Coordinated Motion O @) --- ---
Details _sAXIS_REF_DET Axis Control Status
Idle BOOL Idle O O O O
InPosWaiting BOOL In-position Waiting O O --- ---
Homed BOOL Home Defined O O - -
InHome BOOL In Home Position O O -— -—
VelLimit BOOL Command Velocity Satu- O O --- ---
ration
Dir _sAXIS_REF_DIR Command Direction
Posi BOOL Positive Direction O O - -
Nega BOOL Negative Direction O O -—- -—-
DrvStatus _sAXIS_REF_STA DRV | Servo Drive Status
ServoOn BOOL Servo ON (@) - - -
Ready BOOL Servo Ready O - - -
MainPower BOOL Main Power O - -— -—
P_OT BOOL Positive Limit Input O - --- ---
N_OT BOOL Negative Limit Input O - -— -—
HomeSw BOOL Home Proximity Input O - --- ---
Home BOOL Home Input O - - -
ImdStop BOOL Immediate Stop Input O - --- ---
Latch1 BOOL External Latch Input 1 O - - -
Latch2 BOOL External Latch Input 2 O - --- ---
DrvAlarm BOOL Drive Error Input O - - -
DrvWarning BOOL Drive Warning Input (@) - - -
ILA BOOL Drive Internal Limiting O - - -
CSP BOOL Cyclic Synchronous Posi- (@) - - -
tion (CSP) Control Mode
CSVv BOOL Cyclic Synchronous Ve- O - - -
locity (CSV) Control
Mode
CST BOOL Cyclic Synchronous Tor- O - -—- -
que (CST) Control Mode
Cmd _sAXIS_REF_CMD_DA- | Axis Command Values
TA
Pos LREAL Command Current Posi- O O - -
tion
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Virtual Virtual
Variable name Data type Meaning Ser.vo servo Enco?l- encoder
axis axis er axis axis
Vel LREAL Command Current Veloci- O O - -
ty
AccDec LREAL Command Current Accel- O O - -
eration/Deceleration
Jerk LREAL Command Current Jerk O O --- ---
Trq LREAL Command Current Tor- @) O - -
que
Act _sAXIS_REF_ACT _DA- | Axis Current Value
TA
Pos LREAL Actual Current Position O O O O
Vel LREAL Actual Current Velocity @) O O O
Trq LREAL Actual Current Torque O O - -
TimeStamp ULINT Time Stamp @) - O -
MFaultLvl _sMC_REF_EVENT Axis Minor Fault
Active BOOL Axis Minor Fault Occur- O O O O
rence
Code WORD Axis Minor Fault Code O O O O
Obsr _sMC_REF_EVENT Axis Observation
Active BOOL Axis Observation Occur- O O O O
rence
Code WORD Axis Observation Code O O O O
Cfg _sAXIS_REF_CFG Axis Basic Settings
AxNo UINT Axis Number @) O O O
AxEnable _eMC_AXIS_USE Axis Use O O O O
AxType _eMC_AXIS_TYPE Axis Type (@) O O O
NodeAddress | UINT Node Address O - O -
ExecID"! UINT Execution ID o o o o
Scale _sAXIS_REF_SCALE Unit Conversions
Num UDINT Command Pulse Count O O O O
per Motor Rotation
Den'*2 LREAL Work Travel Distance per @) O O O
Motor Rotation
Units _eMC_UNITS Unit of Display O O O O
CountMode™ | _eMC_COUNT_MODE Count Mode ©) O O O
MaxPos"’ LREAL Maximum Current Posi- @) O O O
tion
MinPos*! LREAL Minimum Current Position @) O O O

*1. A CPU Unit with unit version 1.10 or later and Sysmac Studio version 1.12 or higher are required to use this variable.
*2.  The parameter is disabled if you set to use a reducer in the unit conversion settings, which is the function added for
CPU Units with unit version 1.11 or later.

I Axes Group Variables

_MC_GRPJ[0-63], _MC1_GRP[0-63], and _MC2_GRP[0-63] are the system-defined Axes Group Varia-
bles. The data type is _sGROUP_REF, which is a structure variable.
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6 Motion Control Programming

This section describes the configuration of the Axes Group Variables and provides details on the mem-
bers using MC_GRP[0-63] as an example.

The same information applies to MC1_GRP[0-63] and _MC2_GRPJ[0-63].

Also, in the descriptions of functions, MC_AX[*] is used as an example, but the same information ap-
plies to _MC1_AX[*] and _MC2_AX[*].

Variable name Data type Meaning Function
_MC_GRP[0-63] _sGROUP_REF Axes Group Variable
Status _sGROUP_REF_STA Axes Group Status
Ready BOOL Ready-to-execute TRUE when the axes group is stopped and is

ready to execute.

The condition for being ready to execute is an

AND of the following conditions.

* Execution of the MC_Stop instruction is not
in progress for any composition axis.

* _MC_GRPJ[*].Status.Standby (standby) is
TRUE.

* The Servo is ON for the composition axes.

* _MC_AX][*].Details.Homed is TRUE (home
defined) for the composition axes.

Disabled BOOL Axes Group Disabled | TRUE when the axes group is disabled and

stopped.

The following axes group status are mutually

exclusive. Only one of them can be TRUE at

atime.

Disabled, Standby, Moving, Stopping, or Er-

rorStop

Standby BOOL Standby TRUE when the axes group motion instruction
is stopped.

This is independent of the Servo ON/OFF sta-
tus of the composition axes in the axes group.

Moving BOOL Moving TRUE while an axes group motion instruction
is executed toward the target position.

This includes in-position waiting status and
when the velocity is 0 for an override.

Stopping BOOL Deceleration Stopping | TRUE until the axes group stops for an
MC_GroupStop instruction.

This includes when Execute is TRUE after the
axes stop for an MC_GroupStop instruction.
Axes group motion instructions are not exe-
cuted in this state. (CommandAborted is

TRUE.)
ErrorStop BOOL Error Deceleration TRUE while the axes group is stopping or
Stopping stopped for the MC_GrouplmmediateStop in-

struction or for an axes group minor fault
(when _MC_GRP[*].MFaultLvl.Active is
TRUE). Axes group motion instructions are
not executed in this state. (CommandAborted
is TRUE.)

Details _sGROUP_REF_DET Axes Group Control Gives the control status of the instruction.
Status
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Variable name Data type Meaning Function
Idle BOOL Idle TRUE when processing is not currently per-
formed for the command value, except when
waiting for in-position state. ™'
Idle and InPosWaiting are mutually exclusive.
They cannot both be TRUE at the same time.
InPosWaiting BOOL In-position Waiting TRUE when waiting for in-position state for
any composition axis.
The in-position check performed when posi-
tioning for the in-position check. "2
Cmd _SsGROUP_REF_CMD_D | Axes Group Com-
ATA mand Values
Vel LREAL Command Interpola- | Contains the current value of the command
tion Velocity interpolation velocity.
The interpolation velocity is calculated from
the difference with the interpolation command
current position. A plus sign is added during
travel in the positive direction, and a minus
sign is added during travel in the negative di-
rection.
The value is 0 when the axes group is disa-
bled.
AccDec LREAL Command Interpola- Contains the current value of the command
tion Acceleration/ interpolation acceleration/deceleration.
Deceleration The interpolation acceleration/deceleration
rate is calculated from the difference with the
command interpolation velocity. A plus sign is
added for acceleration, and a minus sign is
added for deceleration.
The value is 0 when the axes group is disa-
bled, or when the command acceleration/
deceleration rate of the current axes group
motion instruction is 0.
MFaultLvl _SMC_REF_EVENT Axes Group Minor
Fault
Active BOOL Axes Group Minor TRUE while there is an axes group minor
Fault Occurrence fault.
Code WORD Axes Group Minor Contains the error code for an axes group mi-
Fault Code nor fault.
The upper four digits of the event code have
the same value.
Obsr _sMC_REF_EVENT Axes Group Observa-
tion
Active BOOL Axes Group Observa- | TRUE while there is an axes group observa-
tion Occurrence tion.
Code WORD Axes Group Observa- | Contains the code for an axes group observa-
tion Code tion.
The upper four digits of the event code have
the same value.
Cfg _sGROUP_REF_CFG Axes Group Basic Gives the settings of the Axes Group Basic
Settings Settings parameters.
GrpNo UINT Axes Group Number | Contains the logical number of the axes
group.
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6 Motion Control Programming

Variable name Data type Meaning Function
GrpEnable _eMC_GROUP_USE Axes Group Use Shows if the axes group is enabled or disa-
bled.
0: _mcNoneGroup (Undefined Axes Group)
1: _mcUnusedGroup (Unused Axes Group)
2: _mcUsedGroup (Used Axes Group)
ExeclD*3 UINT Execution ID Contains the assigned task execution ID.
0: Not assigned to task (undefined axes
group)
1: Assigned to primary periodic task
2: Assigned to priority-5 periodic task
Kinematics ~_sGROUP_REF_KIM Kinematics Transfor- | Contains the definition of the kinematic con-
mation Settings versions for the axes group.
GrpType _eMC_TYPE Composition Gives the axis composition of multi-axes coor-
dinated control.
0: _mcXY (two axes)
1: _mcXYZ (three axes)
2: _mcXYZU (four axes)
Axis[0] UINT Composition Axis for | Contains the axis number that is assigned to
Axis AO axis AQ.
Axis[1] UINT Composition Axis for | Contains the axis number that is assigned to
Axis A1 axis A1.
Axis[2] UINT Composition Axis for | Contains the axis number that is assigned to
Axis A2 axis A2.
Axis[3] UINT Composition Axis for | Contains the axis number that is assigned to
Axis A3 axis A3.

*1.  This also includes states where processing is performed while in motion at a velocity of 0.
*2.  This variable is FALSE when all composition axes in the axes group are within the in-position ranges set in the axis

parameters.

*3. A CPU Unit with unit version 1.10 or later and Sysmac Studio version 1.12 or higher are required to use this variable.
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6 Motion Control Programming

6-7 Cam Tables and Cam Data Variables

The MC Function Module uses the cam profile curves that you create on the Cam Editor of the Sys-
mac Studio as cam tables.

The cam table data is handled as cam data variables in the user program in the NJ/NX-series CPU
Unit.

I Creating and Saving Cam Tables

Sysmac Studio: Used to create cam profile curves and cam definition variables.
Spreadsheet software: Used to edit cam tables in CSV format.

CPU Unit

A

P )

E ; « After cam data is

: : Non-volatile memory . S\CI)r:\:enr:O;(;jv?gr is Main memory — User program —

v | _turned ON_____)] : Modified.

! E Cam Table € - G Cam data variablesHe- - - - - - -IData movement instructions

N Saved. " A : H

: : + Quenwritien} 1] MC_GenerateCam

A : _ ! Table instruction*3
Uploaded. : com e a4
b o4 : MC_SaveCamTable

_________________________________ - instruction
- _/

*1. Use the Synchronization menu command of the Sysmac Studio to upload and download the project.

*2. The cam data variables that are uploaded cannot be changed on the Cam Editor. Refer to the Editing a Cam
Data Variable on the Computer after Editing It from the User Program on page 6-38 for the procedure to edit
a cam data variable on the computer after editing it from the user program.
Also, if the project is rebuilt or the cam profile curve is changed from the Sysmac Studio, the cam data varia-
ble that was uploaded is overwritten with the cam profile curve data.

*3. A CPU Unit with unit version 1.08 or later and Sysmac Studio version 1.09 or higher are required to use the
MC_GenerateCamTable (Generate Cam Table) instruction.

*4. “Cam definition variable” is the generic term for cam property variables and cam node variables.

® Cam Table Data Flow

» Use the Sysmac Studio to download the cam profile curves that you created in the Sysmac Stu-
dio to the CPU Unit to save them as cam tables in the non-volatile memory in the CPU Unit.
When you upload a cam table to the Sysmac Studio, the cam table that was saved in the non-
volatile memory is uploaded.

» The cam tables that were saved in non-volatile memory are implemented as cam data variables
in the main memory after you download them or when the power is turned ON.

* You can use the user program to edit cam data variables and cam definition variables in the main
memory. Refer to 9-2-5 Cam Tables on page 9-16 for information on cam data variables and
cam definition variables.

* The MC_GenerateCamTable (Generate Cam Table) instruction in the user program can over-
write the cam data variable in main memory according to the value of the cam definition variable.
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6 Motion Control Programming

» The motion control instruction MC_SaveCamTable saves the cam data variables in the main
memory to non-volatile memory.

* You can upload the cam definition variable that were created in the Cam Data Settings of the
Sysmac Studio even after the variable is changed in the user program. If the cam definition varia-
ble was created as a user-defined variable, you cannot upload it after it is changed in the user
program.

» Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for information on cre-
ating and transferring the cam definition variable in the Sysmac Studio.

» For details on the MC_GenerateCamTable (Generate Cam Table) instruction and MC_Save-
CamTable instruction, refer to the NJ/NX-series Motion Control Instructions Reference Manual
(Cat. No. W508).

* You can upload and download cam tables regardless of the operating mode of the NJ/NX-series
CPU Unit mode or the status of the MC Function Module. You cannot upload cam data, down-
load cam data, start online operation, perform online editing, or start data traces during a cam
table save operation. The MC_SaveCamTable instruction is not executed during online editing.

» All axes in motion will decelerate at the maximum deceleration rate when you start the download
process.

@ Precautions for Correct Use

If you change any cam data in the user program, those changes are lost and the cam table in
non-volatile memory is restored if you restart the power or download cam data from the Sysmac
Studio. Also, you cannot upload the data in the main memory from the Sysmac Studio.

L~ Version Information

If a CPU Unit with unit version 1.13 or later and Sysmac Studio version 1.17 or higher are com-
bined, commands to the I/O devices can continuously be sent even when the download process
is in progress.
For the CPU Unit with unit version 1.12 or earlier, sending commands to the I/O devices is stop-
ped when the download process is executed.
Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for how to set to
stop or continue sending commands to the I/O devices when the download process starts.
Stopping sending commands to 1/O devices
Servo is turned OFF during the download, and the axis status will be Disable (Axis Disa-
bled).
Continuing sending commands to 1/O devices
The MC_Power (Power Servo) and MC_SetTorqueLimit instructions can run even when the
download process is in progress.
The following status immediately before downloading is maintained during the download: the
Servo ON state for the MC_Power instruction and the output torque limit for the MC_SetTor-
queLimit instruction.
The Servo ON state and torque limit are maintained even if the MC_Power and MC_SetTor-
queLimit instructions are deleted from the user program after the program is updated by
downloading.

Editing a Cam Data Variable on the Computer after Editing It from
the User Program

If you edit or overwrite a cam data variable from the user program and then use the MC_SaveCamTa-
ble instruction to save the cam table to non-volatile memory, you cannot edit the data with the Cam
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Editor of the Sysmac Studio. This section describes how to use spreadsheet software to edit the data
and then use it as a cam table.

Transfer Cam Table [Controller to File]:
Uploads the cam table from the Controller and saves it in a CSV file.
Transfer Cam Table [File to Controller]:
Downloads the cam table from a CSV file to the Controller.

Save/Export

Spreadsheet

Sysmac Studio CSV file I software

Read/Import

Download *1

*1. Use the Synchronization menu command of the Sysmac Studio to upload and download the project.

sa|qelieA ejeq weo pue s9jqeL wes /-9

® Saving a Cam Table from Non-volatile Memory to a CSV File
* Right-click a cam profile that you edited in the Cam Data Settings of the Sysmac Studio and
select Transfer Cam Table [Controller to File] from the menu.
» The Save Dialog Box is displayed. Enter the file save location and file name, and then click the
Save Button.

@ Editing CSV Files

» Use spreadsheet software or other CSV-compatible software to edit the CSV file.

® Transferring the CSV File to the CPU Unit
» Right-click the cam profile to download and select Transfer Cam Table [File to Controller] from
the menu.
» The Open File Dialog Box is displayed. Specify the file to transfer, and then click the OK Button.
» To enable the cam table that you transferred, reset the Controller or cycle the power supply to
the Controller after the cam table is transferred.

M Precautions for Correct Use

» Synchronize the data with the Controller before executing Transfer Cam Table [File to
Controller].

« If you transfer the Cam Data Settings to the Controller through the synchronization after exe-
cuting Transfer Cam Table [File to Controller], the cam table in the Controller is replaced
with the data in the Cam Data Settings.

In this case, you need to execute Transfer Cam Table [File to Controller] again, or do not
include the Cam Data Settings in the synchronization data.

You can also export the Cam Data Settings that were entered from the Cam Editor to a CSV file.
Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for information on the
Cam Data Settings and the export procedure.
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6-40

I Cam Profile Curve Names

When a cam profile is created in the Sysmac Studio, CamProfile0 is used as the default name. Each
time you create another cam profile, the number on the end of the name is incremented.
You can change the name of any cam profile as required from the Sysmac Studio.

The cam profile names that are set on the Sysmac Studio are used as the cam table names.

I Specifying Cam Tables in the User Program

In the user program, the cam table name is specified for the in-out variable CamTable in motion con-

In-out variable CamTable
/ MCCI1

trol instructions.

Specify a variable name.

MC_Axis000 —
MC_Axis001 —
CamTable1 CamProfile0 —

MCCIH_Pd —
MCCI1_StMode —
MCCI1_StPos —
MCCI1_MStDis —
MCCI1_MSc —
MCCI1_SSc —
MCCI1_MO —
MCCI1_SO —
MCCIH_RT —
MCCI1_Dir —
MCCI1_CT —
MCCI1_BM —

MC_Camin
Master R Master
Slave R _— Slave
CamTable CamTable
Execute InCam
Periodic InSync
StartMode EndOfProfile
StartPosition Index
MasterStartDistance Busy
MasterScaling Active
SlaveScaling Command Aborted
MasterOffset Error
SlaveOffset ErrorlD
ReferenceType
Direction
CamTransition
BufferMode

— MC_Axis000

— MC_Axis001

L CamProfile0  MCCI1_InCam
~

— MCCI1_InSync
— MCCI1_EOP
— MCCI1_Index
— MCCI1_B

— MCCI1_A

— MCCI1_CA

— MCCI1_E

— MCCI1_EID
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6-8 Programming Motion Controls

Place motion control instructions in the user program of the NJ/NX-series CPU Unit to perform motion
control. Programs that contain motion control instructions are called motion control programs.

M Precautions for Correct Use

* You can set and program up to 256 axes on the Sysmac Studio for any model of CPU Unit.
You cannot download a project to the CPU Unit if the project contains more than the maxi-
mum number of controlled axes for that CPU Unit.

* When you reuse a project, make sure that the maximum number of controlled axes for the
CPU Unit model is not exceeded.

» Even axes that are set as unused axes are included in the number of controlled axes.

Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for details on program-
ming.

This section gives the procedure to create a program in an existing project on the Sysmac Studio.

1 Starting the Sysmac Studio
Start the Sysmac Studio and open the project.

o
1
o
)
=
=]
«Q
=
Y
3
3
=}
«Q
=
o
=4
o
S
O
o
=]
=3
=
-
7]

2 Adding a Program
Right-click Programs in the Multiview Explorer and select Multipart Ladder or Structured

Text from the Add Menu.

[=] Sysmac Studio
| Pl =dt View Insert Project  Controller  Simuladen  Tools  Help

w B 1 A
A, Configurations and Setup 0 Q.0
+

new_NI501_0 v ‘ I ‘

v Configurations and Setup

‘

Structured Text

A program is added to the Multiview Explorer.
3 Editing the Program

Right-click a section in the new program and select Edit from the menu. The Program Edit Tab
Page is displayed.
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F=] Sysmac Studj
Fle Edt \iew Insert Project Controller  Simulation  Took. Help

New Project

DataType | InitialValue | AT | Retain | Constant| Comment |

P £ Motion Control Setup
& Cam Data Settings
- Event Settings
I, Task Settings
7] Data Trace Settings

[
z
¢
g
|

New Project 5 g Toolbox
new_NJ501_0 5

¥ Configurations and Setup | IntialValue | AT | Retain | Constant| > Math
— ¥ Motion Control

» ) CPU/Expansion Racks
& 1/0 Map

» 3 Controller Setup

» i Matian Control Setup
& Cam Data Seftings

B

B

> Event Settings
B, Task Seftings Enter Rung Comment
7] Data Trace Settings

v i rous
¥ [, Programs
Program0

JRUOI M T

MC_GroupDisable
MC_GroupEnable
MC_GroupImmediateStop

MC_GroupReset

EINE I ENREIREIRE IR EIRE IR

MC_GroupSetOverride:

=l e
MC_CamIn

Start Cam Operat

The MC_Camin instruction starts a cam
operation by using a specified cam table.

Refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501) for details on program-
ming.

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for specific procedures.
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6-9 Creating Cam Tables

This section will explain how to use the Cam Editor of the Sysmac Studio to create a cam table.

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for details on the Cam Edi-
tor.

1 Adding a Cam Profile
Right-click Cam Data Settings in the Multiview Explorer and select CamProfile from the Add
Menu.

-3
;
©
Q
o
o
=
5

@
(2]
)
3
Iy
g
o
)

A cam profile is added to the Multiview Explorer. You can change the name of the cam profile
as required from the default name of CamProfileO.
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6-44

2 Editing the Cam Profile
Right-click the cam profile in the Multiview Explorer and select Edit from the menu.

Toolbox

T

Output

¥ EEEA

The Cam Profile Edit Tab Page is displayed.

2 Toolbox

I

Slave axis unit Number of null cam data Cam cycle time
»

Maximum

Connecting velocity

Position

0350 0300 200 0150 0100 -0050 0000 0050 0100 0150 0200 0350 0300 0350 0400 0450
Degree

Output TEX

¥ e

Make the settings and enter the cam profile.

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for specific procedures.
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Manual Operation
]

This section describes manual operation when the MC Function Module is used to-
gether with an OMRON 1S-series Servo Drive.

7 T © 11 1 1 4T 7-2
7-2  Turning ON the SEIVO ... e 7-3
7-2-1 TUrNiNG ON the SEIVO........oiiiiiiiii e e e e 7-3
7-2-2 Setting AXiS Parameters ..........ooiiiiiiiiiiie s 7-4
7-2-3 Programming EXample ..........coouiiiiiiiiiii e 7-4
£ TN T Yo e 11 1T 7-6
7-3-1 JOQING ProCedUIe .........oiiiiiii e 7-6
7-3-2 Setting AXiS Parameters .........cooiiiiiie e 7-7
7-3-3 Setting Example for Input Variables ...........ccccceeeiiiiiiiiccicieec e 7-7
7-3-4 Programming EXampPle ..........coiiiiiiiiiiiiiie e 7-8
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7 Manual Operation

7-1 Outline

This section describes how to combine the MC Function Module and OMRON 1S-series Servo Drives
together and use motion control instructions from the user program to perform manual operations.

The motion control instructions for manual operation are MC_Power and MC_MoveJog. MC_Power
changes the Servo Drive to the Servo ON state and MC_MoveJog performs jogging.

M Precautions for Correct Use

You must set the axes to perform manual operation.
Refer to Section 3 Configuring Axes and Axes Groups on page 3-1 for details on how to set

axes.

@ Additional Information

* Use the MC Test Run function of the Sysmac Studio if you perform manual operation without
programming.
Refer to 4-3 Checking Motor Operation on page 4-8 for information on how to use the Sys-
mac Studio to perform manual operation.

» Refer to Section 6 Motion Control Programming on page 6-1 for information on how to cre-

ate user programs.
» The same procedures and operations are applicable to an OMRON G5-series Servo Drive.
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7-2 Turning ON the Servo

You can turn the Servo ON or OFF to enable or disable sending operation commands to the Servo

Drive.
The MC_Power (Power Servo) motion control instruction is used.

Instance name

Body name
In-out variable MC_Power_instance
Input parameter —\ MC_Power
Al Axis1 —lAXis _ —— ABI=/ T Stawst
Input variable — ! Busyie= Busy1 !
{ Error —| Error1
i 1
\ ErroriDii='ErroriD1 )

\ \— Output parameter

- Output variables

Specify the axis to move with the Axis in-out variable.
Change the Enable input variable for MC_Power to TRUE to turn ON the Servo. Change Enable to
FALSE to turn OFF the Servo.

oAlag 8y} NO Buiwiny z-2

M Precautions for Correct Use

* If you change Enable to FALSE while the axis is moving, the command stops immediately
and all motion control instructions for that axis are disabled.

* If you use an NX-series Pulse Output Unit, you must provide a separate means to turn the
power supply to the motor drive ON and OFF. Refer to the NX-series Position Interface Units
User’s Manual (Cat. No. W524) for details.

N

@ Additional Information

If an OMRON 1S-series Servomotor or G5-series Servomotor with an absolute encoder is used,
or if an OMRON Gb5-series Linear Motor Type Servomotor/Servo Drive with built-in EtherCAT
communications is used with an absolute external scale, home is defined when the Enable in-
put variable to the MC_Power instruction changes to TRUE.

oI9S BY) NO Butuing |-g-2

L~ Version Information

For a CPU Unit with unit version 1.10 or later, if an OMRON 1S-series Servomotor or G5-series
Servomotor with an absolute encoder is used, or if an OMRON G5-series Linear Motor Type
Servomotor/Servo Drive with built-in EtherCAT communications is used with an absolute exter-
nal scale, home is also defined when EtherCAT process data communications change from a
non-established to an established state, in addition to the step shown in the above Additional
Information.

7-2-1  Turning ON the Servo

1 Adding and Setting an Axis
Add and set an axis from the Sysmac Studio.
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7-2-2

For details, refer to 3-2-2 Setting Procedure on page 3-10.

Setting Axis Parameters
Set the axis parameters from the Sysmac Studio.
For details, refer to 3-2-2 Setting Procedure on page 3-10.

Writing the User Program
Create the user program from the Sysmac Studio.
For details, refer to 6-8 Programming Motion Controls on page 6-41.

Downloading Axis Parameters and the User Program

Download the axis parameters and user program to the CPU Unit.
Use the Synchronization menu command of the Sysmac Studio to download the project to the
CPU Unit.

For details, refer to 3-2-2 Setting Procedure on page 3-10.

Executing the User Program

Execute the user program and change the Enable input variable for MC_Power to TRUE.
The Servo Drive will change to the Servo ON state.

Setting Axis Parameters

Only the following axis parameter settings are required if you want only to change to the Servo ON
state.
The following table provides examples of the settings.

Parameter name Setting
Axis Variable Name Axis1"1
Axis Number 1°2
Axis Use Used axis
Axis Type Servo axis
Input Device/Output Device | 1*3

*1.
*2.
*3.

7-2-3

If there is more than one axis, a different variable name is set for each axis.
If there is more than one axis, a different value is set for each axis.

Set the node address to the same value as the node address that is set on the Servo Drive. If there is more

than one axis, a different value is set for each axis.

Programming Example

The following sample programming turns the Servo ON and OFF for an axis named Axis1 based on
the value of bit A.
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MC_Power_instance

MC_Power
A Axis1 = AXis =~ ———— AXIS [
—_ | Enable Status e
Busy =
Error e
ErroriD fe=

For details on the MC_Power (Power Servo) instruction, refer to the NJ/NX-series Motion Control
Instructions Reference Manual (Cat. No. W508).

oasag ay} NO Butuiny z-2
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7-3 Jogging

7-3-1

7-6

Use the motion control instruction MC_MoveJog for jogging.

Body name

Instance name
In-out variable —— 7 MC_MoveJog_instance S

\ T MC_MoveJog
A Axis1 mf(AXis  ——— ——— AXig)= Axis1
—_— I_iP_o'sW\feEﬁa_bl'e_i | '''''''' B u_syl—
B t X
—] |—!NegativeEnabIe| !CommandAborted!—
=] Velocity | Error—
—{Acceleration | ! ErroriD
—Deceleration | | |
4 N

Input variables—/ \—Output variables

Specify the axis to jog with the Axis in-out variable.

Change the PositiveEnable input variable to TRUE to start the axis with the specified positive Velocity
(Target Velocity) and Acceleration (Acceleration Rate). Change PositiveEnable to FALSE to decelerate
and stop the axis at the specified Deceleration (Deceleration Rate).

Similarly, if you change the NegativeEnable input variable to TRUE, the axis will start in the negative
direction. Change the variable to FALSE to stop the axis.

You can perform jogging even if the home has not yet been defined.

Jogging Procedure

1 Adding and Setting an Axis
Add and set an axis from the Sysmac Studio.
For details, refer to 3-2-2 Setting Procedure on page 3-10.

2 Setting Axis Parameters
Set the axis parameters from the Sysmac Studio.
For details, refer to 3-2-2 Setting Procedure on page 3-10.

3 Writing the User Program
Create the user program from the Sysmac Studio.
For details, refer to 6-8 Programming Motion Controls on page 6-41.

4 Downloading Axis Parameters and the User Program
Download the axis parameters and user program to the CPU Unit.
Use the Synchronization menu command of the Sysmac Studio to download the project to the
CPU Unit.
For details, refer to 3-2-2 Setting Procedure on page 3-10.

5 Executing the User Program
Execute the user program and change the Enable input variable for MC_Power to TRUE to
change the Servo Drive to the Servo ON state.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)



7 Manual Operation

Change either the PositiveEnable or NegativeEnable input variable for the MC_Movedog in-
struction to TRUE to jog.

7-3-2  Setting Axis Parameters

Set the following axis parameters if you want to jog when home is not defined.
The following setting example is for a one-axis device.

Servomotor
Encoder resolution: 23 bits/rotation 1 rotation

mm. Ball screw
l Ball screw pitch: 10 mm

ﬁ][mj_l_mm

J

Encoder output pulses per motor rotation
23 bits = 8,388,608

Parameter name Setting
Axis Variable Name Axis1™1
Axis Number 1*2
Axis Use Used axis
Axis Type Servo axis
Input Device/Output Device 13

Buibbor ¢-7

Command Pulse Count Per Motor Rotation | g 388 608"

Work Travel Distance Per Motor Rotation 10,0004

Software Limits Enabled for actual position 7
Unit of Display um

Count Mode Linear Mode <
Maximum Velocity 500,000 e
»
Maximum Jog Velocity 50,000°6 2
) . a
Maximum Acceleration 5.000,0007 >
Maximum Deceleration 5.000.0007 z
,000, =
*1. If there is more than one axis, a different variable name is set for each axis. 3
*2. If there is more than one axis, a different value is set for each axis. g'
[

*3. Set the node address to the same value as the node address that is set on the Servo Drive. If there is more
than one axis, a different value is set for each axis.

*4.  The position command unit will be 1 pm.

*5. The maximum velocity will be 3,000 r/min = 30 m/min = 0.5 m/s = 500,000 pym/s.

*6. The maximum jog velocity will be 10% of the maximum velocity, i.e., 0.05 m/s = 50,000 pm/s.

*7. " The maximum acceleration and the maximum deceleration are 5 m/s2. The acceleration time to the maxi-
mum velocity (3,000 r/min) is 0.1 s.

7-3-3  Setting Example for Input Variables

This section describes the settings for the MC_Movedog input variables Velocity (Target Velocity),
Acceleration (Acceleration Rate), and Deceleration (Deceleration Rate).

» For example, set Velocity to 30,000 to jog at a velocity of 0.03 m/s (30,000 pm/s).

NJ/NX-series CPU Unit Motion Control User’s Manual (W507) 7-7



7 Manual Operation

7-3-4

7-8

+ Set Acceleration and Deceleration to 3,000,000 to accelerate and decelerate at 3 m/s? (3,000,000

um/s2).

Programming Example

The following programming example jogs an axis named Axis1 in the positive direction for the value of
bit A and in the negative direction for the value of bit B.

MC_Movedog_instance

MC_Movedog
Axis1 == Axis AXiS fm=
—|A: PositiveEnable Busy p=
—|B: NegativeEnable CommandAborted =
Velo1 == Velocity Error f=
Acce1 = Acceleration ErrorID f=
Dece1 == Deceleration

In this example, Velocity (Target Velocity) is Velo1, Acceleration is Acce1, and Deceleration is Dece1.

Set the values for each variable in the user program in advance to operate the axis with the example
input variable settings.

* Velo1 = 30,000

» Acce1 = 3,000,000

» Dece1 = 3,000,000

For details on the MC_Movedog (Jog) instruction, refer to the NJ/NX-series Motion Control Instructions
Reference Manual (Cat. No. W508).
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This section describes homing.
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8 Homing

8-1 Outline of Homing

To perform positioning to absolute positions in a positioning system, you must first perform homing.

For example, if you want to perform positioning to the position (axis 1, axis 2) = (100 mm, 200 mm) in
the XY plane shown below, you must define the position of home (0,0).
The process of defining home is called homing.

Axis 2

(100,200)

Axis 1
(0,0)

]

In the MC Function Module, use the motion control instruction MC_Home or MC_HomeWithParameter
to define home.

Name Description

Homing Home is defined by actually moving the motor and using the limit sensors, home proximity

sensor, and home input signal to determine the position of home.
Use a proximity sensor or the encoder's Z phase signal as the home input signal.

14}

Precautions for Correct Use

» The defined home is lost in the following cases.
When MC_SetPosition is executed.
When an overflow or underflow occurs in Linear Mode.
When homing is started.
The control state of EtherCAT communications is not Operational state.
» Some of the homing functions are restricted for the NX-series Position Interface Units. Refer
to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for details.

Additional Information

If an OMRON 1S-series Servomotor or G5-series Servomotor with an absolute encoder is used,
or if an OMRON G5-series Linear Motor Type Servomotor/Servo Drive with built-in EtherCAT
communications is used with an absolute external scale, home is defined when the Enable in-
put variable to the MC_Power instruction changes to TRUE.

Refer to 8-4 Homing with an Absolute Encoder on page 8-14 for details on the home with ab-
solute encoder.
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L~ Version Information

For a CPU Unit with unit version 1.10 or later, if an OMRON 1S-series Servomotor or G5-series
Servomotor with an absolute encoder is used, or if an OMRON G5-series Linear Motor Type
Servomotor/Servo Drive with built-in EtherCAT communications is used with an absolute exter-
nal scale, home is also defined when EtherCAT process data communications change from a
non-established to an established state, in addition to the step shown in the above Additional
Information.

The MC_MoveZeroPosition (High-speed Home) instruction is also provided to perform positioning to
home as defined for the previously described method.

Name Description

High-speed Hom- | The axis returns to home using an absolute position of 0 as the target position.
ing

The MC Function Module can operate the motor even when home is undefined (excluding MC_Move-
ZeroPosition).

Function Operation
Jogging and velocity control If home is not defined, the position at startup is defined as 0 to control
movement.
High-speed homing High-speed homing cannot be used.
If it is used, an instruction error will occur.
Positioning If home is not defined, the position at startup is defined as 0 to control
Interrupt feeding movement.

Starting cam operation

Starting gear operation

Synchronous positioning

BuIWOH Jo auIINQ |-8

Combining axes

Torque control

Zone monitoring

Linear interpolation Interpolation cannot be used.
Circular interpolation If it is used, an instruction error will occur.

@ Additional Information

Software limits are not valid when home is not defined.

Changes in the home definition status for operations and events are listed in the following table.

Operation or event Condition for change Home definition status
change

Servo turned ON Incremental encoder No change

or axis enabled When absolute data is read normally from the | Home is defined.
absolute encoder
When absolute data cannot be read from the Home is undefined.
absolute encoder

Changing the current position | When starting Home is undefined.

Homing When starting Home is undefined.
When ending Home is defined.

Overflows and underflows When overflow or underflow occurs Home is undefined.
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M Precautions for Correct Use

» For avirtual axis, home is always defined with a zero position preset. The setting of the
Homing Method axis parameter is ignored.

» The positive drive prohibit input (POT), negative drive prohibit input (NOT), and home proxim-
ity input (DEC) of the Servo Drive are used by the MC Function Module as the positive limit
input, negative limit input, and home proximity input.

Make sure that the signal widths for all of these input signals are long enough for the Servo
Drive to detect them and longer than the control period of the MC Function Module.

If the input signal widths are shorter than the control period, the MC Function Module may not
be able to detect the input signals, resulting in incorrect operation.

* You must set the Servo Drive parameters for each Servo Drive input signal. Refer to the man-
ual for your Servo Drive and the appendices and make the proper settings.
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8 Homing

8-2 Homing Procedure

This section describes the procedure to perform homing.

1 Adding and Setting an Axis
Add and set an axis from the Sysmac Studio.

2 Setting Axis Parameters
Set the homing method with the homing parameters.

3 Writing the User Program
Create the user program from the Sysmac Studio.
For details, refer to 6-8 Programming Motion Controls on page 6-41.

4 Downloading Axis Parameters and the User Program
Download the axis parameters and user program to the CPU Unit.
Use the Synchronization menu command of the Sysmac Studio to download the project to the
CPU Unit.
For details, refer to 3-2-2 Setting Procedure on page 3-10.

5 Executing the User Program
Execute the user program and change the Enable input variable for MC_Power to TRUE to
change the Servo Drive to the Servo ON state.
Homing is performed when the Execute input variable to the MC_Home or MC_HomeWith-
Parameter instruction changes to TRUE.

2inpadoid GU!UJOH ¢-8

8-2-1 Setting Homing Parameters

Set the homing parameters to specify the homing procedure.
Set the homing parameters from the Sysmac Studio.

Parameter name Description
Homing Method Set the homing operation.
Home Input Signal Select the input to use for the home input signal.
Homing Start Direction Set the start direction for when homing is started.

Home Input Detection Direc- | Set the home input detection direction for homing.
tion
Operation Selection at Posi- | Set the stopping method when the positive limit input turns ON during homing.
tive Limit Input
Operation Selection at Neg- | Set the stopping method when the negative limit input turns ON during homing.
ative Limit Input

siajoweled buiwoy bumes |-z-8

Homing Velocity Set the homing velocity. (Unit: command units/s)

Homing Approach Velocity Set the velocity to use after the home proximity input turns ON. (Unit: command
units/s)

Homing Acceleration Set the acceleration rate for homing.

If this parameter is set to 0, the homing velocity is used without any acceleration.

(Unit: command units/s?)
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Parameter name Description

Homing Deceleration Set the deceleration rate for homing.
If this parameter is set to 0, the zero velocity is used without any deceleration.

(Unit: command units/s?)

Homing Jerk Set the jerk for homing.

Set 0 for no jerk. (Unit: command units/s3)

Home Input Mask Distance | Set the home input mask distance when you set the Homing Operation Mode to
the proximity reverse turn/home input mask distance. (Unit: command units)

Home Offset Preset the actual position for the value that is set after homing.
(Unit: command units)

Homing Holding Time Set the holding time in milliseconds when you set the Homing Operation Mode to
the proximity reverse turn/holding time. (Unit: ms)

Homing Compensation Val- | Set the homing compensation value that is applied after the home is defined.
ue (Unit: command units)

Homing Compensation Ve- Set the velocity to use for homing compensation. (Unit: command units/s)
locity

Home proximity ON | |

input signal OFF |

ON
OFF

Home input signal

Velocity

Homing velocity . S

Homing
. . compensation
Homing approach velocity -f-f----=--------- velocity

J

Start
— Homing compensation
Absolute travel to position where value
home input signal was detected

I Homing Method

You can select any of the ten operation modes to define home.
» Proximity reverse turn/home proximity input OFF
» Proximity reverse turn/home proximity input ON

* Home proximity input OFF

* Home proximity input ON

e Limit input OFF

» Proximity reverse turn/home input mask distance
 Limit inputs only

» Proximity reverse turn/holding time

* No home proximity input/holding home input

» Zero position preset

The following table shows the homing parameters that are used for each Homing Operation Mode.

(O: Parameter is used, X: Parameter is not used.)
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Homing parameters
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g 2laiz| (B151°) |E| 3|88
(w] Q
S| |& = 3 5|5
e |o |a < o )
=i = Q c o
= <
E -
3|3
3 |3
Homing Operation Mode = =
Proximity reverse turn/home proximity in- ololololololololololxlolxlolo
put OFF
Proximit turn/h imity in-
roximity reverse turn/home proximity in ololololololololololxlolxlolo
put ON
Home proximity input OFF O|0O|O0O|O0O|O|O|O|O|O|O O O] O
Home proximity input ON Oj|0|O0Oj]O0O|O]|]O|O|O|0O|O O O] O
Limit input OFF olo0|lO|lO|O|O|O|0O|0O]|O O OO
Proximi h i k
'roxmlty reverse turn/home input mas ololololololololololololxlolo o
distance N
I
Limit inputs only X|OjlOj|O|O|O|O|O|O|O|X|O|X]|]O]|O 5
Proximity reverse turn/holding time Oj|0|O0j]O0O|O|lO|O|O|O|X|O|O|O]|O g
No h imity input/holding home in- 3
o home proximity input/holding home in ololololololololololxlolxlolo 3
put 8
Zero position preset X | X | X | X | X | X[ X[ X|[X|X|X[|O]|X|X]|X 5

For details on the Homing Operation Modes, refer to the NJ/NX-series Motion Control Instructions
Reference Manual (Cat. No. W508).

M Precautions for Correct Use

You cannot map the Z-phase input to a PDO for an OMRON G5-series Linear Motor Type Ser-
vo Drive with built-in EtherCAT communications. Therefore, if you use the No Home Proximity
Input/Holding Home Input Homing Operation Mode, which can use a Z-phase input mapped
to a PDO, do not select the Z-phase input for the home input signal.

siajoweled buiwoy bumes |-z-8

I Home Input Signal

In a Homing Operation Mode that uses a home input signal, select either the Z phase signal of the
Servo Drive or an external home signal as the signal to define home.

M Precautions for Correct Use

This parameter can be used to set a home input signal only when you are connected to an OM-
RON 1S-series Servo Drive or G5-series Servo Drive.
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I Homing Start Direction

Select the direction (positive or negative) in which the axis starts moving when homing is started.

If homing starts while the home proximity signal is ON in a Homing Operation Mode that includes re-
versal operation for a proximity reverse turn, the axis starts motion in the direction opposite to the
home input detection direction (regardless of the setting of the homing start direction).

There are four Homing Operation Modes that include reversal operation for a proximity reverse turn.
These are listed below.

 0: Proximity reverse turn/home proximity input OFF

» 1: Proximity reverse turn/home proximity input ON

* 9: Proximity reverse turn/home input mask distance

» 12: Proximity reverse turn/holding time

Homing start direction: Positive
Home input detection direction: Positive

Home proximity ~ ON
input signal OFF —l—|—
Operation command (1) / Start 5(3) /
L Av4 L
A A

Negative Positive
direction Start @) Start direction

(1) and (3) : The home proximity signal is OFF, so the axis starts moving in the homing start direction.
(2) : The home proximity signal is ON, so the axis starts moving in the direction opposite to the home
input detection direction.

Homing start direction: Negative
Home input detection direction: Negative

Home proximity ON
input signal OFF —I I—
. 1)
Operation command Start | Start
Negative F— A ¥— Positive
direction / (1) Start /(3) direction

(1) and (3) : The home proximity signal is OFF, so the axis starts moving in the homing start direction.

(2) : The home proximity signal is ON, so the axis starts moving in the direction opposite to the home
input detection direction.

I Home Input Detection Direction

Select the direction (positive or negative) in which to detect home.
Refer to Homing Start Direction on page 8-8 for the relationship between the home detection method
and the initial direction when homing starts.
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Operation Selection at Positive Limit Input and Operation Selection
at Negative Limit Input

» Select the operation when the axis reaches a limit input in the operating direction during homing:
reverse the axis and continue with homing, or do not reverse the axis, create an error, and stop the
axis. To reverse the axis, also select the stopping method.

» An error occurs and the axis stops if the axis is set to Reverse direction, and the limit signal in the
home input detection direction turns ON when traveling at the homing approach velocity. However, if
the Homing Operation Mode is 13 (no home proximity input/holding home input), which does not
use proximity signals, no error will occur and the axis will not stop.

ON
Home proximity input signal OFF

Limit in direction opposite  ON —|
to detection direction OFF

Limit in detection direction

N

Home instruction Homing velocity - --1------ N

Homing approach velocity -~~~ 7~~~- """ >
Start Stops

» An error occurs and the axis stops if the axis is set to Reverse direction for the limit input operation
in both directions and home cannot be detected after moving from the limit input opposite to the
home input detection direction to the other limit input.

ON
8FF
S . . N
Limit in direction opposite
to detection direction OFF
ON

OFF :
Home instruction Homing velocity - - - »

Homing approach velocity /

Home proximity input signal

2inpadoid GU!UJOH ¢-8

Limit in detection direction

Y

\

I Homing Velocity

siajoweled buiwoy bumes |-z-8

Set the homing velocity in command units per second (command units/s).

I Homing Approach Velocity

Set the velocity after the home proximity input turns ON in command units per second (command
units/s).
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8-10

I Homing Acceleration

Set the homing acceleration rate in command units per seconds squared (command units/s2).
If the homing acceleration is set to 0, the homing velocity or other target velocity is used without any
acceleration.

I Homing Deceleration

Set the homing deceleration rate in command units per seconds squared (command units/s?).
If the homing deceleration is set to 0, the homing approach velocity or other target velocity is used
without any deceleration.

I Homing Jerk

Set the homing jerk in command units per seconds cubed (command units/s3).
If the homing jerk is set to 0, acceleration and deceleration are performed without jerk.

I Home Input Mask Distance

Set the home input mask distance in command units when you set Homing Operation Mode 9
(proximity reverse turn/home input mask distance).

This is the distance that the axis travels after starting deceleration when the home proximity input sig-
nal changes from OFF to ON.

Home input detection direction

Home proximity ON

input signal OFF |I |

ON
OFF

1
Homing velocity --- i |
/—\:_i Homing approach velocity
N "
Command ?H?S;Eg/: : \ ! Positive direction
output Start \ Stops.

After the proximity input, movement is according to
the home input mask distance.

Home input signal

I Home Offset

After home is defined, the operation for the homing compensation value is completed if a homing com-
pensation value is set, and then the actual value is preset to the set value.

This means that you can set home to any specified value rather than to 0.

For systems with absolute encoders, also the absolute encoder home offset value is calculated and
saved in the CPU Unit.
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I Homing Holding Time

Set the holding time in milliseconds when you set Homing Operation Mode 12 (proximity reverse
turn/holding time).

This is a period of time which elapses from when deceleration is started as the home proximity input
signal changes from OFF to ON.

Home input detection direction

Home proximity ON I—‘—
input signal OFF

Homing velocity ----

1
i
1
Negative ! y
1
1
1
1

Command L9 Positive direction
output direction Start

Homing velocity -----
/ 1\ ____Homing approach velocity
Negative

Positive direction

Torque limit is continued even
after the set time elapses.

Command torque from previous operation

2inpadoid GU!UJOH ¢-8

I Homing Compensation Value

After home is defined, relative positioning is performed at the set value to adjust the position of home.
This homing compensation is performed at the homing compensation velocity.

Adjusting the workpiece is sometimes difficult after home is defined. The homing compensation can be
used to fine-tune the position of home after it is determined.

This is useful when you cannot easily replace the home proximity sensor or when home has moved

after a motor replacement.

I Homing Compensation Velocity

If you set a homing compensation value, set the velocity to use for the compensation in command
units per second (command units/s).

uoneladQ BulwoH ayy Buuo)uo Z-zZ-8

8-2-2  Monitoring the Homing Operation

You can read Axis Variables in the user program to monitor the homing status and the input signal sta-
tus.

In the descriptions, a variable name _MC_AX[*] is used as an example, but the same information ap-
pliesto _MC1_AX[*]and _MC2_AX["].
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Data

Variable name Meaning Function
type
MC_AX[0-255].Status.Homing BOOL Homing TRUE when homing for the MC_Home or MC_Home-
WithParameter instruction.
_MC_AX[0-255].Dtails.Homed BOOL Home Defined | TRUE when home is defined.
FALSE: Home not defined
TRUE: Home is defined
_MC_AX[0-255].Dtails.InHome BOOL In Home Posi- | TRUE when the axis is in the range for home.
tion It gives an AND of the following conditions.
* Home defined.
* Actual current position is within the zero position
range with home as the center.
This variable is also TRUE when the zero position is
passed by while the axis is moving for a command.
_MC_AX[0-255].DrvStatus.P_OT BOOL Positive Limit TRUE when the positive limit input is enabled.
Input
_MC_AX[0-255].DrvStatus.N_OT | BOOL Negative Limit | TRUE when the negative limit input is enabled.
Input
_MC_AX[0-255].DrvSta- BOOL Home Proximi- | TRUE when the home proximity input is enabled.
tus.HomeSw ty Input
_MC_AX|[0-255].DrvStatus.Home | BOOL Home Input TRUE when the home input is enabled.
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8-3 Homing Operation

Select the home definition method based on the configuration of the positioning system and its pur-

pose.
There are 10 Homing Operation Modes supported by the MC Function Module.
You can also fine-tune the home that is detected with a homing compensation value.

@ Additional Information

» The most suitable mode depends on the configuration of the positioning system and the ap-

plication.
In Linear Mode (finite length), Proximity Reverse Turn and Home Proximity Input OFF is
normally used if there is a home proximity sensor, positive limit input, and negative limit input.
» The override factors are ignored for homing.
» The in-position check will follow the in-position check settings only for the completion of the
home definition and homing compensation motions.
+ Buffering and blending are not performed if you use multi-execution of other motion control
instructions during homing.

For details on homing, refer to the NJ/NX-series Motion Control Instructions Reference Manual (Cat.
No. W508).

uonesadQ BuiwoH ¢-g
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8 Homing

8-4 Homing with an Absolute Encoder

8-14

This section describes how to use an OMRON 1S-series Servomotor or G5-series Servomotor with an
absolute encoder, or an OMRON G5-series Linear Motor Type Servomotor/Servo Drive with built-in
EtherCAT communications that is used with an absolute external scale.

If you use an absolute encoder, the absolute data can be retained even when the power supply to the
CPU Unit is turned OFF.

When you execute the MC_Power (Power Servo) instruction, the position is determined by reading the
actual position from the absolute encoder.

Unlike when using an incremental encoder, after home is defined, you do not need to perform the
homing operation again.

Motor (absolute encoder)

CPU Unit MC_Power executed.

[
Ll

Servo Drive

<
-

Battery-free backup
Absolute data

[
j—

Battery
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M Precautions for Correct Use

* If you use an OMRON 1S-series Servo Drive with a CPU Unit which is not NX502, NX102, or
NX1P2, connect the CPU Unit battery.

* If you use an absolute encoder for the OMRON G5-series Servo Drive with an NX502,
NX102, or NX1P2 CPU Unit, connect the absolute encoder backup battery of the Servo
Drive.

+ If you use an absolute encoder for the OMRON G5-series Servo Drive with a CPU Unit which
is not NX502, NX102, or NX1P2, connect both the CPU Unit battery and the absolute encod-
er backup battery of the Servo Drive.

» Always execute the MC_Home or MC_HomeWithParameter instruction to define home when
you use the absolute encoder for the first time, after you replace the motor, when you use an
OMRON G5-series Servo Drive, when the battery in the absolute encoder expires, or at any
other time when the absolute value data is lost.

After you complete these steps, home is defined when the Enable input variable to the
MC_Power instruction changes to TRUE.

For details on homing, refer to 8-1 Outline of Homing on page 8-2.

For a CPU Unit with unit version 1.10 or later, home is also defined when EtherCAT process
data communications change from a non-established to an established state, in addition to
the previously mentioned step.

» For an NX502, NX102, or NX1P2 CPU Unit, if an error occurs for the CPU Unit memory when
the power supply is turned OFF and then the absolute value data cannot be saved, an
Absolute Encoder Home Offset Read Error (event code: 14600000 hex) will occur when the
power is turned ON again.
If you turn ON the power supply to a CPU Unit which is not NX502, NX102, or NX1P2 while
an error is occurring on the CPU Unit battery, an Absolute Encoder Home Offset Read Error
(event code: 14600000 hex) will occur.
You can use the ResetMCError instruction to reset the error and turn ON the Servo.
For a CPU Unit with unit version 1.10 or later, home will be left undefined until it is defined by
the MC_Home or MC_HomeWithParameter instruction executed after error reset.
In order to operate with correct positions, execute the MC_Home or MC_HomeWithParame-
ter instruction to define the correct home position.
For a CPU Unit with unit version 1.09 or earlier, when the error is reset and the Servo is
turned ON, home is defined with an absolute encoder home offset value of 0.

* If the power supply to the CPU Unit is turned OFF, home will become undefined.

J19pooug 93njosqy ue yjm BulwoH -8

@ Additional Information

If you use an OMRON Gb5-series Linear Motor Type Servomotor/Servo Drive with built-in Ether-
CAT communications, you can set the absolute encoder home position. If you use a Linear Mo-
tor Type, observe the following points when reading this section.

» A Linear Motor Type does not use an encoder. It uses an external scale, which functions in a
similar way.

» “Absolute encoder” in this section means “absolute external scale” for a Linear Motor Type.

* An absolute external scale does not have the rotation data of an absolute encoder. Any rota-
tion data setting procedures that are required for an absolute encoder are not required. A bat-
tery to back up the rotation data is also not required.

» Refer to the G5-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications
Linear Motor Type User’s Manual (Cat. No. 1577) for the specifications of Linear Motor Type.

uopound Jo auipnQ L-v-8

8-4-1 Outline of Function

To define home with an absolute encoder system, the absolute encoder offset compensation is per-
formed when the MC_Power (Power Servo) instruction is executed.
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For a CPU Unit with unit version 1.10 or later, home is also defined when EtherCAT process data com-
munications change from a non-established to an established state, in addition to the previously
mentioned step.

Home can also be defined by performing a homing operation in the same way as for an incremental
encoder.

After home is defined, the difference between the command position and the absolute value data read
from absolute encoder is saved in the CPU Unit as the absolute encoder home offset.

For details on homing, refer to 8-1 Outline of Homing on page 8-2.

The absolute encoder home offset is also set to the difference (i.e., the offset) between the com-
mand position after defining home and the absolute value when the MC_Home or MC_HomeWith-
Parameter instruction is executed.

The MC Function Module saves the absolute encoder home offset in the CPU Unit when the power
supply to the CPU Unit is turned OFF.

M Precautions for Correct Use

* When absolute encoders are used, the absolute encoder home offset for each axis is
saved to the CPU Unit along with the axis number. The saved offset is lost if the axis number
is changed. If you change the axis number, set the Homing Settings again.

* If you replace the CPU Unit or the Battery for the CPU Unit, make sure home is defined and
back up the absolute encoder home offset before you start the replacement procedure.

» You can restore the backed up data after finishing the replacement procedure to use the
home that was previously defined.

» Use the Sysmac Studio to back up and restore the data.

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for specific proce-
dures.

I Applicable Servomotors

The following table lists the Servomotors that use the absolute encoder home setting.

Manufacturer | Series Servo Drive Servomotor
OMRON 1S Series | R88D-1SNOOO-ECT | R88M-10000OOS

R88D-1SANOOO-ECT | R88M-100LILILILIT
R88M-1000000C

G5 Series | R88D-KNOOIO-ECT R88M-KOOOOOS
R88M-KOOOOOT
R88M-KOOOOOC

R88D-KNOOO-ECT-L | R88L-ECOOOOONNON

M Precautions for Correct Use

You cannot use this absolute encoder for an NX-series Pulse Output Unit.

I Connecting the Servo Drive

Connect the Servo Drive correctly according to information in the NJ/NX-series CPU Unit Built-in
EtherCAT Port User’s Manual (Cat. No. W505).
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@ Additional Information

» Refer to A-1 Connecting the 1S-series Servo Drive on page A-2 for setting examples for
connection to an OMRON 1S-series Servo Drive.

» Refer to A-2 Connecting the G5-series Servo Drive on page A-11 for setting examples for
connection to an OMRON G5-series Servo Drive.

8-4-2  Setting Procedure

This section describes the procedure to set the home of an absolute encoder system.

1 Absolute Encoder Setup
Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for the setup proce-

dures.

2 Setting Axis Parameters
Set the Encoder Type in the Position Count Settings of the axis parameters in the MC Func-
tion Module to 1 (absolute encoder (ABS)).
For details, refer to 5-2-7 Position Count Settings on page 5-26.

3 Execute Homing
Execute homing.
Set the Homing Method in the Homing Settings axis parameters of the MC Function Module.
After home is defined, the difference between the command position and the absolute value
data read from the absolute encoder is saved to the CPU Unit in the CPU Unit as the absolute
encoder home offset.

I Absolute Encoder Setup

The absolute encoder must be set up the first time it is used, to initialize the rotation data to 0, when
the absolute encoder is stored for an extended period of time without a battery connected, etc.
Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for detailed setup proce-
dures.

M Precautions for Correct Use

After the absolute encoder is set up, the power supply to the OMRON 1S-series Servo Drive or
G5-series Servo Drive must be cycled.

When setup processing for the absolute encoder is completed, an Absolute Value Clear Error
(A27.1) will occur in the Servo Drive. Cycle the control power supply to the Servo Drive to clear
this error and complete the absolute encoder setup procedure.

I Using an Absolute Encoder in Rotary Mode

If you set the Count Mode axis parameter to Rotary Mode, the actual position will be a ring-shaped
counter in the range between the modulo maximum position setting value and the modulo
minimum position setting value.
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J19pooug 93njosqy ue yjm BulwoH -8

alnpasold bumes z-y-8



8 Homing

8-18

When using an absolute encoder in Rotary Mode, the absolute encoder home offset is automatical-
ly calculated and updated in the MC Function Module each motion control period.

The updated absolute encoder home offset is saved in the CPU Unit when the power supply to the
CPU Unit is turned OFF.

This enables recovering the actual position of a rotating axis from the absolute encoder the next time
power is turned ON even if the power to the CPU Unit or Servo Drive is turned OFF.
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8-5 High-speed Homing

This function performs quick positioning to the home. Home is defined in advance.

Use the MC_MoveZeroPosition (High-speed Homing) instruction and specify the target velocity, accel-
eration rate, deceleration rate, and jerk.

If you execute this instruction when home is not defined, an instruction error will occur.

Velocity
A

----[ Target velocity
Acceleration Deceleration

» Time

Command current position 0

@ Additional Information

For details on the MC_MoveZeroPosition (High-speed Homing) instruction, refer to the NJ/NX-
series Motion Control Instructions Reference Manual (Cat. No. W508).

BuiwoH peads-ybiH G-8
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Motion Control Functions
]

This section describes the motion control functions that are used when connected to
OMRON 1S-series Servo Drives with built-in EtherCAT communications.
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9 Motion Control Functions

9-1 Single-axis Position Control

The MC Function Module can be connected to OMRON 1S-series Servo Drives with built-in EtherCAT
communications or G5-series Servo Drives with built-in EtherCAT communications to implement posi-
tion control, velocity control, and torque control.

This section describes positioning operation for single axes.

Some of the functions of the MC Function Module are different when NX-series Pulse Output Units are
used. Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for details.

9-1-1 Outline of Operation

The single-axis control function of the MC Function Module consists of control for motion profile com-
mands and synchronized control.

There are three Control Modes for motion profile commands: position control, velocity control, and tor-
que control.

In synchronized control, the slave axis (i.e., the axis being controlled) operates in a synchronized rela-
tionship to the master axis, as expressed by a cam profile curve or a gear ratio.

Manual operations such as jogging and homing are also supported.

EtherCAT Feedback Commands EtherCAT ?
»| Synchronization | O slave
slave ?+ "1 processing c_sn
o] @ _| Command @
. ctua i & - =
Input > position > Phasing Position processing (O position ‘>§<’
o
]
Velocity processing =
,| Command 5
velocity 3
o
o
. 3
Torque processing . Command g_"
torque
External I/O processing for EtherCAT slave External
input output

Note You can use the command position or actual position as the input to the synchronization processing.

I Resetting Axis Errors

uonesadQ Jo BUNO L-1-6

If an error occurs in an axis, you can use the MC_Reset instruction to remove the error once you have
eliminated the cause.

For details on resetting axis errors, refer to the MC_Reset (Reset Axis Error) instruction in the NJ/NX-
series Motion Control Instructions Reference Manual (Cat. No. W508).

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for the differences
when you use NX-series Pulse Output Units.
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9-1-2

9-1-3

9-1-4

Absolute Positioning

Absolute positioning specifies the absolute coordinates of the target position in relation to home.
You can perform positioning, such as shortest way positioning on a rotary table, by setting the Count
Mode to Rotary Mode and specifying the operation direction.

Velocity &
Target | ____________
velocity . Deceleration
Acceleration
— » Time
Command Target position

current position

For details, refer to the MC_MoveAbsolute (Absolute Positioning) and MC_Move (Positioning) instruc-
tions in the NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508).

Relative Positioning

Relative positioning specifies the distance from the actual position.
You can specify a travel distance that exceeds the ring counter range by setting the Count Mode to
Rotary Mode.

Velocity &

Target
velocity

. Deceleration
Acceleration

f - Time
0 | Command current position !

Target distance

For details, refer to the MC_MoveRelative (Relative Positioning) and MC_Move (Positioning) instruc-
tions in the NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508).

Interrupt Feeding

Interrupt feeding feeds the axis at the specified velocity and for the specified distance from the actual
position when a trigger signal occurs.

You can also select to output an error if the trigger signal does not occur within the specified travel
distance when you specify either absolute or relative positioning.

Feeding is not affected by following error. This is achieved by using the latch function of the Servo
Drive to determine the actual position when the trigger signal occurs. You can also use the window
function to disable trigger signals that occur outside of a specified position range. For applications
such as wrapping machines, this enables feeding only on trigger signals for printed marks on films and
eliminates other influences.
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I Motion Relative to the Actual Position

For details, refer to the MC_MoveFeed (Interrupt Feeding) instruction in the NJ/NX-series Motion
Control Instructions Reference Manual (Cat. No. W508).

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for the differences

when you use NX-series Pulse Output Units.

® Feeding for a Specified Distance in the Moving Direction

Velocity 4

J Interrupt input

|
Relative positioning, |

absolute positioning, 1 Specified travel
or velocity control 1 distance

Actual Position

The figure on the left shows that there is a follow
delay in relation to the command position.

T
|
|

/ 1 /
|

1 / Relative positioning, | I
absolute positioning, |
or velocity control !

Command position

When the interrupt input occurs, the specified travel distance is
added to the actual position and used as the target position for
the command position.

@ Feeding for a Specified Distance in the Direction Opposite to the Moving

Direction

Velocity 4

Relative positioning,
absolute positioning,
or velocity control

J Interrupt input

Actual Position
The figure on the |
delay in relation to

I / Relative positioning,
absolute positioning,
or velocity control

f Specified travel
distance

' Command position

If decelerating to a stop after a reverse turn is specified for the Operation Selection at Reversing
axis parameter, an acceleration/deceleration curve is used when reversing.
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9-1-5

9-1-6

Control Functions

Cyclic Synchronous Positioning

Cyclic synchronous positioning is used to output a target position to a specified axis each control peri-
od in the primary periodic task or a periodic task. The target position is specified as an absolute
position.

You can use it to move in a specific path that you create.

|Position¢
Target positions (black dots)!
specified with the input H
parameters | i

' Command position | Command
| .'AI/E

o Servo
position Drive

[ ———

b----@--

Time

Task period

For details, refer to the MC_SyncMoveAbsolute (Cyclic Synchronous Absolute Positioning) instruction
in the NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508).

|~ Version Information

A CPU Unit with unit version 1.03 or later and Sysmac Studio version 1.04 or higher are re-
quired to use cyclic synchronous positioning.

Stopping

Functions to stop axis operation include immediate stop input signal and limit input signals connected
to the Servo Drive, stop functions of motion control instructions in the user program, and stopping due
to errors.

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for the differences
when you use NX-series Pulse Output Units.

Stopping for Servo Drive Input Signals

9-6

Axis motion is stopped for the immediate stop input signal or a limit input signal from the Servo Drive.
You can select the stop method with the Sysmac Studio.

® Immediate Stop Input
Stop processing in the MC Function Module is executed according to the state of the Servo Drive
input signals.
You can select one of the following stopping methods for the MC Function Module.
* Immediate stop
* Immediate stop and error reset
* Immediate stop and Servo OFF

M Precautions for Correct Use

The immediate stop input for the OMRON 1S-series Servo Drive or G5-series Servo Drive also
causes an error and executes stop processes in the Servo Drive itself.
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@ Limit Inputs (Positive Limit Input or Negative Limit Input)
Stop processing in the MC Function Module is executed according to the state of the Servo Drive
input signals.
You can select one of the following stopping methods for the MC Function Module.
* Immediate stop
* Deceleration stop
* Immediate stop and error reset
* Immediate stop and Servo OFF

m Precautions for Correct Use

+ If a limit input signal turns ON, do not execute an instruction for an axis command of the axis
in the same direction as the limit input signal.

« If a limit input signal is ON for any axis in an axes group, do not execute an instruction for an
axes group command for that axes group.

« If the signal to decelerate to a stop is input during execution of a synchronous movement in-
struction that has a Deceleration input variable, the axis decelerates to a stop at the decelera-
tion rate given by Deceleration.

« If the signal to decelerate to a stop is input during execution of a synchronous movement in-
struction that does not have a Deceleration input variable, the axis decelerates to a stop at
the maximum deceleration rate that is set in the axis parameters.

@ Additional Information

* You must set up the Servo Drive in order to use the input signals from the Servo Drive. An
OMRON 1S-series Servo Drive with built-in EtherCAT communications or G5-series Servo
Drive with built-in EtherCAT communications has an immediate stop input and limit input as-
signed in its default settings.

» Refer to A-1 Connecting the 1S-series Servo Drive on page A-2 for setting examples for
connection to an OMRON 1S-series Servo Drive.

» Refer to A-2 Connecting the G5-series Servo Drive on page A-11 for setting examples for
connection to an OMRON G5-series Servo Drive.

I Stopping with Motion Control Instructions

Use the MC_Stop or MC_ImmediateStop instruction to stop single-axis operation.

For details, refer to the MC_Stop and MC_ImmediateStop instructions in the NJ/NX-series Motion
Control Instructions Reference Manual (Cat. No. W508).

@ Additional Information

When the input variable Enable to the MC_Power (Servo ON) instruction changes to FALSE,
the MC Function Module immediately stops the command value and turns OFF the Servo.
When the Servo is turned OFF, the Servo Drive will operate according to the settings in the Ser-

vo Drive.

® MC_Stop Instruction
You can specify the deceleration rate and jerk for single-axis control and synchronized control to

decelerate to a stop.
Specify a deceleration rate of 0 to send a command that immediately stops the Servo Drive.
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9-8

Other operation commands are not acknowledged while decelerating to a stop for this instruction
and while the input variable Execute is TRUE.

® MC_ImmediateStop Instruction

You can perform an immediate stop for single-axis control or synchronized control functions.
You can also execute this instruction on axes that are enabled in an axes group.

I Stopping Due to Errors or Other Problems

@ Stopping for Errors during Single-axis Operation

When an error occurs during single-axis operation, the axis will stop immediately or decelerate to a
stop depending on the error.

Refer to the NJ/NX-series Troubleshooting Manual (Cat. No. W503) for details on the stop method
for each error.

Stopping for a Software Limit

To stop for a software limit, set the Software Limits axis parameter.
You can select from the following stop methods for the software limits.
» Enabled for command position. Decelerate to a stop.

» Enabled for command position. Immediate stop.

» Enabled for actual position. Decelerate to a stop.

» Enabled for actual position. Immediate stop.

Refer to 9-8-5 Software Limits on page 9-79 for details on software limits.

Stopping Due to Motion Control Period Exceeded

If motion control processing does not end within two periods, a Motion Control Period Exceeded
occurs. All axes stop immediately.

@ Precautions for Correct Use

When you use an NX701 CPU Unit and operate in the multi-motion, all axes in both tasks will
stop immediately if a Motion Control Period Exceeded occurs in either of the tasks.
Refer to A-6-2 Motion Control on page A-31 for multi-motion.

® Errors That Cause the Servo to Turn OFF

An immediate stop is performed if an error occurs that causes the Servo to turn OFF.
When the Servo is turned OFF, the Servo Drive will operate according to the settings in the Servo
Drive.

@ Stopping Due to Start of MC Test Run

All axes will decelerate to a stop at their maximum deceleration if a MC Test Run is started from the
Sysmac Studio.

® Stopping Due to End of MC Test Run

All axes will decelerate to a stop at their maximum deceleration if a MC Test Run is stopped from
the Sysmac Studio.
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» Click the Stop MC Test Run Button on the MC Test Run Tab Page of the Sysmac Studio.
* Close the MC Test Run Tab Page on the Sysmac Studio.
+ Exit the Sysmac Studio.

@ Stopping Due to Change in CPU Unit Operating Mode
All axes will decelerate to a stop at their maximum deceleration if the NJ/NX-series CPU Unit oper-

ating mode changes.

M Precautions for Correct Use

« If an error that results in deceleration to a stop occurs during execution of a synchronous
movement instruction that has a Deceleration input variable, the axis decelerates to a stop at
the deceleration rate given by Deceleration.

« If an error that results in deceleration to a stop occurs during execution of a synchronous
movement instruction that does not have a Deceleration input variable, the axis decelerates
to a stop at the maximum deceleration rate that is set in the axis parameters.

@ Additional Information

* When RUN mode changes to PROGRAM mode, any motion control instructions for current
motions are aborted. The CommandAborted output variable from the instructions remains
FALSE. The Servo ON/OFF status remains the same even after changing to PROGRAM
mode.

« If the operating mode returns to RUN mode while a deceleration stop is in progress after the
operating mode changes from RUN to PROGRAM mode, the output variables from motion
control instructions are cleared. The CommandAborted output variables from the motion con-
trol instructions therefore remain FALSE.

* The save process will continue during a save for the MC_SaveCamTable instruction.

» The generation process will continue when generation of the cam table is in progress for the
MC_GenerateCamTable (Generate Cam Table) instruction.
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I Stop Method

@ Deceleration Stop

Velocity 4

5 Axis stops at the deceleration rate that
is specified for the instruction or at the
maximum deceleration rate.

Buiddois 9-1-6

Time
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® Immediate Stop

Velocity 4

The command is no longer updated. The
,g axis moves only for the pulses remaining in
the Servo Drive and then stops. The stop
position is the command position when the
cause of the immediate stop occurred.

Time

® Immediate Stop and Error Reset

Velocity 4

The actual position when the cause of the
5 immediate stop occurred is used as the
command position. Inertia will take the axis
past this position, but it will return to the
actual position when the cause of the
immediate stop occurred and stop there.

NN Time

® Immediate Stop and Servo OFF

Velocity 4

The command is no longer updated. When
the Servo is turned OFF, the axis stops using
\ _ the method that is specified by the Disable

S Operation Option Code (object 605C hex)

% “ttlat is set in the Servo Drive.

N SS

)

Time

I Stop Priorities

The priorities for each stop method are listed in the following table. If a stop with a higher priority stop
method occurs while stopping, the stop method will switch to the higher priority method.

Priority
St thod
P (higher numbers mean higher priority)
Immediate stop and Servo OFF | 4

Immediate stop and error reset | 3
Immediate stop 2
1

Deceleration stop

® Example:

The following figure is an example of an immediate stop when the limit input signal is ON and the
immediate stop input changes to ON during a deceleration to a stop.
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Limit input I

Immediate stop input

Command velocity

9-1-7 Override Factors

You can use the MC_SetOverride instruction to set override factors for the motion of the axes that are

currently in motion.
The velocity override factor is set as a percentage of the target velocity. It can be set between 0% and

500%.
If an override factor of 0% is set for the target velocity, operating status will continue with the axis stop-

ped as a velocity of 0.

The set override factor is read as long as the overrides are enabled.
If the overrides are disabled, the override factors return to 100%.
If the maximum velocity is exceeded when an override factor is changed, the maximum velocity for the

axis is used.

® Overriding the MC_MoveAbsolute Instruction
An example of a time chart for using the Set Override Factors instruction for the MC_MoveAbsolute
(Absolute Positioning) instruction is given below.
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Previous Instruction: MC_MoveAbsolute

Execute |_|
Busy
—\ L
Active A |

Done

CommandAborted

Current Instruction

Enable : I\ !\
Enabled | | | '

Busy

VelFactor

Velocity &
Override factor: 200%

Override factor: 100%

Override factor: 50%

For details, refer to the MC_SetOverride (Set Override Factors) instruction in the NJ/NX-series
Motion Control Instructions Reference Manual (Cat. No. W508).
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9-2 Single-axis Synchronized Control

This section describes the operation of synchronized control for single axes.

9-2-1  Overview of Synchronized Control

Synchronous control synchronizes the position of a slave axis with the position of a master axis.
The command position or actual position of any axis can be specified for the master axis.

If the command velocity for the slave axis exceeds the maximum velocity that is set in the axis pa-
rameters, the command is performed at the maximum velocity of the axis. If this occurs, any insuffi-
cient travel distance is distributed and output in the following periods.

m Precautions for Correct Use

* You cannot specify an encoder axis, virtual encoder axis or single-axis position control axis
for the slave axis.

* When you use an NX701 CPU Unit and operate in the multi-motion, assign the master axis
and slave axis to the same task.
If you specify the master axis in a different task from the slave axis by executing the
synchronized control instructions such as the MC_Gearln (Start Gear Operation) instruction
or the MC_Camin (Start Cam Operation) instruction, an lllegal Master Axis Specification
(event code: 54620000 hex) occurs.
Refer to 9-2-10 Achieving Synchronized Control in Multi-motion on page 9-28 if you desire
to specify the master axis in a different task from the slave axis.

9-2-2  Gear Operation

This function specifies the gear ratio between the master axis and the slave axis and starts operation.
Start gear operation with the MC_Gearln (Start Gear Operation) instruction. End synchronization with
the MC_GearOut (End Gear Operation) instruction or the MC_Stop instruction.

|oJ3u09 paziuoaysuAs sixe-a|buig z-6

Specify with

Master_Reference. Gear Operation

» Numerator .
Actual position - »| Command position
A | Denominator

. Remainder
Command position —

Most recent command
position

You can set the gear ratio numerator, gear ratio denominator, position type, acceleration rate, and de-
celeration rate for the slave axis to operate. For the master axis, you can specify the command posi-
tion, actual position, or most recent command position.

|0JJUOD) POZIUOIYOUAS JO MBIAIBAQ |-Z2-6

After operation starts, the slave axis uses the velocity of the master axis times the gear ratio for its
target velocity, and accelerates/decelerates accordingly.
The catching phase exists until the target velocity is reached. The InGear phase exists after that.
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9-2-3

9-14

If the gear ratio is positive, the slave axis and master axis move in the same direction. If the gear ratio
is negative, the slave axis and master axis move in the opposite directions.

For details on gear operation, refer to the MC_Gearln (Start Gear Operation), MC_GearOut (End Gear
Operation), and MC_Stop instructions in the NJ/NX-series Motion Control Instructions Reference
Manual (Cat. No. W508).

Positioning Gear Operation

This function specifies the gear ratio between the master axis and the slave axis and starts operation.
Positioning gear operation allows you to set the positions of the master and slave axes at which to
start synchronization.

Start positioning gear operation with the MC_GearInPos instruction. End synchronization with the
MC_GearOut instruction or the MC_Stop instruction.

Specify with
ReferenceType. Gear Operation
- Numerator .
Actual position = > Command position
A |Denominator

Remainder
Command position [

Most recent command
position

You can set the gear ratio numerator, gear ratio denominator, position type, acceleration rate, and de-
celeration rate for the slave axis to operate. For the master axis, you can specify the command posi-
tion, actual position, or most recent command position.

After operation starts, the slave axis uses the velocity of the master axis times the gear ratio for its
target velocity, and accelerates/decelerates accordingly.

The slave axis is in the catching phase until it reaches the slave sync position. The slave axis enters
the InSync phase after it reaches the slave sync position. For either, the position of the slave axis is
synchronized with the master axis.

If the gear ratio is positive, the slave axis and master axis move in the same direction. If the gear ratio
is negative, the slave axis and master axis move in the opposite directions. The following figure shows
the operation when the gear ratio is positive.
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Posit
Loen Catching Phase InSync phase

Master

Travel distance of slave axis
= Travel distance of master axis x

RatioNumerator
RatioDenominator

>

Execute Time

For details on positioning gear operation, refer to the MC_GearInPos (Positioning Gear Operation),
MC_GearOut (End Gear Operation), and MC_Stop instructions in the NJ/NX-series Motion Control
Instructions Reference Manual (Cat. No. W508).

9-2-4 Cam Operation

Cam operation synchronizes the position of the slave axis with the master axis according to a cam ta-
ble.

Start cam operation with the MC_Camin (Start Cam Operation) instruction. End cam operation with
the MC_CamOut (End Cam Operation) instruction or the MC_Stop instruction.

Use the MC_CamMonitor (Cam Monitor) instruction to monitor information on cam operation.

Create a cam table using the Cam Editor in the Sysmac Studio and download it to the CPU Unit.

Use the Synchronization menu command of the Sysmac Studio to download the project to the CPU

|oJ3u09 paziuoaysuAs sixe-a|buig z-6

Unit.
Specify with
Ref Type.
elerence lype Cam Operation
iy 5| Cam > .
Actual position - processing = Command position

uonelado we) -z-6

Command position |

Most recent command | _|
position
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Cam Operation

Master axis
Phase Displacement
-+
Slave
axis

Displacement
Cam Profile Curve

A

' One period '

In a combination of a CPU

Cam table
Phase |Displacement
0.0 0.0 |«— Cam
01 100 start point
0.2 50.0
Number of valid cam data
359.8 100.0
359.9 50.0 Maximum number
360.0 0.0 |«— Cam of cam data
o 0 OlO end point
0.0 0.0
—> Phase
0.0 0.0

Unit with unit version 1.06 or later and Sysmac Studio version 1.07 or high-

er, the following operation is possible: if another MC_Camln (Start Cam Operation) instruction is exe-
cuted by using multi-execution with the Buffer Mode set for blending while the current MC_Camln
(Start Cam Operation) instruction is executed, the operation can continue using the switched cam ta-
ble and the slave axis does not stop.

For details on cam operation, refer to the MC_Camin (Start Cam Operation), MC_CamOut (End Cam
Operation), and MC_Stop instructions in the NJ/NX-series Motion Control Instructions Reference

Manual (Cat. No. W508).

For details on the Cam Editor, refer to the Sysmac Studio Version 1 Operation Manual (Cat. No.

W504).

9-2-5 Cam Tables

This section describes the cam tables that are used for cam operation.

I Cam Table Terminology

Term

Description

cam operation

An operation that takes one master axis and one slave axis and follows the cam
profile curve to derive the displacement of the slave axis from the phase of the
master axis.

9-16
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Term

Description

cam profile curve

A curve that shows the relationship between phases and displacements in a cam
operation.

The cam profile curve is created on the Cam Editor of the Sysmac Studio. You can
use the cam profile curve with a cam data variable after the cam profile curve is
downloaded to the CPU Unit.

Use the Synchronization menu command of the Sysmac Studio to download the
project to the CPU Unit.

cam block You can select a cam curve in this block.
It represents the area between the end point of the previous cam block and the
end point of the current cam block.

cam curve A curve that represents the cam characteristics. You can select a cam curve for
each cam block.
The Sysmac Studio calculates the phase widths and displacement widths from the
specified points and creates the actual cam profile curve.
You can choose from different curves, such as straight line, parabolic, and trape-
cloid.

cam data Data made up of phases (master axis) and displacements (slave axis) for cam op-

eration.

cam data variable

A variable that represents the cam data as a structure array.

cam table

A data table that contains cam data.
If phase data is not in ascending order the cam table is treated as an illegal cam
table.

cam start point

The first point in the cam data.

cam end point

The last point of valid cam data in the cam data.
If the cam end point is less than the number of cam data, all phases and displace-
ments after the cam end point will be 0.

cam block start point

The start point for a cam block. It is the same as the cam start point at the start of
the cam operation. If the cam profile curve continues, this will be the same as the
cam block end point.

cam block end point

The end point for a cam block. It is the same as the cam end point at the end of
the cam operation. If the cam profile curve continues, this will be the same as the
cam block start point.

The cam block end point is defined as (horizontal axis, vertical axis) = (phase end
point, displacement end point).

original cam data

Cam data that is created by dividing up the cam profile curve in the Cam Editor.

program-modified cam da-
ta

The cam data changed by the user program while the CPU Unit is in operation.

master axis The axis that serves as the input to the cam operation. You can specify either
Linear Mode or Rotary Mode.

slave axis The axis that serves as the output from the cam operation. You can specify either
Linear Mode or Rotary Mode.

phase The relative distance on the master axis from the start point of the cam table.

displacement

The relative distance on the slave axis from the master following distance.

valid cam data

The cam data other than the cam start point and other than data where the phase
is 0.

invalid cam data

The cam data other than the cam start point where the phase is 0.

number of valid cam data

The number of sets of cam data.

maximum number of cam
data

The maximum number of sets of cam data that the cam table can contain.

cam data index

The number of the cam data that is executed.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)
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Term

Description

cam table start position

The absolute position of the master axis that corresponds to the cam start point
(phase = 0).

master following distance

The master start distance where the slave axis starts cam operation represented
as either an absolute position or relative position.
The relative position is based on the cam start point position.

start mode

A specification of whether to represent the master following distance as an abso-
lute position or relative position.

null cam data

Cam data that can be set after the end point where the phase and displacement
are 0.

connecting velocity

The connecting velocity that is used to connect cam profile curves. The connecting
velocity cannot be specified for some curves.

connecting acceleration

The acceleration rate that is used to connect cam profile curves. The connecting
acceleration cannot be specified for some curves.

phase pitch

The width when dividing the cam profile curve by phases (horizontal axis). The
points after dividing the curve into the phase pitch correspond to the cam data in
the cam table. You must specify the phase pitch for each cam block.

Displacement

End point displacement

for block 1

3
i Cam start point
(block start point)

End phase for block

05 075

I Cam Tables

| T
8 End point for block 1
Start point for block 2

-
[}
[}

End point
displacement

i for block 2
(block start point)

L

‘ Ca end point
|

|

|
|
|
|

S | End phase for block 2 —

125 15 1. 5 2 3 a2 a5 375 4 425 45 475 [TV

The MC Function Module defines a single element of data consisting of the phase of the master axis
and the displacement of the slave axis as one cam data. A cam table is defined as the combination of

multiple sets of cam data.

The cam table is created with the Cam Editor in the Sysmac Studio. You can modify cam data in the
cam table from the user program.

The phases and displacements in the cam data that makes up the cam table are represented as rela-
tive distances from the start point 0.0.

During cam operation, the command position sent to the slave axis is the displacement determined by
interpolating linearly between the two cam data elements adjacent to the phase of the master axis.
The more cam data there is in the cam table, the more accurate the trajectory and the smoother the

cam profile curve will be.

9-18
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1 cycle Command position during
.. cam operation

Cam table 350 H ~ The phase is calculated from the master
i ; voaf v v v v |t axis position each cycle. The linear
Phase | Displacement| Cam data index 300 R o ¥ /:/ interpolation of cam data is used to
Cam start point —» 0 0 [=— 0 [ N . ' calculate the displacement from the phase.
250 p—— " ~— (These are the red dots on the line.)
Cam data —»] 60 200 1 200 [ R / | \! o
120 100 2 Displacement AN L /‘\ L
180 300 3 o [ R i
100 / H B S — i \ i
240 100 4 R R I AN
50 : : 1 f 1 1 1 1 U 1 1 1
300 200 s od il fle o v
Cam end point—~{ 360 0 6 0 60 120 180 240 300 360

Phase

Cam data (black dots on the line).

M Precautions for Correct Use

» Make sure that the cam data is arranged in the cam table so that the phases are in ascending
order. An instruction error occurs if a cam operation instruction is executed when the phases
are not in ascending order.

» Cam data variables are global variables. You can therefore access or change the values of
cam data variables from more than one task. If you change the values of cam data variables
from more than one task, program the changes so that there is no competition in writing the
value from more than one task.

* If you use exclusive control of global variables between tasks for a cam data variable, do not
use the cam data variable for motion control instructions in a task that does not control the
variable. An Incorrect Cam Table Specification (event code: 54390000 hex) will occur.

I Cam Table Specifications

|oJ3u09 paziuoaysuAs sixe-a|buig z-6

Item Description

Maximum number of cam data per cam 65,535 points

table

Maximum size of all cam data 1,048,560 points”

Maximum number of cam tables 640 tables™2

Switching cam operation You can switch to a different cam operation by executing a motion
control instruction.

Changing cam data Cam data can be edited from the user program. .S
Cam data can be overwritten with the Generate Cam Table instruc- g
tion."™ 3

Saving cam data Cam data can be saved to non-volatile memory by using the Save g
Cam Table instruction. &

Information attached to the cam data Information can be downloaded or uploaded for display in the Cam
Editor™

Timing to load cam data to main memory |+ When the data is downloaded from the Sysmac Studio
* When power is turned ON

*1.  If 65,535 points are used for each cam table, there will be a maximum of 16 cams. A resolution of 0.1° al-
lows for a maximum of 3,600 points per cam table for a maximum of 291 cams.

*2.  The total size is 10 MB max.

*3. A CPU Unit with unit version 1.08 or later and Sysmac Studio version 1.09 or higher are required to use the
Generate Cam Table instruction.

*4.  Use the Synchronization menu command of the Sysmac Studio to upload and download the project.
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I Data Type of Cam Tables

A cam table is declared as an array of cam data structures. The type declaration for the cam data
structure is shown below.

TYPE
(*Cam data structure™)
_sMC_CAM_REF :
STRUCT
Phase :REAL; (*Phase®)
Distance : REAL; (*Displacement*)
END_STRUCT;
END_TYPE

You must create the cam data with the Cam Editor in the Sysmac Studio and then specify the name of
the cam table and the number of cam data (i.e., the size of the array).
For example, to make a cam table called MyCam1 with 1,000 points use the following declaration.

VAR

(*Cam table*)

MyCam1 : ARRAY [0..999] OF _sMC_CAM_REF;
END_VAR

The following notation is used to specify MyCam1 for a cam operation instruction. In this example, the
master axis is Axis1 and the slave axis is Axis2.

MC_Camin_instance

MC_Camin
AXis1 == Master --------enmemmmmmmnnnannn Master p= Axis1
AXiS2 == Slave ------mmemieieiiiiiaaas Slave p= Axis2
MyCam1 == CamTable -------=-====unun-- CamTable f= MyCam1

An error will occur if the specified cam table does not exist in the Controller. You can also specify the
same cam table for more than one axis.

I Switching Cam Tables

You can switch cam tables by re-executing the cam operation instruction during cam operation.
After switching, cam operation will be performed with the cam table you specified for re-execution of
the instruction.

The EndOfProfile and Index output variables from the MC_Camin instruction are output according to
the new cam table.
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Slave  Displacement } Cam table 1 Cam table 2
(Slave axis) ~ -

A
/

......

g

1 \ .
Re-executed Master ~ Phase
(Master axis)

M Precautions for Correct Use

» The cam table you want to switch to must be saved to non-volatile memory before it can be
used.

« If a cam table is switched by re-executing the instruction during a cam motion, the velocity or
acceleration of the slave axis may change rapidly before or after the cam table is switched.
Since this may affect the mechanical machine, be sure to thoroughly verify that there will be
no excessive changes in velocity or acceleration before switching the cam table.

I Loading/Saving Cam Data and Saving Cam Tables

Cam data can be loaded and saved from the user program just like any other variables.

For example, you can use MyCam1[0].Phase to specify the phase and MyCam1[0].Distance to specify
the displacement in the first array elements of a cam table namedMyCam1.

Cam data overwritten from the user program can be saved to the non-volatile memory in the CPU Unit
as a cam table by executing the MC_SaveCamTable instruction.
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M Precautions for Correct Use

» Overwritten cam data will be lost if the CPU Unit is turned OFF or the cam data is download-
ed from the Sysmac Studio before the Save Cam Table instruction is executed or if the in-
struction fails to save the data for any reason.

» Be careful not to lose the overwritten data when overwriting cam data from the user program
in the CPU Unit.

(o]

» Cam data saved to non-volatile memory can be loaded by using the upload function of the z
Sysmac Studio. o

» Use the Synchronization menu command of the Sysmac Studio to upload and download the 3
project. g

oD

For details on arrays, refer to the NJ/NX-series CPU Unit Software User’s Manual (Cat. No. W501).

For details on the Save Cam Table instruction, refer to the MC_SaveCamTable instruction in the
NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508).

I Updating Cam Table Properties

The MC Function Module must identify the cam end point of the cam table.
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If an overwrite is performed from the user program during cam operation and the number of valid cam
data changes, you must update the number of valid cam data to the latest value.
Use the MC_SetCamTableProperty instruction for this.

The cam end point is the data located one cam data before the first cam data with a phase of 0 after
the start point in the cam table. All cam data after phase 0 is detected will be invalid.

For example, refer to the following cam table. The EndPointindex (End Point Index) output variable is
999 and the MaxDataNumber (Maximum Number of Cam Data) output variable is 5,000 from the
MC_SetCamTableProperty instruction.

Cam data structure array | Phase | Displacement
MyCam1 [0] 0 0 [t Cam start point\
>Valid data
MyCam1 [997] 359.8 2
MyCam1 [998] 359.9 1 > Maximum number of data: 5,000
MyCam1 [999] 360.0 0 [— Cam end point
MyCam1 [1000] 0 0]
> Invalid data
MyCam1 [4999] 0 0)) )

M Precautions for Correct Use

* You cannot change the maximum number of cam data from the user program.

» Execute this instruction after overwriting the cam data in any way that changes the number of
valid cam data.
If the number of valid cam data is not updated, the cam operation and the operation of the
EndOfProfile (End of Cam Cycle) of the MC_Camlin instruction may not be as expected.

For details on the Set Cam Table Properties instruction, refer to the MC_SetCamTableProperty (Set
Cam Table Properties) instruction in the NJ/NX-series Motion Control Instructions Reference Manual
(Cat. No. W508).

I Generating Cam Table

With a CPU Unit with unit version of 1.08 or later and the Sysmac Studio version 1.09 or higher, you
can generate the cam table by executing the MC_GenerateCamTable (Generate Cam Table) instruc-
tion.

The MC_GenerateCamTable instruction calculates the cam data using the values specified for Cam-
Property (Cam Properties) and CamNodes (Cam Nodes), and rewrites the cam data variable specified
for the CamTable (Cam Table) in-out variable.

When rewriting is completed, the MC_GenerateCamTable instruction updates the end point index of
the cam table and outputs the element number of the cam end point to EndPointindex (End Point In-
dex).
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It is not necessary to execute the MC_SetCamTableProperty (Set Cam Table Properties) instruction
after the MC_GenerateCamTable instruction is completed.

Cam table Cam table
before instruction execution after instruction execution
Elljm%’:ts Phase |Displacement Tge Cgm qt?ta its ctf]ICLtJIath- Elljen%%r;ts Phase |Displacement
ed and written to the table
0 0.0 0.0 when the instruction is 0 0.0 0.0
1 0.0 0.0| executed. 1 1.0 1.0
179 0.0 0.0 > 179 179.0 199.0
180 0.0 0.0 Cam end point —» 180 180.0 200.0
181 0.0 0.0 181 0.0 0.0
MC_GenerateCamTable_instance
MC_GenerateCamTable
—1 CamTable _— — CamTable
Cam table property =« CamProperty —— —— CamProperty fu=
Cam node (defining curves) = CamNodes _ — CamNodes =
== Execute Done jm=
EndPointindex = Outputs "180" after instruction execution.
Busy =
CommandAborted =
Error =
ErroriD fe=
ErrorParameterCode fmm

ErrorNodePointindex

The cam data variable is an array variable with the data type of cam data structure _sMC_CAM_REF.
You create the cam data variable on the Cam Editor of the Sysmac Studio.

For CamProperty, specify the cam property variable. The cam property variable is an array variable
with the data type of cam property structure _sMC_CAM_PROPERTY. You create the cam property
variable as a user-defined variable on the global variable table of the Sysmac Studio. Or, you create
the variable using the cam data settings on the Sysmac Studio.

For CamNodes, specify the cam node variable. The cam node variable is an array variable with the
data type of cam node structure _sMC_CAM_NODE. You create the cam node variable as a user-de-
fined variable on the global variable table of the Sysmac Studio. Or, you create the variable using the
cam data settings on the Sysmac Studio.

The cam property variable and the cam node variable are collectively called "cam definition variable".
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If the cam definition variable is created as a user-defined variable, the default of its Retain attribute is
Non-retain. You must set the Retain attribute of variable to Retain, if you want to reuse the variable
after changing its value and switching the operating mode to PROGRAM mode or cycling the power
supply. If you set the variable each time of use from the HMI, etc., the attribute can be left Non-retain.
If the cam definition variable is created with the cam data settings on the Sysmac Studio, the Retain
attribute of variable will be fixed to Retain.

By using the HMI, etc., to set the values for the MC_GenerateCamTable instruction, you can create
the cam data variable and adjust the cam operation without using the Sysmac Studio.
The following is the procedure used to adjust the cam operation.
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1 Create a user program, in advance, that includes the following processing.
» Assigning the value of the cam definition variable that is set from the HMI to the Generate
Cam Table instruction.
» Displaying the cam variable that is created by the Generate Cam Table instruction graphical-
ly on the HMI.
» Displaying the value of EndPointindex (End Point Index) on the HMI.

2 Set the value of the cam definition variable from the HMI.
3 Execute the Generate Cam Table instruction.

4 Verify the curve shape of the generated cam table and the value of the end point index dis-
played on the HMI.

5 If there is no problem with the curve shape of the cam table and the number of the cam data,
then execute the cam operation.

6 Verify the result of the cam operation and consider changing the value of the cam definition
variable.

7 Repeat steps 2 to 6.

For details on the cam definition variable and the Generate Cam Table instruction, refer to the MC_-
GenerateCamTable instruction in the NJ/NX-series Motion Control Instructions Reference Manual
(Cat. No. W508).

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for information on creating
and transferring the cam definition variables using the Sysmac Studio.

Synchronous Positioning

This function performs positioning using a trapezoidal curve while synchronizing the specified slave
axis to the specified master axis.

This is a type of electronic cam, but it does not use cam tables created in the Cam Editor.

Operation starts when the MC_MovelLink (Synchronous Positioning) instruction is executed.

Use the MC_Stop instruction to stop the axes in motion.

Operation is performed for the Slave (Slave Axis) and the following are set: Master (Master Axis),
MasterDistance (Master Axis Travel Distance), MasterDistancelnACC (Master Distance In Accelera-
tion), MasterDistancelInDEC (Master Distance In Deceleration), SlaveDistance (Slave Axis Travel Dis-
tance), and MasterStartDistance (Master Following Distance).

The command position or actual position can be specified for the master axis.

You can specify one of the following as the start condition for synchronous operation: start of
instruction, when trigger is detected, or when master axis reaches the master following
distance.

The velocity and position of the slave axis are determined by the ratio of the travel distances of the
master axis and the slave axis as shown in the following figure.
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The sync start position shown in the following figure represents the position where the sync start con-
dition is met.

Master axis position
A

MasterDistance

Master
Following
Distance

' ! > Time
Slave axis position ! '
A : '

SlaveDistance

»Time

Slave axis velocity |

>Time

For details on synchronous positioning, refer to the MC_MoveLink (Synchronous Positioning) and
MC_Stop instructions in the NJ/NX-series Motion Control Instructions Reference Manual (Cat. No.
W508).
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9-2-7 Combining Axes

The sum or difference of two positions can be used as the command position for the slave axis.
Operation starts when the MC_CombineAxes instruction is executed.
Use the MC_Stop instruction to stop the axes in motion.

The following figure is an example where the command position for the slave axis is determined based
on the operation of subtraction.

Slave (Slave Axis) command current position = Master (Master Axis) command current position — Aux-
iliary (Auxiliary Axis) command current position

saxy Buluiquo) /-z-6

NJ/NX-series CPU Unit Motion Control User’s Manual (W507) 9-25



9 Motion Control Functions

9-2-8

9-26

Master
(master axis)
Velocity Execute of MC_CombineAxes
A changes to TRUE
> Time
Position: 200 Position: 600
Auxiliary
(auxiliary axis)
Velocity Execute of MC_CombineAxes
A changes to TRUE
| | > Time
Position: 100 Position: 110

Slave
(slave axis) Execute of MC_CombineAxes
Velocity changes to TRUE
A
> Time
Position: 0 Position: 390

For details on combining axes, refer to the MC_CombineAxes and MC_Stop instructions in the NJ/NX-
series Motion Control Instructions Reference Manual (Cat. No. W508).

Master Axis Phase Shift

The phase of the master axis as viewed from the slave axis can be shifted for the current instruction.

The shift amount as viewed from the slave axis is a relative amount. During synchronization, the slave
axis will synchronize to the relative distance of the master axis.
You can execute the MC_Phasing (Shift Master Axis Phase) instruction to shift the phase for a
synchronized control instruction.

You can specify the phase shift amount, target velocity, acceleration rate, deceleration rate, and jerk

for the MC_Phasing (Shift Master Axis Phase) instruction.

NJ/NX-series CPU Unit Motion Control User’s Manual (W507)




9 Motion Control Functions

Execute l .
Busy |\ |
Active |7
Done —l

CommandAborted . !

Error '

ErrorlD 16#0000

. . A
Master axis position
as viewed from the
slave axis

Master axis velocity 4

as viewed from the !
slave axis 4 \ |

Slave axis position A ' i S| .
! : ave axis

position when
phase offset is 0

»

Time

For details on the shift master axis phase function and the synchronized control instructions for which
a master axis phase shift can be applied, refer to the MC_Phasing (Shift Master Axis Phase) instruc-
tion in the NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508).
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9-2-9  Slave Axis Position Compensation

This function compensates the position of the slave axis currently in synchronized control.

An offset calculated from the value of the input variable is added to the command current position. The
result is output to the Servo Drive to compensate the position of the slave axis in synchronized control.
Even when the MC Function Module commands the same travel distance to two axes, their actual
travel distance may be different due to mechanical strain or other factors. This function can perform
compensation in such a case.

To perform position compensation cyclically for the slave axis in synchronized control, execute the
MC_SyncOffsetPosition (Cyclic Synchronous Position Offset Compensation) instruction.

Also, to perform position compensation with the acceleration/deceleration curve for the slave axis in
synchronized control, execute the MC_OffsetPosition (Position Offset Compensation) instruction.

uonesuadwon UoISOd SIXY dAB|S 6-2-6

For details on slave axis position compensation, refer to the MC_SyncOffsetPosition (Cyclic Synchro-
nous Position Offset Compensation) instruction and MC_OffsetPosition (Position Offset Compensa-
tion) instruction in the NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508).
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9-2-10 Achieving Synchronized Control in Multi-motion

When you use the standard functions of the MC Function Module, if the synchronized control instruc-
tions are executed between axes assigned to different tasks in the multi-motion, an lllegal Master Axis
Specification (event code: 54620000 hex) occurs.

However, you can perform synchronized control of the master axis that is controlled in the primary pe-
riodic task and the slave axis that is controlled in the priority-5 periodic task by using the MC_Periodic-
SyncVariables (Periodic Axis Variable Synchronization between Tasks) instruction.

The cam operation and gear operation synchronized with the master axis and slave axis are available
for the following combinations.

Slave axis task

Mster axis task

Primary periodic task Priority-5 periodic task
Primary periodic task Synchronized by motion con- Synchronized control is achieved by execut-
trol instructions ing the MC_PeriodicSyncVariables (Periodic

Axis Variable Synchronization between
Tasks) instruction and using the virtual
master axis in the priority-5 periodic task.

Priority-5 periodic task Not available. Synchronized by motion control instructions

I Axis Composition in Operation Examples

In the following figure, axis 1 is the master axis. Axis 2 is a slave axis that requires high-speed and
high-precision control. It is assigned to the primary periodic task. Axis 3 is a slave axis that does not
require precision. It is assigned to a priority-5 periodic task. The master axis (axis 1) is assigned to the
primary periodic task.

® Physical Axis Composition

Axis 2 Axis 3
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@ Logical Axis Composition

Axis 1
Master axis

Axis 2
Slave axis Primary periodic task
MC_PeriodicSyncVariables instruction Priority-5 periodic task

N >
Target position

Calculations given to virtual Axis 4
Master axis position axis. Virtual axis
Master axis velocity

Axis 3
Slave axis

Programming is placed in both the primary periodic task and priority-5 periodic task to achieve the
operation for the above application.

Refer to the NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508) for de-
tails on the MC_PeriodicSyncVariables (Periodic Axis Variable Synchronization between Tasks) in-

struction.
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9-3 Single-axis Velocity Control

This section describes the operation of velocity control for single axes.

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for the differences
when you use NX-series Pulse Output Units.

9-3-1  Velocity Control

Velocity control is used to constantly move an axis at the specified velocity.

You can also specify the acceleration rate, deceleration rate, and jerk.

To stop an axis, use the MC_Stop instruction or execute another motion instruction.

If you specify a target velocity of 0, the axis will not move but the axis status will indicate that it is mov-
ing.

If any other motion control instruction is executed with multi-execution of instructions during velocity
control, the operation will switch only after reaching the target velocity.

Execute A l I |
Busy A\ I |\
Active 4|— ' )

InVelocity . I |

CommandAborted o |_| :
Error P
ErrorlD 16#0000
E E Decelerates to a stop
Velocity i ' when another instruction

: causes an error.

Target velocity

Time

The MC Function Module uses Position Control Mode of the Servo Drive or other device and sends
target position commands to achieve the specified target velocity.

The position control loop is enabled in the Servo Drive or other device. Therefore, as the command
velocity slows down, e.g., due to disturbance, and the following error increases, the velocity will
change to eliminate this following error.

For details, refer to the MC_MoveVelocity (Velocity Control) instruction in the NJ/NX-series Motion
Control Instructions Reference Manual (Cat. No. W508).
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9-3-2  Cyclic Synchronous Velocity Control

The control mode of the Servo Drive is set to Velocity Control Mode and a command speed is output
every control period.

m Precautions for Correct Use

You cannot use cyclic synchronous velocity control for an NX-series Pulse Output Unit.

To stop an axis, use the MC_Stop instruction or execute another motion instruction.
If you specify a target velocity of 0, the axis will not move but the axis status will indicate that it is mov-

ing.

MC_SyncMoveVelocity Instruction

Active

CommandAborted

Error

ErrorlD 16#0000

MC_Stop Instruction 5

|

Done |_|

Execute

Jos3uo09 ANo0jaA sixe-a|buIs ¢-6

Busy : \

Active ; | |
Velocity | Deceleration stop ! !
performed forthe | :

: MC_Stop instruction; !

Target velocity | N A

'
! 1
' '
' '
N f '
'
'

'
N ! >

| Time

Target velocity is changed Target veloci'ty is not
every primary period. . changed.

Control Mode
CSP CSV CSP CSV

Changed. Changed. Changed.
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The Servo Drive will receive commands in the velocity control loop. Therefore, if any disturbance caus-
es the velocity to decrease below the command velocity, no change in velocity will occur to remove the
following error.
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For details, refer to the MC_SyncMoveVelocity (Cyclic Synchronous Velocity Control) instruction in the
NJ/NX-series Motion Control Instructions Reference Manual (Cat. No. W508).
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9-4 Single-axis Torque Control

Torque control continuously applies the specified amount of torque.
You can use TorqueRamp to specify the rate of change of the torque until the Torque (Target Torque)
is reached.

The MC Function Module uses the Torque Control Mode of the Servo Drive.

The Servo Drive receives the torque command value from the MC Function Module in the torque con-
trol loop and to control the torque.

You can specify the velocity limit value for the Servo Drive in the Velocity (Velocity Limit) input variable
to the motion control instruction. You can use this to limit high-speed revolution of the motor when the
load on the motor is low in Torque Control Mode.

For details, refer to the MC_TorqueControl instruction in the NJ/NX-series Motion Control Instructions
Reference Manual (Cat. No. W508).

M Precautions for Correct Use

» To be safe, always set a velocity limit value for torque control.
* You cannot use single-axis torque control for an NX-series Pulse Output Unit.

To stop an axis, use the MC_Stop instruction or execute another motion instruction.

If you specify a Torque (Target Torque) of 0, the axis will not move but the axis status will indicate that
it is moving.

® Example 1: Direction Designation = Positive Direction

Torque
A

Torque--------=------~

Jos3uo9 anbuo] sixe-a|BuIs -6

’éTorqueRamp

Time

@ Example 2: Direction Designation = Negative Direction

Torque
A

> Time

TorqueRamp

Torque F-----==-==-==---~-
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9-5§ Common Functions for Single-axis
Control

This section describes the common functions used for single-axis control.

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for the differences
when you use NX-series Pulse Output Units.

9-5-1 Positions

I Types of Positions

The MC Function Module uses the following two types of positions.

Type of position Definition

Command position | This is the position that the MC Function Module outputs to control an axis.

Actual position The actual position as input from the Servo Drive or encoder input.

The following figure shows the relationship between the command position and the actual position for
an EtherCAT slave Servo Drive.

User program MC Function Module ComrFanId pc))sition Servo Drive
- |Electronic| pulses -
Moti C d | C d i =
e T o [ o g A ey g T oo S o T
instruction processing command units) {[In-position check Remander counter counter Velocity loop
Actual position Current loop
Actual position Electronicl (pulses) o
O (command units) gear ) Feedback E
- counter
Remainder
The command position and actual position share the following items.
Item Command position Actual position
Count Mode You can set Linear Mode or Rotary Mode. The same Count Mode is used as for
the command position.
Position increment You can set one of the following: mm, ym, nm, | The unit is the same as the unit of
inch, degree, or pulse. the command 